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It ha s heell a ss um ed that mvcoha ct-(' I'ia f.l'om thr iL'siOll S of 1ll1l1·ilW 
l('pl'os)" if kept at 4° (, in an aqu cous solution contain illg ,W ])(' 1' ccnt 
g lyce rol, will I'cmain viable fo r 21 months. I t is said , howe\, cl' , that 
if the~r nl'e krpt at ~37 ° C , thc \' iah il it.\, fal ls off rapidly, no organisms 
I' r ma inin g' a l ivc after 12 days . ( 1~ ) .\lthough inH ctivating t r ratl11rnt- de­
cl' ca ses the viability (~) the effect of temperature seem:; to predominate. 

The preSCll ce of ti ssue par tieles ill the bacillary susp ension is also 
to hc cOll sider ed. It has hee n stated that crud e susp ension s of M . 
l epra e1J1u1'i u1JI ) containillg tissue particl es, if kept at 4° C, r emain viable 
only three weeks (13\ -wher eas if thcy are kep t at the tempera ture of 
solid ca r bon (lioxide, viahi li ty is prcserved until the -:l-2nd \\' eek, (1) 
On thr other hanel, tissuc-fr ce s ll spensiom; krpt at 4° C ), cmain viabl e 
1'01' more than 6 months acco rding to Goulding (3), or even 2 yea r s. (14, 15 ) 

1\ close )'cJation cxists betwcen the size of inoculum of M. I f' IWae­
m11 'l'i um ane1 thc mean of survival time fol' rats (0) and for mice. ( 7 ) Sta ­
ti stical anal~'ses of th is correlation show that it is lineal'; i .e., the rate 
of evolution of murine leprosy is a linear function of the dose of "iahlc 
bacilli injected. On this ba sis the mean survival time of rats inoculal ed 
with a standard dose of lIf. l epr(f em1lri1l11l could be used to estimate 
thcir viahi lity after subj ection to various experimental conclitions. 
11he i ll Hu ell ce of temperature and tissue particles 011 the viahiliiy of 
M. l ep'ra em1lrium) a s stnclied on this ba si. , is the suhject of the prcsent 
papcl' . 

MATERIALS AN n M.ETllODS 

Rats of both sexes, weighing 80-100 g m. at the beginning of t he ('xperiIlIPn t, were 
inocul ated intraperitoneflll y with a suspension of Ji. l e jJ1'C/e11ll/1'iuln) in such a wily that 
each aninlall'eceived 3.0 mg·nl. of. bacilli . Two kinds of inoculum \Verr used: (1) a g ross 
suspension containing a mixture of tissue parti cles a nd bacilli , nnd (3) a tissue-fr ee 
bacillary suspension prepared by a sli ght lIlodifl cation of the technic of Hanks (~) . The 
latter suspension contained carefully washed hfl cterial cells onl y, as ffll' as could be dr­
t.l.'l'Iliined by accurate control tests. 

The inoculum was kept at different temperatures for several different lellgths (If 
t ime, before injection , as shown in Table 1. J\ second g roup of rats, injected intra­
peritoneally with 30 mgm. of heat-ki ll ed bac illi (120 ° C for 1 hour), was used a,.; a 
control. 

After inocul fltion the a nimals wcre kept until their death; they suppli ed the data 
used to estimate the mean length of survival fo r each animal g roup . ~:[aterial fo r path­
ologic study was obtained at ]leCropsy. Histologic study was made of specimens of liver, 
'p leen, lymph nodes, lungs, and oill entum, fixed ill 10 pel' cent fo rmalin solution, em­
bedded ill pfl l'affi n, and stained by the hematoxylin -eosin method }l lld the Ziehl -Xcelscn 
procedure as modifl rcl by FarflCo (2). 

lReceivecl fO I' pub lica tioll July 27, ]964. 
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TA BI , ~~ 1, }"letts inoO('ulat eel int '/,0ll e1'ito'I1.('(/Uy 7V'bth 30 mgm. of M. lepr3cIIIllriulil. 

Inoculum 

Group KUlliber of Tissue Leng th of treat-
anillla ls partir·les TelilperatuJ'c ment ill day,; 

1 15 + 4°e 0 (('o ntrol ) 

2 ];) + -toe 8 
3 15 + -toe Hi 
-t ]?i + 4° (' :'~ O 

5 ] 5 + -toe GO 
6 15 + -toe 90 
7 1;') + -t"e 150 
8 ] 5 fn' c -(('ollb'ol) 0 (co nt ro l) 
9 15 free 4° (; 30 

10 15 free .j.°e 60 
11 1.'5 fl'(' e -toe 90 
12 1.'5 frec ,jo e 150 
13 1.'5 free - 15°e 30 
14 15 f J'cc -15°e 60 
15 15 f J'PP - ] fi Oe 90 
16 1:'5 f J'cc - 15°e 150 

17 15 + 1200 e 1 h Ollt' 

HESULT~ 

Pathologic study- rrable 2 summarizes data on the severity of 
l1lurin e leprosy lesions, as shown macroscopically and histologicai ly in 
inoculated rats kept und er different conditions. As far as could he 
lletel'mined on the basis of intensity of the disease process, no change in 
viahility of the bacilli in the crude suspension of JIll. l epr'aemur' iu111 wa s 
evident until the eighth day. After that, the viahility decreased. prog­
r essively, as inferred from the lesse r degree of development of lesion s 
in comparison with controls, and from the appearance of some lesion :-,; 
that showed the structural signs characteristic of regr essing les ion s of 
murin e leprosy. ( 4 , ~) 

As r egressive lesions appear only if the bacilli injected are al­
r eady dead (5) , th e results sho\\'n in 1' ahl e 2 indicate that the viability 
of organisms in cruct e suspension s of M. l ep1'o eIlIl11'it t11/ kept at 4°C for 
more than 60 days had declin ed to zero. l ' ncl el' the conditions nam ed, 
murin e leprosy does not develop. 

Tn contrast, bacilli from tissue-fr ee suspension s kept at the same 
temperature for 60 days , showed no change in viability, as indicated 
hy pathologic study. Viability deCl'eased slowl y, however , and som e 
r egr essive lesion s could be seen, in rats inoculated with tissue-free 
bacillary suspensions that had been kept at 4, °C for 90 days . 

X 0 chano'e in the viahility of hacil1i in tissue-fr ce . uspcns ions kcpt 
a t - 15°C for 150 days was evident on pathologic examination. 

SU1'v i v al study.-Table 3 tabulates r esults, in t erms of mean length 
of survival, in animals inoculated with suspension s of M. l epra emU1-i ll1n 
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T ,IHLS ::! , Macroscopic anel histo logic serel'ity of [('s ions in /"llt s inoclIlated 11lilh uacill(l!'Y 
slt:l p ellsio n., kept at ,joe and at - 15°e, A1:el'age in tel lsity in "}l l er'n , lirel', lymph 

nodes, (md Oll/ en/IIIII .1-(i months aftel' inoc ll/lIliol1 , 

TreHtment of inoculum 
Macl'o-

Microscopic If'sio ns 

Te ll l]JenL- Ll'ngth of tl'l'llt- Tissup scop ic Evolutivl' R egr ess i \'(> 

Lul'l' IIlpnt in days pH rti(' \es \('si olis \('s ions les ions 

,j oe 0 (control ) + ++++ ++++ -
..j oe 8 + ++++ ++++ -
..j oe Hi + +++ ++ ++ 
-1 ° C 30 + ++ + +++ 
-1 ° C 60 + - ± ++ 
,jo e 120 + - - ++ 
.,J oe 0 (c'on tl'ol) - ++++ ++++ -
..j oe ,10 - - ++++ ++++ -
£j Oe 60 - +++ ++++ -
..j oe 90 - ++ ± + 
.,J oe ] 50 - + + ++ 

-] 5° e 30 - ++++ ++++ -

-15° C 60 - ++++ ++++ -
-J.'i °e 90 - +++ + 

t 

++++ -
-15° C 150 - +++ ++++ -

Con trol in oC'u \atecl with heat killpcl bacilli " - I - ++ --
"S ixt ieth clay H ftel' in oculati on, 

that had been kept at 4°(; or - F) oC fo], varyin g lengths of tim c. Sta­
t isti cally, sigllificant differ ences arc evident among the means of sur­
"i val time, which depend on thc tcmperaturc alld length of time at 
\\'hi ch the bacilli were kept. FOl' each temperature thc r egr ession of 
hacillal')' viability on tim e length appeHI'S, on statisti cal analysis, to be 
lin cal '. On the other hand, comparison of the three coeffi cient of r e­
gression for th e three sets of ex perim ental condition s employed, showell 
sign ificant differ ences among them. ~(lhi s findin g shows that the slope 
of the regression line probably va ries under differ ent experimental 
condition s, indi cating that the proportion of nonviable bacilli as a fun c­
t ion of length of tim e depends on the conclitioll s to which the m~Tcoba c­
tel'i a a re subject ed. In the case of a bacillar? suspension kept at 4°C, 
,' iahility cleCl'eases less rapidly when the s ll spens ion is tissue-fr 8e. The 
\'iabil ity of bacilli kept at - 15°C is well preserved for ];)0 clays. 

DIs CUSSION 

'rhe l'esults of this study indicate that tissue particles have a harm­
f ul effect on the viability of 111.. l epra wmu 'l' iulII . 'Phis finding is in agree­
ment with the r eport of Hanks ,and Gray (JIll, who call ed attention to 
th e illfiuence of extracellular inhibitors on the viability of M. Zf'prn e-
1nuriu m. Moreover, it has been fonnel tbat liver extract and blood 
serum inhibit the r espiration of M. l e]Jr·(f e1l11.1ri1t1n (Il l, an effe ct qugge.· t­
ing that certain en7lyme illhibitors mR )' be r espon sihl e for the harmfnl 
action of tissue particles . . 
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'rABLI'; 3. M Ull! 0/ ~ 1I1'I; i t'((' tilli e of n il " i no(, lI/al {'(7 i'lltl'll}J (' r i l oll l' lI11.'1 lI'illi .\1. ll'pral'llI lIl'illlll 
slIllp en" ion kept lIiu lel' d iffe rent cond i t ions. R egl'essio n 0/ 'I'ia /Jiiit !} of .\1. Il'PI'HPII llIl'ill!lI 

0 '1/ lim e/eng lh . 

Dil Y:'; of Iliaintena nce 
of bacilli 

.\Jean of anilllni sun'ival in da ys 

Data ohtnined 'rheol'e ti('a 1 cla ta 

o 
8 

] 5 
30 

Bacm i k( 1)1 at .f oC, II/i.r ed u; i tit liss lI C }lIl rlicie" 

:2 :37 .7 ± :1.8 
300.2 ± . ~..l 

,tlS.O ± 6.0 
> 550 

Coeffi cient of l'egr ession of viahility: b :::: 18S.4 clil~'s 

o 
30 
60 
90 

150 

Tiswe-/,l' l'e bac illa',"!} ~ lI spen" ioJl, kept til f oe 

275 .6 ± 7 .3 
275.5 ± 8 .1 
·lIS.O ± 12.9 
405.2 ± 25 .7 
-185.8 ± 2 -1 .1 

Coeffi cient of l'egl'Ps. iOIl of: viability: h = 68.98 days 

o 
30 
60 
90 

150 

T isne-I I'ee baci llia'I'Y sHspen.<io n ke})( at - I :; ~ C 

275 .6 ± 7.3 
265 . .). ± 6.5 
:319 .2 ± 7 .7 
351A ± 12.9 
:Hi7.2 ± ] 3 .1 

Coeffi cien t of l'egl'es,' ion of vi a bility: h = 32.70 clays 

2-11 .8 
202.8 
3.J 2.2 

2.'51.3 
320.3 
389.2 
423.7 
475 .. '5 

258.6 
291.3 
324.0 
340.3 
364.9 

Nevertheless, it is to be noted that tiss ue-fr ee suspensions of 
wa shed bacilli also lose viability progressively in the course of tim e. 
Our study shows that animal survival yields r esults more suita hIe for 
conclusion s than pathologic studies of the evolution of lesions. Survival 
studies indicate death of mycobacteria, at an earlier time, and show 
that the r egression of viability of bacilli on time is lin ear. Us ing th e 
ability of tissue-free bacillary suspensions of M. lep1'ae muri'U JII to 1'0-

duce methylene blue, as an index of their viability, Planet et al. (16) found 
that the viability of bacilli decr eased after they had been kept for 10 
days at 4 0 C. This finding shows that loss of viability occurs early, as 
survival r esults in our studies also indicate. 

On the basis of the line of r egr e sion, it is possible to predict the 
viability of a suspension of M. lepr.aemurium , kept under standard ex­
p erim ental condition , in terms of tim e. On the other hand, since th e 
length of survival of rats inoculated with M . l eprae1nur'ium is a func­
tion of inoculum size (6) , the proportion of viable cell s in a fixed weight 
of bacilli may be estimated on the basis of the m8an of survival tim C' . 
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1'he infitH'llcl' of t C' lulleraturc allll tissne pa rticl c's 011 the Yiabilit~· of 
i II. l epraem1A1·ium in bacillary suspension s, kept at 4°C and at - 15 ° (; up 
t o 150 days, wa;-; studi ed in rats. The Clllimal;-; \\" ere inoculated illtraper­
itoll eally with 3.0 I1lglll. of baci lli that had l)(' en subj ected to ,"aryillg 
condition s for nHious lengths of tillH'. Hes ult s \\"ere clct('rm ill l' cl : in the 
allimals inoculated, 011 the has is of (1) pathologic stlld~T of the ('\'olution 
of lesion s of rat lcpros.,", alld (2) th e mrall of survival 1in)(' . 

Pa thologic s tucl~" i1l(licated that ha cil1 aJ7 sLl spension s containing 
tissue particles, kept at ~ o C, show 110 changl's in \'iahility during the' 
fir s t eight cla)'s : aft er that, viabi lity decrea sr s progressiYl'l y, rl'a ching 
Zl' ro after 60 clays. r:J1issu e-free susprll s ioll S kept at -1- 0 (, retaill their 
dability without change ulltil the 60th clay; suhsequ e lltl~ " viabil ity cl e­
crrases slowly ulltil the L")Oth clay. rl1issue-free suspensions kept at 
- 15 ° C show no viability change within 1;)0 clays. 

Survival studies showed that the regression of ha c illar~' viability 
Oil length of time wa s lin ea r ullcl er the' conditions of the experimCllt. Th e 
coeffi ciellt of r eg ress ion vari ed sigllificantly with each experimental 
conclitiOlI , a fact illc1icat ill g that th e proportioll of viable hacilli a s a 
fnn ction of time c1epellcls 011 the experimental condition s to whi ch the 
mycobacteria are su bjectecl. Bacil1a ry suspensions kept a t ~ 0 C lose 
\"iability less rapidly when tissue-free. 'Vhen maintained at - 15 ° C, tis­
sue-free suspensions of bacilli show no change ill viability for 1fiO days . 
On the ba sis of survival time it is possible (1) to estimate the propor­
tion of viable bacilli in an unknown suspen sion in which the weight of 
hacilli is knowlI, ancl (2) to predict th e rate of decrease in viabHi!-y in a 
SllSpenSlOn when th e condition s to which it ha s heen subj'ected are 
known . 

RESU~JEN 

Fue es tudiada en ratas la influencia de lit t el1lperntura ~. p:uticul as de tejidos en la 
vi nhilidad del 11[ . l epraelllu 1"ill ?i1 en susp ensiones bacilares g ual'dadas it -i °C y a - 15° C 
hasta 150 dias. L os animales f ueron inocul ados intrap eriton ealm ente con 3.0 mg m. de 
bacilos que f ueron sOl1l etidos a variadas condi ciones p Ol' Val'ifldos p erfodos de tiempo. 
En los ani males inocula dos, los resultados f uer on d etenllin ll do~ sobre la base de (1) 
estudios patolog icos sobre 1<1 evolucion de las l e~io Jlrs en III lepra de las ratas y (2) 
cI termin o medio de ti el1lpo de sobrevida. 

LOR estudios p ntolog iros indi cnron qu e I a ,; susp ens ione;; hacilares conteni endo 
p a rticula s de tejido, g Ullrdadas a 4 °C no 1l10strfl l'On cfl lllbios en la viabilidad dura nte 
.Ios primeros 8 dias; d(:s pues de e o, la viahilidad decr ee-e progressiv!lmente, al canzand o 
fl cero despues de 60 dias. S usp ensiones libres de tej ido gum'dad as a 4°C r etienen Stl 

villbilidad sin call1bi os hll sta el dia 60 ; subsecuentemente la viabilidlld decr ece lenta mente 
hasta el dia 150. S uspensiones libres de tejidos guardadas a - 15° C no mostral'on 
(·mnbios en la viabiliJad clenh'o de los 150 di as. 

Los r studios de sobrevida Ill ostraron que la r eg resion de la viabilidad bacilar II. 10 
lnrgo del ti empo f uc linear bajo las condi riones de este experimento . EI roefi ciente de 
rl'g- rcsion vario s ig nificntivalllellte con cad a condi cion experim ental , un hecho indicador 
(l e que Ill. pro porcion viable bacilar, co mo una f uneion del ti t' lllpo depende de las 
(·onditiones expcrim cntal e~ a las que se so mete a 1a bllctrri ll. Las susp ensiones harilares 
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gu a ['(l a d a~ a 4 ° C pieJ'dpn la via bi lid a d II1en05 nipicl ll ll iente r un lido e~tii ll libn' .. ; cll' 
tej ido. Cllando lIinll tenidns a - 15°C, las s uspl'n~ i on es cIl' ba(' il o;; kjidos-lihl'l' 11 0 1 1l()~­
t l'a l'on callibi os en v iabi lidncl p Ol' 150 dia s. Sobl'e la base de t ielll po cit' sobl'l'v ida p~ 

p osibl e (1) ('stilll a r la PI'op ol'cion de bllcil os via bl es ell un a s upensi6n deseo ll ocida I'll In 
cua l el peso del ba cil o es co noc· ido y (2) p redeeil' el niyel cl e r1islllillucioll dl' \' iab ilidad 
en ulla su"' pell -; ioll , (·ml. lldo Ins condi ('i o l\( '~ a la ('11£11 han s iclo sOlll l'tid ll S l'S (·[) IH)(·i da. 

L'illflUl'II Cl' de la tem pe l'ature et des pa l' t ieu les cle t issus SUI' Ia. vinbili te dl' il'l . / l' / Ii' (t(·-

1//,1/I' iIl 1ll cn sus pell s ions baeill a irl'S Illa ill te llu ('s h 4 ° C et ll. - 15 ° C dura nt l;'iO .i()lIr~ II etc 
etudi ee chez des rats. L es a nilli ll ux ont Cte ill jectes pa l' vo ie intra-peri to neales it. l'ai ::;o ll 
de 3.0 II1g de bacill es qui ava iell t ete souilli s ;\ di ve rses ('o ll dit ions p our des pel' i od l'~ de 
telllp::; variabl es. Chez les a lli lll a ux ill oeul es, les resul tats Oll t Cte detel'l ll ill Ps ( I ) Sl1I' III 
hase de !'etud e p a th ologique de I'c\'olution drs 15sions de la Icp re du ra t, d (2) d'aprp, 
la moyellne du telll ps de s urvi e. 

U ne etud f' pa th ologique a IIIOlltl'C que les sus pensiollS ba c·illaire;; contena llt de::; pa r­
ti eul es tissulaircs et Ill a intellues :1 .J. ° e ne subi ssf' nt pas de Illodifi cations qlla ll t :1 leu r 
v inbili te dura nt les p remir rs hui t jours; ap res e!'t te pe l'i ode In vinbili te dec roit p l'og rp~sin'­

lIIent pour a t teindre zel'o ap res 60 j ours . Des sus pensio lls libl'l's de tissus IIla in te lllH'>' ii 
J oe; ('o llse l'vent Ipur viahilite ineha ngel' jusqu 'a u 60cllie j oul' ; ulteri eurelllPnt In vi a hili te 
d6cI'Oit lente lli ent j usqu 'a u 150e lll L' j our . Drs sus pensions librr,.; de t iss us II lnillt!'lIu l'''; 'I 
- 15 ° e ne telli o ig ncnt pas df' Jll odi fie ati ons de la vinbili te dura llt 150 j ou!',.;. 

D e, etu des sur la sUl'vi e ont Jl lO lltre que la. regr ession de la viabilite hae illai\'{: pa l' 
l'i1PpOl' t ~ la duree etili t lineaire dans II's condi tions ou c.nt ete lI~en ees cette expel'i ellce. 
1,1' coeffi cient de regr ess ion vari e de fa(;o n s ig ni fica tive avee cha que conditi on experi mell ­
ta le, ce qui indique que la p l'op or t ion de baeill es viables en fo ncti on du te llips depf' ll.u des 
conditi ons exper imen ta les auxqu ell es II'S Ill ycobacteries SOllt sou mise;; . Df's suspensions 
bacillail'es ma intenues ~ 4°e perd ell t leu!' viahili te m oins rapidement que des suspensions 
libres de ti ::;su . L orsqu 'ell es sont IIla illtenu es ;:1 - 15 ° e, If'S susprns ions ha cill a ires l ih l'es 
de t issu ne telll oig nent pas d 'alter ations de la via hi l ite pe nda n t 150 joUl 's . S UI' la base du 
telll ps de survie, il t'st possibl e (1 ) d'estilll e l' la propor tion de hac ill rs viii hi es da ns nile 
suspension inconnue da ns laqu r ll e Ie p oids de ha.c·illes es t connu, et (2) de pr edil' f' Ie ta ux 
(Ie l'ed uet ioll. de la \'i a hili te da l1S U Il(' ,",usppnsion qUfl nd Irs condi t ions au xq uell es cell l'-(·i 
a ete sOUl lli se sont con nues. 
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