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The methods for maintaining th e viability of Mvcouacteriuln lepn/ e 
in vitro arc of obvious importance to those working in experimelltal 
leprosy. The problem is especially critical ill this disea se because many 
research laborato ries, including ours, are located at a distance from 
important endemic area s. 

I~arli er experience with foot pad inoculation of mice (-I) had shown 
that M. lep'we in skin biopsies, or in centrifuged nasal washings in 
l-lanks ' balanced salt solution (BSS) containing 0.1' pel' cent bovine 
albumin (BA), did not lose viability quickly at O°C (wet ice in a ther
mos bottle ). I n the very first isolation attempt in mouse foot pads in 
thi s laboratory there wa s a shipmellt delay that resulted in a lapse of 
about 24 houl's from collection of bacilli to inoculation of mice. Yet 
the isolatioll was successful. 1n a later experience involving a shipment 
(lelar with material sent from Manila, leprosy baeilli survived 100 
hours at 00 C without apparent deterioration. Also infectious foot pad 
suspension s have been shipped successfully at 00 C by air to English 
and Belgian laborato ries. One shipmellt wa s delayed en route, and 
was received after 7 days ; no ice remained, hut viable bacilli were 
found e). 

MATElUAL~ AND METHO[)~ 

The Illethods have h!'en publi shpd for the illocull1tioll of lIIi('p by the foot pad route 
alld obse rving the resultant infectioll (4.5), for rOllnting arid-fa st bacteri a (AFB) (6), 
and for estimating th e proportion of solidly sta illing bl1 cilli (8). Our generll l approach 
was to junge viahi lity of the bacilli illoculatpd by thp timp takpll fo r' them to g l'ow to 
countabl e con(·entrll tion s. A g roup of mi cp was inoC'lIlatpd in th e foot pads with a sus
pension of hacilli , ani! I1t OIlP-l1lonth intprval s a mouse WII S tnken nnd histologic sections 
prepared f rom th e inoculatpd foot. After illoculation of ;) X ] O~ AFB 01' less, th e bacilli 
l1I'e difficult to fin(l in the sections, until thpy hl1ve IIlUltiplipd in viro. Hence, when s ig
lIifi ca nt nlllllhpl'S of AFB appea red, it was taken as 11 sig nl1l that mycobacterial multipli
cation had taken place, a batch of mice wn s kill ed, and the AFB counted in suspensions 
:lIade frolll the in fec ted foot pnd tissups. TIIP results are exp l'essed as the number of AFB 
harvested per foo t pad and also as the "genpration time," 01' average 1'nte of multipli cation 
between inorulation and harvest. The "generation tilli e," being a s ingle nUlllber, permits 
easy cO lllpari son of th e r esults. 'Vhpn 11 0 A];'B were sepn during the counting procedure, 
th e numlJPr (·olTPsponrling to onp A 'F'B was cnl('ulated, lind the ha1'vpst pxprpssed as )pss 
t1UJrI this nUlllhcl'. As rrpviou~ly drsc rilwd, 11 11 slIs ppns iolls wpre cultured on Loewenstein
.Tpnsrn IIIcdiUlII, 2:) prr (,Pllt hloou-ngar, alld lit[llid and solid 7H9 mcdia. They werp 
incubated a t ::l::l °C for 4 IIlonths nn(l ill~pp(·tpd at prrd(·trrlllined intpl'vnl s. No cu ltivnble 
1II~'cohaC't('ria wpre isolnted. 

1 Rccei,-ecl for publica ti oll Febru:.l ry til, 1905. 

~H6 



TABL E 1.-SlIl"c':ral of ~L leprll e al O°C." 
---

lnocuilltion ~1:ycobacterilll findings 

Time sto red S c in sections ( Illonth) d Han'est" 
Generation 

at O°C. X+S 

I 
++, +++, Tilue I tim e, G f 

Material inoculated ( days ) A}<-'Bb ( % ) 0 + and ++ + + ( days ) .-\.FB days 

1. )louse passage 0 5.0 X 10:; s') 1-3 ,1 153 

I 
,1.9 X 105 23.1 , -

(fifth). Usual tissue ,1 Do. 50 1-3 4 147 1.7 X 105 29.0 
suspension in BSS 7 Do. 58 1,3-5 2 6 234 1.9 X 106 27.3 
+ 0.1 % BA. 14 Do. 46 1-3,6 4 162 2.1 X 105 24.9 

29 Do. H 1-9 10 332 6.4 X 10~ 47.1 
54 Do. 12g 1-16 < 4.4 X 103 

2. Xa sal \\'flshing aft- 0 5.0 X loa 8 1,2,5 3,,1 6 210 1.9 X 106 24.5 
er us ua l centrif ugal ,'5 Do. 1-5 6 212 5.2 X 10~' 31.6 
concentration flnd 9 Do. 1-5 6 208 :~ . 8 X 10" ::13.4 
X aOH trea tlllen t. 20 Do. 1-6 7 

I 

253 5.1 X lOC' :H.8 
Stored III BSS + ,10 Do. 1-12 :364 < ,1.7 X 10:; 
0.1% BA. 

8 Suspensions of bacilli were diluted so tha t U.00 Ill!. inocululll would contain 5 X 10:1 AFB anti stored in tubes in tl, (' rIllOs bottl es COIl1:linillg 
cru shed ice. 

b Number of bacilli in inoculum bas('d on origillnl CO llnt hefore storage. 
c ~/~ N + S ) =proportion of solidly sta ining baci lli in inoculum ($ ). 
d At monthly intenals miee wcre sacr ificed, histologic sections of the inoculatpd f('(' t " 'e re examin ed, and th e size of til e area cOllta ining 

AFB or associa ted infiltrate was graded. The entry in the first lin e signifies that no AFB " 'ere seen in th e sec ti ons from month s ] ·3 , and that 
significant numbers of AFB were prcsent in tllose from mouth 4. 0 = no AFB; + pertain s to less than 30 cell s ; ++, +++, 
and ++++ to more extensi'l"e invol\·ement. 

e At th e time after inoculation indicated, foul' micc were sac rificed, ttll cir inocu la tell foo t pads pooled alld llIin ced, suspension s prepn red in 
· tissue disintegrator, a nd th e AFB counted. 

(The a' "erage rate of gl'owth from inocula tion to hail"cst. G= t / log, (H / P ) , wll N e t is th e tilll e ill days, H is th e lIumbel' of A}'B hn ,. · 
vested, and F the number of A}~B inoculated. 

g~fany of th e "solid" bacilli in thi s inoculum did not stnin h,.ightly. 
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81H [lI/ nnoliollo/ ./0 11 1'110/ OJ ' ,('pn/S !} 

Uj~SULTS 

V iability at ,oDe (TalJle J ).- Lll the lirs t expe rinlellt, carried out 
with a suspension of mou se passage bacilli s tored ill B~~ with 0.1 per 
cent B1\, there was no signi fi can t change in viabi li ty until after 14 
days . \Vith inocula stored for 0, 4, 7, and 1-1: da ys , r espectively, AFB 
appeared in histologic sect ion s at a bout the sam e t-im e, and the harves ts 
of AFB were about the sam e numbe r. \ fte r 29 days ' storage there was 
a pron ounced delay ill the a ppearan ce of bacilli ill the sections. After 
;-)4 days' s torage there was no indication of remailling viabili ty. 

The decrease in the proportion of solidly sh1. illill g bacilli Jagged 
con s iderably behind the loss of viabi li ty und er th ese conditions. Ot]10 r 
work has indicated tha t in the pat irllt and in th e infected animal the 
loss of solid sta ining in ill. leprae may al so lag behind the loss of 
viability (8). 

'rhe second experim ent in 'rabl e 1, carried out with a suspension of 
111. leprae from the Hasal washings of a patient with lepromatous dis
ease, gave confirmatory r esults. After 5 a nd 9 da ys ' storage there 
was not much change, but after 20 clays ther e was appa rently partial 
10 's of viability. After 40 days th ere was complete loss of viability. 

Viability at 31 0 0 ( ~r'ahle 2) .- A mou se passage suspension of 111. 
leprae was centrifuged and r esuspended in a menstruum con sisting of 
0.218 M sucrose, 0.00376 l\f KH~P04 , 0.0071 M K2HP04, and 0.0049 ~[ 
sodium glutamate (SPG) (1), with 1 per cent BA and 25 units peni
cillin/ ml. The suspension was incubated in 0.2 m!. volumes in 15 inm. 
tubes with well-fitting screw caps at 31° C for 7 and 14 days. Smears 
fail ed to r eveal contaminat in g nonacid-fa st hacteria in any tubes. At 
14 days the contents of the tubes were pool ed, the tubes washed thro ugh 
with small volumes of distill ed water, and the washings added to the 
pool to make it up to the vo lume befor e incubation. Preparations wer e 
th en made for counts, and m ice wer e inoculated. A set of tubes was put 
up similarly in medium based in 7H9 (Difco r C'), rt con sisted of 6.3 
volumes of 7H9 broth base, 0.7 volum e Dubos oleic acid-albumin, 1 vol
ume 5 per cent BA, 2 volumes 1 M sucrose, with penicillin added to 25 
units/ ml. A contaminating corynebacterium " "as seen in smears from 
all tubes, but the contents were pooled and inoculated nevertheless . 

The counts of AFR on the incubated suspension were somewhat 
unreliable becau se of the presence of 0.2 M sucrose , but they showed 
the per sis tence of AFB of good stain ing quality. The r esults of the 
inoculation of mice proved that viability had been maintained for 14 
days without much change. The harvests of Table 2 were passed into 
more groups of mice in th e usual manner ancl found to hehave in a 
manner entirely typical of M. leprae. 

Viability losses associated with f1-eezing and storage at - 60 °0 
(Table 3).-Storage at low temperatures ha s been used to preserve 

2, Use of t rade names is for ident ifi cation only a nd does not const it ute endorsement 
by the Public H ealth Service or the U. S, Department of H ealth, E ducati on, and Welfa re. 



TABI,E 2.-Sun;irnl of 111. leprae at 3rc." 
------------------------------------------------------------------------------------- -------

Treatment of 
bacillary suspension 

I. Mouse passage (sixth). 
Usual ti5sue suspension 
in Hanks + 0.1 % BA. 
Stored o\"ernight at oDe. 

II. Portions of I centrif uged 
and sediment resuspend
ed to volume in SPG 
with 1% BA. and 25 u. 
penicillinj ml. Incubated 
at 31°e. 

A. 7 days 
B. 14 days 

III. Same as II but resus
pended to volume in 
70 % 7H9 with oleic acid
albumin , 0.2 lVI sucrose, 
an additional 0.5 % BA, 
and 2")u. penci llin j llll. 
Incubated at 3re. 

A. 7 days 
B. 14 days 

AFB/ 1II1 

1.7 X 10;' 

1.9 X 105 

6.5 X 104 

1.3 X 105 

1.6 X 105 

S 
x+S 
( % ) 

38 

48 
28 

18 
18 

AFB 
inocu
la ted 

6.1 X 103 

2.0 X 10~ 

4.6 X 103 

Inocula tion of lIIice 

:\lycobactCl'ial findings H ar vest 

o 

1-2, 
4-7 

1-9 

1-7 

in sections (month) Generation titlle 

1
++, +++, Till Ie 

+ anel ++++ (da ~'s) AFB G G"b 
--, 

3 8 

10 

8 

285 

272 

'r? _ 1 -

3.6 X 106 31.0 26.9 

2.0 X 10;" 51.1 2:2 .9 

3.6 X 10'; 44.3 31.1 

aA suspension of M. /epme treated as described on the left was inocuhlted into mouse foot pads. See Table 1 for definitions. 
bG.=t j log, ( H j F .) , where F Q is the number of solidly staining AFB inoculated (8 ) , 
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v iJ'u sel'l, rickettsiae, lllanllllaliml cell s, and uacteria including lll ycohac
turia. I t would be of vcry g reat help if ilI. lejJru e also cou ld be prese rved 
in thi s way. 111 the fir st expe riment reco rd ed in Table 3 bacilli ill a 
piece of patient 's skin lost viability whell quick-frozen. J 11 the sccoml 
(lxpe rim ent a suspension of ilI. lep1"(f e in mou se pa ssage wa s qu ick
frozen in 0.2 Th l sucrose and 0.1 pCI' ce llt BA ; there was seve re but not 
complete loss of viahi li ty. In t he third expe rim ent the s low-frec7,ing 
methods uscd for the prcservation of rnammalian ce ll s we re tried, and 
va riou s aclditiveswc re comparcd. The condition s of s low-t'rec7,ing 
we~'e those u 'cd succcssfull y ill thi s lahoratory for the prese rva tioll of 
mamnlalian a nd amphibian tissue culture cclls ",hen g lyce rol 01' di 
mC'thyl sulfoxide is addcd . 'I'hcre wa s ex tell s ivc loss of viahility, lC'ast
wit h glycerol an(l most with dimethy l sulfoxid C' . 

In the fourth experim ellt s low-f rC'czing was not hclpful in the })1'C8 -

C' nce of BA in BSS (4b a nd 4c t'S . 4d and 4e). Rai s ing the concentra 
tion of BA from 0.1 to 3.;) per cent was not helpful eith e r (4h anc1 4d 1'8 . 

4c and -le) . Sucrosc (0.2 7\1), ",he n added to 0.1 peL' ce nt 8A in BSS, 
wa s somewhat bC'lleficial (4d L'S . -If). OI.\'cc rol ill a conce lltration of 10 
p er Cl' nt was distillctly favorable (4d 'Us . 4g) , perhaps more so whell 
the materi a l wa s s to red overnight at -1- 0 (, hcfore hcillg fr07.ell (4g 1.: S. 

4h) . 'The r es ults with glyce rol wC're bettcr in ex pC'rim ent 4 than in ex
pc rim ellt 3. In the fourth ex pe rim cnt mycobacte ria did not appear ill 
sections of g roups h, d, and e until 7 months. S econd harvests that wer e 
then carried out, on days 266 and 267, gave the following' r esults for 
g roups 4b through 4h, respectively: 3.1 X lOG A FE (28.6 days/genera 
tion), 2.1 X lOG (30.6), 7.0 X 105 (37.4), 2.6 X 106 (29.;)) , 3.1 X roft 
(28.8),5.6 X 106 (26.4), and 3.5 X 10(; (28.1 ) . Thus viable leprosy bacilli 
had clea rly been p r esent in the sa mpl es frozen in the absence of gly
cerol, although in small numher s. 

Estimate of tli e degree of loss of viable ?\L leprae durin/! f 'l' eezing.
' I' he experimental des ign would not differentiate hetwC'cn (a) d ec rea se 
in number of viable bacilli and (b) partial damage to many viahle 
bacilli r esulting ill a prolonged lag phase (see C) a nd (8) for growth 
curves of M. lepHl e ill mouse foot pads) . Tf it is assumed that alterna
tive (a) is co rrect, that the lag' phase r ema in ed constant, and the ba cil 
la ry gene ration tim e during the logarithmi c phase was] 2.:) days (1), 

Footnotes to Ta hIe 3 

aTn each experiment infec t ious mate rial wa~ inocu lated before alld nfte r f "eez ing, f:;('l' 

'l'a ble 1 for defi nitions, 
hB = sk in biop~y f ,'om lepromatous patient".; P5 = pn.ssage mate ri a l in fift h pa:'; ~fl ge ; 

P3 = passa ge mnteri:1 1 in thir f1 passa ge, 
cQ = quick-frozcn in dry ice 'ethanol bath; th:1wed by b rief i mmer~ion in wflt e r not over' 

37 °C: OS = overnight st orage at 4°C. t hen slow-frozen by pla cement in ca rdboard container 
at -60 °C' ; th:1wed ns above: S = slow-frozen by p lacement ill ca r(llJonrd co rrtaill (' r at 
-60 °C ; tlrnwed as above. 

"Numher of AFB in inoculum based on cou nt before frcezing, except in experiment 1. 
· D~ISO = dimethyl sulfoxide. 



T LIBLE 3.- Eflea of j"reez ing to - GO°C on riability oj" ~r. It' pnH'.'' 

Start- Freez- Time ~lycobacterial findin gs 

ing lng stored at AFB in sections (month ) 

Experi- mater- Ill eth- - 60 "C 1I10CU- 1++' +++, 
ment ialb :F'reezing lIIedium ode ( days ) la ted" 0 ~ and ++++ 

l a B ~ot f rozen 1.0 X 10~ 1-8 I 9,10 
b Part of speeilllen f rozen Q 21 1.1 X ] OR 1-14 

intact 
2a P5 ~ot f rozen 1.,1. X 104 1-5,9 6 7,S 
b 0.2 ~I sucrose + 0.17 BA Q 71 ] .1 X 104 1-10 11 

in BSS 
3a P5 Xot f rozen 5.0 X 103 1-3 .. 5 4 
b 0.5% BA in ,1.0 % tr~'ptose OS I ;') 5.0 X 103 1-6 

+ 60 % BSS 
c 10 % g lycerol + 0.57% BA OS 1.5 5.0 X 103 1-5 6 

+ 40 % tryptose + 50 % 
BSS 

d 35% sorbitol + 0.5% BA OS 15 ;').0 X 10:1 1-6 
in BSS 

e 10% D~1S0e + 0.5% BA OS 15 5.0 X lOR 1-6 
+ 40% tryp tose + 50 % 
BSS 

4a P 3 Not f rozen 5.0 X 10:1 4 
b 0.1 % BA in BSS Q 31 5.0 X 103 3-6 7 
c 3.5% BA ill BSS Q 31 5.0 X 103 3-7 
d 0.1 % BA in BSS S 31 :3.0 X 10:~ 3-6 7 
e 3.5% BA in BSS 8 31 5.0 X lOR 3-6 7 
f 0.2 ~I sucrose + 0.1 % BA 8 31 .').0 X 10~ 3-7 

in BSS 
.... 10% glycerol + 0.1 % BA S 31 ;') .0 X lOR 3,6 4.;3,7 
'" in BSS 
h 10 % glycerol + 0.1 % BA OS 31 .5.0 X 10~ 3 6 ,1.,5,7 

ill B8S 
- - - -

First han'est 

Genera-
Tillie tiOll tilli e, 

(days) AFB G (days) 

329 8.8 X 10J 33.5 
H an 'est not dOlle 

2;')2 8.0 X 106 27.5 
356 2.,1. X 10(\ ,1.6.6 

167 1.5 X lOB 20.3 
189 1.1 X 105 ,1.2.2 

189 1.3 X 10'-' ,1.0.3 

189 1.0 X 10" 43.0 

189 .1.9 X 104 99 .0 

1.5,1. 8.9 X 101\ 20.6 
143 2.6 X 104 60.7 
143 1.0 X 104 134. 
143 <3 X 104 

146 < 3 X 104 

146 5.2 X 104 43.1 

146 2.9 X 10" 24.7 

147 4.2 X 10'" I 23.0 
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it can be estimated that the dec l'ease ill lllnnbe L' s of viable Lacilliin 
experim ent 2b (Tabl e 3) was on the order of 500-fold. Similarly the 
loss in 3b, 3c, and 3d would be ahout ;,}O-fold. rehe loss in tb may not 
have bee n allY g reate r; the results indicate that cont rol inoculum did 
not contain many viable bacilli. The loss in 4g and 4h would be only 
about 5-fold. rl'hi s la st amount of loss appl'Oaches a workabl e l'nethod 
of prese rv ing M. lepra e, a nd experim ents a re in prog ress to see if the 
results can be confirmed and if the conditions can be improv0(i. 

DISCUSSION 

]n crushed ice M. lepra e maintained nearl,v full viahility for ahollt 
2 weeks. This is enough time to allow for co ll ection of spec im ens in 
most endemic areas, their tran sportation to internatiollal airports, anel 
their shipment by air to laboratories in oth0r countri 0s . F or examp10, 
we recently shipped skin biops~r specim 0ns from a r emote air st rip in 
the highlands of New Guin ea to Atlanta, with re-icing- en route. rrhe; 
time elapsed from collection of specim 0ns until inocul ation of mice 
was 4 days, and multiplication of the leprosy bacilli in the miee took 
place in the usual mann er. 

rl'he loss in hacillary viability on freezing' ha s he0n a gTeat ltal1l1i
cap. The results with glycerol are distinctly encolil'aging, and Ollr 
cnrrellt laboratory practice is to slow-f1'0eze unu sed portion s of in
fectiou s sus pen sion s in 10 per cent glycerol after overnight storage 
at 4° (:. This is l'egarded only as a poss ible safeguard against losing 
strains of bacilli through a disastrous loss of mice. Tn order to maintain 
strains consistently and to have infectious mater ial of g'ood qualit)1 
r egularly available for futur e expel'iments, we feel it is still necessa ry 
to maintain a number of strain , in continuous passage. 

rrhe experiments at 31° e were carri ed out as a fir st step in culti
vation attempts. Several worker s had predicted on theoret ic g rounds 
that thi s u suall~r in tracelllllar hacilll1s would die rapidl y in the extl'n
cellular state. Fortunately our experim entalfiniling' wa s no loss of 
viability at 31° e for the period tested . Hence it appears poss ible to 
proceed dil'ectl~· to test variou s media for growth-pl'omotioll. 

SUlI[J\[ARY 

1. At a oe (in crushed icc) suspe nsions of J[. lepl'o e ill 0.1 per cellt 
bovine albumin hal anced salt solution maintailled their viability (a s 
measured hy their ability to multiply in mOn se foot pads) with li ttle 
('hange for ahollt 2 week. . rrhere WHS n distinct los~ in vinhility after 
:) to 4 weeks. 

2. \ t 3PC in hacteriologic meclin cO lltnininp: nhont 1 per c('nt hov in (' 
alhumin and 0.2 M sucrose, Z1f. lepl'a e maintaill ed viahili ty with littl e 
change for 2 weeks. 
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;). Freezing all(l storage at - 60° (: cau sed serious losses in \·iabilitr 
llJH.l c r most cond ition s. 1Io\Y('\,e r , in the pr(,SCllce of 10 per ce llt g ly
cerol, losses of \'iability \Yere SOllll't intI'S onl y lllol1 erate (estimated a s 
about 5-fold). 

1. Las suspensionc>s dc> M. I f'jl'I"C' f en 0.1 por (' ielito dc> a lblllllina bovina ('n soluci6n 
s!llina bnlan cenda a O°C (en hic>lo machacado) lIlantuvieron su viahilidad con poco cnmbio 
pOl' alredcdor dc 2 selllnnn s (v iahil idarl medida pOl' In lwbilidllfl de multipli ca rse en III 
planta del pic dcl raton). Hubo un a clara p erdida de vinhi lidad despues de 3 a 4 sellli/nIl S. 

2. E l M. lepme a 31.°C en un medio ba,derioI6g ir·o r.onteniendo a lrededor de 1 pOl' 
ciento de alhlllllina bovinll y 0.2 l\L sucrosa, mnntllYO SII viabi lidad con poco cmnbio pOl' 2 
semanas. 

3. Congelamiento y deposito a - 60 °C causa ron serins perdidas de la viabilidad ba.jo 
la mayorfa de las condi ciones. Sin emba rgo, en presencia de g li cerol al 10 /pOl' ciento, 
la perdida de la viabi lidnd f ue nlgunas veres solnl1lente modernda (estim ndn C01l1 0 

nlrrriedor de 5 pliegos ). 

RESUME 

1. A zero dc>g re centigrnde, dan s de la glace pi lee, des uspensions de M. lep'rae 
dan s une solution d'un melnng-e equilibre d'elect rolytes nddit ionoe d'nlbumin e bovine 
:\ unf' con centrntion de 1% co nse rvent sans grand chnngcment, durant environ deux 
semaines, leur vitn lite tell e qu 'e ll e est mesUl'ee ,l'a'pre In capacite dc ces bncillrs :\ 
se multiplier dans la sole p lan taire de In souris. II s'est produit une perte notable 
de v itali te apres 3 :\ 4 semaines. 

2. A 31 ° C, dans un milieu ph ys iologique contenant environ 1% d'albumine 
hovine et 0.2 M de sucrose, M. lep!'ae a conserve sn yitalite sans grand changement 
durant 2 sema ines. 

3. La congelation et I'entreposage :1 - '60 °C a entralne line p erte mnrquee de In 
vitalite dans In plupart des circonstances. En presence de 10% de g lycerol, toutefois, 
In pede de yitalite n'n He de temp, it l1u tres (]ue leg-ere (une redu ction (l'l'nvil'on un 
i:1 cinq d 'aprcs ce qui l 'on 11 e s tinH~ ). 
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