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MYCOBACTERIUM LEPRAE: VIABILITY AT 0°(,
317C; AND DURING FREEZING!

CHarnes (. Saeparp, M.D. and Dororny H. McRag, B.A.

Communicable Disease Center, Public Health Service
U.S. Department of Health, Education, and Welfare

Atlanta, Georgia 30353

The methods for maintaining the viability of Mycobacterium leprae
in witro are of obvious importance to those working in experimental
leprosy. The problem is especially eritical in this disease because many
research laboratories, including ours, are located at a distance from
important endemie areas.

[Barlier experience with foot pad inoculation of mice (*) had shown
that M. leprae in skin biopsies, or in centrifuged nasal washings in
Hanks" balanced salt solution (BSS) containing 0.1 per cent bovine
albumin (BA), did not lose viability quickly at 0°C (wet ice in a ther-
mos bottle). In the very first isolation attempt in mouse foot pads in
this laboratory there was a shipment delay that resulted in a lapse of
about 24 hours from collection of baecilli to inoculation of mice. Yet
the isolation was successtul. In a later experience involving a shipment
delay with material sent from Manila, leprosy baeilli survived 100
hours at 0°C' without apparent deterioration. Also infectious foot pad
suspensions have heen shipped successtully at 0°C' by air to English
and Belgian laboratories. One shipment was delayed en route, and
was received after 7 days; no ice remained, but viable bacilli were
found (7).

MATERIALS AND METHODS

The methods have been published for the inoeulation of mice by the foot pad route
and observing the resultant infection (*-3), for counting acid-fast bacteria (AFB) (%),
and for estimating the proportion of solidly staining baeilli (%). Our general approach
was to judge viability of the bacilli inoculated by the time taken for them to grow to
countable concentrations. A group of mice was inoenlated in the foot pads with a sus-
pension of baeilli, and at one-month intervals a mouse was taken and histologic seetions
preparved from the inoculated foot. After inoculation of 5 X 10% AFB or less, the bacilli
are difficult to find in the sections, until they have multiplied in viro. Hence, when sig-
nificant numbers of AFB appeared, it was taken as a signal that mycobacterial multipli-
cation had taken place, a bateh of mice was killed, and the AFB counted in suspensions
made from the infected foot pad tissues. The results are expressed as the number of AFB
harvested per foot pad and also as the “generation time,” or average rate of multiplication
between inoculation and harvest. The “generation time,” being a single number, permits
easy comparison of the results. When no AFB were seen during the counting procedure,
the number corresponding to one AFB was ealeulated, and the harvest expressed as less
than this number. As previously deseribed, all suspensions were cultured on Loewenstein-
Jensen medium, 25 per cent blood-agar, and lignid and solid THY9 media. They were
incubated at 33°C for 4 months and inspected at predetermined intervals, No eultivable
mycobacteria were isolated.

1 Received for publication February 23, 1965.
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RESULTS

Viability at-0°C (Table 1).—In the first experiment, carried out
with a suspension of mouse passage bacilli stored in BSS with 0.1 per
cent BA, there was no significant change in viability until after 14
days. With inocula stored for 0, 4, 7, and 14 days, respectively, AFB
appeared in histologie sections at about the same time, and the harvests
of AFB were about the same number. After 29 days’ storage there was
a pronounced delay in the appearance of bacilli in the sections, After
o days’ storage there was no indication of remaining viability.

The deerease in the proportion of solidly staining bacilli lagged
considerably behind the loss of viability under these conditions. Other
work has indicated that in the patient and in the infeeted animal the
loss of solid staining in M. leprae may also lag behind the loss of
viability ().

The second experiment in Table 1, carried out with a suspension of
M. leprae from the nasal washings of a patient with lepromatous dis-
case, gave confirmatory results. After 5 and 9 days’ storage there
was not much change, but after 20 days there was apparently partial
loss of viability. After 40 days there was ecomplete loss of viability.

Viabality at 31°C" (Table 2).—A mouse passage suspension of .
leprae was centrifuged and resuspended in a menstruum consisting of
0.218 M sucrose, 0.00376 M KH:PO4, 0.0071 M K:HPO,, nml 0.0049 M
sodium glutamate (SPG) ('), with 1 per cent BA and 25 units peni-
cillin/ml. The suspension was incubated in 0.2 ml. volumes in 15 mm.
tubes with well-fitting serew caps at 31°C for 7 and 14 days. Smears
failed to reveal contaminating nonacid-fast bacteria in any tubes. At
14 days the contents of the tubes were pooled, the tubes washed through
with small volumes of distilled water, and the washings added to the
pool to make it up to the volume before incubation. Preparations were
then made for counts, and mice were inoculated. A set of tubes was put
up similarly in medium based in THY (Difeo)® (*). It consisted of 6.3
volumes of THY broth base, 0.7 volume Dubos oleie acid-albumin, 1 vol-
ume H per cent BA, 2 volumes 1 M sucrose, with penicillin added to 2
units/ml. A contaminating corynebacterium was seen in smears from
all tubes, but the contents were pooled and inoculated nevertheless.

The counts of AFB on the incubated suspension were somewhat
unreliable because of the presence of 0.2 M suerose, but they showed
the persistence of AFB of good staining quality. The results 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 the usnal manner and found to behave in a
manner entirely typical of M. leprae.

Viability losses associated with freezing and storage at —60°C
(Table 3).—Storage at low temperatures has heen used to preserve

2, Use of trade names is for identification only and does not constitute endorsement
by the Public Health Serviee or the U. 8. Department of Health, Education, and Welfare.
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viruses, rickettsiae, mammalian eells, and bacteria ineluding mycobac-
teria. It would he of very great help if M. leprae also could be preserved
in this way. In the first experiment recorded in Table 3 bacilli in a
piece of patient's skin lost viability when quick-frozen. In the second
experiment a suspension of M. leprae in mouse passage was quick-
frozen in 0.2 M suerose and 0.1 per cent BA; there was severe hut not
complete loss of viability. In the third experiment the slow-freezing
methods used for the preservation of mammalian cells were tried, and
various additives were compared. The conditions of slow-freezing
were those used successfully in this laboratory for the preservation of
mammalian and amphibian tissue culture cells when glyeerol or di-
methyl sulfoxide is added. There was extensive loss of viability, least
with glyeerol and most with dimethyl sulfoxide.

In the fourth experiment slow-freezing was not helpful in the pres-
ence of BA in BSS (4b and 4¢ rs. 4d and 4e). Raising the coneentra-
tion of BA from 0.1 to 3.5 per cent was not helpful either (4h and 4d »s.
4¢ and 4¢). Sucrose (0.2 M), when added to 0.1 per cent BA in BSN,
was somewhat beneficial (4d vs. 41). Glyveerol in a concentration of 10
per cent was distinetly favorable (4d rs. 4g2), perhaps more so when
the material was stored overnight at 47C" before being frozen (4g vs.
4h). The results with glycerol were better in experiment 4 than in ex-
periment 3. In the fourth experiment mycobacteria id not appear in
sections of groups b, d, and e until 7 months. Second harvests that were
then carried out, on dayvs 266 and 267, gave the following results for
groups 4b through 4h, respectively: 3.1 X 10* AFB (28.6 days/genera-
tion), 2.1 X 10* (30.6), 7.0 X 10° (37.4), 2.6 X 10* (29.5), 3.1 X 10°
(28.8), 5.6 X 10° (26.4), and 3.5 X 10" (28.1). Thus viable leprosy bacilli
had elearly been present in the samples frozen in the absence of gly-
cerol, although in small numbers,

Estimate of the degree of loss of viable M. leprae during freezing.—
The experimental desiegn would not differentiate hetween (a) deerease
in number of viable bacilli and (b) partial damage to many viable
bacilli resulting in a prolonged lag phase (see (7) and (%) for growth
curves of M. leprae in mouse foot pads). If it is assumed that alterna-
tive (a) is correet, that the lag phase remained constant, and the bacil-
lary generation time during the logarithmic phase was 12,5 days (7),

Footnotes to Table 3

a1y each experiment infeetious material was inoculated before and after freezing. Sce
Table 1 for definitions,

"B = skin biopsy from lepromatous patient; P5 = passage material in fifth passage:
P3 = passage material in third passage.

©Q = quick-frozen in dry ice-cthanol bath; thawed by brief immersion in water not over
37°C: OS = overnight storage at 4°C, then slow-frozen by placement in eardboard eontainer
at —60°C; thawed as above: 8 = slow-frozen hy placement in eardboard container at
—60°(C"; thawed as above,

dNumber of AFB in inoculum based on count bhefore freezing, except in experiment 1.

eDPMSO = dimethyl sulfoxide,



321

.

i

Nhepard & MeRae: Viability at 0°C, 31°C, and during Free

}

.

33,

_ _ _ _ Ssd w
06c | OLXEF | L | LC¢F | 9 i ¢ | sorXo0e | 18 SO |V %10 + (00813 %01 q
. Ssd W
rte | 0IX 6T | oFL | red 9'¢ | eI X 0¢ 1€ S |VE %T0 4 10813 %01 | 2
_ . Sse ut |
ek | WLXEE | 9FL | ¢ | s0LX0¢ 1€ S vVd %10 4 esorms [y 20 | 3
[ H0IXE> | 9F1 | J 7 I 0L X 0¢ e S SSq W vy %ee | @
[ L XE> | gFl | | 9€ | DI X0¢ €5 S Ssd ut veg %10 P
FEL | 0T X 0T | &FI _ i L€ | 0L X0¢ Ie O | SSd " Ve %¢€ |
209 | W0IX9T | gH r | S P S T R T ) SSd Ve %10 7 q
90c | 0L X688 | FCL P _ s01 X 0°¢ _ uazory JoN | &d Sf
_ _ Ssd
_ %0¢ + asoydsay %o + _
066 WOLX6ET 68T | [ 9T | 0L X0¢ cl SO (VA %¢0 + 20SINa %01 2
_ SSe ut
0k | OLXO0T | 6ST | 9T | 0IX0¢ | ¢ | SO VA %0 + [onquos %ee | P
_ _ | 7 S84
_ 250¢ 4 oso1dsy %of +
€OF | OTXET 6ST 9 €1 | 0TX0¢ | ¢T | SO |V %LE0 + 10399813 %01 | ol @
| _ S84 %09+
&oF | 0T XTT | 681 9-1 7 0L X ¢ ¢l | S0 esoydAn 0F ut vy %e) q
€0c | WX T 291 4 el | G0 X 0¢ _ uoazoay Jox | &d LH
. S8 W
9°0F o0l X +@ IGH Ll 0r-1 7 PO XTI ¥ O vd L0+ 9sowns [WOEn q
¢la | oL X 08 | EeE | L9 6'¢T | OLXFT uszoay Jox | ¢d L7
_ gl 7
IUOP  JOU JSIAIR[] FL T _ 00 XTI I #  Wwzoay uwewmads Jo qaeg q
cee | OIXS88 | 6ae 0r'G ST | w0L X 0T UazoLy 0N a | ¥
(sa8p) 5 adav | (ssep) [+4+++ puw| + 0 T L R0 1 | _ (sAwp) | .po wnpatt Surzaad ql®t JUaTI
ot uoty auiy, 44 4 7 =1outL | D.09— ~1[1a111 =Ia}Rul _._.rzmum—
e e T (wwow) swopas wr | €AV [jwpotoys|  Bu Fuy
RS T | | sSupuy [rLwpRqoasTy | | OWL | WS

wovadol Iy Jo fppquia wo ) 09— 01 buizeadf jo joafiip—e ATV



322 ITuternational Journal of Leprosy 1965

it can be estimated that the decercase in numbers of viable bacilli in
experiment 2h (Table 3) was on the order of 500-fold. Similarly the
loss in 3b, 3¢, and 3d would be about 50-fold. The loss in Ih may not
have been any greater; the results indieate that control inoeulum did
not contain many viable bacilli. The loss in 4g and 4h would be only
about 5-fold. This last amount of loss approaches a workable method
of preserving M. leprae, and experiments arve in progress to see it the
results can be confirmed and if the conditions ean be improved.

DISCUSSION

In erushed ice M. leprae maintained nearly full viability for about
2 weeks. This is enough time to allow for collection of specimens in
most endemie areas, their transportation to international airports, and
their shipment by air to laboratories in other countries. For example,
we recently shipped skin biopsy specimens from a remote air strip in
the highlands of New Guinea to Atlanta, with re-icing en route. The
time elapsed from collection of specimens until inoculation of miece
was 4 days, and multiplication of the leprosy bacilli in the mice took
place in the usual manner.

The loss in bacillary viability on freezing has been a great handi-
cap. The results with glyeerol are distinetly encouraging, and our
current laboratory practice is to slow-freeze unused portions of in-
fectious suspensions in 10 per cent glyeerol after overnight storage
at 4°C'. This is regarded only as a possible safeguard against losing
strains of bacilli through a disastrous loss of mice. In order to maintain
strains consistently and to have infeetionus material of good quality
regularly available for future experiments, we feel it is still necessary
to maintain a number of strains in continuous passage.

The experiments at 31°C were carried out as a first step in culti-
ration attempts. Several workers had predieted on theoretie grounds
that this usually intracellular bacillus would die rapidly in the extra-
cellular state. Fortunately our experimental finding was no loss of
viability at 31°C' for the period tested. Hence it appears possible to
proceed dirveetly to test various media for growth-promotion.

SUMMARY

1. At 0°C (in erushed ice) suspensions of M. leprae in 0.1 per cenf
bovine albumin balanced salt solution maintained their viability (as
measured by their ability to multiply in mouse foot pads) with little
change for about 2 weeks. There was a distinet loss in viability after
3 to 4 weeks.

2. At 317C in bacteriologic media containing about 1 per cent bovine
albumin and 0.2 M suerose, M. leprae maintained viability with little
change for 2 weeks.
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3. Freezing and storage at —607 (' cansed serious losses in viahility
under most conditions, However, in the presence of 10 per cent gly-
cerol, losses of viability were sometimes only moderate (estimated as
about H-fold).

RESUMEN

1. Las suspensiones de M. leprae en 0.1 por ciento de albdmina bovina en solucién
salina balaneeada a 0°C (en hielo machacado) mantuvieron su viabilidad eon poco eambio
por alrededor de 2 semanas (viabilidad medida por la habilidad de multipliearse en la
planta del pie del raton). Hubo una elara perdida de viabilidad despues de 3 a 4 semanas.

2. ElL M. leprae a 31°C en un medio bacteriolégico conteniendo alrededor de 1 por
ciento de albiimina bovina v 0.2 M suerosa, mantuvo su viahilidad eon poeo cambio por 2
semanas,

3. Congelamiento y deposito a —60°C causaron serias pérdidas de la viabilidad bajo
la mayoria de las condiciones, Sin embargo, en presencia de glicerol al 10 por ciento,
la pérdida de la viabilidad fué algunas veces solamente moderada (estimada  como
alrededor de 5 pliegos).

RESUME

1. A zéro degré eentigrade, dans de la glace pilée, des suspensions de M. leprae
dans une solution d'un mélange éguilibré d’électrolyvtes additionné d’albumine hovine
i une concentration de 19 conservent sans grand changement, durant environ deux
semaines, leur vitalité telle gu'elle est mesurée d'aprés la eapacité de ees baeilles @
se multiplier dans la sole plantaire de la souris. Il s'est produit une perte notable
de vitalité aprés 3 o 4 semaines,

2. A 31°C, dans un milien physiologique contenant environ 19 d’albumine
hovine et 0.2 M de sucrose, M. leprae a conservé sa vitalité sans grand changement
durant 2 semaines,

3. La congélation et entreposage & —G0°C a entrainé une perte marquée de la
vitalité dans la plupart des circonstances. Kn présence de 109 de glyeérol, toutefois,
la perte de vitalité n'a été de temps i antres que légére (une réduction d'environ un
i eing d'aprés ee qui on a estimé),
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