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An attempt to culture Mycobacterium leprae in
cell-free, semisynthetic, soft agar media*
TOYOHO MUROHASHI1 & KONOSUKE YOSHIDA2

This paper describes an attempt to culture M. leprae from leprous nodules, using cell-
free, semisynthetic, soft agar media, and the effects of varying the incubation temperature
and the composition of the basic medium, as well as ofpretreating the bacterial suspensions
with alkali. The identification test carried out in leprosy patients by intradermal injection
of bacillary suspensions preparedfrom the primary cultures and third subcultures suggested
that the bacterial masses that had formed in the suspensions were composed of M. leprae.

Murohashi & Yoshida (1968a) successfully cul-
tured M. paratuberculosis in semisynthetic media
without the addition of M. phlei or mycobactin.
In so doing, they went some way towards proving
a hypothesis that they had advanced on the basis
of what they termed the " acid-fastness map "-
i.e., a scale showing the duration in hours of ultra-
violet irradiation required to reduce the acid-fastness
of various mycobacteria by 50% (Murohashi &
Yoshida, 1968b, 1968c). According to that scale,
mycobacteria show a certain degree of parallelism
in their acid-fastness, virulence, parasitism, and
microaerophilia, and this suggests that M. leprae
and M. lepraemurium, since they are the most strongly
acid-fast of the mycobacteria investigated, are also
the most microaerophilic (Hanks & Gray, 1956;
Bloch, 1960; Murohashi & Yoshida, 1966). The
authors subsequently made attempts to culture sev-
eral strains of M. lepraemurium in cell-free, semi-
synthetic, soft agar (0.1 %) media. Microcolony-
like bacterial masses were repeatedly observed
under the microscope (Murohashi & Yoshida, 1969).

* This investigation was carried out with financial assis-
tance from the World Health Organization. Partial reports
on it were presented at the Conference on the Biology of
Mycobacterioses, New York, 1967; the Joint Tuberculosis-
Leprosy-Malnutrition Panel Meeting of the US-Japan Co-
operative Medical Science Program, Tokyo, 1968; the Work-
shop on the Cultivation of M. leprae, London, 1968; the
annual meetings of the Japanese Society for Leprologists,
1969 and 1970; and the International Leprosy Colloquium,
Borstel, 1970. Preliminary communications were published
in Nippon Saikingaku Zasshi (1969) 24, 202-211, 394-401.

X Chief, Department of Tuberculosis, National Institute of
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As this finding suggested the possibility of culturing
M. leprae too, the authors tried to culture this
organism from leprous nodules in the same way.
From the histopathological point of view, it is

well known that M. leprae can survive even in the
sheet of peripheral nerves and in the walls of blood
vessels, where the oxygen tension is assumed to be
very low. It follows that a low oxygen tension-
i.e., a microaerophilic environment-may be neces-
sary for the survival and multiplication of this orga-
nism in vitro, as indeed appeared from the above-
mentioned investigation on M. lepraemurium. At
the start of the present study, therefore, semisyn-
thetic, soft agar media with the same basic compo-
sition as that used for M. lepraemurium were employ-
ed. This basic composition was modified as the
experiment proceeded so that the nutritional re-
quirements of M. leprae could be studied. We also
investigated how the culture results were affected by
pretreating the bacterial suspensions with alkali to
eliminate contamination and by varying the incu-
bation temperature; and the feasibility ofmaking sub-
cultures from the primary culture.

MATERIALS AND METHODS

Pathological material
For the first experiment we used 4 nodules obtained

between May and October 1967 from 4 different
patients with lepromatous leprosy. The strains iso-
lated from these nodules were designated L-May-67,
L-Jul-67-1, L-Jul-67-2, and L-Oct-67. The strain
L-Jul-67-1 was derived from a previously untreated
patient. For the second experiment we used 3 no-
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dules obtained in February 1968 from 3 patients,
also with lepromatous leprosy, who had received pre-
vious chemotheraphy. The strains isolated from these
3 nodules were designated L-Feb-68-1, L-Feb-68-2,
and L-Feb-68-3. The strain L-Feb-68-1 was derived
from the patient who had yielded strain L-Jul-67-1
before he was put on treatment.

Bacterial suspensions

Each nodule was cut up with sterile scissors, ground
in a mortar, and mixed with about 10 times its vol-
ume of distilled water. This homogenate was filtered
through 4 sheets of sterile gauze over a funnel in
order to remove gross substances such as tissue frag-
ments. As the tissue fragments remaining on the
gauze were thought to contain many organisms, the
gauze sheets were pressed with a sterile pincette so
as to extract as many bacterial cells from them as
possible. The resultant bacterial suspensions were
kept in a refrigerator at 5°C until contamination had
been tested for by inoculating a small portion of
each suspension into nutrient broth, nutrient agar,
and Sabouraud agar. After incubation at 37°C for
24-48 hours no contamination was observed in the
test suspensions prepared from the 4 nodules used
for Experiment 1, and the refrigerated suspensions
could be used for culture. However, slight contam-
ination with mould was detected in one of the test
suspensions made from the 3 nodules used for Ex-
periment 2, as a result of which all 3 suspensions
were treated as follows to eliminate contamination
and to study the resistance of M. leprae to alkali.
An equal volume of 2% sodium hydroxide was
added to the bacterial suspension and the mixture
was kept at 37°C for 60 minutes. The pH of the sus-
pension was adjusted to 6.6-6.8 with IN hydrochloric
acid and 0.1-ml amounts of it were dispensed into test
tubes each containing approximately 10 ml of med-
ium. A further test for contamination was made
after the alkali treatment.

In the first experiment, the inoculum was adjusted
so as to contain approximately 106 bacilli per 0.1 ml
of bacterial suspension. In Experiment 2, however,
the inoculum contained about 107 bacilli per ml,
in order to allow for any damage that the rather
drastic alkali treatment might have done to the
organisms.
Smears prepared from each bacterial suspension

were stained by the Ziehl-Neelsen and the simul-
taneous victoria blue and bismarck brown (Muro-
hashi & Yoshida, 1955) methods to determine the
acid fastness and morphology of the organisms

and the number of bacilli per oil-immersion field of
the microscope. In addition, the viability of the
organisms was ascertained by staining with malachite
green and fuchsin (Murohashi & Yoshida, 1957).
In Experiment 1, 50-60% of the bacilli were stainable
with malachite green, the corresponding proportion
for Experiment 2 being only 40-50 %.
So as to make sure that no other culturable myco-

bacteria were present, a small portion was taken from
each suspension before culture and from each culture
at the time of examination and was inoculated on to
a slant of 1% Ogawa's egg medium. The slants were
incubated at 37°C for 8-10 weeks. In neither experi-
ment was growth of such mycobacteria observed.

Culture media
Table 1 shows in what respects the composition of

the various media used differed from that of the
basic medium M-Y Ic. The differences lay mainly
in the amounts of nitrogen source, carbon source,
and Fe3+ion. M-Y lc, 4d, and 6f were the media
most widely used in these experiments. The compo-
sition of the basic medium-M-Y lc-was as fol-
lows:

monopotassium orthophosphate 2 g
disodium orthophosphate (12H20) 1.5 g
asparagine 3 g
magnesium sulfate 0.02 g
sodium citrate 2 g
calcium chloride 0.0025 g
yeast RNA 100 pg
glycerol 30 ml
distilled water to 1 000 ml

The pH of the solution was adjusted to 6.6-
6.8 with sodium hydroxide, 1 g of powdered agar was
added, and the mixture was autoclaved. After cool-
ing, this agar medium was kept at 5°C.

Separately, a 5% solution of bovine serum albumin
Fraction V1 and a 20% solution of glucose were
prepared. These solutions were sterilized by filtra-
tion.
The agar medium was dispensed in 9-ml quantities

into test tubes. To each tube, 1 ml of bovine serum
albumin solution and 0.5 ml of glucose solution
were added. The tubes were then heated to 40-450C
and were kept at this temperature until the organisms
had been inoculated into the medium.

In Experiment 1, semiliquid agar media with
Dubos' or Sauton's liquid medium as a basis were
used as a control. In Experiment 2, ATP and NAD

1 Armour Pharmaceutical Co., Chicago, Illinois 60690,
USA.
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Table 1. Composition of the M-Y media a

Medium Asparagine Glycerol Glucose Ferric ATP & NAD
citrate (%)

Icb 0.3 3 1 - -

3c 0.6 6 1 - -

3d 0.6 6 2 - -

4db 0.3 3 1 0.05 -

5e 0.6 3 1 0.05 -

6e 0.6 6 1 0.05 -

6fb 0.6 6 1 0.5 -

7a 0.6 - 1 0.05 1

8a 0.6 3 1 0.05 1

8d 0.6 6 1 0.5 1

a This table shows in what respects the various media differed from the basic medium M-Y 1 c, of
which the composition is given on page 196.

b Media M-Y Ic, 4d, and 6f were the most extensively used in these studies.

were also added to the medium in order to investi-
gate their possible stimulative effects on the growth
of M. leprae.
Inoculation oforganisms
The bacterial suspensions that had been kept at

5°C while the tests for contamination were being
made (about 48 hours) were heated to the temperature
of the medium in the tubes (4045°Q) and 0.1 ml
of each suspension was inoculated into each tube.
The tubes were closed with screw caps, shaken vigor-
ously, sealed with wax or vinyl tape, and incubated
at 37°C. In Experiment 1, as a control, 0.1 ml of a
heat-killed suspension of strain L-May-67 was inoc-
ulated into a tube of M-Y lc medium and incubated
at 37°C.
Incubation
Throughout Experiment 1, the culture tubes were

incubated at 37eC, the normal temperature of man,
the only host of M. leprae. However, as it is widely
believed that this organism can multiply at 30°C or
an even lower temperature, the culture tubes used
for the primary isolation in Experiment 2 were divid-
ed into two lots, one incubated at 30°C and the
other at 37°C, so as to compare the results of culture
after incubation at these two temperatures.

Preparation ofsmears
At intervals during incubation, a small portion of

each culture was removed and smears prepared from

these samples were examined microscopically to see
if the organisms had multiplied. To prepare a
smear, 0.1 ml of a culture was spotted on to a slide
on which glycerolated egg white had been spread and
dried. The slide was kept in a horizontal position
and dried in an incubator at 37-40°C for about 3
hours. The smear was then fixed by pouring metha-
nol over it. After the smearhad dried by evaporation,
it was stained, usually by the victoria blue and bis-
marck brown simultaneous method with heating.
With this method, acid-fast bacilli are stained blue
against a yellowish brown background. After a
stained smear had cooled, it was washed gently by
dripping water on to the edge of the slide and allow-
ing it to flow over the smear. The slide was then
dried at 37-40'C and decolorized by dipping into
ethanol containing 4% nitric acid. Finally, it was
carefully rinsed in water to remove the excess nitric
acid, dried, and examined.
To evaluate the culture results, the bacterial masses

were counted, according to size in utm, over the
whole area of the smear at a magnification of 400 x.
The values obtained by counting represent the num-
ber of bacterial masses per 0.1 ml of culture.

Identification of organisms cultured

When they were nearly 1 year old, the primary
cultures of the 4 strains studied in Experiment 1
were centrifuged. Suspensions prepared from the
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bacterial masses collected in this way1 were for-
warded to the National Suruga Leprosarium and the
National Tama-Zenshoen Leprosarium, where
appropriate doses were injected intradermally into
leprosy patients. The skin reactions of the patients
to these suspensions and to Dharmendra's antigen
were then compared. Bacterial suspensions pre-
pared from the third subcultures (see below) of the
4 strains in question were sent to the National
Suruga Leprosarium for similar studies.

In addition, the resistance of the acid-fastness of
the organisms to ultraviolet irradiation (Murohashi
& Yoshida, 1968b, 1968c) was checked as a subsi-
diary method of identifying them in vitro.

Subcultures
At intervals during incubation, amounts of 0.5-

1.0 ml were taken from each parent culture after
this had been well mixed. These samples were inocu-
lated into new media and incubated in the same way
as for the primary culture. The organisms were cul-
tured up to the fourth generation in Experiment 1
(primary culture and 3 successive subcultures) and
up to the third generation (primary culture and 2
subcultures) in Experiment 2. At the time of each
subculture, a small portion of the parent culture
was inoculated into nutrient broth, nutrient agar,
Sabouraud agar, and 1 % Ogawa's egg medium, in
order to detect any contamination.

RESULTS

Experiment I
Primary isolation. Strain L-May-67 was inoculated

into M-Y 3c medium (which had been used earlier
for the culture of M. lepraemurium) and M-Y 3d
medium (which contained twice as much glucose as
M-Y 3c). After incubation for about 10 weeks, only
elongated rods and a small aggregation of bacilli
suggestive of growing microcolonies could be ob-
served. However, after incubation for about 17
weeks in M-Y 3c and 22 weeks in M-Y 3d (Fig. 1),
many large round bacterial masses were noticed.
These consisted of smaller round masses stuck to-
gether, each of which seemed to have a boundary
around it.

Strain L-Jul-67-1 was inoculated into M-Y lc
and M-Y 3c media without Fe+ ion and into M-Y 4d
5e, 6e, and 6f media to which Fe3+ had been added.
Microcolony-like large bacterial masses appeared in

1 Referred to in Table 1 as Murohashi's antigen (M).

the M-Y lc medium after incubation for only 6 weeks,
although the bacilli were not densely packed. It
was thought to be too early for large colony-like
masses, such as those mentioned above, to develop
in the M-Y Ic medium, since this was considered
to have a poorer basic composition than the other
media studied. However, many large and compact
bacterial masses of various shapes and sizes develop-
ed in the cultures during a period of almost a year
(Fig. 2-4). Most of these seemed to be conglome-
rations of clearly demarcated round bacterial masses
of smaller size (10-20 ,um in diameter) resembling
those of the L-May-67 strain in M-Y 3c and 3d
media.
No remarkable differences were observed between

the media investigated (except for M-Y 3c) as re-
gards their capacity to sustain bacterial growth during
the incubation period of nearly a year. However,
the largest bacterial mass, measuring about 220 x
140 ,um, was obtained in M-Y lc medium after incu-
bation for 49 weeks, suggesting that M-Y Ic medium,
contrary to what had been assumed, was not at all
inadequate for the culture ofM. leprae. The bacterial
masses seemed to increase continuously, even after
incubation for 25 weeks or more. Better results were
obtained with M-Y Ic medium than with M-Y 3c.
The latter was obviously inferior to M-Y 6f, which
had been prepared by adding Fe3+ ion to M-Y 3c.
M-Y 4d medium, which was prepared by adding Fe3+
ion to M-Y lc, seemed to be nearly the same as, or
even a little superior to, that medium. As for M-Y 6f
medium, which contained larger amounts of glycerol
and Fe-+ ion than did M-Y Se, this seemed to be
slightly better than the latter in that it produced
more compact bacterial aggregations.

Strain L-Jul-67-2 had not been expected to yield
favourable culture results because the specimen con-
tained few organisms. However, after incubation for
17 weeks in M-Y 6f medium, an irregular elongated
bacterial mass measuring approximately 20 x 140 ,um
was obtained.
Encouraged by these results, we inoculated strain

L-Oct-67 into M-Y 3c, Se, 6e, and 6f media. After
incubation for 13 weeks, small round bacterial masses
measuring about 5-10 ,um in diameter, together with
elongated rods, appeared in the M-Y 6f medium.
After 20 weeks, bacterial masses with a diameter of
more than 50 ,um were seen in the same medium.
Here again, M-Y 6f medium gave better results than
did M-Y 3c.
The heat-killed suspension of strain L-May-67 that

was inoculated into test tubes of medium as a control
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Fig. 1. L-May-67 strain, 22-week-old primary culture in M-Y 3d medium
Fig. 2. L-Jul-67-1 strain, 19-week-old primary culture in M-Y 6f medium
Fig. 3. L-Jul-67-1 strain, 25-week-old primary culture in M-Y 5e medium
Fig. 4. L-Jul-67-1 strain, 49-week-old primary culture in M-Y 4d medium
Fig. 5. L-May-67 strain, 12-week-old primary culture in Dubos' semiliquid agar medium
Fig. 6. L-May-67 strain, 57-week-old primary culture in Dubos' semiliquid agar medium (centrifuged sediment)
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Fig. 7. L-May-67 strain, 40-week-old first subculture
Fig. 8. L-Jul-67-1 strain, 55-week-old first subculture
Fig. 9. L-Jul-67-1 strain, 30-week-old second subculture (total age: 156 weeks)
Fig. 10. L-Jul-67-1 strain, 66-week-old third subculture (total age: 189 weeks)
Fig. 1 1. L-Jul-67-2 strain, 20-week-old second subculture (total age: 145 weeks)
Fig. 12. L-Oct-67 strain, 60-week-old first subculture (total age: 81 weeks)



I

12

W'HO209

Fig. 13.
Fig. 14.
Fig. 15.
Fig. 16.
Fig. 17.
Fig. 18.

L-Feb-68-1 strain, 22-week-old primary culture in M-Y 6f (37°C)
L-Feb-68-2 strain, 22-week-old primary culture in M-Y 8a medium (37°C)
L-Feb-68-3 strain, 25-week-old primary culture in M-Y 7a medium (37°C)
L-Feb-68-1 strain, 66-week-old primary culture in M-Y 6f medium (23 weeks at 30°C+43 weeks at 37°C)
L-Feb-68-2 strain, 66-week-old primary culture in M-Y 8a medium (23 weeks at 30°C+43 weeks at 27°C)
L-Feb-68-3 strain, 66-week-old primary culture in M-Y 6f medium (23 weeks at 30°C+43 weeks at 37°C)
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Fig. 19. L-Feb-68-2 strain, 50-week-old first subculture (total age: 95 weeks)
Fig. 20. L-Feb-68-2 strain, 56-week-old first subculture (total age: 122 weeks)
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Table 2. Reactions of leprosy patients to intradermal skin tests with bacterial suspen-
sions from 1 -year-old primary cultures (M) and with Dharmendra's antigen, Lot 25 (D)

Mean size (mm) of reaction a

disease tiuton after 48 hrs after 15 days after 21 days
M D M D M D

11 b 36

Tama 20 b 47Tampatients) I20 b 44 reactions were not measured(4 patients) 10 b 44

56 c 64

tuberculoid 8 6 13 5 7 6

6 10 7 7 8 7

7 12 14 11 10 10
Suruga 13 13 13 8 11 10

(7 patients)
6 7 7 5 6 5

11 9 10 8 8 9

7 7 4 5 5 5

ob 0

oh' 5

(5 patients) 0 b 3 reactions were not measured
4C 4

Oc 6

lepromatous 6 3 3 3 4 3

0 0 3 0 0 0

4 3 4 3 3 0

5 3 5 3 4 3

Suruga 4 4 5 0 3 0
(9 patients)

11 5 4 4 4 3

5 5 3 0 3 0

4 5 5 0 2 0

4 0 0 0 0 0

a The early reactions were read on the basis of erythema; the later reactions, on that of induration
b Test carried out with 1 in 4 dilution of M antben.
c Test carried out with 1 in 2 dilution of M antigen.

produced no bacterial growth. Furthermore, in the
semiliquid control media (see p. 196), no bacterial
masses comparable to those observed in the cultures
on M-Y media were detectable. In most cases, the
organisms inoculated into the media either remained
there without showing any sign of multiplication or
gradually decreased in number with the length of
incubation, leaving vacuole-like structures that con-
tained a few rods of weak acid-fastness (Fig. 5-6).

The organisms contained, in the cultures were
identified primarily by examining the skin reactions
in leprosy patients into whom appropriate doses of
bacterial suspensions' had been injected intrader-
mally (see p. 198). Table 2 shows that both early and
late reactions to these suspensions were closely corre-

1These suspensions contained both numerous single cells
and bacterial masses of various shapes and sizes.
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lated with those to the standard (Dharmendra's)
antigen, the reaction being positive in patients with
tuberculoid leprosy and negative in those with the
lepromatous form of the disease. Thus the organisms
that had been maintained in M-Y media for nearly
a year and had been subcultured appeared to be
M. leprae.

Subcultures. Attempts to subculture the 4 strains
were made at intervals during the primary isolation,
in order to determine how old the parent cultures
should ideally be when subcultures are made from
them, the optimum size of the inoculum to be trans-
ferred to the new media, and the most effective incu-
bation period. Each parent culture was mixed well
and I ml was inoculated into 9-ml quantities of
new media.
The fact that the microcolony-like bacterial masses

in the subcultures tended to increase in number and
size with the duration of incubation (Tables 3 and 4)
suggests that this organism multiplied on subculture
as it had done on primary culture.

In the second subculture, the tendency of the
bacterial masses to increase was almost as great as
it had been in the first, despite a reduction in the size
of the inoculum to 0.5 ml. However, in the third
subculture, the increase did not come up to expec-

tation. Some of the bacterial masses detected on sub-
culture are illustrated in Fig. 7-12.

Bacterial suspensions from the third subcultures
of the same 4 strains were used for identification
tests, as had been done previously with suspensions
prepared from the primary cultures. The results of
the tests (Table 5) were similar, thus suggesting that
the bacterial masses present in the third subcultures
were M. leprae.

Thus, up to the fourth culture generation the num-
ber and size of the bacterial masses of the 4 strains
investigated showed a tendency to increase, although
this tendency was very slight and slow.

Experiment 2

Effect of the composition of the media. After incu-
bation for 12 weeks at 37°C the number of bacterial
masses exceeding 5 ,um in size had increased to a

statistically significant degree compared with the num-
ber present immediately after inoculation. Thus it
seems that this organism resisted alkali treatment
(see p. 196) fairly well, and that it was able to form
bacterial masses in the culture media, even if very
slowly. Among the media tested, M-Y 6f seemed
to be slightly superior to the others. M-Y 7a, which
contained glucose as its only carbon source, appeared

Table 3. Number of bacterial masses per 0.1 ml of subculture, according to culture
generation and incubation period (L-May-67 strain) at successive culture generations a

Culture Incubation Number of bacterial masses according to size ("m)
generation period Ratio to& medium (weeks) 2.5-5.0 5.1-12.5 12.6-25 >25 Total 0 week

0 539 137 13 2 691 1.0
II b

(M-Y6f) 19 790 265 17 1 1 073 1.6

25 1 595 448 41 4 2088 3.0

0 26 2 0 0 28 1.0

III c 25 71 13 0 1 85 3.0
(M-Y 4d)

34 198 39 2 0 239 8.5

49 412 141 10 2 565 20.2

0 38 7 1 0 46 1.0
IV d

(M-Y 4d) 40 78 21 3 0 102 2.2

55 214 62 5 0 281 6.1

a Quantitative counting of bacterial masses was not done in the primary culture.
b An inoculum of 1.0 ml was taken from a 29-week-old primary culture on M-Y 3c medium.
c An inoculum of 0.5 ml was taken from a 37-week-old first subculture on M-Y 6f medium.
d An inoculum of 1.0 ml was taken from a 34-week-old second subculture on M-Y 4d medium.
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Table 4. Number of bacterial masses per 0.1 ml of culture, according to culture
generation and incubation period (L-Jul-67-1 strain) at successive culture generations a

Culture Incubation Number of bacterial masses acording to size ("m)
generation period
& medium (weeks) 2.5-5.0 5.1-12.5 12.6-25 >25 Total Rwati tk

6 793 229 25 10 1 057 -

(M-Y lc) 25 759 324 45 19 1 147 -

44 1 377 442 59 11 1 889 -

0 153 53 7 1 214 1.0
II b

(M-Y 6f) 23 519 212 21 1 753 3.5
29 898 137 12 10 1 057 4.9

0 10 5 1 0 16 1.0

(M-Y4d) 34 67 5 1 0 73 4.6

49 128 9 2 1 140 8.8

0 17 6 0 0 23 1.0
IV d

(M-y 4d) 30 31 7 1 0 39 1.7

50 112 25 1 0 138 6.0

a Quantitative counting immediately after inoculation into the primary culture (0 week) was not done.
b An inoculum of 1.0 ml was taken from a 27-week-old primary culture on M-Y 1 c medium.
c An inoculum of 0.5 ml was taken from a 35-week-old first subculture on M-Y 6f medium.
d An inoculum of 1.0 ml was taken from a 34-week-old second subculture on M-Y 4d medium.

to give larger, if somewhat more dispersed, bacterial
masses than did the media containing both glycerol
and glucose. At any rate, no appreciable difference
was observed between the media investigated, and
the addition of ATP and NAD (to M-Y 7a, 8a, and
8d) did not seem to stimulate the increase of bacterial
masses particularly.

Effect of the incubation temperature. After incu-
bation for 22-25 weeks comparative studies were
made of the cultures incubated at 30°C and 37°C. In
the latter, fairly large and variously shaped bacterial
masses were observed (Fig. 13-15). In those incu-
bated at 30°C, however, even bacterial masses measur-
ing less than 5 ,um were very rare, and vacuole-like
or balloon-like structures containing a few rods of
poor stainability, as had been observed in the con-
trol media in Experiment 1, were observed sporadi-
cally. These results clearly showed that it was im-
possible to make the bacterial masses increase in
number and size by incubation at 30°C for 22 weeks.
One week later, all the culture tubes that had

been incubated at 30°C were placed in incubation at
37°C for a further 22 and 43 weeks. After the addi-

tional 22 weeks-i.e., 45 weeks after the primary iso-
lation had been started-fairly large and compact
bacterial masses of various shapes were detected.
Again, after another 43 weeks' incubation-i.e.,
66 weeks after the beginning of the primary isolation
-rather large bacterial masses (Fig. 16-18) were
observed. It would appear from these results that
M. keprae can produce bacterial masses at 37°C but
not at 30°C.

Subcultures. At the 20th week of incubation at
37°C the 3 strains were subcultured by inoculating
1 ml ofeach parent culture on to 9 ml ofnew medium.
After incubation for a further period of 43 weeks
at 37°C, 0.5 ml of each subculture was transferred
to new media for second subcultures. The growth
trends of both series of subcultures are shown in
Tables 6 and 7. A huge bacterial mass, measuring
nearly 400 ,um at its widest point, was macroscopi-
cally visible on one of the smears from the 50-week-
old second subculture ofthe L-Feb-68-1 strain. How-
ever, a second subculture of the L-Feb-68-3 strain of
equal age showed a bacterial accumulation occupying
a rather large area and composed of beaded rods of
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Table 5. Reactions of leprosy patients to intradermal
skin tests with bacterial suspensions from 1-year-old
third subcultures (M) and with Dharmendra's antigen,

Lot 25 (D)

Mean size (mm) of reaction a
Type
of after 48 hrs after 15 days after 21 days

disease
M D M D M D

17 33 10 9 6b 7b

10 20 11 7 13 8

9 18 8 7 6 7

9 24 9 7 9 8b
tuberculoid

10 17 10 9 7 7

8 4 7 6 6 6

10 18 9 7 9 9

8 8 5 5 7 5

13C 23 7 5 7 0

6 0 0 0 5 0

3 4 0 0 0 0

lepromatous 1 3d 24 6 6 4 4

0 0 0 0 0 0

5e 4 6 0 5 0

4 3 0 0 0 0

a The early reactions were read on the basis of erythema; the
later reactions, on that of induration.

b An ulcer developed at the testing site.
c This was a case of acute infiltration (absorbed).
d Bacteriologically negative, healed case.
e A case of erythema nodosum leprosum.

weak acid-fastness, distributed in a disorderly man-
ner. This pattern suggested that the rods composing
the bacterial mass had been dead for a long time.

Subcultures on new media were made immediately
after the development of definite, compact bacterial
masses in the primary cultures that had been incu-
bated initially at 300C for 23 weeks without any
appreciable increase in bacterial mass and that had
subsequently been placed in incubation at 37°C.
After incubation at 37°C for further periods of22 and
43 weeks-i.e., 95 weeks and 122 weeks, respectively,
after the start of the primary isolation-fairly large
bacterial masses measuring more than 200ILm at their
widest point were seen (Fig. 19-20). This finding
suggests that the organism mutiplied on subculture
despite initial incubation for more than 20 weeks
at the inadequate temperature of 30°C. These

bacterial masses were macroscopically visible as mi-
nute spots on the smears.

DISCUSSION

The promising findings of our earlier attempts to
culture M. paratuberculosis (Murohashi & Yoshida,
1968a and M. lepraemurium (Murohashi & Yoshida,
1969) encouraged us to try culturing M. leprae in
the same way. The fact that it had proved possible
to culture M. paratuberculosis and M. lepraemurium
contributed to proving the hypothesis that we ad-
vanced on the basis of a scale showing the degree
of acid-fastness of various species of Mycobacterium
(see page 195). The relation between the virulence
of M. tuberculosis and the oxygen tension (Hepler et
al., 1954; Guy et al., 1954; Sever & Youmans, 1957)
gave us the idea of using semiliquid agar (0.1 %)
medium in our attempts to culture M. leprae, since
it is believed that the oxygen tension of this medium
allows the growth of microaerophilic organisms.

In order to evaluate the degree of multiplication
of this organism, we counted the bacterial masses
in the smears, classifying them by size (in much the
same way as colonies are counted in the case ofcultur-
able mycobacteria), since it was impossible to separate
the bacterial cells or masses from the agar complete-
ly in order to weigh the bacterial yield exactly. We
did not count single cells, as is often done in leprosy
studies, because of the inaccuracy and irrationality of
this method for evaluating the increase of living cells.
For the preparation of smears, samples were always
taken from the centre of the culture so as to minimize
the fluctuations in the count that might result from
taking samples at different depths in the semiliquid
medium (fewer bacterial masses are present in the
upper fifth of the medium).
On primary culture in M-Y media, all the 7

strains studied in these two experiments produced
colony-like bacterial masses whose size and number
increased with the duration of incubation. These pre-
sented the morphological peculiarity of being com-
posed of smaller round masses measuring 10-20 jLm
in diameter that adhered to one another. Each small
mass seemed to have a boundary around it, but it
is still not clear whether this boundary was an arte-
fact produced in the course of preparing smears or a
membranous structure resulting from the composi-
tion of the media or secreted by the bacterial cells.
However, as vacuole-like structures containing a few
bacilli of poor stainability were found, not only in the
control media used in Experiment 1 but also in the
cultures incubated at 30°C for 22 weeks in Experiment
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Table 6. Number of bacterial masses per 0.1 ml of culture, according to culture gene-
ration and incubation period (L-Feb-68-1 strain a) at successive culture generations

Culture Incubation Number of bacterial masses according to size ("Am)
generation period -a-iRat-& medium (weeks) 2.5-5.0 5.1-12.5 12.6-25 >25 Total 0 week

I 0 2 378 68 10 1 2 451 1.0

(M-Y 5e) 12 5 021 242 19 5 5 287 2.1

0 284 33 1 0 318 1.0
II b

25 701 138 1 1 841 2.6
(M-Y 4d)

52 1 413 276 16 3 1 708 5.3

0 76 13 0 0 89 1.0
Ill C

33 169 44 4 1 d 218 2.4
(M-Y 4d)

50 365 56 5 1 e 427 4.8

a This strain was treated with 2 % sodium hydroxide at 37°C for 60 min. to eliminate contamination at
the primary isolation.

b An inoculum of 1.0 ml was taken from a 20-week-old primary culture on M-Y 5e medium.
c An inoculum of 0.5 ml was taken from a 43-week-old first subculture on M-Y 4d medium.
d This bacterial mass measured 52 x 83 5Am.
e This bacterial mass measured 280 x 440 5Am.

2 (in which no signs of multiplication were observed),
the boundary may be formed by the bacterial cells
in order to render the environmental conditions in
M-Y medium more suitable for their survival and
multiplication.

M-Y 3c was the medium used first, as it had
given promising results in our previous attempts to
culture M. lepraemurium. However, it is electro-
motively inactive and its basic composition was there-
fore assumed to be inadequate to sustain the meta-

Table 7. Number of bacterial masses per 0.1 ml of culture, according to culture gene-
ration and incubation period (L-Feb-68-2 strain a) at successive culture generations

Culture Incubation Number of bacterial masses according to size (5Am)
generation period Ratio to& medium (weeks) 2.5-5.0 5.1-12.5 12.6-25 >25 Total 0 week

I 0 4113 141 6 0 4 260 1.0

(M-Y 5e) 12 6 577 505 5 1 7 088 1.6

0 430 20 0 0 450 1.0

11 b 25 1 181 92 6 0 1 279 2.8
(M-Y 4d)

43 1436 132 4 1 1 575 3.4

0 47 3 0 0 50 1.0

III c 33 295 35 1 0 331 6.6
(M-Y 4d)

50 315 59 3 0 378 7.5

a This strain was treated with 2 % sodium hydroxide at 37°C for 60 min. to eliminate contamination
at the primary isolation.

b An inoculum of 1.0 ml was taken from a 20-week-old primary culture on M-Y 5e medium.
c An inoculum of 0.5 ml was taken from a 43-week-old first subculture on M-Y 4d medium.

6
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bolism of M. leprae. Accordingly, the amounts of
nitrogen source, carbon source, and Fe3+ were in-
creased or reduced in order to determine the effect of
varying the basic composition on the metabolism of
the organism. However, the number and size of the
bacterial masses increased, if only to a limited extent,
in all the media investigated in the two experiments.
The results suggested that cell-free, semisynthetic,
semiliquid agar media containing both glycerol and
glucose as carbon sources, and having an oxidation-
reduction potential as low as about - 0.3 V (as
revealed by the dye reduction test), are adequate for
the culture of M. leprae. Media that contained Fe3+
(e.g., M-Y 4d, 5e, 6e, and 6f) seemed to give slightly
better results than those that did not (e.g., M-Y Ic,
2d, 3c, and 3d), for rather compact bacterial masses
developed in them, especially during the early part of
the incubation period. However, the presence of
Fe3+ may not be indispensable for the metabolism of
this organism, since even M-Y lc medium-which
did not contain it and which was supposedly the
poorest of the media tested-promoted a consider-
able increase in the bacterial masses, and since the
bacterial masses were not seen to increase appreciably
in the control media containing Fe3+ in a concen-
tration of 0.005 %. Furthermore, differences in the
amount of asparagine did not seem greatly to affect
the extent of growth. The addition of yeast RNA was
suggested by an earlier report (Darzins, 1959) and
by our own experience with BCG and M. tuberculosis
(unpublished data). It was added in the first place
because it was believed to be the precursor of nucleic
acid synthesis. However, its role would appear to
be rather that ofa hydrogen accepter or catalyst, since
no appreciable effect resulted from increasing its
amount. The addition of ATP and NAD, in Experi-
ment 2, did not seem to stimulate the increase of
colony-like bacterial masses. These findings might
mean that slight variations in the chemical composi-
tion of the medium are of less importance for the
survival and multiplication of M. leprae than are
the physical environmental conditions of the semi-
liquid agar in the test tubes. A similar hypothesis
was advanced by Kato and Gozsy (1966) after they
had attempted to culture M. lepraemurium in galacto-
mannan medium.
The results of Experiment 2 clearly showed that,

contrary to the widespread belief, it is impossible for
this organism to multiply at 30°C. After incubation
for 23 weeks at 30°C there were no signs of growth
-indeed, bacilli had tended to decrease in number,
some of them becoming enveloped in a vacuole-like

structure. However, the organisms were not killed
completely by being exposed to this temperature:
after being incubated at 37°C for an additional 22
and 43 weeks, they recovered and formed compact
colony-like bacterial masses, suggesting that incu-
bation at 30°C for 23 weeks might have played a
role in the subsequent growth of the organism. In
any case, these results seem to indicate that 37°C is an
adequate temperature for the culture of M. leprae in
M-Y media, whereas 30°C is not. These findings are
in accordance with the fact that M. leprae, as a para-
site, can multiply only in man.
The results of the identification test carried out in

leprosy patients suggest that the bacterial masses
present in the suspensions were composed of M.
leprae. Accordingly, it would seem that the morpho-
logy of the colony-like bacterial masses and the
bacterial pattern illustrated in the figures are specific
for this organism, and that the bacterial masses sub-
cultured on new media were aggregates of the same
organism.
The tendency of the bacterial masses to increase

in number and size on subculture up to the fourth
culture generation (Experiment 1) showed that, as the
host-originated cellular components inevitably exist-
ing in the primary cultures were diluted by the new
media at least 10 times at each subculture, they could
not have borne any relation to the increase in the
bacterial masses-contrary to the widely held belief
that these host cells may stimulate the growth of
M. leprae. The results ofsubcultures in Experiment 2
were very similar to those obtained in Experiment 1.
The identification test carried out with bacterial sus-
pensions prepared from the third subcultures, more
than 1 year old, of the 4 strains investigated in Experi-
ment 1 yielded valuable information suggesting that
M. leprae may be cultured up to the fourth culture
generation in cell-free semisynthetic M-Y media,
although the results may not necessarily be satis-
factory. Thus, even if it is still not permissible to
apply the term " growth" to the process described
in this paper, 4 strains of M. leprae have been main-
tained for more than 3 years through 4 culture gene-
rations, without any contamination, in cell-free semi-
synthetic media, and there has been an increase in
the number and size of the bacterial masses produced.
The results of both experiments show that this

increase was very slight and slow. After incubation
for about 30 weeks at 37°C the bacterial masses
were approximately 3 times as numerous as imme-
diately after inoculation, and after about 1 year
were up to 10 times as numerous. On the basis of
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these figures, a model was devised to determine the
optimum conditions for subculturing (e.g., the age
of the parent culture at which inocula are best taken
for subculturing, and the most suitable size for these
inocula) and to estimate the yield of subculture per
culture tube after a certain period of incubation.
This model shows that, in making subcultures, the
tendency for the bacterial masses in the parent cul-
ture to increase should always be taken into account.
If inocula of at least 1 ml from a parent culture 1 year
old are planted in 9-ml quantities of new medium,
the yield per tube after incubation for about 1 year
may be expected to be as good as, or even a little
better than, that of the 1-year-old parent culture it-
self. However, if subcultures are made at intervals
of 30 weeks or less, with inocula of less than 1 ml,
the yield per tube after incubation for 1 year may be
expected to be appreciably lower, and by about the

third or fourth subculture no more bacterial mass will
be detectable in 0.1 ml of the subculture. This shows
that it is irrational to make subcultures with very
small inocula and at short intervals-i.e., of 1 or
2 months. Furthermore, when killed organisms are
inoculated into the medium, the bacterial suspension
is diluted with new medium each time a subculture is
made, so that the bacterial mass is scarcely detectable
in 0.1 ml of the subculture after the third passage,
even on the assumption that killed organisms do
not change at all numerically and morphologically
after 1 year of incubation at 370C.
The fact that macroscopically visible bacterial

masses, measuring more than 200 ,um in the first
and second subcultures of Experiment 2, appeared
after incubation for 2-2.5 years at 37°C suggests that
one of the most important requirements for the suc-
cessful culture of M. leprae is patience.
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RJtSUMt

ESSAI DE CULTURE DE MYCOBACTERIUM LEPRAE SUR MILIEUX A LA GELOSE MOLLE,
SEMI-SYNTHETIQUES ET DEPOURVUS D'ELEMENTS CELLULAIRES

On a tente de cultiver Mycobacterium leprae obtenu
a partir de nodules lepreux sur des milieux semi-synth&e
tiques et depourvus d'elements cellulaires, et 6tudi6
l'influence sur les resultats des modifications de la tempe-
rature d'incubation, de la composition du milieu et du
traitement pr6alable des suspensions bacteriennes par
une base.
L'examen de frottis realises a partir des cultures a

montre la presence d'amas bacteriens ayant l'aspect
de microcolonies de forme et de taille variables. Ces
formations, dont la croissance 6tait extremement lente,
ont et6 retrouv&es dans les cultures primaires apres
plus d'un an d'incubation a 37°C. Le repiquage a permis
d'obtenir des sous-cultures de 3e et de 4e gen6ration.
Les amas bacteriens offraient la particularite d'etre com-
poses de masses rondes plus petites, nettement d6limitees,
et adherant les unes aux autres. Ils etaient form6s de
bacilles dont l'acidoresistance, tres marqu6e, n'a pas et6
alter6e par l'application de rayons ultraviolets pendant
plus de 15 heures. La viabilite des micro-organismes a ete
verifi&e par coloration au vert de malachite-fuchsine:
40-60% des bacilles 6taient colorables par cette methode.
On n'a pas decele de masses bacteriennes comparables

dans les milieux ensemences & l'aide de bacilles lepreux
tues par la chaleur ni dans les milieux t6moins.

U1 semble probable que la multiplication- pour autant
que ce terme puisse etre employ6 dans le cas pr6sent -
du bacille est davantage influenc6e par les conditions
physiques des milieux que par de legeres modifications
de leur composition chimique. Les micro-organismes
ont bien resist6 a un traitement energique prealable par
l'hydroxyde de sodium pendant 60 minutes a 37°C,
et les suspensions bact6riennes ainsi traitees ont fourni
des amas bacteriens de taille appreciable apres incubation
a la meme temperature.

Contrairement A l'opinion courante selon laquelle
Myco.leprae peut se multiplier a 30°C, on n'a constat6
aucune croissance bacterienne apres 23 semaines d'incu-
bation a cette temperature, alors que des amas compacts
de bacilles sont apparus apres une nouvelle incubation
a 37°C. Cette observation semble indiquer que la tempe-
rature de 37°C - voisine de celle du corps humain
est favorable a la croissance du bacille l6preux.

L'6tude des reactions provoqu6es par l'injection a des
sujets atteints de lepre de suspensions de cultures primaires
ou de sous-cultures a permis d'identifier Myco. leprae.
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