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ATTH1PTS AT GROWTH OF ~1. LEPRAE IN !'-lIC.P AND OBSERVATIONS ON A CAS!': 
OF PROBABLE l.ONTMlINATION WITH ANOTHER ACID-FAST BACILLUS 

Tatsuji Ogawa 

Kitasato Institute and l~awa City Hospital 

Our attempts to grow ~. leprae in mice have been made, in the midst 
of studies of th e cultivation of~. lepraemurium and in a rather unsyste­
matic fashion, over the last four years . No experimental systems for the 
growth of~. leprae in susceptible animals had been established that would 
~rovicte the lar~e quantities of bacilli needed for cultural isolation. So, 
following previous workers we selected the mouse as an experiment a l animal 
and began a series of inoculation experiments by the subcutaneous and/or 
intravenous routes, the latter of i nfrequent use for such purposes. I want 
to describe the results of these experiment s as well as the ohservations on 
a probab l e mycobacterial contamination encountered in one of the exp,eriment s. 

MATERIALS AND METHODS 

The t echnica l procedures of experiment are exp l ained briefly (Table 1). 
First, bacteria l suspension prepared from hiopsies of l eprosy pat ients was 
injected into mice e ither once or several times (at weekly intervals) by 
the subcutaneous or intravenous route, or both. SecondJy, the animals were 
killed at various intervals 2-16 months aft er injection. At necro~sy l e­
sions were sought by gross inspec tion. Fourthly, portions of various organs 
were removed and ground in a mortar to make a homogenate . Smears made from 
the homogenate were stained by Zieh l -Neelsen's me thod and examined micro­
scopica lly. Lastly, the homogenate was treated with one percent sodium 
hydioxide solution and then inoculated onto hoth the egg yo l k medium (for 
~. l epraemurium; a l so for ~. l eprae [?]) and Ogawa 1% egg medium (for cul­
tivable mycobacteria except ~. l epraemurium). The tubes were incubated 
at 37°C for over 3 months and examined at regular intervals macroscopically. 

Table 2 shows the details of single inoculation experiment s . The 
studies were based on three experiments with intravenous inoculation and 
another wi th intravenous and subcutaneous inoculation. Most of the anima l s 
employed were ddN strain and the rest were C3H strain, Inoculation was 
done with 0 .1 or 0.2 ml of an inoculum . A so lid circle i nd icates that 
in the experiment smear-positive anima l s were observed. Additiona l infor­
mation about the numb er of mice used, the duration of survival, the numb er 
of times of autopsies, th e origin of leproma , or the number of bacilli in 
inocula is shown in the t able, 
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Table 3 s hows the details of multiple inoculation experiments. These 
include four experiments with intravenous inoculation, one with intravenous 
and subcutaneous inoculation, and one with subcutaneous inoculation. Inocu­
lum size varied from 0.1 to 0.5 ml, and in each animal inoculation was re­
peated 2-5 t i mes at weekly intervals. A number mark in the Table indicates 
that the experiment showed a probabl e contamination with another acid-fast 
bacillus. A so lid circle, as in Table 3, indicates the experiment with smear 
positive animals. More detailed information on the form and nature of experi­
ment s will be seen in the table. 

Table 1. Outline of experiment a l procedures. 

1. A suspension of ~. leprae prepared from human leproma is inoculated either 
once or severa l times (at week ly intervals) into mice by the subcutaneous 
or intravenous route, or both. 

2. The animals are sacrificed at different intervals during a period of 2 to 
16 months aft er inoculation. 

3. At necropsy macroscopic observations are made on the spleen, liver, lungs, 
kidneys and superficial lymph nodes. 

4. A portion of organ remov ed is ground in a mortar to make a homogenate. 
Smears made from the homogenate are s tained by Zi~hl-Neelsen's method and 
examined microscopically. 

5. After being treated with 1% sodium hydroxide solution, the homogenate is 
inoculated into Ogawa's egg yolk and egg media. The tubes are incubated 
a t 37°C for over three months and examined visually for colonial growth 
at regular intervals. 

RF:SULTS 

1. Attempts at Growth of M. leprae in Mice. Altogether ten experiments 
were carried out; four with single inoculation and the other six with mul­
tiple inoculation. Because one experimenL, Expt. (4), exhibited a probable 
contamination and its results are described in the following section sep­
arately, the results of the rest of the experiments will be mentioned here . 

Gross findings were all negative . Cultural examination showed that no 
colonies of mycobacteria, suspected of being~. leprae have been isolated. 
A few smooth and huff colonies, supposedly atypical mycobacteria , were , how ­
ever, isolated from two specimens. 

On the other hand, microscopic examination revealed the presence of 
acid-fast bacilli in the tissues of various organs. Among the experiments , 
two, Expts . (3)-1 & -2, showed th e most pronounced findings microscopically 
(Table 4). In both experiments , injection with a suspension of~. leprae 
was repeated 3 times . The animals were killed one bv one at intervals from 
2 to 11 months after inoculation . It will be seen that in the subcutaneous 
experiment bacillary counts for the iniection site revealed Gaffky X, 2-3 
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months after injection. Thereafter, however , the bacilli decreased i n 
numb er and could no longer be found aft er 9 months. Sun erficial lymph nodes 
s cored Gaffky I during the first 4 months after i noculation. None of the 
tissues of vi scera were smear-positive. On the other hand, i n th e intra­
venous experiment, Expt. (3)- 2 , acid-fast baci lli were det ect ed in the 
spl een, liver and lungs , but smaller in numb er as compared with those at 
the injection site just mentioned. No bacilli were found in the super ­
ficial lymph nodes . In both of the experiments the acid-fast bacilli had 
a tendency to st eadil y decrease i n number . 1\~ere numb er s of bacilli wer e 
present, globi were oft en seen, but th ese were usua lly small in size and 
loose in arrangement . And, indeed, it is unc ertain whether th e bacilli 
had mUltiplied within the tissue or not. 

Tab l e 5 summari zes the micros copic findings obtained in a ll th e ex ­
periment s . The results are tabulated a ccord i ng to the fo rm and rout e of 
injection. The dat a of single inoculation experiment showed that all the 
specimens obtained from animals inject ed intravenously were micro scopi­
cally negative , but thos e from the animals simultaneously injected (iv + sc) 
WeTe positive in 7 percent . In the cas e of multipl e inoculation, th e 
following percentages of smear-positive specimens were noted: intra ­
venous, 13%; intravenous plus subcutaneous, 6%; and subcutaneous, 15%. 

As the leproma used diff er ed from experiment to experiment, it is 
impossible to compare the values of percentage for s mear-positive speci ­
mens directly. As a wl~ole, however, one seems fairly justified in con­
cluding that the microscopic findings wer e better with multipl e i nocu­
lation than with single inoculation. This fact is in accord with obs er­
vations by previous workers. 

2. Observations on a Case of Supnosed Con2tamination with A~other Acid­
Fast Bacillus. The supposed contamination occurred in Expt . (4), the 
inoculation of which had been carried out by means of multipl e intravenous 
injection (Table 6). The macroscopic, microscopic, and cultural examina­
tions made 3 months after inoculation all gave negative result s : At 12-
month autopsy, however, the superficial lymph nodes exhibit ed varying 
degrees of macroscopic enlargement. One mous e (no. 8) revea l ed gross 
involvement also in the spleen, liver, and lungs. MIcroscopically , all 
the animals atthis stage harbored acid-fast hacilli · in the tissues of 
various organs such as spleen, liver, lungs , kidneys or pooled superfi­
cial lymph nodes; the tissues of mous e no. 8 had the heaviest bacillation. 
Culture results were as follows: Although nearly half of the tubes inocu­
lated were contaminated with saprophytes; macroscopic, rough, and pale 
yellow-colored colonies could be isolated from the tissues of spleen and 
lungs of mouse no. 8. The primary growth occurred only on the egg yolk 
medium after 2 months' incubation. 

When stained and examined microscopically, the isolates were found to 
be an acid-fast bacillus similar to ~1 . tuberculosis. This is hereafter 
referred to as Bacillus No.4. Its characteristics in comparison with 
those of M. lepraemurium are shown in th e next slide (Tabl e 7) . Th e 
bacillus IS very similar to M. lepraemuri nm in many respects, such as 
colony appearance, cell morphology, growth response on th e egg and egg 
yolk media, growth temperature and niacin test. 
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On subculture , as in the case o~ ~1 . 1 epraemurium , a small portion of 
colony of the pTeceding culture was transferred lightly on the middle of 
the surface of 1% egg yolk medium by 10011, the tuhe of which was sealed 
with a rubber cap havi ng si l~ threads allowing the entry of a little air . 
At present the fifth generation are growing . Table 8 indicates that the 
percentage of successful growth on subculture had no tendency to change 
with the age of the preceding culture or on transfer. In this regard, too, 
the bacillus resembled the control strain of ~. l epraemurium in the 5th-8th 
generations. ~1easurement s were made of the size of colonies to compare 
Bacillus No . 4 wi th ~. ~raemuriUJl1 in growth rate (Table. 9). Bo~h stains 
showed a very s low but steady growth till 5 months after InoculatIon and 
no significant differences were observed between them. 

Reproduction of disease in mice was sought by inoculating Bacillus 
No .4 'in 0.1 mg amounts into C3H mice intravenously (Table 10) . No macro­
scopic findings were obtained four and a half months aft er inoculation . 
After six months, however , marked involvement was ohserved in the spleen, 
Ii vcr, lungs and superficial lymph nodes macrosco~ically . The response 
patterns resemble those in mice infected with~. l epraemul'ium. Micro­
scopic study revealed heavy hacillation in various tissues including 
lymph nodes 4 1/2 - 6 months after inoculation. On cultural isolation, 
mycobacterial colonies were recovered on the egg yolk media only from 
heavily bacillated ti ssues . The characteristics of the isolates were 
much the same as those of the orjginal cultyre employed for inoculation. 

The bacillus is now still under examination so that no final conclu­
sion can be made as yet on its taxonomic position . Finally, I would like 
to present several additional slides showing th e foll~wing pictures: a 
culture of Bacillus No .4, its stained smear, histopathologic preparations 
made from the infected mic e on primary isolation as well as on reproduction 
of disease . 

DISCUSSION AND CONCLUSION 

Our attempts resulted in a simple confirmation of the reports by pl'e­
vious workers . In a series of studies on cultivation of M. lepraemurium 
we have observed that there are many cultural properties common between 
~. lepraemurium and ~. tuberculosis. In a similar sense, ther e might be 
t~e analogy between~. leprae and~. lepraemurium. With such a specula­
tIon I have made the above experiments in the hope of culturing ~. leprae 
in vitro. Recently, successful infections of armadillo wi th ~. leprae 
have been reported. If our method for culturing ~I . lepraemurium is applied 
to heavily bacillated specimens from such infected animal s , one mi ght per­
haps some day pave the way to success in th e cultivation of M. leprae~ 
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Tab l e 4. Two multipl e- inocul ation experiment s with the 
mo st conspicuous microscop ic findin gs . 

Expt. Mouse Rout e Duration of Viscera a 
Inocu-

no. strajn surviva l l a tion 
(months) sp I. Iv. 19 . kd. si t e 

2 0 0 0 0 X 
3 0 o· 0 0 X 

(3)-1 ddN sc 4 0 0 0 0 II 
5 0 0 0 0 VI II 
9 0 0 0 0 0 

11 0 0 0 0 0 

2 II II IV 0 neb 
3 II 0 0 0 ne 

(3)-2 ddN l.V 4 0 () 0 0 ne 
5 II II 0 0 ne 
9 I I 0 0 ne 

11 I I 0 0 ne 

Roma n numera l s in the tabl e represent baci ll ary scores on the Gaffy 
a 
Spl . =spl ee n, Iv.=li.ver, 19 .=lungs , kd. =b dneys . 

b ne= not exami ned. 

33 

Superficia 
lymph 
nodes 

I 
I 
I 
0 
0 
0 

0 
0 
0 
0 
0 
0 

sca l e . 
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Table 7. Characteristics of Bacillus No.4 . 
i) Similarity to li. lepraemurium 

1976 

Bacillus No.4 
Ii. lepraemurium 

s trains Hawaii 

1) Colony appearance: 

2) Cell morphology and acid-fastness: 

3) Growth on solid medium: 

a. 1% egg yolk medium 

b. 1% egg yolk medium deprived of 
glycerol •.•••.•••••••••.••••• 

c. Ogawa 1% egg medium 

4 ) Growth temperature: 

40° C 

37° C 

30° C 

22° C 

5) Niacin test: 

Rough, 
pale yellow 

Similar to 
k1. tuberc. 

+ 

+ 

+ 

Negative 

& Keishicho 

Rough , 
pale yellow 

Similar to 
N. tuberc. 

+ 

+ 

+ 

Negative 

a l% egg yolk medium: Differs from Ogawa 1% egg medium only in 
containing the egg yolk instead of the whole egg; used for 
~. lepraemurium; pH 6.0- 6.2. 

COgawa 1% egg medium: Used for 11. tuberculosis; pH 6.6. 
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Table 8 . Characteristics of Bacillus No.4 
ii) Percentages of successful growth on subculture 

Age Generation 
Total of the 

preceding 
culture 2nd 3rd 4th 5th 
transferred 

J 2 mth 
O/Oa 15/18 0/0 3/3 lS/21( 86%) 

Bacillus No.4 3 mth 13/14 4/11 0/0 5/6 22131 ( 1Ji:.) 
I 

0/0 0/0 2/ 2 0/0 2/2 (10C!}b) l 4 mth 

Total 13/ 14 19/29 2/2 8/9 42/54 ( n) ( 66%) (1Oa{u) ( ~) ( ]§}f) 

Age 
of the 

Generation Total 

preceding 
6th culture 5th 7th 8th 

transferred 

Strain Hawaii 2 mth 1/2 4/ 4 3/3 0/0 8/9 ( 8%) 

li· le]2raemurium 3 mth 4/ 5 5/7 1/1 4/4 14/17( 82%) 

( Control) 4 mth 2/2 3/4 8/ 8 4/4 l7/lS( ~) 

Total 7/9 12/15 12/12 8/ 8 39/44 
( 1§"l) ( 80/£) (100%) (~) ( ~) 

aNo• Subculture-positive/No. Inoculated. 
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