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There are a number of reports thought to
be related to our study However, we
see no direct relation between these findings
and ours, nor are there reports suggesting
that macrophages in leprous plasma react
with something during cultivation. The nature of this cell aggregation is such that we
think the macrophages could be reacting
with antigens in the plasma of leprosy patients, and forming a granuloma in vitro.
These results indicate that cell aggregation
can be used as an indicator of the progressive stages of leprosy.
—A. Yamagami, M.D.

Chief Bacteriological Laboratory
National Institzue for Leprosy Research
Aoba-cho, 11igashi-Mitrai,ania
Tokyo 189, Japan
—M. Koseki, M.D.
Chief Derinatology Section
—S. Kim, M.D.
S. Hazama, M.D.
K. Sanada, M.D.

Dernzatologists
National Leprosarium Tania-Zensyo-En
Aoba-cho, Iligashi-Alurayama
Tokyo 189, Japan
REFERENCES
R. D. Chemotaxis of monocytes in hanseniasis. Int. J. Lepr. 50 (1982) 215-216.
FUQUAY, J. I., Loo, D. T. and BARNES, D. W. Binding of Staphylococcus aureus by human serum
spreading factor in an in vitroassay. Infect. lmmun.
52 (1986) 714-717.
JONES, G. E., PIZZEY, J. A. and WITKOWSKI, A. The
effect of monensin on cell aggregation of normal
and dystrophic human skin fibroblasts. Exp. Cell
Res. 159 (1985) 540-545.
LAAL, S., BHUTANI, L. K. and NATH, I. Natural
emergence of antigen-reactive T cells in lepromatous leprosy patients during erythema nodosum leprosum. Infect. Immun. 50 (1985) 887-892.
MASUDA, A. and SCHEINI3ERG, M. A. Peripheral
blood monocyte function in leprosy patients. Int. J.
Lepr. 48 (1980) 254-259.
WEISBART, R. H., GOLDE, D. W., SPOLTER, L.,
EGGENA, P. and RINDERKNECHT, H. Neutrophil migration inhibition factor from T lymphocytes (NIFT): a new lymphokine. Clin. Immunol. Immunopathol. 14 (1979) 441-448.

1. AZULAY,
2.

3.

4.

5.

6.

Cultivation of Mycobacterium leprae:
A New Approach
To THE EDITOR:
We wish to report our recent findings on
our Mycobacterium leprae culture isolatesICRC strains which may throw new light
on the problem of cultivation of AI. leprae
in litro and on the origin ofleprosy-derived
mycobacteria (LDM). In the course of our
investigation on antigenic differences among
leprae culture isolates and on the development of an improved vaccine, we discovered that the ICRC bacilli are not pure
cultures, but consist of tvvo mycobacteria
with distinctive properties.
Since 1958, in our attempts to grow M.
leprae in vitro, we have isolated several
strains of mycobacteria designated as ICRC
bacilli (7'8). These culturcs have been grown
exclusively on liquid media, e.g., tissue culture conditioned medium and enriched Dubos' medium (8'2') (The Table). On the oth-

er hand, the majority of LDM are grown on
solid media, and are found to belong to
the AI. avium-intracellulare-scrofilaceum
(MAIS) complex. Since some of the ICRC
strains isolated during 1958-1961 had
shown lepromin-like reactivity, the only
marker of Aí. leprae identification available
at the time, we continued the work on new
isolates with detailed studies on some of the
strains (The Table). They were found to
share some AI. /eprae-specific characteristics, e.g., lepromin-like activity (6), growth
in the mouse foot pad (5), DOPA-oxidase
activity (22), and antigenic behavior like that
of Aí. leprae in mice (l. However, they
express a biochemical profile like that of
avium-intracellulare (8' 21 and Kato, L., personal communication, 1979 ). A candidate
antileprosy vaccine prepared from one of
the strains was found to induce lepromin
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Lsolation and cultivation of ICRC and GMC strains.

l'eriod^Medium
1957-1963
1966-1972
1973-1977
1978-1980
1980-1983
1984-1989
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TCCM'
TCCM/Dubos
Mod. Dubosb
Mod. Dubos
Enriched Dubos
Mod. Dubos plus processed
human plasma

Successes
^
13^4
11 ^ 5
8
6
7^
10
7
6

Attempts

Strains

Authors (Ref.)

C-1,5,10
C-44
C-49
—
G-75
G-86

Bapat 1961 (8)
Bapat & Khanolkar 1972
Bapat & Modak, 1977 (3.6)
Bapat
Kale & Bapat, 1985 (2.2l.2)
Bapat, et al. GMC strains

TCCM tissue culture conditioned medium.
b Mod. Dubos = modified Dubos' medium.

conversion and reversa! reactions in LL pa- contamn just two distinct organisms. This
tients, and has the efficacy and potency discovery, that the ICRC culture is not a
equivalent to that of BCG plus M. leprae pure strain but consists of two mycobacter(10,12,13
vaccine
and Bapat, et al., personal ia, thus supports the hypothesis (3). By concommunication, 1980). Experimentally, the notation, the discovery has considerable
irradiated ICRC bacilli were found to in- significance and importance for the cultiduce strain-specific sensitization in mice (20). vation problem and the vaccine design.
A similar pattern of sensitization, i.e., dif- Therefore, we examined the two fractions
ferential sensitization to different ICRC for M. /eprae-specific markers. The data
strains, was observed in both ICRC-vacci- collected are presented in this communinated LL patients and unvaccinated lepro- cation, mentioning a few immcdiate implimatous patients (4). The observations sum- cations.
marized above strongly indicated the
MATERIAIS AND METHODS
apparent presence of "M. leprae" activity
Cultures. The ICRC strains (recalled
in the ICRC cultures.
The nature of AI. leprae culture isolates- from Dr. L. Kato, Catherine Booth Hospital
ICRC bacilli has remained cnigmatic for a Centre, Quebec, Canada) and the Grant
long time, particularly because of the Medical Collcge (GMC) strains—new isoexpression of dual characteristics ofboth M. lates —were grown in modified Dubos' meleprae and AI. avium intracellulare. A pos- dium with human serum (21). A type-strain
sibility of "recombination" or "fusion" of At aviam was grown in Sauton's medium.
two mycobacteria as a mechanism for the A few samples of fresh AI. leprae were prephenomenon has been proposed (2). How- pared from human LL skin biopsies colever, the fact that the two seis of cnzyme lected aseptically.
Gradient system. A discontinuous sucharacteristics are mutually exclusive indicates that the mechanism may be remote. crose density gradient (5%-30%) was made
An alternate hypothesis of the existence of and approximately 10'" organisms were
two mycobacteria in the ICRC culture was loaded immediately on it. The tubes were
presented in 1986 (3). This concept of two centrifuged at 1100 x g x 20 min. The
populations appeared to bc a better and more results showed a clear-cut dissociation of
the original suspension into two compopractical approach to explore the issue.
We already know that an inoculum of nents, the "light" band of 1.07 g/m1 density
ICRC bacilli on L6wenstein-Jensen (LJ) and the pellet of "heavy" organisms of >
medium yields M. avium intracellulare (8 1.12 g/m1 density. Further enrichment was
and Kato, L., personal communication, done routinely. Under similar conditions,
1979). On this background, we preferred on a discontinuous Perco!! (19.27) gradient,
and adopted a physical method—density the "light" population separated at the dengradient centrifugation ('9)—to search for sity of 1.06 g/m1; the "heavy" population
the other component, if any, in the ICRC formed a sharp band ai the density of 1.09
culture harvest. The results of the experi- g/ml. The separation was slow (1 hr 20 min),
ments revealed that the long-term 111. leprae but the bands were very sharp and stable
culture isolates-ICRC bacilli did, indeed, (The Figure). The results of separation were
-

-
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THE FIGURE. Separation of "light" and "heavy" populations on density gradients at 1100 x g. A = Sucrose,
20 min; B = Percoll, 80 min.

reproducible with ali the strains currently
maintained as well as with stored samples.
Identifieation tests. The primary aim was
to establish that they were two different
mycobacteria. The studies were conducted
on two strains, grown in large quantity, and
the fractions were subjected to the tests
adopted for AI. /eprae-specifie markers.

OBSERVATIONS
Properties of "light" and
"heavy" organisms
The yield. The proportionate yield of the

"light" and the "heavy" organisms was 30:
70 on a wet weight basis of the total of 1 g/1
at 3 weeks.
Morphology and staining characteristics.

13oth of the fractions contained acid-fast
rods, the majority of which were solidly
stained. The "light" acid-fast bacilli (AFB)
were slender with uniform spreading; the
"heavy" AFB were thicker with few clumps.

Pyridine extraction (") and Ziehl-Neelsen staining. After a 2-hr extraction with

fresh pyridine, a slide preparation of the
"light" and the "heavy" organisms, along
with a fresh AI. leprae smear as the control,
indicated that the "light" AFB lost acidfastness (also .11. /eprae); the "heavy" AFB
did not do so and showed pink rods.
D-DOPA oxidase activity (2 )• The results were reproducible in ali of the tests
with standardized suspensions, showing that
the "light" organisms readily oxidized
D-DOPA. They even showed pigment formation on the sediment. The experiments
showed AOD (480 nm) = 0.16-0.2; the activity of the "heavy" AFB was ,A0D 0.03—
0.06 as that of the heat-killed bacilli.
Catalase aetivity. Catalase activity was
negative for the "light" AFB and positive
for the "heavy" AFB.
Aryl-sulfatase. The results were positive
for the "light" AFB and negative for the
"heavy" AFB.
Tellurite reduction. Tellurite reduction
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was negative for the "light" organisms; positive for the "heavy" bacilli.
Detection of PGL-I antigen (16). An
ELISA with polyclonal rabbit antibody to
phenolic glycolipid-I (PGL-I) showed a
higher concentration of PGL-I on "light"
AFI3 than on the "heavy" AFB.
Growth on LJ medium. The inoculum of
"light" organisms did not show growth ai
4 weeks; in the same period, the "heavy"
AFI3 produced small colonies of AFB.
Further studies on purified "light" and
"heavy" AFB for their lepromin activity,
extraction of mycoside, genome size, G +C
content, DNA homology, protcin profiles of
sonicates by SDS-PAGE and by the Amibs
protein method are in progress.
Type strain M. aviam

Al. avidin bacilli grown in Sauton's medium and placed on the sucrose gradient
were found to contam n only the "heavy" organisms (D = 1.12 g/m1) and no diffuse distribution of any lighter organisms.
Study of fresh M. leprae suspension from
human skin hiopsy. The reproducibility of
fractionation with small samples of A/. leprae culture isolates prompted us to examine
the fresh, human AI. leprae suspension. A
3-ml suspcnsion of minced tissue \'as filtered through thin cotton mesh, and lhe
trate was loaded on the gradient. The organisms separated as "light" AFB (D = 1.07)
and "heavy" AFB. The "light" AFB in the
smear contained many AFB, the majority
were beaded and a few solidly stained (original bacterial index 5 +), and showed total
loss of acid-fastness on the pyridine extraction (PE) test. The "heavy" AFB were few
in number and were found to be PE rcsistant. The paueity of the material and scareity of the LL biopsies prevented any other
tests, except for the inoculation onto modified Dubos' medium.
COMMENTS

The abovc data show that A/. Icprae isolates-ICRC strains contain two distinct mycobacteria, and this appears to be the characteristic of ali (ICRC and GMC) strains
grown in liquid media. The evidence supports the concept (ff two populations as presented in 1986 (3). The properties of the
"light" and the "heavy" AFB examined so
far establish that they are two distinct mycobacteria, both physically and bacteriolog-
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ically. Thcy grow as an established co-culture system, and the dissociation of the two
mycobacteria has been demonstrated for the
first time.
The "heavy" AFB, the major component
from available data, corrcspond to M.
avium-intracellidare. The "light" AFB
sharing M. leprae characteristics, particularly the D-DOPA-oxidase activity at the
culture levei, may correspond to the "AI.
leprae activity" shovvn by the ICRC bacilli
(22). The final identity status of the "light"
AFB will bc established when DNA homology data are available.
We believe that detection ofa small number of PE-resistant "heavy" organisms in a
fresh M. leprae suspension may be the key
to the question of the origin of LDM. In
almost ali of the attempts to grow Al. leprae
in culture, when growth is seen it is invariably ofmycobacteria belonging to the MAIS
complex, irrespective of the medium, the
source of Al. leprae, or the heavy size of
inoculum (15, 26). Their presence in the original inocula has been generally accepted
(IS. 26). From our observations, it is not difficult to imagine a few "trapped" "heavy"
organisms in purified Al. lepra(' preparations from armadillo-liver tissue which may
be the seed of LDM. The AFB in the scdiment obtained during Aí. leprae (A) purification appears to have been ignored. The
survival and limited growth of Al. leprae in
a variety of special media lias been reported
with the evidence of growth in the mouse
foot pad, but eventually they seem to be
swamped by MAIS, and/or eliminated
through subcultures (14,24,26).
Kato (23) had proposed that "concomitant
mycobacteria play a role of an ctiological
co-factor by providing mycobactin to promote the growth of Al. leprae in vivo (17.").
Based on this principie, he has placed Al.
leprae in the category of a microbe-dependent microorganism of the AI. Novinho.culosis type. Wc seem to have empirically
developed a similar system with the ICRC
culture, unknowingly using the same concept. This constant yield of "light" bacilli
with a growth limit ai 3 weeks suggests a
mutually controlled growth of the two mycobacteria (8. '5).
The "light" AFB obtained from AL leprae
culture isolates of the ICRC type, in ali
probability, could be vcry dose to AI. leprae. This could have been the component
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capable ofgrowth in the mouse foot pad (5);
the source of protein antigcns crossreacting
with M. /eprae-derived proteins (9); and the
organisms with epitopes reacting with human T-cells derived from TT patients (").
The responses incluced by the ICRC vaccine
in LL patients, particularly the reversal reaction mentioned earlier, indicate that the
"light" AFB componcnt may be antigenically closer to ,1/. leprae than any other mycobacterium. This revelation, that the ICRC
bacilli contam n an AFB componcnt sharing
M. leprae antigens mixed with M. aniumintracellulare, explains why a single injection of the ICRC vaccine is as effective as
Convit's 211. leprae plus BCG vaccine. The
ICRC vaccine preparation inherently embodies exactly the same rationalc on which
Convit designed his vaccine.
The "light" AFB component appears unable to grow as a single entity. However, the
co-culture method and subsequent separation offers a rapid quantitative assay to measure the growth and to evolve a better medium for higher yields of the "light" AFB
with other mycobacteria or growth factor
such as mycobactin. The practical applications of the system are many: a) a quality
control standard to monitor the "light" AFB
content of the vaccinc batch and to iricrease
potency; b) isolation ofpure organisms from
a single biopsy source against pooled bacilli
leading to the study ofstrain variations with
reference to antigenic epitopes; c) design of
a polyvalent vaccine by combination of the
"light" AFB from the different strains, e.g.,
derived from drug-resistant AI. leprae; and
d) to answer many unsolved questions.
In brief, we believe that through the coculturc system yielding ICRC/GMC strains
from M. lepra(' isolates a new avenue is
opened up to have a fresh look at the cultivation problem. The culture method has
becn reproducible for many ycars. It is cxpected that this will pave the way to solve
the most formidable, century-old puzzle in
microbiology, namely, the cultivation ofM.
leprae ia nitro.
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Glomerular lmmunoglobulin Deposition in the
Absence of Tissue Damage in Murine Leprosy
To THE EDITOR:
A study was undertaken to gain insight
into the immunopathology of the kidneys
in murine leprosy, a very neglected subject.
Despite the fact that murine leprosy is a
visceral, disseminated disease, the kidneys
are usually spared. In advanced murine leprosy the kidneys appear, at most, pale and
enlarged, and when lesions are found they
are limited to the outer aspect of the capsule.
In rare cases, bacilli and leprous lesions are
found in the glomeruli, Bowmann's capsule,
and ducti COntrOill of the renal parcnchyma
('). In our study, a group of 10 albino, adult,
NIH mice were inoculated intraperitoneally
with 108 Mycobucterium lepracinurium

(MLM) Hawaiian strain harvested from
previously infected mice. Six months after
inoculation, the animais were sacrificed and
examined for pathological externai and internai changes. Their kidneys were excised
and divided in half: one half was collected
in 10% Formalin in 0.01 M phosphate-0.15
M NaCl (PBS), pH 7.4; the other was
embedded in OCT compound (Miles, Elkhart, Illinois, U.S.A.), frozen on dry ice, and
stored at -70°C until used.
Histological examination of the Formakidneys was performed following
standard paraffm sectioning. Two-micronthick sections were stained with the hematoxylin-eosin, Masson's trichrome,

