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The problem of cultivation of Mycobacterium leprae
A review with criteria for evaluating recent experimental work

S. R. PATTYNI

Some criteria are presented to help evaluate papers appearing in the literature claiming
successful cultivation of M. leprae either in the absence or in the presence oftissue-cultured
cells. Recently, electron microscopic studies have definitely shown M. leprae to belong to the
genus Mycobacterium and its division to occur through transverse section. A survey is given
of the mycobacterial strains isolated in the last 10 years from leprosy lesions. These strains
belong to taxonomically different species and cannot be considered to be M. leprae. No
substantiated claim was made concerning the in vitro growth of M. leprae and the
application of the tissue culture technique has been equally disappointing. The view is
expressed that progress towards the in vitro cultivation ofM. leprae can be made only as a
result of increased knowledge about the intracellular environment and the metabolic
activities of this organism, to be obtained by the application of modern biochemical and
histochemical techniques.

INTRODUCTION AND CRITERIA

Because papers claiming successful cultivation of
Mycobacterium leprae continue to appear regularly
in the literature, a list of criteria is required to assist
the microbiologist as well as the non-specialist in
their evaluation. Although these criteria could be
presented in a general way, it would be more useful
to relate them to the instances where cultures of
microorganisms are said to be transferable and to
those where actual multiplication of M. leprae is
claimed.

Criteria where transferable cultures ofmicroorganisms
are claimed

Mycobacteria. Considerable progress has been
made during the last decade in the taxonomy and
identification of mycobacteria; strains isolated from
leprosy tissues should therefore be identified with the
latest techniques available, if necessary in collabora-
tion with laboratories specializing in this field.
The generation time of M. keprae in the mouse is of

the order of 10-12 days. Although it is possible that
in different in vivo or in vitro conditions, this genera-
tion time may change, it is unlikely to become much
shorter compared with the generation time for
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M. tuberculosis (20-24 hours) or other more rapidly
multiplying mycobacteria (3-6 hours).
The following three criteria should be observed.
1. The isolation should be successful in an appre-

ciable proportion (more than half) of trials from
comparable clinical and/or pathological phases of
the disease in man, or from animals experimentally
infected with M. leprae.

2. All strains obtained should be identical, at least
in their morphologic and cultural characteristics and
in many of their metabolic and serologic characteris-
tics (i.e., indicative of belonging to one single taxo-
nomic species).

3. The response after inoculation of such strains
into susceptible animals should be identical with that
known to occur when M. leprae, obtained directly
from patients, is inoculated into these animals.

Non-acid-fast organisms and Lforms ofbacteria. In
the case of non-acid-fast organisms, criteria 1 and 2
given above are applicable as far as isolation and
identification are concerned. The third criterion here
would be:

3. With most of these strains, a reversion to the
acid-fast phase should be demonstrated, either in
vitro or in vivo. Thymectomized, irradiated mice
should be used if it is felt that the normal laboratory
white mouse is insufficiently sensitive. The acid-fast
bacilli obtained should have the characteristics at
present ascribed to M. leprae.

3134 - 403- 6



S. R. PATTYN

In the case of L forms efforts should be made to
obtain colonies on solid media, since observations of
fresh preparations in fluid media mostly by phase
contrast microscopy are likely to be interpreted
subjectively. An examination of such material by a
competent electron microscopist should confirm
whether the observations made by phase contrast
microscopy were artefacts or not.
A biphasic evolution of M. leprae (one phase being

acid-fast in host tissues and the other non-acid-fast in
vitro) cannot be excluded on a priori grounds, but the
above criteria should be applied stringently by those
who think they may have obtained the non-acid-fast
cultivable phase of the organism.
Two electron microscopic observations may be

mentioned here. Imaeda (46) showed M. leprae to be
a true mycobacterium with the characteristic fibrillar
structures of other mycobacteria on its surface.
Edwards (27) has shown M. leprae in human tissue
dividing in the manner of a bacterium, so that there
is no need for an L phase hypothesis in the human
host.

Criteria where multiplication of M. leprae is claimed
Such multiplication may occur in the presence of

or within cultured tissue cells, or in their absence.
The criteria are:

1. The inoculum should contain quantifiable
amounts of M. leprae (from man or animal, but
preferably fresh and from untreated hosts) uncon-
taminated by other bacteria.

2. There should be definite multiplication, either
macroscolic or microscopic, in which case the multi-
plication factor should be significant, probably of the
order of 100 or more.

3. The bacilli obtained should be shown to be
viable M. leprae.

4. The work must be reproducible in other labora-
tories also.
Another useful criterion is to ascertain whether the

technique employed has originality. Since attempts
to cultivate M. leprae have been undertaken for
approximately a century, new techniques, media, and
procedures have often been applied as soon as they
became available. Therefore if work employing
well-known techniques or procedures is presented,
some new factor is likely to have been introduced
that may account for its success.
With regard to tissue culture, it is now generally

accepted that no useful result is attainable from work
with rapidly dividing cells having a generation time

very much shorter than the one to be expected for
M. leprae, unless methods are found to slow down
the growth of the cells in question. This applies
especially to established cell lines of human or
animal origin with a generation time of the order of
24 hours.
Up to the present time, however, no published

paper has produced proof of multiplication of
M. leprae either in the presence of cultured cells or
without them.

REVIEW OF RECENT LITERATURE

The literature up to the early sixties was reviewed
by K. Denecke (19). In what follows, recent publica-
tions reporting the isolation of mycobacteria, culti-
vable non-acid-fast microorganisms, and L forms, or
claiming limited multiplication of mycobacteria, and
papers on different aspects of tissue culture in relation
to mycobacterial research will be reviewed.

Isolation of mycobacteria, cultivable non-acid-fast
bacilli, and L forms
The following are the more recent publications

reporting mycobacterial isolates: Bapat et al. (5, 6),
Nojima (77), Mashelkar & Bhat (64), and Nadkarni
& Coutinho (74) on the ICRC bacillus; Binford (9)
and Reich (94), both on the NQ strain; de Souza
Araujo (104, 106), Mabalay & Mabalay (61), Lu-
Huynh-Thanh (59, 60), Nakayama (75), and Fauchet
(30). None of these mycobacteria was referred to
taxonomists familiar with non-tuberculosis myco-
bacteria. Binford's NQ bacillus, however, was con-
sidered by Rees to belong to Runyon's group III of
atypical or unidentified mycobacteria (reported in
Mabalay and Mabalay (61)).

It may be recalled that some mycobacterial strains,
such as strains Binkerhoff and Duval, have been
known since the beginning of the century and are still
kept in some culture collections. Convit & Ilukevich
(44) in 1965 isolated different species of mycobacteria
from leprosy tissues; Jadin (50) isolated a strain of
M. abscessus that was said to be morphologically and
antigenically related to M. leprae.
A micrococcus was isolated by Martynova (63)

and by Reich (93); Sarkar (100), on the other hand,
isolated diphtheroids. These works do not fulfil the
criteria mentioned above in the section on non-acid-
fast organisms and L forms of bacteria.
L forms were observed by Pares (86) independently

of Chatterjee (15) but without providing evidence for
their multiplication or on their precise nature. Jans-
son et al. (51) isolated 5 identical mycoplasma strains
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from 3 patients with lepromatous leprosy. Gay
Prieto et al. (36) indicated the existence of submicro-
scopic forms of the leprosy bacillus based on electron
microscopic studies of human leprosy tissue. Sanjuan
(98) described a cycle of variations in M. leprae
occurring in vitro, as did Ogata (78).
Reports on the multiplication of mycobacteria
The in vitro growth of M. paratuberculosis in the

presence of autoclaved extracts of cultivable myco-
bacteria in the medium led to similar experiments
with M. leprae by Twort (109), Olitzki et al. (81-84),
and Nakayama (75). The work of Olitzki, however,
has been critically reviewed by Rees (91). The growth-
promoting effects of mycobacterial extracts on
M. paratuberculosis have been shown to be the result
of a chelating activity of mycobactin, and pure
factors such as ferrioxamin have been used (43).

Successful in vitro cultivation of M. leprae in
symbiosis with non-acid-fast bacilli was claimed by
Devignat (20). Murohashi et al. (71-73) devoted
considerable efforts to growing M. keprae in a com-
plex semi-solid medium. Other claims, mostly of
" very limited " or " microscopic growth ", were
made by Uyeda (110), Freire (32), Roy (96), Tuma &
Treo (108), and Jadin (49). Slide culture techniques
were applied by Freire (32) and Andrade & Silva (2).
B6nicke (10) claimed some success in U-shaped

tubes. The two arms were separated by sintered glass
and the medium (in which other mycobacteria had
been grown to "condition" it) was changed at
regular intervals.
Kato (53, 54) used a medium containing galacto-

mannan in parabiotic cultures with a strain of
Torula minuta and other organisms. Baylet (7) tried
to obtain growth in vitro with inocula consisting of
defatted bacilli.
Gay Prieto et al. (35) tried again the inoculation of

the chorioallantoic membrane of chick embryos, a
method that a priori was not very promising in view
of the limited time period (about 10 days) available
for observation of the substrate.

Santabaya et al. (99) and Wilkinson (112) tried a
completely new approach, namely, inoculation into
the growing roots of the plant Phaseolus vulgaris; a
Bacillus proptermariam was isolated which the au-
thors claimed was associated with leprosy.

Studies employing tissue culture
Cells of simian or human origin. Shepard (103)

made a survey of the growth of mycobacteria in
human and monkey tissue cells and could not find
multiplication of M. leprae.

Lagoa (58) observed the intracellular growth of
fuchsinophilic granules inside monkey kidney tissue
cells, full-grown acid-fast rods appearing extracel-
lularly. Baylet (7) mentioned that " slow multiplica-
tion " seemed to occur in these cells.
A survey of the suitability of some cell lines of

human origin was made by Morris & Nakamura (69)
without any evidence of multiplication. Garbutt (33)
has claimed success in cultures of human diploid
cells, but this has not been confirmed.

Primary cultures of human peripheral tissues. De
Souza Araujo (105) tried tissue culture from a
histiocytic tumour taken from a patient with lepro-
matous leprosy and observed acid-fast bacilli until
the 7th passage. Delville (16, 17) described erratic
and limited multiplication in cultures of human
amniotic cells and promising results in a cell culture
derived from an angiosarcoma of Kaposi.

Tissue culture from lepromatous tissue itself was
again tried by Yoshie (116), while Jadin et al. (48)
claimed to have obtained multiplication of M. leprae
in cells derived from lymph nodes and human skin,
after which the bacilli multiplied in the cell-free
medium.

Tissue culture of human or murine nervous tissue.
This was tried frequently, in view of the well-known
affinity of the leprosy bacillus for nervous tissue.
Ranadive (88) tried cultures of human fetal spinal
ganglion (and skeletal muscle) cells in plasma clots.
Fildes (31) prepared " organized " cultures of rat and
mouse dorsal root ganglia; they were maintained for
50 days and took up large numbers of M. leprae
added to the system.
Human macrophages. Yoshie (115) observed hu-

man macrophages for 30 days in vitro without
multiplication of M. leprae. Delville (18) described
the transient multiplication of M. leprae followed by
their digestion in cultures of monocytes from human
peripheral blood.

Cell lines ofmurine and other origin. Since the 14pf
cell line of rat fibroblasts, under certain well-defined
conditions, supports the multiplication of M. keprae-
murium, it was reasonable to experiment with these
cells and M. leprae. Success was claimed by Garbutt
(33), but McRae and Shepard (62) could not detect
any multiplication, not even in cells derived from
poikilothermic animals. Moreover, these authors
monitored their tissue cultures both morphologically
(by making counts) and biologically (through inocu-
lation of the material in mouse foot pads to verify
viability), and showed that the bacilli did not survive
for more than 50 days.
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Mouse macrophages. As a result of the successful
multiplication of M. lepraemurium in mouse macro-
phages, these cells were tried with M. leprae also (14).
The early positive results, however, have not been
substantiated.

Comments. The application of cell culture tech-
niques to promote the multiplication of M. leprae
apparently depends on at least two major premises:
a) the cells must multiply very slowly if at all (either
spontaneously or induced by the experimental con-
ditions), and b) the intracellular environment must
be favourable.
The work with M. lepraemurium in tissue culture

(see below) has shown that a favourable intracellular
environment depends on a high serum content in the
culture medium. It is not impossible that there are
other extracellular limiting factors, although, in the
opinion of the reviewer (from his personal work and
communication with others), the main difficulty is to
maintain the tissue-cultured cells viable for prolonged
periods without their multiplying significantly.

In any case, all future tissue culture work should
be monitored by the now classical mouse foot pad
technique, as shown by McRae and Shepard (62),
since quantitative data are not always confirmed by
animal inoculation.
Many of the publications concerning the cultiva-

tion of M. leprae describe preliminary work and
express great hopes, but are not followed in due time
by confirmatory reports. They must therefore be
added to that already vast collection of unsuccessful
efforts.

EXPERIMENTS WITH MYCOBACTERIUM LEPRAEMURIUM

Although it is not known whether M. lepraemu-
rium (Mlm) is a good model for M. leprae, it is a fact
that this organism has always attracted the attention
of many workers on the human leprosy bacillus. For
this reason some data of possible importance in
relation to Mlm will be mentioned.

In recent years only Ogawa (79, 80) claimed to
have obtained some success with the in vitro cultiva-
tion of Mlm using Ogawa's egg and egg yolk
medium. Harvests from primary in vitro cultures had
a reduced infectivity for mice, showing that what was
observed was the inoculum containing fewer living
organisms. The results of mouse inoculations made
from further subcultures in vitro are not yet available.
There are no reports on the non-acid-fast cultivable
phases or L-like forms being obtained from Mlm.

Elongation without division was described by Hart
and Valentine (40). It is not known at present if this
is a first step towards the in vitro multiplication of
this organism, although biochemical investigations
seem to support this (21).

Multiplication of Mlm in tissue cultures has now
been demonstrated by several workers in different
systems. Hawkins (42) showed it in rat peritoneal
macrophages, Chang & Neikirk (13) in mouse peri-
toneal macrophages, and Rees & Garbutt (89) in a
continuous cell line of rat fibroblasts (the 14pf cell
line); growth was slowed down by incubation at
lower than optimum temperatures and by making
passages at long intervals. In all cases high concen-
trations of serum (>40 %) in the culture medium were
required for multiplication of Mlm to occur. Vasilev
and Lopatkin (111) apparently succeeded with cul-
tured rat liver, spleen, and skin tissues, while Matsuo
(65) observed multiplication for three successive
passages in a strain of cells derived from foot pad
cells of the C3H strain mouse.
The latest development in this field is the work of

Rightsel & Wiygul (95) who implanted Millipore
diffusion chambers in the peritoneum of mice and
guinea pigs, and incubated other chambers in Petri
dishes containing growing cell cultures. Mlm was
introduced into the diffusion chambers (with and
without cells of human or mouse origin) and multi-
plied under different conditions, the best being the
chambers containing mouse macrophages that were
implanted in mice. The most significant finding was
that there was also multiplication (although not
optimum) in diffusion chambers (without any cells)
implanted in the rat's peritoneum, showing that
extracellular multiplication of Mlm is possible.

FUTURE PROSPECTS

Empirical cultivation in vitro
Since all the procedures that are now available

appear to have been tried without success, further
experiments with them are hardly worth while. Only
an improved understanding of the metabolism of
microorganisms in general or of M. leprae (or the
possibly related species M. lepraemurium) in parti-
cular could indicate the approach for new experi-
ments to be carried out.

Tissue culture
In this field also, there are very few procedures that

have not been tried. Besides the need for better long-
term cultivation of monocytes from human peri-
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pheral blood, the results are awaited of the most
recent experiments with cells, such as human peri-
toneal macrophages and human bone marrow cells.

Insufficient effort seems to have been given to the
cultivation and infection of human macrophages
(from patients with lepromatous leprosy) that might
be particularly sensitive, and to obtaining cultures of
peritoneal macrophages from thymectomized, irra-
diated mice.

It has recently been shown that M. leprae is con-
stantly present in the peripheral blood of patients
with lepromatous leprosy (25). Could the peripheral
blood of such patients therefore provide a better
source of leprosy bacilli than skin tissue?

Other requirements concerning M. leprae
New data on M. leprae could come from clinical

research involving patients, from laboratory investi-
gations on suitable animals such as the normal
laboratory mouse and the thymectomized, irradiated
mouse (the armadillo (55) might be an interesting
model if it could be shown to be regularly suscepti-
ble), and also from studies on the possibly related
species M. lepraemurium.

Biochemical, histochemical, electron microscopic,
and other techniques should be applied to study the
in vivo multiplication of the organism in all its
different aspects. A brief outline of the morphology
and biochemistry of these organisms is now given
that may indicate lines for further research.

The morphology ofM. leprae and M. lepraemurium
in host cells. Yamamoto et al. (113) and Imaeda (45,
46) were the first to describe the ultrastructure and
micro-environment of M. leprae in lepromatous and
borderline lesions. Most of the bacilli in the first case
and many in the latter are degenerate, many of them
also containing polyphosphate bodies. M. leprae, like
all other mycobacteria (47), possesses fibrillar struc-
tures on its surface (37, 102). Bacilli occur singly or
in groups in association with membranes and lyso-
somes and they are surrounded by an area of low
electron density (known as ETZ or the electron
transparent zone) of varying thickness (76). M. le-
praemurium in animal cells also shows these features
(113).
The nature and significance of the ETZ and the

time sequence of the intracellular contacts of the
bacilli are matters of current research and may be
relevant to the problem of cultivation. Nishiura (76)
thought that the ETZ was thin during active multipli-
cation and became thick during the stationary phase.
This was confirmed by Allen et al. (1). Imaeda (45),

however, interpreted it as being the result of cyto-
plasmic disintegration of the host cell caused by
bacterial parasitism.
Draper and Rees (23) produced strong evidence

that in Mlm the ETZ is definitely of bacterial origin
and has a fibrillar structure on negative staining. The
walls of Mlm have been analysed chemically by
Draper (24) and were held to be responsible for their
non-cultivable status (39).
There is no agreement at present on the precise

intracellular events occurring after phagocytosis of
M. leprae by macrophages, or on the exact site of
primary multiplication of the organism in man or in
the experimentally infected mouse.
The interpretation by Imaeda (46) of the intracel-

lular evolution of M. leprae has been contested
by Aquino and Skinsnes (3). In particular, the role
of lysosomes in limiting or favouring intracellu-
lar multiplication-more especially in regard to
M. lepraemurium-is not clear.
Lysosomes are generally considered to have an

antibacterial function. However, the work of some
British investigators of M. lepraemurium (1, 11, 12)
appears to show that lysosomes are a prerequisite for
the intracellular multiplication of the bacteria, at
least in the early stages. This is unlike the situation in
M. leprae (114).
On the other hand, Armstrong and Hart (4),

studying the mouse macrophage and M. tuberculosis
system, found that phagocytic vacuoles containing
virulent multiplying tubercle bacilli did not fuse
readily with the lysosomes, which is what occurred
ultimately with the non-virulent bacilli. In this latter
case, the problem remains as to what might induce
the lysosomes to'fuselwith the phagosomes.
The eventual clarification of the relationship of

intracellular parasites and lysosomes is important
and the demonstration of lysosomal fusion with the
multiplying bacteria may indicate the need for lyso-
somal enzymes in the cultivation of M. leprae.

There is also controversy about the primary site of
bacterial multiplication in mice and men. Some
British investigators (28, 85, 87, 92) have empha-
sized that the muscle cells and the endothelial cells of
intramuscular capillaries could be an important and
promising site of multiplication, besides Schwann
cells. The multiplication of M. leprae in muscle cells
would apparently be possible because these cells lack
the lysosomes that destroy bacteria. Apart from
contradicting what was said above in connexion with
the intracellular multiplication of M. lepraemurium,
this interpretation is not followed by the American
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workers, Shepard (in a discussion of Rees (90)), and
Evans and Levy (29). The ultramicroscopic observa-
tions given by the latter authors agree more with the
interpretation of Imaeda (45, 46) and lead to the
conclusion that M. leprae might multiply primarily
in macrophages; but after becoming immune these
cells are activated and destroy their intracellular
parasites, which then begin to multiply within muscle
cells.

If the primary site of multiplication for M. leprae
is the muscle or endothelial cell, the question arises
whether there is any tissue-cultured cell that could
provide a comparable environment for the leprosy
bacillus.

Biochemical data. Drutz and Cline (26) using
tritiated thymidine demonstrated a low degree of
DNA synthesis in M. leprae. However, once cell
division itself starts in M. leprae, it proceeds rapidly
(27).

Lipids in human and murine leprosy were studied
by Gaugas et al. (34), Sakurai and Skinsnes (97), and
by Kusaka (57).
Hanks (38) and Morrison (70) reviewed the pres-

ence of enzymatic activities in several mycobacteria,
including M. leprae and M. lepraemurium. Draper
and Hart (21, 22) studied the metabolic implications
of the elongation phenomenon described by Hart
and Valentine (40) for M. lepraemurium. Tepper
(107) provided the results of radioactive tracer stu-
dies of M. leprae and M. lepraemurium incubated
with various substrates.

Recently Mori et al. (67, 68) found all the enzymes
in the tricarboxylic acid cycle to be present in
M. lepraemurium except for pyruvate oxidase
(1.2.3.3) and oxoglutarate dehydrogenase (1.2.4.2.).
Furthermore, the presence of isocitrate lyase (4.1.3.1)
was suggested, as well as the use of the glyoxalate
cycle instead of the tricarboxylic acid cycle.

Sato (101) has produced some information on
the metabolism of M. leprae based on electron mi-
croscopic histochemistry.

Conflicting evidence has been presented by Mori
et al. (66) and by Nishiura about the absence or
presence of cytochromes in M. leprae and M. leprae-
murium. These enzymes are apparently present in
other mycobacteria (56). However it is known from
the work of Bekierkunst (8) and of Kanai (52) that
the metabolism of mycobacteria may differ in in vivo
as compared with in vitro situations.

Conclusion
This short review clearly shows how little is known

even now about the human leprosy bacillus. Al-
though one might hope that a better understanding
of the biochemistry of the leprosy bacillus (for
example, concerning the precise function of cell
membranes or the regulatory mechanisms in meta-
bolism and cell division) might help solve the prob-
lem of its cultivation, it is perhaps a vexatious trick of
history that the first bacillus ever observed by man in
diseased tissues should even today be uncultivable in
vitro.

RtSUMI2

LE PROBLEME DE LA CULTURE DE MYCOBACTERIUM LEPRAE: REVUE ET EXPOSE DE CRITiRES POUR
L'tVALUATION DE TRAVAUX EXPtRIMENTAUX RtCENTS

L'auteur expose un certain nombre de criteres destines
a faciliter l'evaluation des comptes rendus de travaux oui
l'on affirme avoir reussi a cultiver Mycobacterium leprae
en presence ou en l'absence de cultures cellulaires.

L'inoculum doit renfermer un nombre connu d'orga-
nismes viables et ne doit pas etre contamine par d'autres
bacteries. La multiplication doit etre etablie avec certi-
tude, macroscopiquement ou microscopiquement, et dans
ce cas le coefficient de multiplication doit etre suffisam-
ment 6leve, de l'ordre de 100 ou davantage. Les bacilles
doivent etre identifies comme etant M. leprae par les
techniques taxonomiques les plus recentes.
La technique d'isolement doit donner des resultats

positifs reproductibles dans une proportion appreciable
(plus de la moitie) des essais. Si l'on obtient des souches

cultivables de mycobacteries, elles doivent etre identiques
sous le rapport des caracteres morphologiques, culturaux
et metaboliques. Inoculees a un animal receptif, elles
doivent se comporter comme M. leprae isole directement
chez des malades. Si M. leprae presente une evolution
biphasique (formes acidoresistantes dans les tissus et
formes non acidoresistantes in vitro), le retour au stade
acidoresistant doit etre obtenu pour la majorite des
souches.

Les etudes au microscope electronique permettent
d'affirmer que M. leprae appartient au genre Myco-
bacterium et qu'il se reproduit par division transversale.
A l'heure actuelle, il n'existe aucune methode permettant
de cultiver M. leprae in vitro. On ne peut esperer reussir
une telle culture si l'on emploie des cellules a division
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rapide dont la vitesse de reproduction est plusieurs fois
superieure A celle de M. leprae, A moins qu'on ne trouve
un moyen de ralentir leur croissance.
En tout etat de cause, les resultats acquis par les cul-

tures de tissus doivent etre verifies par la methode clas-
sique de l'inoculation au coussinet plantaire de la souris.
Dans l'etat actuel des connaissances, on peut admettre que
toutes les tentatives empiriques visant a cultiver M. leprae
in vitro par les techniques usuelles sont vouees A l'echec.

Dans le domaine des cultures tissulaires, il reste appa-
remment peu de voies de recherche inexplorees. Selon
l'auteur, la solution du probleme de la culture de
M. leprae exige des investigations - sur des malades ou
sur des animaux de laboratoire receptifs - capables
d'apporter davantage d'informations sur la biochimie du
bacille de la lepre, et notamment sur les fonctions de la
membrane cellulaire et les mecanismes regulateurs du
metabolisme et de la division.
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