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the destruction of the perineuria l 
sheath would seriou sly change the e n
doneuria l environment, thu s dimini sh
ing nerve conductivity a nd also a llow
ing the entry of macrophages and 
lymphocytes. 

6. In all the mou se model s, striated mu s
cle fibers were frequently seen to con
tain bacilli . In human leprosy although 
smooth mu sc le such as the arrector 
pili a nd dartos mu scles a re frequentl y 
infected , striated mu scle is le ss so. 

Preliminary hi stopa thologic studies in 
susceptible a rmadillos a lso show the impor
tance of hematogenou s s pread , including 
infection of nerves, nose with positive nasal 
discharges and most other sites common to 
man and mou se. In the a rmadillo the cellu
lar picture a t autopsy resembles LL type 
leprosy. However, in the a rmadillo , a typi
cal sites, including the lung, are heavily in
fected , poss ibly because of lower body 
temperatures. 

Clinical implications. The significa nce of 
these models for studying clinical leprosy is 
that they reproduce , or can be adapted to 
reproduce , many of the fea tures of leprosy 
in man. They particularly provide models 
for studying early phases of the evolution 
a nd pathogenesis of leprosy that can never 
be undertaken in ma n. These feature s a re 

of parti cular importa nce for studying the 
pathoge nesis of le prosy neuriti s a nd poss i
ble rou'tes of infection via the lungs, nose or 
gastrointestinal tract. Mice provide preci se 
model s for unravelling the immunologica l 
complexities of leprosy, bea ring in mind 
tha t the majority of patient s with leprosy 
are in the TT to BB ra nge and the se a re the 
type of leprosy see n in normal mice . The 
armadillo, on the other ha nd , may in addi
tion prov ide model s for studying inna te 
susceptibility a nd res ista nce <'l nd their pos
sible genetic bases. 

CONCLUSIONS 

The report summa ri zes the considerabl e 
advances tha t have been made in ex peri
me'1ta l le prosy using animal mod els in a 
period of only 13 years . Thu s, anima l mod
els a re proving to be as valuable in leprosy 
as they have been for stud ying other huma n 
infection s. The pa rticular merits of the var
iou s animal model s ava il able for studying 
le prosy are di scussed. 
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The report summari zes the progress 
made in the field of general microbiology of 
M . /eprae during the past five year period 
since the Ninth International Leprosy 
Congress in London in 1968. M . /ep
raemurium has been included in the review 
as an interim model for M. /eprae. Progress 
has been made in four areas: cytology, 
metaboli sm , cultivation, a nd the identifica
tion of M. /epra e. 

CYTOLOGY OF M. LEPRAE 
Morphologic Index (solid ratio). The util

ity of the Morphologic Index (M I) , based 
on the proportion of solidly sta ining M. /ep
ra e cells has been exploited particularly to 
follow the initial a nti mycobacteria l drug ac
tion in patients during chemotherapy. The 
present M I does not di stingui sh the infec
tiou s from the noninfectiou s pa ti ent. No 
unified opinion has been formul a ted regard-
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ing the quest ion whether the ra ti os of solid 
staining bac illi a re assoc ia ted with viability 
in the bacteriologic sen.se. Further studies 
appear necessary . 

Pyridine-extractable acid-fastness. M. lep
ra e in section for smears lose the property 
of acid-fastness, but not gram-positivity 
when extracted with pyridine. The acid
fastness of M. lepraemurillm , M. tllb er
culosis. BCG a nd M. intra ce ffulare, is not 
affec ted by thi s procedure . It has been sug
gested that a differentia tion between M . 
leprae a nd other mycobacte ri a is poss ible 
by using Ziehl- Neel se n sta ining after ex
trac tion with pyridine . Further studie s a re 
needed with M. ulcerans a nd M. marinllm 
from huma n lesions, with in vitro grown 
mycobacteria a nd with senescent popula
tions of cultivable mycobacteria. 

Electron microscopy. Studies with the 
combined use of electron microscopy and 
chemical a nd biologica l technics have been 
carried out. Mi sce ll a neou s informa tion 
such as the ba nd structure a nd peptido
glycolipid filaments on the surface of M. 
leprae, chemical components of the cell 
wall of M. lepraemurium and the electron
transparent capsule-like outer zone around 
the bacill i were obtained. 

As a significant discovery , the mycolic 
acids in the cell wall of M. leprael11urilll11 
have been demonstra ted to differ from 
corynemycolic or noca rdic acids. The 
characteristic mycolic acid-arabinogalac
tan-murein in the cell wall of M. lepra e-
11111rilll11 re se mble s that in other members of 
the genus mycobacterium such as M. 
tuberclllosis bovis and strain BCG. The 
di scovery of mycolic acid in M. leprae 
isolated from human ti ssue s likewi se indi
cates that thi s pathogen is a mycobac
terium . 

In the field of electron microscopy , 
further chemical and biochemical informa
tion would permit the interpretation of the 
relation ship between structure and function 
or the ph ys iologic sta te of M. leprae. 

METABOLISM OF M. LEPRAE 

The extraordinarily long generation time 
of 12- 14 days in the mou se foot pad has 
been regarded as one of the characteristics 
of M. lepra e. No information is available to 
explain thi s slow ra te of metaboli sm. One 
difficulty in metabolic studies on M. lepJ:ae 

is tha t of obta ining adequa te supplies of 
ce ll s a nd a second is that of coll ecting all 
the bacilli as suspensions without ti ss ue 
conta mination. 

Fragmented re port s have appeared indi
cating the prese nce of various enzymes in 
M. leprae. Among these, o-diphenoloxi
dase ha s been sugge sted to be unique to M . 
leprae, being di stinct from plant and mam
malian e nzymes. Conce ntrates of M. leprae 
prepared from le promatou s material ac
tively oxidized, 3,4-dihydroxyphenyla
lanine (DOPA) to pigmented products. 
This specific metabolic activity has been 
proposed as a n identification tes t for M. 
leprae. 

Ribulose diphosphate carboxylase activ
ity was demon stra ted in the supernata nt 
from di srupted M. leprae collected from 
lepromatou s ti ssues . It appears to be im
portant if confirmed, beca use thi s enzyme 
occurs otherwise only in autotrophic bac
teria and green pl a nt s. 

Recent ev ide nce has suggested an incor
poration of triti ated thymidine into leprosy 
bac illi in cultures of human lepromatous 
macrophages. If the observation is con
firmed , thi s is an important advance, be
cau se it implie s that the organisms were 
synthe sizing ON A. Further studie s of thi s 
type are needed. 

Metabolism of M. lepraemurium. Since 
the last congress, knowledge of the 
metaboli sm of M. lepraemllrium increased 
dra matically . The major advance is in our 
knowledge tha t the overall energetics of the 
organism operate independently from those 
of the host. It has been demon strated that 
M. lepraemllrilll11 contains a cytochrome
linked pathway for oxygen utilization. Due 
to the limited ra te of terminal electron 
transfer , the ass imilation and oxidation of 
exogenous sub stra te s occurs very slowly 
and doe s not re sult in marked stimulation of 
oxygen uptake . 

Experiments using isotope-l abeled sub
strate s a nd cell-free extracts of M . lep
ra el11 l1rilll11 have confirmed the following 
fac ts: 

I. An extraordinarily slow rate of 
aerobic metaboli sm based upon a 
host-independent tricarboxylic acid 
(TC A) cycle. All enzymes of the TC A 
cycle have been demon stra ted , the 
pyruvate and a-ketoglutarate dehy-
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drogenases being rate limiting. Al
though the TCA cycle may contain an 
alternative pathway at the a-keto
glutarate step, a conventional TCA 
pattern of isotopic distribution arose 
during substrate oxidation. 

2. There appears to be a lack of capacity 
to oxidize glucose, even though its in
corporation into cellular material has 
been established. 

3. Short-chain fatty acids. in contrast to 
medium-chain fatty acids, cannot be 
utilized for lipid synthe sis. 

Studies on energetics have been further 
advanced by the development of ultras ens i
tive method s for determining ATP (energy 
levels) in host-grown microbes . Host AT P 
has been eliminated and the quantitation of 
ATP refined to require only 1/60th the 
number of bacterial cells employed in the 
most sensitive method s hitherto available. 
The method has been applied thu s far to 
demonstrate the potential losses of ATP 
during extraction. purification, prolonged 
refrigeration, and the growth potential of 
M. /epraemllrillm in cultivation studies. 
These methods have been designed to in
vestigate the energetics of M. /eprae. 

CULTIVATION PROBLEM 

Cultivation of M. ieprae. Four cell-free 
systems have been described for the culti
vation of M. /epra e in vitro. These are: a) a 
U-tube divided by a fine sintered glass 
membrane and using a conventional 
medium for mycobacteria , b) an inorganic 
medium suitable for autotrophic bacteria , 
c) semi-soft agar media , and d) media en
riched with substance of mycobacterial 
origin. These experiments have not been 
successfully repeated by other inves
tigators. 

Attempts at cultivation in cell cultures 
were carried out using cell lines of human 
origin, cell strains derived from human tis
sues, cell strains derived from animals, and 
mouse macrophages. No proliferation of 
the bacteria was noted . 

Recently , evidence has been obtained 
regarding a limited multiplication of M . /ep
rae within macrophages derived from hu
man peripheral blood cells. The applicabil
ity of the method is restricted by limited 
survival of the host cells. The majority of 

host cells did not survive beyond 60-80 
days in most cultures. 

Cultivation of M. iepraemllrill11l. Extra
cellular growth of M. /eprael1ll1rilll17 was 
obtained in cell-impermeable diffusion 
chambers implanted in the peritoneal 
cavities of mice. The generation time ob
served was II days. The division time was 
s hort~ned to 8 days when macrophages 
were included in the chambers. 

Noteworthy report s on the growth of M. 
/epra emllrilll1l in cell-free medium have ap
peared recently and reproducible results 
have been obtained by some other inves
tigators. 

I. A pale yellow, R-type macroscopic 
colony was produced on 1% egg yolk 
solid medium after more than three 
months of cultivation at 37°C. Subcul
tures have been continued for 10-16 
generations. Low plating efficiencies 
indicate a need for further studie s. 

2. From 30- 300-fold multiplication of M. 
/epraemllrillm (Hawaiian stra in) was 
noticed at 30°C in Kirchner's medium 
contallllllg calcium pantothenate, 
a-ketoglutaric ac id , cytochrome c, 
hemin and I-cysteine. Successive cul
tivation through serial transfer is re
quired . Corroboration is desired in 
order to determine if specific growth 
factors a re needed . 

ADV ANCES IN IDENTIFICATION 
OF M. LEPRAE 

The WHO Expert Committee on Lep
rosy 1970 presented a report on the identifi
cation of M . /eprae as follows: 

" In all the cultivation work, it is impor
tant to prove the viability of the pur
ported growth a nd to identify it by the 
method s now available (the inoculation 
of mouse foot pad , lepromin test, en
zymatic studies of DO PA oxidation, and 
serological identification of nodular ex
tract antigen)." 

The pyridine se nsitivity and the specific 
o-phenoloxidase in M. /eprae have already 
been described. 

It has been observed that leprosy nodul ar 
extract (NE) contained at least two an
tigens which have bee n differentiated from 
human serum proteins by the immunodiffu-
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s ion tes t. One of these a ntigens is a heat
s ta ble poly saccharide , a nd the other is a 
hea t-labile prote in which give a s ingl e pre
cipitation line with a'nti-N E serum ab
sorbed with human serum . Inasmuch as 

thi s a ntigen is highly s pec ific for M. lepro e, 
serologica l ide ntifica tion of M. lepra e by 
the tec hnic of immunofluorescence should 
become practicable with a nti se rum pre
pared aga in s t the a ntigen. 
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Progress in the last decade now allows 
the same topics to be s tudied in leprosy as 
in other bacterial di seases. They are: 

I . Screening of new dru gs, a nd determi
nation of minimal effective dosage 
(ME D). 

2. Characterization of a ntileprosy drug 
activity: bactericidal , bacterios tatic, 
or bacteriopausal (prolonged bac
terios tasis). 

3. Method s of measurement of drug in 
blood a nd ti ssue , determination of 
minim a l inhibitory concentration 
(M I C) , and pha rmacokinetics includ
ing repository effect. 

4. Drug toxicity in rel ation to M I C. 
5. Metaboli s m of the drug. 
6. Short-term clinical trial s to determine 

whether a given drug is also active in 
ma n. 

7. Long-term clinical trial s to determine 
whether a drug's activity continues to 
the point of smear-negativity . 

8 . Very long-term follow-up to see if 
s mear- negativity is ma inta ined or if 
drug-resistant M. leprae eventually 
emerge. 

These s teps should be followed in the 
development of a ntileprosy drugs . Pa tients 
s hould not be deprived of s ta nd a rd dapsone 
(DDS) thera py in order to test compound s 
that have not been tes ted against M. leprae 
in a nima ls or compounds th a t appear on the 
basis of result s in a nima ls to be c learly less 
efficacious than stand ard thera py. 

DRUG SCREENING AND 
CHARACTERIZA TION OF 

ANTI LEPROSY ACTION 

Experimental model. I n the absence of 
s ignificant growth of M. leprae in vitro, all 
work must be done in animals. Most re
search has been done in the mouse model. 
This infection is very consistent. Geneti
cally uniform mice are readily avai lable and 
easily mainta ined in s tandard conditions. 
Hence , the mou se continues to be the ani
mal of choice. Other animals may be useful 
when particular findings mu st be checked 
in another species. For studies requiring 
larger popula tion s of M. leprae, the thy
mectomized-irradi ated mou se, the neona
tally-thymectomized rat and the a rmadillo 
may provide suita ble a nimal models . 

Methods of study. The continuous method 
of drug administration (from the day of in
fection to the end of the experiment) re
veals whether a drug is ac tive against M. 
leprae. The kinetic method (administration 
of drug during a limited period , beginning 
early in the loga rithmic phase of growth of 
bac illi) , determine s whether a drug pro
duces bactericidal, bacteriostatic or bac
teriopau sal effects . Administration of drugs 
in graded dosages allows the MED and 
M I C to be de termined . 

Results of drug screening and characteri
zation. With these method s, more than 200 
drugs have been te sted. Only a few have 
exhibited bactericida l (or bacteriopausal) 


