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I .  INTRO D U Cf ION 

This report covers the five years since the last I nternational Leprosy Congress o 
However, before reviewing these advances and their relevance to leprosy in man , i t  
is necessary· to consider, on the one hand,  the con tributions made from studies on 
experimental models in the successful fight against other infectious diseases and, 
on the other hand ,  the particular difficulties in developing any experimental 
models for studying leprosy. In no field of medicine has greater progress been 
made than with the infectious diseases, particularly those caused by bacteria but 
also some viruses. This progress in knowledge, whether on the microbiological , 
pathological,  preventive or therapeutic side ,  has evolved , in the first instance, 
from studies on the cultivation and in vitro properties of the causa tive organisms 
and only subsequently on experimental animal mo deis. Unfortunately , leprosy 
has remained an exception , beca use Mycobacterium leprae has still not been 
cultured in vitro and only since 1 960 has an animal model been available. 
Therefore , once animal models were available for studying leprosy it was 
reasonable to assume that they would also be applicable to leprosy in mano In  the 
first instance , the mouse footpad infection was systematically exploited and has 
enabled the same topics to be studied in leprosy as in other bacterial diseases 
affecting mano H owever, the mouse model had also to be adapted for studying the 
bacteriological characteristics of Myco. leprae, which for other bacteria are 
studied in vitro . 

From these general and particular considerations the field of experimental 
leprosy has been developed and has rapidly advanced ,  alI within the last 1 3  years, 
almost entirely based on animal models using the mouse and more recent1y, the 
rat and the nine-banded armadillo.  Our report summarises the relevance, 
importance and suitability of these animal models in contributing to knowledge 
of leprosy in  mano  

2 .  A N I M A L  MODELS 

2. 1 .  Mouse. Shepard in  1 960 presented unequivocal evidence that infections with 
Myco. leprae could be transmitted to animais by showing that Myco. lepra e 
multiplied locally when inoculated in to the foo tpads of mice. This claim has been 
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fulJy substantiated on hundreds of strains of Myco. leprae in laboratories 
throughout the world . By applying standardized techniques the footpad infection 
has provided a sensitive and reproducible in vivo mo del for bacteriological studies 
on Myco. leprae. However, bacterial multiplication in the footpad is limited to 
increases of 1 00-fold and confined to the first 6-8 months folJowing inoculation . 
Although Myco. leprae infect ions in other rodents, including rat and hamster, are 
similar to the mouse, practical reasons favour the mouse as the stand ard mode! .  

I n  1 966 Rees introduced the immunologically suppressed mouse model on the 
assumption that muftiplication was limited in the normal mouse by the 
development of immunity to Myco. leprae infection . Pure-line strains of mice are 
used (mainly CBA) and made immunologically deficient by adolescent 
thymectomy (T) folJowed by total body irradiation (900R),  requiring syngeneic 
bone marrow replacement .  In T /900R mice Myco. leprae continue to multiply 
beyond the 6-months period ,  giving eventual yields of bacilli 1 O- I OOO-fold higher 
than in normal mice. These observations in mice have been confirmed in other 
laboratories. To simpli fy the T/900R procedure, lead shielding of a limb, or T 
followed by 5 fortnightly exposures to 200 R, has been used successfulJy . Both 
modifications avoid bone-marrow replacement and permit the use of outbred 
mice . 

Thus two distinct mouse models were developed initialJy for bacteriological 
studies of Myco. leprae. Subsequently the mo deis were exploited to study the 
evolution and pathogenesis of experimental leprosy throughout the animais' 
l ife-span (2-3 years) ,  following inoculation of Myco. leprae 10calJy into the 
footpad or ear, intraperitonealJy or intravenously and, in limited experiments, 
animais exposed to aerosols or nasal drops. 
2. 2. Rat. Footpad infection with Myco. lepra e in the intact rat is similar to the one 
in the mouse. In the neonatally thymectomized Lewis rat ,  however, the bacillary 
population reached leveis 1 00-fold higher than in the intact animal .  Follow ing 
intravenous inoculation, spread to peripheral sites (footpad ,  ear, tail and nose) 
occurs . The advantage of these immunologically impaired animais is that they do 
not  develop runting disease . Subtotal body irradiation appears to further depress 
their immunological capacity . 
2. 3. A rmadillo. The nine-banded armadillo (Dasypus novemcinctus. Linn . ) ,  a 
primitive mammal , possesses some unique biological characteristics, which could 
make i t  a valuable animal model for leprosy research . Among the biological 
features particularly relevant to leprosy are : (a) low body temperature (32-3 5 ) ;  
(b) long life-span ( 1 2- 1 5 years) and regular production o f  litters of monozygous 
quadruplets .  

Kirchheimer and Storrs reported disseminated in fection with Myco. leprae in 
an armadillo in I 97 1 .  Further results in the short period availa ble have shown a t 
autopsy that about a third of dermalJy inoculated armadillos become systematic
ally and heavily infected before 37  months, In these animais the histology was of 
the human lepromatous type ,  including nerve involvement . In the other 
inoculated animaIs there was no evidence of infection , including some observed 
up to 42 months. In addi tion the two intravenously inoculated armadillos have 
developed disseminated infection within 30 months. 

The evidence for the identification of the organism grown in the armadillo as 
Myco. leprae is based on : ( l )  Mouse footpad inoculation ; (2 )  Failure to grow in 
vitro ; ( 3 )  Lepromin testing;  (4) Dopa-oxidase activity ; ( 5 )  Pyridine extraction ; 
(6)  Histological picture and ( 7 )  Immuno-diffusion testo 
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The main work and advances have come from the mouse modeIs because they 
were first  to be developed. 

Unless otherwise stated,  the succeeding report is based on the mouse model.  
3. 1 .  Bacteriological characteristics. The growth pattern and rate of multiplication 
of Myco. leprae ( mean generation time 1 3  days) in the mouse footpad of normal 
and T/900R mice . is completely reproducible for all primary isolates of bacilli 
from Ieprosy patients including drug resistant strains, or after serial passage in 
mice . These characteristics now form a basis for the identification of Myco. 
leprae. 
Im portant recent appli ca tions of these criteria are : 
(a) M onitoring the viability of Myco. leprae used to inoculate other animaIs and 
the identification of the acid-fast organism subsequently recovered .  
( b )  Identification a s  Myco. leprae of acid-fast bacilli in nasal discharges a n d  their 
survival up to 1 . 7 5  days in discharges allowed to dry outside the body. 
(c) I dentification of Myco. leprae in various arthropo ds fed on leprosy patients or 
recovered from arthropods in the vicini ty of cases with untreated Ieprosy . 
(d)  M onitoring in vitro attempts to cultiva te Myco. leprae . 

Until Myco. leprae are cultured in vitro, the only, but relatively small ,  
Iaboratory source of Myco lepra e has been from mice .  Susceptible armadillos can 
now provide Iarge yields of bacilli which will be of the greatest importance for 
future studies on Myco. leprae. 
3. 2. Clinicai implications. Although there are small variations in the growth 
pattem of leprosy bacilli  in mice, the same variations are seen in bacilli  obtained 
from bacilliferous patients in different parts of the world .  There is no  evidence 
from these obervations that the geographicaI variation in the clinicaI form of 
Ieprosy is caused by variations in the virulence of differen t  strains of Myco. 
leprae. 
3. 3. Chemotherapeutic applications. Very great advances have been made in 
chemotherapy entirely based on the mouse modeIs and which are reported in 
detai l  by the Committee on Experimental Chemo therapy. However, i t  is 
important to make clear that drug-resistant variants (to dapsone and thiam
butosine)  have the same infectivity and pathogenicity in the mouse as sensitive 
strains. All studies on the significance and incidence of drug resistance in leprosy 
should be based on tests using the mouse footpad model.  On the other hand , basic 
studies on the frequency of d rug resistant mutants in populations of Myco. lepra e 
could only be studied in highly susceptible animaIs with baci llary populations 
comparable to those found in mano The susceptible armadillo is the animal modeI 
most likely to provide this importan t information. 
3. 4. Pathological characteristics. A detailed picture of the pathology and 
pathogenesis of Myco. leprae infections in  the mouse mo deIs has evolved from 
histologica I  studies of tissues taken at regular intervals throughout the Iife-span of 
the animaIs (based on CBA mice).  To correlate the histology with the 
bacteriology during the evolution of the infections, paired organs or tissues 
divided equally were used for the respective assessments.  

The main findings are summarized : 
(a) Although a lesion is first Iocalized to  the site of inoculation , systemic spread 
eventually occurs ,  with overwhelming evidence that it  is haematogenous in origi n ,  
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since bacilli are found in the lining cells of capiJIaries haphazardly throughout the 
body . There are, however, sites of predilection , in c1uding the dermis of footpads, 
ears and tai ! ,  the nose, the testes and dermal  and peripheral nerves.  Al though 
nerves become infected later than the other sites they are always involved by 20 
months. The nose and testes are the sites most frequently and heavily infected . 
These same si tes of predilection follow intravenous or intraperitoneal inoculation 
of Myco. leprae. 
(b) The late cellular and bacterological pattems of response to Myco. leprae 
mimic those seen in human leprosy as defined by the Ridley-J opling c1assifica
tions. Thus by 20 months in the normal mouse , there is a well-developed 
epithelioid granuloma resembling BB to BT type leprosy and in T/900R mice the 
lesions resemble BB to LL type leprosy . Cellular changes in nerves mimic the 
compléte spectrum of human disease from TT to LL.  
(c) Nasal involve ment ,  particularly in T/900R mice,  is  associated with positive 
nasal smears and histologically shows , unlike the dermis, the jux taposition of the 
granuloma to the surface epi thelium giving exi t  of bacilli to the exterior. 
(d)  Histological studies on immunological mo deis have shown that established 
lepromatoid leprosy in T/900R mice changes to a BB or BT picture when the 
mice are given syngeneic lymphnode cells or thymus grafts. These changes are 
associated with an influx of Iymphocytes into the lesions, destruction of bacilli , 
oedema and later collagen deposition . Similar changes are seen in nerves and are 
followed by destruction of axons. 
(e) Myco. leprae has the same predilection for nerves in the mouse as in man, a 
characteristic shared by no other species of mycobacterium . Early nerve 
infections show bacilli in Schwann and perineural cells , later a xons and 
perineural cells are destroyed and at both sites this is followed by deposition of 
collagen.  Special studies have shown that leprosy neuritis in mice is associated 
with a defect in  the blood-nerve barrier, since markers , such as trypan blue and 
ferritin , readily diffuse through the endoneural capillaries.  This defect plus the 
destn.iction cf the perineural sheath would seriously change the endoneural 
environment ,  thus diminishing nerve conductivi ty and also allowing the entry of 
macrophages and lymphocytes. 
(f) In  all the mouse models striated muscle fibres were frequently seen to contain 
bacilli . In human leprosy although smooth musc1e such as arrector pili and dartos 
are frequently infected , striated muscle is less so. 

Preliminary histological studies in susceptible armadillos also show the 
importance of haematogenous spread ,  including infection of nerves, nose with 
positive nasal d ischarges and most other sites common to man and mouse . In the 
armadillo the cel lular picture at autopsy resembles LL type leprosy. However , in 
the armadil lo,  a typical sites, including the lung, are heavily in fected , possibly 
because of lower body temperatures. 
3. 5. Clinicai implications. The significance of these models for studying clinicai 
leprosy is that they reproduce , or can be adapted to repro duce, many of the 
features of leprosy in  mano They particularly provide models for studying early 
phases of the evolution and pathogenesis of leprosy that can never be undertaken 
in mano These features are of particular importance for studying the pathogenesis 
of leprosy neuritis and possible routes of infection via the lungs ,  nose or 
gastro-intestinal tract .  M ice provide precise mo deis for unravelling the immuno
logical complexities of leprosy, bearing in mind that the majority. of patients with 
leprosy are in the TT to BB range and these are the types of leprosy seen in 
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normal mice .  The armadjl\o , on the other hand,  may in addition provid e models 
for s tudying innate susceptibility and resistartce and their possible genetic bases.  

4. CO NC LUSIONS 

The report summari zes the considerable advances that have been ma de in 
experimental  leprosy using animal models in a period of only 1 3  years. Thus, 
animal models are proving to be as valuable in leprosy as they have been for 
studying other human infections . The particular merits of the various animal 
models available for studying leprosy are discussed.  
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This report has been prepared by members of the Committee on M icrobiology . 

The report summarizes the progress made in the fie ld of general microbiology 
of Myco. leprae during the past 5 year period since the 9 th International Leprosy 
Congress in London in 1 968.  Myco. lepraemurium has been included in the review 
as an interim model for Myco. leprae. Progress has been made in four areas : 
cytology ; metabolism ; cultivation ; and the identification of Myco. leprae. 

l o  CYTOLOGY O F  M YCO. LEPR A E  

1 . 1 .  Morphological lndex (solid ratio). The utility of the morphological index 
( M I) ,  based on the proportion of solidly staining Myco. leprae cells has been 
exploited particularly to fo llow the initial antimycobacterial drug action in 
patients during chemotherapy.  The present MI does not distinguish the infectious 
from the non-infectious patient .  No unified opinion has been formulated 
regarding the question whether the rat ios of solid staining bacjl\i are associated 
with viability in the bacteriologic sense. Further studies appear necessary . 

1 . 2. Pyridine-extractable acid-fastness. Myco. leprae in section or smears lose 
the property of acid-fastness, but not gram-positivity when extracted with 
pyridine. The acid-fastness of Myco. lepraemurium, Myco. tuberculosis and Myco. 
in tracellulare. is not l!ffected by this procedure. I t  has been suggested that a 
differentiation between Myco. leprae and other mycobacteria is possib le by using 
Ziehl-Neelsen staining after extraction with pyridine. Further stud ies are needed 
with Myco. ulcerans and Myco. marin um from human lesions, with in vitro grown 
mycobacteria and with senescent populations of cultivable mycobacteria . 

1 . 3. Electron microscopy. Studies with the combined use of electron 
microscopy and chemical and biological techniques were caried out .  M iscellan
eous information such as the band structure and peptido-glycolipid filaments on 
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the su rface of Myco. leprae, chemical components of the ce ll wall of Myco. 
lepraemurium and the electron-transparent capsule-like outer zone around the 
bacilli were obtained . 

. 

As a significant discovery , the mycolic acids in the cell wall of Myco. 
lepraemurium were demonstrated to d iffer from corynemycolic or nocardic  acids . 
The characteristic mycolic acid-arabinogalactan-murein in the cell wall of Myco. 
lepraemurium resembles that in other members of the genus mycobacterium such 
as Myco. tuberculosis bo vis and strain BCG. The discovery of mycolic acid in  
Myco. leprae isolated from human tissues likewise ind icates that this pathogen is a 
mycobacterium.  

In the field of electron microscopy , further chemical and biochemical 
information would perm it the in terpretation of the relat ionship between structure 
and function or the physiologic state of Myco. leprae. 

2. M ETABOLISM OF M YCO: L EPR A E  

The ex traord inary long generation time o f  1 2- 1 4 days i n  the mouse footpad has 
been regarded as one of the characteristics of Myco. leprae. No information is 
available to explain this slow rate of metabolism . One difficulty in metabolic 
stud ies on Myco. leprae is that of obtaining adequate supplies of cells and a 
second is that of collecting ali the bacilli as suspensions without tissue 
contamina tion. 

Fragmented reports have appeared indicating the presence of various enzymes 
in  Myco. leprae. Among these , o-d iphenoloxidase has been suggested to be unique 
to Myco. leprae, being d istinct  from plant and mamma lian enzymes. Concentrates 
of My co. leprae prepared from lepromatous material actively oxidized 3 ,  
4-d ihydroxyphenylalanine (DOPA) t o  pigmented products. This specific meta
bolic activity has been proposed as an identification test for Myco. leprae. 

Ribulose diphosphate carboxylase activity was demonstrated in the supernatant 
from d isrupted Myco. leprae collected from lepromatous tissues. I t  appears to be 
important i f  confirmed , because this enzyme occurs otherwise only in autotrophic 
bacteria and green plants. 

Recent evidence has suggested an incorporat ion of tritiated thymidine into 
leprosy bacilli in cultures of  human lepromatous macrophages. If  the observation 
is confirmed,  this is an important advance , because i t  implies that the organisms 
were synthesizing DNA. Further studies of this type are needed . 

2. 1 .  Metabolism of Myco. lepraemurium. Since the last congress, knowledge of 
the metabolism of  Myco. lepraemurium increased dramatically . The majo r 
advance is in our knowledge that the overall energetics of the organism operate 
independently from those of the host .  I t  has been demonstrated that Myco. 
lepraemurium contains a cytochrome-linked pathway for oxygen u til ization .  D ue 
to the limited rate of terminal e lectron transfer, the assimilation . and oxidation of 
exogenous substrates occurs very slow ly and does not result in marked 
stimulation of oxygen uptake. 

Experiments using isotope-Iabelled substrates and cell-free extracts of Myco. 
lepraemurium have confirmed the following facts : 
( I )  An extraord inarily slow rate of aerobic metabolism based upon a host
independent tricarboxylic acid (TCA) cycle. All enzymes of the TCA cycJe were 
demonstrated , the pyruvate and cx.-ketoglutarate dehydrogenases being rate 
lirniting. Although the TCA cycle may contain an altemative pathway at the 
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o:.ketoglutarate step , a conventional TCA pattern of isotopic d istribution arose 
during substrate oxidation. 
(2)  There appears to be a lack of capacity to oxidize glucose , even though its 
incorporation into celIular material was established . 
(3 )  Short-chain fat ty acids ,  in contrast to medium-chain fatty acids,  cannot be 
utilized for Jipid synthesis.  

S tudies on energetics have been further advanced by the development of 
u ltrasensitive methods for determining A TP (energy leve Is) in host-grown 
microbes.  Host A TP has been eliminated and the quantitat ion of ATP refined to 
require only l / 60th the number of  bacterial cells employed in the most sensit ive 
methods hitherto available. The method has been applied thus far to demonstrate 
the potential losses of ATP during extraction,  purification,  prolonged refrigera
tion, and the growth potential of Myco. lepraemurium in cu ltivation studies. 
These methods have been designed to investigate the energetics of Myco. leprae. 

3 .  C ULTI V ATION PROBLEM 

3. 1 .  Cultiva tion of Myco. leprae.  Four cell-free systems have been described 
for the cultivation of Myco. leprae in vitro. T hese are : (a) a U-tube d ivided 
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 enriched with substance of myco
bacterial origino These experiments have not been successfully repeated by 
other investigators. 

Attempts at cultivation in cell cultures were carried out using cell Jines of 
human origin , cell strains derived from human tissues, cell strains derived 
from animaIs, and mouse macrophages. No prolíferation of the bacteria was 
noted . 

Recently , evidence has been obtained regarding a Jimited multipli cation of 
Myco. leprae within the macrophages derived from human peripheral blood 
ce lls. The applicabi Jity of the method is restricted by Iimited survival of the 
host cells. The majority of host cells d id not survive beyond 60-80 days in 
most cultures. 

3. 2. Cultivation of Myco. lepraemurium. Extracellular growth of Myco. 
lepraemurium was obtained in cell-impermeable diffusion charnbers implanted 
in the peritoneal cavities of mice. The generation time observed was I I  days.  
The d ivision time was shortened to 8 days' when macrophages were included 
in the charn bers. 

Noteworthy reports on the growth of Myco. lepraemurium in cel l-free 
medium have appeared recentIy and reproducible resu lts have been obtained 
by some other investigators. 
( I )  A pale yellow, R type macroscopic colony was produced on 1 %  egg-yolk 
solid medium after more than 3 months of cultivation at 3 7° C .  Subcult ures 
have been continued for 1 0- 1 6  generations. Low p lating efficiencies indicate a 
need for further studies. 
(2) From 30-300 fold multiplication of  Myco. lepraemurium ( Hawaiian 
strain) was noticed a t  30° C in Kirchner's medium containing ca1cium panto
thenate , �-ketoglutaric acid, cytochrome c hemin and L-cysteine. Successive 
cultivation through serial transfer is required . Corroboration is desired in 
order to determine if  specific growth factors are needed . 
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4.  A DVANC S IN I DENTI FICATION OF M YCO LEPR A E  

The WHO Ex pert Committee on Leprosy 1 9 70 made a report on the identifica-
tion of Myco. leprae as fol lows :  

" I n  al i t h e  cultivat ion work ,  i t  i s  im portant to prove t he viability of t h e  purpo rted 
growth and to identify it by the methods now available ( the inoculation of mouse 
footpad,  lepromin test , enzymatic studies of DOPA . ox idation, and serological 
identification of nodular cx tract antigen). " 

The pyridine sensitivity and the specific o-phenoloxidase in Myco. leprae have 
a lready been described . 

It has been observed that leprosy nodular ex tract (NE) contained at least two 
antigens which were differentiated from human serum proteins. by the immuno
d iffusion testo One of these antigens was a heat-stable polysaccharide,  and the 
other was a heat-Iabile protein which gave a single precipitation line with anti-NE 
serum absorbed with human seru m.  In as much as this antigen is highly specific 
for Myco. leprae, sero logical identification of Myco. leprae by the technique of 
immuno-fluorescence should beco me practicable with ant iserum prepared against 
the antigen.  

Committee 3 :  Advances in Experimen tal Chemotherapy 

M embers:  C .  C.  Shepard (Chairman) ; G .  M. Ellard : L. Levy ; V.  A. O p romolla ; S. R .  
Pattyn ; J .  H. Pe ters ;  R.  J . W.  Rees ; M .  L .  R .  Waters. 

I .  INTRODUCTI ON 

Progress in the last decade in leprosy now allows the same topics to be 
studied in leprosy as in other bacterial d iseases. They are : 

(a) Screening of new d rugs, and determination of minimal effective dosage 
(MED).  
(b)  Characterization of anti-Ieprosy activity : bactericidal ,  bacteriostatic , or  
bacteriopausal  (prolonged bacteriostasis). 
(c) Methods of measurement of d rug in blood and tissue, and determina
tion of  minimal inhibitory concentration ( M IC) ,  pharmacokinetics including 
repository effect.  
(d)  Toxicity in relation to M IC .  
(e)  Metabolism of the drug. 
(f) Short-term clinicai tria ls to determine whether the drug is also act ive in 
mano 
(g) Long-term clinicai trials to determine whether the drug's activity 
continues to smear-negativi ty .  
( h) Very-Iong-term follow-up t o  see if  smear-negativity i s  maintainecÍ o r  if 
drug-resistant Myco . leprae eventual ly emerge . 
These steps should be fo llowed in the development of anti-Ieprosy drugs . 

Patients should not be deprived of standard dapsone (DDS) therapy in order to 
test compounds that have not been tested against Myco. leprae in animaIs or 
compounds that appear on the basis of results in animais to be clearly less 
efficacious than standard therapy . 



B E RG EN CONFERENCE 

2. D R UG SCREENING AND C H A R ACTER IZATION OF A NTI-LEPROSY 
ACTl O N  

4 9  

2. 1 .  Experimen tal m o  dei. I n  the absence of sign ifican t grow th of  Myco. leprae 
in vitro .  ali  work must be done in animais. M ost research has been done in the 
mouse model . This infection is very consistent.  Genetica lly uniform mice are 
read ily available and easi ly maintained in standard conditions. Hence , the mouse 
continues to be the animal of choice. O ther animais may be usefu l  when 
particular findings must be checked in another species. For studies requiring larger 
populations of Myco. leprae. the thymectomized-irradiated mouse, the neona
tal ly-thy mectomized rat and the armad illo may provide suitable animal models. 

2. 2. Methods of study. The continuous method of drug administration (from 
the day of infection to the end of the experiment) reveals whether a drug is active 
against Myco. leprae. The kinetic method (ad ministration of drug d uring a Iim ited 
períod , beginning early in the logarithmic phase of growth of bacil l i) ,  determines 
whether a drug prod uces bactericidal ,  bacteriostatic or bacteríopausal effects. 
Ad mi nistration of drugs in graded dosages allo.ws the MED and M IC to be 
determined. 

2. 3. Results of drug screening an d characterization. With these methods, more 
than 200 drugs have been tested . O nly a few have exhibited bactericidal (or 
bacteriopausal ) activity and these few appear to include most of the drugs of real 
prom ise in leprosy. These drugs include : 

(a) DDS and other sulphones giving rise to DDS in the gut or in tissues. 
(b)  Rifampicin .  The related antibiotic streptovaricin is distinctIy less active . 
(c)  Clofazimine (B 663 ) and another phenazine dye, B 1 9 1 2 . 
(d)  Long-acting sulphonamides. These compounds appear to have M IC's c lose 
to toxic b lood leveis in mano  
(e)  Ethionamide .  In  the dosage apparently required to man, gastrointestinal 
distress is  frequento  
2 . 3 . 1 .  MIC of DDS. This was found to be 0 .0 I to 0 .00 1 J-Lg/rnl (micro

gramme/ml) in the mouse , corresponding approximately to an oral dosage of 1 mg 
a day in mano This finding in mice led to the introduction of treatment with 
acedapsone (DDADS) ,  which releases DDS at a steady rate of 2 .5  mg d ai ly ,  
following injections of 225  m g  every 7 5  days. The therapeutic efficacy o f  this 
regimen and that of I mg oral DDS given daily , confirmed these predictions. It 
needs to be emphasized that this study of 1 mg daily was carried out to compare 
the MIC of DDS in mouse and man, and not to eva luate, or encourage, very low 
dose DDS therapy as a practical therapeutic regimen.  

2 . 3 . 2 . Bactericidal  effect of rifampicin . The curves of  blood concentration in 
the mouse and in man are very similar ,  and studies of the anti-Myco. leprae effect 
of per-kilo dosages in mice have been predictive of the results in mano With the 
kinetic method in mice, rifampicin, was found to produce as much bactericidal  
effect  in a few days as DDS in a few months.  Bactericid al rates for these two 
drugs in man appear to be the same as in the mouse. 

2 . 3 . 3 .  Clofazimine. Studies of  the M IC of c lofazimine have not been practical 
because the drug is very unevenly distributed in the tissues ;  thus, blood and tissue 
leveIs may not accurately reflect the concentration of drug in the immediate 
environment of the organismo 

2 . 3 . 4. Demonstration of drug-resistant Myco. leprae. The mouse provides the 
only method of proving drug resistance. DD S-resistant Myco. leprae have been 
demonstrated in mice from some patients  who have relapsed on prolonged DDS 
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therapy . By contrast,  DDS-sensitive organisms have been isolated from relapsed 
patients who have, in fact , stopped taking the drug. Studies have shown that I to 
1 0% of sulphone-treated patients even tually undergo relapse caused by DDS
resistant Myco. leprae. Combinations of anti-Ieprosy d rugs appear to offer the 
most promise for the prevention of these relapses. Thiambutosine- and thiaceta
zone-resistant Myco. leprae have been isolated from patien ts who have relapsed 
after therapy with these drugs . 

3. PH A R M ACO K I N ETICS A N D  M ETABOLISM O F  D RUG S 

Compara tive studies of the pharmacology of drugs in the mouse and man are 
necessary for understanding their anti-Ieprosy actions. 

3. 1 .  DDS. In man there are great individual differences in the rate of  D D S  
elimination. The half-life ( T  Y2) o f  the d rug varies from 5 t o  50  h .  Among patients 
with relapses caused by DDS-resistant Myco. leprae, there is a significant excess of 
persons with very short half-lives. Since it is not possible to determine the TY2 of 
ali patients, regimens need to be designed so that they will  take care of patients 
with shorter T Y2. Fifty mg DDS daily would ensure blood leveis continuously welI 
in excess of the M IC ,  whereas 350 mg once weekly ( the same total dosage) would 
not o  For this reason ,  i t  is insufficient to describe dosage merely in terms of the 
total weekly intake. 

The only metaboli te  of DDS found in human b lood is monoacetylated DDS 
( MADDS).  Humans have been found to · be  genetically polymorphic in their 
acetylation capacities, resulting in rapid and slow acetylators .  Rapid acetylators 
have higher ratios of MADD S/DDS in their plasma, but do not eliminate D D S  
more rapidly ,  s o  a priori o n e  would n o t  expect the acetylator status to affect the 
response of leprosy patients to DDS.  Nevertheless, some studies, but not others, 
have suggested an excess of rapid acetylators among patients with relapses caused 
by DDS-resistant Myco. leprae. 

3. 2. Rifampicin. Pharmacokinetic studies of rifampicin are complicated because 
the half-life of rifampicin varies with drug concentration and because b lood leveis 
tend to decrease after the patient has been receiving the d rug for several weeks. 

3. 3. Oofazimin e. Similar studies w ith clofazimine have not been possible 
because the drug is accumulated in the tissues . 

T R I A LS I N  MAN 

4. 1 .  Background. Applications of experimental chemotherapeutic findings to 
man has been inadequately understood.  For a better u nderstanding, t he bacterial 
populat ions in human leprosy have to be considered (Table 1 ) . A  lepromatous patient 
with a Bacterial Index (BI) of 4+ (Ridley) and a M orphological I ndex ( M I )  of  
1 0%, may be estimated to have 1 0 1 1 Myco. leprae in his body,  of which 1 0 10 are 
viable. For example in Une 3 of the table ,  after 1 to 3 months of D D S  treatment ,  
the M I  i s  less than 1 %, so that the number of viable Myco. leprae i s  less than 1 09 •  
I f  mouse inoculation is negative , the number of viable organisms is less than a 
hundredth of its original value and may be estimated to be less than 1 08 • With 
each decrease of the B I  by 1 uni t ,  the corresponding numbers of  bacilJi falI  to a 
tenth of  the p rededing value (decrease by one exponent) .  When the B I  is less than 
2+, measurement of the MI or inoculation of mice with standard numbers of 
bacilli is  not possible, so that measurement of the proportion of viable bacilli is 
impossible. Consequent ly it  is not technicalIy possib le with present procedures to 



B E RGEN CON FER ENCE 

TABLE I 

Estim ated num ber of M yco. leprae in ty.pieal leproma tous pa tien ts at various tim es during 
response to regular DDS therapy 

Findings I nterpretation 
Mouse Total Viable 

S I  

B I  M I  inocb My eo. leprae My eo. leprae 

I U ntreated 4+ 1 0% Pos 1 0 1 1  1 0 1 0  

2 Dapsone 1 -3 mths 4+ 1 %  N . D .C 1 0 1 1  1 09 

3 1 -3 m ths 4+ < 1 %  N . D .  1 0 1 1  < 1 09 d  

4 1 -3 mths 4+ < 1 %  (Pos)e 1 0 1 1  1 0H 

5 1 -3 mths 4+ < 1 %  Neg 1 0 1 1  < I OH 

6 ea. I year 3+ < 1 % N . D .  1 0 1 0  < 1 0M 

7 ea. I year 3+ < 1 %  Neg 1 0 1 0  < 1 07 

8 ea. 2 years 2+ < 1 %  Neg 1 09 < 1 07 

9 ea. 2 years 2+ < 1 %  Neg 1 09 < 1 06 

l O  ea. 3 years 1 + N.P/ N.P.  1 08 < 1 07 g 

1 i  ea. 5 years O N.P .  N.P.  ';;; 1 0 7 < 1 06 g 

1 2  Required for cure O? 

a When carried out according to the specifications described for "solid ratios" so that the 
proportion of "solid" baci\1i is the same as the proportion of  bacilli infective for m ice. 

b When I x 1 03 to I x 1 04 baci\1i a re inoculated. 

c Not don e. 
d For example, < 1 09 means that the number may lie between O and 1 0H ( inclusive) .  

e Weakly positive (long incubation period and irregular results in mice), indicating that the 
number of viable My eo. leprae is near the limit of detectability . 

r Not possible. 

g Since it is not possible to determine the M I  with a BI  of less than 2+, the estim ate o f  viable 
Myco. leprae is based on the supposition that not more than 1 0% of the total are viable. This 
does not imply an increased number of viable Myeo. leprae. 

estimate the number of viable Myco. leprae present in the body at any number 
less than 1 09 . These considerations allow one to understand how there can be 
many viable bacilli present in the body if treatment is  stopped after the M I  has 
reached baseline values and infectivity for mice can no longer be demonstrated . 
To explain relapse in a patient, it is clearly not necessary to assume that non-solid 
bacilli have become viable. Similarly , in a patient with nega tive smears, it is not 
necessary to assume that non-acid-fast viable forms of Myco. leprae exist, since 
there could be as many as 1 06 typical , viable but undetected Myco. leprae present 
in  the body . The survival of  living Myco. leprae d uring treatment appears to occur 
by two mechanisms. One,  which is not unusual with other d rug-bacteria 
combinations, is the survival of a small fraction of drug-sensitive bacilli in the 
continued presence of the drug. Such bacilli do not multiply, and since they are 
dormant or metabolically inactive, they remain relatively insensit ive to the drug, 
until they resume normal metabolismo Moreover, the location of the bacilli �n the 
tissues may be important ,  and some believe the location of Myco leprae in nerve 
or muscle favours their survival .  Because of the large numbers of bacilli present,  
factors affecting even a very small fraction of the population of Myco. leprae 
b ecome importan t .  
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The second,  unrelated ,  mechanism of survival of Myco. leprae is drug
resistance . A smal l fraction of bacilli is genetically insensitive to the drug and can 
multiply in its presence. Again , because large numbers of bacilli are present in 
lepromatous leprosy , a small resistant fraction may constitute a large number of  
bacilli .  

4. 2. Clinicai trials . I n  the treatment  o f  leprosy, distinct differences exist 
between (a)  the rate of loss of viability and (b)  the rate of d isappearance of 
acid-fast bacilli . N early ali drugs that have been tried in leprosy were selected on 
the basis of their ability to carry out process (a) ,  and such d rugs do I}ot affect  
process (b) .  During early treatment,  (a)  is  much faster than (b) .  

Except for special studies in  relapsed patients, a l i  trials should be carried out in  
previoúsly untreated lepromatous patients. 

4. 2 . 1 .  Short-term trials .  These are carried out to confirm in man laboratory 
results of the anti-Myco. leprae effect of a drug. Two cri teria may be applied : 
(a) M easurements of the M I .  These provid e immediate resu lts, but are difficult to 
standardize between laboratories , and are techn ically demanding.  
(b)  Mouse inocu lations. They provide firm evid ence of bacteria l viabili ty , are 
more sensitive than measurement  of the M I ,  but they require greater investment 
of personnel and faci li ties, and results are available much later. M ouse 
inoculations may show more rapid bactericidal effect than do M I  measurements, 
probably because changes in bacterial morphology may lag by perhaps two weeks 
behind loss of abiJ ity to multiply , a difference particularly evident with 
rifampicin. 

S hort-term trials may now be lirnited to a period of 6 months, or even much 
less, depending upon the regimen.  The B I  changes Iittle in this period and is 
therefore of no value in such trials. 

4. 2 .2 .  Long-term t rials ("5-year trials" ) .  These are carried out to determine 
w hether a drug's activity continues until smear negativity and clinicai and 
histological quiescence are reached . Not many patients on standard DDS 
treatment reach this stage within 5 years. For  practical reasons, these trials usually 
need to involve commitments by appropriate organizations to ensure long-term 
continuity . Mouse inoculations are particularly helpful when treatment fai lure is 
suspected, in which case tests of drug-sensitivity provide crucial information. 
Measurements of the M I ,  if they can be performed reliably , may provide the first 
indication of treatment failure. 

4 .2 .3 .  Very-long-term studies. Because of the very long generation time of 
Myco. leprae. a complete picture of the therapeutic efficacy of a d rug cannot be 
obtained unless patients are followed for very long periods, perhaps for the rest of 
their lives. Therefore leprosy services that successfulJy practise very long-term . 
follow-up of lepromatous patients can provide invaluable information on the final 
efficacy of regimen.  As pointed out ,  smear-negativity does not signify that the 
patients is  free of bacilli , but rather that the number of bacilli in the body is less 
than 1 07 •  The minimal number of viable Myco. leprae needed to cause a relapse in 
a lepromatous patient may be very small,  since such a patient would not be 
expected to possess immunity against Myco. leprae. Therefore , treatment may 
need to be continued indefinitely . In these studies, it will  be essential to 
determine whether relapse is caused by drug-sensitive or drug-resistant Myco. 
leprae. Experience with sulphone therapy has shown that such relapses may occur 
5 to more than 20 years after the commencement of treatment .  
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S .  CONCLUSIONS 

The application of the mouse model  has at l ast p laced the chemo therapy of 
leprosy on an objective bacteriological  and pharmacological basis. I t  has provided 
sensitive procedures for the assessment of new drugs , the response to treatment ,  
and  the  detection of drug-resistance. I t  has a lso l ed  to c 1arification of the 
theoretical basis of long-term and very-Iong-term clinicaI trials. These are difficult 
and expensive to carry out , but without them the final  value of a regimen cannot 
be determined. 

Committee. 4 :  Advances in Immunopathology 

Members : O. G.  Skinsnes (Chairman) ; T. Godal ; M. Abe ; C. K. Job ; J. H.  M .  
Pearson ;  D .  S .  Ridley ; M.  Ulrich ; R .  S .  Weiser (By correspondence). 

Since the last Congress panel report in 1 9 63,  grea t strides have been made in 
the understanding of the i mmunopathology of leprosy . These advances, however, 
have been possible because of the great amount of patho logic  information 
avai lable from the work of  the past century which has given d irection to and 
formed a basis for the application of newer techn iques and hypotheses in 
immunopathology generally. 

Leprosy stil l remains c li nically and histologically the best characterized 
infectious disease which covers the range from a stage of effective immunity at 
one end to a state of profound immunologic deficiency towards the infectious 
agent a t  the other. 

Although advances in animal transmission of Myco. leprae have contributed 
significant ly to the understanding of pathogenic mechanisms in leprosy , recent  
progress in basic medicaI research has provided methods by which it  has become 
feasible to study in  detail the host parasite interaction in  the leprosy patient 
himself. This fact · makes it  increasingly important to establi sh and support 
l aboratories in leprosy-endemic areas where immunopathological studies may not 
be  undertaken on materiaIs from leprosy patients. Such studies may not 
contribu te to our understanding of d isease processes in leprosy and related 
d iseases but a lso give a lead to better care and contro l  of the disease. 

I .  CLASSIFI CATI O N  

The c1assification adopted by the S ixth  International Congress, Madrid , still 
seems operative , adequate and in conformity with new developments in 
understanding. Essentially, this c1assification recognized the two polar immuno
pathologic expressions of leprosy as " tuberculoid" and "Iepromatous" with an 
interlying spectrum of variable manifestations, termed "borderline" (dimorphous) 
in  place of the previously adopted "intermediate" and a category designated 
"indeterminate" of use particularly in early cases where the eventual c1assification 
characterization is not c1ear. This c1assification has been neatly summarized and 
correlated with its c linicaI, immunologic and morphologic expressions [ L epr. R ev. 
( 1 962) , 3 3 ,  1 1 9- 1 28; fn t. J. L epr. ( 1 966) , 34, 2 5 5 -27 3 ]  with the convenient code 
designations of TT, BT, B B ,  BL and LL added . 

It is recommended that this system of classification and notation be generally 
used , and for ease of communication that this system be utilized in publications .  



54 CO M M ITTE E REPORTS 

It is recognized that some workers and groups of workers feel that on occasion 
additional designative terms are necessary . It is suggested that when such are used , 
their relative position in the c lassification scale be stated and they be clearly 
defined either in terms of the ful l  scale of immunopathologic and microbiologi cal 
characterizations now used in c\assification ,  or,  if they be used for c linicai 
convenience , that this be stated . F or reference purposes it is recognized that both 
the " Lucio" and the "histoid" expressions of leprosy are unex plained variants at  
the lepromatous end of the c\assification sca le and it i s  d esirable that  these terms 
b e  retained and used appropriately. 

The term "Iazarine" leprosy has histori cal associations with both u lceration 
seen in " Lucio" leprosy and otherwise seen,  often in associa tion with debilitation. 
I t  is recommended that,  since the cause of ulceration in "Lucio" leprosy is 
recognized to be vascular thrombosis with dermal infarcation , that the designation 
" Lucio phenomenon" be retained for this manifestation and the term "Iazarine" 
be  reserved for complicating ulcerative manifestions , particularly as associated 
with debilitation .  

2 .  HI STOPATHO LOGY IN LEPROSY 

The use of the biopsy for the diagnosis and c\assification of leprosy is well  
established .  The significance of neural involvement in leprosy has long been 
recognized and is increasingly coming to the fore. I t  is urged that no 
histopathologic report on  skin biopsies relating to the possibil ity of leprosy be 
regarded as complete or acceptable unless mention is made of evaluation of nerve 
involvement. It is of importance that all biopsies include fu l l  thi ckness of the 
dermis to provide inclusion of adequate cutaneous nerve samples. 

3. MEASUREMENT I ND ICES IN LEP ROSY 

3. 1 .  Eacteriologic Index (EI). The BI  in use is of proven value . Variations in the 
standards employed in different  laboratories impair  its usefulness as a compara tive 
measurement . Nevert heless, its standardized use in the form of log scale 
increments is recommended . 

3. 2. Morphological Index. This index , expressed as t he percentage of solid form 
b acilli among the total counted, has come to be generally used as a measurement 
of the percentage of viab le organisms present ,  and therefore as a measure of 
therapeutic response. Variations in its performance and in staining related thereto 
in various laboratories prec\udes its usefulness as a precisely comparative measure. 
The statist ical confidence interval [ In t. J. Lepr. ( 1 9 7 1 ) , 39 85 7-8 62 ]  is 
considerab ly greater when 1 00 bacilli are counted than when 200 are the basis of  
enumeration . The difference appearing when 200 i s  less significant and it seem� 
reasonable to suggest , in b alance, that the counting of 200 bacilli gives a more 
valid percentage whereas the counting of 400 is próbably not worth the extra 
time and effort required. In patients in  relapse it is important to utilize one or 
more of the most active lesions. 

3. 3. Histopathologic Index (HI). A lso known as the B iopsy or, Numerical Index. 
Based on the examination of a n  acid-fast strained paraffin section cut at 5 J.Lm 
thickness, this assay utilizes the Bacterial I ndex system of bacterial concentration 
combined with an assessmen t  of the proportion of  the specimen occupied by 
bacilliferous lesion .  Under controlled conditions it is more accurate than the slit 
smear index and has proved its value in research. It  has not general ly found a 
place in the routine management of patients. 
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4 .  SIG N I FICANCE O F  V I SCER A L  LE SIONS 

The presence of baci l lemia in leprosy post ulated by the First I n ternational 
Leprosy Congress and subsequen tly demonstrated by a number of workers has 
recent ly been shown to be virtually con tinuous in  un trea ted lepromatous leprosy . 
The circulating bacilli have been shown to be, in part at least , viable. 

Sign ificant morphologic evidence of  leprous ' Iesions in visceral organs, most 
particu larly the Iiver, spleen,  adrenal glands, bone marrow and Iymph nodes has 
a lso been long avajJable .  More recen tly,  however, biopsy studies have rei terated 
and extended the recognition that the viscera l lesions essentially reflect the 
morphologic characteristics of  the immunopathologic skin lesion type including 
episodes of lepra reaction .  S uch studies have also demonstrated that viable Myco. 
lepra e are present in lepromatous leprosy in the Iiver and bone marrow , and it is 
therefore to be expected that they are present also in other areas of deposition . 
Though morpho logic evidence suggests that these lesions may be viable evid ence is 
not conc lusive and that the presence of viable baci l li in these organs, though it  
may be support ive of this conelusion, can also be interpreted as merely the presence 
of recent haematogenous baciJ lary deposition . 

Laryngeal lesions, at one time not infrequent and troub lesome enough to 
require tracheostomy , have virtually d isappeared under sulphone therapy . I n  
contrast , nasal lesions, though also responsive t o  sulphone therapy , have 
increasingly been noted as a probable source of discharge baci l li for the spread of 
leprosy. 

The nasal lesions in untreated lepromatous patients infiltrate carti lage and bone 
which form the framework of the nose , resulting in its collapse and deformity in 
some of them .  Infection by secondary organ isms may hasten this  process of 
destruction. Similarly in the small  bones of the hands and feet specific leprous 
osteomyelitis may be responsible for the bone erosion . But in this instan ce , more 
than often invasion by secondary organisms is responsible for loss of tissue, 
including bones. There are a lso the superimposed vascular alterations following 
nerve paralysis which create a complex pathogenic processo In addition , factors 
such as disuse atrophy, pressure atrophy etc . ,  comb ine to produce the severe 
deformity that may be seen in these patients. 

The involvement of the eye in  lepromatous patients is a serious complication .  
There i s  infiltration of  the iris, ciliary body,  selera and  episelera by macrophage 
leproma. During the reactive phase there may be infi ltration of the iris and cilary 
body by neutrophils with fibrinous exudate into the anterior chamber resulting in 
10ss of vision .  Anaesthesia of the comea and lagophathalmos due to paralysis of 
the 5 th and 7th cranial nerves respectively found in al i  forms of leprosy , may lead 
to. comeal u Jceration and u ltimate loss of the affected eye. 

5. PATHOLOG Y  O F  NERVE I NVO LVE M E NT IN LEPROSY 

Peripheral nerve involvement is a characteristic finding in ali forms of leprosy , 
a lthough the nature of the lesion varies depend ing on the type of this disease . I n  
lepromatous leprosy the predominant picture i s  the invasion o f  the nerve b y  a 
large number of organisms which are presen t  in perineural cells, Schwann cells and 
intraneural macrophages. There is also intraneural proliferation of al i  col lagen and 
oedema. Inflammatory response bacillary antigen both intra- and peri-neurally 
and the n erve parenchyma is replaced by tuberculoid granulo ma which in some 
instances may even caseate and form an abscesso Myco. leprae are demonstrable 
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with d ifficulty . In  borderline leprosy the appearan ces are very variable , depending 
on the exact type of  the disease. 

Further, the nerve involve ment is generalized in lepromatous and bord erline 
le prosy and localized to one or few nerves in tuberculoid cases. However, the 
route of  entry of organisms into the nerves is still a matter to be e lucidated . 

The onset of paralysis is slow and insid ious in lepromatous leprosy ,  taking 
several years, and may improve under effective chemotherapy . In tuberculoid 
leprosy , however, the onset is comparative ly rapid and usual ly irrevetsible. In 
borderline cases a lso the nerves are rapidly damaged and very severe and rapidly 
developing paralysis can occur in the presence of  reactions. 

The mechanism of destruction in the tuberculoid part of the spectrum is a 
delayed type hypersensitivity reaction to bacteria l antigen in the nerve paren
chyma. In  lepromatous leprosy , altho ugh the presence of a large nu mber of 
organisms ultimately causes much destruction, the exact pathogenic sequence of 
events is yet unclear. The reactions which may complicate ali  forms of leprosy 
commonly con tribute to further damage . 

Nerve damage is often permanent and disabling, and therefore of paramount 
practical importance in leprosy . Advances in the prevention and management of 
nerve damage are on ly possible as  a result of increased understanding of the 
various mechanisms involved .  Further research in this  field therefore deserves high 
priori ty . 

6. R EACfIONS I N  LEPROSY 

A "reaction" in leprosy is regarded as a hypersensitivity phenomenon and d oes 
not include pheno mena associated with the simple extensio n or regression of the 
in fection .  Biopsy studies are of value in elucidating whether or no t such a reaction 
is taking place and for determining its nature. On occasion biopsies are essential .  

Two types of reaction are we l J  recognized,  namely erythema nodosum 
leprosum ( EN L) in lepromatous leprosy , and reversal reactions in borderline 
leprosy . ENL is associated with the infiltration of neutrophils as in the Arthus 
reaction. Necrosis and u lceration may follow .  The presence of  immune complex 
deposits have been reported in ENL lesions, together with alterations of 
co mplement leveIs in serum.  Con firmation is awaited , but the precise nature of 
ENL remains to be fu11y e lucidated . Reversa l reactions are associated clinical1y 
and histologically with an increase of cel l-mediated immunity which can be 
demonstrated by Iymphocyte function tests. In  experimental animais reversa l  
reactions can be precipitated by the injection of syngeneic lympoid cells. 

A number of other reactions are liable to occur and lack of fund.amental 
knowledge precludes their c lassification . These include : 
(a) Reactions in tuberculoid leprosy which are presumably an expression of 
delayed hypersensitivity ; 
(b)  Reactions in borderline leprosy associated c linicalJy and histologically with a 
downgrading within the imm unological spectrum or with no change in immunity , 
though the results of lymphocyte function tests are variable ; 
(c) Reactions in lepromatous leprosy which vary in form from a simple localized 
neutrophi l infiltration or necrosis in a hyperactive nodule to severe ulcerating 
lesions associated with thrombosis and dermal infarction in the "Lucio phe
nomenon".  The relation of these lepromatous reactions to ENL remains to be 
determined.  

Further studies of lepra reactions are regarded as important .  I t  is recommended 
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that the most promlSlng approach i s  a cqntrolled longitudinal study with 
combined clinicaI, histological and immunological observations before , during and 
a f ter the period of reaction . A further possible means of advance lies in the study 
of the antigenic structure of Myco. leprae since the antigenic components 
involved in the reactions are not yet determined . Two polysaccharides designated 
beta and delta have been demonstrated and a pro tein antigen able to elicit delayed 
type hypersensitivity has been isolated. 

A most serious and possib ly fatal sequeI of severe leproma tous leprosy is the 
development of renal lesions,  including amyloidosis . It  is not yet c lear to what 
extent this is due to ENL or to other forms o f  reaction. I t  is urged that renal 
biopsies on se lected patients should be included in studies of reaction where 
facilities permit ; and that the kidneys of  patients who come to necropsy following 
reaction should be made avai lable for study. 

7 .  LEPRO M I N  

The following an tigenic preparations of Myco. leprae appear at present to be 
used in the study of delayed (skin) hypersensitivity to Myco. leprae [Buli. Wld 
Hlth Org. ( 1 973) ,  in press ] : 
(a) Suspension o f  who le autoc1aved homogenized leproma ("integral" lepromin) .  
(b)  More purified baciI 1ary suspensions ("baciI1ary" lepromin).  
(c) No n-coagu lated soluble bacillary proteins ("Ieprolins"). 
(d) Defatted and disrupted bacillary suspension (" Dharmendra antigen") .  

While lepromin containing whole bacilli elicits both an early (Fernandez) 
reaction (48-72 h) and a late ( Mitsuda) reaction (3-4 weeks) "Ieprolins" and 
Dharmendra antigen elicit mainly an early reaction and none or a weak late 
reaction. 

The early reaction indicates exist ing hypersensitivity to the injected antigens. 
The late reaction , on the other hand , a l lows sufficient time for the test subject to 
beco me sensitized by the injected antigens.  Thus, t he late  reaction may not  only 
measure existing delayed type hypersensitivity ,  but perhaps a lso provide 
information about the test subject 's capacity to initiate andjor amplify the 
response to the injected antigens . The high incidence of late lepromin positive 
individuais in leprosy non-endernic areas is in agreeme nt with this view. The late 
reaction , therefore ,  does not indicate whether a subject has previously been 
exposed to Myco. leprae or not . I ts primary importance appears at present to be 
l imited to the deterrnination of prognosis in leprosy patients .  Further information 
about the lepromin reaction may be found in a recent WHO Report [ Buli Wld 
Hlth Org. ( 1 973), in press ] . 

I t  is recommended that in publications relating to their use, the type of antigen 
used and the nature of the reaction measured shou ld be c1early specified . 

lt is urged that, if current reports of massive Myco. leprae proliferation in the 
armadillo continue to show validity,  efforts be made to develop and utilize this 
source of bacilli for the preparation of standardized lepromin and leprolin that 
could be made universally available. 

8 .  THE USE OF BCG IN THE I M M UNOPRO PHYLAXIS O F  LEPROSY 

In the absence of additional information , this panel echoes the recommenda
tion of the W HO Expert Committee on Le prosy [ Fourth Report, WHO Tech. 
R ep. Series No. 549, ( 1 970) ]  to the effect  that it is premature to recommend the 
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general  use of BCG vaccination and that final reqommendation be postponed until 
the results of the contro lled studies il1 progress achieve definitive evaluation.  

9 .  I MM U N E  R ESPO N S I V E N ESS IN LEPRO S Y  

The concept of a host-determined immunologic spectrum in leprosy has 
received stead ily increasing clinicaI and pathologic support during the last decades 
to the point where leprosy today stands forth as a unique immunopathologic 
disease mode! .  The immunologic support for this  concept was initially based on 
delayed hypersensitivity skin testings. More recently a considerable number of  
other immunological methods recently applied in  studies on  humoral and  cellular 
immune responsiveness in leprosy include : 

9. J .  Humoral immune responsiveness 
(a ) Quanti tative examination of serum immunoglobulin leve is. 
(b) Se mi-quantitative determination of antibody product ion to TAB (typhoid
paraty phoid A and B) after active vaccination . 
(c) Presence of anti-mycobacterial an tibodies in serum by f1uorescent antibody 
and gel precipitation techniques. 
(d) Detection of an tibody-coated bone marrow derived Iymphocytes (B-cel ls) by 
immune f1uorescence. 

9. 2. Cell-mediated immunity 
(a) Delayed skin sensitivity to microbial antigens such as PDD and "art ificial" 
antigens such as d ini trochorobenzene and picry l  chloride .  
(b)  Detection of sheep red ce l l  rosette forming Iymphocytes (T-cel ls) . 
(c) B lastoid tran sformation of peripheral blood Iymphocytes. This may be 
measured by morphologic examination of stained Iymphocytes or more quanti ta
tively by uptake of rad ioactive thymidine in such cells. 

Substances used to stimulate lymphocytes may be divided in to three 
categories :  

I .  Non-specific mitogens such as phytohaemagglutinin.  
11 .  Antigens not related to Myco. leprae. 

m. Antigenic preparations derived from Myco. leprae. 

(d) Production and release of molecular mediators ( Iymphokines) from sensitized 
Iymphocytes. These may be monitored by various techniques, including migration 
inhibit ion of autologous, homologous or heterologous phagocytes. 

I t  should be noted that the last two groups of tests cannot a priori be judged as 
measurement of cell-mediated immune responsiveness as humoral immune 
responses can influence the resu lts of these tests. 

While the findings suggest that humoral immune responses are unimpaired in 
leprosy patients, there is increasing evidence of a depression of cel l-mediated 
immunity in certain categories of such patients. The degree of depression appears 
to increase continuously from the TT to the LL end of the spectru m .  Circulating 
antibody to mycobacterial antigens, on the other hand,  increases towards the 
lepromatous end of the spectrum. In addition to this immunological imbalance in 
lepromatous leprosy which is specific to Myco. leprae. a non-specific depression 
of  cel l-mediated immunity has been reported in various studies. In contrast to the 
specific depression which does not recover as a result of anti-Ieprosy chemo
therapy , the non-specific depression may beco me reduced by treatment .  
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1 0 .  M AC RO PHAG E F UNCTl O N  I N  LEPROSY 

Most t issue macrophages a re derived fro m blood monocy tes. In the ti ssues, 
macrophages can adopt a wide variety of morphological forms. The resulting 
pleomorphism is well exemplified in leprosy where macrophages may appea r as 
epi thelioid , mult inucleate,  hi stiocytic or foamy cells. This differentiation and this 
influx into tissues appears to take place as a result of various stimu li , inc \ud ing 
prod ucts of activated Iymphocytes. 

So me laboratories have reported a lack in the capacity of lepromatous 
macrophages to Iyse autoclaved Myco. lepra e while other groups of workers have 
been unable to substantiate this finding. 

Whether the deficiency of macrophages in lepromatous leprosy to dispose of 
the leprosy bacillus and its lipid degenera t ive products is a defect in the 
macrophage pop ulation per se or due to lack of stimuli from other cells, is not yet 
c lear. 

It would ap pear that the even tual so lution to the problem will involve the 
concepts and techniques of both immunopathology and cell enzymo logy .  

Committee 5 :  Advances i n  Epidemiology 

Membe r.; :  M. F .  Lechat (Chairman) ; P. B. Arcuri ; J. A. Cap ; Z. Castellazi ;  R. A . 
Feld man ; R. S. Guint o ;  T. W .  Meade ;  S. K .  Noordeen (Unable to attend) ; 1 .  Walter . 

I .  I NT RO D U CT I O N  

The Committee feels that  there have been few major advances in · the 
epidemiology of leprosy in the past five years .  This report therefore deals mainly 
wi th suggestions for future work, after a brief initial review of recen t 
developments.  

2 .  A DVANCES I N  PAST 5 YEARS 

2. 1 .  A nalysis of data. There has been much work in many areas of the world on 
the statistical analysis of data  on diagnosed cases of leprosy . However, much basic 
information is stil l wanting (especial ly in the absence of the abitity to idemtify 
persons infected with Myco. leprae),  on t he· characteristics of individuaIs,  
households and communities that are associated with the transmission of  leprosy . 

2. 2. Con trai 
( i)  A number of stud ies have been indicated that the treatment of lepromatous 
and borderline cases has significantly reduced the subsequent incidence of  leprosy 
in household contacts, especial ly child ren .  
( i i )  Some evidence from active control programmes suggests reductions in 
prevalence which might be expected eventually to in fluence incidence rates. 
However, long periods of intensiv� chemotherapeutic control and carefu l  
evaluation wil l  b e  needed before i t  can be generally accepted and agreed that 
widespread fal ls in incidence have been achieved . 
(i i i) The need to clari fy what is meant epidemiological1y by "control" has 
beco me increasingly c\ear. The term does not include the treatment of cases 
presenting sporadically to c linics,  etc. "Control" includes attempts to reduce 
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prevalence by the systematic treatment of existing cases in the programme area , 
and,  finalIy , to reduce incidence. The interactions of epidemio logy and con trol 
need to be contin ualIy reviewed .  

2. 3. New labora tory techniq ues with epidemiological implica tions. Recent 
developments in other d isc iplines (e .g .  immunology ,  bacteriology ) may well offer 
epidemiologists the prospects of being able to detect  infection by Myco. leprae. as 
well as clinicaI manifestations of leprosy , and of studying host-parasi te relation
ships more effectively than hitherto. At  present ,  however, these possibi l i ties have 
not  been ful ly tested and validated in the field , and it is hoped that steps to do so 
wil I  soon be taken. 

3 .  FUTU R E  WO R K :  SUGG ESTIONS 

3. 1 .  Population-based studies 
(i) Prevalence studies , characteristic of the bulk of current epidemiological 
studies in  leprosy , should , in certa in instances, be extended to, or re-plan ned as , 
prospective incidence studies, with the necessary fol low-up investigations . S ince it 
is not possible to detect infection epidemiologically , such studies wil l  have to be 
based on newly arising cl inicaI cases. 
(ii) The main objective of  work of the sort proposed is the identification of ri sk 
factors whose modification or use may contribute to the con trol of the d isease. 
( i ii) The factors studied should cover al i  the attributes Iikely to be relevant to the 
onset of leprosy in  the groups under study, i . e .  probably need to include a wider 
range of constitutional and environmental variables, includi ng information on 
intercurrent d iseases, than has generally been the case so far. Because the 
incidence of  leprosy is low , projects of this sort require very large num bers and 
long fol Iow-up periods , which need to be related to the endemicity of leprosy in 
the 

'
study areas . 

(iv) Strict attention must be paid to the development and use of standard ized 
criteria and procedures so that the results of different studies may useful ly be 
compared . 
(v) Clear d istinctions must be drawn between case-finding ( the detection of  
established as we l I  as new cases) and  incidence, in order to avoid possib le 
confusion (especialIy in the early stages of a prospective study) as to whether 
incidence is really changing or not. 
(vi) In addition to observational studies, opportunities afforded by on-going field 
surveys for epidemiometric model building ando computer simulations of onset 
and natural history should be taken . 
(vii)  Population-based studies of the sort suggested are likely to pay dividends in 
other ways, by provid ing sampling frames for the collection of biological materia l ,  
the conduct of clinicaI tria ls, and for a range of other purposes. 
(viii) F ield research programme should take full  account of the medicaI 
requirements of alI diagnosed leprosy patients.  
( ix) The need for large study populations presents prob lems, especially in 
countries where skilled and semi-skil led manpower and other resources are 
I imited . However, the experience and achievements of groups who have attempted 
large scale studies make it  c1ear that these can be carried out .  In addit ion,  
individual investigators or smalI  teams who can carry out wel l-planned epidemio
logical studies of particular problems , especial ly where ex ceptiona l conditions or 
opportunities exist , should be encouraged.  
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4. I NTERNATIONAL CO-O R D I N AT I O N :  VO LUNTARY AG ENCI E S  

The role that  intern a t ional  bod ies such as the  World Health Orga nization and 
voluntary agencies can p lay in contribut ing to the general co-ordination and 
comparability of large-sca le, long-d uration stud ies and of smal ler und ertakings 
requires special emphasis . 

Co mmittee 6 :  Therapy 

Members : J .  LanguilIon (Chairman of meetillg) ; K. R amanujan (Chairman by 
correspondence) ; J. Barba-R ubio ; J. C. Gatti ; N. Torsuev (By correspondence) ; A .  
B .  A .  Karat (By correspondence) ; J .  R .  Trautman . 

" It has been said t hat it is now a practical proposition to control leprosy in this 
generation and eradicate it during the ne xt .  Al i  that has to be done is to ensure that 
an adequate number of the correct pills pass down the throat of patients for a 
significant length of time" (Walker,  1 97 3 ) .  

I .  T R EATMENT O F  UN CO MPLlCA TED LEPROSY 

1 . 1 . Diamino-diphenyl-sulphone (DDS). The parent su lphone, DDS,  
continues to hold sway as the drug choice in the management of uncompl i
cated leprosy ; its low ' cost and infrequency of the emergence of su lphone 
resistant cases, when given in conventional doses, are its special features. I ts 
slow bacteriostatic action and the consequent necessity to administer it over 
long periods of time and its inability to quickly c1ear the body of bacilli are 
some of its inherent drawbacks. 

Under DDS therapy , even after the complete disintegration of bacilli in the 
skin , intact bacilli have been reported to be still present in smooth musc1e 
and superficia lly located striated muscle ( Leiker, 1 9 7 1 ) , liver, bone-marrow 
and Iymph nodes. This may perhaps explain why relapses tend to occur even 
whi le the patient continues on the drug. 

Unanimity has not beep reached with regard to the optimum effective 
dose of DDS,  frequency of administration of the drug, its relationship to the 
occurrence of reactive states and continuation of treatment after attainme.nt  
of the inactive state, but the Committee recommends treatment of  lepro
matous cases for ! ife .  

1 . 2. Olher drugs. Less effective bacteriostatic agents such as  thiambutosine, 
streptomycine and thiosemicarbazone are used less frequent1y in the treat
ment of leprosy . 

Long-acting sulphonamides have the advantage of week ly administration by 
the mouth. Some leprologists c1aim to have obtained good results with these 
drugs particular1y in tuberculoid forms of the d isease and its complicating 
neuritis. However ,  since serious and even fatal complications have followed 
t he use of these drugs in the treatment of other diseases, the drugs should 
be used with caution in mass leprosy campaigns . 

1 . 3. Gofazimine. A notable advance in the therapy of leprosy was the 
demonstration of the activity of clofazimine against Myco. leprae. The drug 
has bacteriostatic as wel l  as anti-inflammatory properties. 

The initial reports of Browne bearing out the anti-inflammatory properties 
of c10fazimine ( Browne,  1 96 5 )  were followed by the d emonstration of the 
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an ti-mycobacte rial activity by Pet t i t ,  Rees and Ridley ( 1 967)  in the hu man 
and Shepard ( 1 969) in the mo use footpad . The extensive clinicaI experi
mentaI studies of Ross and his colleagues established the efficacy of clofazi
mine in sulphone-resistant cases . Clofazimine has established its value in the 
treatment of lepro matous leprosy but its high cost and the easy availability 
of the safe effective and cheap DDS militate ag�inst its use in the trea tment 
of unco mplicated lepromatous leprosy. 

1 . 4. Diacetyl-diamino-diphenyl-sulfone (DA DDS). An initial short-term trial 
with this drug in the Philippines (Shepard ,  Tolentio and McRae, 1 968)  and a 
subsequent longi tudinal clinicai trial in New Guinea (Russel et aI. . 1 9 7 1 )  and 
Micronesia (Sloan et ai. . 1 97 1 )  have yielded sa tisfactory results. Although the 
initial reports are encouraging about the therapy on schedule in under
developed areas, the possibl ity of the emergence of sulphone resis tance, 
occurrence of relapses and the possible danger that this preparation may 
perpetua te a reactive state in cases in which the drug has triggered such a 
state have to be borne in mind. 

1 . 5. Rifampicin. The newest entrant into the therapy of leprosy is a very 
potent an tibiotic . Rees and his colleagues, after establishing its efficacy in 
mouse footpad infection with Myco. leprae. used the drug in active and 
sulphone-resistant lepromatous cases (Rees, Pearson and Wa ters ,  1 970)  and 
found i t  effective , It is expected that the rapid kil l ing of  Myco. leprae would 
prevent the slow release of intracel lular antigens of Myco. leprae and thus 
e liminate or marked ly reduce the incidence of complications of immuno
complex deposition such as ENL.  Al though no toxic effects have been 
reported by these workers, there have been con flicting reports about its 
hepato-toxici ty and the occurrence of  thrombocytopenia (Proust,  1 97 1 ) . In 
view of its high cost and Iimited availablity , it  would be wise to restrict its 
use to selected cases. 

2. COMBINED T HERAPY 

Concurrent administration of drugs such as thiambutosine,  long-acting sulphon
amide ,  thiosemicarbazone,  clofazimine and rifampicin along with D D S  have been 
tried in the treatment of leprosy with a yiew to obtaining a synergistic effect and 
also to prevent the development  of sulphone resistance. The results of  the trials 
are not uniform-some found the combined treatment better than DDS alone , 
while others did not notice any substantial d i fference. 

3 .  TREATMENT O F  COMPLICATIONS A SSOCIATED WITH LEPRO SY 

3. 1 .  Reactions in leprosy. With the advent of sulphone therapy , the incidence 
of  the reactive states has been on the increase with the manifestations becoming 
more severe and serious. 

The first major breakthrough . in  the management of  reactive states in 
lepromatous leprosy was the introduction of corticosteroids (Roche et aI. . 1 9 5 1 ) . 
Although this d rug dramatical1y relieves the agony of  severe reactions, the 
aUendant undesirable side effects and drug dependence pose serious therapeutic 
problems. 

The indication for the use of  cort icosteroids in the management of the 
d istressing complications associated with leprosy has declined w ith the in tro
duction of thalidomide (Sheskin , 1 9 6 5 ) . The effectiveness of thalidomide in  
controlling the acute exacerbations in lepromatous leprosy has been confirmed . 
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I n  Dimorphous and RTL reactions, it is reported to be much less effective. The 
major drawback of this drug is its teratogenic effect when administered to 
pregnant women. 

. 

W hile the concensus of opinion amongst workers is that the drug prod uces a 
spectacu lar effect in acute lepra reaction,  there is no unanimity regarding the 
effect of the d rug in neuritis, ocular and joint manifestations. In many instances 
these complications respond more readily to corticosteroid therapy possibly 
because of its more generalized anti-inflammato ry effect . 

I n  recurrent lepra reaction , a maintenance dose of 5 0  to 1 00 mg/day of the 
drug is reported to keep the reaction under control. Further experience with the 
drug has shown that under its protective cover, steroid-dependent cases can be 
weaned from steroids and sulfone-sensit ive cases continued on treatment with 
DDS. 

With Brow ne's report of a possib le anti-in flammatory action of c10 fazimine in 
lepromatous leprosy , a new hope opened up for lepromatous patients who were 
subjects of recurrent necrotising reaction. The con trolled clinicai trials of Karat et 
ai. ( 1 970) confrrmed the beneficia I effects of the drug in lepra reaction . Similar 
reports have also appeared from Hastings, Warren and Trautmman and many 
others .  However, the beneficiaI effect of clofazimine takes as long as 8- 1 2  weeks 
and some times high dosages, to beco me manifest , and hence in severe cases with 
necrotizing lesions it  wil l  be necessary to combine clofazimine with corticoster
oids or thalidomide until  the acute phase is contro l led . The significant 
i mprovements in the general health of these severely il I  patients have been well 
documented . 

While it is not effective in quickly controlling the acute reactive states, 
clofazimine has been observed to suppress not only the recurrent reactive 
episodes, but also permits withdrawal of steriod in steroid-dependant cases. Also 
it  increases a tolerance to DDS in sulphone-sensitive cases while simul taneously 
exerting a beni ficial effect  on the d isease processo Long-term studies are necessary 
to determine whether once the reactive states are control led and the patient is 
able to take DDS in adequate doses, c10fazimine can be withdrawn.  I t  is a matter 
for serious consideration whether this d rug could be safely used in cases of 
recurrent severe lepra reaction with overt renal involvement .  

4. S ULPHO NE RESI STANCE 

The occurrence of drug resistance, one of the anticipated outcomes of 
chemotherapy , has now been established in lepromatous cases (Pett i t ,  Rees and 
Ridley, 1 9 66) on DDS therapy . Inadequate dosage and irregular treatment appear 
to be contributing factors. This condition poses serious therapeutic problems. 
Clofazimine and rifampicin either alone or in combination with DDS (or other 
drugs such as thiambutosine and ethionamide) have been found to be effective in 
the management of these cases. However, emphasis should be laid on the 
prevention cf this clinicaI state by adequate DDS t herapy . 

5 .  CHEMOPROPHYLAXIS IN LEPROSY 

Chemoprophylaxis using DDS orally (WHO , 1 9 70)  and DADDS (Walker, 1 973)  
has been found to yield satisfactory results. The  value of  chemoprophylaxis in the 
prevention of the developmeht of lepromatous leprosy, its d uration,  the optimum 
dose and the frequency of adminstration are ye t to be determined.  
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Committee 7 :  Leprosy Control 

Members : L. M .  Bechelli (Chairman) ; M .  L. B rubaker;  C .  Estrada Silos ; P .  Kapoor ; 
M. R. Labusquiere ; E. Rasi ; H. Sansarricq ; C .  M .  1 .  Vellut . 

Despite substantial and sometimes even striking gains in many fields of 
leprology ,  progress in leprosy control has not kept pace-mainly because of the 
present unavai labi lity of an ideal drug or specific  vaccine. Control continues to 
focus on the patient or those more prone to develop leprosy . The populat ion at 
higher risk is known , but the means to protect it  are not yet available or stilI 
under study,  and active drugs are badly needed to make a greater impact on the 
load of infectiousness. HopefulIy ,  the preparation of a specific vaccine and/or the 
obtaining of favourable results in chemoprophylaxis can make primary prevention 
possible. The prevalence and duration of leprosy, p lus i ts  uni que characteristics 
and socio-economic implications, calI for special priority in public health 
programmes and in research. 

Because there was no major breakthrough necessitating special changes in the 
guidelines and methodology of  leprosy control ,  the relevant reports prepared by 
the Committe of  Leprosy Control (Rio,  1 9 63) and by the WHO Expert 
Committee on Leprosy ( 1 966 and 1 970) are generalIy valid today . Therefore our 
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attention will  be focused only on certain aspects of control which need more 
emphasis or represent an addi tion to the previous guidelines .  

T here are definite indications that  where a n  effective case-detection and 
case-ho lding programme has been developed the total number of patients and the 
annual  detection of new cases has been red uced . I t  also appears that w i th such 
programmes larger proportions of early , non-deformed patients are detected who 
can be easily treated ,  he lping ultimately in red ucing the quantum of  infection in 
the community.  There is, however, a good number of new cases in spite of 
efficient work.  This requires epidemiological investigation and also the need to 
find ways and means to improve present methodology . 

1 .  M EDlCAL M E A S U R ES 

1 . 1 .  Glse-flnding. To control leprosy it is essen tial to d iagnose the early cases 
prone to develop lepromatous leprosy and the early leproma tous cases ; this 
req uires good training and experience of the relevant staff. For such d iagnosis 
bacteriological examination should be done on ali patients .  

I n  the surve il lance of contacts, the criteria recommended by WHO Ex pert 
Committee ( 1 966) should be adopted. School surveys are useful in highly 
endemic areas. 

Mass survey is an important  method for case de tection . In non-hyperendemic 
areas it has l imited value. In such areas the most effective and practical 
case-finding method is contact tracing, not only limited to household contacts. 

The above methods of case detection should be supported by health ed ucation 
and where possible, by multi pIe purpose surveys. 

Where mass surveys are undertaken , they should be multipurpose , as performed 
in several countries, and advantage should a lso be taken for hea lth ed ucation in 
leprosy and other diseases. In this way , such surveys would be relatively less 
expensive and yield better resu lts and public acceptance.  

1 . 2. Out-patient  care. I rregularity of treatment continues to be one of the most 
important drawbacks in control, in spite of the efforts to prevent it. The cause of 
absenteeism should be investigated by socia l and behavioural scient ists. 

Efforts should be made to take ttie treatment to the patients, near t heir homes, 
even ' i f  this must be done once a month. Advantage should be taken during the 
visit for health education and contact examination and other activities including 
prevention of disabilities of comprehensive med icaI care. 

1 . 3. /n-patien t care. Facilities for temporary hospitaljzation for acute il lness 
must be provided . However, insti tutional iso lation of infectious cases, even 
temporary , is no longer recommended. 

1 . 4. Medicai rehabilitation. Prevention and treatment of  disabi lities by simple 
physiotherapeutic methods merits greater atten tion and should be part of the out
and in-patient care. Reconstructive surgery should be undertaken in general 
rehabilitation cen tres, surgical and orthopaedic services, including university 
hospitaIs. 

1 . 5. R eiease fram con trai. This should be a continuing activity to avoid 
inflation of the prevalence and of  keeping patients under control for a longer t ime 
than needed , thus increasing the work load and ex penses. 

1 . 6. Protection of the healthy popuialion with speciai reference lo con tacts and 
children. The Co mmittee noted with great interest the findings so far reported by 
the groups investigating the preventive effect of BCG in Uganda,  Karamui and 
Burma. Similar interest was shown in the chemoprophylaxis trials . 
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In view of the findings so far avai lable from t hese tria ls ,  the Committee 
considers it  premature  at th is stage to recommend BCG vaccination or 
chemoprophylax is  as a regu lar part of  the leprosy control  measures. Further 
research is sti l l  needed in these important  subjects .  

2 .  H E A LTH E D UCATION 

Although it is most important to remove fear and irrat iona l behaviour about 
leprosy , it sti l l  seems t hat health ed ucation is too often a neglected subject in 
most coun tries. The at t i tude of the medicaI and health workers is often the first 
stumbling block. Hea lth education is a most important aspect of leprosy contro l  
and  should be given high priority.  

With regard to terminology a nd appro�ch, al i  aspects of culture and language 
cal! for attention . To be effective and create a positive feel ing for action ,  heaIth 
education must be  in a Janguage people understand . 

The cause of prejudice should be investigated to develop a bet ter methodology 
for overcoming it .  

3 .  TRAI Nl NG 

In spite of ali the e mphasis given to this crucial measure , in a number of 
countries leprosy training for medicaI officers is neglected . In it ial  training and 
refresher courses and in-train ing should be conducted regu larly for the various 
ty pes of workers. Refresher courses should be repeated at regular intervals. 
Seminars and sy mposia should be frequent ly organ ized for ali leve Is of  workers .  

Training in leprosy for undergraduate and postgrad uate students is not 
receiving adequate at tention , for which the leprosy campaign suffers . The 
efficiency of  the teaching and learning processes should be evaluated . 

4. A DM I N I STRATI VE MEASURES 

4. 1 .  Planning. Many projects have not yet  established quantitatively deflned 
objectives for the different activities. Each project should have realistic objectives, 
feasible w ith available resources,  and defined in terms of  quanti ty ,  areas and time. 
When defining objectives in quanti tative terms , specia l at ten tion should be given 
to the fol!owing priorit ies : treatment and folIow-up of infectious and indeter
minate patients and survei llance of con tacts of the infectious patients. 

Control measures ,  specialized or integrated , should aim at  reaching a 
country-wide coverage within the shortest possible t ime .  

4. 2. Quan tification of the problem. Data collection. The data available o n  the 
prevaJence in many countries do not represent the real situation , because the 
case-finding has not reached the desired leveI and sometimes because the number 
of patients released from control is smal l ,  thus inflating the rates . More realistic 
figures and baseline information are required for p lanning and evaluating 
programmes. 

A uniform definition of terms is a basic requisite in  a system of leprosy 
statistics : the info rmation colIected should allow comparisons between the 
various areas of the country and a lso between different countries and cont inents.  

4. 3. lntegra tion. The principIe of integration of leprosy control activities into 
the general health services is widely accepted ,  as are the difficulties recognized in 
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achieving it .  One of the  questions i s  how to prepare the polyvalent personnel both 
at medicai and paramedical level .  

Complete in tegration may not  be feasib le at the present t ime in  many 
countries, however desirable it might be. If integration is attempted too soon.  the 
leprosy work will be the first to suffer most. 

" Full integration will be attained only as a result o f  a' long draw n-out process and for this 
reason countries should be encouraged to  take the first step as early as practicable . . . " 
(WHO Expert Committ ee on Leprosy , 1 970) ,  

after appropriate training and motivation of al i  the sta ff concerned . I t  should be 
started and studied in a pi lot  test  area.  Where feasible, leprosy contro l  
programmes should b e  combined with other con trol  programmes. 

4. 4. Evaluation. Constant evaluation should be carried out in al i  projects,  
especia lly where control work has been undertaken for 1 0  years or more ,  or in  
areas that appear to have achieved a red uction in incidence and prevalence. 

Detection of  a large number of early cases the success of the programme, but 
does not necessari ly mean that leprosy is increasing. De tection of such benign 
cases and subsequent early release from con trol reduces the prevalence rate, 
apparently indicating that leprosy is being con tro lled . However, this does not 
mean that the source of infection has been removed from the community and 
further contro l  measures must be continued. 

4. 5. Supervisiono I n  most countries, adequate supervision by medicai officers 
and senior auxiliary staff is lacking or is unsatisfactory . I t  is essential that such 
supervision be provided and ex ercised for ali activities connected with leprosy 
control. 

5 .  O P E RATIONA L R E SEA RCH 

The Committee notes with interest the efforts to develop techniq ues which can 
be useful  in the detection of the high risk groups. Subjects relevant to immediate 
and/or long-term public health action should preferably be chosen and should 
include test runs of optimum solution given by the epidemiometric mo deI .  Efforts 
should continue to develop an epidemiological model to provide forecasts of  the 
impact of  the programmes on the natural course of leprosy and its control .  

Studies should also be undertaken regard ing the methodology to be applied in 
urban leprosy control. 

Studies on reactivation and relapses are needed to determine the criteria and 
length of treatment required for releasing patients from control .  

6. RESULT S  T H A T  M IG HT B E  EXPECTED F RO M  THE PRESENT CO NTRO L 
METHO D S  

Where the  methodology is currently and persistently applied and where there is 
co-operation of al i  concerned and where there has been motivation of the 
population , it can be expected that there wil l  be an increase of early benign cases, 
a decrease in t he number of disabilities, a slow and progressive decrease of  
infectious cases and finally a gradual fal i  in the detection rate. The whole thing is 
such a long process that it requires a long time to achieve the end result . This 
prospect can only be improved by intensifying research. 



68 CO M M I TTE E R E PO RTS 

Committee 8 :  Rehabil itation 

Members :  o .  W .  Hasselbla d  (Chairman) ; 1 .  J .  Arvelo ; P .  w.  Brand ; M. I .  B ly ; A.  E .  
Ca rayon ; T .  N .  Jagadisan ; S .  Karat ; R .  o .  Man zi ; J .  M .  Me hta ; w. F .  R oss ; A .  Sa m y ;  
K .  Saikawa ; N .  Hasselblad (Secretary). 

I .  I NT RO D U CT I O N  

We must begin by pointing out an anomaly in  the use of the term 
" Re habilitation" in relation to leprosy treatment.  By trad ition ali those aspects of 
patient care which relate to the preven tion of physical disability have been 
grouped under " Rehabilitation" along with corrective surgery and other defin itive 
rehabi litation techniques, managed by a surgeon and his staff, w hile the trea tment 
of the disease itse lf  has been managed by specialists in leprosy con trol . T he result 
has often been that when a rehabilitation team is not avai lable, the physician in 
charge of the control praject has fe lt that techniq ues related to the management 
of disa bi lities are not considered to be his responsibility. Thus patients are 
deprived of aspects of primary patien t care which might have saved them fra m 
progressive crippling deformity and socia l ,  economic, psychological  and voca
tional disabi lity . 

We wish to emphasise that the special  techniques that have been developed to 
prevent physica l  disability are absolutely basic to t he medicaI  care of every 
patient who has suffered peripheral nerve damage, whet her or not a defin itive 
Rehabilitat ion Tea m is avai lable .  Appropriate techniques can be carried out 
without expensive equip men t or specialized personnel .  The essentials are extra 
time spent by the auxiliaries on each patient and additional ex pendi ture on such 
devices as protective and therapeutic footwear. 

The extra cost is compensated for by the improved cost-effectiveness that 
resuIts  from better attendance of the patients who will  recognize that trophic 
uIcers are healed and that felt needs met,  beyond which personal experience and 
that of  their neighbours teaches it could not be accomplished by medication 
a lone. 

Converse ly , the ultimate cost of  caring for the totally disabled patient whose 
d isability has not been prevented, is many times more than the very small amount 
saved by withhold ing the care which should have pre ven ted the disabilities. That 
the public and govern ments are deeply conscious of the burden of this cost of 
ca ring for the totally disab led is demonstrated by the large sums of money 
collected and provided for their care whether in or out of institut ions as 
compared to the amount budgeted for the control of the disease. 

Moreover the con tinuing accumulation of newly disabled patients fram among 
the ranks of patients treated in mass campaigns is regard ed by new patients as 
evidence of fai lure of  control programmes. Failing to care for t he patient as an 
individual becomes a valid reason for discon tinuing treat ment .  

To  ensure that staff, responsible for control o f  leprosy, assumes fu ll  
responsiblity for techniques of disabil ity prevention , it · is essential that new 
dialogue be instituted between physicians in charge of con trol programmes and 
those specialists in rehabilitation who have been mainly concerned with the 
problems o f  disability . I t  is not su fficient to state that the responsibi lity must be 
transferred ; there is a great deal of ex perience that needs to be commu nicated and 
every opportunity for such communication must be taken advantage o f. 

The total care of  leprasy p ltients may thus be consid ered under these headings : 
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1 . 1 .  Primary patien t care. The large majority of  patients need no other care 
than  this,  and prevention of disability should be carried out by ali staff of  the 
leprosy control programme . 

1 . 2. Rehabitita tion. Patients with substa ntial estab lished disability req uire a 
planned programme to restore maximum abi lity to function as sel f-respecting and 
respected persons. Frequent ly vocat ional training and counselling is req uired to 
discover means of  sel f-support consistent  with their residual abili ties. Many of 
these activit ies require specialized trained personnel .  

1 . 3. Social welfare. Given relatively l imited resources, it  is not  feasible to 
attempt rehabilitation of a l i  d isab led patients. For the total ly disab led it must be  
accepted that permanent provision for their care be made ,  consistent wi th  human 
d ignity and decency . In principIe the creation of segregated facilities for whatever 
reasons, for patients whose disabilities arise from a particular disease such as 
leprosy , must be deprecated. Such facilities may have served a useful function in 
the past but their continued existence perpetuates a public image that leprosy is a 
disease apart and its victims are to be excluded from the !ife of the comm unity . [ n  
addition , the intluence o f  a n y  type of  categorical segregation facility o n  the 
patients themselves is a lmost a lways dehumanising and unjust .  

1 . 4. Comprehensive community health planning. The management of leprosy is 
severely handicapped by community socia l attitudes. The methodology of 
manage ment has tended to p lace the patient  at risk in  regard to his se lf  image and 
that  of  his community which should be supportive of his welfare. I nformed 
studies reveal that the majority of patients prefer the risk of d isability to 
segregation and al ienation from home , community and whatever margin of 
economic security he has been able to mruntain .  The patien t is always a person in 
relationship. New forms of health care delivery systems need to be examined 
which will include the treatment of  leprosy among other priority hea1th needs of 
the comm unity and not as a separately vertically structured programme . 

2 .  PR I MA RY M ED ICA L C A R E  

Primary medicaI care , so  far as prevention of disability i s  concerned , begins 
with the attempts to  prevent damage to the peripheral nerves. This depends,  in  
the  first p lace, on health education directed toward the patient to make rum 
constant1y aware of early danger signs and that he be prepared to report such 
signs to the auxiliary worker, even in the absense of neurit ic pain .  From the t ime 
of diagnosis the patient must learn to actively participate in rus own treatment 
and preve ntion of disabi !i ty.  Equally important is  the a lertness of the medicaI 
auxiliary to understa nd early danger signs and to act prompt ly as they appear. 
The treatment may then consist of  the use of anti-intlammatory drugs, splintage of 
affected parts, and in  selected cases , decompression of swollen nerves or 
constri cted b lood vessels by surgical intervention . This sequence of moni toring 
events and timely intervention is t he ult imate responsiblity of  the supervising 
physician who a lone can insure an inter-relationship of confidence between 
patient  and auxi!iary worker. 

Primary medicaI care includes the prevention of  progressive disabilities. Thus it 
is important that the physicia n aims to cater for ali complications which may lead 
to d isability ,  to give immediate and effective care using the most feasible methods 
that will  enable the patie nt to return to normal activity as quickly as possible. 

It is important to recognize that effective treatment for 90% of the 
complications related to eyes , anesthesia and paralysis, is simple,  inexpensive, and 
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can be administered by specifically trained auxi liary medicai workers in periphera l  
c l in ics or at home .  These methods have been tested and  found successful  in 
domiciliary based leprosy control programmes. T he auxiliary medicai worker can 
be trai ned and motivated to offer such services adeq uately and effect ively under 
the su pervision of  a physician who himself has had adequate training and who 
cares. I n  practical terms this  approach means : 

( I )  Health education d irected towards securing the patient's ful l  participation 
in  the methods of prevention of disabi lities progressing from early danger 
signs of complications. 

(2) I m mobilization of l imbs with even minor injuries , wounds and ulcers .  
( 3 )  Sim ple care of early eye compl ications. 
(4) Provision of protective footwear including suitable mo difications as 

indicated . 

Essential to the del ivery of pri mary medicai care is the adequate training of 
physician and auxi liary medicai worker in order to fu lfil their  decisive 
responsibilities. I nternational training cen tres are now available w here physicians 
can be ex posed to both d idactic teaching and active demonstration programmes in 
which managemen t and prevention of disabi lity is an integrated element in 
routine treat men t. Several centres nationally and internationally situated,  offer 
simi lar training opportunities for various categories of auxil iary medicai workers. 
However, essentially it  is the responsib ility of the trained physician or supervisor 
to provide in-service training for those for whom he is responsible.  Training is a 
contin uous process in which every levei of worker must be involved through 
refresher courses, training programme s designed to up-grade the standard of 
performance, and most important of ali is the need for constant interact ion 
between the supervised and supervisor . 

3 .  R E HA B I L ITATIO N  

Rehabilitation i s  t h e  process of being involved i n  assisting the handicapped 
individual to reach his "maximum potential for normal living, physically , 
psychologically , socially ,  vocationally ."  However, before a patien t is referred to  a 
rehabilitation service, it must be insured that he has passed t hrough the services of 
primary medicai care. regardless of the degree of d isability when first seen by a 
physician or auxiliary medicai worker. The physician responsible for primary care 
must first fulfi l  his responsib i lities in his own area of competence. Rehabilitation 
is a specialized activity requiring advanced skills on the part of those engaged in it . 

Reconstructive surgery which has formed a large part of previous reports of this 
panel , is no t considered in  detail  this year. T his is not to minimize its importance, 
but to  e mphasize that it  should not ordinari ly be considered part of the 
responsibility of the leprosy control team. This is a special discipline which 
requires years of training. The surgeon who undertakes such training should 
ordinarily use his expertise for reconstructive surgery of any deforming d isease 
including leprosy . I deally, rehabilitation ,services should be integrated in order to 
make the maximum use of skilled manpower available. 

In areas of high leprosy endemicity there may be a p lace for a fu ll-time leprosy 
surgeon, but  rarely for a physician who is a part-time surgeon.  

Similarly , in Vocational R ehabilitation , it  is not  ideal  for a physician or even a 
social worker to undertake to t rain patients for the skills required to become 
self-supporting in their future life .  This is a field for vocationa l counsellors, 
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industrialists, agricultura lists, engineers, business men ,  market ing specialists,  and 
placement officers .  Such experts may often be persuaded to give part time service 
volun tarily to assist in this important and even decisive activity in successful 
rehabilitat ion.  

I n  the area of the specialized ski l ls  of physiotherapy and occupational therapy , 
training i n  the management  of d isabi l i ties arising from leprosy is a lso required . 
However, it is a su fficiently narrow fie ld that it has been proven pract icable to use 
technicians who are trained by qualified therapists ,  and who then devote their 
whole time to the physical prob lems of leprosy including the mobilization of stiff 
joints and splin tage of injured l imbs, re-education after surgery and the special 
training of patients to work without damaging their hands and feet .  

Every leprosy control and rehabilitation programme a lso needs a shoemaker. 
With training and experience such a skilled individual may make a most va luable 
contribution and should be regarded as a fu ll member o f  the professional team. 

Many disciplines are req uired i n  leprosy rehabil itation. I t  is impera tive that 
person nel be recognized for the particular skill they can bear as a member of a 
team.  Mutual respect among members of the team is of primary importance to 
insure that the patient remains the object of the care offered rather than the 
exercise of professional prerogatives. 

We recognize that ful l  integration is i mpractical at  this t ime but as a first step, 
a l i  centres that are able to offer comprehensive rehabili tation services to leprosy 
patients should accept a proportion of those with d isabil ities arising from causes 
other than leprosy . Centres which have so far excluded leprosy patients should 
similarly be encouraged to accept a proportionate number of such cases. This is 
not a simp le matter, however. Few general rehabilitation workers and med icai 
personnel have had experience in dealing with the prob lems posed by patients 
with anaesthetic limbs. Special training of al i  grades of staff will be required to 
enable them to adapt their ski lls and basic techniques to the needs of leprosy 
patients.  It is part icularly advocated that medicai universi ties and teaching 
hospitais realise the importance of ensuring that both student and staff are 
exposed to the rehabil itation needs of leprosy patients .  

4.  SOCIA L  W E LF A R E  

We recognize that  substantial numbers of leprosy patients are so  severely 
disabled that rehabilitation is  not a practical possiblity.  They are, neverthe less 
people , and have a basic human right to live with d ignity and self-respect .  They 
need care .  Their needs are o ften primarily social and thus are deserving of the best 
possible social welfare service that the community in which they l ive can provide,  
equal  in every way to services offered those whose physica l, social and economic 
disabilities derive from other causes. Facilit ies designed for the care of only those 
whose d isab il ities arise fro m leprosy are to be deprecated .  There is evidence to 
suggest that serious disadvantages arise in attempting to care for the totally and 
permanently d isabled in institutions primarily meant for the short term care of 
medicai and surgical complications of patients requiring primary medicai  care and 
definit ive rehabilitation services . 

The social welfare services ought to be integrated, providing for the needs of 
those whose disabilities arise from causes other than leprosy as  well  as t hose 
whose disabilities do arise from leprosy. Ideally these ' severely disabled patients 
should be  cared for in their own families. Where homes cannot be found or where 
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famiJies cannot accept the patien t ,  substitute families shou ld , if possib le, be 
provided .  

In  this connection we have considered alternate uses for the traditional type of  
leprosanum or sanatorium.  

( I )  A gradual phasing oUt of the segregated facilities and the development of 
Leprosy HospitaIs as the base hospitaIs for leprosy control programmes. 

(2) Such institutions may become hospitaIs that  offer general medicaI services 
if in an under-served area . 

( 3 )  Some may assume the responsibility for provid ing specialized care of the 
permanently disab led , regard less of the cause of d isability. 

(4) Where there is a general hospital in the vicinity or the leprosarium, the 
hospital activities including short-term care of leprosy complications 
should be integrated with the general hospital .  In some instances additional 
facilities wil l  be req uired to become an integral part of the hospital and 
sharing al i  facilities for patient care .  

S .  CO MPR E H E N S I V E  COM MUNITY H E A LT H  PLAN N I N G  

I t  i s  well to recognize that in  many communities, attitudes toward leprosy 
patients are unsatisfactorily conditioned by the presence of severely d isabled 
patients who are non-productive and hence a costly burden to the community .  
Attitudes are also conditioned by outmoded methods of  leprosy control that 
segrega te the patient and isolate his care from the public health services offered to 
the community for other diseases. 

There is evidence to suggest that the provision of good , primary med icaI 
care that inc ludes leprosy treatment and management , he lps to change public 
attitudes.  Prejudicies fad e away when the public observes that the medicaI 
profession accepts responsibiJity for the care of the leprosy patient as any 
other. Co mmunity attitudes wil l  also be favourably influenced when it is 
observed that the leprosy patient may continue as a self-respecting con
tributing and thus, respected member of the community.  

In addition, a systematic approach to Health Education in the community 
is important.  This is necessary in order to ensure that the desired changes in 
atti tudes actually take p lace. This wil l  involve a careful  diagnosis of the 
situation ,  preferably by socia l  scien tists with special training in this field . 
There wil \  be particular emphasis on the discovery of beliefs in the com
munity about the causation of the disease , their specific att itudes to leprosy 
and those whose lives have been in terrupted by i t ,  their specific attitudes 
toward deformity. Only through such in-depth understanding can it be 
ex pected that health education methods will be devised to alter attitudes. 
Leaders of community opinion will be identified and special efforts directed 
toward them. This must begin with the medicaI and auxiliary medicaI profes
sions. 

Diagnosis will be fol lowed by the definition of specific measurable goals . 
Planning is necessary and the advice of specialists in education should be 
sought to determine the most suit able means of bringing about measurable 
changes in attuitudes. 

The use of trained volunteers for the actual execution of the programme 
should be explored as should the possibility of using careful ly chosen leprosy 
patients as health educators .  
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l nto a l i  such health education programmes should b e  built means o f  
eval uation to determine effectiveness a n d  t o  determine needs for effective 
methods. 

6 .  S U BJ ECfS FOR F URTH E R  I NVESTIGATION 

( 1 )  The proble m of neuropathy .  . 
(2 )  A syste matic and widely acceptable approach to the training of staff. 
( 3 )  Operational research to evaluate the methods in use for the hea lth care 

del ivery systems to leprosy patients. 
(4) Social anthropology and pat ien t psychology studies as a basis for a bet ter 

understanding of the patients' viewpoints in order to develop better patient 
hea lth education . 

( 5 ) Study of comprehensive Community Health Planning projects 
'
into which 

leprosy treat ment has been integrated to determine whether they offer 
more efficient means of case-finding and case-holding as well  as the 
prevention of social and vocational d islocation. 

( 6) Surrounding or in the vicinity of many leprosy institutions, communities 
of  discharged patients have sett led . In other instances there are selfmade 
communities, citizenship in which is determined only by having had a 
direct or indirect association with Ieprosy . In many instances the members 
of the community will  have become socially and economically marginal
ized by a Iong term stay in a Ieprosy institution. How may the 
development of such communities be prevented? What practicaI methods 
may be used to restore individuaIs and families into normal community 
!ife? 

7. RECO M MENDATIONS 

( I )  That arrangements be made for further exchanges between personneI 
involved in Ieprosy control and rehabilita tion so as to define more 
effectively the role of primary medicaI care and the prevention of 
d isabilities in leprosy controI programmes. 

(2) That the I nternational Leprosy Association be requested to include a 
combined meeting of paneIs on Leprosy Control and R ehabilitation in the 
next Congresso 

( 3 )  The problem of peripheraI neuropathy is of sufficient importance to 
warran t the arrangement of a separate section to d iscuss this subject at the 
next Congress and that the International Leprosy Association be so 
requested.  

(4) To foster a wider dissemination of in formation concerning advances in 
management and research of leprosy , voluntary agencies are encouraged to 
provide subscriptions to the major Ieprosy journaIs for medicaI universities 
throughout the world. 




