
Edito rial 

THE WORLD HEALTH ORGANIZATION AND LEPROSY 

The Report of the Director General to the 3 0th World Health Assembly ( 1977) is 
a substantial document extending to 20 pages and covering the wide range of 
concern which WHO now has with leprosy co ntrol and research .  This is surely an 
appropriate occasion to appreciate the services WHO has rendered in the fight 
against leprosy during the first  ge neration of its existence. 

It is interesting to look back over the past 30 years and notice how far leprosy 
has figured on the Agenda  of previous World Hea1th Assemblies. The first 
reference to leprosy appeared in the Repo rt  of the Director General to the 3rd 
Assembly ( 195 0) and consisted of a sho rt p aragraph regarding the appointment of 
a leprosy consultant in Ethiopia. Duri ng the nex t  1 0  years references to leprosy 
continue to be meagre. In many quarters leprosy was still regarded as a highly 
specialized subject, outside the range of govemment hea1th pl anning, and still very 
much the concern of voluntary agencies and ded icated ind ividuaIs. Although 
change was on the way, the attitude to l eprosy in some instances was not merely 
apathetic but was actively negative, regarding leprosy as something to be ashamed 
of, a skeleton in the cupboard not to be exposed to the light of  world publicity. 
AlI honour therefore to Ethiopia, Sri Lan ka and Burma who opened themselves to 
the influence of WHO at an early stage and became the scene of major 
developments in leprosy research and control. 

The WHO Leprosy Secretariat was established in 1 9 5 8 .  The task confronting 
them was formidable. By definition, WHO was concerned primarily with health. 
In relation to a neglected and emotive sphere such as leprosy, there could be no 
speedy and co-ordinated programme of eradication on a global scale. WHO is an 
international and not a supranational organization and has no authority other 
than that entrusted to the Director General by Member States. Lacking any 
authority, WHO could only stimulate concern and action by suggestion, advice 
and example. Nevertheless, in the 1 9 5 0s there was considerable activity in WHO 
behind the scenes. At first, the Leprosy Secretariat were cJearly feel ing their way, 
but their activities indicate a pragmatic approach which time has amply endorsed . 
From early reports and publications it is apparent that the task of WHO in 
relation to leprosy was seen to incJude the establishment and publication of the 
facts, encouraging and drawing attention to points of growth ; broadening 
isolationist attitudes by facilitating the movement of lep rologists and government 
medicaI administrators ; organizing international conferences and seminars ; giving 
very positive support to reasearch projects relevant to hea1th , and to training at ali 
leveIs ;  and actually engaging where invited in specific field projects. Once 
developed this policy was pursued . with skill and determination. WHO's 
involvement with malaria, tuberculosis and other infective diseases meant that 
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leprosy could be seen in its wider context, and expert ise and experience gained in 
other directions could be applied to leprosy. The benefits of this have been 
obvious, helping the building up of a world approach from an impregnable 
situation of knowledge in the wider context of health. 

The WHO Expert Committee on Leprosy 

A basis of expert judgment in relation to leprosy was the first priority. This led 
to the formation of the fjrst WHO Expert Committee on Leprosy , which met 
in 1 9 5 2, its members carefully selected on an international basis. T his Panel 
concerned itself with : Ieprosy control and treatment, the contagiousness of 
different forms of Ieprosy ; prophylaxis by BCG ; the standardization of the 
lepromin test and the classification of the different forms of  leprosy. The 
Committee met subsequently at intervals of approximately fjve years, the latest 
being the 5th Meeting in October 1976. The reports of t hese Meetings have 
been of the highest significance, giving guidance and stimulating discussion which 
have been of great value both to WHO itself and to governments and workers 
generally. I f  WHO had done nothing beyond this, its contribution to the 
understanding and control of leprosy would have been considerable. 

Epidemiology and Control 

The International Leprosy Congress at Madrid in 1 9 5 3  became a watershed in 
the outlook for leprosy treatment by its endorsement of domiciliary chemo­
therapy with dapsone as a routine procedure. The expansion of WHO involvement 
in leprosy control dates from that time, with its emphasis on epidemiological 
surveys, out-patient treatment with dapsone and sustained field  studies. Al i the 
same, the reports of the Director General continued to be brief into the 1 960s but 
rapidly expanded during the second half of that decade. 

(a)  ADVISORY SERVICES 

The direct involvement of  WHO in national leprosy situations began with the 
request from Ethiopia in 1 9 5 0  for an Adviser in planning leprosy control , the first 
of many such requests, response to which was limited only by the shortage of 
available specialists. The presence of a WHO Adviser meant that international 
thought was brought to bear on the local problem and a door opened for 
international aid in practical measures . Many leprosy programmes were initiated 
as a result of this primary response on the part of WHO, and the b enefit  was 
mutual, WHO building up an increasing breadth of experience from which other 
nations were destined to benefi t in their turn o In 1 964, technical advice and 
guidance was given to 35 countries in planning their leprosy control pro grammes. 

An important aspect of this was the organising by WHO of regional seminars 
and conferences where technical advances in leprosy were publicised , health 
ministries could share problems, discover common ground, the more dilatory in 
leprosy control be stimulated by the example of others. Regional events of this 
nature have been held in many p arts of the world .  
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(b ) EPI DEMI OLOGICAL STUDIES 

The need for carefu1 epidemiologica1 studies to estab1ish the preva1ence, 
incidence and trend of 1eprosy, has been a consistent emphasis of WHO, and its 
in fluence in this sphere has been considerable, estab1ishing and demonstrating 
standards of work and ana1ysis. The importance of this is apparent from the 
numerous published findings of leprbsy surveys in which the help of  WHO is 
acknowledged, two of them in this i �s ue of Leprosy R eview. In  1 960 a WHO 
Advisory Team started work in Africa "to assist countries in determining the 
prevalence, trend and endemicity and frequency of deformities and disabilities" . 
In the following year field studies were initiated in different parts of the world to 
evaluate attack rates. 

Leprosy survey work poses difficult problems, and the experience gained by 
WHO in one country often proved useful  elsewhere. The successful combination 
of leprosy with yaws surveys in E.  Nigeria led to similar approach in The Gambia, 
Sierra Leone and Togo. Another example is the combination of  leprosy with 
tuberculosis surveys in Nepal and Upper Volta ( 1 9 74). 

(c) THE PROMOTION OF OUT-PATIENT T REATMENT PROGRAMMES 

It was realised very early that leprosy surveys were positively harmful unless 
combined with facilities for treatment. WHO did much to publicise DDS therapy 
and promote out-patient treatment programmes, either through financial aid or 
direct involvement in field projects, e. g. in Bu rma, Thailand and Pogiri, I ndia. The 
involvement of UNICEF in leprosy by p roviding dapsone for out-patient 
treatment was another service encouraged by WHO. This began in Nigeria in 1 9 5 3 ,  
and the writer was one of those involved i n  it .  The example there set was 
extended throughout much of the world ,  until in 1 967, 38 lep rosy control 
projects we te be ing assisted by WHO and UNICEF, and many millions of dapsone 
tablets were being supplied free of  cost. As early as 1 964, in pro jects assis ted by 
WHO and UNICEF,  2 ,8 54, 1 9 7  cases were registered , and 1 ,826 ,688  patients were 
attending. 

( d )  EVALUATION O F  LEP ROSY CONTROL PROGRAMMES 

The need for careful evaluation of  leprosy control programmes in order to 
improve quality of work was another principie for which WHO was especially 
responsible, setting standards which have been widely accepted. In 1 973 
evaluations of leprosy control programmes were undertaken in Botswana, Central 
African Republic, Chad, The Gambia, Upper Volta, also Burma and Thailand.  

There must now be very few countries where leprosy is endernic who have not 
benefitted from the many facetted aid of WHO in leprosy control. The 1 973 list 
for instance inc1udes, Bangledesh, The Maldives , Indonesia, Nepal and Sri Lanka. 
Re1ationships have not always been e asy, but co-operation with WHO has in fact 
transformed the leprosy situation in many countries. 

(e) I NTEGRATI ON O F  LEPROSY INTO GENE RAL HEALTH S E RVICES 

Nigeria was one of the earliest countries to embark on a large domiciliary 
leprosy control programme, and by the 1 9 5 0s the leprosy p roblem in E. Nigeria 
had shrunk to a point where leprosy workers were already being integrated into 
the general hea1th services, and their colleagues in general medicine were receiving 
suitable training in leprosy to equip them to take leprosy into their sys tem. This 
was known to WHO and reference to such i ntegration as a principIe appears in the 
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Director GeneraI' s  Report of 1 960. Since then, it has figured increasingl y in WHO 
po1ic y, and in some countries, e . g. Nepa1, through the active encouragement of 
WHO the fight against leprosy has been integrated from the start . At the same 
time, the 1 97 0  Report cautioned against instituting integration without adequate 
preparation. 

The Training of Leprosy Personnel 

The involvement of WHO in n ation al leprosy problems has in general been a 
short term process, a preparation for the assimilation of lepros y control into the 
national health programme. The wider training of medicaI personnel who would 
have responsibilit y in this was thus integral to WHO po1icy from the start , and 
numerous travelling fellowships were awarded .  We at Uzuakoli in Nigeria received 
a succession of WHO Fellows in the 1 9 5 0s, certain of whom later became leaders 
in the campaign in their own countries . 

Seminars for the training and orientation of MedicaI Officers towards leprosy 
have also been a feature of WHO polic y, particularly important where the 
integration of lepros y into general health services has been under discussion. Earl y 
examples were the post-graduate training course in Tokyo in 1 96 1  and the 
training conference in the Philippines in the same year. The writer recalls a 
successful orientation seminar for Senior Medicai Officers at Katmandu in 1 969,  
which undoubted ly  p aved the way for later advance in leprosy control in Nepal .  
The Director General declared in  1 973 ,  "The promotion of training of general 
health personnel is receiving priorit y attention". 

Disability Studies 

An important concern of WHO in the care of patients has been the need for 
action regarding the disabilities caused b y  lepros y. Reference to this occurred in 
the Director General ' s  report in 1 9 59 ,  which stated that 2 5 %  of patients suffer 
from disabilities, 90% of which cou1d be prevented in the earl y s tages. The Second 
Committee in 1 9 5 9  also made an import ant st atement on this subject.  In 1 96 1 ,  
WHO was responsible for caIling together a Scientific Meeting on Reh abili tation in 
Leprosy at Vellore, India, not able for the participation of workers in disciplines 
other than leprology, and important advances followed , not least the encourage­
ment of research outside lepros y institutions. WHO emphasis on leprosy 
disab ilities has been continuous, as is  exemplified by the report in this issue of 
Leprosy Review on disabilities in the New Hebrides. 

The Director General in his 1 9 7 6  report said "Disease orientated medicine 
needs to be complemented b y  disabilit y  orientated medicine, and it should be 
realised in eve ly country that the ob jectives of medicine are not onl y the 
prevention and cure of disease but also the restoration of the individual to normal 
social function". 

Research and Publications 

The distinguished role of WHO in lepros y research is so well known as to need 
onl y brief reference here. It  has covered ali aspects of research which have 
relevance to the understanding and control of the disease ,  and through research 
fellowships, grants in aid , and direct involvement in specific pro jects has  
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contributed enormousl y both to knowledge and to the acceptance of leprosy b y  

governments and research workers alike as a sub ject o f  concern and challenge. 

Positive steps have been taken to promote research in countries where leprosy is 

endemic. In 1 97 3  WHO c o-operated with 42 Institutes in 24 countries in 58 

research pro jects, embracing : epidemiolog y, leprosy control,  biolog y of M. leprae, 

experimental leprosy, immunology, pathology, experimental and human chemo­

therap y including chemoprop h ylaxis and prevention . As the report of the 
Director General stated , "This is essential work as long as the disease can only be 
restrained by secondary preventive measures" . 

The publication of scien tific mate rial is an important p art of WHO's 
involvement in research. The Bulletin of WHO and WHO Chronicle have been 
media of wide distribution and value. 

World Statistics of Leprosy 

Yet another service rendered b y  WHO has been the collection and publication 
of statistics relating to lepros y on a global scale. The report of the Director 
General in 1 9 5 9  included responses to a world wide questionnaire regarding 
prevalence and registration for treatment. Statistics gathered then gave an 
estimated total of 1 0- 1 2  million sufferers , of whom 1 , 5 7 9, 5 3 2  were registered for 
treatment. In 1 9 66 ,  out of a total of II million estimated cases , 2 .8  million were 
registered,  and 1 .  9 million actually taking treatment. Detailed figures for 1 970,  
collected by Bechelli, gave 1 0,407 , 2 00 as  a conserva tive estimate (Asia 6 .5  
million, Africa 3 . 5  mill ion, the Amer icas 3 5 0,000). The 1 9 77  Report give s 
figures b y  country for Asia and the Americas. It is invidious here to  follow the 
trend in individual countries. Statistics are often a notoriousl y unreliable guide to 
the actual situation, but these are a salutory remind er that lepros y is still a serious 
problem in many countries. 

It is a far cry from the first almost tentat ive reference to leprosy on the part of 
WHO in 1 9 5 0  to the major report in 1 97 7 ,  over 1 00 times as long. This is the 
measure of the remarkable change in world opinion which has taken place in 
recent years, and to which WHO has contributed so profoundl y. The miracle had 
alread y happened b y  1 974,  when the World Health Assembly, in Resolution WHA 
27 / 5 8  recommended that Member States should strengthen their lepros y control 
measures b y  calling upon al I available s ources of co-operation. This resolution not 
only implied that Health Ministries everywhere should be taking leprosy seriously, 
but also openly encouraged them to seek the cooperation of volun tary agencies, a 
breakthrough in offi eial attitudes indica tive of real concern. From this point it 
was a small step to the inclusion of leprosy in the 6 diseases selected for the WHO 
Special Programme for Research and Training in Tropical Diseases , and the 
development of I MMLEP and THELE P. It is impossible to exaggerate the part 
played by WHO in this transformation, combining, as it has , a sustained insistence 
on the need for serious attention to lepros y, a s eientific approach in dealing with 
it, and a humane attitude to p atients. The stage is now becoming set for a global 
anti- Iepros y strategy in which leprosy is full y integrated with general medicine ,  
b ut its seriousness as  a leading disabling disease in  man y countries i s  equal ly 
recognised. We can but express our gratitude to our colleagues in WHO for their 
great services to sufferers from leprosy d uring this first generation of the life of 
WHO . .  

T .  F .  DAVEY 
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Previously untreated lepro matous leprosy patients were randomly allocated t o  
treatment with either 1 00 mg dapsone daily or 1 00 mg dapsone a n d  6 0 0  m g  
rifampicin daily for 6 months. Patients receiving rifampicin improved more rapidly, 
but by 6 months the regimens w ere equivalent .  There was no difference in the 
incidence, severity ,  and time of onset of erythema nodosum leprosum (ENL) in the 
2 groups. Skin smears and histological sections and mouse foot-pad inoculation of 
biopsy specimens from skin, peripheral nerve , skeletal musc1e and dartos musc1e 
demonstrated more rapid killing of  Mycobac terium leprae in those on combination 
chemotherapy. I n  the patients treated only with dapsone, viable M. leprae were 
generally found after 3 months of therapy, and frequent1y even at  6 months. Even 
on the combined regimens, viable M. leprae were commonly detected at 3 months, 
but only occasionally at  6 months. 

Introduction 
Rees et ai. ( 1 9 7 0) reported that rifamp icin was active against M. leprae infection 
of the mouse foot-pad and at the same time demonstrated in 1epromatous 1eprosy 
patients that 600 mg rifampicin daily by m ou th killed organisms more rapid1y 
than dapsone or any other antileprosy drug studied thus far o The evidence for the 
rapid bactericida1 activity of rifampicin was extended by a series of reports from 
Shepard et ai. ( 1 972 ,  1 974) .  Mouse inocu1ation of skin biopsy specimens from 
previous1y untreated 1epromatous 1eprosy patients became negative 3 to 4 days 

t Requests for reprints should be addressed to R .  H.  Gelber at his present address:  United 
States Public Health Service Hospital,  1 5th  Avenue and Lake Street , San Francisco, California 
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.afte }; daily 600 mg rifampicin or after a single dose of 15 00 mg.  In contrast, 
biopsy material from patients treated with daily dapsone on the average is not 
rendered non-infectious for mice for 3 months ( Shepard et aI. , 1 968) .  

In recent years the dual processes of bacterial resistance and persistence have 
emphasized the need for combination chemotherapy of lepromatous leprosy . 

Sulphone resistance was first proven by Pettit and Rees ( 1 964) in Malaysia in 
1 9 64. Recently, the Malaysian experience with the first 1 00 proven cases of 
dapsone resistance has been published (Pearson e t  ai., 1 9 75 ) .  Both irregularity of 
therapy and low sulphone dosage appear to predispose lepromatous leprosy 
patients to dapsone-resistant relapse. Estimates of the risks of developing dapsone 
resistance in lepromatous leprosy have ranged from 2 . 5 %  in Malaysia (Pearson et 
ai. , 1 97 5 ) ,  6 .8% in Costa Rica (Peters et  ai. , 1 9 76)  and something like 40% in 
Ethiopia (Pearson, 1 9 7 5 ; Pearson et  ai. , 1977) .  As in the chemotherapy of 
tuberculosis, the obvious remedy is treatment with a combination of agents. 

Waters et  ai. ( 1 974) reported the results of mouse foot-pad inoculation of skin , 
skeletal muscle, peripheral nerve and dartos muscle from 1 2  Malaysian lepro­
matous patients who had completed a minimum of 10 years of supervised 
dapsone therapy in fuI !  dosage . Ten of the 37 specimens and 7 of the 1 2  patients 
stil ! harbored persisting viable M. leprae which when passaged to mice were shown 
to be fully sensitive to dapsone. Evidence that bacterial persistence might be a 
problem in the treatment of lepromatous leprosy also carne from a study of the 
Karimui of Papua New Guinea in which 5 of 28 lepromatous patients were found 
to have solid-staining bacilli in their skin smears despite regular treatment with 
acedapsone for 3 to 5 years and expected blood sulphone leveis (Russell et  aI. , 

1 97 5) .  These results emphasize that monotherapy with dapsone is not sufficient 
treatment for lepromatous leprosy .  

I t  appears inconsistent that viable M. leprae cannot be  detected after a few 
months of dapsone or even a few days of rifampicin , but are regularly found after 
some years of dapsone therapy. This is most likely a methodological paradox o In  
the  mouse foot-pad infection 5 x 103 are inoculated, and if more than 5 viables 
are present in the initial inoculum, these grow yielding 1 06 M. leprae by 6 
months. It is estimated that an u ntreated lepromatou s leprosy patient harbors 
1 0 1 2 organisms in his body, of which 1 0 1 0 to 10 1 1  are viable. I f  initial 
antimicrobial therapy reduces the viables by 99.9% to 1 07 to 108 organisms, 
inocula of 5000 organisms may contain no viable bacilli. However, as dead 
organisms are preferentially cleared from the tissues, the proportion of viable 
organisms increases so that detection of M. leprae by mouse foot-pad inoculation 
again becomes possible. 

As a first study of the efficacy of combined chemotherapy, we, therefore, 
initiated a short-term study of dapsone plus rifampicin therapy compared to 
dapsone alone in previously untreated patients with lepromatous leprosy . 

Patients and Methods 

Previously untreated patients who were clinicaIly lepromatous and classified 
histologically as LL or LI by Ridley were hospitalized for the trial period at the 
Leprosy Research Unit, National Leprosy Control Center, Sungei Buloh, Malaysia, 
and randomly assigned to one of 2 treatment regimens. Six patients, 4 Chinese 
males, one Chinese female and one MaIay maIe ingested 1 00 mg dapsone and 
placebo resembling rifampicin daily for 6 mon ths. Five patients, 2 Chinese males, 
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2 Malay males and one  Chinese female ingested 1 00 mg dapsone and 600  mg 
rifampicin d aily for 6 months. 

Patients were followed by clinicai, histological and bacteriological cri teria for 
the duration of the trial. Clinical response was assessed by the clinicai 
investigators and by an independent experienced leprologist. Smears from the 
same 6 skin sites were taken prior to therapy, every 2 weeks for 6 weeks and at 3 ,  
4 ,  5 and 6 months for assessment o f  the b acteriological index (BI)  and 
morphological index (MI) .  B iopsies were taken prior to therapy and at 3 and 6 
months after the initiation of treatment  from skin (S) ,  peripheral nerve (N) ,  
skeletal muscle (M) and,  from the men, dartos muscle (D)  for histological 
examination and m ouse foot-pad inoculation .  Each biopsied tissue was homo­
genized and inoculated into b oth hind foot-pads of 6 fem ale CBA mice. Doses of 
up to 1 04 acid-fast bacilli from the pretreatment b iopsied tissues and up to 1 05 
acid-fast bacilli from the tissues b iopsied after starting treatment, were inoculated 
into normal and thy mectomized-irradiated mice respectively . 

Results 

There was a decrease in lepromatous infiltrate in ali patients in the study.  
Patients treated with dapsone and rifampicin generally showed more rapid clinicai 
improvement than those receiving only dapsone. In particular, patients receiving 
rifampicin were noted to have more rapid reduction of erythema of skin lesions,  
alleviation of nasal congestion and ,  where present, healing of primary lepromatous 
ulceration . However, at the completion of 6 months of therapy, no discernible 
difference between the 2 regirnens was found . Four of the 6 patients receiving 
dapsone alone developed ENL during the course of the trial, in 3 instances the 
ENL was mild and in one moderate, while 4 of the 5 patients that also were 
treated with rifampicin had mild ENL. The addition of rifampicin did not result 
in earlier or more severe ENL. 

The average B I  and MI were derived by first averaging the results of the 6 skin 
smears from each p atient at each time interval ,  and these in turn averaged for the 
6 patients receiving dapsone alone and the 5 on the combined regimen. In those 
patients receiving d apsone alone, the average pretreatment BI  was 4 .5 5  and was 
still 4.47 after 6 months of  therapy.  On the other hand , the BI prior to therapy 
averaged 4.5 6  in those on the combined regimen but fell significantly (P<O.O I) to 
4.06 after completion of the 6 m onth trial period .  The results of the 
morphological indexes are presented in Table I. The average MI prior to therapy 
in those receiving dapsone alone was 2 2 .7 ,  which was not significantly different 
from the average MI of 23 .8 found in those patients who subsequently received 
d apsone plus rifampicin. The MI fell more rapidly in those on the combination 

TABLE 1 
A verage morphological index (MI) 

Pretreat ment 2 4 6 3 4 .5  6 
weeks weeks weeks months months months 

Dapsone 22. 7  1 9 . 5  1 6 .2  7 . 9  3 . 1 0 . 5  0 .2 
Dapsone+ 2 3 . 8  4 . 4  0. 4 0 . 6  0 . 4 0 . 3  0 . 3  

rifampicin 



TABLE 2 
lnfectivity (viability) in the mouse of M. leprae from skin (S), nerve (N), striated muscle (M) and dartos muscle 

(D) of patients treated with dapsone 100 mg dai/y either alone or combined with rifampicin 600 mg daily 

Proportion of foot-pads Proportion of sites yielding Proportion of patients 
Treatment Duration of showing multiplication positive foot-pads yielding positive 

regimen treatment (by biopsy site) foot-pads from at least 
one tissue site 

(months) S N M O Totais S N M O Totais 

Dapsone 3 22 15 -.2 5 51 5 3 2 1 11 5 
54 50 54 44 202 6 6 6 5 23 6 

Dapsone+ 3 I 2 � 4 12 1 1 1 2 � 3 
rifampicin 52 50 48 38 188 5 5 5 4 19 5 
Dapsone 6 1 8 4 6 19 1 2 2 2 7 3 

53 52 48 46 199 6 6 6 5 23 6 
Dapsone+ 6 -.l ---º 1 ---º --.1 1 Q I O 2 1 
rifampicin 40 42 30 40 152 5 5 4 4 18 5 
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regimen. The M I  was found to be significantly lower in  those receiving rifampicin 
p lus dapsone than in those treated with dapsone alone at 2, 4 and 6 weeks, and at 
3 months ( P<O. O 1 at all these intervals) .  These results suggest that rifampicin plus 
dapsone kills M. leprae significantly more rapidly than does dapsone alone. 

After the initial pretreatment biopsy , histological sections showed no solid­
staining bacilli in any of the sampled tissues from those receiving combination 
chemotherapy except an occasional solid-staining organism from the skin of a 
single patient  at 3 months. On the other hand, histological sections from patients 
receiv ing dapsone alone revealed solid-staining bacilli from at least one site in 4 of 
the 6 patients at 3 months and 3 of the 6 patients even at 6 months. Skin and 
nerve were the most common source of these solid-staining organisms. 

In Table 2 are presented the results of the mouse foot-pad inoculations. At 3 
months 5 of the 6 patients receiving dapsone alone and 3 of the 5 patients 
receiv ing dapsone plus rifampicin were found to harbor viable bacilli from at least 
one tissue site. Though not statistically significant, a greater percentage of tissues 
after 3 months of therapy contained viable M. leprae from patients receiving 
dapsone ( 1 1  of 2 3 ,  48%) , compared to those from patients on combined therapy 
(5 of 19, 26%). Of particular interest is that at 3 mon ths, 5 of 6 skin biopsies 
contained M. leprae viable for mice from those receiving dapsone alone,  while 
only one of 5 skin biopsies from those on the combined regimen harbored viable 
bacilli. A statistically highly significant1y ( P<O. OOOl ) greater number of total 
foot-pads showed multiplication at 3 months of therapy from those receiving 
dapsone a10ne ( 5 1(202 ,  25%) compared to those receiving rifampicin in addition 
( 1 2/ 1 88 ,  6%) . Skin and periphera1 nerve particu1arly accounted for those 
differences ( P<O. Ol  for each compared independently) .  At  6 months after the 
initiation of therapy 3 of 6 patients receiving only dapsone yie1ded M. leprae from 
at least one tissue site that grew in the mouse foot-pad , compared to only one of 
the 5 patients treated with dapsone plus rifampicin. From the patients receiving 
combined chemotherapy only 2 of 1 8  ( 1 1 %) tissues, skin and skeletal muscle 
from the same patient, showed multiplication of M. leprae in the foot-pads of 
mice. Though not statistically significantly different ,  7 of 23 ( 30%) sampled 
tissues from patients on dapsone alone contained M. leprae that grew in the 
mouse foot-pad. As at 90 days, a high1y significantly ( P<O. OOO 1 )  greater number 
of total foot-pads showed mu1tiplication from tissue of patients on dapsone a10ne 
( 1 9 of 1 99, or 1 0%) compared to those on the combined regimen (2 of 1 5 2 ,  or 
1 %). Nerve and dartos muscle particularly appear responsible for this difference . 

Discussion 

These studies resulted in clinicaI , histo10gica1 and bacterio1ogica1 evidence that 
dapsone plus rifampicin is more effective than dapsone alone in the therapy of 
patients with previously untreated lepromatous leprosy. Whether this combina­
tion merely kills organisms more rapidly and whether more pro10nged dapsone  
therapy would result in  equally efficacious results,  albeit more slowly, remains for 
further trials. Certain1y such combination chemotherapy should prevent future 
relapse with resistant organisms. Because of the expense of rifampicin for most 
developing countries where leprosy is a problem, finding the minimal amount of 
rifampicin necessary is most important. From the frequency of recovery of viable 
M. leprae in this study, it appears that 3 months and possibly even 6 months of 
daily therapy may not even be sufficient. This does not rule out the utility of 
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rifampicin in  some intermittent regimen. However, because of the potential for 
serious toxicity when rifampicin is given intermittently (Aquinas et aI. , 1 972) ,  
such trials should be entertained with great caution . 

One of the major goals in leprosy chemotherapy is to find sufficiently potent 
antimicrobial regimens to reduce the therapy for lepromatous leprosy from 
lifelong to a finite and practical period of time. Rees ( 1 97 5 )  and Rees et aI. 
( 1 976)  recent1y reported a study of 28 dapsone-resistant lepromatous leprosy 
patients who had relapsed ,  that were subsequent1y treated with 600 mg rifampicin 
daily and in most thiambutosine as well for 0. 5 to 5 years . M. leprae were isolated 
from one or more of the 4 tissue sites sampled in 20 of these patients. All 1 1  of 
those patients treated from 2 to 5 years with daily rifampicin yielded M. leprae 
that multiplied in mice. Pessimistically , one might ask if lepromatous leprosy can 
ever be cured by chemotherapy alone. On the other hand , just as the duration 
necessary for the therapy of pulmonary tuberculosis has been significant1y 
reduced by the use of regimens containing 2 or 3 bactericida l  agents ( Fox and 
Mitchison, 1 97 5 ) , might lepromatous leprosy be sim ilarly responsive?  Clearly ,  the 
search for new bactericidal drugs and regimens against M. leprae in experimental 
animaIs and man must continue to be pursued.  
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Via bility of Mycobacterium leprae 
O u tsid e t h e  Hu m a n  B ody 

K. V. DESIKAN * 
Cen tral Jalma Institute for L eprosy, Agra, India 

It  is important to recognise whether Mycobacterium leprae discharged fram the 
body will remain alive after they settle down over artic1es of daily use, and if so the 
duration of their viability. The common belief is that the organisms d ie soon after 
they are discharged from the body, particularly in tropical countries. In  order to 
verify this concept, an experimental pracedure has been designed using the mouse 
foot-pad model. I t  has been found that the organisms remain alive for more than 9 
days. This finding has an important bearing on the epidemiology of leprosy . 

Introd uction 

Mycobacterium leprae are believed to be killed soon after they are expelled from 
the body since they are obligatory intracellular organisms. For this reason ,  the 
mode of transmission of leprosy was thought to be through direct skin contact , 
excluding the possibilit y  of an indirect route through articles of dai1y use. Since it 
was not possible to culture the organisms, no experimental method could be 
designed to simulate the natural processes and check the viability of the organisms 
in the human discharges or excre ta, either in a fresh state or after sub jecting the 
material to d rying and desiccation. However, with the adve nt of the mouse 
foot-pad model, it has been p ossible to grow the organisms in the experimental 
animal and verify their state of viability . This paper presen ts the results of an 
experimental study in which bacterial suspensions dried for different periods of 
time were inoculated into mouse foot-pads to assess their viability. 

Material and Methods 

Suspensions of M. leprae from two sources were prepared viz. from nose blows 
and from skin biopsy. ( 1 )  The patient was asked to blow his nose into a plastic 
bago The bag was rinsed with normal saline and the contents transferred to a 
5 0  ml flask. (2 )  A piece of skin obtained at biopsy was minced with scissors, 
homogenized and suspended in saline, carrying out ali procedures aseptically at a 
low temperature over ice. The large particles were allowed to settle for 2 to 3 min o 
The supernatant fluid was collected. 

* Requests for reprints to be addressed to D r  K. V. D esikan, M. D. ,  Director, Central Jalma 
Institute for Leprosy, Taj Ganj, Agra-2820 0 1 ,  India.  

Received for publication 3 0  June, 1 9 7 7 .  
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The bacterial suspension prepared by either of the above two methods was 
processed as follows : (a) Abou t I ml of the suspension was pracessed for 
immediate inoculation. To the nose-blow material was added an equal volume of 
2% NaOH. lt was shaken vigorously, left for 1 0  min and then titrated with 2% 
sulphuric acid, using phenol red as indicator. The suspension was further sterilized 
by the addition of 200 LU. crystalline penicillin per ml. (An earlier experiment 
wherein the nose blow material was inoculated without the addition of penicillin, 
resulted in the death of ali the animais in 24 hours . )  Enumeration of bacilli was 
done in this as well as in the skin tissue suspension. The material was diluted with 
Hanks' balanced salt solution (BSS) so that 0. 03 ml contained 1 04 bacilli. A batch 
of 4 rnice was inoculated with each specimen , the animals receiving 0. 03 ml into 
each hind foot-pad. These animals served as positive cont rais. The remaining 
suspension was then autoclaved for 1 5  minutes at 1 5  Ib s/in2 pressure. The 
autoclaved material was inoculated into 4 mice, 0. 03 ml into each hind foot-pad. 
These animais s �rved as negative controls. (b) The rest of the original suspension 
was distributed to 5 sterile petri dishes. The petri dishes were l eft on the table in 
the laboratory and the material was allowed to dry. The dried material was 

• scraped from the petri dishes after 1 5 , 40 and 6 5  h, and 6 and 9 days. The 
scrapings were suspended in Hanks BSS to which crystalline penicillin was added.  
Bacterial counts were done and each specimen was inocu lated into the hind 
foot-pads of mice so that 1 04 bacilli were introduced to each foot-pad. 

The inoculated animais (contrais and experimen tal groups) were housed in an 
air conditioned room at a temperature around 22° C. After 6 months, the mice 
were sacrificed, one at a time at monthly intervals. Harvests were performed fram 
the inoculated foot-pads and bacterial counts were done. The method of 
inoculation, harvesting and bacterial counts were those described by Desikan and 
Venkataramanaiah ( I 976) .  A lI the observations were doub l e  blind, the smears 
prepared from the harvested material from several experiments being ex amined 
together after having been given coded numbers. 

Results 

The results of t he experiment are given in Table 1 .  

TABLE 1 
Viability in mouse foot-pads of M . leprae derived from noseblows ar skin and allowed to dry 

for varying periods* 

Experiment 
N /S  

number 
ame ource 

2 

K. J. /Nose blow 
M.1. 4% 

2 K.P. /N ose blow 
M.1. 7 %  

3 K.P . /Skin 
M.1. 7% 

Fresh 
specimen 1 5  h 

3 4 

2/4 0/4 

4/4 1 /4 

3/4 2/4  

Elried specimen Autoc1aved 

40 h 6 5  h 6 days 9 days specimen 

5 6 7 8 9 

1 /4 1 /4 2/4 1 /4 0/4 

2/4 3 /4 4/4 1 /4 

2/4 1 /4 0/4 4/4 0/4  

* The  figures indicate the number o f  mice showing multiplication of bacilli ( numerator) out 
of the mice inoculated ( denominator). 
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I t  could be seen that M. leprae remained alive and multiplied in the foot -pad 
even when the material containing the organisms was dried for 1 5 , 40 and 65 h ,  6 
and 9 days. The negative findings in the foot-pads inoculated with autoclaved 
material showed that the positive finding was not due to any technical error. The 
infected material was allowed to dry inside a room in the shade but not in total 
darkness. The experiments were carried out under the fairly hot c1imatic  
conditions of  a coastal town in South India. Table 2 i s  a weather chart showing 
the temperature and humidity on the days when the experiments were being 
carried ou t. 

TAB LE 2 
Tempera ture and humidity chart a t  time of experiments 

Date 
Maximum Minimum Humidity Rain 

(oC )  tC) (%) (mm) 

May, 1 6  3 5. 1  26.8 7 5  
May, 1 7  3 6.0 27.2 7 9  
May, 1 8  3 5.2 27.5 80 
May, 1 9  3 6.9 26.5 7 7  
May , 20 3 7.6 26.0 7 8  
May ,  2 1  3 7.2 26.8 74 
May, 22 34.0 27.8 80 
May, 23 3 5.0 27.6 7 7  
May, 24 3 4.0 26.5 70 
May ,  25  3 7 .4 26.5 73 
May, 26 3 8.9 24.6 90  7.2 
May, 27 3 7.6 24.8 7 8  
May,  28 3 7.3 23.8 7 8  
May, 29 3 7 . 4  25.8 70 
May ,  3 0  3 8.2 27.9 79 
May, 3 1  3 8.6 25.4 83 

Experiment 1 from May,  1 6  t o  24 
Experiment 2 from May ,  20 to 28 
Experiment 3 from May, 22 t o  3 0  

The mean maximum and minimum temperatures were 3 6 . 7° C and 26 .3°  C 
respectively and the humidity ranged fram 70% to 90%. Since bacteria were 
found to be alive even on the 9th day of drying, the experiments have not 
established the end point of viability of the organisms outside the body.  This 
apparently seems to be more than 9 days under the c1imatic and experimental 
conditions described above. 

Discussion 

In the experiment described above, nasal discharge and suspensions of M. leprae 
from skin lesions dried in the shade at an average maximum room temperature of 
36 .7° C and humidity of 77 . 6% were found to be viable up to 9 days. Since the 
bacilli were demonstrated to be alive even on the last  day of the ' experiment,  the 
end point was not estab lished.  The bacilli are therefore like ly to resist conditions 
of drying for more than 9 days under the c1imatic conditions described .  This was 
a very important finding and quite contrary to what was believe d and expected. 
Davey and Rees ( 1 974) first rep orted results of the experime nts conducted in 
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London to demonstrate the viability of M. leprae after desiccation. They showed 
that nasal discharges allowed to dry for 24 h and 1 . 7 5  days contained viable 
bacilli. With one exception, no bacilli were found to be alive after drying the nasal 
discharges for 3 days or more. ( In one instance, however, there was evidence of 
multiplication after drying for 7 days, the material containing less than 1 %  viable 
bacteria compared to  the organisms in the fresh material. ) It was therefore 
thought that in a tropical country, the organism would remain viable for a much 
shorter period outside the body. Chingleput, where the present experiments were 
carried out,  has a much warmer climate, being located on a l atitude of 1 3° N . The 
mean temperature at the time of our experiment was much higher than the 
temperature in London where the experiments of Davey and Rees were 
conducted. However, the mean humidity was 77 . 6% compared to 43 . 7 %  in 
London. The high humidity is perhaps responsible for the survival of M. leprae at 
a higher temperature. 

The results of these studies are very significant and have an important bearing 
on the epidemiology of the disease. Since it has been shown that the organisms 
are viable in the discharges for severa I days,  the possibili� of infection due to 
indirect contact has to be seriously considered . Infection through inhalation is 
another possible route as shown experimentally by Rees and McDougall ( 1 977) .  

It i s  regrettable that in  this part of the  country, as  in  many parts of the world,  
many people have the unhygienic habit of blowing their noses anywhere out of 
doors and wiping their fingers on any convenient nearby ob ject. Bacilli could thus 
settle on such ob jects and also be sprayed over articles in daily use, from which 
they could be transmitted to other persons. Muir ( 1 948) was of the opinion that 
indirect transmission occurs at times through the wearing of  a patient's clothes, 
using his furniture and other appliances or living in a house vacated by a patient . 
The chances of indirect contact with a leprosy patient are quite high, particularly 
in a metropolitan city in India. It must be remembered , however, that while the 
possibility of transmission of the disease by an indirect method certainly does 
exist, there is no need to become unduly alarmed, since the frequency of clinicai 
leprosy is much less than one would expect if this were the only factor involved. 
Obviously there are also other factors that influence the epidemiology of leprosy, 
especially in an endemic country like India. 
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Post-script 

The question has been raised whether dilut ion of nose-blow material and 
decontamination with 2% sodium hydroxide might possibly destroy or dilute 
some constituents of nasal secretions detrimental to the survival of M. leprae. 
While such a hypothetical possibility might be considered, it would be relevant to 
mention in this connection that treatment with sod ium hydroxide  was considered 
necessary and was done for the fresh specimen in order to destroy the other 
organisms in the nasal secretions. However, this procedure was not adopted while 
preparing suspensions of dried material since the other organisms are l ikely to be 
killed during the process of d rying. As such, the question of destruction of 
inhibiting factors in nasal secretions with sodium hydroxide does not arise as far 
as the dried material is concerned. The possibil i ty of dilution may also be ruled 
out since the material was desiccated again. 

The validity of the experiments is further confirmed by the results of 
inoculation with skin biopsy material which was not subjected to these 
procedures. 
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S o m e  C h a ra cte ri st i cs of t h e  Act i o n  
of D a pso n e  o n  M u l t i p l i c a t i o n  

o f  Mycobacterium leprae i n  t h e  M o u se * 
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L eprosy R esearch Un it, Pu blic Health Serv ice Hospital, 

San Francisco, Californ ia 9 4 1 1 8  and 
L ife Science D ivision, S tanford R esearch [ns titu te, Menlo Park, 

California 94 02 5, U. S. A .  

In  a number o f  experiments, male BALB/ c mice were inoculated with My co­
bacteriu m lep ra e and ad ministered dapsone (4 ,4 '-diaminodiphenylsulphone, DOS)  
incorporated into the mo use  chow in concentrations of 1 0 -2 to 1 0 -4.5 g% for 
periods of about 90 days d uring logarithmic multiplication of the organisms. Both 
the duration 01'  the delay between beginning treatment and the onset of  inhibition 
of bacterial multiplication an d the duration of the d elay between cessation of 
treat ment and resumption of  bacterial multiplication were dependent on the dosage 
of DOS .  The number of doublings of M. lepra e after the start of D O S  treatment 
appeared more sensitive to minar variations of  DOS concentration than the 
duration of the delay of  resumption of  multiplication after treat ment was stopped.  

lntroduction 

The activity of dapsone (4,4'-diaminodiphenylsulphone, ODS) against Myco­
bacterium leprae has been intensively studied in mice. When DDS,  incorporated 
into the mouse chow, is administered for periods of 60-90 days eluring logarithmic 
multiplication of the organisms in the mouse foot-pad [ Shepard ' s  "kinetic" 
method ( Shepard , 1 967 ,  1 969) ] , the antimicrobial activity of the drug may be 
characterized according to 2 criteria : 

( 1 )  the duration of the delay between beginning treatment of the mice with an 
effective dose of DDS and the onset of inhibition of bacterial multiplica­
tion;  anel 

(2)  the duration of the delay between cessation of treatment and the 
resumption of bacterial multiplication. 

The delay between beginning treatment anel the onset of inhibition is shorter, and 

* Supported in part by the U.S. LepTosy Panel of the U . S . -J apan Cooperative MedicaI 
Science Program ad ministered by the Geographic Medicine Branch, National Institute of 
Allergy and Infectious Diseases, National I nstitutes o f  Health,  B ethesda, M aryland, V . S . A. 
( grants R22 AI 07 8 0 1  and AI 0 8 2 1 4) .  
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Medicine and MedicaI Ecology, Hebrew University-Hadassah M ed icaI School, J erusalem, Israel. 
Received for publication 7 April, 1 9 7 7 .  
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that between cessation of treatment and the resumption of multiplication is 
longer when DDS has been administered in a larger dosage ( Shepard , 1 967 ,  1 969) .  

During the past 8 years, we have conducted a number of experiments in which 
DDS was administered to M. leprae-infected mice. Although we observed the same 
characteristics of antimicrobial activity of DDS noted by Shepard ( 1 967 ,  1 969) ,  it 
was also apparent that the quality of inhibition of multiplication of M. leprae 
varied from experiment to experiment in which the dosage of DDS,  the strain of 
M. leprae, and the strain of inbred mice were not varied . We have analysed the 
results of these experiments in an attempt to explain the variation of drug effect. 
An important cause of the variation of drug effect appears to be minor variation 
of the dosage of DDS revealed by measurements of the concentration of DDS in 
the plasma of mice sacrificed for harvests of M. leprae. 

M ateriaIs and Methods 

DDS, purchased from K & K Laboratories, Inc. , Hollywood, California, U. S .A. ,  
was incorporated into the mouse chow (Wayne Lab-Blox , Allied Mills, Inc. , 
Chicago , IlIinois, D. S .A.)  by means of a liquid-solid twin-shell blender (Patterson­
Kelly Co. ,  East Stroudsburg, Pennsylvania, U. S .A. ) .  The strain of M. leprae used 
in ali experiments was a "fast" strain (Shepard and McRae, 1 97 1 )  that had been 
isolated by C. C. Shepard , Center for Disease Control, Atlanta, Georgia, D. S .A. , 
from an untreated patient with lepromatous leprosy, and was subsequent1y 
carried through many mouse passages both in Shepard's laboratory and in ours. 
Locally-bred weanling male BALB/ c mice were employed in ali of the 
ex perimen ts. 

Mice were inoculated and M. leprae were harvested and enumerated by 
established methods (Shepard, 1 960 ;  Shepard and McRae, 1 968) .  Administration 
of DDS in concentrations of 1 0-4 .5 to 1 0- 2  g% was carried out for periods of 
about 90 days, beginning usually abou t 60 days after inoculation ; in 4 
experiments, DDS administration was begun about 7 5  days after inoculation. 
Harvests of M. leprae were carried out from the pooled tissues of 4-8 foot-pads of 
untreated mice at intervals beginning about 1 00 days after inoculation, in order to 
define the logarithmic portion of the growth curve. Similar harvests were carried 
out from the foot-pad tissues of DDS-treated mice at least once late during the 
period of treatment, and at intervals thereafter until the M. leprae had multiplied 
to the leveI of 1 06 organisms per foot-pad, or until no mice remained. The 
regression of the 10g l O  number of acid-fast bacilli (AFB) per foot-pad on the time 
in days after inoculation was calculated (Goldstein, 1 964), assuming a constant 
doubling time during logarithmic multiplication of 1 2  days ( Levy , 1 976) ,  to 
represent the phase of logarithmic growth of M. leprae. When mice were to be 
sacrificed for harvest of M. leprae during DDS treatment, the mice were first 
exsanguinated and plasma was separated and stored frozen for later analysis. DDS 
analyses were carried out by the chromatographic-fluorometric method (Murray 
et ai. , 1 97 1 ,  1 97 5) .  

Result s  

The results of 2 typical experiments, portrayed in Fig. 1 ,  demonstrate the 
application of the 2 cri teria to characterize the antimicrobial activity of DDS 
when the drug administered in a 90-day "pulse" beginning during logarithmic 
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Fig. 1 .  Log iO number of AFB (M. leprae) per foot-pad as a function of  the time after 
inoculation of  mice.  M ice were inoculated with 1 03.7 organisms in both hind foot-pads on day 
O. Those o f  experiment m6- 1 2- 6 8  ( a) were ad ministered 1 0 -4 g% DDS incorportated into the 
mouse cho w ;  the mice o f  experiment m4- 2- 6 9  (b)  were ad ministered 1 0 -2 g% DDS. The drug 
was ad ministered for the time indicated b y  the shaded bars along the abscissae. I n  each 
experimen t :  (e) results of  harvests of M. leprae fro m  pools of the tissues of 4 foot-pads of 
untreated control mice ;  (O) results of  harvests of  M. leprae fro m the foot-pads of  treated mice.  
The solid l ines,  the b es t-fitting straight lines drawn through the collections of  points with a 
slope equivalent to a doubling time of 1 2  days, represent the logarithmic phase of bacterial 
multiplication. No organisms were found in the harvests represented by the points with the 
do wnward-extending arrows ;  the points were calculated as if one organism had been 
encountered in the counting procedure. 

multiplication of M. leprae. In  experiment m6- 1 2-68 (experiment no. I of 
Table I ) , 1 0-4 g% DDS was administered for 95 days, beginning 6 1  days after the 
mice were inoculated. The regression line representing logarithmic multiplication 
of the organisms in untreated mice yields values of 1 7 8  days for the time after 
inoculation at which multiplication achieved the levei of 1 06 M. leprae per 
foot-pad, and 1 03.02 for the number of organisms per foot-pad at the time DDS 
administration was begun. Harvests of M. leprae from the foot-pads of treated 
mice during the period of DDS administration 1 46 and 1 5 3 days after inoculation 
yielded 1 04.38 and fewer than 1 03.70 AFB per foot-pad respectively. The geometric 
mean of these 2 values, 1 04.04 , represents the levei to which M. leprae had 
multiplied in treated mice after DDS administration was begun. This levei was 
reached in untreated mice 1 02 days after inoculation and 4 1  days after treatment 
had been started.  Thus, there was a delay of 41 days between beginning treatment 
and the onset of inhibition. The number of doublings of M. leprae during this 
delay may be determined : 

1 04.04/ 1 03.02 = 1 0. 5-fold multiplication ; IOg2 1 0. 5  = 3 . 39  doublings. 
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The regression line representing logarithmic multiplication of M. leprae in 
treated mice after withdrawal of DDS yields a value of 233  days for the time at 
which multiplication reached the leveI of 1 06 AFB per foot-pad . Multiplication of 
the organisms in untreated mice had reached th is leveI 55 days earlier. DDS had 
been administered for 9 5  days, but the M. leprae had continued to multiply 
during the first 41 days of administration, leaving a period of 54 days during 
which DDS inhibited multiplication of the organisms. Thus, the M. leprae appear 
to have resumed multiplication virtually immediately upon cessation of DDS 
administration. Therefore, in this experiment, in which mice were treated with 
1 0-4 g% DDS beginning during logarithmic multiplication of the M. leprae, the 
organisms continued to multiply through about 3 . 4  doublings before the onset of 
inhibition, and multiplication resumed immediately when DDS treatment was 
stopped. 

In experiment m4-2-69 (experiment no. 4 in Table 1 ) ,  1 0-2 g% DDS was 
administered for 88 days beginning 6 1  days after inoculation. At this time, the 
calculated number of AFB per foot-pad was 1 02 .9 7 .  A harvest of M. leprae from 
the foot-pads of treated mice on day 1 39 yielded fewer than 1 03.70 AFB per 
foot-pad. Because multiplication of M. leprae in untreated mice appears to have 
reached the levei of 1 03 . 70 AFB per foot-pad 90 days after inoculation and 29 
days after beginning DDS administration, multiplication of M. leprae in the 
treated mice could have continued for no longer than 29 days after treatment was 
begun. During this time, no more than 2 .4  doublings of M. leprae could have 
occurred , assuming a doubling time of 1 2  days. Once DDS treatment had been 
stopped, multiplication to the levei of 1 06 AFB per foot-pad appears to have 
occurred 1 05 days later in treated than in untreated mice. At least 46 
days- I 05-(88-29)-represents a delay of resumption of multiplication that cannot 
be accounted for by the presence in the mouse tissues of DDS in an effective 
concentration. Thus, in this experiment in which mice were treated with 1 0-2 g% 
DDS,  multiplication of M. leprae probably ceased immediately upon the 
institution of treatment, and resumed only after a considerable delay, once 
treatment was stopped. 

The results of 20 experiments in which DDS was administered to M. leprae­
infected mice are presented in chronological order in Table I .  The data in this 
table were derived by means of the calculations just described. As shown by the 
second column of the table, the drug was administered in a dosage of 1 0-4 g% in 
1 8  experiments, and in other dosages in 5 experiments. For each of the 20 
experiments, the number of AFB per foot-pad at the time DDS administration 
was started is shown in column 3. In the fourth column are entered the actual 
results of harvests of M. leprae from the foot-pads of treated mice about 90 days 
after beginning treatment ; DDS was stopped at this time in ali but one 
experiment. The fifth column of Table I shows the number of days elapsed 
between inoculation and multiplication of M. leprae to the levei of 1 06 per 
foot-pad in untreated mice. The number of days between the start of treatment 
and multiplication of M. leprae to the leveI of 1 06 AFB per foot-pad in untreated 
mice, which is the difference between the values in column 5 and the number of 
days elapsed between inoculation and the start of DDS ad ministration, is shown 
in the sixth column. The purpose of the data of columns 5 and 6 is to permit the 
consideration of the point on the growth curve of M. leprae at which the 
administration of DDS was begun.  The concentration of DDS measured in the 
plasma of mice sacrificed for harvest of M. leprae during treatment is shown in the 



TABLE I 

Characteristics of the effects of treatment with DDS on lhe multiplication of M. leprae in the mouse foot-pad 

. Oosage of 
Expenment 

OOS* 
no. 

(10-4 g%) 

I 1.0 
2 1.0 
2 10 
2 100 
3 100 
4 100 
5 1.0 
6 0.3 
6 1.0 
7 1.0 
8 1.0 
9 1.0 

10 1.0 
11 1.0 
12 1.0 
13 1.0 
14 1.0 
15 1.0 
16 1.0 
17 1.0 
18 1.0 
19 1.0 
20 1.0 

LoglO AFBffoot-pad 

Start End 
of DDSt of ODS:j: 

3.01 <4.03 
3.82 4.85 
3.82 3.76 
3.82 <3.70 
2.96 4.33 
2.97 <3.70 
3.73 5.39 
3.97 5.36 
3.97 5.48 
3.55 4.61 
4.40 5.51 
5.06 5.87 
4.94 5.96 
4.21 5.09 
4.43 5.30 
4.73 5.66 
4.43 4.88 
4.43 5.42 
4.33 4.76 
3.94 4.27 
4.46 5.33 
4.12 4.73 
4.24 4.70 

Time to 106 AFBffoot-pad 
From From 

inoculationt start of DDSt 
(days) (days) 

178 117 
148 86 
148 86 
148 86 
180 120 
181 120 
150 89 
155 80 
155 80 
171 96 
139 63 
114 38 
103 42 
129 70 
120 61 
110 50 
115 53 
121 61 
128 66 
143 81 
123 62 
134 74 
131 69 

Plasma No.of 
DDS doub-

Delay§ 
(days) 

(Ilgfml) Iings 

<1.0 <3.4 I 
-11 3.4 17 
-11 O 31 
-11 O 68 
-11 4.6 103 
-11 <2.4 46 
-11 5.5 >156 

<1.0 4.6 8 
2.0 4.9 39 
1.8 3.5 -� 
4.0 3.7 60 
1.5 2.7 >328 
6.4 3.4 <1 
5.2 2.9 106 
6.9 2.9 72 
6.2 3.0 191 
4.2 1.5 92 
3.1 3.2 53 
9.2 1.4 55 
6.5 1.0 22 
6.8 2.9 76 
8.4 2.0 27 
6.2 1.5 37 

* DDS was administered incorporated in the mouse chow for about 90 days, beginning about 60 days after 
inoculation in ali experiments except nos 6-9, in which drug administration was begun about 75 days after 
inoculation. 

t Calculated from the regression line representing the logarithmic phase of bacterial multiplication in 
untreated control mice. 

:j: Actual number recovered at harvest from treated mice. 
§ Delay = the difference between the time to 106 AFB per foot-pad in treated mice and that in untreated mice 

(column 5), from which has been subtracted the difference between the duration of treatment and the duration 
of continued multiplication after beginning DOS. 

11 Not measured. 
� Not applicable, because treatment was not stopped after 90 days. 
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seventh column. In the eighth column of Table I is presented the number of 
doublings of M. leprae that occurred in treated mice after treatment had been 
started. In the last column is shown the duration of the delay of resumption of 
multiplication in treated mice after cessation of treatment that cannot be 
attributed to the presence of DDS in the tissues in effective concentration. 

Multiplication of M. leprae appears to have ceased immediately after beginning 
treatment with 1 0-2 g% DDS in experiment no. 2 and probably also in experiment 
no. 4. In experiment no. 3, the harvest of M. leprae performed just before 
withdrawal of treatment yielded 1 04. 3; AFB per foot-pad, representing 24-fold 
multiplication or 4. 6 doublings. Ho wever, 2 subsequent harvests performed 1 94 
and 233  days after inoculation yielded fewer than 1 03.70 and 1 03.70 AFB per 
foot-pad respectively. These data suggest that the yield of the first harvest was not 
representative, and that multiplication of M. leprae had indeed ceased 
immediately after treatment with 1 0-2 g% DDS had been begun in this 
experiment also. In each of these 3 experiments, once treatment had been 
withdrawn, multiplication of M. leprae resumed only after a delay. 

In the one experiment in which mice were treated with 1 0-3 g% DDS 
(experiment no. 2) , multiplication appears to have ceased immediately after 
treatment had been started , and resumption of multiplication of M. leprae appears 
to have been delayed significantly after cessation of treatment. In contrast, in the 
one experiment in which mice were treated with 1 0-4.5 g% DDS (experiment 
no. 6), M. leprae continued to multiply through almost 5 doublings after 
treatment had been begun, and multiplication resumed without significant delay 
after DDS administration was stopped. Thus, the results of treatment of mice 
with DDS in dosages of 1 0-4.5 ,  1 0-3 1 0-2 g% appear consistent with those 
reported by Shepard ( 1 967 ,  1 969) : the larger the dosage, the fewer the doublings 
after beginning treatment and the longer the delay of resumption of multiplica­
tion after withdrawal of treatment. 

The major problem to which this study is addressed is the lack of  uniformity of 
the results of treatment with 1 0-4 g% DDS. Multiplication of M. leprae was 
inhibited in all 1 8 ·  experiments. The number of doublings of M. leprae after 
beginning DDS administration varied fron 1 . 0-5 . 5 ,  with a mean of 2 .93  doublings. 
The relationship of the number of doublings to several characteristics of bacterial 
multiplication is shown in Table 2. It is apparent that the time required from 
inoculation to multiplication to 1 06 AFB per foot-pad in untreated mice varied 
from experiment to experiment, probably as a result of variation of the 
proportion of viable organisms in the inoculum or of the duration of the lag 
phase. Because treatment was started at about the same time after inoculation in 
ali experiments, the portion of the logarithmic phase during which DDS 
administration was started also differed considerably from experiment to 
experiment. Neither the time from inoculation to multiplication to 1 06 AFB per 
foot-pad nor the time from beginning treatment to multiplication to this leveI was 
correlated with the number of doublings of M. leprae after beginning treatment. 
The number of doublings was negatively correlated with the concentration of 
DDS measured in the mouse plasma, and also with the date on which the 
experiments were started. 

The duration of the delay of resumption of multiplication of M. leprae also 
varied from experiment to experiment in which 1 0-4 g% DDS was administered. 
There was no delay in experiments no. I and 1 0 ; the duration of the delay was 
barely significant in experiments no.  2, 1 7  and 1 9 ; and the delay was longer than 
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TABLE 2 
Correla tio n of the num ber of doublings and the delay of resumption  of multiplica tion with 

several characteristics of m ultiplicatio n  of Myco.  leprae 

Correlation examined r* t *  P *  

Nu mber of do ublings versus: 
Log 10 AFB foot-pad : 

At start of D D S  - 0 . 244 1 . 0 1  > 0 . 0 5  
At end  of D D S  0 . 4 3 5  1 .9 3  > 0 . 0 5  

Time to  1 06 AFB foot-pad :  
From inoculation 0 . 3 5 2  1 . 5 1  > 0 . 0 5  
From start of DOS  0 . 2 7 1 1 . 1 2  > 0 .05  

Plasma DOS concentrationt - 0 . 5 8 7  2 . 7 1 < 0 . 0 2  
Date  experiment initiated:j:  - 0 . 7 6 0  4 . 6 8  < 0 . 0 1 

Num ber of days delay versus: 
Log 10 AFB foot-pad :  

At start of D D S §  0.490 2 . 1 8  < 0 . 0 5  
At end of  D DS I I  0 . 5 2 1  2 . 3 6  < 0 .04 

Time to 1 06 AFB/foot-pa d :  
From inoculation - 0 . 3 7 9  1 . 5 9  > 0 . 0 5  
From start of DDS � -0.482  2 . 1 3  0 . 0 5  

Plasma DOS concentration -0.269  1 .0 1  > 0 . 0 5  
Date experiment initiated - 0 . 0 3 3  0 . 1 3  > 0 .05  
Number of doublings 0 . 1 2 6 0 .49  > 0 . 0 5  

* r, The correlation coefficient ;  t,  Student's " t" ;  P, probability. 
t Number of doublings = 2 . 7 4  - ( 0 . 2 4  ± 0. 1 9) ( D DS concentration in ng/ ml - 4 .96) .  In t his 

and the subsequent regression equators, the expression for the slope includes the 9 5 %  
confidence limits around t h e  estimate of  t h e  slope of  the regression line. 

:j: Number of doublings = 2 . 9 3  - ( 0. 3 6  ± 0. 1 6 ) ( date experiment initiated - 7 . 3) .  
§ Number of days  delay = 7 8 . 4  + ( 8 3 . 8  ± 8 1 . 8 )  ( IOg lO AFB per foot-pad at start of 

DOS - 4. 24).  
1 1  Number of days delay = 7 8 . 4  + ( 7 9 . 8  ± 7 2 . 2 )  ( IOg l O  AFB per foot-pad at end of  DDS -

5. 1 2) .  

� Number of days delay = 78.4 + ( 2 . 0 8 4  ± 2. 08 1 )  ( number of days from start  of DOS t o  1 06 

AFB per foot-pad - 68 .4 ) .  

1 00 days in experimen ts no .  5 ,  9 ,  1 1  and 1 3 . The duration of the delay may be 
seen in the lower panel of Table 2 to have been correlated with the numbers of 
AFB per foot-pad at the beginning of DDS administration and at the end of the 
period of treatment in treated animais, and to have been negatively correlated 
with the time elapsed from start of treatment to multiplication to the levei of 1 06 
AFB per foot-pad in untreated mice. None of these correlations is striking, 
however. The duration of the delay was not correlated with plasma DDS 
concentration, the date experiments were initiated , or the number of doublings 
that occurred after beginning treatment. 

Discussion 

The purposes of this study were to d escribe the manner in which multiplication 
of M. leprae in the mouse foot-pad was affected by a 9 0-day course of DDS begun 
during the logarithmic phase of bacterial growth , and to find an explanation for 
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the variation of the effects of treatment from experiment to experiment. Our 
results appear to confirm those reported earlier by Shepard ( 1 967 ,  1 969) . 
Ad ministration of DDS in a concentration of 1 0-4 g% inhibited multiplication of 
this strain of M. leprae. The bacterial strain used in this study proved also to be 
susceptible to 1 0-4.5 g% DDS;  in an earlier, unpublished study, it was found to 
muItiply in mice during the administration of 1 0-5 g% DDS. These resuIts are 
consistent with the earlier demonstration that M. leprae recovered from untreated 
patients are uniformly susceptible to DDS in this dosage , and that many strains of 
M. leprae recovered from untreated patients are susceptible to 1 0-4 .5 g% DDS,  
whereas only a few are susceptible to 1 0-5 g% DDS (Shepard et ai. , 1 969 ;  Levy 
and Peters, 1 976) .  

Our results also demonstrate the  relationship described earlier ( Shepard ,  1 967 ,  
1 969) between the dosage of DDS on the one hand and characteristics of drug 
action on the other-the lag between beginning treatment and the onset of 
inhibition of multiplication, and the delay of resumption of multiplication of 
M. leprae after the cessation of DDS administration. These 2 phenomena are of 
particular interest because of the variable effects noted to follow the administra­
tion of DDS in a concentration of 1 0-4 g%. 

Multiplication has been reported to continue through several generations after 
the addition of sulphonamides to cultures of susceptible organisms (Wolff and 
Julius, 1 939) .  The authors speculated that the lag between addition of drug and 
onset of growth inhibition depended upon the presence within the organisms of a 
store of an essential substance, the supply of which is affected by the drug. The 
concentration-dependence of this phenomenon was not described in this report, 
however. Our demonstration that the duration of the lag in the case of inhibition 
of M. leprae by DDS is related to the concentration of DDS appears more 
consistent with the presence within the organisms of a store of a precursor of di­
or tetrahydrofolic acid than with a store of the end-product itself. 

The results of administration of 1 0-4 g% DDS demonstrate considerable 
variation of the 2 characteristics of DDS action from experiment to experiment. 
The number of doublings of M. leprae that occurred after the start of DDS 
administration was inversely related to the concentration of DDS in the plasma of 
mice sacrificed near the end of the period of treatment, and also to the date on 
which the experiments were started.  That the number of doublings was smaller 
when a larger DDS concentration was measured is not unexpected. That 

'
the 

number of doublings was smaller in more recent experiments requires explana­
tion. In another study, conducted during a portion of the time covered by this 
study, variation of the plasma DDS concentration from experiment to experiment 
was noted , although no trend could be discerned ( Levy and Peters, 1 976) .  
However, in  the present study, the plasma DDS concentration was positively 
correlated with the date on which the experiments were begun (r, the correlation 
coefficient = 0. 744 ;  Student's t = 4. 1 7 ;  P < 0. 0003) .  Thus, the relationship 
between the number of doublings of M. leprae after beginning treatment and the 
plasma DDS concentration at the time mice were sacrificed for harvest is 
consistent with the relationship between the number of doublings and the date on 
which mice were inoculated in each experiment. The date on which the 
experiments were started is also correlated negatively with the time from 
inoculation to muItiplication to the levei of 1 06 AFB per foot-pad in un treated 
mice (r = 0. 6 1 5 ;  t = 3 . 1 2 ; P < 0. 002). AIthough this relationship may suggest that 
our technique has drifted during the course of the past 8 years, no relationship 
could be discerned between the number of doublings that occurred in treated 
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mice after treatment had been started and the time from inoculation to 
multiplication to 1 06 AFB per foot-pad of  untreated mice. 

The duration of the delay of resumption of multiplication of M. leprae after 
administration of 1 0-4 g% DDS was stopped also varied among experiments. The 
duration of the delay was positively correlated with the number of AFB per 
foot-pad at the beginning of treatment and negatively correlated with the time 
from beginning of treatment to multiplication to  the levei of 1 06 M. leprae per 
foot-pad of untreated mice. These findings are consistent ,  because both 
measurements are made from the same regression line. On the other hand , the 
duration of the delay was found to be correlated with the number of AFB per 
foot-pad of treated mice measured near the end of the period of treatment,  
whereas it was not correlated with the number of doublings between the start of 
treatment and the onset of growth inhibition. These findings are inconsistent, 
because the number of doublings is determined by the difference between the 
number of AFB per foot-pad of treated mice mice at the end of the period of 
treatment and the number of AFB per foot-pad at the time DDS administration 
was begun. The duration of the delay was correlated neither with plasma DDS 
concentration (in the case of those experiments in which 1 0-4 g% DDS was 
administered) nor with the date experiments were begun. 

Taken together, these results are consistent with the explanation that both 
characteristics of DDS effect- the lag between beginning treatment and onset of 
inhibition, and the delay of resumption of multiplication after the end of 
treatment-depend upon the d osage of DDS. However, the number of doublings 
of M. leprae after the start of DDS treatment appears to be more sensitive to 
relatively minor variations of the concentration of DDS in the neighbourhood of 
1 0-4 g% than is the duration of the delay of resumption of multiplication once 
treatment has been stopped. 
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The proportion of disab led among leprosy patients is 3 9% in the New Hebrides. 
This proportion is higher among lepromat ou s cases ( 6 7%) than among tub ercu loid 
and borderline cases ( 3 8%) .  The disability index is higher among disab lecl 
lepromatous ( 1 . 2) than among d isabled tubercu loid and borderline ( 0. 8 ) . M ales are 
more often disabled than females (47 % for males, 3 3 %  for females), but fe males 
seem to be more seriously disab led than males. There is an increase in the 
proport ion of disabled and in the disability index with age. Disab ilit ies are more 
frequent among positive cases, among patients taking irregular t reatment or no 
t reatment at ali and among patients with leprae reaction. The proportion of  
disabled among tuberculoid cases increases 4 to  6 years after d iagnosis and then 
decreases. For lepromatous patients there is a high and stable proport ion of 
disabled from the beginning of the disease ; there is a lso a steady increase in the 
severity of the disabilities. The nature of the init ia l  symptoms influences the future 
occurrence of disabilities among tub erculoid and borderline cases. Only 1 3  to 1 6% 
will  develop disabilities if there i s  no nerve involvement ,  3 5  to 3 8 %  will do so  if 
nerves are already involved.  Bilatera l  lesions are more common among lepromat ous 
than among tuberculoid or borderline cases. The p revalence of disab led for the 
whole population was estimated to  be 2 . 7  per thousand. 

Introduct io n  

The Second Report of  the WHO. Expert Committee on  Leprosy (WHO, 1 960) estimated that 
about 25% of ali leprosy patients have some degreee of disability. This figure was later 
considered as an underestimation of the disab ility problem at the Scientific Meeting on 
Rehabilitation in Leprosy (WHO, 1 96 1 ), held at Vellore , India, in 1 960 because " in many 
surveys anaesthesia of the hands and feet , which constitute severe disability, has not been 
recorded except when accompanied by deformity" . 

Percentages of disabled leprosy patients from different countries vary widely , as do the 
criteria for their classification and definition : 26 .6% in Burma, 40 .3% in Taiwan, 25 .8% in 
Japan (Int!. Soe. Rehab . Lep . ,  1 965) ,  42 .9% in South India (Rao , 1 9 70). 

Studies on prevalence of leprosy disabilities in different countries (Martinez Dominguez and 
Bechelli , 1 966) and studies of disabilities in relation with other factors as sulphone treatment 
(Wardekar, 1 9 68), socio-economic problems (Frist, 1 973) , etc . ,  have been done using once 
again different criteria for the definition and evaluation of  disabilities .  

The writers assess the disability problem among the New Hebridean leprosy patients from 
the epidemiological and clinicai points of view, evaluating the diffe rent factors that could 
influence the development of disab ilities .  The estimated prevalence of disabled leprosy patients 
for the whole country is also given .  

Received for publication 1 0  March , 1 9 7 7 .  
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The following objectives have been chosen : 

( 1 )  The problem of leprosy disab ilities in relation with the whole population (prevalence). 
(2) Distribution of disab ilit ies by sex, age , and type of leprosy . 
(3) The relation between disabilities and bacteriological results ,  regularity of treatment and 

lepra reaction. 
(4) The evaluation of disabilities with time. 
(5) Prognosis of disab ilities according to  the initial lesions (skin,  nerve , or both). 
(6) Frequency of type of disability . 
(7) Distribution of hand and foot disability according to the leprosy type (laterality of 

disabilities ). 
(8) Geographical distribution of disabilities in the group of islands and possible reasons for this . 

Material and Methods 

The data on disabled patients were collected fram t he clinicai examinations made d uring 
leprasy surveys and periodic follow-ups. 

Data on previous disabilities, initial sympt oms, bacteriology and regularity of treatment were 
collected fro m the central regist er of the leprasy control unit of  the New Hebrides.  

The WHO form ( WHO, 1 9 7 0 )  for the recording of disabilities and t he Disability Index 01-2 
(Bechelli, 1 9 7 1 )  was used because it  is t he m ost elaborated .  

To describe t he disability situation in any given group 2 data are presented : 

( I )  percentage of disable d ;  
(2)  mean disability index of  disabled p atients. 

Results 

FREQU ENCY OF DISABI LITIES 

Out of a total number of 700 leprosy patients alive in the New Hebrides , detailed data were 
available for 329 patients studied for disabilities . Among these , 1 28 (39%) were found to suffer 
fram some kind of disability. In comparison with other countries thls percentage of disabled 
among leprosy patients is rather hlgh. From thls it may be estimated that there are about 270 
disabled leprosy patients in the country , Le .  a prevalence rate of 2 .7 per 1 000. 

DISABILITIES IN RELA TION TO THE TYPE OF LEPROSY 

The data are presented in Tables 1 and 3 and Figs 3 and 4.  No disabled were found among 
indeterminate cases . According to the WHO Classi fication for Disabilities (Bechell i ,  1 97 1 ) , 
indeterminate cases have disabilities only if at least anaesthesia was present on hands or feet . 
Anaesthesia of indeterminate macules located elsewhere in the body is not considered as a 
disab ility. Among the other types there were : 

(a) a hlgher percentage of disabled among lepromatous (67%) than among tuberculoid and 
borderline (38%) (difference significant at P = 0.05) ;  

(b) a hlgher disab ility index among disabled lepromatous ( 1 .2) than among disabled 
tuberculoid and borderline (0 .8) (difference significant at P = 0.05) .  

High percentages of disabled and high disability indices among lepromatous cases were also 
found in other studies (Martinez Dominguez and Bechelli, 1 966;  Novreen and Srinivasan, 
1 9 66). It can be explained by the widespread and progressive nature of lepromatous leprosy. 
The other types are more localized and have a shorter evolution. 

The observations made on the tuberculoid and borderline groups were similar regarding the 
disabilities. Most of the boderline cases examined were close to the tuberculoid pole . 

DISABILITIES ACCORDING TO SEX 

The data are p resented in  Tables 1 and 2 and Figs 1 and 2 .  Males are more often disabled 
than females (47% for adult males, 33% for adult females ;  diffe rence significant at P =  0.05) .  



TABLE I 
Disabilities by sex, age and leprosy types 

Males Females Children Total 

No. of No. of % N o. of N o. of % N o. of No. of % No. of No. of % 
cases disabled disabled D.I .  cases disabled disabled D. I .  cases disabled disabled D . I .  cases disabled disabled D. 1 .  

Indeterminate 1 4  O O 9 O O 8 O O 3 1  O O 
Tuberculoid 7 7  3 6  47 0. 7 6 1  20 33  0 .9  26  5 1 9  0.4 1 64 6 1  3 7  0 . 8  
Borderline 62 2 6  4 2  0. 8 22  8 36 0. 8 4 2 50  0 .2  88  36 4 1  0. 8 
Lepromatous 3 1  24 77 1 . 0  1 5  7 47 2 .4  O O 46 3 1  67 1 . 2  
Total 1 84 86 47 1 0. 8 1 07 3 5  3 3  l . l  3 8  7 1 8  0 .3  3 2 9  1 28 39  0 .8  

D. I . ,  Disability Index. 



TABLE 2 
Disab ilities by age and sex 

Males Females Total 

NO. of No. % NO. of No. % NO. of  No. % 
cases disabled disabled D . I .  cases disabled disabled D . I .  cases disabled disabled D . I .  

0- 1 4  1 6 5 3 1  0. 3 22 2 9 0 . 3  38  7 1 8  0 .3  

f" 
82 28 34 0. 7 48 1 4  29 0. 7 1 3 0 42 3 2  0. 7 

3 0-44 5 9 30  5 1 0 .9  3 1  9 29  I A  90 39  43  1 . 0 
Adults 45+ 43 28  6 5 0 .9 2 8  1 2  43  I A  7 1  40 5 7 1 . 0  

Sub- 1 84 86 47 0. 8 1 07 3 5 3 3  1 . 1  29 1 1 2 1  4 1  0 .9  
total 

Total 200 9 1  45 0 . 8  1 29 37  29  1 . 1  329  1 28 3 9  0. 9 
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The same difference is observed in each type of lep rosy, but it is more evident in the 
lepromatous type. 

Although less often disabled, females seem to be more seriously disabled (D. I .  = 0.8 for 
males, 1 . 1  for females, difference not significant at P = 0.05) .  This diffe rence is most prominent 
for the lepromatous type (D. 1 .  = 1 .0 for males ,  2.4 for females). 

It is difficult to find a full explanation of these differences according to  sexo Leprosy in the 
New Heb rides is almost entirely limited  to the rural areas (only 2 cases were detected in the 
urban population). New Hebrideans are farmers , both the males and the females .  Males spend 
more time working in gardens, hence a greater exposure to traumas of gardening and a higher 
proportion of disabled. Females do the easier gardening jobs along with housework and 
cooking. While cooking they are exposed to more severe disabilities .  Male children have rougher 
activities than females .  

lt is not  fully understood why there should be a difference between male and female 
lepromatous D. 1 .  (0. 8  versus I A) and no diffe rence between male and female tuberculoid or 
borde rline (0.8 versus 0.8). 
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TABLE 3 
Disabilities by age and leprosy type 

Tuberculoid Borderline Lepromatous 

No. of No. % No. of No. % No. of No. % 
cases disabled disabled D. 1 .  cases disabled disabled D.I .  cases disabled disabled D.I .  

0- 1 4  26 5 1 9  0. 4 4 2 5 0  0 . 2  O O 

(
29 6 1  22 38  0. 5 4 1  1 6  39 0 .9  I I  4 36  0 .8  

30-44 48 2 1  44 0 .9  2 1  6 29 0. 8 1 7  1 2  7 1  1 . 2 
Adults 45+ 29 1 2  4 1  l . l  22  1 2  54 0. 7 1 8  1 5  8 3  1 .4 

Sub- 1 38 56  4 1  0. 8 84 34 40 0.8 46 3 1  6 7  1 . 2  total 

Total 1 64 6 1  3 7  0 .8  88  36 4 1  0 .8  46 3 1  6 7  1 . 2  
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DI SABILITIES AND AGE 

2 5 3  

The b n'akdown b y  age groups o f  1 5  years i s  presented i n  Tables 2 and 3 and Figs 2 and 3 .  
For males and females, for tuberculoid, borderline and lepromatous there i s  a n  increase of  the 
percentage of disabled and of the disability index with age . 

For tuberculoid and borderline the increase is progressive . The disabilities become more 
common and more serious with age . For the lepromatous the increase is ve ry rapid until a high 
plateau is reached at the age of 30. (lt will be noted that the samples used are small.) 

Males have more disabilities than females in ali age groups . In the age group O to 1 4, 3 1  % of 
the males are already disabled while only 9% of  the females show some disability . This 
difference is less c onspicuous in the I S to 29 years age group (34% for males,  29% for females) , 
but it becomes more obvious in the older age groups. Since there was no random sampling 
done, the smaller difference in the I S to 29 age group might be due to random fluctuations . 
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The percentage of  disabled children is high ( 1 8%) in comparison with some other count ries 
(Martinez Dominguez and Bechelli, 1 9 66). There were no lepromatous cases in the age group 
below 1 5 , hence this high percentage is ob served among tuberculoid and borderline , mostly 
among males. It is likely that this diagnosis was made in relatively advanced stages of the 
disease. 

DISABILITIES AND BACTE RIOLOGY 

The bacteriological status (Table 4) of the tuberculoid and borderline types influences the 
disability problem. There are more disabled among positive cases than among nega tive cases 
(67% and 68% versus 4 1 % and 38%, differences significant at P = 0.05).  However it does not 
influence the severity of disability since disability indices are equivalent . 

TABLE 4 
Rela tion between disab ilities and bacteriology 

Positive Negative 

Tuberculoid 
Borderline 

Total 

NO. of 
cases 

9 
2 5  

34 

No. % 
disabled disa bled D. I .  

6 6 7  0 . 8  
1 7  6 8 0 . 8  

2 3  6 8  0. 8 

TABLE 5 

NO. of No.  
cases disabled 

1 3 2  54 
7 7  29  

209 83 

Geograph ical distribu tion of disab ilities 

Island 
No.  of  cases No. % 

studied disabled disabled 

M ota Lava 3 7  1 3  3 5  
Vanua Lava 9 I 1 1  
M ota 1 1  2 1 8  
Other B anks/Torres 1 1  6 54 

N. Santo 24 1 5  6 2  
S. Santo 63 2 1  3 3  
W .  Santo 1 0  8 8 0  
Islets 9 2 2 2  

Aoba 2 0  8 40 
Maewo-Malekula 4 4 1 00 
Pentecost 2 1  8 3 8  
Ambrym 2 8  6 2 1  
Paama 3 0  1 2  40 

Epi 1 6  4 2 5  
CD I I slets 9 7 7 8  
Tanna 24 9 3 7  
Sthn. Islets 3 2 6 7  

T otal 3 2 9  1 2 8 3 9  

% 
disabled 

4 1  
3 8  

40 

D . I .  

1 . 7  
0. 3 
0 . 2  
0. 8 

0. 5 
0. 6 
1 . 2  
0. 4 

0 .9  
0. 7 
1 . 6  
0. 7 
0. 8 

1 . 2  
0 .9  
0. 8 
1 . 0  

0. 8 

D . I .  

0 .6  
0 . 7  

0 .6  

The geographica! difference in the  percentage of the  disabled among leprosy patients is not 
significant . However the disab ilities are not evenly distributed throughout the group of islands. 
There are severa! factors which are thought to influence this distribution by islands : quantity 
and quality of hea!th posts availab le ;  means of communications ; proportion of lepromatous ; 
etc. For instance , in Mota Lava the severity of the disab ility problem (35% of disabled , 
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D.1 .  = 1 .7) is prob ably due to the high prevalence of lepromatous on the island.  In West Santo, 
the main contributing factors to the disab ili ties are the isolation and the complete lack of 
adequate  facilities and t rained personnel. 

There is an apparent correlation between the pe rcentage of disabled and the disability index : 
the higher the percent age of disabled,  the higher the disab ility indexo Howeve r ,  in 3 areas the 
disability index is higher than expected : Mota Lava, Epi and Pentecost isIands . There is no 
obvious explanation for this lack of co rrelation .  

CLlNICAL DESCRIPTION 

Out of 1 28 disabled patients ,  41 (32%) had only anaesthesia of hands and/or feet  and 87 
(68%) had disabili ties besides anaesthesia. 

The majority o f  disabilities are minor ones as shown by Fig. 5 .  The different types of 
disabilities, anaesthesia excluded,  are presented in Table 6. The most common disab ilities are 

TABLE 6 
Types af disab ilities 

Number % 

Anaesthesia only 4 1  3 2  
Anaesthesia & deformity 8 7  6 8  
Total 1 2 8 1 00 

Hand Ulcer & inj uries 8 4 
M obile c1aw 5 4 28  
Slight absorption 3 6  1 9  
Stiff j oint 4 2 
Severe absorption l O  5 

Feet U1cers 4 5 2 3  
Clawed toes 6 3 
Slight absorption l O  5 
Foot drop 3 1 . 5  
Con tractures I 0 . 5 
Severe absorption l O  5 

Face Lagoph thalmos I 0. 5 
I ritis, keratitis 3 0 . 5  
Visual impairment 3 1 . 5  
Facial paralysis I 0. 5 



TABLE 7 
Hand and foo t  disab ility according to leprosy type 

Hand Foot 

NO. of 
cases 

No. No. with hand 
disabled* disability Monolateral Bilateral % No. with foot 

bilateral disability 
M onolateral bilateral 

Tuberculoid 
Borderline 
Lepromatous 

1 64 
8 8  
4 6  

6 1  
36 
3 1  

38 
1 8  
1 6  

* Some cases had both hand and foot disabilities. 

28 
1 5  

5 

1 0  
3 

I I  

TABLE 8 

2 6 . 3  
1 6 . 7  
6 8 . 7  

2 5  
1 8  
1 7  

Progn osis of disabilities according to the in itia l lesions 

Skin only Nerve only 

NO. of No. % N O. of No. % 
cases disabled disabled D. I .  cases disabled disabled D . I .  

Tuberculoid 7 3  1 2  1 6  0. 2 2 1  8 38 0 .2 
Borderline 6 1  8 1 3  0. 1 4 O O 
Lepromatous 1 3  7 54 0. 8 O 

Total 1 4 7  2 7  1 8  0. 5 2 5  8 32  0 .2  

NO. of 
cases 

22 
20 

9 

5 1  

2 1  
1 2  
6 

Both involved 

No.  % 

4 
6 

I I  

disabled disabled D. I .  

8 36 0. 5 
7 3 5  0 . 3  
5 56 1 . 3  

20 39  0. 7 

% 
b ilateral 

1 6 . 0  
3 3 . 3  
64 .7  
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( 6  ) 
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Fig. 6 .  Laterality of disab ilit ies of hands and feet. ( !l!i )% of bilateral lesions. 

the mobile c1aw hand which represents 28% of ali disabilities ,  foot u1cers with 23% and hand 
absorption at 1 9%. 

Bilateral lesions are significantly more common among lepromatous than borderline or · 
tuberculoid (Table 7 and Fig. 6). Looking at the distribution of the clinical lesions , the patients 
classified as borderline are, in the New Hebrides , close to the tuberculoid pole . The distribution 
of disabilities follows the pattern observed for skin and ne rve lesions . The disabilities are 
localized and asymmet rical in the tuberculoid and widespread and symmet rical in the 
lepromatous. 

Lepra reaction provokes the development of disabilities .  For 1 4  lepromatous cases who had 
had lepra reaction in the past, the disab ility index was 1 .4 .  It is only 0.8 among ali other  
lepromatous cases. However the number of cases is  too small to provide more detailed 
information. 

EVOLUTION OF THE D1SABILITIES 

Data regarding initial symptoms were available for 223 cases . 
The nature of the initial symptoms (skin sympt oms, nerve symptoms , o r  both) influence the 

future occurrence of disabilities among tuberculoids and borderline cases .  Only 1 3% to 1 6% will 
develop disabilities if there is no ne rve involvement, while 35% to 38% will do so if nerves are 
involved (Table 8). 

The evolution of disabilities with time is presented in Table 9 and Figs 6 and 7. For 
tuberculoid patients the proportion of disabled increases 4 to 6 years after diagnosis and then 
decreases.  The severity of these disabilities is fairly constant (stable index). For lepromatous 
patients there is a high and stable proportion of disabled with a steady increase of the severity 
or the disability . The. improvement of disabilities of tuberculoid patients may be due to the 
recovery of Grade I disabilities (anaesthesia only, in hands and/or feet , conjunctivitis). Among 
lepromatous patients Grade I disabilities appear at a later stage and the disabilities get worse. 
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TABLE 9 
Evalu tian af disabilities with time 

Years after diagnosis 
lnitial 
exam. 2 4 6 8 1 0  Over 

T No. of patients 9 2  4 9  1 7  1 7  1 9  20  20 
No. disabled 33 1 9  1 0  1 0  9 7 7 
% disabled 3 6  3 9  5 9  5 9  47  35  3 5  
D. I .  0. 6 0. 6 0 .6  0. 8 0 . 6  0. 8 2 . 2  

B No. of patients 86 3 9  2 2  2 7  1 7  2 8  1 5  
No. disabled 26 1 2  1 2  1 6  9 I I  l O  
% disabled 3 0  3 1  5 4  5 9  5 3  3 9  6 7  
D. 1 .  0. 9 1 . 1 1 . 4  L I 1 . 2  1 . 1  1 . 1  

L No. of patients 2 7  23  1 8  1 2  1 4  1 2  2 2  
N o .  disabled 23 2 1  1 5  1 0  1 2  1 0  1 7  
% disabled 8 5  9 1  8 3  8 3  8 6  83 7 7  
D. I .  0. 8 0. 8 1 . 1 1 . 2  1 . 3  1 . 4  1 . 7  

TABLE I O  
R elatian between disab ilities and regularity af treatmen t 

Regular N one or irre guIar 

NO. of No. % NO. of No. % 
cases disabled disabled D. I .  cases disabled disabled D . I .  

Tuberculoid I I  7 64 0. 5 39  22 5 6  0 .6  
Borderline 2 2  4 1 8  1 . 5  3 5  1 6  46 0 .9  
Lepromatous l O  7 7 0  1 . 2  I I  I I  1 00 1 . 5 

Total 43 1 8  4 2  1 . 0 8 5  49 58 0.9 
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Nerve and bone involvement i n  lepromatous leprosy are b ound to occur and t o  cause disabilities 
even under treatment (Jopling, 1 9 7 1 ). 

The effects of the regularity of treatment on the percentage of disabled is significant in the 
lepromatous and borderline types (Table 1 0). Data were available fo r 1 28 patients. However ,  it 
is difficult to conclude that this is the effect of t reatment as these cases were not randomly 
selected.  

The lower percentage of disabled among regularly t reated patients has already been 
mentioned (Wardekar, 1 9 68). However, the opposite observation has also been made (Noordeen 
and Srinivasan, 1 9 66). DDS in large doses may increase the incidence of lepra reaction,  most1y 
in borderline patients, but this does not counterbalance the b eneficiaI e ffects of the treatment . 

IMPO RTANCE OF THE D I SABI LITY PROB LEM 

From the data collected in the sample of 329 patients studied,  the p revalence of disabilities 
among the whole population may be estimated at 2.7 per thousand. The 700 presently living 
patients would have the following disab ilitie s :  

Unable to work 
Partially disabled 
Mild disability 
No disa bili ty 

(0. 1 .  > 3) 
( I  < O.l .  .;; 3 )  
( 0 < 0. 1 . ';; 1 )  
( O. I . = O) 

1 0  
60 

200 
430 

This does not constitute an economic p roblem for the manpower of the country. There is 
also a very small social problem since prejudice against leprosy and/or its de formed victims is 
oúnimal. Disabled patients are looked after by their families or by the community . 

Conclusion 

Although the prevalence of leprosy is rather low in the New Hebrides (2 .9 per 1 00) in 
comparison to other countries the prevalence of disabifities is rather high, probably due to late 
diagnosis. The isolation and difficulty of communications in this island group and the scarcity 
of well-trained medical personnel impair the early diagnosis of leprosy. The p rimitive living and 
working conditions contribute to the development of severe disabilities .  

It would be justified for the leprosy control programme to put more emphasis on the 
detection and prevention of disab ilities ,  with males and lepromatous being the groups which 
have higher risks . Females have less risk of developing disabilities, but the disab ilities they do 
develop tend to be  more seve re. Case detection and health education could be better ut ilized 
after the results of this study. 
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Five years experience of integration of leprosy control in Phuket Island, Sou thern 
Thailand, showed that known cases of leprosy had incre ased by 2 5 1 % from 0. 7 7  to  
1 . 9 3  per  thousand, through the efforts of local health workers , and by 3 1 8% from 
0. 7 5  to  2 .45  per thousand on a second survey conducted in the fifth year of 
integration. L ocal hea1th workers detected 43% of total registered cases, remaining 
cases being found by a specialized leprosy survey team. 

The accomplishment of 3 m ain targets in leprosy control, namely treatment, 
contact examination and bacteriological smears had gradually declined by 3 5 %  
from 6 6  to  3 1  % indicating a great need for better supervision and motivation. 
Adequate survey before integration was also necessary ,  followed by regular 
supervision and field guidance t o  promote proper efficiency and effectiveness of 
leprosy control. 

In troduction 

The Phuket Province is one of the smallest and most hypere ndemic in leprosy of 
the 1 4  provinces comprisi ng the Southern Region of Thailand.  It is an island with 
an area of 80 1 km2 where 1 03 ,262  inhabitants live in 3 districts with little 
mobility of population. The existing health structure covers every area, and the 
heaith workers are well motivated. Because of its strategic positio n in  the Region 
and its available health facilities, Phuket Province was chosen as the pilot province 
for integration of leprosy control into the Provincial Health Services. 

Within 5 years of the integrated leprosy control services, registrations of 
patie nts increased from 9 1  in 1 97 2  to 2 5 3  cases in 1 976 ,  which brought up the 
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prevalence in Phuket Island to 2 .45  per thousand, being highest in the South. In 
1 9 76,  with the support of the Sasakawa Memorial Health Foundation of  Japan 
and the technical advice of the World Health Organization, the Leprosy Division 
of the Department of Communicable Disease control of Thailand conducted a 
stratified random sampling survey to assess the epidemiological situation and to 
evaluate certain aspects of the integrated central operations. 

First Survey and Orientation Training Prior to Integration 

In 1 97 2, prior to the launching of integration, the Leprosy Division sent a 
survey team to conduct selective case finding procedures, which included the 
examination of ali known cases , suspects, household contacts and school children. 
Health education was aIs o conducted on local radio to stimulate voluntary 
presentation for examination at the Provincial Health Office. The survey lasted 
about 3 weeks. Eighty-seven leprosy cases were detected and registered with an 
overall point prevalence of 0. 77 per thousand and a lepromatous rate of 0.44 per 
thousand. 

After the survey, a 3 day orientation training course prior to in tegration was 
given to 2 groups of 54 provincial health workers. Subsequently , patients were 
then delegated to the health workers in charge of the existing 1 4  health centres 
and 3 midwifery centres . Seven main targets in leprosy control service were 
assigned to each of the workers .  These were as follows : 

(a) To carry out examination for leprosy of people voluntarily attending ali 
health and midwifery centres. 

(b) To give monthly treatment to ali registered cases at the minimal annual 
treatment rate of 7 5 %. 

(c) To examine household contacts once a year at the minimal annual 
examination rate of 60%. 

(d) To examine school children once a year at the minimal annual examination 
rate of 20%. 

(e) To make bacteriological smears of ali lepromatous (including borderline) 
and newly detected cases once a year at the mini mal annual smear rate of 60%. 

(f) To send a monthly report on leprosy control activities. 

Second Survey 

The second survey of the province was undertaken in 1 97 6  by the authors .  A 
total of 90 villages in rural areas were covered by the survey and the sampling unit 

. was half of the households of each village ( 5 0%). The method of stratified random 
sampling was used, picking out labels with odd or even numbers .  If odd No. I was 
drawn, the survey would be carried out in households Nos. 1 ,  3 ,  5 ,  7 ,  9 . . .  etc. , 
house after house, and vice versa for even numbers, until the target was reached. 
The survey took 3 months ,  and a total population of 3 1 , 3 5 0  were examined from 
5 ,30 1 households ( 5 1 . 63%) out of a total 1 0,268 households in a total population 
of 62, 5 64, and an approximate 5 1 . 6% sample and 97 . 03% coverage of target 
population were obtained. 

Since the method used for the first survey was not the same as that in the 
second survey, it is not intended in this report to compare the results of these twC' 
surveys, but to use the result of the second one as basic data to be in every way 
comparable to future surveys, using the same frame of households and methods. 
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The results of the second sUlvey revealed a detection of 3 1  leprosy cases, a 
detection rate of 0 .99 per thousand with leprom atous cases 0 .25  per thousand . 
When comparing the detection rate of Phuket with the assessment at Khonkaen 
conducted by the WHO Headquarters Leprosy Advisory Team (L.A.T . )  in 1 962 
and 1 9 72 ,  the most  important conclusion which can be  drawn from this data the 
lepromatous detection rate , detection of lepromatous cases among newly detected 
cases, and prevalence of old leprosy cases are comparable in Khonkaen and 
Phuket ,  even though the duration of control operations was completely different 
(Table I ) . 

TABLE I 
Co mparison ofresults ofepidemiological survey of Khonkaen in 1 9 62, 1 9 72 and Phu ket in 1 9 76 

Duration 
of leprosy Prevale nce Detection Proportion 

con trol of old cases Detection rate of  newly of newly 
proj ect per thousand rate of new lepromatous detected 

Year prior to in assessment cases per cases per lepromatous 
Provinces conducted assessment y ear thousand thousand cases (%) 

1 96 2  7 8 . 5 1  3 . 8 6  0. 3 0  7 . 8  
Khonkaen 1 9 72  1 4  2 . 8 8  1 .42  0 . 2 1  8 . 8 2  

Phuket 1 9 76  5 1 . 9 3  0 . 9 9  0 . 1 8  1 9 . 3 5  

TABLE 2 
Clinicai classification of new leprosy patien ts found from the secon d survey of Phuket 

Area Indeterminate Tuberculoid B orderline Lep romatous Total 

Sampling households 
in rural area 8 1 5  2 6 3 1  

Ou tside the sampling 
households in rural 
area 2 1 2  O 1 5  

I n-municipal area 6 O 8 

Total I i  3 3  3 7 5 4  

The classification of  new cases found on survey i s  se t  out  in  Table 2 .  Of the  3 1  
new cases found in the sampling households in rural areas, 8 were indeterminate , ' 
1 5  were tuberculoid , 2 were borderline and 6 were lepromatous. This figure might 
be of value as baseline data for future survey.  Besides 3 1  new cases found in the 
sampling households, 1 5  and 8 new cases were ais o detected from outside the 
sampling households in rural areas and municipal are as respectively . These total 
54  new cases found in 1 97 6  indicated inadequate case detection effectiveness by 
local hea1th workers. 

Sub-district Prevalence 

The present prevalence of leprosy by sub-district (Tambol) together with the 
prevalence found in 1 972 ,  is shown in the map given as Fig. I .  The highest 
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I n d ia n  
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Soulhern Region 

Ma i n l a n d  

Pa cif ic  Ocean 

P h u ke l  2.45 ( 0 .77 )  

Fig. I .  Phuket I sland showing prevalence of  leprosy p e r  thousand by subdistrict (Tambol) in 
1 97 6 ;  figures in brackets, leprosy prevalence- 1 9 7 2 .  

prevalence rate ( 1 0 . 9 1 per  thousand) was  in  Tambol 6 (Rachda) while the  lowest 
prevalence rate (0 .48 per thousand) was in Tambol 1 5  (Paklog).  

An increase in point prevalence had occurred in almost all  subdistricts 
(Tambol), but it was most remarkable in Tambol I (Kokaew) and Tambol 6 
( Rachda) ,  both of which had increased from their previous hyperendemic levei of 
prevalence to well above 5 per thousand.  Both Tambols have special tribes of 
seamen, so called "Chaoley" whose living standard and education are rather low. 
Total survey of two hyperendemic villages in these 2 Tambols was carried out by 
the assessment team , with 9 5 . 5 7% population examined . The results showed an 
increase of prevalence from 52 and 1 1 9 per thousand to 56 and 1 3 9 per thousand 
respectively. Since there are now good communications and health structures 
covering all  .Tarnbols, with adequàte field guidance and supervision,  it is hoped 
that higher standards of case holding' will be achieved here in the future . 
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Operational Assessment 

CASE FINDING 

The annual detection of new cases, both overall and for lepromatous cases is 
shown in Fig.  2 .  

The overall case finding showed that out  of a total 2 5 3  cases detected in the  5 
year integrated programme,  8 7  (34 .39%) were found from the first survey and 5 4  
( 2 1 .3%) were found from t h e  second survey ,  while local health workers 
themselves detected 1 1 2 cases (44 . 24%).  It is therefore important  to conduct 
adequate case finding programmes before integration of leprosy control into the 
local health service. However, if 87 cases found from the first survey were 
excluded , it is noteworthy that 67 .47% of newly registered cases in Phuket after 
total integration were detected by local health workers, therefore , their diagnostic 
capability should be highly evaluated .  

With regard t o  the mode of case finding (Fig. 3 ) ,  voluntary case detection was 

VI ., VI '" U 
� ., 
c 

b 
Q; .o 
E " 

z 

First su rvey 

87 

Cases detected by local  hea l t h  workers -
Second su rvey 

54 
46 

47 

44 

l i l Le proma tous 

o Non - I e p roma tous 

Fig. 2.  Annual dete ction of  new cases o f  leprosy in Phuket, 1 9 7 2- 1 9 7 6 .  

Fig. 3 .  Showing m?de o f  case finding of totE:êl1 tf&tedcecaf�tudo� i n  Phuket 
(denved from regIstratlon re cords). 
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TABLE 3 
Clinicai assessment of 1 63 old registered cases of Ph uket 

Total Number 
number of of 

Condition of cases 
registered cases Transfer 

Type cases examine d Active Inactive Released Misdiag Misclassification Dead out 

Indeterrninate 1 8  1 3  3 7 2 3 O O 3 
Tuberculoid 1 1 2 1 00 62 38 2 O 1 3  O 2 
Borderline I I I O O O I O O 
Leprornatous 68 49 3 2  1 7  O O 6 I I 

Total 1 99 1 63 98 62 4 3 20 6 
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found to be very high (54%) while village survey detected 3 7% of cases. The high 
percentage of voluntary cases indicates the value of using health education 
through radio and bringing treatment close to the patients, but it is also evident 
that there is still a limited coverage . Contact surveillance has been one effective 
tool to detect cases. School surveys have appeared,  on the whole , not to have 
been very productive as a routine measure , and more selection in the school, for 
instance those located in hyperendemic areas , would probably be economical. 

C LINICAL ASSESSMENT OF 1 6 3  OLO REGISTEREO C ASES 

A clinicai assessment of  1 63 old registered cases had been made by the 
second-survey team , the results of which are shown in Table 3 .  

I n  the present assessment, only mis-diagnosis o f  3 indeterminate cases (2 . 68%) 
was found .  As local health workers officially registered all leprosy cases detected ,  
the low instance of mis-diagnosis, therefore , indicated high efficiency of their 
training and diagnostic capability. The high proportion of inactive cases indicated 
the successful treatment by integrated leprosy control services. The epidemio­
logical importance of these patients has thus been greatly reduced . The instance 
of misclassification indicated the need for closer field supervision and guidance , 
by which a higher number of released cases will ais o be obtained . 

TREATMENT, CONTACT-SURVEILLANCE ANO BACTE RIOLOGICAL SMEARS 

The degree of accomplishment of 3 main targets of  integrated leprosy control 
activities is shown in Fig .  4. 
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Fig. 4. Showing annual accomplishment Df 3 main targets Df integrated leprosy control in 
P huket , 1 9 7 2- 1 9 7 6 .  

The 3 main targets of leprosy control activities, on  the  whole , were below the 
standard requirement (treatment rate 75%) ,  contact examination 60% and 
bacteriological smear 60%),  and are not improving.  This indicates reduction in 
interest and willingness of local health workers , and ais o reflects inadequate 
supervision o An effort to improve supervision and motivation , therefore , is 
urgently needed.  Further operational study research might be ais o of great value , 
so that the result could be applied to other Provinces in Southern Thailand .  

BACTE RIOLOGICAL STATUS O F  "OPEN" CASES 

Sixty-eight lepromatous cases registered and treated since 1 9 72 were analysed 
in respect of their bacteriological status and duration of treatment. This revealed 
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that 33 cases (48%) who had received tre atment for period ranging fram I to 5 
years were still bacteriologically positive by standard skin smears . For the 3 7  cases 
who re ceived treatment for fully 5 years ,  1 3  cases (3 8%) were still positive . In 
comparison , figures from Khonkaen Province of  North-east Thailand ,  were 37 and 
1 4% respectively . I rregular attendan ce for treatment might be one of the m ain 
factors causing such a difference . 
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Summary Abst ract 

The Third IMM LEP Scientific Working Group (SWG) meeting, held in Geneva, fro m 2 I to 25 
February 1 9 7 7 ,  focused mainly on research projects in the immunoprophylaxis area of the 
scientific plano Achieve ments since the second SWG meeting of December 1 9 7 5 ,  were reported 
and included : 

(a) increased supply of M. leprae to the programme ; 
(b)  further improve ment of the method for increasing recovery and purification of bacilli 

from M. leprae infected armadillo tissues (Protocol 3 / 7 7 ) ;  
(c)  biochemical chracterization of celI wal Is from M. leprae a n d  characterization of some. o f  

its antigens ;  
(d)  identi fi cation of  mycobacterial strains showing closer antigenic similarities to  M. leprae 

than BCG;  
(e)  induction of  celI-mediated immune reactions by kilIe d M. leprae in guinea-pigs and  mice ; 
( f) induction of resistance to M. leprae infection in mice with killed M. leprae ; 
(g) confirmation of earlier studies showing relatively low reactivity to M. leprae antigens in 

areas non-endemic for leprosy. 

Problems which have arisen inclu de t he small numbers of M. leprae antigens from ex tracts of 
armadilIo-grown M. leprae, the lack o f  absolute specificity of skin tests for mycobacterial 
infections and the poor immunogenicity of M. leprae related cultivable mycobacteria in some 
ex perimental animais .  On the basis o f  these findings new Protocols inclu de d :  

(a) methods for increased antigenic re covery o f  M. leprae fro m  arm adillos (ProtocoI 4/ 7 7 ) ;  
(b)  proce dures for enhancing induction o f  celI-mediated im mune reactions t o  M. leprae 

antigens (Protocol 5 / 7 7 ) ;  
( c )  procedures for enhancing induction of C M I  and resistance to M. leprae related organisms 

by killed organisms (Protocol 7 / 7 7 ) ;  
(d )  procedures for enhancing resistance to M .  leprae infe ctions i n  mice (Protocols 5 /7 7 and 

6 / 7 7 ) ;  
( e )  re-examination of t h e  capability of lepromins to sensitize subjects to M. leprae antigens 

by new method ology (Protocol 9 / 7 7 ) ; 
( f) further improvements of skin-test reagents (Protocol 8/77) .  

The s cientific  progress made over the past  year strengthens our  init ial hopes  that  a vaccine 
effective against leprosy can be developed ; yet it must be  recognized that fulfilment of that goal 
for practical, large-scale applications cannot be expected in the immediate future.  

In  reviewing the IMM LEP programme as a SWG pilot activity, possible ways by which SWGs 
may c ontribute to  strengthening of research capab ility in leprosy endemic countries were 
discussed . The meeting recommended that : 

(a) wherever possible, research fellows in the I M M LEP programme should come from 
leprosy endemic countries ;  

(b)  there should be increased local training of personnel for  field activities w hich could be  
important t o  fu ture epidemiological or  vaccine studie s ;  

(c)  interlinkage should be m a d e  between S W G  meetings an d training c ou rses in leprosy 
endemic countries ;  

( d )  WHO regional offices assist in recruiting research felIows and in arrangement of SWG 
meetings ou tside Geneva. 

Summary Report 

( 1 )  I NTRODUCTION 

At the  direction of the  Steering Committee, the  Third S cientific Working Group (SWG, 
previously designated Task Force) o f  I M MLEP met fro m 2 1  t o  2 5  Febru ary 1 9 7 7 ,  in Geneva,  to  
consider the results and achievements t o  date,  but t o  focus particularly on the research projects  
related to the immunoprophylaxis aspects o f  the scientific programme. The SWG comprised 1 9  
me mbers i n  ad dition t o  3 members o f  the WHO secretariat. With the exception o f  3 Steering 
Committee memb ers, only 4 had attended previous meetings , leaving 1 2  new members. Thus 
IMM LEP has again maintained its practice of regu larly bringing in new members and selecting 
them according to the major  aspect of the programme under consideration. 
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General report 
Or Lucas, Oirector of the Special Programme, stressed the importance and inevitability of 

the scientific research contributions coming, at least initially , from the developed countries, 
while underlining the imp ortance of the t raining and institutional strengthening aspects of the 
progra mme for the d eveloping countries in which the 6 selected diseases were major problems. 

There followed a general discussion and assessment of the I M M LEP programme,  its progress, 
fulfilment of targets,  and balance bet ween research and training as envisage d by TOR. Or Godal 
(Chairman, I MM L EP Steering Co mmittee)  summarized as follows. 

(a)  Overall, the planned network programme was on target and pro gress had been very 
encou raging. 

(b)  However, there had been d elays in progress due t o :  

( i) changes i n  scientific staff a t  centres funded by I MM LEP ; 
( ij) the discovery that some proteins of armadillos cross-reacted with those from man, 

a prob lem now overcome ; 
( iii) delay in, and difficulty of, recruiting suitable nationals from countries where 

leprosy is endemic. 

This report is presented in 2 part s :  ( I )  abstracts of the scientific papers and d iscussions by 
the participants, and (2) new or modified protocols. As the progress achieved suggests that a 
"vaccine" worthy of pilot clinicai trial may be developed within the nex t year or two, the SWG 
considered it essential to  begin to consider the safety and et hical fact ors which this would raise. 
Therefore, these are included in  the general report. 

(2) FACTO RS TO BE CONSI DEREO I N  ASSES SING THE S AFETY OF MYCOBACTE RIAL 

LEPROSY VACCINES PROPOSEO FOR USE IN H UMANS 

Careful consideration must be given immediately t o  the matter  of procedures to be followed 
in assessing the p ossible toxic effects or other adverse reactions which may be engendered by 
any proposed mycobacterial leprosy vaccine. T he establishment of such procedures is a matter 
of urgency as highly purified M. leprae fro m  armadillo tissue may be available within the 
coming year for preliminary testing. These procedures will vary in detail depending upon the 
nature of the proposed vaccine, i. e .  whether it be : 

( I )  killed M. leprae ; 
( 2) a killed cultivable mycobacteriu m ;  
( 3 )  a live cultivable mycobacteriu m ,  or 
(4) a combination of one of these with live BCG . 

The tests applied will include ali those already spe cifie d by WHO Ex pert Co mmittees on 
Biological and Human Ex perimentations. 

I n  addition, since b oth M. leprae and cultivable mycobacteria have inhere nt adjuvant 
activity, the safety of these proposed vaccines as adjuvants will need to be assessed ( see 
Im munological A djuvants, Technical Report Series No. 5 9 5 ,  WHO, 1 9 7 6 ,  pp .  3 3-3 5 ) .  

I n  regard t o  the u s e  of killed M. leprae a s  a vaccine,  it i s  important t h a t  t h e  large literature 
on lepromin testing in humans be examined for reports of adverse reactions which may have 
been observed. 

It  is strongly recommended that the I M M LEP Steering Committee, in consultation with the 
Secret ariat of WHO, prep are a detailed testing procedure to be followed for safety evaluation of 
each of the four types of vaccines listed above, and that it be made available to memb ers of the 
Scientific Working Group and other interested individuais before I Oecember 1 97 7 . This will 
ensure that the preliminary animal tests can begin as soon as a candidate vaccine is selected .  

( 3 )  PURI FICATION O F  M. LEPRAE FROM HOST TISSUES 

Or Oraper described modifications t o  an earlier method (Protocol 2/7  5 )  for purifying 
M. leprae (now Protoc ol 3 ( 7 7 ) . B acteria prepared by the new method had u naltered ability to  
transform Iymphocytes (ex periments of Or Gunnar Bj une).  Using M. lepraem urium as a model ,  
Or Stanford and Professor Morten H arboe had been unable to find alteratio ns in antigens 
( measured by immunodiffusion and crossed immunoelectrophoresis respectively) caused by the 
method of Protocol 2 / 7 5  or the modification. Or Rees and M rs Celia Lowe, using skin test in 
guinea pigs, had found very lit tle armadillo mat erial in bacteria prepared by the modified 
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method. Professor Talwar emphasized the importanee of eleetron mieroseopy in judging the 
purity of M. leprae preparations, and the possible use of immunoeleetron mieroseopy to deteet 
the presenee or loss of baeterial antigens. Dr Lefford, using a m odel system of BCG in mie e,  had 
shown that the method of Protoeol 2/ 7 5  did not affeet viability ,  but that large losses of 
baeteria oeeurred with the discarding of the low-speed sediment. 

Dr Nakayama described a method for purifying M. lepra e, involving countercurrent 
distribution in an aqueous two-polymer phase system (Annex I ) . The method produced pure 
baeteria to some of which amorphous material adhered. This material carne from the large body 
described as a sporangium (Annex 2) ,  which could be incubated in a speeial medium t o  release 
further M. leprae. Dr Kirchheimer pointed out that the name "sporangiu m "  was misleading 
for a pyocaryotic organism , and Professor Talwar doub ted that the amorphous material was of 
baeterial origino Dr Nakayama presented a further paper from Dr G. M atsuki and Dr H. 
Nakagawa (Annex 3 ) ,  on purification of M. leprae. 

Dr Juscenko had studied M. leprae, prepared aecording to Protocol 2/7 5 ,  in the electron 
mieroscope (Annex 4) and showed eleetron micrographs of M. leprae and other mycobacteria. 
He considered that freeze-drying had little effect on the bacteria, but that proteolytie enzymes 
were rather harmful as judged morphologically. Dr Rees said that viab le M. leprae sometimes 
remained after freezing at - 7 0° C; Dr Kirchheimer reported that DOPA oxidase of M. leprae 
from human tissues, but not from armadillo tissues, resisted freezing. 

Dr Closs described erossed immunoelectrophoresis experiments to detect antigens from 
armadillo and M. leprae in purified preparations. He proposed the use of t he method to 
standardize antigen preparations, and de monstrated its use to study 4 preparations. Professor 
Talwar emphasized the need for good antisera if standardization by the method was to be 
practicable. 

Summarizing, Dr Bloom said that the method in Protoeol 3/ 7 7  seemed to offer improved 
yields of M. leprae with low contamination with armadillo material. Dr Nakayama's interesting 
40 f.1m particles needed further study and t heir presence in vivo should be investigated. I t  was 
un wise to describe them as sp orangia. Dr Juscenko had shown the value of electron microscopy 
in studying possible effects of purification procedures (Annex 4). Cross immunoelectrophoresis 
was a valuable technique for detecting e ontamination, but for standardization of antigens it 
presented difficulties in requiring standard antisera. He asked how skin tests in guinea-pigs 
compared in sensitivity with the immunoelectrophoretic technique ; from discussion they 
appeared to have similar sensitivity .  

I t  was formally agreed that the modifications to Protocol 2 / 7  5 ,  included in and now 
designated Protocol 3 / 7 7 ,  should be adopted (for the present) by IMMLEP as a standard 
me thod of preparing M. leprae suspensions from armadillo tissues. 

(4) CELL WALLS 
Professor Lederer described the structure of  mycobacterial walls, consisting of mycolic acids , 

arabin ogalactan and peptidoglycan. The latter was unusual in the N-glycolylmuramic acid 
replaced N-acetylmuramic acid found in other bacteria. Mycobacterial walls were adjuvants, and 
the activity seemed to reside in the muramyldipeptide portion of the wall (Annex 5 ). This 
substance could be synthesized and was commercially available. The effect of variations of 
structure on adjuvant activity was known. Two other components of mycobacterial walls, cord 
factor and polyglutamic acid, affected adjuvant activity. 

Dr Draper described some analyses of walls of M. leprae prepared by the standard Salton 
processo They resembled other mycobacterial walls but differed in containing glycine and 
possibly rib ose. 

Dr Dawidowicz had studied lipid and carbohydrate composition of M. leprae walls prepared 
without using detergents or proteolytic enzymes. They contained fat ty acids, apparently 
straight chain, with 1 4, 1 6 ,  1 8 , 1 9 , 20 , 2 1  and 22 carb on atoms. 

Dr Bloom asked whether walls were important in mycobacterial immunology. Dr Shepard 
said that in the mouse foot-pad, whole M. leprae were antigenic while isolated walls were noto 
Dr Lefford emphasized the imp ortance of the walls of  mycobacteria. He pointed out also that 
proteins, especially serum albumin, b ound strongly to walls, of BCG , and t hat such a 
preparation was an antigen with a "built-in" adjuvant. Proteins secreted by mycobacteria were 
similarly presented on the surface. 

. 
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( 5 )  F RACTIONATION O F  ANTIGENS F R O M  M. LEPRAE 

Or Closs reported on work done in Oslo to characterize the M. lepra e that has been 
recovered and purified from infected armadillos, using both immunological and non-immuno­
logical methods. 

(a) Immunological methods 
Antisera against highly purified M. leprae (A I O),  have been prepared by Or Oraper in 5 

rab bits. Contrary to what has been observed when rabbits have been immu nized with similar 
preparations made from other mycob acteria, only a limited number of antibody specificities 
devel oped. The antibody response was studied,  using crossed immunoelectrophoresis (CIE) .  The 
number of precipitin lines that could be detected increased to a maximum levei of 6 to 7 lines 
after 4 immunizations, and did not increase furt her with prolonged immunization. This is in 
striking contrast to what is usually observed when making antisera in rabbits against extracts of 
other mycob acteria, with which it is possible to detect about 40 different antigens in CIE.  

The results with M. leprae indicate that : ( I )  the purified M. leprae preparation contains less 
soluble antigens than other. mycob acteria used until now, or ( 2 )  t here may be additional 
material present which is not immunogenic in rab bits an d which is therefore not detectable by 
their rabbit antisera. 

To c1arify which of these 2 possibilities is the one more likely to explain the findings in CIE,  
additional experiments were carried out. 

(b) Non-immunological methods 
Acrylamide gradient gel electrophoresis was performed with 2 different M. leprae prepara­

tions (A I O and AB 1 4) as well as with sonicates of BCG, M. smegmatis, M. lepraemurium, and 
M. phlei made to conta in similar amounts of protein as measured by the modified Folin 
( Lowry)  method. 

Whereas the extracts made from the 3 cultivable mycobacteria produced between 40 and 50 
distinct bands, the A I O preparation produced only 3 very weak bands, and the AB 1 4  
preparation produced the same 3 b ands but much stronger in ad dition t o  one weak bando 

Conclusion 
By both immunological and non-immunological methods, the extracts made f TOm M. leprae 

purified from infected armadillo tissue apparent1y contained only about one-tenth of that 
normally found in extracts made from other mycob acteria. 

Dr Closs also reported on work d one to investigate the degree to which components specific 
for M. Ieprae are present in the extracts. This work was done m ainly by incorporating 
antibodies against other mycob acteria in an intermediate gel in the CIE  reference system. Ali 
the components could be  sedimented with several or ali of the antisera used,  indicating that ali 
the comp onents are widely cross-reacting among mycobacterial species and even Nocardia. The 
work of Or Goran Kronvall was briefly mentioned-it has shown that at least one of the 
components carry M. leprae specific determinants. 

Or Oawidowicz reported on work done in Caracas to characterize the components 
responsible for skin test  reactivity.  Two different preparations of M. leprae were mad e :  

(a)  I nfected armadillo tissue was disrupted with a Sorvall Omnimixer a n d  t h e  number o f  
acidfast bacilli in t h e  horoogenate adjusted to 1 . 6  x 1 08 p e r  m l .  This suspension was 
first autoc1aved for 1 5  min and then centrifuged for 2 h at 5 0 , 000 rev/ min. The 
supernatant was then filtered through a 0 . 4 5  pro millipore filter and used for 
fractionation studies. 

(b) Preparations were also made according to the method described by Or Oraper. The 
purified bacilli were sonified for 1 5  min and the sonicate aut oc1aved.  

Preparations ( a) and (b)  were then TUn through a Sephadex G-200 colum n and the various 
fractions tested for activity in the 48 h skin reaction using patients with tuberculoid leprosy as 
test subjects. Two active fractions were obtained from b oth prep arations ( a) and (b) ; one with 
molecular weight greater than 200 ,00 0  dai tons and another with molecular weight bet ween 
8000 and 20,000 dai tons. By far the greatest activity was found in the high molecular weight 
fraction. 

Preparation (b) also contained a third peak of material absorb ing at 280 nm. However, this 
material was not active in eliciting a skin reaction in tuberculoid patients. 
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(6) TAXONOMY 

Three papers were read in the tax onomy section.  

(a)  The first (by J. L. Stanford) stressed the importance of  cell-mediated immune processes 
as a tool for taxonomy. It was pointed out that states of responsiveness and 
unresponsiveness ( " anergy")  to  skin-test reagents exist in each of the major  myco­
bact eri oses. There are 2 types of " anergy" ex pressed in leprosy. The non-specific  type 
occurring commonly in borderline types of disease has no app are nt taxonomic value,  
but  following exclusion of this type, the re maining more specific type of "anergy" 
predominantly occurring in lepromat ous disease has consid erable intertaxonomic 
discri minating power. 

Using the technique, M. marinum,  M. nonch romogenicum and M. vaccae show the 
closest relationship to M. leprae. No furt her work has yet been done wit h M. marinum. 
Separation of rough from smooth mu tants and prep aration of separate skin-t est re agents 
from them has made it p ossible to demonstra te a closer antigenic relationship between 
the rough strain reagents and L RAB 14 (M. leprae),  in a re cent study carried out in 
South I ndia. 

Preliminary results of tests carried out in guinea-pigs demonstrated the close 
relationship bet ween M. vaccae and M. leprae and the systems used might be of potential 
value in developing a vaccine. 

Finally, i t  was recorded that the organisms grown by D r  Delville were not 
mycobacteria, but contained typical corynemycolic acids and belonged to the genus 
Corynebacteriu m. Organisms grow n  by Professor S kinsnes* were ex amined by many 
techniquest and over 9 5 %  were found to be M. marianum (scrofulaceum) .  The 
re maining orga nisms examined under the electron microscope on t he b asis of size 
qualified as M. leprae but t hey appeared to be  degenerated and no fu rther information 
about their identity could be  obtained. Requests for further material fro m Professor 
Skinsnes have not been granted.  

(b)  Dr Walter presented a hyp othesis ( Annex 6)  suggesting that the use of whole organisms 
in a suspension similar to  lepromin, prepared from various mycobacterial species might 
provide information of taxon omic value. 

(c) Professor Talwar, using a system similar to that proposed by Dr Walter, reported on his 
study of 7 1  coded strains. Following selection of 5 of the coded strains by LTT and M I F  
tests on tuberculoid patients, b o t h  M itsuda and Dharmendra-like re agents were prepared 
from ali 5 .  These were tested simultaneously in  s mall numbers of tub erculoid and 
leproma tous patients.  Ali 5 showed a relationship with M. leprae-d erived reagents ,  b ut 
the number of subj ects tested has been insufficient fo r meaningful studies of 
correlations. l t  was agreed that after  adequate numbers of persons in each group had 
been studied,  the identity of the 5 strains would be determined and the code broken. 

A system for assessment of pathoge nicity was proposed, but d iscussion on it was 
temporarily postponed . It was recommended that the identity of the selected organisms 
should be confirme d by laboratories specializing in mycobacterial taxonomy. 

I t  w as agreed that Professor Talwar's studies were of  the greatest interest and urged 
that strains should be exchange d  between Professor Talwar and Dr S tanford in the near 
future. 

(7) IND UCTION O F  CMI TO M. LEPRAE 

Dr Lefford referred to previous experience wit h  BCG in oi l ,  which had shown that  after an 
early transient swelling at the site of  injection, a further phase of swelling d eveloped at 3 t o  4 
weeks, accompanied by delayed hypersensitivity and immunity to challenge. He had therefore 
tested doubling concentrations in Tween-saline or water-in-oil emulsions of leprosy bacilli 
acquired from Dr Rees. Doses from 4 to 1 000 f..lg of bacilli were inj ected into mo use fo ot-pads. 

* S kinsnes, O. K. , M atsuo, E. , Chang, P. H. C.  and Anderson, B.  ( 1 9 7 5 ). In virro cultivation 
of leprosy b acilli on hyaluronic acid based medium.  In t. J. L eprosy 43, 1 9 3 .  

t Stanford , J .  L . ,  Bird , R. , Cars well, J .  W . ,  Draper, P . ,  Lowe, c. , McD ougal l ,  C . ,  M cI ntyre,  
G. , Pattyn, S. R. and Rees, R.  J .  W. A study on S kinsnes' leprosy b acillus strain C 3 1 8 , :  In t. J. 
Leprosy ( in press). 
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The highest dose gave some initial swelling, which subsequently fel l ,  a n d  the others tended t o  
give a very ill-defined peak a t  4 to  6 weeks. 

However, when foot-pad tested in the contralateral fo ot-pad it was found that animais given 
1 6 pg of  bacilli ar more , showed delayed hypersensitivity to  PPD,  and resistance to  i .v . 
challenge with l O s RI R V. The M. leprae organisms given in Tween-saline were as effective or 
bet ter at inducing t hese effects than were t hose given in water-in-oil emulsiono Similarly 
M. leprae in saline was more effective at inducing non-specific resistance to L is teria t han were 
eit her M. leprae water-in-oil, or heat-killed BCG. 

M. leprae injected in mouse foot-pads in saline also induced delayed hypersentivity t o  an 
antigen prep aration supplied by Dr Rees' laboratory when tested at I month . The optimal test 
dose was 5 pg. 

Dr Shepard reported that both living and heated M. leprae injected intradermally in to t he 
flanks of mice, cause d regional node enlarge ment ,  and protection against subsequent challenge 
with M. leprae. BCG was only active if given !ife .  E leven o ther orga nisms were ineffective. The 
Iy mph-node enlarge ment w as seen mainly in t he paracortical areas. 

M ice were immunized with 1 07 M. leprae organisms ( heat-killed) injected intradermally and 
foot-pad tests performed at 14 days in the other foo!. The optimal eliciting antigen was found 
to be autoclaved M. leprae in PBS or Banks B S S  with Tween. 

I n  subsequent series of experiments ,  aI !  mice were challenged with aut oclave d antigen ,  and 
the immunizing preparation was varied .  Aut oclaved antigen also proved best for immunization. 
This property was unaffected by phenol,  or by any of  the purification steps in Dr Draper's 
technique. 

M ickle-disintegrated organisms were less effec tive for immunization whether heat ed,  ar 
unheated.  This was true of the whole preparation, and of both cyt oplasmic and cell-wall 
fractions. However, such preparations were effective as e!iciting antigens,  cell walls being more 
potent than t he cytoplasmic fraction. 

Data from an experiment in which ali responses were rather low, suggested t hat Dr Draper's 
purification steps tended t o  decrease the efficiency of  the organisms as e!iciting antigen. 

During t he discussion,  Dr Lagrange suggested that the soluble cytoplasmic fraction might 
inhibit t he induction of  CMI b y  a mechanism analogous to "immuno-deviation". 

Dr Shepard noted that lymph-node enlargement caused by killed M. leprae appeared to last 
for I year or perhaps for !ife, in mice. This is not so after killed BCG. 

Professor Bloom reported studies in whic h guinea-pigs had been immunized by injections of 
0. 5 mg of M. leprae organisms supplied by Dr Draper. Sensitization, tested at I month was 
greater when the organisms were injected in aqueous suspension (Hanks BSS),  than in 
sus pension in oil  (incomplete Freund's adjuvant,  without e mulsification). The response to 6 pg 
A I 4  was greater t han t o  6 pg PPD. Sensitization also occurred when the M. lepra e was inj ec ted 
with BCG ( l  07 ) ,  but in t hese animaIs PPD reactions were greater t han those to A 1 4. 

S onicated arganisms sensitized po orly , whether in Hanks or in oi!. Organisms suspended in 
saline and e mulsified in adj uvant 6 5  (containing peanut oi!) provided the most effective 
sensitization of any oil vehicle yet tried .  

Antigens prepared fro m normal armadillo tissues always elicited nega tive responses. Without 
M. leprae, BCG ( 1 07 ) sensitized t o  PPD, but  the A I 4  response re mained negative. I m muniza­
tion with an M. vaccae strain ( 2 9 6 R) *  in Hanks provided .by Dr Stanford ,  resulted in good 
positive responses to A 1 4, although less strong than those induced with M. leprae. 

I ntradermal i m munization w as better than the fo ot-pad. The animaIs were retested at 1 8  
weeks. Both dia meter and induration were measured .  AnimaIs which had received organisms in 
Hanks gave good responses to A I 4 by both measure ments , whereas,  when oil had been used , 
the diameter of the reaction was large, but  induration much less so. At 1 8  weeks responses in 
animaIs given M. leprae and BCG were as good or better than those in animaIs given M. leprae 
only, and animaIs inoculated with M. leprae in emulsion with adjuvant 65 showed larger 
indurated reactions than when tested at I month.  When M. leprae in Hanks solution (0 . 1 mg, 
0. 3 mg and I mg) were injected into 4 or 8 intradermal sites, subsequent skin-testing showed no 
marked d ose-response relationship. 

* This s train differs in a number of respects fro m those of this species now considered most 
closely related to  M. leprae. 
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In Dr Rees' work, induction of skin-test positivity in guinea-pigs to a number of different 
batches of M. leprae, purified by Dr Draper from armadillo tissues,  was used to s tudy the 
reproducibility of the preparations, and of skin-test an tigens prepared from them. 

0. 5 mg (dry weight ) of organisms was injected either as single dose into the groin, or 
distributed equally in the 4 foot-pad s,  of guinea-pigs (400 to 300 g Hartley strains). The 
optimaI testing dose of antigen was found to be 6. 0 j.Lg. This technique showed there is little 
variation between preparations. 

There were, however, 2 points of disagreement with Professor Bloom's studies. 

( I )  Organisrns in Freund's incomplete adjuvant were more effective than organisms in saline. 
It  was felt that this may have been due to the fact that Dr Rees' organisms were 
suspended in saline and then emulsified in oiI adjuvant while, except for the adjuvant 65 
protocol, Professor Bloom's were suspended directly in oi!. 

( 2 )  In Dr Rees' experiments, M. leprae-immunized animais showed some sensitization to 
PPD. It was felt that this also might be due to differences in physical properties of the 
adjuvants, or to different po pulations of environmental organisms in the animal houses. 

MDP ( Muramyl dipeptide) was nearly as effec tive an adjuvant ( 0. 2  mg/animal saline with the 
M. leprae) as water-in-oil emulsion. 

(8) I NDUCTI ON OF RESI STANCE TO EXPE RI MENTAL INFECTIONS OTHER THAN M. 

LEPRAE 

Dr Rook presented a paper on the CMI response to a non-pathogenic mycob acterial species, 
M. nonchro m ogen icum (Mn ) in mice. CMI was measured in terms of DTH, namely, the 24-h 
increase in foot-pad thickness following t he injection of a cell sonicate of Mn. Following 1 08 

Mn into the base of the tail, DTH reached a peak at day I I  and decayed rapidly thereafter. T his 
early type of DTH, which was shown to be distinct from the Jones-Mote phenomenon, was 
evoked by all of 8 mycob acterial species known to be non-pathogenie for the mouse, but not 
by the pa thogens M. avium, M. u lcerans, or M. kansasii. A recall of DTH could be achieved by 
re-inoeuIation of Mn. Under these cireurnstanees, the ability to elieit DTH was sustained 
indefinitely . The hypothesis was advanced that the day I i  evanescent DTH represented the 
primary antimicrobial effeetor mcchanism and that the induetion of a sustained state of 
high-Ievel DTH was inimical to the host, sinee it was responsible for the tis sue damage and 
progressive disease characteristic of progressive tuberculosis and tuberculoid leprosy. Further­
more , it was postulated that the induetion of transient hypersensitivity was the normal 
immunoIogieal response to a noxious agent whieh the host could control, and sustained DTH 
was due to a loss of this normal T-cell regulatory control mechanism induced by virulent 
parasites. In  sueh cases the host succu mbed to infeetion. 

Drs Sansarrie, Lagrange, Lefford and Godal participated in the discussion which followed. 
Lagrange , in particular, was dissatisfied with the evidenee on whieh the main hypot hesis was 
based. Lefford conceded that,  while there was no direct relationship between DTH and 
antimierobial immunity , the advantage to the host of sustained responses induced by 
myeobaeteria was the genera tion of a population of memory cells which protected the host for 
a long period of ti me. This advantage might well be achieved at the cost of e oncomitant tissue 
da mage. 

Dr Lefford, using a strain of inbred mice (CB6) that was highly suscep tible to Mim, found 
that CM! to that parasite was nonetheless induced following the inoculation of 1 08 live Mim 
( L-Mim)  into the hind foot-pad (HFP).  A measure of the induction of CMI was the swelling of 
the inoculation site ( H FP) whieh commenced at 3 weeks and stab ilized at about 6 weeks. In  
T-eell depleted mice the  onset of such swelling was  delayed ,  but then eventually exceeded t hat 
of normal mice. A similar suppression of induetion of HFP swelling was prod ueed by 
coneomitant i .v. infection with 1 07 to 1 09 Mim, the degree of inhibition being proportional to 
the dose. The sequenee of initial suppression of HFP swelling followed by enhaneement of 
swelling eould be produced by eoneomitant or prior challenge with 1 09 heat-killed ( HK) Mim 
Lv. Attempts were made to reverse the effects of Lv. antigen on the CMI response to Mim, 
namely,  splenectomy and pre-treatment with 1 07 live BCG i.v. Spleneetomy was entirely 
without effect. BCG was unable to reverse the suppressive effect of 1 09 live Mlnm i.v. , but 
when given 2 to 4 weeks prior to challenge ,  ameliorated the effect of 1 09 H K-Mlm i .V. 

The author concluded that inappropriate methods of immunization were not without 
hazard, and this should be borne in mind with respeet to vaecination against leprosy. There was 
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some comfort to be derived from t h e  finding that B C G  might b e  ab le to prevent some o f  these 
unt oward effects. 

In  the discussion that followed , Dr Closs p ointed out that the apparent enhancement of 
infection at the site of inoculation might be due t o  local retention of organisms and the total 
mouse load of bacilli might not be greater than that of mice that were not challenged 
intravenously. 

Dr Lagrange presented preliminary data from an Mim model system in which he attempted 
to influence the course of that infection with living BCG. For this purpose both susceptible 
(C3H) and resistant (C5 7/bl) mice were used. 

The injection of 2 x 1 07 Mim into the FP produced a progressive increase in FP thickness 
which eventually plateaued in 2 to 3 months. This response developed more rapidly in C 5 7/B I 
than in C 3 H  mice and was shown to be dependent on T-Iym phocytes since it did not develop in 
nu/nu mice. The difference bet ween C 5 7/B I and C 3 H  was unaffected by varying the size of the 
infectious inoculum, and was reflected by the recovery of larger numbers of Mim from the 
popliteal Iymph nodes of the latter strain. 

Mice were pre-treated with 1 06 live BCG i .v. prior to FP infection with 2 x 1 07 Mim. BCG 
treatment did not influence the tempo of FP swelling in C3H mice, but produced a more rapid 
onser of s welling in C 5 7/ BI mlce. The induction of FP swelling by live Mim could be suppressed 
bu concomitant i. v. injection of either 2 x 1 08 live or HK-Mlm in both mouse strains. Deaths 
occurred sooner in C 5 7/ B I mice infected i.v. than in C 3 H  mice. Attempts to reverse the 
suppressive effects of systemic heat-killed Mim with prior i .v. immunization of 1 0 7 living BCG 
failed. 

The influence of immuno-modulating agents on the induction of immunity to Mim was 
then examined in B6 x D2 F I  mice. I m munization with H K-Mlm either alone or in combination 
with living BCG and/or cyelophosphamide (CY) was followed by FP infe ction with live Mim. 
Pre-immunization with BCG/CY/Mlm or BCG/Mlm resulted in a DTH response seen 24 h after 
injection of live Mim which thereafter subsided .  Subsequent chronic FP swelling was more rapid 
in ali immunized groups than in controls. 

The induction of DTH to Mim was attempted using BCG, CY and CP (C. parvum )  as 
modulating agents. Significant sensitivity was induced only by using Mim with BCG or CP, the 
latter having the greater effect. C 5 7 /B I mice developed greater sensitivity than C3H mice. 

Dr Rees presen ted preliminary data on the induction of immunity to Mim in C 3 H  mice by a 
combination of living BCG and dead (6oCo-irradiated) Mim. Counts of challenge with Mim 
injected in to the foot-pad were available for up to 1 8  weeks after infection. 1 07 live BCG alone 
and l Os live BCG + 0 .00 I mg killed Mim appeared to be protective 

In  the following discussion, Dr Lefford thought the shape of the growth curves suggested 
that whereas 1 07 BCG alone was exert ing a non-specific effect, BCG + Mim appeare d to induce 
a specific immune response. Dr Rees agreed. 

(9 )  RESIST ANCE TO EXPERIMENTAL I N F ECTION WITH M. L EPRAE 

Dr Shepard presented extensive studies on the pro tection afforded by various vaccines 
against mouse foot-pad infection with M. leprae (MI ).  The standard proced ure was to inoculate 
either 1 07 organisms or the equivalent in terms of packed mycob acterial cells intradermally 
into the flank on day 28.  Mice were infected with 5 . 0  x 1 03 Mi on day O. The size of the 
lingual lymph node (draining the immunization site) was monitored at 28-day intervals. When 
the counts of Mi in the FP of  controls exceeded 1 06 ,  counts were made from the FP of 
vaccinated mice. These counts were repeated 9 0  days later. 

The effective vaccines were living BCG ( Pasteur/Trudeau and Rosenthal) and dead Mi. Other 
vaccines that had little or no effect ineluded M. vaccae ( 3  strains), M. nonchro m ogenicum ( 3  
strains), tive H 3 7 a  (both I P  and intradermal) ,  Myco. RNA (Youmans) derived from H 3 7 a, 
M. phlei, M. smegmatis, M. diernhoferi and heat-killed BCG. There was a elose association 
between inguinal LN enlarge ment and protection. 

A number of variables affecting the efficacy of MJ vaccines was studied. Freshly prepared 
and frozen-preserved live Ml and 6OCo-irradiated Mim derived from armadillos were ali effective 
immunogens. However, their efficiency was increased by heating for 30 min at 60° or 8 0° or 
autoclaving for 1 5  mino By contrast, the immunizing efficiency of living BCG was almost 
entirely lost by heat-killing. I nitially it was thought that freeze-thawed MI was also more 
immunogenic than live MJ but this was not confirmed.  The influence of the suspending medium 
was also investigated. V arious combinations of PHS/Tween Hanks BSS with or without 1 0% 
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BSA were compared. I t  appeared t hat there might b e  a s mall advantage to using Hanks/Tween. 
Testing of  live MI at differe nt stages of purification revealed no loss of immunoge nicity . 

In the discussion, Or Lefford suggested t hat before the non-MI vaccines were finally 
discarded as ineffective, much larger inocula should be tried ,  e. g. I to 4 mg dry weight 
equivalent.  Or Rook indicated that opti mal induction of OTH in mice, by a single subcutaneous 
inj ection of M. nonchrornogen icum or M. vaccae may require 1 09 organisms, but 1 0 7 will give a 
significant response. Alternatively,  powerful sustained responses can be induced by a second 
injection into the same site at 4 weeks. I t  also e merge d that heat ing MI vaccines resulted in 
bacterial clu mping which might b e  a fa ctor in immunogenicity. 

( l O) EPI DEMI O LOGICAL SKIN-TEST STUDI E S  

T h e  first 2 rep orts con cerned t h e  results obt ained under Protocol 5 / 7 5  (com parative testing 
in non-endemic areas). The purpose had been to  compare different antigenic preparations from 
M. leprae by skin-testing in non-endemic areas to determine whether there i s  a correlation with 
tub erculin sensitivity. M ore than 6 0  subjects were to b e  included in each study. The an tigens to 
be co mpared were (a) LRA6,  a material prep ared in Or  Rees' laboratory by disru pting M. leprae 
that had been purified from armadillo livers by Oraper' s method ; ( b )  LCA, the high-speed 
centrifugaI supernatant fro m  an autoclaved lepromin prepared from armadillo liver ;  (c)  a 
control prep aration fram n ormal armadillo liver, and ( d )  PPO ( RT 2 3 ,  2 TU).  

Mrs Pinardi reported the results she and Or Convit had ob tained .  They had carried out  the 
skin-tests in Santiago, Chile. M any of the subjects h ad been vaccinated with BCG. They fo und a 
low p ercentage ( approximately 1 0%) of positive re action at 7 2  h with L RA6 and LCA in 
healthy adults and tuberculosis patients,  and only 0.2% in healthy children. The control 
armadillo material gave no positive reaction. The PPO gave 92% positive in tub ercul osis 
patients, 6 8 %  in healthy adults, and 22% in healthy children. There was suggestive correlation 
between the reactions fro m M. leprae and those from M. tuberculosis. 

Or Rees reported results in the United Kingd om on Oxfo rd students. Most  of the students 
had receive d BCG vaccine at age 1 3  to 1 5 . LRA6 had given 8 %  positive ; LCA 8% p ositive 
armadillo contraI only, 6 1  positive and PPO 38% p ositive. Most of those reacting to M. leprae 
antigens were positive to PPO, w hereas most of those not reacting to M. leprae antigens were 
nega t ive to PPO ( Annex 7) .  

Thus in both studies there was suggestive correlation between the reactions from M. leprae 
and those fro m M. tuberculosis, but many of the positive reactions to M. leprae could not be  
explained as cross-reactions caused by infection with M. tuberculosis. H owever, it should be 
noted a Is  o that  t here was  a 40% (2/5)  discrepancy in individuaIs reacting to both LCA and 
LRA6. 

Mrs Pinardi also described experiments carried out with lepromin from human sources. In 
one approach,  an attempt was made to determine whether the response t o  a high dose of  
lepro min ( 6 00 x 1 06 AFB/ml )  could b e  used for determining the n eed t o  c ontinue treat ment of 
L L  p atients who after years of therapy had remained skin-negative. The lepromin site was 
biopsied 30 d ays later and showed either absence or persistence of AFB in a macraphage 
granuloma. If AFB persisted chemot herapy was continued. 

She described another study using a "Iepromin" test c ontaining one p art o f  BCG vaccine 
mixed with 9 parts of  lepromin ( 1 6 0 x 1 06 AFB/ ml) before injection. In lepromatous patients 
who were tuberculin positive, a local reaction occurred in which the AFB (including M. leprae ) 
were destroyed. M. leprae at other sites were not destroyed.  In the discussion it was pointed out 
that the results indicat e :  (a)  local activation o f  macrophages as a result of interaction between 
sensitized Iy mphocytes and BCG, and (b) a lack of immunosuppression by M. leprae on the 
response to BCG. 

Or Stanford than rep orted the results of his skin-test studies in B urma. Antigen A6, the 
soluble praduct after disintegration of M. leprae purified by the Oraper method, was used as a 
skin-test antigen in normal controls, leprosy p atients, their close contacts, and tuberculosis 
patients. The incidence of p ositives was appraximately as follows : 2 0% of controls, 2 0% o f  
indeterminate, 40% of  tuberculoid,  2% o f  lepromatous patients, a n d  1 0% of  tub erculosis 
patients. In close contacts the figure was 8% o f  females and 3 8% of males. In other groups the 
males showed positive rates that were equal to or only slightly in excess of t hose in females. 

Further examination was made of  the results in close contacts. I n  BCG vaccinated ,  t he male : 
female ratio was 4 3 % : 0%, compared to 3 5 % :  1 0% in BCG unvaccinated.  In patients with 
"general anergy" (negativity to 4 other mycobacterial antigens), the ratio was 6 % : 2 8% in 



THIRD I MMLEP SCIENTlFIC WORKlNG GROUP MEETlNG 279  

vaccinated a n d  1 3% :  1 4% i n  unvaccinated. I n  patients wit h  "specific anergy" ( negativity t o  
M. leprae-related antigens) t h e  ratio was 3 8 % : 44% a n d  3 7 % : 7 9% in vaccinated and unvaccinated 
groups respectively. 

The rate of skin-test reactivity to  the antigens from 4 selected cultivable mycobacteria was 
compared in Burma and Uganda. In Burma, BCG vaccine had given much less pro tection against 
leprosy than i t  had in Uganda. The reaction rate was about the same with M. leprae-related 
antigens (those from M. vaccae and M. nonchro m ogenicum ), but it  was much higher in Burma 
with certain M. leprae-unrelated antigens (M. marianum and M. kansasii) 79% versus 3 . 5 %  for 
marianin and 60% versus 0% for kansasin. In persons in Burma the incidence of positivity to 
marianin and kansasin rose fro m  2 0  to 30% at age 6 to  6 0  to 80% at age 1 5  or more.  The results 
suggested that positivity to  marianin inhibited the effec t o f  BCG vaccination in increasing 
reactivity to  the M. leprae and related antigens.  * Exp eriments in mice were carried out in 
E ngland to see if infection by M. marianum would inhibit the immune response t o  BCG. The 
mice were given M. vaccae or M. marianum by mouth in the drinking water, and inj ected with 
BCG into the foot-pad. Acquisition of tuberculin reactivity was de creased in both orally 
infected groups, as compared to t he grou p  receiving BCG only, espe cially at a time 1 i  days 
after BCG injection.  The experiment is continuing. 

Specificity and epidemi ological significance of t he trichloracetic acid p recipitated M. leprae 
(armadillo derived)  protein prepared by Dr Kirchheimer (Carville) will be s tudied in India. 

( l I )  I M M L EP M. LEPRAE BANK REPORT 

Dr Rees submitted a detailed rep ort of the I M M LEP B ank of armadillo-derived M. leprae 
tissues, purified b acteria and antigens held at, and distributed from ,  London (see Tables I and 
2). lt was gratifying that  there w as currently in the B ank approximately 4 . 3  kg of infected 
tissues as compared with 1 . 0  kg at  the t ime of the last SWG, December 1 9 7 5 .  The t issues 
received were from 1 7  armadillos (Carvil le ,  8; GSRI ,  4 and Lond on,  5). A lIowing for gross fat 
included with the Iymph nodes and skin nodules,  the average yield of  infected tissues was 
approximately 2 1 0  g per animal. Of  the 1 7  armadillos received since December 1 9 7 5 ,  5 
( London) had been infected with M. leprae from leprosy p atients,  and the remainder with 
bacilli passaged in armadillos. 

( 1 2) S UPPLY OF M. L EPRAE 

(a) Establishmen t of M. leprae-infec ted armadillos in a non-armadillo area 
The successful establishment of M. leprae-infected armadillos in the United Kingd om 

(housed at the Microbiological Research Establishment,  Porton) was presented by Dr Rees 
(Annex 8). Twenty armadillos were supplied , already laboratory adpated,  by Dr  Storrs, GSRI ,  
and t hey were shipped,  by air, 5 to a cage, without loss ,  H owever, 2 were slightly injured ,  and 
one of  these subsequently died.  No injuries occurred in a recent consignment o f  20 armadillos 
fro m  Florida,  caged individually. Dr  Rees concluded from his experience and results that i t  is 
feasible to estab lish M. leprae infected armadillos in n on-armadillo areas of the world. I n  
particular h i s  study showed t h a t  a large intravenous d ose resulted in a high proportion ( 1 1 / 1 6) 
of heavily infected animais surviving 1 2  to 24 months.  The results suggested that t he turnover 
of  infected armadillos could be increased by killing- off animais surviving fo r 2 ye ars. 

Dr Kirchheimer, from his much more ex tensive experience,  rep orted a similar significant 
increase in t he proportion of  in fected animais by using large intravenous doses of M. leprae. 

* The original hypothesis that the presence of identified leprosy-related species was 
synergistic with ad ministration of BCG in Uganda and that these organisms were not  presen t in 
Burma has had to be modified in the light of t he results obtained.  I n  view of the evidence t hat 
sensitization t o  the leprosy-related species was almost the same in the 2 countries ,  an alterna t ive 
explanation of the fall off in efficiency of  BCG against leprosy in Burma was sought. Data was 
presented indicating that the high levei of  marianin sensitivity soon acquired with age in B urma 
might preven t  the development of  DTH t o  leprosy and related organisms following vaccination 
with BCG. 
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TABLE I 
IMMLEP bank (NIMR : London) of armadillo-derived M. leprae tissues, purified bacteria and 

an tigen s tocks received and dis tribu ted in period Decem ber 1 9 75-31 January 1 9 77 
tissue bank 

Tissues received (g)* Tissues issued (g)* 

Source Liver Spleen 
Lymph 

node 

Carried forward from 1 9 75 
Carville 3 7 5  8 9  
GSRI 3 26 5 3  8 5  

Total 70 1 5 3  1 74 

Received Decem ber 1 9 75-January 1 9 77 
Carville 9 9 2  1 3 8 
GSRI 6 5 8  8 4  

London 800 73 

Total 2450  2 9 5  

Grand total 3 1 5 1  348  

To tal in  hand 31  January 1 9 77 
Liver 306 1 
Spleen 3 4 8  
Ly mph node 3 5 3  
Skin 5 1 3  

42 7 5  

* AlI tissues from killed animais. 

200 
9 1  

1 5 4 

445  

6 1 9  

Liver 
Spleen 
Lymph node 
Skin 

Skin Liver 
Lymph 

node 

5 0  
1 5  

1 6 2 1 7  

1 6 2 40 65 
1 6 9 

1 6 2 
90 266 

60 
286  

5 08 

6 7 0  

�� } from G S R I  
dead 

1 7  animaIs 
20 

1 2 3  

t Used for preparing purified bacteria and antigen at N I M R  for I M M LEP. 

TABLE 2 
Purified bacteria and an tigen bank 

Skin User 

Abe 
Convit 

1 5 7 David 

Rees 
I M M LEpt 

1 5 7 

Issued December 1 9 7 5-3 1 January 1 9 77 
(mg) 

I n  hand 3 1  J anuary 1 9 77 
(mg) 

Purified Antigen bacteria 

1 00 1 . 2 
1 60 0. 5 6  
2 5 0  1 . 2 2  

1 0  
1 0  
5 0  

1 . 0  
1 . 0 

5 8 0  4 . 9 8  

User 

Bloom 
Harboe 
Lefford 

Nakayama 
Ozawa 

Pervukhin 
Rees 

I M M LEP 
Protocol 5 / 7 5  

Purified 
bacteria 

909 

Antigen 

2 6 . 8  
3 3 . 6  

Comment 

Several bat ches 
Several batches 

Batch LRA6 

(b ) On the possibility oi using a radio-immunoassay in the monitoring oi 
M. leprae iniection in armadillos 

Dr Closs reported on a study of antibodies against a "common" mycobacterial antigen 
(M. lepra e antigen No. 7) in armadillos infected with M. leprae. Using a radio-immunoassay 
technique, higher leveis of antibodies were found in animais which at autopsy were found to 
have established a disserninated M. leprae infection, as compared with normal animais. Animais 
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which had been inoculated but which a t  auto psy showed n o  signs o f  M. leprae infection did not 
have antibody leveis differing signific antly from t hose of  normal animais. 

The me thod offers t he possibility of being able to screen and identify armadillos showing 
evidence of having encountered infections with mycobacteria. This would be a most i mp ortant 
advance in ensuring a " mycobacterial-free" colony of  animais for inoculating with M. leprae. 

(c) A ttemp ts to increase the supp ly of M. 1eprae 
The Chairman of the I M M L EP St eering Committee ( Dr Coda!) ,  prefaced his report by 

thanking in particular Dr Kirchheimer for ali the infected armadillos he had supp lied for the 
I M M LEP progra mme at its initiation, when supplies were very short , and also Dr Rees for 
donating 5 of his infected armadillos to  I M M L EP.  

Although approaches to  severa I centres where armadillos are found failed to  secure new 
sup ply centres of infected animais,  only one, at the I nstitute Pasteur de la Cuyane française ( Dr 
Baranton) ,  see med likely to be able to help. H owever, Dr Codal pointed out that the situation 
had greatly improved during the past year since it had been established that intravenous 
inoculation significantly increased t he proportion of p ositive animais (up to 7 0%) and reduced 
the t ime t aken to become heavily infected.  Therefo re , he estimated that the presently 
established I M M L EP supply centres, t ogether with 8 infected armadillos promised from the 
US-J apan Leprosy Panel, would provi de some 1 0  kg of infected tissues in 1 97 7 .  

The Steering Committee had proposed 3 additions to Protocol 1 / 7 5  (supply o f  M. leprae for 
I M M LEP programme ) :  

( i )  regular medicai examination o f  ali personnel i n  contact with armadillos ; 
(ii) rigorous precaut ions against escape of armadillos fro m infected are a ;  

(iii) detailed rec ords to  be kept of ali inoculated armadillos a n d  t h e  records to  be available 
for inspection by WHO. 

These addit ions were unanim ously agreed by the SWC, and are incorporated in a new 
Prot ocol 1 / 7 7  which now supersedes Protocol 1 / 7 5 .  

( 1 3 ) I M MUNE COMPLEXE S 

Dr Lambert reported on immune complexes in lep rosy sera. With the C1q binding test ,  
increased leveis of immune complexes are detected in a high proport ion of leprosy patients,  
especially lepromatous patients, but this test did not  distinguish between patients with 
ery thema nodosum leprosum (ENL) and p atients without ENL. 

On the other han d ,  increased leveis of C 3  split products (C3d)  have been found only in ENL 
patients.  I t  is likely that this reflects complement activation in extravascular spaces possibly 
related to  local formation of  immune complexes. 

A variety of methods is used for detection of immune complexes of which 1 8  were included 
in a comparative study organized by WHO. M ethods showing promising results in leprosy 
include the conglutinin binding test, the platelet agglutination test, neutrophil inhibition test 
and radioactive C1q binding test. For further methodological details see Annex 9. 
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Th e Tre a t m e n t  of Le p rosy 
Tod a y  a n d To m o rrow : 

Th e LE P R A  Co n s u ltat i o n  o n  
C h e m ot h e ra py 

S. G. BROWNE 
The L eprosy S tudy Cen tre, 5 7a Wimp ole S treet, L ondon W I M  7DF, u. K. 

Several disturbing factors have recent1y appeared in the world of leprosy-so 
disturbing are they, in fact , that the whole strategy of leprosy treatment and 
Ieprosy control must be critically reviewed and revised as a matter of urgency. 
Any one of these factors would distort predictions ostensibly based on 
accumulated experience or on data fed into an epidemiometric model program­. 
med for situations fast becoming out of date. Together, they pose such problems 
for governments and voluntary agencies that the sooner the nature and 
dimensions of the crisis are realized, and steps taken to meet it, the better for ali 
concerned. To repeat the obvious, these factors are : the emergence of 
dapsone-resistant leprosy bacilli wherever they have been Iooked for, the 
persistence of viable organisms, dapsone-sensitive , despite ordinarily adequate 
treatment, reduced patient compliance, as evidenced by serious irregularity in 
following prescribed treatment ; in short ;a leprosy problem whose size and gravity 
have not apparent1y been significant1y changed by the vast expenditure and the 
vast efforts of the past few decades. 

These considerations were uppermost in the minds of an international and 
heterogeneous group of Ieprosy workers invited by LEPRA to thrash out the 
implications of these factors and make practical recommendations to guide fieId 
workers in the treatment of Ieprosy sufferers and fund raisers as they orientate 
themselves and their constituencies to the changing outlook. The MedicaI 
Commission of I LEP, for long conscious of the need to help guide the thinking of 
organizers who are raising annually about 1 5  millions of US dollars for "Ieprosy" ,  
was well represented , with Belgian , German, Dutch, Prench and British members 
from diverse voluntary organizations, and others carne from the MedicaI Advisory 
Board of LEPRA, the World Health Organization, and The Leprosy Mission. 
Three of the participants had been members of the 5th Expert Committee on 
Leprosy of the WHO, whose report had emphasized the seriousness of the present 
situation. The group met in London on 1 6  August. 

As the vigorous discussions proceeded, under the able chairmanship of Dr R. J. 
W. Rees, Chairman of LEPRA's MedicaI Advisory Board , a consensus began to 
emerge , which may be taken to indicate the distillation of  informed medicaI 
opinion viewing the whole problem objectively and dispassionately. 

The basic facts are, generally, known and admitted . The implications of 
dapsone-resistance will in the future undoubtedly pose novel problems similar to 
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those encountered before the arrival of the sulphones on the therapeutic scene. 
While the extent of the problem may not at present appear to be equally grave in 
ali countries, and may indeed continue to be minimal in those fe w are as of low 
lepromatous/tuberculoid ratio and satisfactory whole population detection and 
treatment coverage ,  the global outIook is far from reassuring. 

So far, secondary dapsone-resistant bacilli have been demonstrated only in 
lepromatous and near-Iepromatous leprosy, and in view of the relatively smaIl 
numbers of bacilli present in tuberculoid leprosy-and also apparently adequate 
degrees of cell-mediated immunity-there would seem to be a negligible risk of 
resistance appearing in patients suffering from this form of leprosy. Since among 
the dark-skinned African, about nine-tenths of those with diagnosable leprosy are 
suffering from non-Iepromatous forms of the disease, the problem of dapsone­
resistance should be seen in its proper global perspective. The situat ion is, of 
course, potentiaIly more serious in Asia and South America. 

When the group got down to the real business of its meeting, which was "to 
prepare guidelines for the application of therapeutic regimens and ind ividual drugs 
to be used in large scale field programmes", it became abundantly evident that, by 
whatever route this central problem was approached,  the way seemed to be 
blocked by barriers of ignorance or finance or prejudice. 

Some of the barriers of ignorance could- and should-be removed quite 
speedily. For example, the practicability and long-term effectiveness of a single 
dose of say, 1 200 mg, of  rifampicin at the beginning of treatment, to be followed 
by dapsone ; or a definite pronouncement on the "reactogenic propensity" of high 
doses of dapsone in patients with borderline leprosy who are l iable to suffer 
down-grading neuropathies ; or the short-term efficacy of the combination 
thiacetazone-dapsone, and its acceptability in different countries .  The answers to 
these, an d similar, questions are to be sought in centres where good clinicaI and 
laboratory standards are maintained and accurate records kept .  Certain other 
investigations were considered to be urgently necessary, such as the true extent 
and worldwide prevalence of dapsone-resistant disease, and its correlation with 
various treatment regimens. 

The financiaI barriers were mostIy an expression of the greater expenditure 
required in alI parts of a serious leprosy treatment/control programme : for 
altemative and additional drugs, like rifampicin and clofazimine and such 
anti-inflammatory agents as the corticosteroids (and perhaps thalidomide) ;  for 
better laboratory cover in field work and institutions (and this would include 
microscopes and stains, and better-trained laboratory technicians) ; for upgrading 
of auxiliary and supervisory staff, and in-service training of alI grades, with special 
emphasis on the recognition and management of patients whose relapse-or whose 
primary disease-is probably due to dapsone-resistant organisms. In addition to 
the few existing centres where mouse foot-pad inoculation facilities are available 
for the confirmation of clinicalIy suspected drug resistance , or the detection of 
primary resistance in newly-diagnosed patients, the group considered that the 
dimensions of the problem of drug resistance were such as to justify a 
recommendation that more centres for experimental monitoring of suspected 
instances should be created in selected countries faced with the actual or potential 
risk on a large scale. 

The social barriers may be less easily appreciated by arrnchair scientists, and 
less easily quantifiable or categorized, but in the long run they may prove to be 
just as important as the mouse foot-pad or the armadillo. The group had to admit 
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that patient compliance , i n  the sense o f  continuing regular treatment for a long 
time in the case of multibacillary leprosy, was dangerously-even abysmally-Iow 
in many leprosy programmes. Not only would this predispose to the emergence of 
dapsone resistance on an unmanageable scale , but it would also tend to nullify any 
attempt to introduce multi-drug regimens. Another very practical socially­
orientated (as well as medically important) problem concerns the prescription of 
an additional (and, of course, more expensive) drug to standard dapsone :  sh ould 
this regimen be advised for ali patients with multibacillary disease, newly 
diagnosed, or should it rather be given to those patients who have already been 
receiving monotherapy for some years,  some of whom may be in the incubating 
stage of dapsone-resistance? In either case, the social repercussions may be 
serious, and the long-term medicaI conseq uences unforeseeably grave. 

If these social barriers appear formidable when seen by workers in the field ,  
those faced by fund-raisers and publicists in  the  voluntary agencies are likely to  
prove just as  insurmountable, but in  different ways. The new situation arising 
(because particularly of drug resistance) must entail a re-examination of 
conventional appeals. The group considered that voluntary bodies and govern­
ments should take advantage of the growing interest in leprosy to upgrade the 
training of ali field staff, to finance postgraduate study of research workers, to 
train laboratory technologists (particularly in accurate assessment of bacterio­
logical and morphological índices, and in mouse footpad procedures) ,  to 
encourage the strengthening of health services generally , from which the leprosy 
programmes should benefit. 

Coming down to the practical problems of therapy in the light of the 
implications of the 5 th Expert Committee Report, the group emphasized the 
following points : 

( I )  A good therapeutic regimen for the individual is also good in the long term 
for the community. Thus, dapsone with the addition of either rifampicin 
or clofazimine, given to patients with multibacillary leprosy, will lead to 
clinicaI and bacteriological improvement, and postpone indefinitely the 
risk of the emergence of dapsone-resistant bacilli-which would be bad for 
the patient and bad for the community. 

(2) While in theory ,  combined regimens should henceforth be advocated for 
patients suffering from any kind of leprosy-since in tomorrow's world 
many of those with non-Iepromatous disease will necessarily be infected 
with dapsone-resistant organisms-in practice this counseI of perfection is 
probably unnecessary , and would be financially and socially unacceptable. 

(3) For the time being, it  would be advisable in most situations to proceed 
with ex treme caution with new plans for the integration of leprosy 
programmes in to the general health services. Leprosy requires rather 
specialized knowledge not readily available to or assimilable by the average 
multipurp ose hea1th auxiliary. Notwithstanding the continuing danger of 
the perpetuation of stigma if the leprosy programme is kept separate from 
the other parts of the general health services, the group considered that the 
clinicaI recognition of drug-resistant relapse , as well as the diagnosis and 
management of leprosy, required an intensification rather than a dilution 
of leprosy control programmes. 

The only practicable departure the group would admit from this general 
pronouncement would be that the combination of leprosy control and 
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tuberculosis control in a joint programme may be explored in certain 
situations. 

(4) Although dapsone enjoys a well-deserved reputation for relative freedom 
from undesirable side-effects, the group recommended that clinicians 
should maintain good and standardized records of ali side-effects they 
encounter, with particular attention to allergic phenomena, skin rashes, 
anaemia, hypermanic activity (including insomnia and suicidal tendencies) ,  
nephrotoxicity, e tc .  Since rifampicin and clofazimine will probably be  used 
on a much larger scale than heretofore ,  clinicians and auxiliaries should be 
on the look-out for signs of toxicity caused by these drugs, and keep notes. 
In particular, auxiliaries should be taught what to watch for, how to 
recognize these side-effects, and how to treat them. 

( 5 )  Clofazimine would probably be the commonest drug to be used, after 
dapsone. At a dose of one 1 00 mg capsule every other day, the incidence 
of unacceptable degrees of skin darkening is much reduced, and intestinal 
disturbances are unknown. The disadvantages inherent in a treatment to be 
taken at less frequent intervals than daily suggest th at a 50 mg capsule 
would be highly desirable. 

(6) Since there exists a very widespread experience that dapsone given daily in 
doses of 1 00 mg may apparently precipita te serious reversal reaction in a 
small but important proportion of patients with borderline leprosy (the 
proportion possibly varying from country to country) ,  any implementation 
of this regimen should ensure that facilities for immediate recognition and 
adequate treatment of this eventuality are readily available to ali patients 
at risk. 

(7) While in some quarters "voluntary and temporary admission to hospital" is 
being advocated for certain categories of newly-diagnosed patients (for full 
assessment, stabilization on drugs, administration under medicaI super­
vision of an expensive drug like rifampicin) ,  the group did not agree that 
more hospital beds would be required for the more intensive therapy 
advised for patients with multibacillary disease . Just as with tuberculosis, 
outpatient treatment with admittedly more toxic drugs than dapsone,  has a 
considerable history and a reasonably small risk of untoward drug-related 
complications. 

The group considered that many of its deliberations had perhaps emphasized 
the obvious, but that knowledge of the obvious had not yet fil tered down to 
many workers in clinicaI charge of leprosy control programmes. While some of the 
recent research findings and deductions might seem far removed from the 
individual leprosy patient in some remote village in a distant land, yet he should 
be the first to benefit from the new knowledge : the treatment he receives should 
not only arrest his disease but should save him from the risk of relapse. 
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O b i t u a ry 

ALEXANDE R  DEWAR DUFF, MB, ChB 
1 897- 1 977  

The recent death of  Dr  Duff should not  go  unnoticed by  Leprosy R eview, for 
without his timely help during a criticaI period the continued publication of this 
joumal would have been in jeopardy. After the sudden passing of Dr Ross Innes in 
1 968 ,  the Executive Committee of LEPRA requested its MedicaI Secretary to 
assume the duties of Chairman of the Editorial Board of Leprosy R evi:ew. This 
task would have been impossibly difficult without the expert subeditorial 
assistance of Dr Duff. 

Alexander Dewar Duff was bom on 7 May 1 897 .  He qualified in medicine from 
Aberdeen in 1 9 27 ,  and thought to become a general practitioner. Because of a 
bad stammer, he soon gave up this ide a and pursued an early linguistic bent , and 
studied in Lausanne and Vienna. During the Second World War, he put to good 
use his excellent knowledge of French and German, translating medicaI and 
scientific texts, and devising, translating and applying tests for staff selection of 
the Free French forces. 

" Sandy" Duff really carne into his own in the years following the war, when he 
was appointed Assistant Editor of the British Medical Bulletin and then held a 
similar position in regard to the A bstracts of World Medicine. When ordinary 
mortaIs would have welcomed a real retirement, "Sandy" Duff responded with 
youthful zest to the invitation to undertake the unspectacular but highly 
important duties of subeditor of Leprosy R eview. For 5 years he carried out these 
tasks. Of his careful attention to detail, his l iterary flair, his editorial competence, 
and his rapid grasp of the essential concepts and vocabulary of the science of 
leprosy, I cannot speak too highly. 

He was there when he was needed , and we are grateful. 
S .  G. BROWNE 
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Le p rosy a n d  the Com m u n ity 

LEPRA REPORT 1 977 

The 53rd Annual Report of Lepra, The British Leprosy Relief Association, covers 
the year 1 976 and continues the story of dedicated service to the cause of the 
eradication of leprosy which has characterized Lepra from the beginning. The 
Report gives the main guidelines of policy pursued by Lepra and for which 
support is encouraged as : 

Leprosy research and the dissemination of information. 
Prevention and cure of Ieprosy, particuIarIy in children. 
The training, provision and support of indigenous medicaI staff workers .  
Assistance to Governments, WHO and other organizations in support of 
effective Ieprosy work. 
Integrated controI schemes providing d omiciliary treatment. 

In March 1 9 76  Lepra became a ful! member of The InternationaI Federation of 
Anti-Leprosy Associations ( ILEP), and is participating in the policy making and 
programme of this most important Organization. 

The control work undertaken by Lepra tends to be concentrated in certain 
areas , notab ly ,  Malawi, where Lepra is the co-ordinator for alI Ieprosy work ; 
Sierra Leone, with grants in aid to controI projects in Zambia, India and Uganda. 

The involvement of Lepra in leprosy research is important,  with grants for 
individual projects at several centres, in addition to that undertaken at Oxford by 
Lepra's ClinicaI ConsuItant, Dr A. C. McDougal1. 

The encouragement of work among children has always been important to 
Lepra. In 1 976  The Children's  Fund brought help to 30,470 children with 
leprosy , 26, 1 49 of them in India. The encouragement of training for leprosy 
workers at ali leveIs is also basic Lepra policy, and this has actively b een pursued . 

Support for Lepra from within the United Kingd om has greatly increased in 
recent years , and in 1 97 6 ,  for the first time total income exceeded i5 00,000. 
Substantial aid was given to anti-Ieprosy work in 1 8  countries ; i208,000 was 
spent on leprosy control proj ects, i 5 8 ,000 on treating children,  nearly i22 ,000 
on research, and i5 300 on training personnel. 

Leprosy Review is not the least of Lepra's responsibilities, and it is fitting on 
behalf of the Editorial Board to express our gratitude to the Director, Executive 
Committee and MedicaI Advisory Board for so much support and encouragement. 

T. F .  DAVEY 
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ANNUAL REPORT OF THE LEPROSY MI SSION FOR 1 97 6  

The Annual Report of The Leprosy Mission for 1 976 ,  entitled, "To Seek and 
to Save" ,  is presented very attractively and breaks new ground. To quote 
from the Introduction, "The Singapore Conference in 1 976  emphasised that 
the only hope for overcoming the scourge of leprosy is conscientious, 
thorough, and wide ranging outreach. We must go deeper into the com­
munity ; we must go more often ; we must go more intensively ; and we must 
keep on going back. Only in this way can those who are in d anger-parti­
cularly the children-be saved from misery and deformity ."  In accord ance with 
this the first half  of the Report concentrates on the least spectacular aspects 
of leprosy work, the seeking for, and caring of leprosy sufferers in their 
home environment, and under the general heading " Partners in the Search", 
has sections on the paramedical worker, the mobile team, the rural clinic, the 
educator, the hospital back-up, and the imponderables, ali very well illus­
trated. 

The second section of the Report consists of brief Regional Reports, 
devoted to Africa, Southern Asia, Asia East and South-East, illustrated by 
maps and showing the depth and wide range of the M ission's concerns. The 
Leprosy Mission is now very much an international organisation,  and a 
section on the International General Council includes references to the 
Singapore Conference and to I LEP, of which The Leprosy Mission was a 
foundation member. The concluding section on Finance is presented clearly 
and in an interesting way. 1 97 6  was an outstandingly successful year, the 
income of The Leprosy Mission rising by 43% to a total of í 1 , 7 25 ,798 .  
"The international nature of  the Mission i s  demonstrated by  the fact that 20 
different countries are now making significant regular contributions, and this 
year no one country gave more than 20% of the total income". This is a 
remarkable fact, especially when it is recalled that American Leprosy Missions 
Inc. is an independent organisation. The Leprosy Mission stands for sacrificial 
work and sacrificial giving, especially directed to those in greatest need. As 
the Introduction to the Report puts it, "Christian mission in all its forms 
must therefore always be a search, a reaching out to where neglected 
suffering humanity is to be found. " 

T. F. DAVEY 

GANDHI MEMORIAL LEPROSY FOUND ATION 

The Gandhi Memorial Leprosy Foundation has completed 2 5  years of work, 
and the occasion of i ts silve r jubilee cannot be allowed to pass without an 
expression of appreciation for the outstanding contribution of the Founda­
tion to leprosy control in India. I n  the depth of its concern for patients and 
the dedication of its staff the Foundation has continued to express the spirit 
of Gandhiji  in an exemplary manner. None of the hundreds who were 
present at the All lndia Silver Jubilee Congress at Sevagram in 1 973 will 
forget the courtesy and spirit of fellowship which pervaded the gathering. 
The Foundation has taken a leading role in leprosy education , and its 
training courses and rural control units have been a great help to many. We 
offer our congratulations and best wishes for the years ahead . 
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N ews a n d N otes 

30TH WORLD HEALTH ASSEMBLY, APRIL 1 977 

The Address by Dr H. Mahler, Director-General of the World Heal th 
Organization to the 3 0th World Health Assembly , included the following:  

" A  year ago, when I last addressed this assembly, I advocated a social 
revolution in community hea1th. I did so because of my conviction that 
health policy should be determined by social goals, whereas all too often it 
is dictated by disease technology ,  applied without sufficient thought to its 
social purpose and consequences . . . .  

" . . . .  The attainment of health is not only an individual human aspiration ;  
i t  is also a social goal that i n  turn complements other social and economic 
goals. We must therefore choose health technology in the light of its ab ility 
to help attain these goals. We must constantly look for better ways of 
applying existing and new health knowledge for the benefit  of all the world's 
populations and not merely for a privileged few. A more just distribution of 
health resources within and among countries is a social imperative for this last 
quarter of the 20th century . "  

MEXICO CITY -CONGRESS 
ILEP INTEREST 

At the 1 7 th Working Session of I LEP ( the Intemational Federation of 
Anti-Leprosy Associations), held in Amsterdam in June 1 97 7 ,  the Member­
Organizations expressed their continuing interest in the forthcoming 1 1  th 
International Leprosy Congress, to be held in Mexico City , 1 3  to 1 8  
November 1 978 .  They were particularly concemed that the social aspects of 
leprosy should receive adequate emphasis at the Congress , and welcomed the 
renewed interest in problems being faced by field workers .  

As in previous Congresses, these voluntary agencies will sponsor the 
attendance of as many participants as possible from countries of the Third 
World , not confining their help to doctors and others actually working in 
one or other of the programmes sponsored in whole or in part by a 
Member-Organization of I LEP. The hope was expressed that certain inter­
national agencies might make matching grants and that governments also 
might be persuaded to make generous financiaI contributions towards the 
overheads of such a Congresso 

The preliminary announcement should be available shortly . The Local 
Secretary is Dr A Saúl (XI Congreso Internacional de la  Lepra, Centro 
Dermatológico Pascua, Dr Vértiz 464, Mexico 7 DF, Mexico) .  

Leprologists and others wishing to take advantage of the limited number 
of bursaries that may b e  available, and who are not being sponsored by a 
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Member-Organization of I LEP or other body, are invited to write in the first 
instance to : Dr S. G. Browne (The Leprosy Study Centre, 5 7 a  Wimpole 
Street, London W I M 7DF),  giving fuH particulars in support of their applica­
tion. As already intimated,  the number of proffered papers that will be 
accepted for reading at the Congress wiH be smal!. 

1 98 1  INTERNATIONAL YEAR FOR DISAB LED PERSONS 

At an Interagency Consultation on Rehabilitation of the Disabled, held in Paris on 
l i  and 1 2  July 1 9 7 7 ,  discussions were held between representatives of The 
United Nations, the World Health Organization, UNESCO, the International 
Labour Office, and 3 members of the Executive Committee of the Council of 
World Organizations Interested in the Handicapped. The International Leprosy 
Association is represented on this Committee through its Secretary-Treasurer. 

The most important subject studied , as far as leprosy is concerned , was the 
decision of The United Nations to make 1 9 8 1  the "International Year for 
Disabled Persons" . Non-governmental agencies will be organizing regional 
Congresses, a special stamp will probably be issued,  and a world programme 
outlining suggested activities in the field of rehabilitation will be published. 

This preliminary announcement is given so that workers in leprosy may be 
alerted in time to enable them to ensure that the needs of the d isabled victims of 
leprosy are not forgotten in the preparations for the special year. Their 
co-operation will be enlisted in the compilation of brochures dealing with 
technical assistance and resources available. There are plans afoot for an 
international ral1y of disabled persons to be held in Geneva in March 1 9 8 1 .  

BASIC KNOWLEDGE ABOUT LEPROSY 

The West African Secretariat of I LEP have produced a booklet entitled , "Basic 
Knowledge about  Leprosy ,  to assist leprosy patients, and thus helping the control 
of this disease. This guide for non-medical personnel, is aimed at patients and 
members of the general public who are able to read basic English. I t  is well 
illustrated with photographs and diagrams and presents the facts of leprosy 
clearly. The booklet is orientated towards Africa, where it should serve a useful 
purp ose. I t  is obtainable from The West African Leprosy Secretariat , P.O. Box 
673 ,  Freetown, Sierra Leone (West Africa). 

LEPROSY IN MEDIEVAL ENGLAND 

The Gazette of the Institute of Medical Laboratory Science, Vol. 2 1 ,  No. 6 0f 
June 1 97 7  includes an interesting article by J. H. Bayliss on Leprosy in Medieval 
England. The author quotes contemporary sources which suggest that leprosy 
attained importance in the British Isles before the time of the Crusades. A map of 
England shows the location of the numerous "Ieper homes",  1 90 01' which have 
been recorded. Their distribution closely foHows the population density pattern of 
the period. A histogram illustrates that the foundation of such homes reached a 
peak during the latter half 01' the 1 2th century,  fad ing to insignificance by the 
1 5 th, and follows quite strikingly the incidence pattern that would be expected in 
a leprosy epidemic. 

Where prevalence is concerned , the cases of Exeter and Oxford are quoted . In 
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1 1 63  a leper house was built at Exeter to accomodate 1 3  infected people, at a 
time when the population of the city was estimated at 1 ,438 .  A similar house at 
Ox ford held 1 2  leprosy sufferers when the estimated population of Oxford was 
1 ,4 1 1 ,  suggesting at least the possibility in these areas of a leprosy prevalence of 
around 1 %. The city of London made regulations regard ing begging by leprosy 
sufferers in 1 346, 1 348,  1 367 ,  1 37 2  and 1 3 7 5 ,  and the very frequency of these 
suggests both the significance of the leprosy problem and some degree of 
hu manity in relation to it, a less rigorous repression than applied on the continent 
of Europe. A discussion on the decline of leprosy leads to the conclusion that 
after 200 years the development of resistance in much of the population was 
important. There is a useful bibliography. 

OAMI EN-OUTTON AWARO TO O R  ANO M RS ( OR) BRANO 

I t  is a pleasure to congratulate Paul and Margaret Brand on the joint award to 
them of the Darnien-Dutton Award for 1 97 7 .  Their service to leprosy sufferers in 
the sphere of orthopaedics, rehabilitation and ophthalmology is known through­
out the world,  and millions of patients are indebted to them. The Award has 
never been more richly deserved. 

THE VICTOR HEISER AWARDS FOR RESEARCH IN LEPROSY 

These awards are funded by a bequest from Dr Victor Heiser, a well-known 
doctor with a world-wide experience in public health medicine and a life-long 
interest in leprosy and leprosy research. The primary purpose of the awards is to 
foster training in basic biomedical research in fields related to leprosy and to 
encourage national and international cooperation and research exchange in the 
scientific investigation of this disease. 

The following awards are available : 

I .  POSTDOCTORAL RESEARCH FELLOWSHIPS 

Candidates should have the Ph. D. or M . D. degree and be at the beginning or early 
stage of postdoctoral training in a field of basic biomedical science directly related 
to leprosy . Applications will be accep ted either from individuais directly, or from 
heads of laboratories active in leprosy research, for authorization to appoint a 
fel low. Up to two years of support will be provided at stipend leveIs between 
$ 1 0,000 and $ 1 4,000 per annum. 

2. VIS ITI NG RESEARCH AWARDS 

Applicants should be established investigators in leprosy who wish to carry out a 
specific project at a dis tant institution. Per diem and travei support will be 
provided for up to six months of collaborative research with an appropriate 
laboratory or clinical facility. Preference will be given to proposals that plan 
field/cIinical experience with leprosy . 

3. RESEARCH GRANTS 

A few, small research grants may be awarded to support proposals which are both 
of high scientific calibre and clearly related to leprosy if funds remain available 
after the review of applications in the above two categories. These grants will be 
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awarded to laboratories involved in leprosy research-especially those providing 
training opp ortunities in this field . The grants wilJ not ex ceed $1 O,OOO, they will 
not be awarded for c1inical trials, and they may not be used for salaries of 
personnel. Use of the grants for institutional overhead is limited to 1 0% of the 
total awarded. 

The deadline for receipt of ali  application s  is February 1 ,  1 978 .  

Decisions of the Scientific Advisory Committee will be  announced by May 1 ,  
1 97 8  and alI awards must be activated by December 3 1 , 1 9 7 8 .  
Further information and instructions for making application may be requested 
from Ms. Caroline R. Stanwood , Director, Heiser Fellowship Program for 
Research in Leprosy , 1 230  York Avenue, New York, New York 1 002 1 ,  U. S .A. 

scm EFFELIN LEPROSY RESEARCH & TRAINING CENTRE, KARIGI RI  
SOUTH IN DIA, 

SCHEDULE OF COURSES FOR THE YEAR (TRAINING )  1 97 8  

Courses Qualifications 

I .  For doctors 
(a) Condensed course MBBS, or equivalent 

for doctors from any recognised 
University 

(b) MedicaI students' Undergraduates 
course 

(c) MedicaI officers' MedicaI personnel 
training course engaged in leprosy 

work 
(d) Ophthalmic Qualified MedicaI 

aspects in Lep. personnel (to follow 
lan. condensed course) 

lI. For non-medical personnel 
(a) Non-medical Fully qualified Para-

supervisors' course medicaI Workers with 
a minimum of 5 years 
experience-PUCs, 

(b) Orientation Course 
in Leprosy 
(personnel not 
requiring a 
Govemment 

graduates preferred 
For paramedical 

personnel (nurses, 
physios, O. T. , & 
Administrators) ( 1  week 
Doctors course & 3 

recognized certificate) weeks in service training) 

Duration Date 

1 week lan. 1 6-2 1 

1 week *Apr. 
September* 

6 weeks lan. 3 0- 1 5  Mar 
lul. 1 7-26 Aug 

I week Jan. 23-28 

4 months lune 5th 

1 month lan .  1 6-
Sep. (Med. 
S tu. ) 

(c) Paramedical PUCs, graduates preferred 6 months April 3rd 
Workers' Oct. 2nd 

(d)  MedicaI Record- 2 months inservice by 2 months April 
keepers' previous arrangement- October 

SSLC with p roficiency 
in typing & good English 
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(e) Physiotherapy SSLC passed 9 months June 1 4  
Technicians' 

(f) Social workers' ,  & Any other category 1 month 
Medicai wishing an orientation 
Administrators are invited to correspond 

for a period of in service 
training 

m. Inservice training 
(a) Inservice training For qualified personnel- 9 months 

in Medicine, on previous arrangement 
Surgery, Pathology, 
Control & Lab. 
technology 

(b) Prosthetic SSLC passed, PUC 1 8  July 4th 
Technicians preferred months 

(c) Shoe-makers' V standard with by prev. arrangement. 
Course knowledge in English 6 months 

preferred 
(d) Smear Technicians' SSLC passed 3 months 

by prev. arrangement. 

Note. These C ourses are rec ognized both by the G overnment of Tamil Nadu and the 
Government of In dia.  Candidates will b e  awarded a Gove rnment  recognized cert ifica te. 
Ali courses for Non-medical personnel are open only for sponsored candid ates. Private 
candidates will r.ot be accepted for any of them. 
Food and accommodat ion will be provided either in the Guest H ouse in lhe case of 
Medicel  and Overseas personnel or in the Hostel for non-medical personnel .  Family 
accommodation wi/i no! be provided u nless previously arranged ,  subj ect to availability. 
Application forms will not be  considered ,  if they are not accomp anied by a Pos tal Order 
for Rs . l O(- towards registration fee in the c ase of doctors. 

*These courses will be  conducted only on request either from the Government or other 
Voluntary Agencies. 
For prescribed forms and other details, please contact the Training Officer, SLRT Post 
Karigiri, via Katpadi,  N. A rcot , Tamil Nadu , S. I ndia. 
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Lette rs to t h e  E d i to r  

On the Mode of Transmission of Mycobacterium leprae 

I was most interested to read Dr Leiker's article on this important subj ect 
(Leprosy Review 48 Number 1 ,  March 1 97 7 , 9- 1 6) and i ts publication prompts 
me to  ask if you could find space for me to record a request conceming nipple 
biopsies in untreated lepromatous patients who are actively lactating? 

It is perhaps a printing or typing error, but on page 1 0  of the above article, Dr 
Leiker refers to the presence of large numbers of bacilli in the milk glands of 
lactating lepromatous mothers, but in fact the article,  as correctly referenced at 
the top of p.  1 0, referred to a non-Iactating patient. 

This route of transmission is obviously difficult to investigate, particularly as 
regards entry of bacilli in to the susceptible child. However the exit of bacilli from 
the lactating breast and nipple is worth further study , as it has proved to be with 
the nose, and the purpose of this letter is to record my interest in receiving such 
biopsies from any leprologist who may have the opportunity to ob tain them. 

I fully realise that it would be unethical to  attempt such a biopsy in an actively 
lactating mother with a living child. If however, there is a neonatal death, or for 
some other reason, breast feeding is to be stopped,  I would be grateful for the 
opportunity to study the histopathology of tissues from this site. Formol-Zenker, 
with subsequent transfer to 70% alcohol, as described in previous articles in the 
Leprosy R eview, would be the ideal fix ative. 

Slade Hospital, Headington, 
Oxford OX3 7JH, England 

A. C. McDOUGALL 

lhe Hypothesis of Skin to Skin Transmission 

May I be allowed to make some comments on Dr Leiker's paper entitled : "On the 
mode of transmission of M. leprae" (Leprosy R eview ( 1 977 )  48, 9- 1 6) .  In the 
paragraph headed : "Transmission via the skin" , he says :  

" . . .  the number of bacilli reaching the surface of the skin is . . . .  sufficiently 
high for the transmission of M. leprae" .  

I d o  not  know if Dr Leiker has actually attempted to  count  the  number of  
bacilli reaching the surface of  the skin , a s  I reported so doing, in  the  paper 
(Pedley , 1 970b )  to which he refers. My purpose in making a prolonged search of 
the skin surface of lepromatous patients was primarily to challenge the age-old 
hypothesis accepted by generations of leprosy workers. The hypothesis was this : 
that M. leprae emerged on to the surface of the skin in "great", "large" ,  
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"enormous" ,  "innumerable" numbers (to quote some of the adjectives used in the 
literature). From the above quotation, Dr Leiker appears to have much the same 
idea. His reasons for it are given as follows : 

( I )  The probability that what looks like intact skin is "seldom unbroken, 
minor scratches . . .  usually being present. " 

(2)  The presence of M. leprae found in the epidermis at various leveis. 
( 3 )  The presence of M. leprae in sweat-ducts. 

When I reported my search, in the paper to which Dr Leiker re fers, I ,  too, was 
aware of these possible sites of discharge of M. leprae ; aIso of another which Dr 
Leiker does not mention, namely hair-foIlicIes. Using a method which I caIled the 
Composite Skin Contact Smear (CSCS) method (Pedley, 1 9 70a) ,  in which every 
field searched was actually 1 0  fields, I examined ONE MI LLION consecutive 
microscopic fields of very infiltrated and highly bacilliferous intact ( to the naked 
eye) skin of 28 untreated advanced lepromatous cases . This search was a long and 
tedious one. It took 70 h of microscope work-spread over a period of 1 4  months. 
I would emphasize that in order to insure a uniform standard of technique and 
work on which I could rely, the preparation, staining, and ex amination of the 
slides was done entirely by myself. I cIaim that by the CSCS method , a scientific 
attempt was made to collect bacilli from the orifices of COUNTLESS sweat-gland 
ducts, hair-foIlicIe openings, and MINOR SKIN AB RASIONS (not easily visible to 
the naked eye). In this extensive search I found only 52 acicHast bacilli. As the 
presence of these 52 AFB was associated with nose-blows , heavily infected with 
M. leprae, and were found on skin READILY ACCES SIBLE TO THE FINGERS,  
I conc1uded that, in  alI likeIihood , they had been transferred from the nose to the 
skin. That so few bacilli were found, appeared to me to be cIear evidence that 
M. leprae are seldom, if ever, discharged from (what appears to be) intact skin . 

In another part of his paper, Dr Leiker writes : "Pedley ( 1 970) has shown that 
the number of bacilli present on the surface of the skin of highly bacilliferous 
patients is relatively low as compared with the large numbers of bacilli released by 
the nasal mucosa" (underlining-J. C .P' s) .  This is not so. ActualIy what I did show 
was this : the number of bacilli reaching the surface of the skin of highly 
baciIliferous patients is practically NIL as compared with the large numbers 
discharged from the nose. 

Thus, I am unable to agree with Dr Leiker when he says :  "The transmission of 
M. leprae via the skin remains a definite possibility" .  My findings lead me to 
believe that the transmission of leprosy by skin to skin contact is unlikely to 
occur. 

I would also like to comment on Dr Leiker's concIuding remark to his paper, 
which reads : 

"Until such time . . . .  that concIusive evidence is found that leprosy can be 
spread by droplet infection from one person to another . . . .  great caution is 
needed in publicizing this hypothesis". 

I submit, however, that the foIlowing findings do provide strong evidence for this 
hypothesis : 

( I )  Millions of bacilli can be discharged even in ONE nose-blow of an 
untreated advanced lepromatous case. 

(2) M. leprae can remain viable for days outside the human body ( Davey and 
Rees, 1 974).  
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(3 )  The presence of M. leprae in multitudes of droplets discharged by advanced 
untreated lepromatous patients was observed by Schaffer ( 1 898) ,  and 
confirmed ( in sneezing) and photomicrographed by Pedley and Geater 
( 1 976) .  

In my view, these findings do make the conclusion stated negatively in the 
Summary of Dr Leiker's paper : " . . .  that droplet infection via the respiratory tract 
is not a common mode of transmission" , a highly debatable point. Nevertheless, I 
am still of the opinion that : " . . . the present trend of abandoning segregation and 
other restrictive measures against leprosy patients should not be reversed" . 

33, A ldwick Crescen t, 
Findon Valley, 
Worthing, Sussex 
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Clofazamine From Broken Bottles 

I have been interested to read the rep orts of gastro-intes tinal side-effects of 
clofazamine. In my experience this is a real problem, but also rare. It is interesting 
to note also, that symptoms may be intermittent even on a constant dose of the 
drug. 

I have wondered how much these symptoms can be related to the ingestion of 
capsules from broken bottles. Sometimes the jars are broken in transit , the glass 
becomes p owdered and firmly adherent to the capsules, hardly sparing 1 in 1 000. 
I am grateful to Dr M. F. R. Waters who has described to me a method of c1eaning 
the capsules by washing them in spirit ,  and then c1eaning each individually with a 
spirit  soaked swab . Unfortunately this is a very time consuming process 
demanding the ultima te in patience and good eyesight to do the job properly. 

I am concerned that some centres are probably using the capsules from broken 
bottles without taking proper care to see they are properly c1eaned of glass pieces. 
In these circumstances the risk of serious gastro-intestinal side-effects are 
significantly increased . I would appeal to all leprosy workers to be very careful in 
the use of capsules from broken bottles, and to the drug company and agencies 
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supplying clofazamine to please pack the capsules in unbreakable containers and 
thus eliminate this risk . 

Schieffelin L eprosy Research and 
Training Centre, Karigiri, 
S. /ndia 
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Evídence for the Occurrence of Tissue Inhib itors of 
o-Diphenoloxid ase in Mycobacterillm leprae 

Obt ained Fro m Infected Armad illos 

299 

We routinely test Mycobacterillm leprae separated from armadillo tissues for 
o-diphenoloxidase, using D-dopa as substrate. The bacilli convert D-dopa to 
pigment ;  and when the bacterial preparations are heated. the activity is lost, 
indicating that dopa oxidation by the organisms is an enzym atic processo Except 
for Mycobacterium leprae (obtained from different sources), no other myco­
bacteria have so far been found to p ossess this metabolic property. Of course, it is 
well-known that dopa undergoes auto-oxidation under alkaline pH,  and that metal 
ions stimulate the conversion of dopa to pigmento However, this is not the same as 
the enzymatic oxidation of the substrate by o-diphenoloxidase. 

RecentIy , some preparations of Mycobacterium leprae from armadillo tissues 
showed extremely low leveIs of the enzyme or no activity at alI. We diluted the 
bacterial suspensions and compared the oxidation of dopa  by the concentrated 
and the diluted preparations. All the diluted samples oxidized dopa, and 
surprisingly , these samples had higher activity than the concentrated suspensions. 
This observation suggests that the Mycobacterium leprae preparations contain 
inhibitors of o-diphenoloxidase, derived from the armadilIo tissues. 

The bacilli were separated from the infected tissues by differential and 
density-gradient centrifugation in solutions of sucrose and KC I .  For routine 
testing of o-diphenoloxidase, these preparations are used without further 
purification, because mammalian tyrosinase does not act on D-dopa. (Greater 
purification is achieved by treating the bacterial suspensions with trypsin, NaOH, 
acetone and ether. ) In the experiments reported here ,  the bacill i  were incubated 
with D-dopa at pH 6. 8 for 60 mino The reaction rnixture was centrifuged at 
25  000 g for 30 min and the spectrum of the supernatant fraction was 
determined.  After centrifugation, the bacterial residue also was examined . A good 
proportion of the pigment formed from dopa sediments with the bacteria. 

If the reaction is positive, the sediment of the sample containing bacilli and 
dopa would be black ; bacilli alone or heated bacilli plus dopa would show little 
colour development. When the bacterial preparations have low enzyme activity, 
the spectrum of the supernatant fraction reveals no well-defined peak, since 
sufficient amounts of quinones do not accumulate in the reaction mixture. In the 
data presented in Table I ,  absorb ance values for 400 nm or 48 0 nm are given, as 
an indication of the amount of pigment contained in the supernatant fraction. 

TABLE 1 
Com parison of o-diph enoloxidase in concentrated and dilu ted suspensions of Mycobacterium 

leprae from armadillos 

Concentrated suspension Dilute suspension 
Experiment Colour of Absorbance of Colour of Absorbance of 

number sediment supernatant sediment supernatant 

1 Light black 0 .022  Deep black 0 .036 
2 Light black 0 . 0 3 5  Deep black 0 .045 
3 Brown 0 .008 Black 0 . 0 2 5  
4 Brown O Black 0 .022  
5 Light black 0 .022  Deep  black 0 . 0 3 5  
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The readings for the different samples vary, because the concentration of 
inhibitory material present in them would not be the same. 

The undiluted bacterial suspension contained over 1 0 1 0 bacilli/m1. These were 
diluted 5 times or 1 0  times. If the preparations had no inhibitory substances, 
readings for the concentrated samples would have been 5 to 1 0  times higher than 
those for the diluted suspensions. The presence of higher amounts of inhibitory 
material in the concentrated prep arations appears to be responsible for the Iower 
activity shown by them. When the bacteriaI suspensions are too dilute, very little 
colour development would be observed,  because of the insufficient number of 
organisms to oxidize the substrate. Another significant finding was regarding 
sampIes 3 and 4; one would have concluded that they contained no dopa oxidase 
activity , if the diluted samples were not tested . In  purified preparations of 
Mycobacterium leprae from human sources, such marked inhibition of o-diphenol­
oxidase has not been detected . 

At the time of sacrificing the animaIs ( from which the bacteriaI suspensions 
used in the study were derived),  they were subjected to cardiac exsanguination 
under anaesthesia. Further studies on the tissue inhibitors of o-diphenoIoxidase of 
My cobacterium leprae are in progresso 

u S. Public Health Service Hospital, 
Carville, Louisiana 70 72 1 ,  
U S. A. 

K. PRABHAKARAN, E. B. HARRI S and 
W. F. KIRCHHEIMER 
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B oo k  R evi ews 

Emotional Care o f  the Facially Bumed and Disfigured, b y  N .  R .  Bernstein, 1 976 .  Published by 
Little,  Brown & Co. ,  Boston , U.S .A. 24 pp.  Price in the U.K. t7.S0.  

This book is a sensitive and detailed study of the emotional effects of burns of the face written 
by an experienced psychiatrist at one of the leading burns treatment cent res in the U.S.A. The 
traumatic effects of facial disfigurement on the sufferer, the community and those concerned 
with the care of patients are ali explored .  Detailed case histories are included, illustrating the 
different ways patients react to their disfigurement and different approaches to the problems of 
treatment.  Concluding chapters are concerned with psychiatric care and rehabilitation, and the 
importance of a sustained integrated approach which combines understanding and sympathy 
with positive encouragement in adjusting t o  life in the community. 

All this is of the highest relevance to workers in leprosy , for whom facial disfigurement is so 
much a matter of everyday experience that it is easy to forget how intense is the psychological 
trauma it creates in many of our patients .  For alI concerned with the treatment of sufferers 
from lep rosy this book will be read with interest and p rofit. 

T. F. DA VEY 

The Challenge of Leprosy , by T. N. Jagadisan, ( 1 977).  Published by Kasturba Kushta Nivaran 
Nilayam, Malavanthangal P.O . ,  via Kandachipuram, S .O.  South Arcot Distric t ,  PIN : 60S 70 1 ,  S .  
India. 60 pp .  

This book is a selection of articles and papers coming from the  pen of Professor Jagadisan , and 
compiled at the suggestion of his friends. Anyone who knows T. N. Jagadisan, the story of his 
life and his grea t service to  the cause of sufferers from leprosy will read this book with pleasure 
and affection for its author, who in a very personal concluding chapter teUs of his own 
experience of leprosy and how he carne to take up leprosy work. 

This selection of his writings typifies the vision and deep compassion of the author. "An 
approach to rural leprosy work" ; "A world within a world",  " Rehabilitation af the physically 
handicapped with reference to leprosy" ; "Physical and emotional problems in restoration of 
leprosy patients" : in ali these and other chapters he speaks with the authority of personal 
experience and with great felicity of language , qualities which give exceptional beauty to his 
study of Father DalTÚen.  His Presidential Addre ss to the 1 2th All India Leprosy Workers' 
Confe rence is another example, not only or lite rary mastery but of that elevation of spirit 
which the experience of deep suffering has brought to  a very remarkable mano 

T. F. DA VEY 

The Mycobacteria, by C. Ratledge. 1 977 .  Shildon : Meadowfield Press Ltd .  Pp. 1 30 .  D .20 
(paper-back). 

Dr Ratledge has provided a series of cross-referenced criticai reviews of various aspects of the 
mycobacteria, concentrating especially on work reported since 1 960.  The chapters discuss the 
diseases caused by mycobacteria and their immunology ,  t axonomy, structure and ultra­
structure, metabolism, lipids ,  nucleic acids and genetics , and antilTÚcrobial drugs . Though there 
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is some unevenness in the depth with which these subjects are treated, reflecting the particular 
interests of the author (and also of the reviewer), the whole is rather successful .  

There are some disappointments .  The chapter on metabolism is scanty, and contains no hint 
of the idea that fast· and slow-growing mycobacteria may have important metabolic differences . 
There are some curious statements about chemotherapy ; it is implied that clofazimine is a more 
effective antileprosy drug than dapsone , and that it is applied direct to the skin of the patient ; 
it is unlikely that cycloserine directly prevents the development of resistance to other 
anti-tuberculosis drugs. Considering the detailed treatment of the various modes of DNA 
transfer that occur in bacteria (few of which have been convincingly demonstrated in 
mycobacteria) it is surprising that the idea that drug-resistance arises by selection, rathe r than 
by any act ion of the drug to modify the bacterium, is not explained more cJearly . 

The treatment of the Iipids is well done . The author has attempted to avoid the c1assical 
categories-waxes A, B, C and so on-and has instead c1assified mycobacterial lipids according 
to their structure . Taxonomy is well summarised ,  and structure interestingly dealt with (though 
it seems unlikely that many electron microscopists would now accept Imeda's structure of the 
mycobacterial wall). 

The author seems not to have been too kindly treated by the publishers . The object of 
photographic typesetting from typescript is presumably rapid production-for this one has to 
put up with untidy right margins and unattractive typefaces. Yet production of the book has 
been so delayed that Dr Ratledge has been obliged to add a chapter on recent progress (since 
1 973) .  In some cases the recent work negates large sections of the original chapters, which the 
author should have had the opportunity to rewrite .  This has, for example, made a conside rable 
muddle of his own interesting and important work on iron-transport. One may only speculate 
on the purpose of the eccentric system of page-numbering. 

The real mystery remains-for whom is this book intended? The preface lists a variety of 
potential readers, but the treatment seems too elaborate for students or clinicians not especially 
interested in mycobacterial diseases ,  but too superficial for a specialist in any of the fields 
covered. It would form a useful introduction to the field for research workers or c1inicians 
proposing to involve themselves with mycobacteria, and is cheap enough for most to afford .  
They would be well advised not  to believe ali the reported informat ion about the genus, which 
sometimes seems as much supported by ingenuity as by data. 

P. DRAPER 

The Pathogenesis of Infectious Disease. Cedric Mims. Academic Press. 1 977 .  xii + 242 pp. L3 .40 
(paperbound). 

The first question raised by this new addition to Monographs for Students of Medicine is why it 
was not written before. The answer, presumably, is that few people have made themselves as 
well versed as Professor Mims over such a b road field on the whole subject of infection-inflam­
mation-immune response-pathogenesis of disease . The point of the book is that this vast topic 
is dealt with as a whole, in general terms. Diseases are used not as chapter headings but as 
examples to illustrate the stratagems evolved by invading organisms and their hosts to counter 
each others' defences at each stage of the sequence from contagion to recovery . Every type of 
micro-organism is dealt with, including a number that are primarily of veterinary importance. 
The author is ·particularly st rong on viruses, but he gives many use fui insights too into bacteria, 
fungi and protozoa, and the diseases caused by them. Obviously the subject is not dealt with in 
depth and the book is not intended to supplant conventional text-books . It  is a synthesis of 
knowledge and ideas, and to pick holes in it would be to miss the point. There are holes ,  but 
the big ones are those due to deficiencies of present knowledge . 

Aspects that will be of particular interest to leprologists will be mechanisms of entry of 
organisms to the body by different routes and methods of dissemination, the process of 
phagocytosis and digestion, the advantages and Iimitations of the int ra-cellular and extra­
cellular habitats, the pathogenesis of diseases other than leprosy in which the causative 
organism resides in neural tissue, and the addendum on vaccines .  
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The book is lucidly written and helpfully illustrated in  a style that will be readily 
comprehended by students (if necessary with the aid of the glossary provided) . Although, 
perhaps,  students will be the chief beneficiaries there must be few specialists , teachers or 
research workers in this complicated field who will not enjoy, and gain from reading, such a 
comprehensive though fairly brief survey of the subject .  It is a splendid concept ,  successfully 
executed . The book is moderately priced and highly recommended. 

D. S. RIDLEY 
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Abstra cts 

1 .  MICROBIOLOGY 

94. KATO. L. & ISHAQUE, M.  A simplified hyaluronic acid based culture medium for 
mycobacteria isolated from human lepromata. Int. J. Lepr. , 1 976,  v. 44, No. 4 , 43 1 - 434. 

"Acid·fast bacilli multiplied in Iiquid culture media containing hyaluronic acid when inoculated 
with mycobacteria from a lepromatous leprosy nodule. The culture was readily subcultured at 
1 0  day intervals in the homologue media, but failed to grow in the Dubos, Middlebrook and 
Lowenstein media. These findings confirm the results of Skinsnes et aI. ( 1 975) .  Identification 
of this culture is not yet available, however it gives positive immunofluorescence with authentic 
anti·M leprae serum. The obtained culture also grows as a chromogenic culture at 34° C on a 
simple medium prepared from t rypsin digested human umbilical cord , yeast extract powder and 
glycerol. This medium can be sterilized in an autoclave , but filter sterilized sheep, bovine or 
horse serum must be added aseptically as an esential ingredient . The medium does not differ 
considerably from the hyaluronic acid medium proposed by Skinses et aI. , but it is easier to 
prepare , it is inexpensive and permits a logarithmic growth within 7 days of the so far 
unidentified culture isolated from leprotic nodules ." 

95. LEVY, L. & MERIGAN, T. C .  Inhibition of multiplication of Mycobacterium leprae by 
polyinosinic·polycytidylic acid. A ntimicrob. Agents Chemother. ,  1977 ,  v. 1 1 ,  No. 1 , 1 22· 1 25 .  

"Contrary to the  results of an  earlier study in which polyinosinic·poly·cytidylic acid 
[poly(I : C)] administered intraperitoneally to mice had no effect on multiplication of 

Mycobacterium leprae in the mo use footpad , the local administration of poly(I : C) every 12 h 
for 1 5  doses during logarithmic multiplication was found both to inhibit bacteriaI multiplicat · 
ion and to produce high tissue leveIs of interferon (I F) . Local administration of poly(I) aIone 
inhibited multiplication of M leprae to almost as great a degree without at the same time 
prod)1cing a measurab1e IF titer in the footpad tissues .  Mouse IF  and 'mock' IF both inhibited 
bacteriaI multiplication to the same degree, but administration of only the former resulted in a 
measurable IF titer. Polyadenylic·polyuridylic acid administered 10cally nei ther inhibited 
multiplication nor induced I F ;  fetal calf serum, administered in the same concentrat ion as 
found in the preparations of IF and mock IF, was modestly inhibitory, without inducing IF .  
Thus, the  locaI administration of poly(I : C) appears to  have inhibited multiplication of M leprae 
independently of IF induction." 

96. MUROHASHI , T. & YOSHIDA, K. [ Drug sensitivity test of M. leprae using Iiquid media. ] 
Lepro, 1976 ,  v. 45 ,  No. 1 ,  1 ·8 .  [In Japanese . ]  

The English summary appended t o  the pape r i s  a s  follows : -
"Drug sensitivity was examined using semi·synthetic Iiquid media o n  two strains of M leprae 

isolated from nodules of L-type leprosy patients. The results revealed that L-Jul·74· 1 strain was 
senstitive to both DDS and Rifampicin, and L-Feb·7 5 strain was sensitive to ali of DDS, 
Rifampicin and Isoniazid. According to the information of the leprosaria,  to which the host 
patients of these strains belong, the administration of DDS to the former case and Rifampicin 
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to the latter, respectively, resulted in the rapid and remarkable improvement of clinicaI 
symptoms, in good agreement with the above mentioned test results. lt was revealed,  further ,  
that the drug sensitivity of M leprae could be  determined by this  in vitro test  method as early 
as about 3 months' incub ation at 37° C. Drug sensitivity test using liquid culture media will 
facilitate the selection of adequate drugs to be  administered to the concerned leprosy patients." 

97. MATSUO, Y, & OTSUNOMIYA, S .  Attempts at cultivation of Mycobacterium leprae in cell 
cultures. Jap. 1. Microbiol. , 1 976 ,  v. 20, No. 5 , 47 1 -473 .  

Mycobacterium leprae failed to multiply in a mouse cell culture system which had proved 
successful for the cultivat ion of M. lepraemurium. However, in 2 out of 14 expe riments , 
M leprae was proved by sub sequent mouse inoculation to have survived for 54 and 70 days. 
Technical details are given of the culture system, which is based on footpad cells. 

D. S. Ridley 

98. BALAKRISHNAN, S. & DESIKAN, K. V. Blood and tissue leveIs of diamino diphenyl 
sulphone (DDS) in experimental mice. lndian 1. Med. Res. , 1 977 ,  V. 65 ,  No . 2, 20 1 -205 . 

" Blood and tissue leveIs of diamino diphenyl sulphone (DDS) in 24 experimental mice receiving 
diets containing 0.0 1 % DDS, were estimated.  An average concentration of 1 .2 tJg/ml of DDS 
was found in the blood . The concentration of DDS in the liver was about twice that in blood. 
In the spleen, the leveI of DDS was slightly higher than in blood but the muscles contained 
much less. The drug was detectable in the nerves at a concentration almost equal to that in the 
blood. The clinicaI implications of  these findings in the treatment of leprosy are discussed ." 

99. LEVY, L.  The activity of a thiadiazole on Mycobacterium leprae. Proc. Soe. Exp. Eio!' 
Med. , 1 976,  V. 1 53 ,  No. 1 ,  34-36. 

"A new broad-spectrum antimicrobial ,  2-amino-5-( l -methyl-5-nitro-2-imi-dazolyl)- l ,  3,  4-thia­
diazole, reported inactive against Mycobacterium tuberculosis, inhibited multiplication of 
M leprae in the mouse footpad when administere d  orally to the mice. The dose-response curve 
was very steep : 0.2 g% of the drug exhibited considerable act ivity, whereas 0.05 g% was only 
modest1y active in one experiment and inactive in another. This drug appears to be one of the 
few that is bactericidal for M leprae. " 

1 00. HASTINGS, R. C . ,  RICHARD, V . ,  JR, CHRI STY, S. A. & MORALES,  M. J. Activity of 
ascorbic acid in inhibiting the multiplication of M. leprae in the mo use foot pad. lnt. J. Lepr. , 
1 976 ,  V. 44, No. 4, 427-430. 

" Ascorb ic acid was fed to mice in concentrations of 0.05%, 0 . 1 5%, and 0.45% w/w in the diet . 
Six months after inoculation of M leprae into the foot pads, there were significantly fewer 
acid-fast bacilli harvested from animais receiving 0. 1 5% and 0.45% w/w ascorbic acid  than from 
control mice. On the other hand , M leprae did multiply in mice fed ascorbic acid while no 
multiplication at alI was observed in animaIs fed dapsone, c10fazimine or rifampin. No toxic 
effects of ascorb ic acid were noted in these mice ." 

1 0 1 .  SHEPARD, C. C. ,  YOUMANS, A. Y. & YOUMANS, G. P .  Lack of protection afforded by 
ribonuc\eic acid preparations from Mycobacterium tuberculosis against Mycobacterium leprae 
infections in mice. lnfeetion & lmmunity, 1 977 ,  V. 1 5 , No. 3 ,  733-736 .  
" Mycobacterial ribonucleic acid preparations from H37Ra, an attenuated strain of Myco-
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bacterium tuberculosis, provide their usual marked protection against M tuberculosis challenge ; 
however, they provided no protection against Mycobacterium leprae challenge . Suspensions of 
intact H37Ra were not effective against M leprae. Suspensions of BCG gave their usual distinct 
protection against M leprae challenge ."  

2. BIOCHEMI STRY, P ATHOLOGY, IMM UNO LOGY 

1 02. REA, T. H., LEVAN, N. E. & TERASAKI, P. r. Histocompatibility antigens in patients 
with leprosy. J Infect. Dis. , 1 976 ,  v. 1 34, No. 6 , 6 1 5-6 1 8 . 

"The frequencies of distribution of 25 lustocompatibility antigens were determined in 92 
Mexican patients with leprosy and compared with those in 3 1 5  Mexicans who did not have the 
disease. No statistically significant differences were found between the patients and the controls 
in regard to histocompat ibility antigens, and subgroups with a significant difference could not 
be identified by division of the patients according to the density of Mycobacterium leprae or 
the presence or absence of cell-mediated immunity directed against antigens of M. leprae." 

103. PARMASWARAN, M. ,  GIRDHAR, B. K, DED, M. G. , KANDHARI , K C. & BHUTANI, 
L K Macrophage function in leprosy . Int. J Lepr. , 1 976,  v. 44 , No. 3 ,  340-345.  

"The macrophage function in patients with leprosy was assessed by estimating histochemically 
the acid phosphatase activity in skin biopsies and by assessment of phagocytic and lytic 
capability of in vitro cultured macrophages derived from peripheral blood monocytes, 
challenged with Iive M leprae. 

"Acid phosphatase was demonstrated in skin biopsies of different groups of leprosy patients 
classified according to the Ridley and Jopling scale. The degree of acid phosphatase positivity 
was correlated with clinicai spectrum, Bacterial and Morphologic Indices and treatment status . 

"Peripheral blood monocytes from patients with leprosy , either tuberculoid or lepromatous, 
were cultured in monolayers and challenged with M leprae. The phagocytosis and Iysis of 
mycobacteria by macrophages was observed at different time intervals from the 1 st to the 28th 
day . The morphology of the macrophages in different types of leprosy was a1so studied. 

"The results suggest that macrophages from patients with either tuberculoid or lepromatous 
leprosy are not be themselves capable of Iysing Iive M leprae. 

"Live M leprae injected into the foot pad of Wistar strain of rats evoked sin"tilar responses on 
the tenth day , in normal and protein deficient animais." 

1 04. ANDERS, E. M. ,  MCADAM, K. P. W. J .  & ANDERS, R. F.  Cell-mediated immunity in 
amyloidosis secondary to lepromatous leprosy . C/in. Exp. Immunol. , 1977 ,  v. 27 ,  No. I ,  
1 1 1 - 1 1 7 . 

"Cell-mediated immunity in lepromatous leprosy patients with and without amyloidosis has 
been studied. Amyloidosis occurred mostly in patients with a history of recurrent e rythema 
nodosum leprosum (ENL) reactions. For this reason, 2 control  groups of leprosy patients were 
included,  one having a history of recurrent ENL and the other Iittle or no ENL The lack of 
responsiveness to lepromin in vivo and in vitro, characteristic of lepromatous leprosy , was not 
a1tered by the presence of amyloidosis or a history of ENL No significant difference between 
the patient groups was observed in the response to PPD in vitro, but skin reactivity to PPD was 
significantly lower in the patients with amyloidosis than in those without amyloidosis. In 
contrast, the PHA responses of patients with amyloidosis were significantly higher than those of 
control patients without a history of ENL, but not significantly different from those of control 
patients with a history of recurrent ENL 
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" Lepromatous leprosy patients who develop amyloidosis thus appear to belong to  a group,  
susceptible to repeated attacks of ENL, whose PHA responses are  higher than those of other 
lepromatous leprosy patients. The lower skin reactivity to PPD observed in the amyloid group 
may reOect a general impairment in delayed cutaneous hype rsensitivity." 

1 05 .  THOMAS, M., JOB, C. K. & KURIAN, P. V. Susceptibility to leprosy and serum atypical 
pseudocholinesterase. Int. J. Lepr. , 1 976,  v. 44, No. 3, 3 1 5-3 1 8 . 

"The pseudocholinesterase leveIs and the nature of the enzyme as shown by the dibucaine 
number (D.N.) were estimated in 720 controls and 420 lep romatous leprosy patients , and 3 0 1  
tuberculoid leprosy patients. There was n o  statistical difference i n  the esterase leveIs between 
leprosy patients and normal controls. But the distribution of D.N. was significantly different in 
the leprosy patients compared to the normal population studied . The D.N. b elow 40 
indicates the samples with the atypical pseudocholineste rase-the p resence of which is 
genetically determined. The distribution of samples with D.N. below 40 was significantly higher 
in the lepromatous leprosy patients compared to the normal population or  tuberculoid leprosy 
patients. It is proposed that since there is a greater incidence of the atypical enzyme in 
lepromatous leprosy cases, the presence of  this enzyme or the deficiency of  the typical enzyme 
may make a person more susceptible to leprosy." 

1 06.  DATE, A. , THOMAS, A. ,  MATHAI , R. & JOHNY, K. V. Glomerular pathology in leprosy . 
An electron microscopic study . A m  J Trap. Med. Hyg. , 1 977 ,  v. 26, No. 2 , 266-272. 

" Electron microscopic examination of renal biopsies from 19 patients with leprosy who had 
edema, proteinuria, or hematuria showed a proliferative glomerulonephritis in 1 2 , amyloidosis 
in 2, and no lesion in 5 .  The proliferative glomerulonephritis was of different patterns :  diffuse 
with or without exudation, focal, or mesangial. Subendothelial and/or subepithelial deposits 
were seen in 5 biopsies. Of the patients with glomerulonephritis, 3 had a reduced total serum 
complement leveI ,  5 had erythema nodosum leprosum, 5 had evidence of recent streptococcal 
infection, and 2 had microfilariae in the peripheral blood. The significance of these findings is 
discussed." 

1 07 .  KAUR, S. ,  WAHI, P. L. , CHAKRAVARTI, R. N. , SODHI ,  J. S. ,  VADHWA, M. B .  & 
KHERA, A. S. Peripheral vascular deficit in leprosy. Int. J Lepr. , 1 9 76 ,  v. 44, No. 3 , 332-339 . 

Trophic changes in leprosy have always been attributed to nerve degeneration. This paper 
reports on studies of their vascular component, including clinicaI nutritional changes ,  
histopathological changes and,  in particular, b rachial arteriography , in 3 5  patients , and 
posterior tibial arteriography in I patient .  Arteriographic abnormalities, including occlusion, 
narrowing, tortuosity , dilatation, post stenotic dilatation, irregularity and incomplete filling of 
the lumen wi th radio-opaque material, were seen in more than 2 vess�ls in 50% of the 
arteriograms in wrist and paim; digital arteries showed abnormality in more than 75% of 
patients. The ulnar artery was more frequently involved (74%) than the radial (50%). 
Superficial and deep palmar arches were equally affected. There was no predilection for one 
form of leprosy to show arterial changes more than others . This careful study c1early 
demonstrates the frequency of vascular changes in the extremities in leprosy and, in the opinion 
of the authors , these must play an important role in causing mutilations and deformities .  

T F Davey 
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1 08 .  CARAYON, A., LANGUI LLON, J. & GlRAUDEAU, P. Névrites réactionnelles micro­
angiopathiques dans la lepre borderline . [ Micro-vascular lesions in peripheral nerves appearing in 
the course of acute reaction in borderline leprosy . ]  Méd. Afr. Noire, 1 976,  v. 23, No. 1 1 , 
68 1 -690. 

The authors review the pathology of damage to the peripheral nerves that appears during 
reactional episodes in patients suffering from borderline leprosy and suggest that much of the 
damage is due to lesions in the blood vessels (vasa nervorum) surrounding the nerve trunks and 
penetrating intraneurally . They thus consider that the lesions are on a par with auto-immune 
phenomena, as in Guillain Barré's neuropathy, periarteritis nodosa and rheumatoid arthritis. 

The commonest history of these cases is for an initial downgrading reaction to be 
followed-usually after a period of anti-leprosy treatment-by a reversal reaction. The 
localization of the lesions in the nerve trunks is usually distant from the c1assical sites of 
predilection and may affect nerves that are less frequently damaged in leprosy , fo r example , the 
radial , the median (in its lower path) and the inte rnai popliteal. The enlarged nerve is usually 
soft on palpation, the consistency being due to the presence of localized oedema. 

Clinicai suspicion of the occurrence of this type of neuropathy is based on the unusual 
localization, the late  appearance of the lesions, an association with p re-existing nerve lesions of 
c1assical type,  the insidious and painless progression of the nerve damage , and the presence of 
sub maximal electrophysiological changes,  notwithstanding the degree of motor and sensory 
deficit. Because no b ranches leave the nerve t runk at the sites affected , the extent of the 
functional destruction may long remain unsuspected. 

The result of the lepromin test and the histopathological picture are consistent with the 
hypothesis of a microvasculitis affecting the media of the small vessels. Complement and 
immunoglobulin are deposited in these situations, together with immune complexes. 

The authors favour Iimited surgical intervention for precise indications, wi th operative 
endoneurolysis in selected cases to relieve pressure on nerve fibres and to accelerate nerve 
conduction velocity. They even suggest removal of a segment of irreve rsibly damaged nerve in 
order to remove a local source of antigenic material. They recommend long-acting sulphon­
amides with adequate doses of corticosteroids to control the acute manifestations. 

In their view, high doses of anti-Ieprotics (dapsone or sulphonamides) may safely be given to 
patients who have no sign of nerve damage , but where there are indications of pre-existing 
damage, then drugs may precipitate a se rious exacerbation. 

S. G. Browne 

1 09. NAIK, S. S . ,  TANKSALE, K. G. & GANAPATI ,  R. Study of urinary nitrogenous 
constituents in reactions of leprosy. India. J. Med. Res. , 1 977 ,  v. 65 ,  No. 2, 1 93-200. 

"Nitrogen intake through vegetarian diet was studied in uncomplicated hospitalised leprosy 
patients and patients in different stages of reactions. The p rotein intake in hospitalised leprosy 
patients was more than in an average Indian diet .  lt was reduced in reaction cases of leprosy in 
accordance with the seve rity of the episode. Total nitrogen excret ed through 24 h urine 
was studied in leprosy patients along with urinary nitrogenous constituents, such as urea ,  uric 
acid, creatinine, creatine, a-amino acid nitrogen,  hydroxyproline.  These urinary constituents 
were found to increase in accordance with the severity of reaction. The excretion of a-amino 
acid nitrogen and hydroxyproline in urine was significantly increased in reaction of leprosy. It 
is suggested that these parameters along with hydroxyproline : creatinine ratio can be used to 
assess the severity, subsidence and onset of reaction in leprosy . Impairment in functions of 
kidney and adrenal cortex was observed during reactions of leprosy. The causes fo r the 
increased excretion of the nitrogenous constituents in reaction of leprosy have been discussed." 
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1 1 0. CARNUS, H. ,  LANGUILLON, J. & BAQUILLON, G. Etude de  la sensibilité comparée à l a  
tubercu\ine chez des  lépreux lépromateux et tuberculoides, dans la région de Dakar (données 
préliminaires-février 1 976.)  [A study of comparative tuberculin sensitivity in patients with 
lepromatous or tuberculoid leprosy in the Dakar area. ] BulI. Soco Méd. Afr. Noire Lang. Fr. , 
1 976 ,  v. 2 1 , No. 3 , 376·382. English summary (6 \ines). 

Having noted the considerable discrepancies in published work on the matter, the authors 
investigated tuberculin sensitivity (0. 1 m1 of tuberculin RT23 ,  administered by intradermal 
injection), in 3 groups of patients with lep rosy : 1 09 in-patients , 1 4 1  out-patients, and 1 62 
inmates of a rural leprosy village . They compared the results among patients with either 
lepromatous or tuberculoid leprosy and a group of 1 76 healthy people from the outskirts of 
Dakar. 

The study revealed no marked depression of tuberculin sensitivity , either among those with 
lep romatous leprosy or among those with the tuberculoid formo There were, however ,  
suggestions of definite differences between the groups of patients with lepromatous leprosy , 
depending on the place where they were living. This observation cal\s fo r further study. 

S. G. Browne. 

1 1 1 . SKINSNES, O. K. & HIGA, L. H. The role of protein malnutrition in the pathogenesis of 
ulcerative "Lazarine" leprosy. lnt. J. Lepr. , 1 976 ,  V. 44, No. 3 ,  3346-3 58 .  

The systematic study of an  experimental model, using Wiersung rats infected with Myco­
bacterium lepraemurium, leads the authors to suggest that Lazarine leprosy may result from 
enhanced lepromatous infection occurring as a result of protein malnutrition. The pathogenic 
mechanisrns appears to be impairment of cellular immunity, probably enhanced by con­
comitant impairment of humoral antibody inununity, with lowered resistance to secondary 
infection. The tendency to u\ceration is also the likely result of protein malnutrition. 

T. F. Davey 

3. C LINICAL 

1 1 2. MCDOUGALL, A. C. & SALTER, D. C.  Thermography of the nose and ear in relation to 
the skin lesions of lepromatous leprosy , tuberculosis , leishmaniasis, and lupus pernio. J. lnvest. 
Derm , 1 97 7 ,  V. 68,  No. 1 ,  1 6-22. 

"The nasal and aural temperature patterns of 1 00 normal subjects have been investigated by 
infrared thermography, paying particular atten tion to possible e rrors of instrumentation and 
technique which may arise in such areas of complex morphology. 

"Although by no means invariab le, the pattern of thermograms confirms that cert ain are as 
which are relatively co 01 are often affected in lepromatous leprosy, tuberculosis , leishmaniasis , 
and lupus pernio. In lepromatous leprosy, low temperature appears to govern the localization of 
disease in most parts of the body,  and the possible reasons for this are discussed.  Thermography 
may have a place in the investigation of other skin diseases in which the distribution of lesions 
on the body surface is unexplained." 

1 1 3 .  SEHGAL, V. N. ,  AGGARWAL, D. P. & SEHGAL, N. Ocular leprosy. lndian J. Med. Res. , 
1 976 , V. 64, No. l i , 1 600- 1 606. 

"Four hundred and thirty leprosy patients were studied for ocular involvement of which 229 
were of tuberculoid,  69 of lepromatous, 69 of borderline , 63 of neuritic and 3 patients of 
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reaction of which 2 were lepromatous and 1 borderline leprosy . Ocular lesions were seen in 106 
patients comprising 43 ( 1 8 .7%) tuberculoid, 30 (43 .4%) lepromatous, 15  (2 1 .7%) each 
borderline and neuritic and 3 (4.2%) of reactions. Majority of patients with amication of the 
eyes were in the age group of 20 to 59 years. The commonest clinicaI signs in different types of 
leprosy were madarosis and infiltration of the eyeb rows and eyelids and were seen frequently in 
lepromatous leprosy. Conjunctivitis ,  episcleral nodules , interstitial keratitis, pannus, punctate 
keratitis and corneal opacities were also seen,  but their occurrence was infrequent . The 
affection of the posterior segment of the eye was uncommon. The demonstration of  
Mycobacterium leprae in  conjunctival sc rapings and/or fluid in  patients of lepromatous leprosy 
was of interest as it supports the earlie r reports  of direct invasion of ocular tissues in this type 
of leprosy." 

1 1 4. MCDOUGALL, A. C. & ARCHIBALD, G. C .  Lepromatous leprosy presenting with 
sweIling of the legs. Br. Med. l. , 1 977 ,  Jan. 1 , 23-24. 

This is a report from Oxford of an adult Pakistani male who sought medicaI advice because of 
oedema of both legs and was found, on exarnination, to have skin lesions of e rythema nodosum 
leprosum (ENL). There was a past history of nasal blockage and epistaxis. Large numbers of 
leprosy bacilJi were found in skin and nasal mucosa, and biopsies were diagnostic of 
lepromatous leprosy in reaction. The aetiology of oedema in leprosy is discussed. 

[The important lesson to be learnt from this paper is that skin lesions of  lepromatous 
leperosy can be preceded, often for years, by nasal symptoms and by oedema of the legs . ]  

W. H lopling 

1 1 5 . PAPY, J. J . ,  LANGUlLLON, J. , PAPY-TEMIME, M. & COURNIL, C. Les multinévrites 
hanséniennes. Signes électrophysiologiques ,  infracliniques et diagnostic o [ Leprous polyneuritis : 
electrophysiological signs of sub clinicaI and diagnostic importance. ] Méd. Afr. Noire, 1 976 ,  v. 
23,  No. 1 1 , 69 3-696. 

The great rarity of specific alterations in nerve trunks pathognomonic of leprosy induced the 
authors to search for a series of indications that would together make the diagnosis of leprosy 
most likely in patients in whom skin lesions were absent or equivocal . They selected patients 
with only a single nerve apparently damaged and proceeded to investigate the other main 
peripheral nerve trunks. In these 59 patients, they determined the fol1owing 3 values : 
qualitative electrodiagnosis, electromyogram and measurement of the motor conduction 
velocity. 

They found that the motor conduction velocity was the most sensitive indication of nerve 
damage in the absence of any clinicaI evidence of such damage . They insist that examination of 
a length of nerve (e.g . ,  the median) should be done segment by segment since examination of 
the whole nerve may not disclose considerable local damage.  They adduce some evidence that 
the initial site of damage may be in the vicinity of the fibro-osseous tunnels along the course of 
the nerve . I t  is regretted that no investigative apparatus eyjsts for the precise measurement of 
sensory loss ; in leprosy, such loss generally precedes gross motor deficit. 

As a matter of practical advice, the authors suggest that , when a pat ient presents with 
evidence of ulnar nerve damage in the absence of  unequivocal indication of the cause ,  the nerve 
conduction velocity of the contralateral ulnar nerve and other nerve trunks should be 
investigated.  

S. G. Browne 
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4. THERAPY 

1 1 6 . FlELDSTEEL, A. H. & LEVY, L. Dapsone chemotherapy of Mycobacterium leprae 
infection of the neonatalIy thymectomized Lewis rato Am. J. Trap. Med. Hyg. , 1 976 ,  V. 2 5 ,  No. 
6, 854-859.  

"In order to learn whether the neonatally thymectomized Lewis rat (NTLR) infected with 
Mycabacterium leprae could serve as a model fo r chemotherapeutic studies in a situation 
resembling that found in human lepromatous leprosy , NTLR inoculated with M. leprae either 
locally or int ravenously 9 to 1 6  months earlier were treated for from 1 . 5 to 8 . 5  months with 
dapsone (4,4' -diaminodiphenylsulfone, DOS) incorporated in the rat chow in the concent ration 
providing the minimal inhibitory concentration of the drug for M. leprae and in the 1 00-fold 
larger concentration. NTLR were kilIed at intervals ;  the M. leprae were counted and passed to 
mice. Treatment with the smaller dosage of dapsone neither Idlled M. leprae nor reduced the 
number of organisms in the bacterial populations , whereas treatment with the larger dos age 
both killed M. leprae and reduced thei r numbers .  The rate at which the o rganisms were killed 
(i. e . ,  rendered  noninfective for mice) was  much the same as that in patients t reated with 
dapsone in comparable dosage . The dead organisms were removed from the rat tissues at a 
faster rate than encountered in patients. The NTLR may indeed be suitable for chemothera· 
peutic studies relevant to mano In addition, the more rapid disappearance of dead M. leprae 
fram the rat tissues may facilitate the study of treatment regimens designed to eradicate 
persisting viable organisms." 

1 1 7 .  HASTlNGS, R. C . ,  JACOBSON, R. R.  & TRAUTMAN, J. R. Long-term clinicaI toxicity 
studies with clofazimine (BI663) in leprosy. Int. J. Lepr. , 1 976 ,  v. 44, No. 3 ,  287-293. 

" Fifty-one leprosy patients receiving long term clofazimine, have undergone systematic clinicaI 
laboratory testing in a search for any toxicity secondary to the drug. In approximately 220 
patient-years of observation and in analyzing approximately 40,000 test results , no statistically 
significant changes in the direction of abnormality have been observed in SGOT, thymol 
turbidity, serum globulins , uric acid, alkaline phosphatase ,  white blood cell count or 
differential ,  hematocrit, hemoglobin, BUN, se rum creatinine , se rum cholesterol ,  se rum albumin, 
serum potassium, serum calcium, stool for occuIt blood, routine urinalysis, or  reticulocyte 
count. Statistically significant changes toward abnormallity were found in fasting blood sugar 
and total serum bilirubin. These statistically significant changes in the direction of abnormality 
were of small magnitude , were not associated with related clinicaI signs or symptoms , and do 
not seem to be of major clinicaI significance. Despite the accumulation of relatively massive 
amounts of the drug in various tissues, clofazimine appears remarkably free of serious or  
life-threatening toxicity clinically . Although the skin  and gastrointestinal side effects of 
clofazimine limit its usefulness , on the evidence to date, its advantages outweigh its 
disadvantages in those leprosy patients for whom it is indicated." 

1 1 8. JACOBSON, R. R. & HASTlNGS, R. C.  Rifampin-resistant leprosy . [Correspondence . ]  
Lancet, 1 976,  Dec .  1 1 , 1 304- 1 305 .  

This letter t o  the editor reports on  a patient with sulphone-resistant lepromatous leprosy who 
experienced clinical and bacteriological relapse while on rifampicin monotherapy , the first case 
of rifampicin-resistant leprosy confirmed by mouse footpad studies .  The spectre of multi pIe 
drug- resistant leprosy bacilli suggests the importance of muItiple drug therapy as routine .  

T. F. Davey 
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1 1 9 . COURBIL, L. , J . ,  MERRIEN, Y. & CARAYON, A. Réactivation proximale des muscles 
intrinseques des doigts  les paralysies cubitales de la lepre. [ Proximal reactivation of the intrinsic 
muscles of the fingers in cases of cubital paralysis of leprosy . J Buli. Sac. Méd. Afr. Naire Lang. 
Fr. , 1 976,  v. 2 1 ,  No. 4, 42 5-428. 

"In cases of  cubital paralysis of leprosy , the authors describe a technique for the reactivat ion of 
the intrinsic muscles, at the leveI of the paIm of the hand, by sectioning the large palmar muscle 
at the wrist and its extension by four narrow strips of fascia lata. 

"Concerning 12 cases, they analyse the technical problems posed by this operation and its 
results." 

1 20. DIGOUTTE, J. P. , ROCHE, J. c., BRULE, M. & GAILHBAUD, M. Traitement des lepres 
lépromateuses par le B.C.G.  itératif à dose croissante. [Treatment of lepromatous leprosy with 
repeated increasing doses of BCG. ] Bardeaux Méd. , 1 977 ,  v. 1 0 ,  No. 1 1 , 703-706. 

The English summary appended to the paper is as follows : -
" Following Ruscher's research o n  the treatment of leprous leprosy b y  B.C.G. injected with 

increasing and repeated doses, a similar experiment was carried out on a group of 21 patients 
considered as being leprous. 

"The treatment with B.c.G. was always associated with a specific chemotherapy, comprised 
first of ali of a daily absorption of  ' Rifampicine ,' followed by a treatment with 'Disulone' and 
with 'Lamprene' .  Each patient received the B.C.G. inject ions eve ry fortnight over a period 
varying from 1 5  to 1 8  months. 

"Tolerance to the treatment was good. At most , a few necrotic lesions were observed at the 
point of injection, which rapidly disappeared. 

"The clinicaI results are good, as out of our 21 patients, only 1 did not show any marked 
improvement, 1 4  were blanched, and 6 present only a few bacillae that are greatly altered.  On 
the immunological plane, based solely on the interpretation of the Mitsuda, only 5 reactions 
proved to be positive . 

" On the other hand, the histological results carry a more varied interpretation,  as even after 
the colour-change of a Mitsuda, 3 out of 5 patients maintained an interpolar aspect of their 
lesions upon the final biopsy. 

"We have recently given patients with an indeterminate negative Mitsuda form the benefit of 
this therapy with encouraging results." 

[See Trap. Dis. Buli. ,  1 9 74, v. 7 1 ,  abstr. 2277 . ]  

1 2 1 .  LOUVET, M . ,  SAINT-ANDRÉ, P .  & GIRAUDEAU, P.  Traitement médical des maux 
perforants plantaires lépreux. (A p ropos de 34 observations.) [ MedicaI treatment of perforating 
uIcers of the foot in leprosy . ]  Méd. Trap. , 1 976 ,  v. 36,  No. 5 , 429-433 .  English summary (7 
lines). 

Following a short clinical description of neuropathic plantar u\cerat ion, ali too commonly seen 
as a late  complication of  tuberculoid leprosy, the authors briefly refer  to the aetiological factors 
(nervous, vascular and traumatic) and the appropriate treatment (neurolysis , periarterial 
sympathectomy and protection, respectively). 

They then summarize the results obtained in an uncontrolled series of 34 patients suffering 
from plantar ulcers. In addition to bed rest ,  local treatment, and plaster of Paris 
immobilization , they considered that the administration by injection of extract of Centella 
asiatica (Madécassol) accounted for the good results obtained-healing of three-quarters of the 
ulcers in an average of 45 days . [This conclusion is not supported by the evidence given . ]  

[ See also Trap. Dis. Buli. , 1 960, v. 57 , 252 . ]  
S. G.  Brawne 
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5 .  EPID EMIO LOGY AND CONTROL 

1 22 .  KOTICHA, K. K. & NAlR, P. R. R. Antileprosy measures in Bombay , India : an analysis of 
10 years' work. Bull. W/d. Hlth Org. , 1 976 ,  v. 54, No. 1 , 67·77.  

This is a valuable addition to the series of papers which reflect the vigorous campaign against 
leprosy being waged in a city where the problems are immense. Imaginative educational 
activities in leprosy are given great importance and are believed to be responsible for the fact 
that the majority of patients with early leprosy attend clinics on their own initiative . Case 
detection by screening schoolchildren for leprosy is use fuI and inexpensive , and it is intended to 
extend this to industry. Case holding is an even higher priority. Trials have confirmed the 
effectiveness of chemoprophylaxis with dapsone fo r contacts of infectious index cases in 
crowded households. Use fuI recommendations are made regarding urban leprosy control 
measures. 

T. F. Davey 

1 23 .  VERMA, O. P. Some epidemiological features of leprosy in a rural area in Hooghly 
district. Lepr. India, 1 976,  v. 48, No. 4, 37 1 -3 8 1 .  

An intensive leprosy survey o f  5 contiguous villages in the Hooghly District of West Bengal is 
reported, in an area  where the prevalence of leprosy was thought to be negligible . Coverage was 
92.8% (males 9 1 .2%, females 94.8%). A leprosy prevalence rate of 4.5 per thousand out of 
33 1 4  people surveyed was obtained ; over 60% of cases were in children of school age and 7 5 %  
of cases had developed in the 2 years preceding the survey. Only 1 lepromatous case was found 
and the distribution of cases led to the conclusion that contact investigation on its own cannot 
suffice to bring to light either total cases ar total people susceptible. 

T. F. Davey 

1 24. SEHGAL, V. N. ,  REGE, V. L. & KHARANGATE, V. N. Epidemiological and clinicaI 
pattern of leprosy in Coa. Lepr. India, 1 976 ,  v. 48, No. 4, 382-390. 

" A  review of 1 ,053 patients of leprosy revealed its p revalence in the hospital population as 2.4 
per thousand. The commonly affected age group was 20-39 in both sexes ;  males predominating 
females in 1 . 8 :  L The sequence of frequency of clinicai types of  leprosy was tuberculoid, 
borde rline, neuritic and lepromatous. Mostly the patients reported in the course of 2 years of 
awareness of the disease. The clinicai features were classical and type specific." 

1 25 .  BELDA, W. Aspectos epidemiológicos da hanseníase no Estado de São Paulo ,  em 1 974. 
[ Epidemiological aspects of leprosy in the State of S .  Paulo, Brazil , in 1974. ] Hansen% gia 
Int. , 1 976,  v. 1 ,  No. 1 , 1 1 -24. English summary.  

The 1 907 cases of leprosy registered during the year  1 9 74 are  analyzed according to regional 
dist ribution within the state,  the locality in which the patient was living when the disease began 
and various socio-economic factors. Although São Paulo is one of  the main foci of the disease 
within Brazil, the problem has attracted little administrative interest in the past and the 
treatment remains prot racted. 

Ann Grant 
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6. SOCIOLOGY AND REHABILIT A TION 

1 26. M EHTA, J. M. Occupational therapy in leprosy. lnt. 1. Lepr. , 1 976 ,  v .  44, No. 3 ,  359·365 .  

" This pape r presents a broad discursive assessment of the philosophy and practices of 
occupational therapy as related to leprosy. It stresses the role of  society , self-care by the 
patient, integration, vocational training, rehabilitation and the amotivational syndrome , and 
presents some iIlust rative original innovations. In conclusion some new approaches are 
sugges ted." 

Thanks are due to the Director, Bureau of Hygiene and Tropical Medicine fo r permission to 
reprint Abstracts from Tropical Diseases Bulletin May, June and July 1977 .  
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E .  L E V A N  and P .  I .  T E R A S A K I  306 
Histopathologic study of striated muscle biopsies in lep rosy .  1 .  C .  

G U P T A , T .  J E S U PA D U M ,  M .  C .  G U P T A  and D .  K .  G U PT A 67 
H LA-linked genetic control of  host  response to Mycobacterium 

leprae. R .  R .  P .  D E  V R I E S ,  R .  F .  M .  L .  A .  F A T ,  L .  E .  

N I J E N H U I S  and J .  1 .  V A N  R O O D  2 1 0  

[mmune  complexes and complement hypercatabolism i n  patients 

wi th lep rosy . B .  B J O R V A T N ,  R .  S .  B A R N E T S O N ,  G .  

K R O N V A L L ,  R .  H .  Z U B L E R  and P ,  H .  L A M B E R T  2 1 0  
lmmunity t o  Mycobacterium leprae infections in mice stimulated by 

M leprae, BeG and graft·versus -host reactions.  C .  C .  

S H E P A R D ,  R .  V A N  L A N D R IN G H A M  and L .  L .  W A L K E R  2 1 1 
lmmunoglobulin-b earing cells in l eprosy. W. R .  F A B E R ,  D .  L .  

L E I K E R  and R .  H .  C O R M A N E  1 5 1  

Immunologic aspects of leprosy with special refe rence to the study 
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