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Editorial 

CAN ARTHROPODS TRANSMIT LEPROSY? 

The mode of transm ission and spread of leprosy has still not been defined. Clearly 
it is of the greatest importance for the control of leprosy to discover the answer 
to this question . The huge load of Myco. /eprae in the tissues of patients with 
borderline and lepromatous leprosy provides an ample source of bacilli for 
directly infecting contacts, or for infecting the environment and thereby 
indirect ly infecting contacts. I t  is on this basis that the spread of leprosy has 
dogmatically been said to arise from skin-to-skin contact during prolonged and 
intimate contact. However, histological studies on the skin of bacilliferous 
patients show how rarely organisms are shed from the epiderm is. On the other 
hand large numbers of bacilli are shed from the nasal mucosa and upper 
respiratory tract, a source of infection that has been particularly stressed by Dr 
Pedley in his series of excellent papers in Leprosy Review (1970, 41, 31) during 
the last few years. Myco. leprae from this source could enter contacts via the 
upper respiratory tract and lungs in a manner comparable with the transmission of 
tuberculosis, but as yet there is no direct proof. Because natural infections with 
Myco. leprae have been found in no other animal species than man we can safely 
assume that the source of infection is man. On this basis it is theoretically possible 
that Myco. /eprae could be carried from man to man via a temporary host in 
which the bacilli survive for a limited period, and any insect which bites man 
could provide such a host. Hence the hypothesis that arthropods-mosquitoes, 
bedbugs, lice or scabies mites-may play a role in the transmission of leprosy. This 
is not a new hypothesis, but hitherto it has not been tackled scientifically, and 
only within the last ten years have laboratory methods been available to test the 
hypothesis. In the fo llowing pages of this issue of Leprosy Review Dr 
Balasubrahrnanyan and his colleagues in Pondicherry, with the collaboration of Dr 
Kirchheimer from the U.S.A.  Public Health Services Laboratory at Carville, 
present their pre liminary results of studies undertaken in I ndia since 1969 on the 
possible role of arthropods in the transmission of leprosy . 

Since the skin of patients with active and untreated borderline and lepromatous 
leprosy is heavily infected with viable Myco. leprae, arthropods at the time of 
feeding on such patients could pick up bacilli from the dermal tissues, or take up 
bacilli in the blood feed . Therefore the investigators first confirmed that 
untreated patients with borderline or lepromatous leprosy had acid-fast bacilli in 
their peripheral blood. They showed that all such patients had a significant 
bacteraemia of between 5000 and 500,000 acid-fast bacilli per ml of blood, 
quantitatively comparable with the bacteraemia observed by Drutz et al. [New 
Eng/. J. Med., (1972) 287, 159) in pat ients with lepromatous leprosy . These 
figures are sufficient for the blood feed of an arthropod to contain several 
hundred Myco. leprae. Still more significantly the Pondicherry group applied the 
mouse-footpad technique to confirm that the acid-fast bacilli present  in the blood 
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from these patients were viable and their pattern of multiplication resembled that 
of Myco. /eprae. 

The next sequence in their systematic studies was to see whether mosquitoes 
(Cu/ex jatigans)  and bedbugs (Cimex hemipterus), allowed to feed on patients 
with untreated lepromatous leprosy, contained acid-fast bacilli .  For these 
experiments, labora tory-bred strains of mosquitoes and bedbugs, which they 
showed were free of acid-fast bacilli, were allowed to feed freely on leprom atous 
patients and were then collected, homogenized, and the homogenates stained for 
acid-fast bacilli. They showed that, after feeding' , a significant proportion of 
mosquitoes and bedbugs contained small numbers of acid-fast bacilli and these 
baci lli fa iled to grow on medium suitable for the cultivation of mycobacteria. 
They have also inoculated a series of these homogenates from m osquitoes and 
bedbugs into the footpads of mice and to date have obtained from two groups of 
mosquitoes, growth patterns of mycobacteria consistent with those characteristic 
of Myco. /eprae. In one group of mosquitoes the bacilli were isolated immediately 
after feeding, but in the other group not until 48 h after feeding, thereby 
demonstra ting that Myco. /eprae can survive in mosquitoes for the period of time 
which could elapse before an infected mosquito again fed on man. 

Their final series of studies was undertaken on collections of the same species 
of arthropods obtained from two sources-"patient collect ions", that is, 
art hropods from houses in which there was an open case of lepromatous leprosy, 
and "random collections", i .e . ,  from houses in which there were no patients with 
leprosy . Groups of arthropods of each species from these collections were 
homogenized, stained for acid-fast bacilli, inoculated on to medium for the 
isolation of mycobacteria, and a proportion inoculated into the footpads of mice . 
From these studies less consistent  results have been obtained, since acid-fast 
bacilli were seen at least as frequently in homogenates of arthropods from random 
collections as from patient collections. Moreover, from both collections a very 
small proportion of the homogenates revealed colonies of mycobacteria on 
culture media. At the time of writing the authors' studies in mice had not been 
maintained long enough to identify any of the isolates as Myco. /eprae. Their 
findings here are eagerly awaited .  

The importance of these studies in  Pondicherry are that they have established 
I beyond doubt the ability of arthropods to take up acid-fast bacilli at the time of 

feeding on skin-positive patients with leprosy. Moreover, the investigators have 
applied the mouse footpad technique to identify the acid-fast bacilli as Myco. 
/eprae on the basis of their growth pattern in this experimental m odel .  This is a 
very considerable achievement, although they still need to demonstrate that the 
isolates of acid-fast bacilli do invade the dermal and peripheral nerves of the 
inoculated mice. These same ex tended and strict criteria must also be applied to 
the acid-fast bacilli which they have obtained from the arthropod collections from 
houses with known patients as compared with random samples from non-patient 
houses. Allowing for these essential further confirmations their studies will show 
that arthropods can be one mode by which leprosy can be transmitted. However, 
the very significant observations on the nose in leprosy by Dr Pedley, referred to 
above, would seem to be a still more likely route of transmission and therefore 
must be investigated with the same expertise that is currently being applied by the 
Pondicherry investigators to the role of arthropods. 

R .  J. W. REES 
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News and Notes 

MORE NEWS FROM LAMBARENE 

Following the news item entit led "La mbarene-a new look", which appeared in a 
recent issue of Leprosy Review (1972 , 43, 8), the Executive Committee of the 
International Association for the Albert Schweitzer Hospita l  at Lambarene met for 

the first time in Libreville, capital of the Repub lic of Gabon , ill August of this 
year. The Comm ittee decided to establ ish a Fou ndation with headquarters in 
Gabon,  and with the fu ll participa tion of Gabonese in terests. 

A delegation of the Executive Commit tee was received by His Excel lency 
President  Albert Bongo , who ex pressed his deep appreciation of, and whole
hearted support for, the Project as presented to him for the creation of a 
Rehabilitation Centre at Lambarene.  Madame Rhena Schweitzer-M iller (daughter 
of the late Dr Schweitzer) in troduced to the President the members of the 
delegation-Mr Larry Gussman (the President of the I nternational  Association ) ,  
D r  Wal ter Munz a n d  Dr S. G.  Browne. 

After Dr Munz ex plained to President Bongo and his advisers the details of the 
proposed buildings, Dr Browne was asked to give an expose of the need for such a 
Centre in the Gabonese Republic,  and its functions. Dr Browne said that Gabon 
could not at  presen t ,  without help from abroad , look forward to the crea tion of a 
Rehabilitation Cen tre in view of the prior claim s of widespread endem ic disease 
and malnutrition.  However, the problem of deform ity would become increasingly 
important in the fu ture . The paralyses and mutilations of old and untreated 
leprosy provided an obvious example of the backlog of preventable conditions 
that had not been prevented,  but tuberculosis, poliomyelitis,  congenital  
deformities and accidents of all kinds (road,  m ines,  lumbering and domestic) 
accounted for a heavy load of handicapping conditions. 

The Rehabilitation Centre would attemp t to deal with this problem by 
providing the specialist or referral services necessary-reconstructive (orthopaedic 
and plastic) surgery , physiotherapy , occupational therapy , and shoe and splint 
prosthesis making. The whole would be geared to the needs of a people primarily 
agricultural ,  and the object would be not only to restore to human d ignity and 
economic usefulness those who are handicapped in some way , but also to prevent 
deformity by teaching and training at all  levels.  The influence of the Centre would 
thus extend throughout Gabon and to the n eighbouring French-speaking 
countries.  

Dr Browne assured the President that ,  in the spirit  o f  Dr Schweitzer, n o  patient 
needing urgent surgical or medical care would ever be turned away , but he did 
foresee a diminution of the general patient load-a diminution indeed already 
noticeable in out-patient attendances, major surgery work ,  and maternity work.  
In accordance w ith Government plans for upgrading district hospitals, the hospital 
at Lambarene paste would assume an increasing proportion of the surgical work, 
and if plans for the creation of a network of rural dispensaries came to fruition, 
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then the majority of the villagers needing primary med ical care for ordinary 
conditions would be able to obtain it without crowding out the new Cen tre and 
the old hospital with patients who CQuld obtain adequate help elsewhere . 

Dr Browne then referred to the necessary links to be forged with the Service 
contre les Grandes Endemies and other Governme n t  medical services ,  so that the 
Cen tre could function to full capacity. He could forsee a gradual "Gabonization" 
of the staff, and the eventual complete integration of the Centre into the 
developing health programme of the Governmen t .  The Committee's idea was to 
create such a hospital complex that this proposed in tegration would meet with no 
major difficulty. I n  conclusion , Dr Browne assured the President  of the sense of 
gratitude and pleasure that  the medical staff and Executive Committee 
experien ced as they provided a new Lambarene that would fulfil a real need in 
Gabon . 

The President  replied at length , stressing his appre ciation of what Lambarene 
had con tributed to the welfare o f  the country in the past , and welcoming 
wholeheartedly the pre se n t  proposals. He hoped that money would be forth
coming, and promised the support of his Government in such matters as the 
provision of  a letter publicly supporting this initiative and emphasizing that it 
could be part of the Gabonese medical services; approaching the embassies 
established in Libreville with the object of  acquainting them with the attitude and 
support of the Government; and finally the e xemption of import duties on all 
material to be used in the construction and equipment of the hospital. 

NEWS FROM ARGENTINA 

Dr L. M. Balina is Presiden t of the Argentinian Society for the Scien tific 
I nvestiga tion of Leprosy. The aims of t his  Society are to pu bl icize the modern 
outlook on leprosy , and to promote research into the medical, sociological , and 
psychological aspects of the disease . 

Recently , the Society organized a seminar in Buenos Aires ,  attended by 
leprologists and social workers , and invited the participants to submit for 
adjudication a novel having as its central theme the new approach to leprosy. 

The Society suggests that special efforts be made in Argentina and other 
countries to make World Leprosy Week (February, 1973) the occasion for a 
publicity cam paign stressing the scientific advances achieved during the past 100 
years in leprosy research , and the challenges remaining for the future . 

PUBLIC RELATIONS IN REHABILITATION 

Leprosy was adequately represented at the Second International Symposium on 
Public Relations in Rehabilitation , which was held in Athens from 4 to 8 
September, 1972. Dr S .  D .  Gokhale of Bombay (Assistant Secretary General of 
the International Council on Social Welfare), Dr A. J. Selvapandian (Professor of 
Orthopaedic Surgery , Vellore), Dr Ernest P .  Fritschi (Chief of Rehabilitation and 
Surgery , A LERT, Addis Ababa ) ,  and Dr S. G. Browne (Member of the 
International Committee on Public Relations in Rehabilitation) presented papers 
and took an active part in the discussions. 

The Symposium, under the patronage of His Excellency the Minister of Social 
Services ,  and held in the magnificent new buildings housing the (Greek) National 
Foundation for Rehabilitation of the Disabled ,  brought together some 60 
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participants from 20 countries. While their common interest was rehabilitation , 
speakers and listeners represented a wide range of professional activities-from 
orthopaedic surgeons and audiologists ,  to organizers of community social services 
and voluntary agencies .  A similarly wide geographical representation was 
apparent ,  ranging from North America to India.  Poland , Bulgaria, and Jugoslavia 
were represented, as well as Scandinavia and other European countries .  

The papers on leprosy were concerned with "Stigma as an impediment t o  
rehabilitation" (Browne), " Rehabilitation of those afflicted by leprosy" 
(Selvapandian), "The handicapped, and social stigma in the context of rehabilita
tion" (Gokhale) ,  and "Community responsibility in rehabilitation of the 
discharged leprosy patient" (Fritschi). 

In the matter of "selling" the idea of rehabili tation, the problems posed by 
leprosy were frequently cited as providing examples applicable to other 
handicapping conditions and diseases. The necessity to "educate the educators" 
was stressed in the context of undergraduate teaching and teacher training 
colleges. Although the wide diversity of medical and financial resources available 
in the countries represented might at first sight appear to preclude the emergence 
of anything like a common mind on the problems of rehabilitation ru1d public 
relations, the participants showed by their enthusiastic concern for the hru1di
capped and "disadvantaged" that ignorance , indifference, and inertia could be 
tackled successfully whatever the context. 

XII WORLD CONGRESS ON REHABILITATION OF THE DISABLED 

From 27 August to I September, 1 972 ,  over 2000 delegates and associates 
gathered in Sydney , Australia, for the 1 2th World Congress on Rehabilitation of 
the Disabled-the "Golden Jubilee Congress" .  Converging on Sydney from many 
countries and representing many branches of medical science concerned with 
deformities of all kinds and from all causes ,  the participants were offered plenary 
sessions and sectional meetings to suit their varied interests .  

A "special interest" meeting for leprosy was organized by Dr Grace Warren ,  of 
The Leprosy Mission,  Hay Ling Chau , Hong Kong. A panel of leprosy workers 
from Africa, India, Australia, New Guinea , USA, and Hong Kong discussed 
techniques aimed at minimizing the deformities caused by leprosy . Special 
emphasis was placed on the necessity for education of the leprosy sufferer, so that 
he could prevent damage to his anaesthetic tissues . It was pointed out that , 
because of the diminution of pain perception, many patients became psychologic
ally detached from an anaesthetic part of their body and consequently misused,  
or even abused ,  it. This problem , which leprosy shares with other peripheral 
neuropathies ,  should be tackled in the light of the conviction that an anaesthetic 
limb becomes deformed only as the result of neglect . 

Another session of particular interest to leprosy workers was on Orthotics and 
Prosthetics, at which Dr Paul Brand presented a resume of his recent research 
activities .  He stressed the importance of the summation of repetitive stress in the 
production of so-called "traumatic" lesions of the anaesthetic extremities ,  and 
referred to his work on the use of microcapsules containing dye which ruptured 
when known pressures were applied .  The use of these capsules indicates sites of 
under or damaging pressure occurring in shoes and prostheses,  as well as those 
sustained during the stresses of walking or standing. Dr Brand also referred to 
recent work on thermistors, which shows that high temperatures occur in limbs 
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after use . These "hot spots" give warning of sites of incipient or impending 
damage , and call for rest and for rem oval of the causative traumatizing factor . The 
surgeon's percipient finger-pulp should be able to detect such "hot spots" without 
the help of sophisticated apparatus , and thus to forestall damage and eventual 
disability. 

XIV INTERNATIONAL CONGRESS OF DERMATOLOGY 

Leprosy provided some interesting contributions to the 1 4th International 
Congress of Dermatology , which was held in Padua and Venice from 2 2  to 27 
May , 1 972 .  

Dr  R.  D .  Azulay (Brazil )  was the co-ordinator of the leprosy sym posium which 
had as its title: "Progress in Leprology" .  He gave a paper on "Clinical , 
bacteriological and histopathological results in the treatment of lepromatous 
leprosy with G 20 .320" [B663 , Lamprene (Geigy ) or clofazimine]. Other 
speakers were Drs Paul Fasal ("The role of laboratory methods in drug trials in 
lepromatous leprosy") ,  C. Bhakta Viziam ("Erythema nodosum leprosum
changing aspects"),  A. Saul ("Therapy of leprosy") ,  and L. M .  Bechelli 
("Controlled field trials on the effect of BCG in the prevention of leprosy"). 

By general consent the leprosy sessions were among the liveliest and best 
attended, and once again the interest and importance of leprosy in the world were 
brought to the attention of many doctors unaware of the progress being recorded 
in the bacteriology and therapy of leprosy . 

TUBERCULOSIS AND LEPROSY -AND MORE ABOUT THE ARMADILLO 

The programme of the 2 5 th Congress of the German Society for Tuberculosis and 
Chest Diseases,  held in Hamburg from 1 9  to 23 September, 1 97 2 ,  reflected not 
only the great progress registered in the Western World in the control of 
tuberculosis , but also the growing importance of pulmonary diseases other than 
tuberculosis and the interest to phthisiologists of non-tuberculous mycobacterial 
diseases . 

About 600 participants gathered from all over Germany, with guests from 
Great Britain , Switzerland , Holland, USA, and Uganda . Under the dynamic 
presidency of Professor E. Freerksen of the Borstel Institute for Experimental 
Biology , and at his suggestion, leprosy was included in the programme,  with 
papers by Dr S. G. Browne ("The epidemiot

"
ogy of leprosy ") and a joint 

contribution by Professor Freerksen and Drs M .  Rosenfeld , W. Blenska and 
E. Kalakowska , M .  Chambers, D. L. Leiker, and R. Rhode on their recent 
experiences with rifampicin , either alone or in combination with other drugs . Dr 
A. B. Verhagen added a paper on his experiences with a small series of patients 
treated with rifampicin and other drugs . 

Other contributions of interest to those working in the field of leprosy were 
made by Prof. S. R. Pattyn on "The bacteriology and pathology of myco
bacterioses (other than tuberculosis and leprosy )",  by Drs R.  J .  W .  Rees and D. N. 
Mitchell on "The aetiology of sarcoidosis-a reappraisal" ,  and Dr J .  L .  Stanford 
on "Burulin-a skin test antigen for the investigation of M. ulcerans infection" .  
Some matters touched o n  i n  other papers brought to leprologists reminders that 
erythema nodosum occurs in various fungal infections , both cutaneous and 
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systemic, and that opportunist mycotic infections might develop in patients under 
prolonged treatment with antibiotics and corticosteroids.  

This interchange of experiences and insights between leprologists and those 
working in related fields can do nothing but good. Each side can learn from the 
other as they discuss common problems. To adapt a phrase of George Bernard 
Shaw's referring to the American and English people as "separated by a common 
language", we must confess that leprologists have been separated from phthisio
logists by a common interest in a different but related mycobacteriosis .  Leprosy 
has certainly been indebted-in microbiology , pathology , therapy,  and immuno
logy-to tuberculosis, and now may begin to repay the debt by providing vast 
opportunities for research, to the lasting benefit of those suffering from either 
disease . 

MORE ABOUT THE ARM ADILLO 

Dr Eleanor E. Storrs gave a report to the Congress on her research in 
Louisiana on the production of leprosy in the armadillo .  This animal is 
proving of especial vahie: it has a low body temperature and a long life-span , and 
it produces lit ters of 4 identical young. The number of animals inoculated with 
Myco. Zeprae in the soft skin of the abdomen and ears has now reached 5 8 ,  of 
which 2 3  show signs of leprosy , 6 of them with disseminated disease . One animal , 
inoculated with material obtained from the mouse footpad , is showing generalized 
lepromatous disease , and e x periments are in progress for transferring bacilblerous 
material from one armadillo to another. 

Dr Storrs projected some very convincing histopathological slides showing 
highly bacilliferous tissue and giant globi filled with acid-fast organisms. In certain 
respects ,  notwithstanding these resemblances to human disease , the pathological 
picture showed some interesting divergences.  For instance , cellular infiltration in 

the nerve tissue was less dense , and the concentration of bacilli less intense , than 
in human disease . In the liver, on the other hand,  bacilli were present in great 
numbers, and massive destruction of liver cells was obvious ; the meninges were 
heavily infected ; and in the lungs , consolidation of the tissues with a 
pneumonia-like exudate was a feature . 

Perhaps the most important immediate dividend of this research has been the 
availability of some 243 g of highly bacilliferous lepromatous material (containing 
1 0  x 1 010 organisms per g) from two animals. This vast quantity will allow 
biochemical and other analyses of Myco. Zeprae-a procedure hitherto impossible . 

The essential factors most probably determining the suitability of the armadillo 
are its low body temperature and some, as yet undetermi.ned, immune 
mechanism . Dr Storrs pointed out that a disseminated infection resembling 
human lepromatous leprosy has been noted within a period as short as 1 0  months 
after inoculation .  

Since some 40% of  animals inoculated have so  far responded by developing a 
disseminated mycobacteriosis, and .since lepromatous leprosy in the armadillo is a 
fatal disease , it is interesting to speculate that leprosy might have proved t o  be the 
world's most serious disease had the human immunological climate been more 
propitious to Myco. Zeprae than it actually is. 
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Letter to the Editor 

was most interested in Professor Vella's letter (Lepr. Rev. 1972. 42, 252) in 
which he states his opinion about the stigma of the word "leprosy" and his 
preference for the substitute "Hansenosis". Coming from England,  where that 
stigma is not a cause for personal , social , or preventive problems-so serious in 
Brazil and other endemic countries of the Romance languages-our hopes of 
international co-operation are thus strengthened . 

In Portuguese , the substitute "hanseniase" (as in "elephan tiase", "psoriase") is 
more euphonic and was preferred by a large majority of fellow-workers and 
patients consulted before our first terminological changes ; translated as 
"hanseniasis" ,  it was also accepted by most foreign specialists who honoured us 
with their responses to our questionnaire (Derm. Int., 1969,8,40) and seems to be 
no more difficult to pronounce than "schistosomiasis" ,  etc .  Admittedly , i t  has the 
lexicographic defects so clearly pointed out by Professor Vella ,  but these are 
apparently less important in Brazil , where both forms "leishmaniase" and 
"leishmaniose" ,  "esquistossomiase" and "esquistossomose", etc .  are used 
indifferently , and where our hearing is accustomed to the admitted forms 
"meningococcia", "estreptococcia", "estafjlococcia", etc. 

However, quite a few correspondents here and abroad have also manifested 
their preference for "hansenose" ( "hansenosis")  and this was the form suggested 
to the Ministry of  Health of Peru by a national seminar held there in 1971. 

I can speak only for myself, but I believe that most of the 3 3  Brazilian medical 
schools and the 4 State public secretariats, as well as most of the authors who 
have already changed to "hanseniase", would welcome an international agreement 
around "hansenosis" , "Hansen's disease" or any non-eponymic ll.ppellation . Our 
main common objective is to free medical terminology from a stigmatizing 
pejorative term which has been definitely blocking any and all attempts at public 
enlightenment and causing immense personal and social suffering-much more 
than the disease itself-to m illions in our area, i . e .  our patients and their most 
unfortunate families . 

A.ROTBERG 
Instituto de Saude-Division Hansenologia, C.P. 8027. 01000 S. Paulo, SP Brazil 
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The Effect of Antibacterial Drugs 
on the Ultrastructure of Mycobacterium /eprae 

in Human Skin 

ROSA P. EDWARDS 

Dep artmen t of Hum an A n atomy, University of Oxford, 
South P arks Ro ad , O xford O X] 3QX 

C. 1. DRAPER 

Dep artmen t of Soci al Medicine " University of Oxford . 
8 Keble R o ad , O xford O Xl 3QN 

and 

P. DRAPER 

N at ion al Inst itu te for Medic al R ese arch , 
Mill Hill , London NW7 lAA 

Biopsies of skin from patients  with lepromatous leprosy were taken before 

treatment, after I year's treatment with DDS ,  and after 3 and 6 w eeks' treatment 
with DDS, rifam picin or streptomycin, and sectioned and examined in t he electron 
microscope.  Longitudinally sectioned Myco. lepr ae were classified into grades of 
morphological intactness. A nalysis of the results showed a signifi cant shift towards 
less-intact bacteria after I year of DDS treatment and after 6 weeks of rifampicin 
treatment. The assessments agreed qualitatively w ith conventional m orphological 
indices measured by light microscopy .  Some details of the process of degeneration 
were noted. 

Introduction 

The first experiments to distinguish between morphologically intact (presumed 
viable ) and degenerate (presumed dead) Mycobacterium /eprae were made with 
whole bacteria observed in the electron microscope ( Rees, Valentine and Wong, 
1 960) .  It was subsequently shown that there was a good agreement between the 
appearance of each bacterium in the electron microscope and the identical 
organism stained and obs�rved under the light microscope ( Rees and Valentine , 
1 962) .  The relation between morphological intactness (solidity) and infectivity 
has been confirmed (Shepard and McRae, 1 965) ,  and the disappearance of solid 
organisms from tissues has been used to follow the progress of effective 
antileprosy therapy' (Water and Rees, 1 962) .  We have attempted to study the 
details of the process of degeneration in ultra-thin sections of skin from leprosy 
patients, both before and after periods of chemotherapy.  
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Methods 

Two series of skin biopsies,  A .and B, each series from 3 patients with 
previously untreated lepromatous leprosy , were kindly supplied by Dr 1. M. H. 
Pearson of the (British) Medical Research Council Leprosy Research Unit, Sungei 
Buloh, Malaysia . Series A consisted of biopsies taken before and after I year of 
chemotherapy with 4,4'-diamino-diphenyl-sulphone (DDS, 600 mg per week) ; 
Series B came from patients before , and then 3 and 6 weeks after starting 
treatment with DDS (600 mg per week),  rifampicin (600 mg daily ) ,  or  strepto
mycin (1 g daily ) .  The biopsies were divided into halves ; one half was used to 
prepare a suspension of bacteria (Rees, 1 964) and the other was fixed for electron 
microscopy. Biopsies in Series A were fixed in 4% neutral formaldehyde 
(Richardson, 1960), while material in Series B was fixed in 2.5% glutaraldehyde in 
0 .085 M -cacodylate buffer, pH 7.4 (Glauert and Thornley , 1 966), washed in 2 .5% 
(w/v) sucrose in cacodylate buffer,  pH 7 .4, containing 0 .1 M -calcium chloride , 
and post-fixed in 1% OS04 in veronal buffer (Kellenberger, Ryter aJld Sechaud, 
1958 ) .  After fixation both series of biopsies were embedded in Araldite , 
sect ioned, and stained with saturated aqueous uranyl acetate and lead citrate . 
Sections were examined at 80 k V in a Siemens Elmiskop 1 01. 

Prints of electron micrographs were examined for longitudinally sectioned 
bacteria, which were classified visually into 9 grades of morphological intactness, 
from "apparently intact " to "cell wall and minimal cytoplasm remaining".  
Examples of organisms from various grades are shown in Fig. I.  Two assessments 
were made of each biopsy , separated by a period of 21 months, as a test of the 
objectivity of the classification. I n  all ,  50 sections were classified in each 
assessment of each biopsy . Comparisons between the assessments before and after 
treatment were made in two ways .  In the first , the grades were scored I for 
Grade I, 2 for Grade 2 ,  and so on,  and mean values and standard deviations 
calculated . A "standardized normal deviate" was calculated,  this being the 
difference between 2 means divided by the standard error of the difference. This 
statistic was used to test whether there was a true difference between the 2 
means. A value of 1.96 or more , which has only a 5% probability of occurring if  
there i s  in fact no difference between the true means, was  taken to indicate a real 
difference. 

The second method of comparing findings before and after treatment involved 
dividing the graded sections into "Grade I" and "the rest" (corresponding 
roughly to the "solid" -"degenerate"  classification used in light microscopy) and 
using either X2 or Fisher's exact test as appropriate ,  to determine whether the 
difference between the numbers of solid bacteria in the 2 groups before and after 
treatment could be ascribed to chance . A number of transverse sections of 
bacteria were examined to ascertain if there was any relation between (minimum) 
diameter, treatment ,  and apparent morphological intactness . 

All the biopsies in Series B were examined "blind",  the nature o f  the 
treatment ,  if any ,  being not known until afterwards. 

Fig. I. Examples of longitudinal sections of Myco. Jeprae in skin b iopsies, showing some of 
the grades of degeneration used in quantitative investigation.  (a) Intact bacteria (Grade I) (EM 
x 70,000). ( b )  Early stage of degeneration ; cytoplasmic m embrane damaged, granular 
cytoplasm (Grade 2) ( E M  x 80,000). (c) Considerable degeneration of longer organism (Grade 
5) (EM x 80,000). (d) Cell wall and minimal contents only remaining (Grade 9). Note 
electron-transparent part of wall revealed by  contiguous organisms. (EM x 80,000) 
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M orphological indices of the bacterial suspensions (Waters , Rees and Suther
land ,  1967) were kindly provided by Dr R. 1. W. Rees. 

Results 

Data about longitudinal sections of bacteria in the three pairs of biopsies in 
Series A are shown in Tables I and 2. Agreement between the two assessments 
was very good,  and both methods of statistical analysis showed that there w as a 
significant shift towards more-degenerate categories after 1 year's treatment with 
DDS. 

TABLE I 
Use of st and ardi zed norm al devi ate (d) to comp are m orphology of sectioned b acteri a in biopsies 

take n befo re and after 1 ye ar 's tre atme nt with DDS 

First assessment Second assessment 

Pa tient No.  of M eanQ No. of Mean 
no .  Biopsy sections grade ± S . D .  d pb sect ions grade ± S.D. d p 

1 6 1 0 1  
Before 5 0  3. 1 6  2 . 64 } 

1 2 .29  <0.00 1 
5 0  3 . 1 8  2 . 6 2  } 

1 0 .6  <0.00 1 After 5 0  8 . 1 6  1 . 1 5  5 0  8 . 1 4  1 . 1 4  

1 60 5 2  
Before 5 0  2 . 9 6  2 .34} 

9 . 9  <0.00 1 
5 0  2 .38 1 .96 } 

1 3 . 1  <0.00 1 After 49 6 . 8 2  1 .49 5 1  6.88 1 .45 

1 6 1 36 
Before 5 0  5 . 3 6  2 . 4 1  } 

6 . 1 7  <0.00 1 
50  5 . 34 2 . 3 3  } 6.4 <0.00 1 After 50 7.76 1 . 3 3  5 0  7.76 1 . 3 2  

Q Grades were scored from I for "intact sections" to 9 for "cell wall and minimal cytoplasm remaining" . 
b p is the probability that the observed difference in mean grade would occur by chance if there were no 

true difference.  

TAB LE 2 

Use of X2 or Fisher 's ex act test to comp are proportions of "int act " and "degener ate " sectioned b acter ia 
in b iopsies t aken before and after 1 ye ar 's tre atment with DDS 

First assessment Second assessment 

Pat ient No .  Biopsy Grade I Grade 2-9 X2 pa Grade I Grade 2-9 X2 p 

1 6 1 0 1  
Before 2 2  28 } 

2 5 . 7 <0 .00 1 
1 7  33 } 

1 8 . 1  <0 . 00 1  After 0 5 0  0 5 0  

1 60 5 2  Before 24 26 } 
28 .5  <0 .00 1 

2 8  2 2 } 36 . 2 <0 .00 1 
After 0 49 0 5 0  

1 6 1 36 
Before 9 4 1 } _b 0.00 1 8 42 } 0.006 
After 0 50  0 5 0  

Q P i s  t he probability t hat the observed d ifference between proportions of Grade I would occur by 
chance if t here were no true difference.  

b Where no X2 is given , F isher's exact test was used to calculate P. 

The results of 3 and 6 weeks' treatment with DDS, rifampicin, or streptomycin 
are shown in Tables 3 and 4. Agreement between the two assessments was good 
except for the first biopsy from patient 16316 (treated with streptomycin). Also, 
for the biopsies from this patient the two statistical methods used for comparing 



TABLE 3 

Use of "standardi zed normal devia te " (d ) to test  effec t  of short periods of treatment  on m orpholo gy of 
sec t ioned bac ter ia 

First assessment Second assessment 

Patient Week after 

No. treatment No.  of Mean No .  of Mean 
Drug started sections grade ± S . D .  d pa sections grade ± S .D .  d P 

0 50 4.72 2.73 50 4.8 2.64 
1 6308 3 50 4.66 2.25 50 5.00 2.09 

6 50 6.24 2.37 50 6.2 2.34 
Rifampicin o v 3 0. 1 2  high 0.42 high 

Ov 6 2.98 <0.0 1 2.8 2 <0.0 1 

0 50 6.06 2.2 50 6.26 2.07 
1 6305 3 50 6.64 1 .4 1  50 6.8 2 1 .2 3  

6 50 6.26 1 .7 50 6.3 2 1 .69 
D DS o v 3 1 .57 high 1 .8 6  high 

Ov 6 0.5 1 high 0.08 high 

0 50 3.4 2  1 .54 50 2.86 1 .68 
1 63 1 6  3 52 4.37 2.8 1 50 4.44 2.73 

6 50 5.06 1 .88  50 5. 1 1 .8 
Streptomycin 0 v 3 2. 1 3  <0.05 3.5 1  <0.00 1 

Ov 6 4.78 <0.00 1 6.4 <0.00 1 

a P is the probability of the observed difference between mean grades occurring by chance in the absence of a 
true difference. 
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TA B L E  4 

Use of Fis her 's exact test to c 'ompare proport io l1S of "in ta ct " an d "de gen erate " sect ioned 
bacter ia in biops l. 'es before and aft t?r s hort per io ds of tr eat men t  

F irst assessm lent Second assessm ent 
Weeks after 

Pitjent No. treatment  G 
Dru, started Grade I Grade 2·-9 pa Grade I Grade 2-9 p 

0 7 43 9 41 
.6308 3 3 47 2 48 

6 0 50 0 50 
Ri(;impicin Ov3 0.205 0.029 

Ov6 0.012 0.001 

0 5 45 4 46 
163(" 3 0 50 0 50 

6 0 50 0 50 
DDS o v 3 0.056 0.117 

o �'6 0.056 0.117 

0 1 49 7 43 
16316 3 8 44 7 43 

6 1 49 0 50 
Streptomycin Ov3 0. 031b _c 

Ov6 
_c 

0.012 

a P is the probability that' the observed d ifference beh .veen proportions of Grade 1 would 
occur by c hance if there were r.'O true difference. 

b Increased intactness. 
C No c hange in intactness. 

pre- and post-treatment findin�� gave discrepant results. 1 'here was no significant 
shift in the bacterial popUlation after 3 or 6 weeks' treatrr lent with DDS (patient 
16305 ); nor after 3 weeks of rifampicin treatment (p atient 1 6308) ,  but a 
significant change, by both mdhods gf ftatistical an alysis, after 6 weeks' 
treatment with this drug. 

The morphological indices of the bacte.tia from biopsi ies of Series A and B, 
measured by light microscopy, are shown in Table 5 .  The results agree 
qualitatively with those from electron micros,�oPy. No cle,ar-cut pattern was seen 
in the measurements of transverse sections. 

The process of degeneration appeared to follow a definite pattern in the 
sections. first the cytoplasmic membrane of the bacteda broke down; at the same 
time the mesosome appeared to disintegrate a'nd small pieces could be seen 
mingling with the cytoplasmic and nuclear m.aterial as it too disintegrated. 
Finally, the bacterial contents disappeared ex cept for small fragments of 
c}'toplasmic material. The cell wall remained intHct throughout; both the inner 
ele,ctron-dense and the outer electron-transparemt parts could be 0 bserved. If 
bac,teria in the fmal stage of degeneration were contiguous, th e electron
tram,parent part of the walls could be seen separatinl g them. 

Discussion 

The .use of the morphological index as an estin late of bacteriatl viability is 
�mportar.\t clinically as indicating, more rapidly and sensitively than do total 
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TABLE 5 

Morp holo gi cal indi ces, by li ght- m'i cros copy, 
of Myco . leprae in biopsies fro m pati en ts in 

ser ies B (Data k indly supplied by 
Dr R .  J. W. R ees ) 

Weeks after 
Patient N o .  treat ment Degenerate 

Drug started bacteria (%) 

16308 0 87 
3 98 

R ifampicin 6 98 

16305 0 86 
3 87 

DDS 6 87 

16316 0 86 
3 95 

Streptomycin 6 91 

counts, the progress of therapy and the infectiousness of the patient. It has been 
criticized (Chang and Andersen,  1969) because , at least in some other species of 
mycobacteria , the appearance of stained organisms can vary with different growth 
conditions and staining techniques. It is therefore encouraging to find that an 
ultrastructural degeneration of Myco. /eprae occurs and corresponds to the 
changes indicated by light microscopy (and originally observed in unsectioned 
bacteria in the electron microscope), during antileprosy treatment. The results 
from the patient treated with streptomycin are equivocal , though they appear to 
indicate removal of bacteria ; streptomycin is, however, regarded as a poorly 
effective drug against leprosy. 

Two sources of error prevent quantitative comparison of light- and electron
microscopical results _  Ultra-thin longitudinal sections include only about one-fifth 
of the whole organism , so that the first stages of the degenerative process may be 
missed. Further, the sections of necessity include only a very tiny part of the 
whole biopsy specimen , which in turn represents only a small sample of the 
patient's parasites. On the other hand , the bacteria are examined in situ in their 
tissue habitat, so that possible artefacts produced by homogenizing do not occur 
in the electronmicrographs. 

Our study did not provide the hoped-for details of the early stages of the 
degenerative process. It did however draw attention to the persistence of bacterial 
walls more-or-less empty of cytoplasm ; these would not be stabled by carbol 
fuchsin. Although these walls can play no part in the spread of infection, their 
presence may cause a continuing pathological process in the patient freed from 
living bacteria by chemotherapy. Such a process cannot be controlled by existing 
antileprosy drugs . 
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Demonstration of Mycobacterium /eprae 
and its Viability in the Per ipheral Blood 

of Leprosy Patients* 
K .  SHANKARA MANJA, B. M. S .  BEDI, G. KASTURI,  

W.  F.  K I RCH H E I M ERt and M .  BALASUBRAH MANYAN :j: 

USPHS·IIPMER Leprosy Research Project, lawaharlal Institu te of 
Postgraduate Medical Education and Research , Pondicherry-6,  India 

Two methods for demonstrating Myco bacterium leprae in the blood of leprosy 
patients are described.  On screening the blood of untreated lepromatous patients it 
was observed that all had bacteraemia.  Bacteraemia was also observed in some 
patients with borderline and in some with treated lepromatous leprosy . Bacterae mia 
was not found in any one of the 1 5  patients with tuberculoid leprosy . H igh 
bacterial loads and the morphological integrity of  the organisms in the skin were 
correlated with the degree of bacteraemia. The Myco. leprae in the blood were 
found to be viable. The evidence presented allows  the conclusion that blood
sucking arthropods can take up viable Myco. leprae during a blood meal . 

This w ork and the two following studies were supported by Research Agreement 
Number 0 1 - 1 2 5 -2 between Iawaharlal I nstitute of Postgraduate Medical Education 
and Research, Pondicherry-6,  India, and the United 

'
States Public Health Service, 

Department of Health Education and Welfare, Washington,  D .C .  

Introduction 

Mycobacterium /eprae has been demonstrated not only in the Schwann cells of 
the nerves and histiocytes of the skin , but also in lym ph nodes (Desikan and Job,  
1 9 66 ; Sharma and Srivatsava , 1 95 8 ) , spleen (Powell and Swan , 1 9 5 5 ) ,  liver and 
kidney (Mathur ,  Gupta and Singaravi , 1 9 6 1 ), bone marrow (Gass and Rishi, 1 934 ;  
Karat , 1 966 ;  Low a n d  Dharmendra, 1 93 7 ) ,  m uscle (Convit , Arvello and Mendoza , 
1 9 60) ,  nasal m ucosa and endothelial cells of capil laries ( Fite , 1 94 1 ) .  This implies 
that t he bacilli  m ust have disseminated through t�e blood stream into vario us 
organs and tissues .  The final  object ive of our study i s  to throw light on the role of 
arthropods in t he transmission of leprosy . In this connection an effort was made 
to determine the extent of bacteraemia in patient s  with untreated lepromatous 
leprosy and in those under drug treatment for varying periods. 

Materials and Methods 

The patients studied were selected at random from untreated and treated 
lepromatous, borderline, and tuberculoid cases . They were attending either 

• Received for publication 14 October, 1972.  
t Chief, Laboratory Research Branch, United S tates Public Health Service H ospital, Carville, 

Louisiana , USA.  
t Principal I nvestigator, USPHS-J I P M E R  Leprosy Research Project , Iawaharlal I nstitute of 

Postgraduate M edical Education and Research, Pondicherry-6, India .  
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leprosy clinics around Pondicherry or the out-patient department of the 
Jawaharlal Institute of Postgraduate Medical Education and Research , 
Pondicherry . They were classified clinically according to the type of leprosy from 
which they suffered .  Skin-slit smears were taken from various parts of the body . 
In collecting the blood samples the syringe was moistened with heparin solution 
( 1 000 units per m]) and 4 to 7 ml of blood then drawn from the cubital vein . 
None of the patients was in a reactional phase or in a febrile state at the time of  
the  collection of  blood. 

Demonstration of Acid-Fast Bacilli 

Two methods were used t9 demonstrate acid-fast bacilli in the macrophages of 
the blood.  

1 .  THE BUFFY COAT M ETHOD 

In this method heparinized blood is transferred into a test tube which is kept 
upright iIi a refrigerator for 5 h. The plasma is then pipetted off and the 
leucocytes from the buffy coat are transferred on to a clean glass slide with a 
capillary pipette . A leucocyte smear is prepared by the usual haematologjcal 
technique,  and air dried .  The smear is fixed in formaldehyde vapour and stained 
by the Ziehl-Neelsen method . 

2. THE LEUCOCYTE ADHERENCE M ETHO D 

For this method appro ximately 4 ml of heparinized blood is kept in the 
refrigerator. The red blood cells settle down within an hour, leaving most of the 
leucocytes still in suspension . A drop of leucocyte-rich plasma is then transferred 
to a clean dry slide and the slide placed in a Petri dish with moist filter paper at 
the bottom to prevent drying out of the plasma drop . The leucocytes settle down 
and stick on the slide in about 30 min . The plasma is then gently washed o ff, 
using 0 .5% phenol saline with the slide held at a slant. Finally the slide is air dried ,  
fixed in  formaldehyde vap our, and stained .  

Samples o f  the plasma containing the leucocytes were inoculated in 
Lowenstein-Jensen medium and into the footpads of mice . 

It was observed that in buffy coat smears the plasma with the remaining red 
cells formed, on drying, a wrinkled film which when stained interfered with the 
clear visualization of the acid-fast bacteria. Preparation of the smear,  staining, and 
examination took a relatively long time (about 5 to 6 h). To overcome these 
shortcomings the leucocyte adherence method was employed .  With this method 
the smears were uniform and clear, and the acid-fast bacilli when present could be 
demonstrated with ease . The total time taken for the e xamination of  blood was 
also much less (2 to 3 h) .  

Results 

Heparinized blood from 1 86 leprosy patients was examined . They comprised 
1 5 1  cases of lepromatous, I S  cases of tuberculoid and 20 cases of b orderline 
leprosy . The total incidence of bacillaemia was 4 1 .4% (77 cases).  All 38 untreated 
lepromatous patients had acid-fast bacilli (AFB) in the peripheral blood (Table I ) . 
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TABLE I 

Incidence and degree of bacteraemia in patien ts with differen t types of leprosy 

Total no. 
Type of  case of cases 

Lepromatous 
(a)  Untreated 38 
(b ) Trea ted for 

6 months 3 1  
(c)  Treated for 

one year 1 2  
(d )  Treated for 

more than 
one year 70 

Borderline 20 
Tu bercu loid 1 5  

Total 1 86 

Total no. of 
bacteraemic cases 

38 ( 1 00%) 

1 4  (45 . 1 6%) 

4 ( 3 3 . 3%) 

1 6  ( 2 2 . 8 6%) 
5 (2 5%) 

nil 

77 (4 1 .4%) 

No. of  AFB in 5 00 fields of 
leucocyte smear 

5-20 2 1 -40 4 1 -80 

1 4  1 3  4 

6 5 3 

3 

9 4 2 
5 

3 7  2 3  9 

1 8 3 

>8 1 

7 

8 

Of the 43 lepromatous patients treated for one year or less, 1 8  (4 1 .8 6%) had 
bacteraemia. In  70 lepromatous patients who were treated for more than one 
year, only in 16 (22 .86%) were bacteria seen in the blood.  None of the 1 5  
patients with tuberculoid leprosy had AFB in the peripheral blood, while o nly 5 
(25%) of the 20 patients in the borderline group had visible evidence of 
bacteraemia. 

The AFB were seen predominantly in macrophages (Fig. 1) . In several 
instances,  particularly among untreated lepromatous cases, the bacilli could be 
demonstrated also in the polymorphonuclear leucocy tes (Figs 2 & 3 ) .  Extra
cellular AFB were present in a few instances . In most cases the bacilli were solidly 
stained and could be counted with ease , even when inside the macrophages. In 

Fig. 1 .  Solidly stained Myco. leprae in a m acrophage. 
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Fig. 2 .  Granular Myco. Zeprae in a polymorphonuclear leucocyte .  

Fig. 3 .  Solidly stained Myco. Zeprae in a polymorphonuclear leucocyte.  

some of  the advanced lepromatous cases the macrophages were so packed with 
bacilli that it  was difficult to count them (Fig. 4), particularly in those cases 
where the macrophages of the blood contained 30 or more bacilli per cell . 

The number of bacilli varied from 5 to 1 20 per 500 fields of leucocyte smears ,  
or  expressed as  bacteria per macrophage, i t  ranged from 2 bacilli per  1 00 cells to 2 
bacilli per cell . From these data it was calculated that there were from 5 x 1 03 to 
5 x 1 05 bacilli per ml of blood . 
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Fig. 4. M acrophage loaded with solidly stained Myco. /eprae. 

Skin slit smears from these patients were routinely examined and the bacterial 
index on the Ridley scale was found to be between I and 4. The morphological 
index varied from less than 2 to 40%. Aliquots of plasma containing leucocytes, 
cultured on Lowenstein-Jensen medium did not yield any growth of myco
bacteria.  Out of 77  samples of blood which were positive for AFB 1 5  were 
inoculated into the footpads of mice , and so far multiplication of AFB in the 
footpads has been obtained in 7 of them . The results for the remaining samples 
will become available later. 

Discussion 

Montel (1949) demonstrated leprosy bacilli in the blood of lepromatous 
patients,  especially during febrile states . More recently Drutz and Levey (19 70) 
have reported the continuous nature of bacillaemia in lepromatous leprosy . Our 
present investigation , besides confirming bacillaemia in lepromatous leprosy , also 
reports the occurrence of bacillaemia in borderline leprosy and its absence in 
tuberculoid leprosy . There is evidence of a continuous bacillaemia in all untreated 
lepromatous patients. The degree of bacillaemia is proportional to the bacterial 
and morphological indices of organisms in the skin . Moreover, bacilli from the 
blood of  7 patients were shown to be viable (infectious) in the mouse , but it is 
not known whether Myco. /eprae can retain viability in blood containing high 
concentrations of DDS (dapsone).  

According to Beiguelman ( 1 967) macrophages of lepromatous patients do not 
digest Myco. /eprae, whereas those of tuberculoid patients do .  This may be one of 
the reasons for the absence of bacteraemia in tuberculoid patients .  Although 
patients in the group with borderline leprosy had bacteraemia less frequently on 
the whole than those in the group with lepromatous disease , no histopathological 
classification of the borderline group was made. 

There are two possible explanations for the persistence of  the bacteraemia in 



TABLE 2 

Correlation between bacteraemia and bacterial and m orphological indices of Myco. leprae in leprosy 

No. of 
bacteraemic Bacterial index Morphological index (%) No. of AFB in 500 fields 

Type of cases cases 2 3 4 <2 2- 1 0  1 1 -20 2 1 -30  >3 1 5-20 2 1 -40 4 1 -80 >8 1 

Lepromatous 
(a) Untreated 3 8  2 1 9  1 7  4 20 9 5 1 4  1 3  4 7 
(b) Treated 

six months 1 4  8 5 9 3 2 6 5 3 
(c) Treated for 

one year 4 2 3 
(d)  Treated for 

more than 
one year 1 6  8 7 3 2 5 3 3 9 4 2 

Borderline 
Untreated 3 2 3 
Treated 2 1 2 
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lepromatous patients treated for more than one year. On the one hand the 
patients might not have taken their drugs regularly,  or on the other hand the 
persistent bacteraemia might signify the emergence of drug-resistant bacilli . 

The present investigation has helped in the selection of patients for feeding 
experiments with laboratory-reared insects. The constancy of bacteraemia in 
lepromatous patients together with the high prevalence of blood-sucking insects in 
this leprosy endemic area m ake it quite possible that arthropods could take up 
bacilli from patients during a blood meal . 

Finally , bacteraemia should be taken into consideration by those in charge o f  
blood banks where there may be the possibility of taking blood from persons with 
undiagnosed leprosy . 

Acknowledgements 

We are very grateful to the staff of Polambakkam Leprosy Centre ,  the Government Leprosy 
Treatment and Study Centre, Tirukoilur, and the Hemerijckx Rural Welfare Centre, 
Rawat tankuppam (Tamil Nadu) who have all helped us in tracing the untreated lepromatous 
patients for our study . We are also grateful to Mr V. Samuel and Mr Leo for their excellent 
technical help . 

References 

Beiguelman, B. ( 1 967) .  Leprosy and genetics. A review of past research, with remarks 
concerning future investigation. Bull. Wid Hlth arg. 3 7 , 46 1 .  

Convit,  J . ,  Arvello, J .  J .  and Mendoza, S .  ( 1 9 60).  Lepromatous myositis . In t. I. Lepr. 2 8 , 4 1 7 . 
Desikan , K. V. and Job,  C. K. ( 1 9 66) .  Leprous lymphadenitis. Demonstration of tuberculoid 

lesions. In t. I. Lepr. 34, 1 4 7 .  
Drutz,  D .  1. a n d  Levey ,  L. ( 1 9 7 0) .  The viability of blood b orne Mycobacterium ieprae. Abstract 

in Int. I. Lepr. 39 , 9 8 .  
Fite , G .  C .  ( 1 94 1 ) . Vascular lesions i n  leprosy . In t. I. Lepr. 9 .  1 93 .  
Gass, H .  H.  and Rishi , D .  P .  ( 1 934) .  Examination of bone marrow for Myco. leprae. Lepr. India 

6, 8 .  
Karat ,  A .  B .  A .  ( 1 966) .  Acid-fast bacteria in bone marrow of leprosy patients. Int. I.  Lepr. 34 , 

4 1 5  
Low, J .  and Dharmendra ( 1 9 3 7 ). Sternum puncture in leprosy : a study o f  5 0  cases. Lepr. India 

9 , 1 2 1 .  
Mathur, M .  P . ,  Gupta, B .  K .  and Singaravi, R .  M .  ( 1 9 6 1 ) . A preliminary study of hepatic 

involvement in leprosy . In t. I. Derm . 4, I l l .  
M ontel , ( 1 949) .  Bacillaemie lepreuse . Affinites tinctoriles d u  "bacille de Hansen".  Bull. A cad. 

Med. 1 30 , 1 65 .  Abstract in In t. I. L epr. 1 7 , 3 6 1 . 
Powell , C. S. and Swan, L. L. ( 1 95 5 ). Leprosy : pathological changes observed in 5 0  consecutive 

necropsies. A m. I. Pa tho 3 1 ,  I I  3 1  . 
. 

Sharma, K .  D. and Srivatsava, J .  B. ( 1 958) .  Lymph nodes in leprosy . In t. I. Lepr. 26, 4 1 .  



Lepr. R ev. ( 1 97 2 )  4 3 , 1 88- 1 93 

Arthropod Feed ing Exper iments 
in Lepromatous Leprosy * 

E. NARAYANAN, K .  SHAN KA RA M AN1A, B .  M .  S. BEDI, 
w. F.  KIRCHHEIM ERt AND M. BALASUB RAHMANY AN t 

USPHS-lIPMER Leprosy R esearch Project, lawaharial Institute of 
Postgraduate Medical Education and R esearch, Pondicherry-6, India 

Laboratory-reared Culex fatigans and Cim ex hemip terus were fed on untreated 
lepromatous leprosy patients. The presence of acid-fast bacteria in a high 
proportion of these insects after feeding showed that they can take up the bacilli 
from the patients' blood. The dependence of infestation of fed insects on the 
degree of bacteraemia in patients and the detection in Cim ex of bacteria-laden 
leucocytes suggest that the insects took up the bacilli along with the blood rather 
than from the skin . Results of mouse footpad harvests showed multiplication of 
Myco. leprae, and therefore one must conclude that the leprosy bacilli in the insects 
were viable. 

Introduction 

The occurrence of mycobacteria in human parasitic arthropods in the field and 
the possibility of  at least some of these being Myco. leprae has been shown in our 
laboratory (Narayanan et al. , 1 972) .  The epidemiological significance of this 
observation is at the present time not clear. To be an effective vector an 
arthropod must be able to pick up the required number of bacilli from a patient 
and should contribute to the inoculation of the bacilli into another susceptible 
person . In addition, the bacilli must be able to survive inside the arthropod for a 
sufficiently long time,  this depending on the feeding habits o f  the arthropod.  This 
paper deals with feeding experiments conducted with mosquitoes and bed-bugs to 
investigate the ability of these arthropods to take up the bacilli from untreated 
lepromatous leprosy patients.  

Materials and Methods 

For the feeding experiments volunteer untreated lepromatous leprosy patients 
were selected from both roadside clinics and out-patients of the Department of 
Skin and Venereal Diseases of  the lawaharlal Institute at Pondicherry and 
admitted to the infectious diseases ward of  the hospital . The patients' blood was 
investigated before commencing the experiment for the presence of acid-fast 
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bacill i .  The methods used for this study have been reported separately (Shankara 
Manja et al. , 1 972) .  

Colonies  of  C ja tigans and C hemip terus were establ ished in  the laboratory for 
feed ing experiments .  Fie ld col lected females of C jatigans were a l lowed t o  oviposit  
in the laboratory to start the colonies ; the larvae were reared in pans,  using yeast 
powder as food .  Laboratory-reared adult females were fed on m ice for further 
propagat io n .  The method adopted by Wattal  and Kalra ( 1 9 6 1 ) , using wooden 
traps, was followed for the maintenance o f  C hemip terus colonies . 

Laboratory-reared female mosquitoes about S days old were used for the 
experiments. Female mosquitoes randomly drawn from laboratory colonies were 
examined microscopically and culturally to ascertain that they were free of 
acid-fast bacilli . For the feeding experiments with bed-bugs , nymph-stage Cimex 
or fresh adults from laboratory colonies starved for 1 4  days or more were used .  
Nymphs and adults drawn at random from laboratory breeding cages were 
examined microscopically and culturally for contaminating acid-fast bacilli . 

The feeding experiments with mosquitoes were done at night in insect-proof 
rooms of the infectious diseases unit .  The volunteers were given 6S  mg of 
Gardinal (phenobarbitone) to  ensure undisturbed sleep . A mosquito net was 
lowered over the bed and secured at the lower sides after the subjects were asleep ; 
known numbers of mosquitoes were then released into the net .  Two workers kept 
watch over the patient throughout the night to render him any assistance if  he 
wanted to come out of the net and to ensure that the mosquitoes did not escape 
during the process . All mosquitoes fed ,  unfed,  or dead were recovered and 
accounted for in the morning, and those which had fed were separated for further 
examination. 

Feeding experiments with bed-bugs were conducted during the day . For this 
purpose a screw cap of a McCartney bottle with perforations on top was used .  
Four pieces of black paper with slits cut  along the sides were snugly fitted inside 
the cap with spaces between the layers . Known numbers of bugs were released 
into the cap, using a fine artist's brush . The bugs readily entered the cap through 
the slits in the black paper and rested inside . The mouth of the cap was covered 
with fine voile cloth, fastened with rubber bands, and the cap then placed on the 
body of the volunteer, with the voile side in contact with the skin and secured 
with bandage cloth . After about 2 h the bugs were taken out for examination .  

Fed mosquitoes and bed-bugs were killed b y  chilling. The wings and legs of  the 
mosquitoes were removed before making a homogenous suspension .  Then the 
mosquitoes and bugs were ground separately in a cold mortar, using 1 ml of 0 . 1 % 
bovine albumin (fraction V) in Hanks balanced salt solution.  This suspension was 
examined microscopically for acid-fast bacilli (AFB). As the numbers of bacilli in 
the suspension were too low to be counted,  0.03 ml of the suspension was 
directly inoculated into the footpads of Swiss albino mice ( Rockefeller strain) .  

Results 

The results of the feeding experiments with Culex showed that , out of 3 8  
successful feeding experiments, mosquitoes i n  2 7  experiments had taken u p  AFB, 
as seen by microscopy (Table 1 ,  Fig.  1 ) . Of the 3 S experiments conducted with 
Cimex 1 8 were microscopically positive for AFB (Table 2, Fig. 2, 3) .  

The blood samples from volunteers 1 to S were not  investigated for 
bacteraemia, but it is reasonable to assume that they were positive because all 
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TABLE I 

R esults of feeding experim en ts with mosq u itoes 

Patient Degree of  bacteraemia No.  of feeding Nature of A F B  in m osquito homogenate 
No.  (AFB per 5 00 fields) ex periments feeding Positive Negative 

I Not recorded I Nil 
2 Not recorded I Nil 
3 Not recorded 4 I Nil  3 Fair 3 
4 Not recorded I Poor 
5 Not recorded 2 Poor I 
6 73  3 Poor 3 
7 0 I Poor 
8 23  3 Fair 2 
9 1 8  I Fair 

1 0  28  3 Good 3 
I I  2 1  3 Fair 3 
1 2  24 3 Fair 2 I 
1 3  1 6  I Nil I 
1 4  48 3 Fair 2 I 
1 6  26 3 Fair 2 I 
1 7  1 00 3 Fair 3 
19 8 3  3 Fair 2 + ( I )  
20 1 20 3 Fair 3 

1 8  4 2  26  + ( I )  1 5  

Figures in brackets indicate impression smears. 

TABLE 2 

Results of feeding experimen ts with bed-bugs 

Patients Degree of bacteraemia No. of feeding Nature of AFB in bed-bug homogenate 
No.  (AFB per 5 00 fields) experiments feeding Positive Negative 

1 0  2 8  2 Good 0 2 
1 1  2 1  1 Good 0 1 
1 2  24 2 Good 1 1 
1 2  Not significant" 2 Good 0 2 
1 3  1 6  1 Good 0 1 
1 4  48 4 Good 3 1 
1 5  1 8  2 Good 0 2 
1 6  26  3 Good 2 1 
1 7  1 00 3 Good 3 0 
1 8  3 5  4 Good 1 3 
1 9  8 3  3 Good 1 + ( 2 )  0 
20 1 20 3 Good 2 + ( I )  0 
2 1  6 3  2 Good 1 I 
2 2  1 1  3 2 Good 1 2 

1 Poor 

1 3  3 5  1 5  + (3 )  1 7  

Q A fter about 4 months of  treatment with DDS.  

Figures in brackets indicate impression smears. 
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untreated lepromatous leprosy patients have been shown t o  be bacteraemic 
(Shankara Manja et aI. , lac. cit ) .  The results  of the feeding experiment s  showed 
that the microscopical detection of acid-fast bacteria in the insects depends on the 
degree of bacteraemia of the patient .  

In one of the 3 8  successful feeding experiments with Culex mosquitoes , a 
homogenate of mosquitoes was prepared 48 h after feeding and 0 .03 ml of the 
suspension was inoculated into mouse footpads. The footpad harvest 6 months 
after inoculation yielded less than 3 x 1 04 AFB per mouse ; after about 9 months 
the total yield went up to 5 ± 0 . 5  x l Os AFB per mouse . Finally , in about 
1 4  months, it reached a maximum of 1 .05  ± 0 . 1 x 1 06 AFB per mouse . This 
shows that there was a steady increase in the number of bacilli in the footpads of  
mice . On re-inoculation almost the same results were obtained in  the  new group 
of mice showing a 1 00 to 300-fold increase of bacilli in between 6 and 9 months. 
In another experiment with a different volunteer, Culex mosquitoes yielded 
1 . 2 ± 0 . 2  x l Os AFB per mouse in about 1 4  months after inoculation .  In  this 
experiment the suspension was prepared immediately after feeding. These bacteria 
have now been re-passaged into a new batch of mice and the results are awaited . 
None of the AFB obtained in these experiments grew on Lowenstein-Jensen (L-J ) 
medium . A typical growth pattern in the footpads of mice , together with the 
inability to grow on L-J medium , are highly suggestive of Myco. leprae. 

Examples of acid-fast bacilli in homogenates of mosquitoes and bed-bugs are 
shown in Figs I and 2 and the presence of bacilli in a leucocyte in a smear 
prepared from a bed-bug is shown in Fig. 3 .  

Discussion 

It  is a well-known fact that the incidence of viable Myco. leprae in patches on 
the skin of untreated lepromatous leprosy patients is much higher than in the skin 

Fig. I .  A clump of solidly stained Myco. /eprae in ground suspension of mosquitoes fed 
on a leprosy patient. 



1 9 2  NARAYANAN. MA NJA. BEDI.  K I RC H H E I M E R  A N D  B A LA S U B R A H MANYAN 

Fig. 2 .  A single solidly stained Myco. /eprae in a ground suspension of bed-b ugs fed on a 
leprosy patient .  

Fig. 3 .  A partially digested leucocyte loaded with solidly stained Myco. /eprae in a smear 
made from a bed-bug after feeding on a leprosy patient .  

elsewhere . It has been shown in our laboratory that the degree of  bacteraemia 
increases in relation to the bacterial and morphological indices of the bacteria in 
the skin-slit smear. It  also has been shown in our laboratory that blood-borne 
Myco. leprae are viable . An arthropod feeding on a leprosy patient can ingest 
Myco. leprae either while its mouth parts are penetrating the skin containing the 
bacteria or along with the blood it draws. While the method of mosquito-feeding 
experiments used in these studies permits the mosquitoes to suck blood from any 
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convenient point in the body, the bed-bugs were mostly confined to patches on 
the body for their feeding. There was , however, no indication that the bugs had 
ingested more bacilli than the mosquitoes , and this may be because the bacilli are 
taken up along with the blood by both these insects and not from the skin at the 
time of penetration . The finding of intact leucocytes containing bacilli in bugs 
examined after feeding supports this view .  Suspensions prepared from fed Culex 
mosquitoes immediately after feeding and again after 48 h were inoculated into 
mouse footpads and yielded 1 . 2 ± 0.2 x l O s and 1 .05 ± 0. 1 x 1 06 bacteria 
respectively in 1 4  months, showing that the insects had indeed taken up viable 
organisms. 

Twenty pools of laboratory-reared Culex mosquitoes and 1 0  pools of 
laboratory-reared bed-bugs were quite free of AFB. This makes it very likely that 
the AFB found in the insects which had fed on patients were taken up during the 
feeding process . McFadzean and Macdonald ( 1 96 1 )  allowed mosquitoes and 
bed-bugs to feed on lepromatous leprosy patients with highly positive skin smears 
and then re-fed the insects on patients  with tuberculoid leprosy . On the basis that 
no microlepromin reaction was produced in the tuberculoid patients, they 
doubted the ability of these insects to pick up the bacilli from the skin . The 
results of the present study however show that C jatigans and C hemipterus can 
take up the bacilli along with the blood meal . 
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M osquitoes, bed-bugs, head lice and scabies mites were collected from the dwel lings 
of persons suffering from lepro matous leprosy ( patient collections) and from those 
where no known case of leprosy existed ( random collections) .  Suspensions made 
fro m  pools of these arthropods were used for making smears for acid-fast staining, 
culture on Lowenstein-Jensen medium and for mouse footpad inoculation .  I n  the 
patient collect ions acid-fast bacteria were detected microscopically in 4. 1 % of 
A nopheles. 3 . 6% of Culex, 2 2 . 2% of A nopheles and Culex ( mixed),  4.8% of Cimex, 
7 . 4% of Pediculus and in a single pool of  Sarcoptes. In  the random collections 
acid-fast bacteria were found in 7 . 7% of A nopheles, 6 . 8% of Culex, 9 .2% of Cimex, 
in none of Pediculus, and in 2 out of  3 Sarcoptes pools. Footpad multiplication was 
obtained from 2 Culex pools, one collected at random and the other from patients.  
The findings strongly support the conclusion that t he acid-fast bacteria obtained 
from the two pools of Culex were indeed Myco. leprae. 

Introduction 

It  is generally believed that the portal of entry of Myco. /eprae into the human 
body is through the skin , and since the bacteria by themselves cannot penetrate 
the skin the view has been put forward that biting arthropods may act as vectors .  
In  support o f  this assumption several workers have demonstrated acid-fast 
bacteria (AFB) in arthropods associated with man.  Dungal ( 1 960) has discussed 
the possible role played by several arthropods such as lice , scabies mites , fleas , and 
mosquitoes as vectors . Spickett ( 1 96 1 )  incriminated follicular mites also . Until 
recently it was impossible to establish the identity of these AFB as Myco. /eprae 
in such arthropods owing to the lack of a reliable technique , but this handicap has 
been at least part ially removed by the mouse footpad inoculation technique of 
Shepard ( 1 960).  The present study was undertaken to investigate whether 
mosquitoes, bed-bugs, lice , and scabies mites in the leprosy endemic area of 
Pondicherry and surrounding places harboured AFB in field conditions. Shepard's 
mouse footpad technique was used to culture and identify Myco. /eprae. 
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Materials and Methods 

The arthropod collections were made from the leprosy endemic area around 
Pondicherry . Suspensions of the arthropods were prepared for microscopic 
examination for AFB ,  for inoculation into Lowenstein-Jensen (L-J ) medium for 
isolating cultivable mycobacteria, and for inoculation into mouse footpads for 
multiplication .  The arthropods were collected early in the morning, the 
mosquitoes from inside dwellings ,  bed-bugs from furniture and crevices in the 
walls and floors of dwellings , and lice and mites from persons.  Separate 
collections were made from leprosy patients and their houses (patient 
collections) ,  and from houses having no known case of leprosy (random 
collectioris) .  Only female mosquitoes were used for preparation of the suspensions 
and for convenience arthropods were pooled according to genus and locality , 
except in some instances when A nopheles and Culex mosquitoes were pooled 
together . 

For microscopic e xamination field-collected arthropods were killed by chilling 
and the wings and legs of the freshly killed arthropods detached , leaving the 
proboscis intact .  All procedures were carried out in a cold sterile Petri dish 
surrounded by ice . The arthropods were then ground in a sterile mortar or a 
cooled tissue grinder and suspended in 1 ml of 0 . 1  % bovine albumin in Hanks' 
balanced salt solution (BSS) .  Smears were prepared from the homogenate and 
stained by the Ziehl-Neelsen method.  As there were very few AFB in the 
homogenate it was not possible to concentrate the bacteria for counting. 
Therefore , 0.03 ml of the material was inoculated into the hind footpads of 
Swiss albino mice ( Rockefeller strain) .  The remainder of the material was treated 
with a drop of  4% sodium hydroxide for 30 min at room temperature and then 
neutralized with 8% hydrochloric acid .  Aliquots of this material were cultured on 
the L-J medium . The culture tubes were incubated at 3 7° and 25° C for 8 weeks 
and e xamined at weekly intervals for growth of  mycobacteria .  

Foo tpad harvests were planned to be carried out after 6 months,  I year,  and 1 
to 2 years by the method described by Shepard (loc. cit. ) .  In some initial cases 
footpad s  were harvested after 3 months. The footpad tissue was ground in a 
tissue gIinder, using 0 . 1 % bovine albumin in BSS. The AFB obtained from the 
footpad were counted by the method of  Hanks, Chatterjee and Lechat ( 1 964).  
Followinlg counting, the footpad homogenates were inoculated into the footpads 
of ne w mice . Aliquots of  the material were also inoculated on L-J medium . 

Results 

The results of the microscopical e xamination and footpad harvests pertaining 
to arthropod collections from patients' houses and random collections are shown 
in Tables 1 and 2 .  Of the 2 1 8  A nopheles pools from patients' houses 9 were 
positive microscopically and 7 1  were inoculated into m ouse footpads, but 
harvests at 3 months,  6 months, and I year did not show any acid-fast bacill i .  Of 
I I I  Culex pools, 4 were positive microscopically , while of  1 5  inoculated in to 
mo use footpads clear indication of footpad mul tiplication was obtained in only 
one instanc e at 6 months harvest ; this inoculum had been microscopically 
negative . Of 36 mixed pools (A nopheles and Culex ) 8 were positive microscopic
ally and 7 were inoculated into mouse footpads. Acid-fast bacilli were seen in one 
3-month harvest ,  but not in countable numbers ; further harvests were negative . 
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TA BLE I 

Incidence of non -culturable acid-fast bacteria (A FB) in arthropod collections fro m  leprosy patients '  houses 
and results of foo tpad harvests 

No_ of pools Footpad harvests positive 
No_ of pools Smears positive inoculated into for AFB at : 

Arthropods examined for A F B  mouse footpads 3 m onths 6 months 1 year 

A nopheles 218 9 71 0 0 0 
Culex I I I  4 1 5 0 I ( - ) 

( 5 . 6  X 104 ) 0 
A nopheles and 

Culex m ix e d  3 6  8 7 (+)a 0 0 
Cim ex 6 2  3 18 0 0 0 
Pediculus 54 4 3 0 
Sarcoptes I I I I (+ f 0 0 

( - ) ,  From smear negative pool ; (+ ) ,  From smear positive pool ; a ,  Not countable. 

T A B L E  2 

In cidence of non-culturable acid-fast  bacteria in random arth ropod collections 
and results of foo tpad harvests 

No.  of pools Footpad harvests positive 
No. of  pools Smears positive inoculated into for AFB at :  

Arthropods examined for AFB m ouse footpads 3 months 6 m onths 1 year 

A n opheles 246 19 41 I (+)a 1 (+)a 0 
Cu lex 292 20 3 2  0 1 ( - ) 

( 1 . 6 x 1 06 ) 
Cimex 9 8  9 18 2 (+ ) 0 0 

1 ( _ )a 
Pediculus 44 0 3 
Sarcoptes 3 2 2 I (+f 0 0 

(- ) .  From smear-negative pool ; (+ ). From smear-positive pool ; a .  Not countable. 

Thus, out of 62 Cimex pools 3 were positive microscopically and 1 8  were 
inoculated into mouse footpads, but no indication of multiplication of AFB was 
seen in footpads up to 1 year. Out of 54 Pediculus pools 4 were positive 
microscopically and 3 of these were inoculated into mouse footpads, but there 
was no indication of footpad multiplication of AFB.  The single pool of Sarcoptes 
was positive microscopically and AFB were detected in the footpad at 3 months' 
harvest , but not at subsequent harvests.  

Microscopically , acid-fast bacilli were more common in random collections. Of 
the 246 Anopheles pools, 1 9  were positive and 4 1  were inoculated into mouse 
footpads. AFB were seen in smears made from footpad material in two instances 
(at 3 months and 6 months) ,  but there were not enough bacteria to make a count .  
Of the  292  Culex pools, 20  were positive microscopically and 3 2  were inoculated 
into mouse footpads. Some indication of  mul tiplication in the mouse footpad was 
seen in one I year harvest ; the original inoculum of this was negative 
microscopically . Of the 98 Cimex pools, 9 were positive microscopically and 1 8  
were inoculated into mouse footpads. In 3 cases AFB were seen in 3-month 
footpad harvests, but not subsequently . All 44 Pediculus pools were negative 
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microscopically , and 3 of these when inoculated into footpads gave negative 
results .  Of the 3 Sarcop tes pools 2 . were posi tive microscopical ly ,  2 were 
inocu lated into mouse footpads and AFB were seen in  one 3-month harvest , but 
not subsequently .  

The incidence of culturable mycobacteria was low i n  field collected arthro
pods-as can be seen in Tables 3 and 4 .  

TA B L E  3 

R esults of culture on L -J of arthropod ma terial from pa tien ts ' ho uses 

No. of  p o o l s  S mears posit ive N o .  o f  pools 
A rt h ropods  cul tured for  A F B  posi t ive  o n  c u l t u re 

A n opheles 1 9 7 8 3 
Cu lex 8 5  I 0 
A n opheles and 

Culex mixed 3 5  8 0 
Cim ex 5 1  3 2 
Pediculus 1 5  2 I 
Sarcop tes I I 0 

T o t a l  384 2 3  6 

TABLE 4 

R esu lts of L-J culture of arthropod m a terial fro m  random collections 

No. o f  pools 

N o. of  pools S m e ars posit ive posit ive on 
Arthropods c u l t u re d  f o r  A F B  c u l t u re 

A n opheles 2 1 5  1 9  I 
Culex 2 6 5  2 1  3 
Cim ex 84 9 I 
Pediculus 1 8 0 0 

Sarcoptes 2 I 0 

Total  584 5 0  5 

As mentioned above , footpad multiplication was obtained from 2 pools of 
Culex mosquitoes, one in a patient collection and the other in a random 
collection . The patients' pool suspension inoculated into footpads yielded 
5 . 6  x 1 04 acid-fast bacilli at 6 months. The material from the foo tpads was 
re-inoculated into a second batch of mice in order to  study the pattern of 
multiplication . In  about 7 months a 2 00-fold increase was observed . The random 
Culex pool inoculated into footpads yielded 1 .6 x 1 06 acid-fast bacilli in I year. 

Discussion 

That Culex mosquitoes and bed-bugs can take up Myco. leprae from leprosy 
patients,  and that the number of bacilli taken up depends on the degree of 
bacteraemia of the patient ,  has been demonstrated in our laboratory and is being 
reported separately (Narayanan et al. 1 972) .  The microscopical detection of 
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non-culturable AFB in field-col lected arthropods will  there lfore depen d  on 
whether the arthropods have actually fed on patients with a sufficiently high level 
of bacteraemia.  In order to produce m ultiplication in mOUSt�  footpads , the 
arthropods should have ingested a su fficient number of viable Myco. leprae. I n  
observations made i n  this laboratory Myco. leprae has been fou n d  to re tain its 
viability in Culex mosquitoes for at least 48 h .  

This evidence,  together with the isolation of non-culturable mycobacteria from 
Culex mosquitoes in the footpads of mice , strongly suggests that at least a fe w 
Culex mosquitoes in this endemic area carry viable Myco. leprae. The 2 00-fold 
increase of  acid-fast bacilli  in foo tpads in one case and the ceiling n umber o f  over 
one million AFB obtained in another is typical of footpad m uJ' tiplication of 
Myco. leprae. It  is l ikely that the ran domly collected Culex migh t  have taken up 
Myco. leprae from leprosy patients and come to rest in  a house h aving no leprosy 
patient . 

With regard to A n opheles mosquitoes, bed-bugs, head lice and scab'ies mites,  in  
the absence of  footpad m ul tiplication it is not possible to draw any co.nclusions at  
present .  M icroscopical detection of  acid-fast bacteria by itse lf  is inconclusive 
because they might  not be leprosy bacill i ,  or even if they were , the)! might be 
non-viable . On the other hand,  samples found to be negative micro'scopically 
might  nevertheless contain viable Myco. leprae, as shown in two instan ces where 
mouse foo tpad m ultiplication took place . 

When suspensions of arthropod material were inoculated into mouse footpads, 
inflammatory reactions were observe d .  This problem is being overcome 'With the 
use of  anti-in fl ammatory drugs and the results are expected t o  show whe ther the 
inflammatory reaction can in terfere with the proper m ul tiplication of Myco. 
leprae in mouse footpads. 
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Some Further Aids for the Handicapped 
. Leprosy Patient* 

W. H . JEN N I N GS 

S. R.S. A ction-R esearch Project, 
The Dr Bandora walla Leprosy Hospital. Kondh wa, Poona, India 

On the basis of his practical ex perience in the field the author describes four  
ingenious and,  in respect of three of  the m ,  inexpensive appliances which have been 
devised primarily for the use of handicapped leprosy patients-bu t which could be 
equal ly usefu l to persons disabled from o ther causes-t o  enable them to  carry on a 
useful and gainful occupation. 

Introduction 

Some of the common defonnities of leprosy patients are also seen in other 
conditions such as the ulnar-nerve damage of industrial injury , or the unshapely 
and stiff hands of sufferers from rheumatoid arthritis. 

I consider that "experienced" social workers are o ften unnecessarily concerned 
about the "stigma" of special tools and appliances ,  which they would otherwise 
recommend. A handle may be "too bulky" and a tool so "un conventional" that 
the user wil l  "at once be recognized "  as suffering from leprosy the moment he 
uses it outside the institution .  I would assert that anything that makes work easier 
is acceptable ,  and is usually accepted . Aids for those ' suffering from deformities 
caused by leprosy could also be used to help people disabled by other causes , and 
furthermore , if any of  them can be of help to n ormal people to work more easily 
or rapidly , then their acceptance is more assured .  

The Action-Research Project at the  Dr Bandorawalla Leprosy Hospital , 
Kondhwa, Poona has, as one of its objectives , the e xperimen tal social rehabilita
tion of ex-leprosy patients after vocational training . Carpentry , tailoring, 
cane-work, sheep breeding, and poultry farming are some of  the vocations 
patients learn. under this project before their discharge . .  A high proportion of these 
patients have irremediable handicaps .  Working for this project,  I have had the 
opportunity of devising , and experimenting with, aids for such patients .  

New Aids 

Four new aids specially devised for handicapped leprosy patients are described 
below.  

I .  THE " K O N D H W A "  CLOTH-CUTTE R ( Fig. I )  
This is constructed by mounting a pair of cloth-cutting scissors on a 

wooden table .  One of its blades is rigidly fixed to the table while the other 

• Received for publication 20  September, 1 97 2 .  
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Fig. 1 .  Unable to  use his badly damaged hands for cutting cloth, a patient m akes use of  the 
"Kondhwa" cloth-cutter .  

is mobile and operated by a foot-pedal and spring.  It  is useful for patients 
who lack digits  or range of the thumb web necessary for the efficien t  use of 
scissors in cutting cloth . I ncluding labour cost , this  could be made for less 
than 70 rupees by using materia ls  o f  moderate qua l i ty .  Our d i sab led pat ients ,  
when leaving the hospital after a course in  tai loring, are given a cloth-cutter 
if  they need one as part of the equipmen t  for setting up in business in  their 
home . 

2. SEWING-M ACHINE PEDAL SP R I NG ( Fig. 2 )  

TIlls device helps am putees an d those who can use only one foot  for operating 
a sewing-machin e .  The spring l ifts  the pedal up when the downward foo t  pressure 
is released,  thus compensating for the action of t.he o ther foot .  Any type of spring 
may be used provided it is coiled,  between 8 and 1 2  in (20 to 30 cm) long, and 
not too powerful . 

3 . K N I F E  A N D  B LOCK COM BI NATION ( F igs. 3-5) 

A discarded surgical blade attached to a smoo thened wooden handle enables 
deformed hands to  slit hems conveniently when the cloth is held over a wooden 
bloc k  attached to the side of the sewing-machine board . TIlls also protects 
anaesthetic hands.  (Tailors in India slit hems usually by folding the cloth tightly 
over the i n de x  finger  o f  one hand while using a bare razor blade held by the o ther 
han d . )  

4 . T H E  "KONDHWA" C A N E  HOLDE R ( Fig . 6 )  

Cane-craft is a very profitable trade , b u t  i s  usually n o t  recommended for 
leprosy patients because of the high risk of damage to the fi ngers . The holder 
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Fig. 2. An amputee operates a sewing-machine by help of the pedal spring. 

Fig. 3. Sewing-machine with wooden block attached at the side to  afford convenience and 
safety  in slitting hems. 
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Fig. 4.  Devoid of fingers except for t w o  stumps,  this hand holds t he knife in readiness for 
use w ith the block. 

F ig. 5.  Using the k nife and block,  the almost digitless hand slits a hem. 
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enables gripping and tightening o f  the cane to be carried out safely , and can even 
be used by mobile claw-hands.  Cane work is quite safe as long as the cane is not  
held by the bare han ds during work . The holder is made of two blocks of wood , 
the moulded surface of one block fi tting into the grooved surface of the othe r ;  
b o t h  blocks are hinged at o n e  end,  from which an arm protrudes from each block 
(Fig.  6). The grooved and m oulded surfaces afford a firm hold of the cane and the 
protruding arms enable easy opening o f  the jaws o f  the holder (Fig. 7) .  

Fig. 6. T h e  " K o n d h w a "  cane hol der .  

Fig.  7 .  A n  a n aesthetic hand using the ca n e  holder  w hi le w orking on a cane chair .  
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Discussion 

In poor countries where leprosy is prevalent, and where thousands need 
physical rehabilitation,  the main criterion is practicabil ity . Any aids devised 
therefore should be cheap to make and convenient to use , no matter how crude 
their appearance . 

Excepting the cloth-cutter, all the aids men tioned in this paper could be made 
for,  at most, S rupees. The cloth-cutter costs 70 rupees. These aids could be useful 
also to many persons disabled from other causes than leprosy , and the cane holder 
and wooden block and knife might appeal even to normal people . 

Acknowledgements 

My thanks are due to Dr 1. M. Mehta,  President ,  Poona District Leprosy Committee,  who is  
also chief ad ministrator and honorary surgeon to the hospital ,  and to Mr S .  W .  Gokhale ,  
Principal Investigating Officer,  S R S  Action-Research Project ,  Poona Dist rict Leprosy 
Committee,  for al lowing me project materials for constructing these devices, for all their 
encouragement ,  and for their permission to publish this paper. 



Lepr. R ev. ( \ 972) 4 3 ,  205 

Book Review 

Handbuch der Hau t- und Gesch lechtskran kheiten by H .  Rockl (Ed . ) .  Vol .  4 , Pt . I B. 
InfektionskIankheiten der Haut . 1 1 .  XI  + 568 pp. illustrated,  1970. Springer :  Berlin , Heidelberg, 
& New York , D M  248. 

This book is probably meant as a complement to  Victor K l ingmiiller's famous German 
handbook "Die Lepra ". I t  can certainly not serve as a handbook on leprosy , since it scarcely 
deals with the practical side of the disease . One looks in vain for such subjects as reconstructive 
surgery , rehabilitation ,  and the social and psychological aspects of the d isease . 

The most important chapter is the first ,  by G. Klingmiiller, on the pathology and clinical 
.picture of le prosy . It is written from the point of view of a dermatological histopathologist , and 
provides a broad coverage of the literature up  to fairly recently .  The chapter is well i l lustrated.  

There are two chapters by L .  M .  Bechel l i .  The first , dealing with premunition in leprosy ,  is 
based mainly on the South American literature before 1964. The second is on treatment ; it 
contairis much obsolete material , and fails t o  mention many new developments.  M. I. Quiroga's 
chapter about prevention and control is almost exclusively based on the South A merican 
situation.  I t  is very out of date .  I t  is astonishing t o  read , in a work dated 197 I ,  a 
recom mendation for "select ive compulsory isolation" .  H. Schmidt writes about serology , but  
the  exciting newer  developments in  this fie ld are  not mentioned. 

Though it contains much of interes t ,  the book cannot be recommended to  the leprosy 
worker in the fie ld .  It may have a place in the library of large institutions-only they can afford 
to buy it ! 

A .  H. van Soes t 
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Abstracts 

The following abstracts are reprin ted,  with permission , from Trap. Dis. Bull. 1 97 2 ,  Vol .  69 . 

I .  The trea tment  of leprosy w ith the sulfones. 1 .  Fagel 's original 22 patients.  A thirty-y ear 
follow -up on  sulfone therapy fqr leprosy ,  by R .  R .  JACOBSON and J. R .  TRAUTM A N .  Inl. J. 
Lepr. 1 97 1 , 39, 7 2 6-7 3 7 .  

This interesting and informative report from Carville , U . S . A . ,  gives t h e  case histories o f  t h e  first 
22 patients to have received sulphone therapy for leprosy ( Faget e l ai. , Trap. D is. Bu ll. 1 944,  v. 
4 1 ,  494) and describes their subsequent progress. Disappointingly , it shows that 30 years after 
com mencing treatment , or at the time of death, 1 3  patients had active lepromatous leprosy 
(but 2 of these patients can be excluded as they died prematurely ) .  The t hree most important 
facts emerging from this report are : ( l )  all  (except ing the 2 who died premat urely ) had their 
disease arrested after taking treat ment regularly for varying numbers of years ; ( 2 )  sulphone 
resistance tended to develop in those who suffered reactivation of their disease due to  stopping 
treat ment or to becoming irregular with treatment ; ( 3 )  suI phone resistance did not develop in 
those who continued treatment regularly . 

The authors rightly conclude that , in lepromatous leprosy , regular t herapy for life is t he 
wisest course to follow.  

W. H. Jopling 

2. Controlled drug trial of B 6 6 3  compared with D D S . Preliminary (48-week) repor t ,  by J. G .  
TOLEN TI N O ,  J. N. RODRIGUEZ,  and R. M .  A BALOS. ln l. J. L epr. 1 9 7 1 , 39 , 7 38-74 1 .  

I n  a controlled drug trial in the Philippines, lasting 48 weeks, the progress of 1 6  patients taking 
clofazimine (Lamprene ; B663)  was compared with that of an equal number taking dapsone 
( D DS) .  Dosage of  clofazimine was 200 mg daily six times a week , and of dapsone was 50 mg 
given twice a week increasing to 600 mg w eekly . C linical and bacteriological progress was 
equally good in both groups, but erythema nodosum leprosum reaction and acute neuritis 
occurred less frequently and with less severity in the patients taking clofazimine . 

[ The controlling effect of clofazimine on lepra reaction in this t rial was due to the fact that 
t he drug was given in the high dosage usually reserved for the treatment of lepra reaction ; it is 
highly doubtful if this effect would have occurred with  the m uch sm aller , but therapeutically 
effective , dosage of 1 00 mg twice a w eek . ]  

W. H. Jopling 

3. Traitement de la l epre lepromateuse par I'ethionamide . (Treatment of lepromatous leprosy 

w it h  ethionamide),  by R .  ROLLIE R  and M .  ROLL I E R .  Maroc med. 1 97 2 , 5 2 , 1 48 - 1 66 .  

This well-documented account of  a trial of ethionamide in leprosy attempts an object ive 
reappraisal of the efficacy of this neglected drug, and thus complements t he experimental work 
of Shepard ( Trop. D is. Bull. 1 97 1 ,  v. 68 , abstr.  1 0 1 3 ) .  The trial concerned 1 02 patients and 
extended over 1 0  years. Laboratory investigations were inadequate,  including examinations of 
skin biopsy specimens and material obtained from the skin (by the slit-smear technique) and 
from the "nasal mucus". 

All  the patients ,  except one, had lepromatous leprosy . The drug was first given at  a d ose of 
1 g daily ; because of  side-effects ( mainly digestive ) the dose was reduced to 0 . 5 0 g daily for an 
adult ,  and 0.25 g for an adolescent .  Bacilli disappeared from the "nasal m ucus" and from the 
skin at a regular rate ,  and at the end of 4 years of treatmen t ,  in the maj ority of patients ,  the 
Bacillary I ndex had fal len to zero.  [ The morphology is  not indicated . ]  
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Clinical amelioration was a lso im pressive . Early signs of im provement could be seen after 
6 months of treat ment , and after 2 years 75% of the patients could be classified clinically as 
"disease arrested " .  S pecial attention was paid to lesions of the upper respiratory tract ( nasal 
mucosa, palatal mucosa and the tongue) ,  and to the occurrence of erythema nodosum 
leprosum .  Some evidence is given that the latter migh t on several occasions have been 
precipitated by the drug when given in the higher init ial  dose of 1 g daily.  

The authors conclude that e thionamide is active in leprosy and that its activity resembles 
that of dapsone. Given at the dose recom mended , it is relatively free from side-effects .  I t s  price 
militates against it ever being more t ha n  a second-line drug. 

s. G. Bro wne 

4.  A comparison of the growth curves of the N Q  bacillus (Mycoba cteriu m sp .) d erived b y  
photometric turbidi t y ,  microscopic counting,  and viability in a tube-<iilutioll-series,  by  
C .  V .  REICH.  Int. 1.  L epr. , 1 97 1 ,  39 , 2 5 - 3 3 .  

This study "was designed to investigate t h e  existence of t h e  unstained ,  microscopically invisib le 
state in a cultivable species of mycobacteria and to  determine whether the state can be 
associated with biologic act ivity ."  The NQ bacillus is a mycobacterium isolated from the ear 
and testis of hamsters inoculated with material from patients w ith leprosy . The growth medium 
was Dubos medium at pH 6 . 8 ,  but without Tween 80 and with 20% bovine serum .  1 5  tubes of  
culture were read daily for turbidity ,  and the  tube which was nearest the daily mean was 
selected to provide the sample aliquots for viability and microscopic counts.  These latter were 
made by the procedure of Shepard and McRae (In t. 1. Lepr. 1 968 , v .  3 6 ,7 8 ) .  The cultures were 
sampled for 46 days, and viability counts were made using ten 1 0-fold dilutions. The number of 
acid-fast bacilli increased rapidly for 1 0  days reaching a level of 1 08 /m! .  They remained at this 
level for a further 1 5  days and then rose to nearly 7 x 1 08 /ml  by the thirtieth day.  However, 
the number of viable units increased for 2 0  days up to 1 0 1 0  /m!. The "turbidity" increased more 
slowly to  give an est imated 1 08 bacteria/ml after 40 days. The author discusses reasons for the 
difference between the count of acid-fast ba cilli and the viability coun t ,  b ut dismisses clumping 
as a possible cause . I t  is suggested that mycobacteria which did not stain by  the Ziehl-Neelsen 
method appeared in the medium after 1 0  days. The extremely rapid initial rate of growth of 
almost two logs that occurred in the first 3 days is explained by the author as "inter-conversion 
fro m  nonstaining to acid-fast [ forms ] " .  He concludes that "in the active reproductive phase of 
a mycobacterial culture, a significant proportion of the population remained unstained by  the 
Ziehl-Neelsen procedure " .  The author states that his study "is  directed ultimately t o  
Mycobacterium /eprae" .  [ This study poses significant questions, but w hether t h e  bacterial 
population in a leprosy patient  after many years of the disease is in "an active reproductive 
phase" seems doubtfu! . ]  

c. S .  Goodwin 

5 .  A ttempts to establish the armadillo (Dasypus novemcinctus L inn. ) as a m odel for the study 
of leprosy . 1 .  Report  of lepro matoid leprosy in an experimentally infected armadillo , by W .  F .  
KI RCH H E I M E R  and E .  E .  STO R R S .  In t. J. 16pr. 1 97 1 , 3 9 , 693-702 . 

It is reported that an armadillo (Dasypus novem cinctus) has developed lepromatoid infection 
with Myco. /eprae approximately 1 4  months after inoculation of  leprosy bacilli , from an 
untreated case of  lepromatous leprosy, into the skin of  its abdomen and ear  lobes .  The 
diagnosis of lepromatoid leprosy is supported bacteriologically by over 1 000-fold increase in 
the inoculation sites of acid-fast bacteria, w hich do not grow on mycobacterial culture media 
and which oxidize D-dopa.  In additio n ,  these acid-fast bacteria have been found in great 
numbers at a skin  site remote from the inoculated area. The remote skin site w as of  normal 
appearance . The inoculated skin sites w ere converted into m assive nodular lesions. The acid-fast 
bacteria were intracellular, and typical lepra cells made up m uch of the lepromas .  Bacilli w ere 
also seen in cutaneous nerves. I t  is too early yet t o  evaluate the results of  the mouse footpad 
inoculations of the bacilli. So far, however, sections of  the footpads show w hat one w ould 
expect of  Myco. /eprae after one month .  

The reasons for attempting transfer o f  leprosy to  t h e  armadillo a n d  t he possible future 
significance of the armadillo in leprosy research have been discussed .  



J 

208 A BSTR ACfS 

6. E t ude clinique et epidemiologique de 56 cas de lepre sui vis a la Clinique Derm atologique d e  
Bordeaux de puis 1 94 7 .  ( A  clinical a n d  epidem iological study of 5 6  cases of leprosy seen at t h e  
Bordeaux S k i n  C l inic since 1 947),  by L .  TEX I E R .  Med. Afr. Noire, 1 9 7 2 ,  1 9 ,  1 9 3- 1 96 .  

In  the 2 3  years from 1 947 to 1 969 inclusive , the author made the  d iagnosis of leprosy on 5 6  
occasions in patients attending his skin clinic. All  except 7 had contracted the d isease outside 
Europe ; 4 were from Spain, and 3 had caught leprosy in France .  Among the 3 1  patients born in 
metropolitan France , 1 0  had been in Government service ,  7 in commerce , 5 in the armed 
services and 5 were missionaries . The 25 immigrant  patients were m ainly students (8), or 
workmen (8 ) ,  or wives and children (6) .  

The presenting signs that  brought patients for diagnosis were confined to  the sk in  in 44,  in  
both  sk in  and peripheral nerves in 8 ,  and in peripheral nerves only  in 4.  3 3  w ere classified as  
having tuberculoid leprosy , 2 0  as  lepromatous,  and 3 as indeterminate .  I t  is noteworthy that  of  
the  2 0  patients with lepromatous leprosy , I S  were  from m etropolitan France .  The  average 
minimum "silent" period.before signs of leprosy appeared would be under 2 years. 

All patients were ad mitted initially to hospital ,  and those with  lepromatous leprosy were 
kept in hospital until  the nasal mucus no longer harboured Mycobacterium leprae (the 
morphology not being indicated ) .  Patients with tuberculoid leprosy are discharged from 
hospital after stabilization of treatment has been achieved , and continue taking dapsone at 
home under medical supervision ,  reporting to the clinic each month .  The standard t reatment is 
dapsone , with a starting dose of 2 5  mg daily , increasing to a maximum m aintenance dose of 
200 mg daily. No untoward co mplications at tributable to this dose of dapsone are noted.  

Most patients are correctly diagnosed w ithin 2 years of the appearance of the first signs,  but  
I patient  had to wait  1 2  years before the d iagnosis of leprosy was entertained . 

Details are given of t he 3 patients who contracted leprosy in France itself. One was a boy in  
boarding school , 2 of whose classmates (both immigrants) had leprosy . Another was  a woman 
who had looked after a civil servant  kno w n  to have had lepromatous leprosy . In the third 
instance, a hotel maid ,  there is no suggestion of any contact with anyone suffering from 
leprosy , and the source of her infection remains quite unknown .  

S .  G .  Bro wne 

7. I m m unological phenomena in l eprosy and related diseases, by J .  L.  T U R K  and A. D . M .  
B RYCESON. A dv. lm munol. ,  1 9 7 1 ,  1 3 , 2 09-2 6 6 .  

T h e  following i s  an extract from t h e  authors' introduct io n :  
" Failure of host resistance frequently results from a defect i n  cell-mediated immwlity (CM!) .  

However , hypersensitivity reactions resulting in t issue damage can occur  as readily from C M  I as 
from the deposition of  immune complexes involving humoral antibod y .  Such an interaction 
between immune procedures and a given microorganism can display a wide spectrum of 
pathological processes, which,  in turn,  leads to  m arkedly different clinical manifestations. 

Such a spectrum is particularly well demonstrated by t he recen t  elaboration of  the varied 
clinical patterns in leprosy . Postulations from time to time related these differences to 
variations in the host 's resistance , yet experimental and clinical evidence has been available only 
during the last few years. With elucidation of the imm unological basis for the d isease spectrum 
in leprosy , a parallel has been sought and found in other infectious d iseases. These include 
especially certain protozoal d iseases such as leishmaniasis and others caused by yeasts and fungi 
such as candidiasis and the systemic mycoses . This review is, therefore , concerned with 
immunological concepts in leprosy leading t o  a discussion of analogous states now recognized in 
other infectious diseases . "  

[ There are 2 I 4 references . ] 

8 .  WHO co-ordinated short-term double-blind t rial w ith t h alidomide in the treatment of acute 
lepra react ions in m ale lepromatous patients,  by C . G . S . et al. Bull. Wid HUh Org. 1 97 1 ,  
4 5 , 7 1 9-7 3 2 .  ) 
This is a report of a WHO short-term double-blind trial on male patients suffering from 
lepromatous leprosy carried out to compare the effect of thalidomide with that o f  
acetylsalicyclic acid in t h e  control of lepra reaction.  2 I 4 lepra reactions were treated during a 
period of 9 months ,  I 1 6  w ith thalidomide and 9 8  with acetylsalicylic acid , and treatment was 
given for 7 days. Dosage of thalidomide was one tablet ( 1 00 mg) 4 t imes daily for patients over 
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50 kg in weight ,  with a reduced dosage for lighter patients,  and those on acetylsalicylic acid 
received an equal number of tablets of 400 mg strength .  

Although acetylsalicyl ic  ac id had a beneficial effect  on some of the sym ptoms, thalidomide 
was more effective ; i ts  effect on skin lesions and body temperature was greater than on  acute 
nerve and eye manifestations.  I n  the very short period of the trial , side-effects of a serious 
nature were not encountered in  either group , but thalidomide had a tendency to induce 
leucopenia .  

W. H. Jopling 

9. I nfection of m urine striated muscle w ith Mycobacterium leprae : a study by light and 
ele ctron microsco p y ,  by M. M. ESI R I ,  A. G .  M. WEDDELL and R. J. W.  REES .  J. Path. 1 9 7 2 ,  
1 06 , 7 3 -80 

It has already been sho w n  that in  m urine infections with Mycobacterium leprae the striated 
muscle fibres are colonized at  a very early stage , whether the mice are intact or thy mectomized 
( Rees and Weddel l ,  A nn. N. Y. A cad. Sci. 1 96 8 ,  v .  1 54 , 2 1 4) .  The present  paper examines the 
dist ribution of Myco. leprae in  striated muscle over a 2-year period of the infect ion,  and the 
pathological changes that resul t .  

Bacilli i n  footpads increased steadily in  number from the  si xth to the  tenth  months,  the 
number being about 1 00 t imes grea ter in  the thymectomized animals .  M icrocolonies were 
almost always intracellular in muscle fibres ( in  disorga nized sarcoplasm ), or macrophages . I n  the 
footpad they were nearly all in muscle b ut in the nose they were nearly all  macrophages . This 
might be associated with the fact that mitochondria are more numerous in  the muscle fibres of 
the nose , w hich have the characteristics of red muscle .  I t  is possible that Myco. leprae 
preferentially colonizes white muscle fibres. 

In intact mice the infection produced after several months of low-grade inflam mation with 
only slight patchy damage to  muscle fibres.  In thymectomized-irradiated mice the greater 
number of bacil l i  was associated with  more widespread inflammation and damage, w hich was 
attributed directly to the bacil l i  and not secondarily to  nerve damage. The nature o f  the damage 
to muscle fibres is described and illustrated with electron micrographs. 

D. S. R idley 
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Instructions to Authors 

Papers submitted for publication in Leprosy Review should be sent to the Chairman 
of the Editorial Board. The narne(s) of the author(s), principal appointments held 
and the place where the work was done should be clearly indicated below the title of 
the paper. Degrees and diplomas are not to be included. 

It is understood that the paper is offered to Leprosy Review alone, that it will be 
subject to editorial revision, and that its copyright becomes the property of the 
British Leprosy Relief Association. Papers should be typewritten, in double spacing, 
on one side of (preferably) quarto paper, with wide margins (4 cm left, and 2 cm 
right). The top copy and a carbon copy of all papers should be sent. 

Tables should be typed on separate sheets and numbered in sequence, in arabic 
numerals; captions should be typed in double spacing. 

Graphs and line drawings should be in Indian ink on tracing linen (if possible) or 
plain white board or paper, about twice as large as the probable size of the finished 
block. They should be numbered in sequence, in arabic numerals. Indicate in the 
margin of the text where tables and graphs should be inserted. 

Photographs. A reasonable number of black and white plates will be reproduced. 
Glossy original photographs (positive prints) should be supplied, and clear indica
tions (number, caption, top side) should be given. Any writing on the back of the 
photograph should be lightly done in pencil. 

References. In the text, references are made thus: "Jones (1968) has shown . .. "; 
or "It has been shown (Smith, 1967; Jones, 1968) that, . .  ". IT more than 2 authors: 
"Smith et al." IT the same author is cited more than once in a year, then the references 
should be consecutively indicated thus: "Jones (1968a)". 

In the final list ,  surnames of authors should be given in alphabetical order, followed 
by initials, year in parentheses, full title of article, accepted abbreviated name of 
journal (if in doubt, write the name of the journal in full), volume (underlined), and 
first page of the article. 

Numbers. All numbers are to be given in arabic numerals. 

Summary. A brief summary should be given before the body of the paper. 

Contractions. All weights, measures, temperatures, etc.,  should be given in metric 
units, suitably contracted. Authors may refer to "Symbols, Signs and Abbreviations 
Recommended for British Scientific Publications", published by The Royal Society. 
British (Imperial) equivalents may be added within parentheses. In the case of (body) 
temperatures, the Fahrenheit equivalents of Celsius (Centigrade) figures should be 
given within parentheses. 

Proofs are submitted to authors for immediate return by air. 

Reprints. Authors receive SO reprints free. Additional copies may be purchased and 
a price list/order form is sent to authors on acceptance of their typescript. 
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