
REH ABI LlTATION TODAY 

The Report o f  the Dire ctor General of  WHO to the 29th Wor ld  Hea lth Assem bly 
in May 1976 included the fo l lowing: 

" Disease-orientated medicine needs to be compleme nted by disabil ity
orientated medicine, anel it shoulel be realized in every cou ntry that the objectives 
of medicine are not o n ly the preventio n anel cure of  disease, but also the 
restora tio n of the individua l to normal soc ia l  fu nctio n ." ( WHO, 19 76a.) 

This state ment is of the highest re leva nce to leprosy workers tod ay, concerneel 
as they are with th e most importa nt bacteria l cause of crip pling el isability in the 
world. 

lt is now 16 years s ince the WHO Expert Committee on  leprosy elefined w hat 
rehabilitation in le prosy rea l ly mea nt, in a statement most clear , concise and 
com prehensive: 

"By rehabilitation is mea nt the physical a nd menta l  restoration ,  as far a s  
possib le ,  o f  a li treated patients  t o  normal activity, so that they may be  a b l e  to 
resume the ir p lace in the home ,  so ciety and industry. To achieve this, treatment 
o f  the physical d isability is  obvio usly necessary, b u t  it must be accompa n ied by 
the ed ucatio n of  the patie n t ,  his family a nd the public , so that  not o n ly can he  
take his norma l p l ace ,  b u  t society wi l l  a lso be  wil l ing to accept h im a nd assist in  
his complete rehabil itation ." (W H O , 196 0 . )  

This Committee was fol lowed b y  an expert Scientitic M eeting o n  Rehabili
tation in Leprosy (WHO, 196 1 a)  which went into the subject  in greater d e tail . 
The co-ordinated use o f  med icai, social ,  educational and vocationa l  m easures i n  
rehabilitation was also advocated by the W H O  Expert Commi t tee on  Med icaI 
Rehabil itation in 1969 (WHO, 1969).  

Whi le  notable progress has been made,  especia l ly i n  the curative aspects of 
rehabi l itation in leprosy, the underlyi ng basic prin cipIes are sti l l  not u niversa l ly 
recognized .  This is wel l  brought out  in the proceed ings of a recent 7 Nations 
Consultat ion on l eprosy in  S .E.  Asia, organized by W HO at the h ighest leveI, and 
concerned with an area of the world i n  w hich there are esti mated to be  more than 
4. 5 mi l l ion sufferers fro m leprosy. The Consul tation honestly admitted that ,  "the 
prevention and treatme n t  o f  deformities were regarcied as rather  neglected areas in  
the management  of leprosy cases." (WHO, 196 7b.) 

Some of the reasons for this s ituation are not far to seek .  
I .  The  average d octor i s  disease-orien tated. I f  h e  has met  leprosy at  a l i  in  h i s  

medicaI educatio n, it  is l ike ly to  have  been encountered briefly in  the  context of  
bacterial infections or d ermatology, wi th  em phasis on chemot herapy, a nd maybe 
so me referen ce to remedia l surgery.  Face to face with the pat ient, he is l ike ly to 
be  a t  ease when prescribing dapsone ,  b u t  fee l s  out of his depth w hen  con fronted 
by the imponderable  aspects of the  patie nt's situatio n ,  especially if there is no 



264 EDITORIAL 

phys iotherapist or so cia l worker o nto whose should ers respo nsibi l i ty can be  
shifted . Too o ften disease-or ien tated med ic ine  is  not complemented by d i sability
orie n ta ted med ic ine, and  this is a matter of grea t  importa nce ,  because w ithout it 
ma ny of our efforts can beco me se lf-defea t i ng. "Thus pat ients  are de prived of 
aspects of  primary patient care which migh t have saved them from progressive 
cr i p pl i ng deformity and so cia l, economic , psychological and vocat ional  d isabi l i ty" 
( 1 0th  I n t emational Leprosy Congress, 1973 ) .  

2 .  I t  i s  s impler t o  think of rehabil itati o n  in terms of treating visible establ ished 
defo rm ity than it is to see our primary co ncem as the prevention of disability. 
The pa t ient  who looks physica l ly normal and is mobi le  may be a wonderful 
test imony to the skil l of su rgeo n a nd physiothera pis t ,  but it should be more 
satisfying to co ntemplate those pat ients w ho have been saved from the need to 
co nsult  a surgeo n .  This mea n s  that in rehabi l itat ion we have to go back to root 
causes. The focal  po in t  of  our act iv i ty is  the diagnosis and bringing into care of 
patients aI lhe earliesl possible point in (heir illness, at a stage whe n  physical  
d i sabi l i ty i s  m inima l and most a m enable to t reatmen t .  On this  basis  rehabi litation 
must be seen as  integra l to  the pri mary approach to the pa tien t  and h i s  
co mmunity, inse parable from the  perso na l  re lationsh ip  between  hea l th worker 
and the people and the e nlightened co mmun ity attitud e which promotes ear\y 
diagnosis. "Rehabilitation must start on the day of diagnosis" (WHO, 196 1 b) is  
a worthy motto for l eprosy workers at al i  leveIs, but even this is not sufficien t .  
Effective rehabi l itation demand s t h a t  the  day o f  diagnosis is pushed fur ther a n d  
further back towards t h e  o n set  of  the first symptoms of leprosy. T h i s  w i l l  happen 
o n ly when the stigma has bee n taken  out of l eprosy.  The obj ectives of 
rehabi l i tatio n are thus inseparable from community en l ightenment  and hea lth 
educat ion .  

As  long as  re habilitat ion was  thought of in terms of curing disabi l ity, i t s  sphere 
was essentia l ly the inst i tu t ion  where the skil ls  of  surgeon and physiotherapist 
were available .  These wil\ a lways be needed , but the trend towards preve ntion 
rather than cure places the focal  point of rehabilitation  a ctivity firmly at the 
periphery, with major  responsibility on the shoulders of the local hea lth worker 
and medicaI a u x i liary. This is  to be we lcomed , because it is in l i ne  with curren t  
t hought regarding med icine i n  deve lo ping countries, s o  cJearly ex pressed i n  one 
WHO publ icat ion after  another .  Natio na l  dignity requires that health p lanning 
must rea list i ca l ly relate the primary hea lth n eeds of the greatest possible number 
of  people to  the l i m ited economic resources usual ly available . In practice th i s  
im poses a pattem of medic ine  i n  which  the front  line of  primary heal th care is 
he ld by a large corps of commu nity health workers a nd auxi liaries of whom 
le prosy workers form a part. The tra i n ing and orientatio n of these i m porta n t  
members of  the l eprosy control team a r e  t h u s  extreme ly important. For t h e m  i n  
particular  an approach w h i c h  sees the patient  i n  h i s  who leness w ith i nterest a n d  
compassion is  t h e  starting point of  rehabilitatio n .  This orientation needs t o  be 
taught, because it is  not the a pproach to Ieprosy sufferers which comes natural ly 
to most of uso The Dire ctor Genera l  of  WHO states that radical  changes are 
required in education and training, with a new strong emphasis on the tra ining 
a n d  uti l ization of aux i l iary and com m u n ity health workers and their supervisors 
(WHO, I 976c). Where leprosy is concerned these changes need to rela te  to the 
responsible role of the local worker in re lation to rehabilitation.  We need more 
manuaIs in this respect like that of  Kapoor ( 1 975 ) ,  but carrying the subj ect i n  
even further detai!. 
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Some inte resting facets i n  rehab i l itation a re i l l umined by recent reports from 
lnd ia ,  where the concept of rehab i l itation in leprosy fi rst Oowered . In a major 
report reviewed in th is issue ,  and  cove ring 7 years of research anel observation of 
reha b i l itation needs in a la rge leprosy contro l progra mme (Karat et aI., 1 9 7 6 ) ,  the 
a uthors found that out of 6038 patients in the area no less than 40% suffered 
from sensory loss or more ad vanced grad es of d i sa b i l i ty d u e  to le prosy. 
Bac i l l i ferous types of le prosy were invo lved more severe ly  than non-b ac i l l iferous 
types ,  but regular ad m inistration of dapsone in su ch patients had a beneficiai  
effect on nerve funct ion, and a slow b ut stead y  decline in pat ients need ing 
hospita l care for trophic  uJcers occurred as the project proceeded.  The im portance 
of rehab i l itation at pr imary care levei i s  th us c1ear ly demonstrated . Ranji tkumar 
and Fri tsc h i  ( 19 7 6 )  in th is i ssue of Leprosy Review p resent a prelim inary report 
concentrating on 88 of the  most ser iously invo lved pat ients in the same 
progra m me ,  those a l ready rejected by fa mi ly  and comm unity or in i m m inent 
danger of rejection. They have found that by persona l assistance and tra ining,  
dom ic i l iary re hab i l ita t ion i s  in fact possible in a significant Illimber of patients, 
a nd at a considerab le  sav ing as compared with the cost of she ltered industry . 
A nother  s lant on the same subject comes from the study by Wr ight ( 1 9 7 6 )  a lso in 
this issue, of 2 communit ies of rejected patients in Ind ia  who have actual l y  
succeeded in esta b l ishing a more satisfa ctory economic  levei o f  l iv ing t han prevai ls  
in the local  popu la t ion, whi le posing no med icai hazard to surround ing v i l l ages. 
These v i l l ages i l lu st rate the basic human need for security and a ffection in a 
community framework , something which  we shou ld never offi ciously try to a lter. 

The batt le  fo r the reha b i l itation of leprosy patients has to be fough t and won, 
not in the ope rating theatre , u lcer ward , physioth erapy  de partment or  protected 
workshop,  b ut at the levei of fa mi ly  and v i l lage. The rural leprosy worker or 
co mmunity hea lth work er is  in the forefront of this bat t le ,  and h is  w ise tra ining, 
su perv ision and su pport by those technically more h igh ly qual if ied a re immed iate 
priorit ies .  

T. F. DAVEY 
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A met hod is described for the  radioactive labelling of fresh bacilli of 
Mycobacterium leprae using t ritium labelled o-dihyd ro xyphenyl a lanine as a 
metabolit e .  A reasonably good correlatio n has been obtained bet ween the  
Morpho logical l ndex a nd the  Labelling l ndex in  the case of suspensions obtained 
fro m the  nodules of a group of leprosy patients. A method for o rga n culture of t he 
intact tissue of leprosy nodules h as been developed . Thin sectio ns have been 
prepared fro m t hese organ cultures for autoradiography using [3 H I -DOPA. Wit h 
the  aid of a po larizing vertical illu min ator, the  distribution of t he met abolizing 
organisms wit hin t he tissues has been demonstrated . 

I ntrodllction 

I n  view of the d ifficu1ty of mainta ining the baci l l i  o f  M. leprae in cu l ture for 
extended period s, the appl icatio n of a short term assay system w hich o ffers 
possib i l i t ies  for systemat ic  laboratory i nvest iga t ion re lated to metabo l i sm,  
i mmllnological and chemothera peu tic s tud ies has recen t ly at tracted atte nt ion 
( Drll ts  and Cl ine, 1972 ; Ambrose et aI., 1 974 ; Talwar et ai., 1 974) .  Py the use of 
high reso lu t ion autoradiography as described in  the brier

'
note by Ambrose et ai. 

( 1974),  it is possible to observe the  local izat ion of si lver gra ins  immediately above 
ind ivid ual bacil l i .  This method has now been exte nded to an  invest igation or the 
relatio nship of the Labell ing lndex to t he M o rphological lndex a nd to a study or 
bacil l i  within living tissues obtained from the leprosy nod u les .  

Methods 

AGAR F l LM TECHNl QUE FOR SUSPENSIONS OF B AClLLI  O F  M. LEPRAE 
The bacterial suspension was prepared a ccord ing to the method of Nishiura et 

ai. ( 1 969) .  A nod u le from an  u ntreated lepromatous leprosy patient  was chopped 
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Fig . I .  Stages in t he pouring of agar onto a g lass coversl ip to produce a thin layer .  ( a) The 
agar layer is prepared with f irst pipet te .  ( b) Drop of suspension of M. leprae is placed on t he 
agar, wit h a se cond pipett e .  P-pipette ; C-coversl ip. ( c )  Cross·sect ion showing agar layer befo re 
drying.  ( d )  Dried covers l ip  mounted wit h  wax on a slide prior to d ipping in  emu lsion . Baci l l i  Iie 
on the upper surface .  

up into smaJl  fragments with scissors , teased , and left overnight in a refrigerator in 
a cavity slide. The supernatant suspensio n contain ing baci J l i  was wi thdrawn the 
nex t morning, t issue debris having sett led to the bottom of  the sl ide. This 
proced ure was performed under steri le cond itions and a sample of  the nod u le 
plated o n  b lood agar and Lowenstein-Jensen  med iu m  to ru le out  the presence of  
cult ivable organi sms. A 1 % solu t ion of agar was prepared and mel ted a t  5 0° C in a 
water ba th .  A d ro p  of the melted agar was pou red on to a sloping coverslip 
fol lowed immediately by a drop of bacil lary suspension ( Fig. l ) . The coversl ip  
was then placed horizon tal ly i n  a Leighton tube to set . I n  th is w ay a u niform ly 
thin coat of agar was obtained containing embedd ed baci l l i .  One m l  of cul ture 
medium (MEM + 1 0% human adu l t  serum + 1 00 ).l/m l  penci ll in) was added to the 
Leighton tubes, 2 of which were m aintained as con tro ls. To t he o ther 2 tubes 
5 ).lCi/ml  of tri t i ated DOPA, [3 H]-DOPA, was addec;l . 

The Leighton tubes w ere incubated at 3 7° C for 48 11 foJlowing which the 
coversl ips were removed and washed 3 t imes with  saline and then fixed in 1 0% 
formal sal ine overn ight .  They were then washed 6 times with  d is t i l led water and 
a ir d ried . A melted d rop of 50/5 0  paraffin and vase line  mixture was p laced o n  a 
m icroscope slid e and the coverslip mounted o n  i t  wi th  the baci l lary surface facing 
upwards. 

K5  ll ford nuclear emulsion was di luted with an equal volume of  water in a 
beaker placed i n  a water b ath  at 5 0° C. This was done in a dark room with  a low 
intensity lamp .  The slid es with the mounted coverslips w ere d ipped in  the t hin  
emulsio n ,  fol lowing which they w ere d ried w ith a fan and  placed i n  a sealed box  
for 1 2- 1 4  d ays  in  a refrigerator. They were subseq uent1y d eveloped for 5 m in wi th  
Kodak D 19  d eveloper and  fixed for 1 min i n  Arnfix with  hardener. After washing 
in  running water for 20 m i n ,  the sl ides were air d ried . The wax was removed with 
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xy lo l .  The  covers l ips  were stain ed in the usual  way for acid-fast baci l l i by the  
Z ieh l-N eelsen tech n iq u e  and mou nted , with  the bac i J l i  fac ing dow nward s  o n  the  
sl i de ,  w i th  D.P.X. mount ing  fl u id .  

ORGAN-CULT U RE METHOD FOR I NTACT TlSSUE 

Fragments  not larger than I m m3 were pre pared fro m the b iopsy and set u p  
for organ cu I ture on  ex panded sta in less stee l  grids  a s  show n in F ig. 2 .  T he sam e 
m ed iu m  incorporated with tritia ted DOPA was employed for these ex per iments .  
Control cu l t ures were maintained with  t h e  i�otope. 

E 

Fig. 2. Organ cult ure of small t issue fragm ents  of a leprosy nod ule .  F -fragments ; 
E-expa nd ed met al grid; M-culture media .  

T he cuI tures were incubated for 48  h in a 5% CO2 gassed incubator .  T hey were 
subseq uently washed wit h saline , fix ed wi th  1 0% formol saline and embedd ed in 
paraffin blocks for histo logical sectioning. One JJ.m th ick sect ions were mou n ted 
on s l ides and autorad iographs were prepared by coating with  K5 I 1 ford nuclear  
emu lsio n as before. The sUd es were stained by the  F ite Faraco techniq ue .  

EXA MINATlON OF THE AUTORA D IOGRAPHS 

For viewing by the usual method with transmitted light ,  I ight staining of  the 
baci l li is des irable , and the agar film also need s to be comparatively thin. For c lear 
identification o f  silver grains, parti cularly in welI stain ed preparations and in the 
thin sect ions, the polarizing vertical  i1Jum inator M74 of Vicker I nstrum ents , as 
d eveloped by Rogers ( 1973) for autorad iography, is an added advantage as shown 
in Fig. 3. 

With this system, the specimen can first be v iewed w ith transmitted light and 
then with a dark field using polarized l ight and vertical illumination. S i lver grains 
are clearIy seen as bright spots on a d ark fie ld. Dye part icles do not produce 
noticeable d epolarizing reflections. 

Experimental ResuIts 

There was a high d egree of  localization of silver gra ins immediately above the 
individ ual bacilU of M. lepra e using the agar techn ique as already d escribed 
(Ambrose et ai., 1974). In the earlier work the agar was poured on the horizontal 
surface of the coverslips. In some cases DOPA was d ifficult to w ash out  
completely from the agar when the film was  thick, resulting in  a low background 
count. With the thinner agar preparation as shown in F ig. 1 ,  the background 
count is extremely low. Some fragments of d ebris containing human cell m elanin 
m ay get labelIed but these can easily be distinguished from M. leprae by their 
morphology and staining. Compact bacilli are found to be labelled wi th 1 or  2 
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Fig. 3. Polarizing vert ical illuminator used examin e  autorad iographs under dark field . 
V-vector of incident polarized light; M- part ially reflecting mirror; I-polarized light incident 
o n  t he specimen S; R-light back scattered and depolarized by silver grains; A-analyser wit h 
electric vector polarized perpend icular to the  plane of t he paper. 

grains. A comparison of the Morphological lndex ,  the Bacteriological lndex and 
the Label ling lndex for untreated patients is given in  Table I .  In the third column 
data are given for 1000 bacilli counted in the usual transm ission microscope .  A 
comparison of this figure w ith that obtained using the combined transmission and 
vertical i l luminator is given in the last column as a doub le check. 

Within the thin sections of inta ct lepromatous tissue , extremely low 
background counts were obtained. Groups of the labelled bacilli aga inst a 
completely d ark fie ld could read i1y by identified . It was found in general that the 
groups of labelled bac illi tended to appear in c1usters in the tissue. Many areas 
containing stained bacilli were unlabelled. A typical fie ld of labelled bacil l i  is 
shown in transmitted light fie ld and in dark fie ld with polarized l ight in Fig. 4 (a) 
and (b). Quantitative d ata obtained with a group of patients are summ arized in 
Table 2. 

Discussion 

The work of Rees and Valentine ( 1962) has already indicated from statistical 
data, using the mouse foot-pad , that a relationship e xists between the viabil ity of 
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Fig. 4. Autorad iografh of the sections obtained from an organ cu l ture of a l eprosy nodule 
a fter  incorporat ion of r H l- DOPA. (a )  As see n  in  transmitted l igh t .  A packet  of l abelled bacilli is 
c1ear\y visible at P. Many scat tered bacil l i  at S. ( b )  The same as seen in the  polarizing vertical 
ill u mi nator .  The silver grains adjacent  to bacilli at P make t he rod-shaped bacil l i  c lear\y visib le .  
Some d iffuse i l Iu mination of the tissue is  produced by the  dense grains at S .  These were the  
on ly  t wo labelled packets visible in the en tire section.  The extre mely low background counts 
(dark field )  can be seen surround ing the areas P and S .  
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TABLE I 
Co mpurison bet ween Morphologica l Index and Labelling Index by incorporafing / 3H / -DOPA 

inlO M .  leprae 

Specimen ClinicaI M I  L I  LI  By polariz-
No. d iagnosis 131 (%) (%) ing microscope 

I LL 3+ 4 3 5 
2 LL 3+ 4.5 5 8.5 
3 LL 4+ 5 6 3 
4 LL 4+ O- I 1.5 O 
5 L L  4+ 4 4.5 4 
6 LL 4+ 2 3.1 2.2 
7 LL 4+ 4 N .D. 4a 
8 LL 3+ 1.4 3 3 
9 LL 3+ 3 4.7 6.2 

10 LL 3+ 4a 5 6 

a Sa mple fro m  early experiments wit h high background co unts before agar pour ing met hod 
( Fig. I) was used, not suitab le fo r counting in t ransmitted Iight . 

131 = Bacteriological  Index. 
Li = Lab el l ing Index .  
MI = Morphological I ndex .  
LL = Lepro matous Leprosy. 
N . D .  = Not done. 
Hea t-k i l le d baci ll i were used as a contro l .  No s i lver grains were de tec ted on the k i l led baci l l i .  

T A B LE 2 

Uptake of (3HI-DOPA in thin sections of leproma lOus nodules 

Speci men no. ClinicaI diagnosis B I  M I  (%) R e marks 

I LL 4+ 4 ++ 
2 L L  4+ I 
3 LL 2+ O 
4 L L  4+ IA + 
5 L L  4+ 3 ++ 
6 L L  5+ 3.3 ++ 
7 L L  3+ I 
8 LL 5 + 3 ++ 

+ + = Moderate leveI gra i ns count. 
+ = Low leveI gra i ns cou nt .  
- = Grains count  s imi lar  t o  the  surrounding area. 

M. leprae and the Morphological Ind e x .  For the present e xperiments , using the 
h igh leveI o f  labelling with [3 H] -DOPA o f  5 ,uCi for 48 h, cond i tions are 
favourable for a saturation labelling of the organisms. Earlier studies (Ambrose et 
ai. ,  1974) have already shown that these cond itions were optim al for a high leveI 
of the Labelling Inde x ,  as shown in Table 1 .  This data provides independent 
evid ence that a relationship exists between the Morphological Index and the 
number of actively metabolizing bacilli . 

The slightly higher values obtained before the use of thin agar techniques for 
some of the earlier cases m ay be due to the presence o f  the background labelling. 
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Evidence that  the u p take of [3 H ]-DOPA occurs wi th  fresh bacill i  o f  M. leprae has 
been recen t ly obta ined by H arris and Prabhakara n ( 1 9 7 5 ) .  The u ptake of 
[3 H]-DOPA by M. leprae and melanocytes wh ich con ta in  o-d iphenolox idase and 
by t urt le heart cel ls w hich may be expected to e x h ib it catecho lamine metabo lism 
was d emonstra ted by sc int i l lat ion cou nting of  label led cel l  suspensio ns. But M. 
phlei a nd arm ad i l lo fibroblasts,  w hich do not  con tain o-diphenolox idase ,  failed to 
i ncorpo rate DOPA . Treatment  with d ie t h y l  d it hio-carbamate , a copper chelating 
age n t , preven ted the incorporatio n of DOPA by  M. leprae. DOPA is to be 
e xpected to become first at tached at the specific  receptor si tes of o-diphenol
oxidase,  which is a copper-conta in ing enzyme.  The eve n t ua l  fate o f  the  tri t i um 
a toms  of  DOPA cannot a t  present  b e  d ecid ed , b u t  tha t  pigmen ted prod u cts are 
not the fin al product  in the case of l iving bacill i  is suggested by the com plete 
absence o f  d e tectable pigmen tation in  suspe nsions obtained from pat ients . That 
DOPA is nevertheless metabol ized is suggested by  the autorad iographic stud ies 
d escribed in  the commu nication . The slid es have by necessi ty to b e  subjected to 
extensive washing in  water.  To prepare slid es for autorad iography which will  
reta i n  water so lub le  compound s  o f  low molecular  we igh t such as  DOPA , special  
techn iq ues,  as d escribed by  Rogers ( 1 973) are l ikely to be req u ired . It  is d ist inct ly 
possib le  that  the tr i t ium becomes incorpora ted , at  least  into large peptides ,  
o l igonucleotid es or o l igosaccharid es ,  i f  not i n to cel lular m acrom olecules. 

The absence of grain cou n ts over heat-k i l led bacilli strongly suggests that the 
act ive metabolism of the organisms is req u ired for DOPA in corporation .  

] n  t h e  case o f  the  bacil l i  located in  t h e  w hole t issues, t h e  M o rphological lnd ex 
is not  easy to assess. The autorad iographic techniques may be o f  considerable 
value  in assessing the relative viab i l i ty o f  o rganisms located in  i n tracel lu lar spaces 
and wit h i n  various  t issues k nown to retain packets  o f  viable baci l l i .  
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Stud i e s  of t h e  Mouse Foot-Pa d 
Technique fo r Cult iva t i on of 

Mycobacterium leprae. 4. Sta t i st i cal  
Analys i s  of  Ha rvest Da ta 

W. M A R K K R U SH AT, KENNETH E. SCH I LLl NG,  STAN LEY A .  EDLAV ITCH 
AN D LOU I S  L EV Y  

Com m u nity Medicine Program and L eprosy Rl'search Uni!, 
Public Health Service Hospital, San Francisco, Califo rnia 941/8, U. S. A .  

A n  analysis o f  data generated by harvests of  Mycobacterium leprae from t h e  foot
pads of mice is prese nted .  Acid-fast bacteria ( A F B )  w ere randomly dist ributed 
within the circles of a counting slide in fewer than half of  the  preparations; the 
A F B  were more l ike ly  to be distributed randomly in t hose preparations containing 
fewer organisms.  The mean coefficien t  of  variat ion 

1 00 
x standard deviat ion 

mean 

of the  n u mber of AFB was 2 9% for the 3 circles o n  a counting slid e ,  60% for t he 4 
foot-pads normaUy pooled for a harvest, and 48% for harvests fro m 4 repl icate 
pools of  4 to 8 foot-pads. The doubling time of M. leprae d uring logarithmic 
mu lt iplication in  mice averaged 1 0 . 7  days, confirming a n  a lmast identical estimate 
made in an  earlier s tudy by a d ifferent technique .  Finally , multiplicat ion of M. 
leprae was found to be  a l i t t le slo wer in  mice inoculated in  bot h  hind foo t-pads 
than i n  mice inoculated i n  o nly one .  

This  analysis confirms the precis ion of data generated by work with S hepard's 
foot-pad technique.  Except for the case of  foot-by-foot harvests ,  differences a mo ng 
measurements  eq uivalent in t ime or numbers of A F B  to 2 doublings of M. leprae 
appear certain ly to be mea ningful .  

I ntroduction 

Since its descript ion by Shepard ( 1 960) ,  the mouse foot-pad techn ique for the 
cu ltivat ion of  Mycobacteriurn leprae has been applied to the study of n umerous 
experimental  and cl in icaI  problems i n  leprosy. Alth ough the  tech nique  is  
demand ing, rest ricting i ts  em ployment to a few laboratories ,  the results of  i ts  
appl icat ions have been usefu l. The data generated in  these laboratories and the 
conclus ions and hypotheses based on them are widely used by investiga tors and 
c1 inicians unfamil iar  wi th  the techniq ue. K nowledge of the l imitat ions of  the  
technique  is req uired i f  the results o f  e x pe riments are to be correct ly  i nterpreted 
and appli ed. 

Received for pub l icat ion 2 3  J une,  1 97 6 .  
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In ea rl ier papers in t h is series, we examined the fate o f  inoculated M. lepra e 
(Levy et aI., 1 9 74), s tudied the app l icat ion of th e mo use foot-pad techn ique to 
the measuremen t  of the  proport ion  of bac i l 1 i  in fective fo r mice in ski n b iopsy 
specimens obta ined from leprosy pati ents (Levy and M urray , 1 976) , an d 
measured the d o u b l i ng t ime of M. leprae d u ri n g  loga ri thmic mult i plication in the 
mouse foot-pad (Levy, 1976) .  In t h is re port,  we presen t  a stat istical ana lysis of 
the results of  the mo use foot-pad harvest proced ure: 

MateriaIs and Methods 

AI1 stud ies were performed on M. leprae harvested from the foo t-pad tissues of 
local ly-bred BA LB/c mice accord i ng to the method d escri bed by Shepard (1 960 ) ,  
and cou nted by means of a carefu l 1y-stand ard ized tech n ique ( Shepard and M c Rae ,  
1968) .  The M. leprae employed in the st ud ies were of  a number of stra ins; 
however, the  grea t majority o f  the studies ,  i nc lud ing ali  measu rements of dou b l i n g  
time ,  were performed with the  stra in  fumished by Shepard in  1967 a n d  used 
su bseque ntl y as the standard stra in  for most of  the work of th is laboratory . M ost 
of th e stud ies  to be reported were based on d ata ge nerated i n  the course of other 
work. A few were carried o ut primari ly for the pu rpose of th is report. 

Results 

T h is study is d iv ided into 6 sections: ( I ) Distribution  of acid-fast bacteria 
(A FB) within the "circles" of the Re ich cou nti ng s l ide (Bel lco Glass Co . ,  
Vine land , N.J., V.S.A . ); ( 2) variation of the n umber of  AFB among the 3 c ircles 
o f  a counti ng slid e; (3) variation of the n umber of  AFB among rep l icate harvests, 
each from a s ingle foot-pad; (4) variation of the n umber of AFB among repl icate 
harvests, each from a pool of  4 to 8 foot-pads; ( 5 )  d o u bl ing time of M. leprae 
d u ring logarithmic multip l icatio n i n  mice; and (6) comparison of mul t ip l i catio n  of 
M. leprae i n  mice inocu lated in both hind foot-pads ( BH F) with that  i n  mice 
inoculated only in the right h ind foot-pad ( R H F) .  

DI STRIBUTIDN DF AFB W I T H I N  C I RCLES 

If the A FB were d i stributed randomly-that i s ,  if each organ i sm were 
indepe nd e nt of every other  organism -within the circles of a counting sl i d e ,  the 
sampling distribution of the AFB in the microscopic fte lds  examined would be a 
"Poisson distribution" with a mean of X (Goldste i n ,  1 964). To test wheth er the 
A FB were d i strib uted according to a Poisson distribution , A FB were enumerated 
in each of 60 o i l-immersion fields  examined in the 3 circles on each of 20 s l ides ,  
and the n umber was recorded fteld-by-field . A goodness-of-fit test using the X2 

statistic (Goldstein , 19 64) was used to determine whether the observed 
distrib ution of  AFB/fie ld  corresponded with a Poisson distrib ution . An e x ample 
of  this calculation is shown in Table 1 .  In this case (specime n  no.  8 of Table  2) ,  
1 20 AFB were  counted in  60 fields ,  yie lding a mean  (X) of 2 .00 AFB/fiel d .  The 
value o f  X 2 calcu lated in this example i s  smal ler  than t h e  criticaI val u e ,  i nd i cating 
that the differences betwee n  observed and expected frequencies are not 
inconsistent with a Poisson distribution .  

I n  Table 2 ,  the valu es o f  X and X 2 are listed  fo r each of 20 specimens , together 
with the corresponding d egrees o f  freedo m .  Eleven of the 20 showed diffe re nces 
b etween observed and expe cted frequencies of th e numbers of  AFB/field  greater 



Specimen 
no. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

ANALYSIS DF M. LEPRAE HARVEST DATA 

TABLE I 

Expected and observed distributiol1s of AFB for specimen No. 8 
yielding a total of 120 A FB/60 fields (A. = 2.00 AFB/field) 

No. AFBI 
field 

O 

2 

3 

Total 

60e-2.D 

60( 2. Oe -2.� 

60( 4.0e -2.0) 
2 

60( 8. Oe -2.0) 
3! 

60-51.43 

Frequency 

Expected Observed 

8.12 11 

16.24 14 

16.24 14 

10.83 11 

8.57 10 

60 60 

*The criticaI value of X2 for P= O.OI with 3 degrees of freedorn=11.3; 
therefore. the observations are consistent with random distribution of 
the AFB. 

TABLE 2 

X2 as a function of À" for 20 specimens 

Specirnen 
À DFt X2 no. À DFt 

0.12 I 0.48 11 2.38 3 
0.45 I 9.96:j: 12 2.42 4 
0.60 I 0.33 13 3.48 3 
0.82 I 0.89 14 4.43 4 
1.27 2 26.62:j: 15 5.72 3 
1.37 I 49.28:j: 16 6.75 5 
1.85 3 15.49:j: 17 7.47 5 
2.00 3 1.88 18 8.20 I 
2.02 3 2.26 19 9.88 4 
2.05 3 11.53§ 20 60.67 I 

* À = mean no. AFB/oil imrnersion field. 
t Degrees of freedom. 
:j: P < 0.01. 
§ 0.01 <P<0.05. P> 0.05 for ali values of X2 not footnoted. 
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X2 

47.69:j: 
1.12 

10.35§ 
7.83 

42.63:j: 
22.07:j: 
36.78:j: 
55.92:j: 

1211 :j: 
4095:j: 

than would be consis tent  with a Poisson distribution. Two addit ional  specim ens 
yielded X2 values l arger than the criticaI values for P = 0.05 but  smaller than those 
for P = 0.0 I ,  suggesting that t hese were bord erline  cases. 

The frequency d istributions of t he number  of AFB per field of 3 representa tive 
specimens are shown in Fig. I. The e xpected and observed frequencies for 
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No .  AFB  / f le ld 

Fig. I .  Frequency d istribut ion of the num ber of AF B / fie ld of three representat ive 
s�e�imens.  ( a )  S pecimen no. 8 ;  À = 2 .00 ,

. 
X2 = 1 . 8 8 ,  P >  0

.:.
0 5 .  ( b )  Sl�cimen no. 1 3 ;  À = 3 . 4 8 ,  

X - 1 0 . 3 5 ,  O .OS > P > O.O I .  ( c )  Speclmen no. 1 5 ,  À - S . 72 , X - 3 8 . 7 3 ,  P < O .O I .  The 
ex pected frequency (e) and (O) the observed frequency .  

specimen no.  8 ,  shown in  t h e  le ft-hand panel ,  are qu i te sim ilar . The e xpected and 
observed frequencies are  p lotted i n  the center panel  for spec imen no.  1 3 ,  which 
yielded a X 2 value of borderlin e  sign i ficance.  In th is case , more than the e x pected 
numbers of fie lds con tained I AFB and more than 6 AFB,  whereas the n umbers 
of fields conta in ing 4 or 5 AFB were smaller than e x pected .  The e xcessive numbe r  
of  fields observed to contain small n umbers of AFB is  even more apparen t  in  t h e  
d istrib ution of AFB shown in  the right-hand panel  fram specimen no .  1 5 , which 
yielded a significant1y large value of  X 2 .  In this case also, the n um ber of fields 
containing in termediate n u mbers of  AFB is smal ler than e x pecte d .  

I nspection of t h e  d a t a  of  Table 2 suggests that t h e  AFB are less l ikely t o  be 
d istributed accord ing to a Poisson d istribution in preparat ions yie ld ing larger 
values of À. This impression may be tested by plott ing log IQX 2 as a function of 
10g I Q À  for these 20 samples. The regression of IOg l O X2 on 10g 1 Q À , shown i n  Fig. 2 ,  
has  a slope sign i ficantly greater than  O ,  confi rming that  AFB from specimens with 
smaller values of À are more l ikely to be randomly distributed i n  the circles of a 
counting sl ide than are AFB from specimens yielding larger values of À .  

V A RI ATION OF THE NUMBER O F  AFB FROM CI RCLE T O  C I RCLE 

The variation of  the n umber o f  AFB among the 3 circles o f  a count ing slide was 
d etermined for the 233 sl ides prepared during 1 9 7 5  that y ielded a total of  at  least 
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Fig. 2 .  Log lOX2 as a function of  IOg 10À (À = mean no . AB F/field) for 2 0  preparations i n  
which t h e  number of  AFB  counted in each microscopic field was com pared to  that expected 
from a Poisson d istrib utio n .  The shaded area represents the region of criticaI values of X2 for 
0 .05 > P >  0 .0 1 and 1 to 5 degrees of freedom.  The eq uation of the regression line is :  
10g l O X2 = 1 . 1 4  + ( 1 .4 1  ± 0. 5 5 )  ( lOg l O À - 0.40) ; the corre1at ion coefficient .  r = 0 . 7 8 .  

50 AFB i n  t h e  60 fie lds  examined .  F o r  ea ch sl ide . the m e a n  and stand ard 
d eviation of  the n umber of AFB in each of the 3 circles were calculated . The 
variat ion from the mean of  the 3 circles of the number of AFB coun ted i n  each of 
the circles i s  expressed as the coefficient of varia tion (C.  V.) ,  which is 100 t imes 
the standard d eviation divided by the mean (Goldstein ,  1 964). Use of this statist ic 
permits  one to consider the variat ion among the 3 coun ts i ndependen tly of an 
e ffect of  the magnitude of the counts,  as sh own by the regression of the C.V.  on 
the total  number of AFB :  

C.  V. / 1  00 = 0 .35 - 0 .000 1 2  (no .  AFB - 2 10 ) . 

The 9 5 %  confidence I imits around the estimate of the slope of the regression l ine  
include O and the correlation coefficient,  r = 0 . 1 2, a value not d ifferen t  from O at  



280 w .  M .  KRUSHAT, K .  E .  S CHILLlNG , S .  A .  EDLAVITCH AND L .  LEVY 

40 f- -

-

3 0  

-
'" � c .. 
E 
'õ .. � 

f- r---Q. 2 0  '" -
Õ 
ó z . .  

1 0  -
r-

� 

nill. I � 
- 3· 0 -2 ,0  - 1 , 0  O 

ln ( c.v' / IOO ) 
F ig. 3. Frequency d istrib ution of I n  (C . V . I I OO) o f  the num ber of A F B/circIe for 233 

specimens.  

P = 0.05 . Thus,  the C . V .  d id not depend on the total  number  of AFB cou nted in 
the 3 circles of  each slide .  

The  C .  V. was not  normally d istrib uted , so  that  t h e  dispersion of the ind ividual  
values of the  C.V.  about the mean value could not easi ly be  described . The natural 
logari thm ( I n) of the C . V .  was d istributed as shown in Fig. 3 ;  the X 2  
goodness-of-fi t t est showed that this d istrib ut ion was consisten t  w i th  a normal 
d istribut ion CP > 0 . 1 ) . The mean C . V .  was 29%, with 95% con fidence l i m its  o f  26 
and 3 1  %. 

I n  2 5  of the 2 3 3  sl ides ( 1 0 . 7 %) ,  the number of AFB i n  1 of o f  the  3 circles fel l  
outs ide the  range - 50% to + 1 00% o f  the mean for the 3 circles. These slid es 
yielded larger values of th e  C . V .  M oreover, 1 4  of 77 sl ides yie ld ing 50 to 99 
AFB/60 fields were  inc luded in  th is group,  whereas only 1 I of  the 1 5 6 sl ides wi th  
1 00 or more AFB were  included ; these proportions are  sign ificantly d i fferen t  
CP  < 0 .0 1 ) . Thus, a disproport ionately large fraction of these 2 5  sl ides was 
composed of slides with smaller numb ers of  AFB .  

VARIA T10N OF T H E  NUMBER OF AFB F R O M  FOOT T O  FOOT 

On 1 3  occasions, harvests of  M. leprae were performed from 4 individual 
foot-pads of mice of the same group .  These resul ts are summarized in  Table 3 .  
ll1e rat io of the larges t to the  smallest number of AFB harvested from the 4 
foot-pads of a group  ranged from 1 . 6 7  to 20 .0 ,  with a mean of 6 .66 .  The  mean 
C. V .  for the 1 3  sets o f  4 foot-by-foot harvests, calculated by averaging the values 
of 1 n C . V . ,  was 60%, with 95% con fidence l i mits 4 5  and 79%. 
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T A B L E  3 

Varia tio ll of lhe Il um ber of A FB fro m f 0 0 1  lO f 0 0 1  

E x pcr iment  
no .  N u mber of  AFB/foot-pad (x  l Os ) Ra t io  * c. v . % 

I 1 . 3 8 3 . 60 8 . 89 1 3 . 1  8 .49  7 8  
2 8 . 9 5  1 4. 4  1 9 . 4  5 9 . 3  6 . 6 3  9 0  
3 1 . 90  7 . 2 7  1 1 . 5  1 2 . 4  6 . 5 3  5 8  
4 1 . 0 1  1 . 30 1 . 5 6  2 . 04 2 . 02  30  
5 3 . 7 7  4 . 63  5 . 69 1 0 . 6  2 . 8 1  49 
6 1 . 3 5  2 . 2 2  6 .48  1 7 . 0  1 2 . 6  1 06 
7 0. 8 5  1 . 02  3 . 92  6 . 00 7 .06  84 
8 3 . 9 2  5 . 8 5  8 . 3 6  1 3 . 3  3 . 3 9  5 2  
9 0. 7 0  0. 84  0 . 84  1 . 5 5  2 . 2 1 39  

1 0  2 7 . 6  30 . 3 39 . 9  46 .2  1 . 6 7  2 4  
1 1  2 . 2 1  2 . 8 8  5 . 1 1 1 3 . 3  6 . 0 2  8 7  
1 2  1 . 39  3 . 77 8 . 4 5  8 .46  6 . 09 64 
1 3  0 . 2 8  1 . 7 0 2 . 7 9  5 . 6 1 20 .0  87  

* Rat io  of l a rgest to smal lest  number in set  of  4 .  

TA B L E  4 

Varia lio ll of the Il umber of A FB/foo t-pad among replica te harvests fro m poo ls of 4 to 8 foo t-pads 

Exper iment 
no.  N u m ber  of A FB/foot-pad ( x  l O s ) Ratio * c. v . (%) 

I 0. 8 5  4 . 22  4 . 7 0  6 . 34 7 . 4 3  5 7  
2 6 . 3 0  8 . 0 3  9 . 7 6  1 3 . 4  2 . 1 3  3 2  
3 2 .04  2 .07  2 . 24  4 . 80  2 . 3 5  48 
4 4 . 5 2  7 . 94 1 8 . 5  3 5 .0 7 . 74 8 3  
5 2 . 3 8  3 . 3 2  5 . 07 6 .94  2 .92  45  
6 4 .45  4 . 5 3  1 1 . 0  1 3 . 1  2 . 94  5 4  
7 0. 1 7  0 . 5 0  0. 5 0  0 .68  4 .00  46 
8 0. 7 3  0 . 8 7  0 . 9 6  1 . 09 1 . 5 0  1 7  
9 4 . 4 7  5 . 1 7  6 . 26  7 . 3 1 1 . 64 2 1 

1 0  0 . 8 2  1 . 5 0  2 . 1 0  2. 8 2  3 .44  47  
1 1  1 3 . 00 1 5 . 0  1 9 . 0  3 2 . 0  2 . 46 43  
1 2  0 . 29 0 . 4 1  1 . 30  3 .00  1 0. 3  1 00 
1 3  0 . 8 8  0. 9 1  2 . 1 0  2 . 3 9  2 . 7 2  5 0  
1 4  8 . 6 5  2 0. 0  3 1 . 0 3 9 . 0  2 . 3 1  5 4  
1 5  0 . 1 2  0. 1 9  0 .60 0. 8 8  7 . 3 3  80  
1 6  3 . 3 4  5 . 90 8 . 5 0  9 . 5 4  2 . 8 6  4 1 
1 7  1 . 05  1 . 3 5 1 . 5 6  1 . 8 7  1 . 7 8  2 4  
1 8  0 . 1 9  0.4 1  0 .42 1 . 4 1  7 . 4 2  9 0  
1 9  3 . 20 5 . 9 2  1 1 . 2  1 l . 3  3 . 5 3  5 1  
20  3 . 6 2  3 . 9 8  6 . 69 I l . l  3 . 0 7  5 4  
2 1  5 . 6 2  1 5 . 6  2 1 . 7 2 2 . 5  4 .00  48 
22 9 . 00 2 0. 1 30 .4  30 .9  3 .43  46 
23  0 . 8 5  1 . 5 0 2 . 5 3  3 . 74 4. 3 8  5 9  

* Ratio of  largest t o  smallest nu mber in set o f  4 .  
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V A R I A T I O N  O F  TH E N U M B E R  O F  A F B  F R O M  H A RV EST TO H A R V E S T  

On 23 occas ions ,  4 h arvests of  M. lepra e were performed on th e same  d a y ,  ea ch 
from the pooled tissl les of 4 to 8 foot-pads of m ice inocu l atec\ in th e sa me 
e x per iment. The resu lts o f  th ese harvests are prese nted i n  Ta b le  4 .  The ratio o f  
the largest t o  t h e  sma l l est y ie ld  of  the re p l icate harvests rangecl from 1 . 5 0  t o  1 0. 3 ,  
w ith a mean of  4 . 0 8 .  The mean C . V. for th e n sets of 4 repl icate harvests, 
calculatec\ by averag ing the values of I n  C. V. ,  was 48%, with 95% con fi d e nce 
l imits 40 and  5 7%. Th us, the vari ation  among rep l ica te harvests of M. leprae fro m 
pools of 4 to 8 foot-pads is smal ler  than  that among harvests from ind iv id u al foot
pads,  b ut greater  th an th at fou n d  among circles prepared from the same bacter ia l  
sl lspension . 

OOU B L I N G  T I M E  OF M. L EPR A E  

On m a n y  occas ions  d llr ing th e past 8 years,  2 harvests o f  M .  leprae were made 
d ll ring logarithmic multip l ication of the sam e  stra in  of  o rga n isms .  On 1 29 
occasion s ,  the earl ier of the 2 harvests yie lded > 5 x 1 04 b llt < 5 x l O s AFBjfoot
pad . The slo pe o f  the l i n e  jo i n i ng the 2 h arvests was calclllated for each of the 1 29 
e x per iments , i n  order  to d er ive an estimate of the doub l ing  time of this  stra in  of 
M. leprae d u ri n g  logarithmic mll ltipl ication . The mean slope was 0 . 094 log 2 l In its 
(0 .094 doubl ings)jday; the reciprocal  of th is s lo pe represents a m ea n  doubl ing  
time of 1 0 . 7  d ays .  The 9 5 %  con fi d ence l imits a rou nd th is  estimate o f  the mean 
doub l ing time are 9 . 8 9  a n d  1 1 . 6 days per doubl ing .  

M U LTIPLICATlON IN BOTH H I N O  F E ET COMPA REO TO THAT I N  O N E  H INO FOOT 

In 8 exper iments, mice of one group  were inoculated R H F  and mice o f  a 
second grou p  were i noculated BHF with equal portion s o f  the same bacteria l  
suspension .  Harvests of  M. leprae from the pooled tissues of 4 foot-pads were 
performed at i ntervals ,  growth cu rves were constructed , and the n umbe r  of days 
fro n i noculat ion to multip l ication to the leve I of 1 06 AFBjfoot-pad was 
calculated from each gro wth curve.  On the average , the time req u i red for 
mul t ip l ication  to 1 06 A FBjfoot-pad of mice inoculated BHF was 6 . 5 %  l onger 
than that of  mice inoculated RHF; however, this valu e  is not signi ficantly 
d i ffe rent from O. The regression  of the t ime to 1 06 AFBjfoot-pad of m ice 
inoculated BHF on th at of  mice i noculated RHF is  shown in Fig .  4.  The s lope of 
the regression lin e ,  1 .4 1 , i s  sign i ficantly larger than  1 . 0 ,  ind icating  th at 
muIt ip lication  of M. leprae is somew hat slower in m ice inocu lated BHF than i n  
those i noculated  R HF .  

I n  order  t o  i nterpret th is  fin d ing ,  i t  i s  n ecessary t o  consid e r  the possib i l ity that 
fewer AFB were systematical1y i n oculated LHF than R H F .  In 1 6  experime n ts ,  
mice that h ad been inoculated BHF were k i l led , and harvests of  M .  leprae 
were p erformed from separate pools of 4 R HF and 4 LHF. In  1 0  of  these 
experiments, the n umbers of AFB harvested from both pools were > l O s and 
< 1 06 j foot-pad . These d ata are p resented in Table 5. The mean d i ffe rence 
between the yie lds  of  M. leprae from pools o f  R H F  and LHF was not signi ficantly 
d i fferent from O. I f  the organ isms may be assumed to have muItip l ied at the same 
rate in either  h i n d  foot-pad of mice inoculated in both , then  there is  no evidence 
that  the n umber of M. leprae i n oculated LH F was systematical ly d i ffe rent from 
that i n oculated RHF. 
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Fig. 4. Time to 1 06 AF B/foot-pad in mice inoculated B H F  as a funct ion of the t ime to 1 06 

AFB/foot-pad in mice inoculated RHF .  The eq uation of the regressio n l ine is : No. days 
BHF = 1 5 8 + ( 1 .4 1  ± 0 . 2 9 )  (No. days RHF - 1 46 ) ;  r = 0 .98 .  

TABLE 5 

Varia tio n of the number of A FB/foot-pad fro m  L HF to RHF 

Ex periment 
no. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

Number of AFB/foot-pad ( x  l O s )  
R H F  LH F 

5 . 7 9  
1 . 94 
3 . 9 3  
1 . 3 6  
9 . 1 6  
3 . 74 
9 . 70 
1 . 9 9  
4 . 62  
2 . 5 6  

4 . 1 2  
4 . 1 0  
2 . 27 
3 . 7 0  
6 . 8 4  
3 . 0 3  
5 . 2 7  
I . S  1 
2 . 8 6  
2 . 1 6  



284 w. M. K R US H AT, K .  E .  SCH I L L I N G ,  S .  A .  E D L AVITCH A N D  L .  L E V Y  

Discussion 

Appl icat ion of Shepard's  technique for cu l t ivation of  M. lepra e in the  m ouse 
foot-pad ( S hepard ,  1 960)  h ave prod uced a consid erable  body of data  that have 
subseq uent ly  been employed in m aking c l in ica i  decis ions and in the select ion of 
the d rugs for tr ia ls  and for use in th erapy ,  to name but a few im portant  uses . Bu t  
because the techn ique  i s  carried out  in on ly  a few laborato ries ,  m any workers who  
use i ts  results  d o  not  understand cleariy i t s  strengths  and l im itat ions .  The 
performance o f  the  techn iq ue  d u ring the 1 0  years s ince this  laboratory was 
establ ished has generated m u ch data,  an analysis  of  which m ay be i n format ive to  
some of the  " consumers" o f  t hese and simi l a r  data . The p u rp ose o f  this  re port i s  
to presen t such an  ana lysis . 

The presentat ion is d ivided into  6 sect ions .  The fi rs t 4 sections rep resen t  a 
progressive increase of scale ,  beginn ing with the dist rib ut ion of A F B  am ong the  
microscopic fie lds  examined in a circle o f  a cou n ting sl ide , and end ing with  the 
reprod ucibi l i ty of  the  harvest proced u re performed on  the pooled t i ssues  o f  a 
number o f  mouse foot-pads.  The last  2 sec t ions represent "by-proel ucts" o f  this  
analysis-a seconel l ook a t  the doubl ing t ime o f  M. leprae, and a comparison o f  the 
rate  of  mu l t ip licat ion in mice inoculated in both h ind  foot-paels to that in  animais 
inoculateel in one .  

I n  the perfo rmance of Shepard 's technique ,  A F B  are enumera ted in  only a 
m in ute fraction o f  the bacterial  suspension that  resu l t s  from a harvest o f  M. 
leprae. A I O-J..I I a l iquot of a s uspension 2 ml or greater in  vo lume is p ipet ted onto 
each of the surfaces bounded by the 3 circ les  of  a count ing s l ide ,  and AFB are 
enumerated in 20 1 250x  oi l - immersion field s a long the equator of each c irc le .  The 
d iameter of a 1 2 50x  field of one of our microscopes is 0 . 1 8  mm,  and that of 
a circle of  a sl ide from the batch currently in  use i s  1 . 1 3  cm . Therefo re ,  one fie ld  
represen ts 0.00025 of the area of a circle ,  or  0 .002 5 J..I I ,  and the 60 fields 
examined represent  0 . 1 5  J..I I ,  or 0.00075 of a 2-m l  suspension .  Had we establ ished 
that the AFB were independent  anel randomly distributed,  in the sense that their 
d istribut ion fit a Poisson d istribution , then accurate est imates of  the n u mber of 
AFB i n  the mouse foo t-pael could be  reaeli Iy  obtained , the only source of 
variation be ing sampling (experimental)  error. However, the resu lts  ind icate that 
one cannot assume the AFB t o  be randomly el istributed on the circles of a 
count ing s l ide ,  especially when the  numbers of AFB are large . 

Such a situation could have resulted from "clumping" of the M. leprae, both as 
closely-grouped organisms and as groups of  wel l-separated organ isms con tained 
within tissue cells that

' 
had escaped disruption . These phenomena, encountered 

not infrequently i n  work with mouse foo t-pael techniq ue as d escribed by 
Shepard ( 1 960),  would  produce more fields containing both larger and smaller 
numbers of  AFB than would be predicted from the mean number of AFB per 
field .  The demonstration that a non-random d istribution was associated with 
l arger n umbers of  organisms is d ifficult t o  interpret o Even a small value of X, the 
mean number o f  organisms/oil-immersion field , is  consistent  with mult ipl icat ion 
of M. leprae. Specirnen no.  8 (X = 2 . 0),  for example ,  represented a yield of  
5 .62  x l O s AFB/foot-pad , more than 1 00 t imes the  number  o f  M .  leprae 
i noculated .  Thus, the associat ion of non-random ness with larger numbers is not 
simply a resul t  o f  mult iplication . 

Because it is not possible to q uanti ta te the increased variat ion that results from 
the non-random d istribution of the AFB , other methods of assessing the precision 
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o f  t h e  mouse foot-pad technique must b e  employed . The c . v .  offers another  
means of assessing variat ion in a populat ion . Al though i t  m ay lack a degree of 
precision ,  i t  possesses the advantages of independ ence o f  the size of  the  
popula t ion - in  this  case , the  n umber  o f  A F B  coun ted . And we have shown that  
the I n  C .V .  is a p proxi mately normal ly  d is t ributed ,  perm it t ing  the  app l icat ion of  
normal  stat ist ics for tes t ing  the hypotheses and determ in at ion  of confidence 
in terva ls .  The usefu lness o f  the C . V .  resides in i t s  rela t ionship to the standard 
deviat ion . I f  the mean number  of A F B  counted in the 3 circles of a count ing s l ide 
is 1 00 ,  then the  " t rue  m ea n "  lies in the  range 1 00 ± 29 
(mean ± (C.  V . / l 00) x mean ) ,  and the 95% confidence l imits  a round the number 
of AFBjfoot-pad calcu lated fro m the  mean or total  number of AFB counted in  3 
circles wou ld  be 29% larger and 29% smal ler  than the  number ca lcu lated . 

One migh t e x pect that the C. V .  for repl icate sl i des would be smal ler  than  that  
for repl icate c i rc les- i . e .  that  the variat ion o f  the number  of AFB between 
d up l icate s l ides wou ld be smal ler than that  among t rip l icate circles ,  and t h at the 
C .V.  for 2 repeated cou n ts o n  the same s l ide would be smal ler  yet . [ n  the course 
of another study ( Levy et aI. , 1 976 ) ,  2 obse rvers perfo rmed d u pl icate counts  on 
20 s l id es .  The mean values of the  C . V .  ca lculated for each observer we re 9 and 
1 4% ;  the  mean rat ios of  the larger to  the  smal ler  number  o f  M. leprae per s l ide  
were 1 . 3 3  a nd 1 . 3 1 ,  respect ive l y .  These va lues a re sign i ficant Jy smal ler  than th ose 
for repbcate circles. 

Al though M. leprae are most often  harvested from pools o f  mouse foo t-pad 
tissues rather than from the t issues of i nd iv idua l  foot-pads,  the variat ion of  the 
number of  AFB fro m foo t  to foot  was o f  some in terest .  Harvests from sets of  4 
foo t-pads yielded a C. V. of 60% and a mean ra t io of the largest to the smal lest  
number of  AFBjfoot-pad of  6 . 66.  This s i tuat ion is q u i te d i fferen t  from that  
represent ing more common applicat ion of  foot-b y-foot harvesting,  in wh ich one 
seeks evidence o f  variat ion among animaIs or ev idence that  a m argina l ly  adequate 
inoculum has infected some a n imais but  not oth ers. In these la t ter  app l icat ions ,  
one would ex pect a m uch larger value o f  the C .V . ,  with a much broader  range 
between the smallest and l argest number of AFBjfoot-pad . 

One would also e x pect that the variation among harvests of M. leprae from 
repl icate pools of mouse foo t-pad tissues would be smal ler  than that among 
indiv id ual  foot-pads. This was indeed the case ; the C.V. is smal l er  for h arvests 
from repl icate pools of from 4 to 8 foot-pads than for harvests from ind ividual  
foot-pads. A most i mportant  observation is  that pool ing the t issues does not , 
under  ordinary circumstances, obscure real ly unacceptable variat ion from foot to  
foot .  

. 

One by-prod u ct of this study was the measu rem ent of the doubling t ime of a 
si ngl e  stra in  of M. leprae d uring logari thmic  mult ipl icat ion in mice .  I n  another 
study ( Levy, 1 976) ,  we found the doubling t ime,  m easured b y  a different 
technique,  to be  i 1 . 1  ± 1 .9 days.  The m easurem ent  made in  this  
study- l 0.7 ± 0 .8  d ays-is virtual ly ident ical .  

A second by-product  was the comparison of rates of mult ip l ica tion of M. leprae 
i n  mice inocu lated BHF to that in mice inoculated only RHF.  M ult ipl icat ion in  
animaIs inoculated BHF was  s ign ificantly slower, but  the  d i fferen ce of rates was 
so small that i t  was not meaningful  biologically. The d ifference did not reflect a 
systematically smaller inoculum LHF.  This observation is of som e practical 
importance .  In many experiments we inoculate mice BHF rather  than RHF in 
order to  economize on mice,  cages and the demands on the staff of our animal  
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house.  We had been reassured that this was an  acceptab le  proced ure by the  resu l ts 
of an earlier st udy ( Levy , 1 97 5 ) , in which we showed that m ice in  fected with M. 
leprae i n  one  h i n d  foot-pael I S to 6 0  days earl ier  were not  p rotectec t  agains t  M. 
leprae chal lenge in the  seconc\ hind foot-pad . At every chal lenge i n t e rval , 
m u ltiplication of M. leprae in the chal lenge inocu lum was com pared to that i n  
contro l  mice not p reviously i n fec ted . T h e  con t ro l  mice w ere inocu lated B H F .  
Perhaps h ad t h e  cont ro l  mice been  inoculated R H F ,  we migh t have observed a 
small effect  of t he p rimary in fe ction at t h e  earl ier  inte rvals s im ilar to the  
d ifferen ces observed i n  t h e  cu rre n t  s tudy be tween  mice inoculated B H F  and those 
inoculated R H F .  

ll1 e ela t a  p resen teei i n  t his analysis suggest  t h a t  t h e  mouse foot-pact tech niq ue 
as  elescribed by Shepard exh ib �ts  a conside rable c1egree of p recision .  Except in the  
case of  foot-by-foot harvests ,  d iffere nces amon g  m easuremen ts equ ivalen t  i n  t i m e  
o r  in  n u m b ers of M .  leprae to a t  least one c10ub ling (or  halving) m a y  be  accepted 
as real; c1iffere nces equ ivale nt to two doubl i ngs appear certa in ly to be  meani ngful .  
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Se rum I ron and Total I 'ron B ind ing 
Capa c i ty in Burm ese Pat i ents 

with  Leprosy 
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L eprosy Hospital, Il taukkyant ,  R angoon 

TH AN E�OE A N D AUNG THAN BA TU 

Departmen t of Medica i R esearch,  R angoon 

Serum iron and total  iron binding capacit y were est imated in the  sera cotlected 
fro m 96 male leprosy pat ie nts ( age 20-40 years) belonging to Leprosy H ospita l ,  
Htaukkyan t .  The ser  a from 2 2  healt hy subjects were included in  t he study as  
controls. A low leveI of seru m iro n ( below 5 0  pg% ) wit h normal  iron binding 
capacity was recorded in 36 out of 60 patients (60% wit h  lepro matous leprosy , 1 4  
out o f  3 6  patients (39%)  wit h tuberculoid type and only 4 ou t  o f  2 2  controls 
( 1 8%) .  There was no d ifference in the  prevalence of low seru m iron  and percentage 
sat uration between those leprosy patients who had been on DOS and ferro us 
sulphate pills fo r at least 2 years and  untreated new leprosy pat ients .  

Bone m3Irow from 7 patients with anaemia and low seru m iro n ,  as well as t he 
liver at autopsy fro m 3 male patients with ad vanced lepromatous leprosy and low 
socio -economic status showed normal iron content o  I njection of parenteral iron ( 1 0  
daily injections o f  I m feron )  t o  6 patients wit h  anaemia and low serum iron also 
showed no increase in haemoglobin leveI. 

Thus the a naemia in leprosy is not due to true lack o f  ire n in t he body ( t issue 
iron deficiency ) .  However, reduction in serum iro n levei is probably due in part to 
the toxic process of the disease upon the body .  

Introduction 

Anaemia is one o f  the common complicat ions in pat ients with lepromatou s  
leprosy .  Low leveis of  seru m iron w i t h  normal total iro n  b inding capacity (TIBe) 
and transferrin i n  B ri t ish patients with leprosy were found by Tin  Shwe and h is  
co-workers i n  1 97 2 ,  but the ir  s tudy was based on a l imited number  of treated 
leprosy patients belonging to a developed coun try where the socio-economic 
status o f  the pat ients is ent irely d ifferent from that  o f  our country .  

Burm ese leprosy patients have been  suppl ied with ferrous sulphate pi l ls  
together with anti leprosy drugs as a rout ine to prevent  anaemia,  but  the 
usefu lness of  iron pil ls is not known .  This study w as carried out in  order to 
establish the effect of  ferrous sulphate pills on the iron status of  leprosy patients .  

Received for publication 8 July ,  1 976 .  
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M a teriaIs a nd M et h o d s  

Est imat ion of  seru m iron and tota l  i ron binding capaci ty was carried out  on the  
sera collected fro m a random sampl ing of 96 male  leprosy pat ients  (ages between 
20-40 years) belonging to H ta ukkyant Leprosy H ospita l ,  RangOO I1 , B u rma .  Of  
these, 60 pat ients  had lepromatous leprosy whi le  the  remaining 3 6  belonged to 
the non-Iepromatous tuberculoid group .  Half of  the pat ients were u ntreated and 
newly d iagnosed cases a t  the hospita l  whi le  the remainder had been t rea ted as 
in-patients of  the hospital with anti leprosy d rugs (DDS 5 0- 1 00 mg) and ferrous 
sulphate (5 grains or 325 mg) dai1y for not less than 2 years. Ali the patients were 
cUnical ly frce from re nal and hepatic d isorders. The b lood samples were taken in 
the morning or afternoon and not in the evening. 

The sera from 22 hea1thy males belonging to the sam e  age gro u p  and who carne 
to the hospital  for sk in infestat ions other than leprosy were included in the stud y 
as co ntrols .  The seru m iron and total  iron b ind ing capacity were est imateel by the  
methoel of Shaele  e t  aI. ( 1 9 5 4) .  

The haemosiderin conten t  of  the bone marrow from 7 patients wi th  anaem ia 
anel low seru m iron , and the liver non-Hb iro n from 3 mal e au  topsied pat ients 
with advanced lepromatous leprosy and low socio-econom ic status were also 
est imated . 

Ten inject ions of parenteral  iron ( 2  m l l m feron each containing 1 00 mg of i ron 
as  ferric hydroxide were given da i ly  to 6 patients with anaem ia and low serum 
i ron leveI  and their haemoglob in levei was determined a t  weekly in tervals for 4 to 
6 w eeks. 

Results 

Out of 60 patients with lepromatous leprosy , 36 patients (60%) showed a 
reduction i n  iron leveI « 50  Jlg%) with normal or reduced levei of total  i ro n  
b i nd ing capacity .  There w as n o  significant difference in  t h e  leveI of m e a n  seru m 
iron or TIBC between those patien ts who had not  taken ferrous sulphate pi l ls  and 
t hose who had taken ferrous sulphate and DDS for not less than 2 years. 

Out of  36 patients with tuberculoid leprosy , 1 4  pat ients (39%) showed a 
reduction in serum iron levei with normal  or reduced total iron b inding capacity .  
In  this  group a lso there was no significant difference i n  the levei  of serum iro n  or  
TIBC between those patients who had not taken ferrous sulphate pi l l s  and those 
who hael t aken ferrous sulphate anel DDS for not less than 2 years.  

Out of 22 controls ,  4 subjects ( 1 8 . 2%) showeel reeluction in serum iro n  leveI 
w ith  normal leveI of  total iron b inding capacity .  The eletails are given i n  Table I .  

The prevalence o f  patients with reel uced serum iron leveI i s  significantly higher 
in patients with lepromatous leprosy when compared to those with tuberculoiel 
leprosy anel controls.  The mean leveI of serum iron is also significantly reeluceel i n  
patients with leprosy when compared t o  controls with t h e  exception of the 
untreateel lepromatous group . A similar sign ificant  d ifference in the leveI  of  total  
iron b ineling capacity between leprosy patients anel controls is observeel , with the 
exception of the untreated lepromatous group .  H owever, the mean levei  of 
percentage saturation is not significantly red uced i n  pat ients with leprosy, the 
only exception being the treated lepromatous group. 

Taking al i  untreated leprosy patients as a whole, 24 out of 50 (48%) h ael 
serum iron leveI below 5 0  Jlg%, while the treateel group hael 2 6  out of 46 ( 5 6%) 



S E R U M  I RO N  A N O  I RO N  B I N Dl NG CAPACITY 289 

TA B LE I 

Seru m iro n (SI) to tal  bin elirrg capacity ( TiBC) anel percen tage sa tu rat io n (% sa t. ) of hea lthy 
con trais anel leprosy patien ts 

Mean ± S.D.  N u mber  w i l h  

Subjects  N o. S I  < 5 0 J.lg % Sat .  
S I  T I B C  % Sa t .  % < 1 5  

Con trol  22 1 06 ± 48 338 ± 7 1  3 1  ± 1 5  4 ( 1 8 ) 5 ( 2 3 )  

T u bercu lo id  

U n t reated 1 9  74  ± 4 7  268  ± 6 8  28  ± 1 5  7 ( 3 7 ) 5 ( 26 )  
T rea ted 1 7  69 ± 39  2 7 5  ± 6 1  26 ± 1 4  7 ( 4 1 ) 6 ( 3 5 )  

Tu berculoid (a l i )  3 6  1 4  ( 3 9 )  I I  ( 3 3 )  

Le promatous 
Untreated 3 1 74 ± 5 6  2 9 7  ± 8 8  2 5  ± 1 5  1 7  ( 5 5 )  1 2  ( 26)  
T rea ted 29 52 ± 42 266  ± 85 20 ± 1 4  1 9  ( 6 6 )  . 1 4  ( 20) 

Le proma tous ( a l i )  60  3 6  (60 )  26  (20 )  

Tota l leprosy 9 6  5 0  ( 5 2 ) 3 7  ( 2  I )  

Figures i n  parentheses represent  percentage o f  respective total .  

with low serum iron .  S irnilarly 1 7  out of  50 (34%) untreated leprosy patients and 
20 out of  46 (43%) treated patients had percen tage saturation below 1 5 . Thus the 
prevalence of low seru m iron and reduced percent satu ration in leprosy patients is 
signi ficantly higher when compared to those in the control group,  i .e. 1 8  and 2 3% 
respectively) .  

Bone m arrow taken from 7 patients with anaemia and low serum iron showed 
stainable iron (haemosiderin ) .  The liver autopsy specirnens ta.ken from 3 male 
patients with advanced leprosy and low socio-economic status also showed normal 
iron content.  

The 6 patients w ith anaemia and low serum iron who had been given parenteral 
iron ( l O  inj ections of Imferon)  showed no increase in haemoglobin leveis. 

Discu ssio n 

Reduction in cell size and haemoglobin content are characteristic of the fully 
developed picture of  iro n  deficiency anaemia in which the synthesis of  
haemoglobin is reduced. I n  the  early evolution of this type of  anaemia either of  
these morp hological changes may be  seen ,  but  b iochemical investigations reveal 
the underlying d isorder that leads eventually to its production . The leveIs of 
plasma iron and its carrier protein transferrin most frequently measured as the 
total iron binding capacity (nBC) of plasma and the percentage of saturation 
often provide a c1ue to the cause of defective haemoglobin synthesis (Turnbull ,  
1 97 1 ) . 

-

In our investigation a random sample of male patients with ages between 20-40 
years was chosen for study because of the lesser risk of iron deficiency in males. 
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Although seru m iro n  and total  iron  b ind ing capacity in pat ients  with leprom atous 
leprosy d id not  d i ffer s ign i ficantly from those with non-Iepro m atous leprosy they 
were sign if icant ly lower than those of  controls .  This  fi nd ing,  however, is  not in 
fu l l  agreement with the ea rl ier  study  where Tin Shwe et  a/. ( 1 97 2 )  using the 
spectrophoto metric method fo u nd no red uct ion i n  total  i ron binding capaci ty ,  
anel serum transferrin levei in  pat ie nts with leprom atous leprosy , but  the mean 
leve i  o f  seru m iron was sign i ficant ly  reei uceel i n  pat ients  w i th  lepromatous leprosy,  
though their  method of  seru m iron est imat ion was d iffere nt  from that  of  the 
prese nt  study . 

The lowered serum iron leveIs may be d ue to a reel uct ion in iron supply ,  which 
aga in  e i ther may be due to a tme lack o f  i ron  i n  the body (body iron defic iency)  
or to a fa i l u re i n  the de l ivery o f  i ron from iron stores in  bone marrow lead ing  to 
what has been cal led "iron defic ient  erythropois is" . The tru e lack of  i ron in the 
body (body iron  defic ie ncy) wou ld be elue to a n  i ron defic ient  el i e t ,  poor 
abso rpt ion of i ro n  fro m the  i ntest ine ,  or  ex cessive loss of  iron fo l l ow i ng acute or  
chron ic  hae m o rrhage .  The fa i l u re i n  de l ivery of  iron from stores to bone marrow 
may occu r if transport ing  prote in  transferr in is defic ient ,  or if associated with 
chro n ic d isorders (Cartwright ,  1 966 ; Ca rtwright a nd Lee , 1 9 7 1 ) . 

I n  th is  present  stud y the pat ients  were free from acute and chronic  
haemorrhages, and defect ive iron absorpt ion has not been reported in  leprosy .  
The bone marrow taken from 7 pat ients  with a naemia and leprosy , as  wel l  as  the 
l iver of  3 pat ients  who had d ied o f  leprosy showed that there is no deficiency of 
iron i n  the  stores. Therefore the red u ct ion i n  serum iron leve I  i s  p robably d u e  to  
impaired elel ivery of  i ron  fro m the stores to the  c i rcu lat ion as a resu l t  o f  the tox i c  
process of  t h e  el isease upon t h e  body .  

M ore than hal f of the pat ients  w ho are  on regular  ferrous su lphate p i J l s  a lso 
showed red u ced serum iro n leveIs .  S ince those pat ients a re provieled with  such 
pil ls  daily to be taken i n  the presence of the nurses there is  no possib i l i ty that 
they may not be tak ing  the pil ls .  Th refore the value  of rout ine iron pil ls i n  
leprosy remains  t o  b e  judged from t h e  cost effectiveness point of  view .  I nstead , 
mu l t ivitam i n  and other measures may b e  needed to improve the general 
nutr i t ional  status of the patients .  
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l n trod uctio n 

While it is known that  a lpha- I -antitrypsin defic iency is associated w ith hered i tary 
pulmonary emphysema ( Laur el ! ,  1 963) ,  respiratory d istress syndrome i n  
premature infants  (Evans et aI. ,  1 970) ,  a n d  juvenile liver cirrhosis (Sharp,  1 97 1 ) , 
i ts  concentration in serum is con siel erably increased u nd er variou s  other 
physiologic anel pathologic concl i t ions (Ganrot and Bj erre, 1 9 67 ; K ueppers, 1 968 ,  
1 97 2 ;  Schul tze anti Heremans,  1 966 ; eleve and Beh rencl ,  1 966) .  

Y Oll ng et aI. ( 1 97 3 )  reported that  alpha- I -ant i t rypsin leveIs,  measll red by the 
trypsin i nhibitory capacity method , were increasecl in pat ients  with u ntreatecl 
a ct ive sarcoid osis when compareci with patie nts  with inactive sarcoicl osis ancl wi th  
age-sex matchecl hea l thy controls .  S ince the etiology o f  sa rcoid osis is ,  a t  present , 
u nknown , it would be of in terest to assay these globulins in a cmonic 
granll lomatous d isease o f  k nown et iólogy. 

H uman leprosy provicl es such an  exam ple .  This eI isease is caused by a very 
slowly d evelo ping bacterial  infection in w hich the ant ige nic 10ad of the bacterial 
populat io n  cannot be rapieIly decre ased even b y  vigorous  chemotherapy and 
antibiotic t reatment .  Therefo re , human lepromatous leprosy a ffo reIs  an oppor
tuni ty  for the study o f  the effect  o f  cont inuous a nt igenic s t imulation o n  
alp ha- I -anti trypsin  leveIs .  I n  adclit io n ,  imm unoglobul in leveIs can b e  exam ined . 

Received for pub lication 2 1  A pril, 1 97 6 .  
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M a teriais a nd M ethod s 

Sera from 34 hosp italized patients under treatment for lepromatous leprosy 
were obta ined . These patients had been examined cl inical ly and radiographically 
and smears of nasal or skin scrapings were posi t ive for acid-fast bacilli i n  ali 
subj ects. Thirty normal controls donated sera for study .  The patient and control 
groups were comparable with respect to age (mean  ages are 46 for cases ,  48 for 
controls) and sex (approximately 1 0% of each group are female ) .  Ali patients and 
controls were Caucasians of Turk ish origin o No patient  was in  a "reactional" state 
at the t ime of b lood sampling. 

Sera were separated and frozen within 24 h and stored at _200 C unti l  assay .  
Quantitat ion of IgG ,  I gA , .  IgM and alpha- I -antitrypsin glob ul ins  was  performed 
with Behringwerke *  agar d iffusion plates containing spec ific ant isera (M ancini  et 
aI. , 1 963)  and ant igen reference standards. Precipit in ring d iameters were 
measu red to the nearest 0 . 1 mm using an immunod iffusion read er. 

Results 

The mean  leveIs of IgG ,  IgM ,  IgA and alpha- I -ant itrypsin were al i  elevated 
among the leprosy patients compared with the normal controls ( see Table I ) . An 
examination  of the correlation coeffic ien ts among these immunoglobulins and 
alpha- I -anti trypsin in  the 2 groups showed higher correlations in  the patient 
group .  

These d ifferences in correlation structure in the patients and controls suggested 
the possibil ity of some heterogeneity among leprosy cases. Three patients 
identified from p lots of  the d ata appeared to d iffer from the remaining patients .t 

Whe n  these 3 patients were removed , the variables were uncorrelated among 
both the cases and con t rols .  Therefore , these variables cou ld be treated as 
independent variables. 

Comparison of the mea n  leveIs of  these variab les, normais and the cases with 
the outlets removed indicated that the leve Is of  the 3 immunoglobuli ns and 
alpha- l -antitrypsin were significantly elevated among the cases. The t values:j: for 

* Farb werke Hoechst AG,  6230 Frankfurt ( M ain) 80,  Behring Department .  

t These  leprosy patients and their leveis are :  

Patient 

Nr.  4-M .S .  
Nr .  I I -B .L .  
Nr .  28-K .E .  

IgG 

5 760 
3600 
1 2 20 

IgM 

226 
5 8 6  
1 20 

IgA 

5 7 0  
5 70 
266 

Alpha- I 
ant itrypsin 

1 000 
1 400 

240 

t While the variances are signifi cantly larger (except IgM) among the le prosy cases,  the more 
conserva tive statistical approaches did not affe ct the resuIts ( cf. G. W. Snedecor and W. G .  
Cochran ( 1 96 7 ) ,  Statislical Methods, 6 t h  e d .  I owa S tate University Press, Ames, Iowa,  
pp . I I 4- 1 1 8 ) .  
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the d ifferences between the  lepro sy patients and controls a re :  

I gG 5 . 9 2  
I g M  4. 1 1  
I gA 4 . 8 9 
A l pha- I - an t i t rypsin 6 . 0 5  

TABLE 1 

d . r. P-Ieve l 

5 9  
5 9 
5 9  
5 9  

< 0 . 00 1 
< 0 .00 1 
< 0. 00 1 
< 0. 0 0 1 

Serum im m unoglobu lins and alpha-l -an titrypsin leveis in Turkish pa tients with lepromalOus 
leprosy an d normal cOn lrols 

Alpha- I -
G roup I gG IgM I gA an t i trypsin 

A. N ormal  contro l s  ( n  = 30)  
M ean  ( mg %) 1 67 1 . 3 1 64. 0 248 . 7  400. 3 
s. o .  4 7 7 . 6  8 2 . 8  8 1 . 6 8 2 . 5  
Co rrelat ion w it h  a lpha-I-ant it rypsin 0. 1 5 6 0. 1 5 1  - 0. 003 1 . 000 

B .  Leprosy pa t i en ts ( n  = 34) 
Mean ( mg %) 2 9 8 2 . 9  2 7 0 . 8  3 9 5 . 0  6 1 0 . 3  
s . o .  1 1 8 4 . 2 1 2 2 . 6  1 3 7 . 7  2 1 9 . 0  
Correlat ion wi th  a lpha- l -ant i try psin 0 . 304 0 . 2 7 0  0 . 4 39  1 . 000 

C. Leprosy pa t i en ts ( n  = 3 1 )  
o u tl.i ers re moved 
Mean ( mg %) 2 9 3 0. 3  267 . 0 3 8 7 . 9  5 8 4 . 2  
s . o .  1 080 .0  1 1 l . 2 1 3 4 .9  1 47 . 1  
Correla t ion with a lpha- I -an t i trypsin 0 .08 7 - 0. 030 0. 2 2 3  1 . 000 

Discussion and Summary 

The quantitative assay of alpha- l -antitrypsin and immunoglobulins in this 
study demonstrates that leveIs of IgG, IgA, IgM and alpha- I -antitrypsin are alI 
elevated in the sera of patients w ith leprosy when compared with normal controls. 
In add ition, these immunoglobulins are uncorrelated w ith alpha- I -antitrypsin in 
either leprosy patients or in normal controls. 

Thus, the i ndependence of immunoglobulin classes which has been observed in 
normal individuaIs ( Allan Smith et ai. ) appears to be unchanged in leprosy even 
though chronic antigenic stimulation by M. leprae results in marked changes in 
concentration in ali of the immunoglobulin classes. 
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Do m i ci li a ry R e h a bi li tat ion 
( Preli m ina ry R epo rt on an 

Expe ri m ent in Self E mploym ent of 
Di sa bled Ex- Leprosy Pat i ents) 

J . H .  RANJ I TK U M A R  A N D  E R N EST P .  F R IT SCH I 

Sch ieffe lin L eprosy R esea rch a n d  Train ing Cen tre , 
Karigiri, No rth A rco t Dis lricl, Ta mil Nadu 632 106,  S. Jn dia 

An ex peri ment in the rehab il i t a t ion  of pat ients  on the verge of d isplacement  fro m 
their  fa mil ies due to eco nomic str ingency,  is d escri bed .  Thc pr incip ie is that the 
pat ients are enabled to remain in the ir  ho mes and, as fa r as poss ib le ,  resume their 
previous trades,  o r  take u p  new trades .  

The early results of this  e x periment  are presen ted .  On the whole do mic il i a ry 
rehabi l i ta t io n j ust ifies i ts cont in uat ion whil e greater accu mulat ion of ex perience 
will further  red uce the  fa i lu re rate .  

" Restorat ion o f  the hand icapped to the fu l \est  p hysical  menta l ,  socia l ,  vocat ional  
and eco nomic  usefu l n ess o f  which they are capable",  is one  of  the  wide ly used 
defin i t ions  for Rehabi l i ta t ion (defi n i t ion  issued by the Nat ional  Cou nc i l  on 
Rehab i l i t a t ion ,  1 942) .  

Rehabi l i tat ion can be effected in  a n u mber of ways ,  depend ing  on the type of 
disabi l i ty ,  ava i l ab i l i ty of  funds  and  specia l ized person ne l  and  the cu l tural  
backgro und of the loca l i ty .  There cou ld  be  no hard and fast  rule to say a 
part icu lar  type of disab i l i ty should be hand led in a part icu lar  way . The whole 
effort should be d i rected towards a dehabi l i tatecl man being helped to re turn to 
sel f  suffic iency.  

Nobody ever becomes a beggar from pre ference ,  In  the fi rs t instance he is 
al ways d riven to it  by h unger and  need. Leprosy is not a d i se ase o f  beggars. lt  is a 
disease wh ich resu l ts  i n  beggars because the com m u n i ty rejects  a pat ie n t  after he  
has  l ost  h is  job and  hence ceases to be a usefu l  member of  i t .  Domici l iary 
Rehab i l i tat ion a i ms to assist the pat ie n t  to re main  a usefu l  member of h is  fami ly 
and thus  avoid the danger of displacement  both from his home and from his 
com m u n i ty .  l t  is wel l  known that ,  having once become a beggar, i t  i s  
psychological ly ex tremely d i fficu l t  for the ind ividua l  to re turn to the shackles and  
bonds of organ ized society ,  from the  freedom and i rresponsib i l i ty  of the vagrant .  
To l ive i n  society ,  to be a bread winner  i n  one ' s  fami ly  and to  move harmoniously 
wit h  one's neighbour i nvolves a certa in  discipl ine .  The beggar has lost  the des ire 
for d iscip l ine  and hence h is  reh abi l i ta t ion is very d i fficul t i ndeed . 

Received for publication 1 9  August, 1 976 .  
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Do mic i l iary Re hab i l i t a t ion  a ims  a t  the p reven t ion of vagran cy and begg ing by 
d iscove ri n g  a person's  needs be fore h e  is  i n  fact  d isp laced from h is  own society . 

Th is paper a i ms to prese n t  the · early resu l t s  of what  we h ave t e rmed 
Do mic i l i a ry Re h a b i l i t a t ion  whcre we take not only t reatme n t  but a lso 
re hab i l i ta t ion  to the  homes 0 1" our  pat i e n ts .  

1l1 i s  project  is  based on the fo l lowing assu mpt ions :  

The  hand icapped person wi l l  be se l f-employed and  re ma ins i n  h i s  fam i ly  who 
reta i n  respo nsi b i l i ty for h is  care . 

The capt ia l  cost per work p lace is l i mi ted to the  provis ion of the  means of 
prod uct ion  on ly ,  w i thout  bu i ld ings an el o ther  overheael s  anel only w i th  the 
m i n i m u m  s u pervis ion anel assistance i f  req u i reel . 

I n  the  case of leprosy pat ients  colon izat ion of the pat ien ts i n  gro u p  
reh a b i l i t a t ion  m a y  have a tenel e n cy to perpe tua  te st igma.  Th is  i s  avoi deel i n  a 
Domic i l i a ry Rehab i l i ta t ion programme .  

Description of  the  Project 

The G ud iyatham Tal u k  ( total populat ion 4 1 8 , 000- 1 9 7 1 censl ls ) ,  has been 
ass igneel by the Govern ment  to S . L. R .  & T . e. for leprosy con t ro l  work s ince 
1964. The tota l  number  of regis tereel leprosy pat ie n ts  as on 3 1  December, 1 9 74,  
was  8 9 2 1 .  The p revalence rate of leprosy is 2 1 .34/ 1 000 populat io n .  The 
est i mateel n u mber of pat ients  hav ing advanceel (WHO grade I I I ) (WHO E x pert 
Commi ttee o n  Leprosy , Fourth Report,  1 970)  el e formity is approx imate ly 4 5 0  
persons,  i . e .  5%. M o s t  o f  t h e m  h ave sat i sfactory h o m e  co nel i t ions .  Others are i n  
danger of  b e i n g  rejecteel fro m t h e i r  h o m e s  or a re a serious b u rele n  beca u s e  they 
are u nproel uct ive .  The project  concen trateel on the la t ter  gro u p  and those who 
have j us t  been dehab i l i tated . There are two except ions ,  who were el ra wn from the 
nearby Gove rn me n t  Leprosy Beggars Rehab i l i ta t ion Home.  

The a i m  of  the project  was both  i nvest igat ion anel  service .  

S U RV E Y  
I t  was  sought to  el e termine the number  of d i sableel l eprosy pat ients  i n  the  

Guel iyatham Tal u k  of  N . A. Distri c t ,  Tami l  Nadu ,  who are  at presen t  a t  r i sk  of 
be i ng d isplaced from the i r  h omes anel having to resort to  soc io-economic  
elependency, anel  to assess the i r  employ ment  status  anel work po tent ia l .  . 

REHA B I Ll TATI ON 

1l1e a im was to provide a means of p roduct ion to the pat ient  anel /or h is  
i m mediate  fami ly  thus  restoring him to gai n ful and socia l ly acceptable  employ
ment  and to (ol low up and evalua te the cost effect ive ness of d i fferent types of 
a id . 

Method of Operation 

One o f  us wen t  out  wi th  the mobi le  c l in ic  team accompanieel by a senior 
Parameelical  Supervisor, to each of the 44 c l in i cs operat ing i n  th i s  area .  We talkeel 
with the pat ien ts anel the parameelical workers, and sought o u t  any pat ients  who 
were i n  an  u nsat isfactory financia i  and social pos i t ion .  They were then v is i teel anel 
inteivi e wed in  the i r  homes i n  the v i llage. The i r  ne igh bours were a lso i nterviewed 
to get their support,  aelvice and co-operat ion .  

I f  no other means  such as job  placement ,  general advice or counsel l ing could  be 
appl ieel ,  then ,  if  a su i table a id wit h i n  the buelget was avai lable ,  the pat ient was 
selected for rehabi l i tat ion .  
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Depen d i ng on e nv i ro n men tal  fac tors ,  such as the  locat ion  o f  his h ouse , 
pat ic n t 's d isa b i l i ty a n el h is a p t i t u d c ,  i t  was dec ided whethcr  thc  pa t i en t  cou l d  be 
he lped a n el i r  so wh a t  k i n d  o f  ass i s tance was most  use fu l .  The avai l ab l c  
a l t e rn a t ives were : 

Tra i n ing i n  h a n d i cra ft i n  the  ccn t re a n d  then  prov i el i ng the  pat i e n t  wi th  an 
appropria te  means of  p rod uc t ion .  

[ f  the pat ien  t was  ro und  to h ave a good pract ica l  know ledge of any t rade ,  h e  
could be  offered a re t u rn  to the  same t rad e i f  poss ib l e .  

Somet imes l ivestock or agr i cu l t ura l assist ance coul cl be re n cl erecl .  

A ele ta i l eel soc ia l  a n d  occupa t iona l  h istory was take n ,  a n el was p rese n ted  t o  the  
com m i t tec  i n  the  centre .  The comm i t tee cons is teel o f  a n  E p i d e m i ol ogis t ,  a 
Non-mcel i ca l  Superv isor, an Occupat iona l  Therapist  an el the  two authors of t h i s  
papcr. A rter presen ta t ion  of the  pat ie n t 's  case a n el el iscuss ion ,  a p l a n  was cl rawn 
up based on  thc  cl i scussi on w h i ch the  soc ia l  wo rker had had wi th the pat ien t a n el 
h is fa m i l y .  I r  t h e  p a t i e n t  neeele el t ra i n i ng he was a d m i t te cl for th i s ;  care was taken 
to l i m i t th i s  t ra i n ing peri ocl to not  m o re than a month  a t  a t ime .  The pat ient  was 
the n  sen t home wi th h i s  1 00m.  He  was vis i teci by the  Socia l  Worker,  where 
poss i b le ,  frequently  i n  the  begi n n ing an el l a ter  once a wee k or month .  

To  a fe w, adcl i t iona l  assis tance has bee n g iven  by wa y of prov is ion of ra w 
materiaIs anel he lp  i n  market ing ;  and to some others ( Fig. I )  ( the two who hael come 
ou t ar the Government  Rehabi l i ta t ion Home) even a hut hacl to be proviclecl near  
the loca l  v i l l age for the i r  she l ter. 

Figs 1 to 3 .  
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I t  was fe l t  un desi rab le  to give ass is tance a way wi thout  a con t ract for n: t u rn .  
I -1ence i n  each case a bonei was execl l teel  where i n  t h e  be nefic iary con tracted t o  
re t llrn t h e  cap i ta l  i n  s o m e  fo rm o r  a n o t h e r .  I n  t h e  case of l i vestock,  the pa t i e n t  
agrced to  re t l lrn the orig i n a l  a n i ma l  or i t s  proge ny after we an ing . I n  o ther  forms 
of aid uSl l a l ly  they agreed to re i m b ll rse the cap i tal  by ins ta l m e n ts .  Th is  was d one 
mai n l y  to make pat ien ts fee l  tha t  th ey were responsi b 1e for t he i r  p rod l lc t ion u n i t ,  
and a lso to have a be t te r  con t rol  over t h e m .  A separate fi le  i s  ma in ta ined for each 
pat ie n t  wi th  t he i r  social and economic h i story ,  the com m it t ee's  decis ion , the 
e x pend i tu re i n volvecl ,  t h e  bond and notes m ade e1u ring the visi ts after  issue of  the 
u n i ts. A spec ia l l eelger fo l i o  i s  also openeel to accoll n t  for any re i m b u rsements  th a t 
are made towards  the  o rig i na l  cap i ta l  i nvestmen t .  

Resu lts 

N U M B E R  O F  PAT I ENTS 

The projec t was planned to i nvest igate and  cater to the need o r  the people 
res iden t i n  the local  t a l uk .  I-1owever . i nev i tably as the  fi rs t  p a t i e n t s  were be i ng 
he lped ,  a l a rge n u m ber of req l lests ,  both by post  as we l l  as i n  person came from 
pa t i e n ts far and near.  I n  many cases these req uests for he lp were recommended by 
the persons responsib le for the i r  trea tment  anel care .  Two pat ients ( Fig. 1 )  came 
fro m the nearby Govern ment  Leprosy Beggars Rehabi l i t a tion I-1ome.  They had 
earl ier  been our  pat ie n ts and  had been trai ned as weavers before they became 
beggars.  They had no  home, and hence,  as an e xperiment ,  they were i nc luded in 
the project ,  anel were provided with a one-room hut each wi th a 100m insta l led .  

TABLE I 

Total  number of pat ients investigated 88 
No. of  patients assis ted : 

Domicil iary rehabi l i ta t ion  1 6 
J ob place ment  4 

No.  of pat icnts who are in the process of being rehabi l i tated 4 
No.  of pat ients rejected 49 
No. of  cases pend ing decision 1 5  

Analysis  of reasons for reject ion : 

S. No.  

TABLE 2(a)  

With in Gudiyatham Taluk 

Reasons 

I .  I nvestigated and found  t o  be wel l  o ff 
2 .  Not  interested 
3 .  Died while under consideration (T . B . )  
4 .  Only wanted salaried j o b  

Total 

No. 

9 
6 
1 
2 

1 8  
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T A B L E  2( b )  

Dwside area 

S. N o .  Reasons 

I .  Too far away for invest iga t i o n  or v is i ts  
2 .  In  ho rnes, no  she l t e r  outs ide  
3 .  A l ready reh a b i l i l a ted  by o ther  ce n t res 
4. No su i t ab le  p rogra rn rne w i trun our l i m i t s  
5 .  I rrespons ib le  and  no gen u ine i n t e rest s h o w n  
6 . Only wanted salaried job  

To ta l  

R EJ ECT E D  P AT I E N TS 

Discussion 

No .  

1 0  
5 
5 
2 
4 
5 

3 1  
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From Tables 2( a )  and (b) i t  is c 1ear that Domic i l iary Rehab i l i tat ion is poss ib le  
only in se lected cases. The ind icat ions  have yet  to be worked o u t  on the bas is  of  
the experience d e rived in the course of  t ime from the assisted pati en t ,  but  
pre l i m i n ary factors to be considered are : 

The pat ient ' s  des ire to work . Patie n ts who were not  i n terested i n  what  we 
had to offer cou ld  obviously not  be inc 1uded . 

The patie n t 's  i n i t ia t ive to know i n  what d i rec tion he wa nted assis tance.  The 
best successes were in  pat ients  who had a d e fi n i te req ues t  that was wi th in  o u r  
scope to ren d er. 

The pa t i en t ' s  courage to face the insecuri ty  of self employment ,  against the  
security of a salaried appoin t m e n t .  

Some o f  t h e  l e s s  successfu l  of our  selected cases ind icate that  there are other  
fac tors to be considered  which have ye t  to be establ ished . 

TABLE 3 

Period of follow'up of patients assisted 

1 2  rnonths 
9- 1 2  months 
6-9 months 
3·6 rnonths 
3 months 

Total  

Satisfactory 
Fair 
Failure 
Reserved 

Average 8 months 

TABLE 4 

Results 

6 
3 
3 
4 

4 
4 
6 

2 

1 6  
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5 

Figs 4 and 5 .  
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Figs 6 and 7 .  
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TA B L E  5 

Case 
Sex Age U nit supp lied Date 

Cost /uni l  
No.  Rs .  Previo us employment 

I M 3 3  Standard handloom ( F ig. 2 )  J u l y  1 97 5  4 3 0  Weaver 

2 M 42 Standard handloom ( F ig. 3)  October 1 97 5  4 3 0  Weaver 

3 M 3 7  Bul lock carl (second-hand ) Dece mber 1 9 7 5  420  B ll l lock cart d river in  
Rehabi l i tat ion Centre 

4 M 2 8  Bllnk  shop deposil a n d  January 1 97 6  7 5 0  Started egg bllsiness by 
capita l  for 1 5 00 eggs himself 
( Fig. 7 )  

5 M 5 5  Four goats ( F ig. 4 )  Ju ly 1 9 7 5  360  Was caring for 3 goa ts 
belonging l o  somebody 
else for I meal a day 

6 M 60  S i lk  screen printing unit  September 1 97 5  400 Si lk screen artist and later 
admin.  asst . in a leprosy 
institut ion 

7 M 42 Provision of  p loughing and Ju ly  1 97 6  1 00 Farmer ( owned 2 acres) 
seeds for his own land 
( I  acre ) 

8 M 60  Pregnant  cow ( Fig. 5 )  J uly l 97 5  6 7 5  H a d  cows earlier. 
Recently wage labourer 

9 M 40 Pregnant cow Nove mber 1 97 5  5 6 5  Original wage labourer in  
o i l  mi l ! .  Recent ly wage 
labourer 

. 1 0  M 3 5  Pregnant buffalo  ( Fig. 6) October 1 97 5  4 1 2 . 5 0  Wage labourer. Lived alone. 
Domestic servant  

1 i  M 49 Pregnant ( ? )  buffalo May 1 97 5  3 8 7 . 5 0  Un married ,  l iving with 
brother and wife.  Father 
had had some livestock 

1 2  M 3 8  Purchase o f  4 cents of  land January 1 97 6  5 4 0  Wage labourer 

1 3 M 38  Mat  1 00m and training and  January 1 97 6  9 0 0  Beggar admitted in Beggar 
house ( F ig. I )  Home ( Iearnt weaving here) 

1 4  M 30  Mat  100m and training and  January 1 97 6  900 Beggar admit ted in  Beggar 
house ( Fig. I )  Home 

1 5  M 4 1  Working. Capital for fire- J une  1 97 6  5 0  I l l ic it  drug a n d  I iquor 
wood and kerosine oi1 trade trade 

1 6 M 2 3  Cost of  cultivat ion of 2 acres June 1 97 6  2 5 0  H a d  2 acres land.  J oint 
land ownership with brother 
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Detailed case by case analysis 

Cause of social deteriorat ion 

Fire i n  hut  

Pat ient  was a h ired weaver, lost 
job beca use too s low of d isabi l i t ies 

D ischarged from Rehabi l i ta t ion 
Centre 

S top page of local supply .  
I nadequate capi ta l  for  advance 
payment 

Poverty 

Lost job beca use of bad vision 

I .  Repeated hospital ization due 
to very severe deformit ies ;  2. land 
beca me dry beca use of reduct ion 
in water leveI 

Daughter's  marriage necessi tated 
sale of cows 

Lost job due  to  react ions. Progres
sive deterioration due t o  
deformities 

Poverty 

Brother started drinking after 
prohibit ion lifted 

Threatenecl eviction from home 
if he d id  not  buy the land 

Wage labourer  d rifted into 
vagrancy 

Wage labourer d rifted in to  
vagrancy 

Eviction from family by 
father 

Land leased and patient 
inst i tu tionalized 6 years 

Resul t  

Very sat isfactory 

Very sat isfactory 

Fai l ure ( a fter 6 months bul I  d ied 
neglect  due  to pat ient  leaving home for 
m.ed ical trea tment )  

Very sat isfactory 

Sat isfactory 

Fai lure ( pat ient  absconded leaving 
equ ipment  behind) 

Sat isfactory (pat ient  has now ploughed 
both acres w i thout  assis tance) 

Reserved ( de l ivered a ca lf  bu t  re fused 
to  permit milking, so no returns. Cow 
now pregnant again )  

Fa i r  ( cow gave calf, on ly  s l ight milk . 
Patient now has two m ore cows to care 
for. Pat ient now married and happy) 

Reserved ( b u ffalo delivered dead calf. 
Now b u ffalo is pregnant  again) 

Failure ( b u ffalo proved not  pregnant  
hence animal  retu rned to  us)  

Very satisfactory 

Fair ( frequent ly off s ick,  intermittent 
work. Wife helps h im,  j ust been t rained )  

Fair ( frequently off sick. Remarried ,  
wife be ing  t rained) 

Reserved ( no folIow-up yet)  

Reserved ( l and is now cultivated) 

303 

Reim bursement  

Regular 

Slow 

Nil 

Regular 

Only possib le  when 
goats prolifera te  

NU 

Not yet .  W i l I  pay 
after  presen t  
harvest ( 3  months)  

Not  yet  

Not yet  

N o t  yet  

Regular 

Not  yet  

Not yet 

Not  yet 

Not yet 
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ASS I S T E D  PATI E NTS 

Sat i sfactory.  i n el i cates  that the e x pecta t ions  of the team havc been ful fi l l e el .  
Fa ir,  i s  useel when the pa t ie n t ' s  con d i t ion a nel morale  h ave i m proveel b u t  the  
res u l t  i s  short of  our  fu l l  ex pectat ions .  Fa i lu re ,  i s  the  term appl ied  when nei the l  
the pa t i e n t  nor the team were sat i s lie d .  The reserved category is  when nc 
co nclus ion can be reached yet .  

Without any q uest ion the  best  ass is tance to give i s  the emergency ass i s tance 
when the  pat ie n t  has just  lost  h i s  work . Examples o f  this are the fi rs t two weavers 
( Case No. I anel 2- Table 5 - Figs 2 anel 3 ) .  

Those wh o we re l iv i ng a t  a bare subsistence leve i and  w h o  c o u l d  be ass isted b y  
i n creasing  c a p i t a l  or  faci l i t ie s  a l s o  registereel a s  sat i sfactory .  These inc lu el e  the  
person ( F ig. 4) wh o hael the  care  of someone e l se ' s  goats  and who was  g iven 4 
goats  for h i msel f ( Case No.  5 )  éln el the person ( Fig .  7) who had a n  i t i neran t egg 
de l ivery serv i ce an el to whom a b u n k  shop anel cap i ta l  was given ( Case No .  4) anel 
the pat ie n t  whose fie l c ls were ploughed ( Case No .  7 ) .  

The fa i l u res a re more el i ffi c u l t  to  ana lyse because they are d u e  somet i mes to 
misaelventure anel somet i mes to our own inexper ience .  These inc lu ele  the  pregna n t  
b u ffa lo who turneel o u t  110 t  t o  b e  pregn a n t  ( Case No.  1 1 ) a nel the  b u l i  which el ieel 
( Case No.  4) .  Th is  laUer was part ly d u e  to the i rresponsi b le  behaviour of the  
pat i en t  i n  leav i ng h i s  wi fe a lone for more than  a month  to take  care o f  the bu l i ,  
wh i l e  he was  ael m iUeel i n  a hospital  1 00 m i les away for u lcer  trea tment .  The  case 
of  the s i lk  screen pri n t i ng e q u ipmen t is  el i ffi c u l t  to  ana lyse.  The pa t i en t  hael rather 
poor vis ion anel h ad proel uceel some very i n d i fferen t  resul ts  i n  an order  we 
ourselves hael given h im .  Then he abscondeel and h is whereab o u ts are n o t  known.  

COST E F F ECTI V E N ESS 

The most commenelable th ing  about  th i s  form of rehab i l i ta t ion is  i ts cheapness 
anel the fac t  that  the pat ie n t  is no worse off in the event  of  fa i l u re than he was 
before. Whereas wi th other forms of  rehab i l i t a t ion the patie n t  may be s t i l 1  more 
displaceel by v irtue of h aving been removeel from h i s  home environ me n t .  The 
average capi tal  investm e n t  per work p lace in  our series was Rs . 5 3 6 /- .  To th i s  must 
be aeldeel a t  least  a port ion depencl ing on the number of benefic iaries, of  the 
salary of a hjghly ski l led socia l  worker, anel transport ex penses for superv i s ion ,  
in terv iews ,  e tc .  On the whole ,  i t  coulel be sa id that  rehab i l i t a t ion is ach ieveel a t  a 
cost in the order o f  Rs. I 000/- per work place. Compared wi th the  cost of  
shel tereel i n dustry th i s  i s  re l a t ively i ns igni lican t .  

Conclllsion 

On the whole it wOll l el see m  that the success of the ex periment  l ies i n  care ful  
select ion of the cases to be assisted . 

Rehab i l i ta t ion has n o  s i ngle sol u tion .  For each case the  choice has  to be made 
as to wh ich  type of reh ab i l i ta t ion is most l ikely to succeed .  The choices now 
avai lable  incluel e : 

J ob placement  where the pat ien t  is assisteel to fi nd  a salaried post .  For the 
educated or ski l led with minimum d e fo rmi ty .  

Vocat ional tra in ing anel shel tereel workshop .  Employment or subseq uent  job 
placement for the younger and more ed llcated group .  

Domicil iary rehabi l i tat ion for the  olel er  and usual ly ru ral patient  who has not  
y e t  been  d isplaced from h ome. 
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After these t h ree  poss i b i l i t i es are considered there s t i l l  re mains  a g ro u p  or  
pat ie nts  for wh om n o  d i rect  assi s tance towarel s sel f  suffic iency i s  possi ble anel for 
wh om some sort of pension scheme must  be cons idereel . Such a scheme wi l l  oft e n  
e n a b l e  the  p a t i e n t  t o  re ma in  w i t h  h is  rc la t ives a n d  con tri b u te h i s  pens ion towards 
h i s  keep.  The pens ion m ust h o wever be d i sbursed in smal l  amou n ts at no t  greater 
than weekly i n terva ls  anel a t  the  most periphera\ . levei of  the ad min i s tra t ion ,  
namely ,  the b lock headquarters .  Th is i s  i n  oreler  to ensure that  the  pat ien t  
actua l ly re mains wi th h i s  fam i ly  a n d  does n o t  g o  t o  the  c i ty t o  beg.  

Probably the  most i mportan t con tri b u t ion that this experi me n t  is  mak ing i s  to 
demonstrate the neeel for a t t e n t ion to be e1 i rec ted to  the preven tion of 
e1ehab i l i ta t ion .  The pat i en t  i s  now a l loweel to become com m u n i ty depend e n t  but  
is  assisted a t  the  s tage whe n  h e  may on ly  have become fami ly  or ne ighbour 
e1epen elent .  As i n  the case or trca tment  of d isease, so in rehab i l i ta t ion ,  the earl ier  
the e1 i agnosis ,  the  more e ffect ive an el t h e  cheaper the  t rea tment .  
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Le p rosy Villages-Are Th ey Al i 
Outd a ted ? A Survey of two Leprosy 

Co m m uni t i e s  

E .  M .  W R 1 G HT 

ViClOria Leprosy Ilospital, Dichpalli, Niza mabad, A . P. ,  In dia 

A medicai and social survey is reported on 2 vi l lages in India  com posed 
originally of rejected leprosy pat ients and developed over the past 3 0  years, near to 
a large leprosy hospita l .  The results  are surprising. These communi t ies 
pose no leprosy prob lem. to the adj ace nt populat ion,  thanks to the concern of the 
hospital authorit ies .  The ge neral economic standard i s  low, wi th begging an 
i mportant factor,  but the  leve i  of  chi ld hell!th  and nutr i t ion in  t hese communi t ies 
was found to be superior to that a mong the local populat ion,  while the residents  
have developed a sense of communi ty responsibi l i ty which re places that lost from 
the ir homes and has created a reasonable degree of stab i l i ty .  

I n troduction 

One or the major  problems of l eprosy hosp ita Is  has been that  o f  pat ients who no 
l onger need in-pat ient  care but appear to have nowhere to go.  Over the years,  
a lmost  on the doorstep of  the Victoria Hospi ta l ,  Dichpal l i ,  Cen t ral I nd ia ,  2 
vi l lages h ave sprung up where a n u m ber of leprosy pat ients d ischarged from the 
hosp i tal  I ive .  Most of  them sett led there because re lat ionships wi th their fami l ies 
had broken down ,  some because o f  permanent d e formi ties and d isabi l i ty which 
made the m afraid to move away from a sympathetic com m uni ty and medicaI  
fac i l i t ies .  The record s  show that the first house in  Devanagar was bui l t i n  1 948 by 
a pat ient  discharged from the hospital .  By 1 954,  with the populat ion stead i ly  
increasing, the inhabi tants decided to sp l i t  the  community ,  and some residents  
moved about ha lf  a mile away where they bui l t  the vi l lage o f  Devapal l i .  

Over the  years both  t hese v i l lages cont inued to grow and many hea l thy  chi ldren 
were bom there .  Various  at te mpts  were made to p u t  these ch il d ren on 
prophylact ic d apsone and their  parents on regular leprosy treatment ,  but i t  
appeared that the weekly cl inics i n  Devanagar and Devapal l i  were total ly inad eq uate .  
I n  the first p lace relat ionships be tween these people and the hosp i ta l  were not 
ideal .  Pat ients fro m  these com m u n i t ies were constant1y coming to the h ospital  for 
treatment  of complaints  often of a trivial nature .  Having been rejected by their 
own famil ies ,  what they sought more than any th ing else was at tent ion and 
affection.  That  the busy hospital outpat ient  department was not always i n  a 
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pos i t i on to meet  t h is need res u l t ed in  m is u n d e rs t a n d i ngs and poo r co-opera t ion .  
Second l y , i t  a p peared t h a t  m a n y  pa t ie ll ts were not  pe rm anen t ly res i el e n t  i n  t hese 

vi l lages, an el t h i s  causeel prob lems wi th  regi s t ra t i o n  a n el reg u la r trea tment .  F ina l ly ,  
the re a p pcared to be cons iderab le  ge ne ra l heal th prob lems wh ich  could no t be  
dea l t  w i t h  el u r i ng week l y visi t s .  I t  was there rore dec ieleel i n  1 9 74 to h o l el el a i l y 
c1 i n ics,  to a t te n el to ge nera l co m pla in ts as wel l  as le p rosy ,  anel to estab l i sh  an 

Unel e r- Fives Cl i n i c  i n  each v i l l age . 
Ten months  la ter  when re lat ionsh ips  be tween the hosp i ta l  and the  leprosy 

v i l l ages had much i mproved ,  a surve y was undertaken to assess t h e  med ica i  
s i tuat ion  and the  social  prob lems which these pa t i ents  are  racing , u s i n g  for 
co m parison wh e re n u t ri t i o n  was concerneel ,  an Under- Fives Cl i n i c  at a 
neigh bo ur i ng v i l l age or l ocal peop le . 

Ma teriais :md Methods 

The registe reel popula t ion  or Devapa l l i an el Devan agar cons isteel of 43 2 anel 494 
respect ive ly .  On l y a fe w 0 1' these were permanent ly  residen t ,  the m ajori ty l ead i ng 
an i t i nera n t  ex istence . A team or 2 eloctors , 2 n u rses and a para meel i ca l worker 
vis i ted eve ry h ouse and each member  of  the fam ily  was examineel by a el octor. Al i  
pat ients  we re c 1assi fied accorel i ng to the Riel l ey  and J op l ing sca le ,  d e rorm i t ies 
were noted ,  anel recorel s were made of other  chronic el iseases, especia l ly 
tuberculosis. At the  same t ime the n u rs ing staff did a soc ia l  survey amongs t the  
ael u l ts to determine  the  s ize  of each fami ly , length of reside nce in  the com m u ni ty ,  
occupat ion and rece n t con tacts wi th  the  home vi l lage . 

On the  side of the  commun i ty the re was much i n terest  a n d  co-operat ion i n  th is  
survey .  Three hundred and s ix  ad u l ts  and 1 1 2 ch i l d re n  were examined o u t  of  a 
regis tereel populat ion or 926.  The re mainder were abse n t  (see Discuss ion) .  

Resul ts 

LEPROSY SURVEY 

or the  adults examined ,  a lmost hal f had lepro matous ( L L) leprosy but  most or  
i t  not  very active . When skin smears were done only 6 patien ts ( 2%) had a posi t ive 
Morpho logical  I nelex .  Abo u t  30% were with in  the B L, B B ,  BT range . Less than 
1 0% had tuberculoid l eprosy and the remai neler, main ly  heal thy adu l ts bom i n  
Devanagar o r  Devapa l l i ,  showed no signs or l eprosy.  A mong t h e  children only one 
case of leprosy (TI) was d iscovere d ,  a boy who hael never had any prophylact ic 

TABLE I 

Classification of leprosy amongst lhe surveyed population 

Type of leprosy Adults  

Lepromatous leprosy LL 1 5 0 
Borderline lepromatous B L  3 1  
Borderline B B  3 7  
Borderline tuberculoid BT 3 2 
Tuberculoid TT 28  
Observation 
No signs of leprosy 28 

% 

49 
1 0  
1 1  
1 0  
1 0  

1 0  

Children % 

I I 
5 4 

1 06 9 5  
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dapsone . Five c h i l d re n  were p laced on observa t ion .  The re ma i n i ng 1 06 had no 
signs  of the d isease, t hough many were ch i ldre n  both of whose pare n ts had 
le p roma to us l eprosy. Twe n ty-e igh t pat ie n ts ( 9%) were cu rrent ly rece iv i ng 
tre a t m e n  t for t u bercu los is. 

D I S A B I L lTY S U RVEY 
Of t he 306 ad u l ts exa mined 1 7 2 ( 5 6%) h ad not iceab le  th inn ing  or com ple te 

loss of eyebro ws and I 1 4  ( 3 7%) hacl appreciable c1 e fo rm i ty of the  nose.  Those 
wi th con t racted h a n els  n u mbered 1 0 1 (3 3%), b u t  many of th ese were very s l igh t .  
Seven ty-e ight ( 2 5%)  showed b o n e  absorpt ion  of t h e  h a n d  and  7 1  ( 23%) bone 
absorp t ion of the  feet .  Only 2 7  ( 9%) had tro ph i c  u lcers .  The re were 4 cases ( I  %) 
of Lagopha tha lmos and 4 ( I  %) of foot  d rop . 

TABLE 2 

Frequency of deformities amongst the adult populatioll 

Face 

Hands 

Feet 

Deformity 

Eyebrows a lmost or completely lost 
Lagophthalmos 
Nose col lapsed 
Mobile contractures 
Absorption 
St iff j oints 
Trophic ulcers 
Footdrop 
Absorption 

NUTRITI ON S U R V E Y  

Number 

1 7 2 
4 

1 1 4 
69 
78 
3 3  
2 7  

4 
7 1  

Percen tage 
% 

5 6 
I 

3 7  
2 2  
2 5  
I i  
9 
I 

23  

I n  Table 3 the leveI of  prote in/calorie malnutri tion among the 1 1 2 chi ldren in 
these leprosy vi I I  ages i s  compared with that obta in ing among a s imilar group 
among the l ocal populat ion attend ing an Under-Fives Cl in ic at the vi l lage of 
Mentraj pal l i .  

TABLE 3 

Freq uency of protein calorie malnu trition in Devanagar, Devapalli and in a nearby vil/age, 
Men trajpalli, estimated according to Morley 's f?oad to Health Chart 

Degree of nutrit ion Devapall i  and Devanagar Me ntraj pal l i  

Normal " Road to Heal th" 29% } 1 6% } 
65 % 36% 

1 st degree protein calorie malnutrit ion 36% 20% 

2nd degree protein calorie malnutrit ion 29% } 39% } 
3 5 %  64% 

3rd degree protein calorie malnutrit ion 6% 2 5 % 

The general condi tion of the children in Devanagar and Devapal J j  compared 
"favourably with that of the chi ldren i n  the neighbouring v i l lage who attend a 
similar Under- Five Cl in ic o  
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SOCI A L  S U RVEY 
AJ most ha lf  of  the  (es id e n ts a re t o t a l l y  O I' part i a l l y  depende n t  on begg i ng .  The 

re ma inder  work as cool ies ,  fa rm the i r  own land,  fo l low v i l lage occupat ions  or  are 
involved in  i rregular  prac t ices ,  e .g .  s m uggl i ng. O n l y  4 fa m i l ies  c1a im to be receiving 
support fro m re la t ives. 

A m o ng the 1 66 wo men in t e rv iewed 7 I (43%) h ave no ch i ld re n ,  52 (3 I %) have 
one c h i l cl ,  22 ( 1 3%) have 2 c h i l cl re n ,  wh i l s t  o n l y  1 0  ( 6%) h ave more t h an 3 
ch i ld re n .  

Discussion 

Experience over the  past  I Q months suggests  that  the  45% o f  the  total  
popu lat ion who we re i n te rv iewed are re presen ta t ive o f  the number of  people 
actual ly res ide n t  i n  Devanagar an el Deva pal l i  at  any one t ime.  We have descr ibed 
as "tem pora ry resiel en ts" al l  those who were away at the t ime o f  the  s u rvey ,  plus 
1 2 5 wh o statcel that  they spe n t  more than 3 months of  the year e lsewhere .  Th is 
leaves us  wi th  a permanent  ael u l t  res i el e n t  popula t ion  of 1 8 1  ( Iess than 20% of the 
total  reg iste reel  populat ion ) .  

Many of  the  temporary res i el e n ts ,  wh o move betwee n the  c i t ies of the  north 
and Devan agar or Devapal l i  are i n vo lvecl in beggi ng anel appear to be q u i te content  
wi th the i r  l i fe .  AJ I they neecl fro m us i s  encourage m e n t  to cont inue regu larly wi th 
their trea t men t .  We make p rovision for them to take up to 6 mon t hs supply of  
DDS wi th them whe n  they leave uso  However, some e xpresseel concem about  the  
lack of regular  eelucat i o n  for the i r  ch i l d re n .  

The large n umber o f  pat ie n ts with lepromatous leprosy ( L L) anel fac ia l  
eleformi t ies ,  and the  re lat ively sma1 1  n u m ber of  elefo rmeel hands  i ncapable o f  
work , suggest  t h a t  social  i n acceptab i l i ty rather  than  economic  elepenelence i s  t h e  
reason for se t t l i ng i n  a leprosy v i l lage.  I n  t h i s  part o f  I n el i a  t h e  st igma a t tacheel to 
leprosy is very great  anel th is  has l eft many pat ients eleeply resentfu l  and  
susp ic ious.  Fear  o f  further  rejec tion o ften suppresses a 1 1  i n i t iat ive to seek 
employ ment .  This a t t i tu ele  even applies to projects for rehabi l i ta t ion  and the  
general  a t t i tude o f  the  permanent  resiel e n ts i s  that  of preferring to be left a lone .  
Up to a poin t ,  they may be righ t :  the m ajori ty have come to  a compromise wi th  
the ir  e nviro n m e n t  anel h ave more or  l ess rehab i l i tatecl themselves wi th in  t he 
comm u n i ty o f  fe 1 10w pat ien ts. The number of rejected anel d isabled pati e n ts who 
real ly neecl what we usua11y ca1 1  "rehabi l i tat ion" m ay we11  be much smal ler than 
we are inc l ined to th ink .  Among themselves the permanent  resi d e n ts fo rm a 
happy communi ty and appear to act as one family ,  forge t t ing or ignoring the 
barriers norma11y createcl by caste and rel igious d i fferences .  This  is  one o f  the 
most s trik ing features o f  l i fe in  these leprosy v i l lages. 

The fac t  that o f  the I 1 2  chi l cl ren examined ,  on ly one was d iagnosed as h aving 
leprosy is most grat ifying, as is  the general  leveI  of  nutrit ion among them .  Nearly 
al i  ch i ldre n  have hael some prophylac t i c  DDS i n  the past but  th i s  has certa in ly 
been very i rregular .  At the Under- Fives Cl inic ,  started i n  1 974,  there i s  1 00% 
registrat ion of the under-five populat ion . These chi l cl re n  are regul arly examined 
and supplied with  prophylact ic  d apsone .  I n  add it ion,  the fol Jowing services are 
provicled : i mmunizat ion ( BCG, Sma11pox ,  DPT and pol io) , n utr it ional advice and 
the t reatme n t  o f  i 1 Inesses. Thi s  c1in i c  has formecl a valuable I ink wi th the ad uI t 
populat ion who are enthusiast ic  i n  b ringing the chi ldre n  for examination and 
treatment .  
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TIle th ree main  reasons for th is rather  surpris ing p ic ture a re :  

TI le  smal ler  fam i l ies  cl ue t o  the high proport ions o f  paren ts wi t h  lepromatous 
leprosy,  which often causes steri l i ty .  

The  fac t  tha t  so many fa mi l ies are cl epencl en t  on begg ing for the i r  l ive l i h ooel .  
M uch o f  the " earn ings " o f  a beggar are i n  the form o f  cookeel fooel which i s  not  
resaleable but  which  wi l l  be eaten  by the fami lY . 

The absence of the extenel eel fami ly  where one or two wage earners may be 
requ i reel to feeel anel e el ucate nephews anel nieces. In Devapa l l i  anel Devanagar 
the normal fami ly  u n i t  consists of  the pare n ts anel the ir  o wn ch i l el ren .  However, 
the benefi ts of  the extenele el fami ly  syste m (an abundance o f  a ffect ionate anel 
atten t ive re lat ives which gives such secur i ty to I nd ian  ch i l d ren)  a re here 
provided by the  whole v i l l age com m u n i ty .  

Fo l Jowi ng the  estab l i shment  of  t h e  Unel er- Five Cl in ic  t h e  m ost press ing need 
for the ch i l el re n  is e el ucat ion .  There is a wel l-establ ished nursery school in 
Devapa l l i  run by two devoteel Ch rist ian pat ients .  From there the c h i l el ren  are able  
to a t tenel the Govern ment  Pri mary School i n  a nearby v i l l age . I n  Deva nagar a 
q ll al i fied teacher has been appoin teel by the Gove rn me n t .  Fo l lowing the i r  
ed  ucat ion to j u n ior leve I  most  of  the ch i ldren  move a way and go to  l i ve elsewhere 
with re I at ives who arrange for the i r  marriage, wh i l e  some rema in  beh inel  to marry 
other ch i ldren who we re bom in the  com m u n i t y .  These form the larges t 
proport ion o f  the adu l ts examined who h ave no signs of the el i sease . 

Conclusions 

Living cond i t ions i n  two com m u n i t ies of rejecteel or el isableel leprosy pat ien ts 
appear to be much better than is usual ly presumeel .  V i l lage hygiene  anel the  heal  th  
of the ch i l d ren  compare favourably wi th those of the neighbourhooel .  Obviously 
there is no neeel to segrega te the  ch i l el ren from their pare n ts .  Another str ik ing 
featllre is the reI at ive happiness o f  the  communi ty ,  possib ly  el u e  to a " fel l owship  
or sll ffe ri ng"-an experience shareel b y  a l i  o f  the res ielen ts.  

Among the eleformit ies  caused by leprosy col lapse of the n ose appears to be 
one main reason for reject ion .  Regular  n ose care is  therefore an essent ial part in 
the treatment  o f  a l l lepromatous pat ie n ts to prevent th is  d i saster occurri ng.  

The greatest  neeels o f  the t wo communit ies seem to be : 

Regular leprosy treatment  anel general  heaIth care. 
Eel ucat ional  fac i l i t ies for the ch i lelre n .  

Rehab i l i tat ion of  the  adul t  populat ion is o n  t h e  whole not  a fel t  need,  though 
there may be ind iv idual  cases where th is  form of help is req u i red .  The com m u n i ty 
itsel f is the main factor i n  psychological rehabi l i ta t ion and therefore such pat ient  
v i i i  ages shou ld  not  be regarded as undes irable .  
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R e p o rt of t h e  Second I MM L E P  Ta sk 
Fo rce Meeting 1 - 5 De ce m be r, 1 9 7 5  

Leprosy workers e Jl ery w!J ere are aware oI the grea t importal lce oI tlte Wor/d 
Healtlt Organisation Specia/ Progra mme for Researclt and Training in Tropical 
Diseases, with the es tablish men t oI IMML EP, the Tas k  F'orce dedica ted to lhe 
disco Jlery oI a specific J laccine against M y c o bacter i u lTI l e p rae . A summary report 
oI lhe Iirs t mee ting oI IMML EP was reprin led with lhe permission oI the World 
Healtlt Organisation in Le p rosy Review,  VaI. 4 7, No. J. We are happy to prin t 
Itere, also with permission ,  tlte R eport oI tlt e Second IMM L EP Task fo rce 
Meeting. 

Three specific goals were established for the I M M LEP Task Force at its in i t ia l  
meeting in  Nove mber 1 9 74.  They were brief1y : ( a )  To develop M. leprae specific 
skin test an tigens suitable for carrying out epide miological stud ies of leprosy ; ( b) to  
develop a vaccine for leprosy which would indllce sensitization for cel l-mediated 
i m munity to  M. Jeprae and engender resistance to t he disease, and (c )  to lInderstand 
t he nature of the pathological complications of leprosy so that t hey can be 
prevented or better treated.  While the great hope of the progra mme is to  be able to 
immunize against leprosy , the Task Force re mains aware that the ind llction of 
sensitivity to  ant igens of M. leprae does not lead auto matically to production of 
protective immunity.  Only with appropriate testing and clinicaI assessme nt of 
protective effect ,  wil l  it be possible to  know i f  the vaccine can be developed.  

The present second I M M LEP Task Force meeting, held December 1 9 7 5 ,  has as its 
focus the  epide miologica l  prob lems of leprosy. A summary of the achievement of 
one year of research by the Task Force members presen t  included :  (a) An  improved 
method of purification of  bacil l i  containing less than 1 % of contarrúnating material 
fro m armadillo tissue ; ( b) development  of three differen t  soluble skin test ant igen 
preparations,  a l l  of which demonstrated in  pre l iminary trials considerable M. leprae 
skin-test react ivity in tuberculoid leprosy patients . and low l eveIs of skin-test 
reactivity with lepromatous or non-ex posed individuaIs ; ( c )  t hree smal l-scale field 
studies were carried out  on  t wo of the soluble ant igens, and one large 
epidemiological survey ( 2300 tests) was carried ou t  with one of the  products ; ( d )  a 
mycobacterial infection in some wild armadi l los in one d istrict was discovered and 
the organism involved , i n  prel iminary tests ,  showed several similarities to M. lepra e ; 
(e )  immunochemical analysis of isolated mycobacteria demonstrated 4 5  definable 
components and indicated both that  a standardized reference syste m  for ant igens of 
M. leprae is feasible, and that indiv idual  ant igenic components could be puri fied 
and monospecific antisera to them produced , and ( f) comparison of ant igenic 
properties, both by serological techniques and skin testing, ind icated a group of 
readily cult ivated fast growing species with striking a ntigenic similarit ies to 
M. leprae. 

On the basis of  t hese find in!!s protocols were prepared for :  ( a )  Calibration and 
comparison of the available skin test  an tigens in terms of dose response, and (b)  
freq uency of reactivity in  leprosy pat ients ,  contacts  and heal thy individuaIs in  
non-ende mic areas. F irst formulations were prepared of protocols for  testing three 
epidemiological hypotheses re lat ing skin test reactivity to: (a)  Suscept ibil i ty to 
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d isease ; ( b ) e xposure to bac i l l i fc rous  leprosy pa t i e n t s ;  ( c )  s u b c l i n i c a l  i n fec t ion ; (d )  
ex posure to  env i ro n men ta l m y c o b a c t e r i a ,  and  ( e) respons iveness t o  a fu ture  vaccine 

when deve lo pecl , a n d  t h e  order  of pr iQri t i es suggested . E t h ical  cons idera t ions  are a 
perma n e n t  fea t ur e  of a l i  I M M L E P  s tud ies .  

In pu rsu i t of t h e  s p e cific goa ls  of  I M M LEP, fu t ure p l a n s  i n c l u d e : (a)  Con t inuecl 
fo l low-u p of  sk in - t es t  a n t igen puri fica t io n  a n d  tes t ing ,  ( b) a nalys is  of  t h e  
e p i d e miological  d a t a  o b t a i ne d  so fa r , a n d  ( c )  i n i t i a t ion of vacc ina t ion  s tud ies 
i n c l u d i ng o p l i ma l  use 01' adjuvan t s  i n  l a boratory an i ma is , with progress in those 
a reas to  be rev ie wed at a th i rd I M M L E P  Task ForGc meet ing  to be he ld  in a year's  
t i me . 
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Summary Report  

I NTROD UCTI ON 

At the d i rection of  the Steering Committee , the second Task Force of I M MLEP met from I to 
5 December ,  1 97 5 ,  in Geneva to consider the results obtained so far ,  and to formulate further 
investigations of the new skin test reagents related to  leprosy . The Task Force comprised the 
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members of  the Steering Committee , 5 members of the 1 974 Task Force meeting, 5 new 
members, and 5 membe rs of  t he WHO sec re t a riat . 

The present Task Force act ivi t ies re lated to the development  of the new skin test reagent 's  
may be summarized as fol lows. 

STATUS O F  M. L EPR A E- D E R I V E D  S K I N  TEST A N T I G E N S  

Three kinds of skin test reagents  have been prepared from leprosy baci l l i  by Task Force 
members, and two of tJ1em have been subjected to prel iminary field testing. 

Skin tes t reagen t  LC 

This reagent  was e laborated by Dr J .  Convit from supernatants of  lepromins prepared from 
heavily infected human and arma:lil l o  tissues. ( Lepromins a re suspensions of whole kil led 
leprosy baci 1 1 i ,  crudely separated from tissue . )  Whole lepromins evoke 2 types of  re action in 
sensil ized persons. F i rs t ly ,  lhe Fernandez reaction producing an ery lhematous phase , oedema 
and indurat ion 48 h after  inject ion , and in some ways analogous to the tubercul in reaction . 
Secondly ,  the Mitsuda reacl ion ,  producing a tube rcu lo id granuloma at the site of inject ion 3 
weeks to ) mon th la le r .  This la t ter  reaction is a response to whole bacil l i  in lhe  reagen t ,  and the 
former reaction is to soluble ant igens. Thus, Dr Convit 's  reagent  ( LC) is designed lo  evoke the 
Fe rnandez and not lhe  Mi tsuda react ion .  

Resu l ts  (Buli. Wld fflth Org. ( ) 975) ,  52,  1 93- 1 97) were presented of sk in lests carried out 
with the ent ire supernatant and with ammonium su lphate p recipitates of this mater ia l ,  
reconstituted to  the o rigina) volume . These reagents produced equivalent resu l t s  and their 
act ivity was removable by t rypsinization. Using the reagents ,  smal l  groups of pat ients with 
lepromatous and tuberculoid disease were found nega tive and posi t ive respect ively as defined in 
Dr Convit's publications. Vil l age rs in 3 vill ages, I i n  Chile whe re leprosy is not known to occur, 
and 2 in  Venezuela wilh d iffe rent  leveIs of  leprosy prevalence, were lested with these reagents ,  
with whole lepromin ,  and wi th the tubercu l in  PPD.  There were less  than 4% of persons 
producing positive reactions in the Chilean vil l age , and 45% of adulls we re positive in lhe 
Venezue l an vi l l ages. Howeve r ,  in the Venezuelan vi l l age of lowest endemici ty ,  29% of chi ldren 
we re posit ive ,  and in the village of greatesl endemicity the percentage of posit ive chi ldren was 
45% and did not d iffer from that of the adults .  

Skin test reagent LR 

This is prepared by Dr Rees and Dr Draper from leprosy baci l l i  kil led by i rradiation and 
extracted from infected armadillo tissues. The baci l l i  are exhaustively freed  of t issue antigen by 
methods outl ined in Protocol No. 2 /75  of this summary ,  and then b ro ken  by u l t rasound.  The 
solution is freed from particles by centrifugation and filt ration th rough memb rane filters wi th a 
pore size of 0.22 pm.  This reagent is diluted for use according to pro te in concentral ion . Severa] 
batches have been prepared and tested 'i n  6 countries .  

The earl iest batch ,  LRA4, was tested firstly in Malaysià and Ethopia on very small numbers 
of wel l  documented lepromatous and tuberculoid leprosy patients .  From these tests a dose o f  
2 pg protein in 0. 1 m.I was selected for testing on secondary schoolchildren a n d  tuberculosis 
patients in Ubya. One hundred and fifty persons were tested in Ubya and the reagen t  was 
found to be toa concentrated. In  view of  tJ1is, a reaction size of 1 2  mm was selected as positive ,  
and b y  this criterion 8 %  of t h e  schoolchildren and 1 6% of t h e  adult tubercu.losis patients 
produced positive reactions. (Leprosy is  considered to have a prevalence of 3/ I 000 in Ubya.) 
An improved batch, LRA6, was tested on volunteer university students in England and Norway 
where leprosy is non-endemic . Two doses, 2 pg and 0.2 J1g of  protein of the reagent we re tested 
simultaneously with tuberculin .  One out of 70 Oxford students and 1 i  out of  60 Oslo students 
reacted positively to LRA6 . There was a relationship be t ween LRA6 positively and strong 
positivity to 5 TU of PPD ( RT23) in the Norwegian data of  Dr  Harboe . In other areas (Oxford 
and Ubya) such a relationship has not been found . The exploration of this apparent 
inconsistency is  unknown and the specificity of  LRA6 will be further investigated in 
non-endemic areas for leprosy (see Protocol No. 5/75) .  
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LRA6 was assessed in 1 500 pe rsons as part of a large r study in Burma, using a dose of 0 .2  f.lg 
protein .  It was found Ihat 3% of patients with lepromatous leprosy and 39% of those with 
tuberculoid l eprosy produced posi t ive reactions as compared with 1 8% among the general adult 
populat ion .  An interesting sex d i ffe rence was noted in the general populat ion , amongst 
tuberculoid pai ients and amongs t con tacts of  lepromatous disease ; in each case ,  women were 
markedly less reactive than men,  and this was especial ly so amongst lhe c lose contacts .  The 
findings amongst vil lagers from viU ages wi th di ffe ring prevalences of leprosy were in te resting. It 
was found that reactivity to LRA6 reached a peak at a prevalence of 3% where up to 70% of  
persons from some vil lages produced posi t ive reactions. At higher prevalences the percentage o f  
positive reactors was 25% (+ or - 1 0%) . (The nature of this phenomenon wil l  be further pursued 
as out l ined in Protocols Nos. 7 -8/75 . )  

Skin test reagents prepared by Dr Stanford and  Dr Shield from 2 1  other species ,  subspecies 
or  serotypes of  mycobacte ria were also used in the Burma study, and 1 3  of  them were 
compared wi th LRA6 (see working paper; Annex I ) . 

As found previously a re lat ionship between ce rtain of these and M leprae was de tected .  
lluee reagents in particular  (vaccin B,  nonchromogenicin and lact in)  were found to produce 
results similar in many ways to those obtained with LRA6. The remaining reagents fel l  into two 
groups, those wi th some re la t ionship to the leprosy baci J l i  (chelon in ,  vaccin , vaccin A, 
diernhofer in ,  smegmatin and gordon in), and those apparent ly unrelated (fl avescin,  xenopin and 
marianin) ;  one reagent  (marinin) was considered unreliable . Many results of the study carried 
out in Burma still await assessment .  

Skin test reagent LK 

This reagent  was prepared by Dr Kirchheimer (Leprosy in lndia ( 1 97 5) , 47, No. 3, 1 42- 1 50) 
in smaU quant ities from leprosy baci l l i  careful ly separated from frozen armadil lo l ive rs . The 
organ isms we re b roken by mechanical means and by ult rasound,  and the soluble part was 
separated . Protein was precipitated with t richloracetic acid and redissolved in buffe r .  A small 
group of lepromatous and tuberculoid leprosy patients we re tested with I 1 6  f.lg doses of  this 
materia l .  The ve ry few results avai lable look favourable .  

EPIDE M I OLOG1CAL STU D I E S  WITH LYMPHOCYTE TRANSFO R MATlON TESTS 

Dr Bergquist p resented an interim report of the resul ts  of the,  as yet ,  incomplete study of 
LTTs carried out in  an area of Ethopia on contacts of  lepromatous or tuberculoid leprosy 
patients and control  persons not known to have contact with any form of the disease .  The 
antigens empl oyed were M leprae (whole organisms, a fil tered sonicate ,  and dharmendra 
antigen) ,  BCG, M avium, and M gordonae (whole organ isms). A1though some d iffe rences were 
found ,  the study taken as a whole d id not show a significant variation of responses between the 
3 groups tested . ll1e results wil l  require further analyses as more i n formation is added to the 
study. 

PREPARATI ONS FO R NEW EPI D E M IOLOGICAL STUD I E S  

(a) The epidemiology of  leprosy in selected areas was reviewed .  See working papers Annexes 
Nos. 2 ,  3 and 4. 

(b) New studies in  non-endemic areas. Consideration was given to comparative studies on 
the present ly available skin test antigens ( LRA6 and LC) to estab l ish their specificity versus 
tuberculin .  The study wiJI be carried out as set out in Protocol No . 5 /75 .  

( c )  The potential application of M leprae derived sldn test antigens as outlined at the  l ast 
Task Force meeting (see IMM/73 .3 Protocols Nos. 8 and 9) were reassessed (see Protocols Nos. 
7- 1 1 /7 5) .  

The priority f�r these studies recommended by the Task Force to the Steering Committee 
was that the first study to be  undertaken should be TDR/IMMLEP/75 .8 ,  Protocol No.  5/75 .  
Protocol No . 6/7 5 will be carried out subsequently to Protocol No.  5/7 5 .  This p rotocol may 

* Accepted by the Steering Com mittee at its meeting on 5-6 December, 1 9 7 5 .  
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have to be modi fied depending on the outcome of Prolocol No . 5 /75  sludy.  Further 
epidemiological sludies ,  Protocols Nos. 7 ,  8, 9/75 should , i f  possib le ,  be carried out as a joint 
praspective study after  comple t ion of Protocol No. 6/7 5 .  

Supp/y of M . leprae 

I n fected armadil lo l issue will be submi t ted  to lhe I M M LEP pragramme as agreed at the last 
Task Force meeting ( I M M/74.3 Protocol No. I ) . However ,  the yields from sac rificed animais 
have been lower than that found in those dying from advanced disease (see Pratocol No.  2/7 5 ,  
Annex). Thus, t h e  Task Force recommended st rongly that the Steering Committee should make 
plans immediately fo r expanding the supply of M. leprae to meet the needs of the programme 
in the fu ture.  

Mycobacte rial infection of  wild armadil los fram certain a reas was reported by one of the 
cen t res .  Prel iminary observat ions indicate that the mycobacterium in quest ion may be M. 
/eprae. A collaborat ive inves tigation with publ ic health autho ri t ies has been started to define 
lhe possible publ ic-health import ance of this animal rese rvoi r .  The precaut ions necessary to 
ensure a non·contaminated supply of M. /eprae were d iscussed in de tail and set out in Protocol 
No . 1 /7 5 .  

P U R I F I CATI ON O F  M .  L EPR A E  F RO M  T I S S U ES 

An impraved system fo r p reparing elect ron-microscopically c1ean suspensions of M. leprae 
fra m  in fected armadil lo tissues was d iscussed ( Protocol No . 2/75) .  The method resembled in 
parI  that  of Küchheimer (see above) and that described previously ( I M M/74 .3 ,  Protocol No . 2 ,  
Appendix I ) , but separation in an aqueous two-polyme r phase system replaced sucrose density 
gradients .  

The importance of  determining lhe  e ffect  of the enzymes used on the bacter ia l  an t igens was 
emphasized ,  and also the need to measu re recove ries  of  bacteria .  The method of I MM/74 . 3 ,  
Protocol No . 2 ,  had  been used success ful ly in severa I laboratories. I t  wa s  agreed that lhe 
high-speed supernatant frac tion from the preparation described in Protocol No. 2/7 5  should be 
examined for presence of ant igen of the Convit type . Consistent yields of bacte ria fram tissues 
were obtained , but were lower than described in I MM/74.3 , Protocol No. 2, p robably because 
the t issue now carne fro m  kil led armadillos rather than animais dying of leprosy (see Protocol 
No . 2/75 ,  Annex). 

C H A R ACTE R I Z ATION OF M. LEPRAE ANTIGENS 

Dr Harboe described the potentialit ies of the  crassed immunoelectrophoresis system for 
study, puri fication and fractionation of ant igens of mycobacteri a ,  and urged the necessity for 
reference antigen/antibody systems to be developed .  The method had been used to study 
ant igens or M. lepraemurium and Mycobdcterium BeG and should now be applied to M leprae 
as puri fied bacteria beca me availab le .  Refe rence syslems for M leprae antigens based on both 
precipitation in gel methods and cell mediated immune systems are highly desirable .  

G E N E R A L  APPRAISAL 

From the  documents p resented at the  meeting and  from the discussions, the  progress made 
since lhe first Task Force meeting can be summarized as folIows. 

( I )  The supply of infected armadil lo t issues has been met as committed in the first Task 
Force meeting. 

( 2) A p rocedure for pu rification of M. /eprae has been establ ished and further improved to 
the extent that the antigenic material produced contained less than 1 %  of host tissues. 

(3 )  A bank of armadillo infected tissues h as been established and materiaIs distributed to 
the various investigators. 

(4) The met hods for an ant igen re fe rence system have been established .  
( 5 )  Three skin test  preparations have been developed. 
(6) The results of preliminary field studies undertaken with two available antigens can be 

summarized as fol lows : 
(a) A supernatant fram Mitsuda type lepromin ( LCH) p repared fram armadillo or human 
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heavily infecled l i ssues ( autoclaved preparal ion) showed a di ffe rence in reac tivi ty of  
popul alions in endemic and  in  non-endemic areas .  

(b) A protein exl ract of  puri fied bacil l i  from armadil lo  i n fecled l i ssues ( LRA6) showed a 
h igh reacl ivi ly in polar luberculoid leprosy patienls ,  and very I i l t le reactivi ty in lepromatous 
patients .  ll1e resulls obtained in non-endemic are as are at presenl  con ni c ting. 
Extensive sludies in a highly endemic area have been carried out and the resu l ls are being 

assessed .  
( 7 )  New studies using the LTT have been reported .  
(8) Protocols on methods for new studies making use of  exis l ing an tigenic preparations as  

we ll as of  others which could be developed , have been designed dur ing this meeting. 
(9) Administrative procedures for the Task Force have been established (see [nterim Report 

of ST Chairman,  1 97 5 ,  Annex 5) .  
The cost  involved in lhese achievemenls ,  wh ich only represent a parI of lhe tota l  IMM LEP 

activit ies,  is only in  the order of US$ 75 ,000, al l  adminislrat ive costs for 1 97 5  inclusive .  

No. 

1 /7 5  
2/7 5 

3/75  
4/7 5 
5/75  
6/7 5  
7/75  

8/75 
9/7 5 

1 0/75  
1 1 /7 5  

List of Pro toe ois 

Title 

Suppl y of M. leprae for I MM LEP programme. 
Proposed sys tem for preparing purifled suspensions of  M leprae from tissues of 
infecled armadi IJos. 
Puriflcation and characterization of M leprae antigens .  
General considerations for sk in  test studies to be unde rtaken in endemic areas . 
Compara t ive lesting in non -endemic areas. 
Calibrat ion and comparison of available antigens .  
Possible desensitizat ion as a consequence o f  heavy exposure to baci l l i  ferous 
lepromatous patients .  
Relat ion of skin ·tesl unresponsiveness of contacts to their susceptibi l i ty to disease. 
SubcLinical infection. 
Environmental mycobacteria. 
Skin tests in rel ation to t rials of potential vaccines. 

P ROTOCOL NO. 1 / 7 5 .  S UPPLY O F  M. L EPRAE FOR I M M LE P  PROG R A M M E  

The Task Force reviewed t h e  procedures t o  b e  followed in the light of  a recent report by Dr  
Walsh from the  Gul f  South Research [nstitute,  that a mycobacterial infection had been  found 
in wild armadillos captured in sout-west Louisiana. While i t  was agreed that there was 
insufficient evidence at present to establish beyond doubt that any of these were M. leprae 
in fections, most of the available data are not  inconsistent with such a concJusion .  

The importance a n d  implicat ion of this obse rvation was considered a s  i t  related t o  the 
[MMLEP programme and commitment .  Fortunately ,  the tissues from the infected wil d  animais 
have been distributed rapidly to some [MMLEP members and others. At tempts to identify these 
mycobacteria are under way. [n addition , a detailed  sampling programme of  wild armadillos i n  
Louisiana and  neighbouring states has been undertaken by the  Center for Disease Cont rol 
(United States of America) (60 animals fro m  1 0  areas) . I t  is anticipated that more defini tive 
data will be available within 3 to 4 months . This information will be made available to IMMLEP. 

In the meantime the following procedures we re accepted : 

I .  Screening of eigh t- and nine-banded armadillos prior to inoculation with M. leprae 

(a) Ginical examination. Full clinical examination at the time of capture , and ali animaIs 
with skin nodules or  ulcerations,  or  enlarged Iymph nodes, would be killed . Smears from the 
above sites would be stained for AFB, and tis sues from animaIs with positive smears will be 
cultured and subjected to histopathological examination .  (From the centres in lhe United 
States of America data will be reported to CDC, and the information obtained from ali centres 
is to be reported to IMM LEP.) 
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(b )  Full bacteriological examinations of c/inically 1:lOrmal animais. ( I )  Ear skin : Scrape ar 
t issue c l ip to  be examined for AFB;  ear cl ip t i ssue a lso to be examined histologically . (2)  Blood : 
Examinat ion o f  buffy coaI for presence of ·AFB. (3 )  Nasal smear: Examinat ion fo r AFB .  

Cultures for mycobacter ia wi J I  be  se t up on  a l i  AFB posit ive material .  
Al i AFB posi t ive animais are to  be ki l led and t issues t aken for histopathological 

examinat ion . CDC and I M M LEP are to be not ified as in I ( a). Al i  tests current ly  availabie and 
applicable to  the identi fication of  acid-fast organ isms as M. leprae should be carried out on 
representative animaIs on a cont inuing basis . 

2.  Quarantine of armadillos before inoculation with M. leprae 

AnimaIs that are AFB negative will be held for :  
( I )  Four months in  a holding area isolated fro m contact wi th wild annadi l los and  as 

protected as possible from rodents and arth ropods .  They wiJ I  then be re-examined as in I (b) 
just before inoculat ion (procedure for GSRI  and Venezue la) ;  o r  

(2)  For  2 weeks and then they may be inoculated wi th  M. leprae as  long  as  ea r  cl ips are 
taken 3 and 6 mon ths la ter  for bacteriological and histo logical examination (procedure for 
Carvi l le) .  

( In fu ture ali animals fai l ing to accl imal ize to capt ivi ty should be ki l led and autopsied . )  

3 .  lnoculation wirh M.  leprae and subsequent isolation 

Al I animais wi l l  be inoculated · by int ravenous route as previously agreed .  However ,  in future 
only M. leprae from leprosy pat ien ts or from fi rst  passage armadil los current ly held at Carville 
and Venezuela will be used .  Until further notice no armadi l lo passaged M leprae from GS RJ 
wil l  be used for inoculation .  

Ali M. leprae inoculate� armadil los wil l be kept  separately from animais await ing 
inoculat ion .  

. 

In order to produce heavy in fection in a high proportion of animais wi th M. leprae ob tained 
from patients, I M M LE P  will provide lhe cen tres at GSRI , Carvi l l e  and Caracas with fresh 
suspensions containing l a rge numbers of AFB on wet ice or  I iquid n i trogen .  lt is hoped to be 
able to  provi de sufficient  M. leprae for each animal to receive 1 .0 x 1 08 AFB in t ravenously .  

Various procedures are being explored  to predicl the  optimal t ime for kiU i ng infected 
an imais. 

. 

4. Source of wild armadillos 

Unti l  further i n formation is available from the p resent studies, only armadillos obtained 
from areas in  which mycobacterial i n fection has not been found wiU be used for IMMLEP. 

5 .  lnvesfigations at time of harvesting from infected armadillos for passage 

From each animal ,  skin and peripheral nerves will be submitted for h istological examination 
for lhe presence of AFB in  dermal o r  peripheral nerves .  

From each animal a fresh sample o f  bacil l i  wi l l  be prepared for :  

( a )  Py ridine test .  
(b) (D)-Dopa tes t .  
( c )  Fluorescent  an tibody test (air-dried smears to be prepared on  th in  glass slides ; test will 

probably be undertaken by Dr  Abe). 
(d) Mouse foot pad inoculat ion .  

Other tests may be p roposed depending on lhe results from further studies on bacilli from 
lhe freshly trapped and mycobacterial ly  i n fected animals. 

6. Investigations af time of harvesting tissues from armadillos for distribution through 
IMMLEP. 

(a) Animais due to be harvested prior to I July,  1 976, are subjected to alI steps listed i n  
section 5 above . 

(b) After this t ime, animals inoculated with human materi al or first passage armadillo 
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material wi l l  be subjected to  cul t ural p rocedures fo r mycobacteria , to skin and pe riphe ral lle rve 
h is topathology , and whichever of lhe  tests in sect ion 5 are found most spec if1c .  

A N N E X  TO P ROTOCOL NO. 1 / 1 5 .  S U PPLY O F  M. L EPRA E 1 976- 1 97 8  

Supp/y cen tres 

The fol lowing numbers of heavily infected animaIs wi l l  be available in 1 976 :  
Gu l f  South Research Inst i tute , New Iber ia ,  Louisian a ,  Ull i ted States of  America-up to 1 5  

armadi l los ; 
USPHS Hospital ,  Carvi l le ,  Louisiana, United States of America-up to 3 armadil los .  
The fol lowing numbers wil l  be avai lable in 1 97 7 :  
G u l f  South Research I nst i tute-up to 1 5  armadil los ; 
USPHS Hospital -up to 1 0  armadil los ;  
Inst i tuto Nacional de Dermato logia ,  Caracas, Vellezuela-up to 5 armadi l los (of the smal ler  

8-banded species). 
TIle fol lowing number wil l  be available in 1 97 8 :  
Gulf Soulh  Research Institute-up t o  1 5  armadi l los ;  
USPHS Hospi tal-up to 1 5  armad i l los ;  
Ins l i tuto Nacional  de Dermatologia-up lo 5 animaIs .  

PROTOCOL NO.  2/ 1 5 .  P ROPOS E D  SYSTEM FO R PREPARI NG P U R I F I E D  S USPENSIONS 
OF M .  L EPR A E  FROM T 1SSUES  OF I N FECT E D  A R M A DI LLOS 

Tissues used so far :  l iver,  spleen ,  subcutaneous leproma. 
AlI were frozen at -20° C o r  (usually) a I -70° C .  AlI were steril ized by 2.5 M rad [ 6OCO ] 

gamma radiat ion .  
(There seems no reason why:  (a)  F resh tissues migh t not  be used,  or  (b) why unirradiated 

tissue might not be processed .  However ,  the latter aIternative involves the hazards of: (i) 
infection with M. leprae of lhe operato r ,  and (i i)  contamination of  the d igests with other 
organ isms.) 

, 

Materiais needed 

( I )  SE buffer (0.3 M -sucrose , 0 . 25  mM -dipotassium E DTA adjusted to p H  7 . 1  to 7 .2  wilh 
KOH. 

(2) Triton X I OO (conveniently handled as 20% w/v solution). 
(3) Tris buffer (0. 1 M -Tris adjusted to p H  7 .2  with HCI). 
(4) Tween (0.05% Tween 80 in  water) .  
(5) Sodium azide. 
(6) Collagenase (from Clostridium histolyticum ; we used "type \ l". from . Koch-Ligh t  with 

low proteinase activity ; a crude r type might do) .  
(7) Trypsin (crystal l ine) .  
(8) Chymotrypsin (crystal l ine) .  
(9) Pronase (type B from Calbiochem; could be replaced by Streptomyces grisius proteinase 

from other sources). 
( 1 0) PEG (polyethylene glycol 6000 from BDH; 1 30- 1 70 ethylene oxide units per 

molecule). 
( 1 1 )  Dextran ( Dextran T500 from Pharmacia ;  moI . wt about 500,000) . 
( 1 2) Phosphate buffe r (conven iently 0 .5  M -potassium phosphate, p H  6.9) .  
( 1 3) Sodium cWoride (conveniently I M- or 2 M- NaCI). 
( 1 4) Calcium cWoride (M -CaCI 2 ) .  

Apparatus needed 

( I )  Homogenizer (Sorvall Omnimix has especially fast motor and is easy to keep cool ; 
others would probably do). 

(2) Cent ri fuge (capable of  spinning samples at 1 0 ,000 x g; Sorvall RC-2,  RC-2B, RC-5 
suitable ) .  



(3)  Separa t i ng funne l .  
(4)  Magnet ic s t i rre r .  
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Homogenize t i ssue in SE buffe r ,  30 ml buffer/ I O g t i ssue . 3 min in Omnimix at top speed , 
coo led in wat e r  wi t h  ice. 

Cent r i fuge 500 x g, 5 min o Prese rve supernat ant . Homogen ize sed iment as before ,  cen t ri fuge 
as before,  combine superna tan t s ,  d iscard sedimen t .  

Cent r i fuge 1 0 ,000 x g, 1 0  min o Discard superna�ant .  Resuspend in SE ,  cen t r i fuge a s  before .  
Pour off supernatant  and as much as possib le of fl uffy t op layer of sediment .  Keep cold up to 
this  point .  

Suspend sedi lllent in 1 % Triton x 1 00 i n  SE buffer ,  s tand at room temperature (20° C )  for 
1 IUo Iyse mitochondr ia .  

Cen t r i fuge 1 0 ,000 x g, 1 0  min,  d iscard supernat an t .  Wash sed iment t wice with S E  b uffer ,  
cen t r i fuging as befo re .  Pou r  off as much as poss ib le of flu ffy uppe r l ayer  of  sed i lllent during 
washing. There is usua l ly a sha rp dernarcation bel ween lhe  fluffy upppe r l ayer  and the fi rm 
lower layer .  (There is usua l ly a smal l  wh itish (co l l agen) pe l le t  at the  base of the  lower l aye r . )  

SuspenCl in Tris buffe r ,  add  a I i t t l e  sodi u lll azide , one  drop of calcium chloride , and 
col lagenase at  1 00 .ug/ml .  I ncubale at 37° C ,  24 h. ( I f viable bac i l l i  we re needed , an a l te rnat ive 
to axide should be sough t . )  

Add t rypsin a n d  chymot rypsin a t  1 00 .ug/Ill l .  I ncubate 2 4  h ,  37° C .  (This step has s o  far on ly 
been necessary with subcu t aneous leproma,  which gave a suspension wi th  more non-bacte rial 
partic les a t  t his s tage than did I iver . )  

Add pronase at 1 00 .ug/ml .  Incubate 24 h ,  37° C. ( May be prolonged up t o  4 days to cope 
wi lh l a rge a lllounts of ext raneous prote in ,  but lhe addi t ion of the trypsin step is probably a 
more sat i sfac tory a l te rnative . )  

Cenlr ifuge 8000 x g, lO  min o  Wash sediment t wice wi th Tween ,  cen t rifuge as befo re .  
Suspend in s llla l l  amount of  Tween .  

Prepare aqueous two-phase polymer-system . For  1 00 g batch use 7 .0 g Dextran , 5 .0 g PEG ; 
water  to 7 5  g (weigh i t ' ) . S t i r ,  or s tand and then s t i r ,  unt i l  polymers are dissolved .  (Th is can 
convenien t ly  be done by b rief s t i r ring after s tanding overnigh t . )  Add phosphate buffe r and 
sodium chloride t o achieve final concentrat ions of 0 .0 I M each, add bacteria l  suspension , add 
water  to  1 00 g. 

St i r  system unt i l  unifor lll ,  then stand in separating funnel unt i l  phases separate .  Run off 
lowe r  phase and interface (usuaJ ly coloured). Dilute top phase with equal volume of water ,  
adding Tween 80 ( 1 0% w/v solution) to give 0 . 1 %  final concent ration . ( A 1 00 g sys te lll gives 
about 50 mJ of  upper phase . )  

Cent ri fuge di luted upper phase 8000 x g, 30 min o  Wash sediment in Tween several times , 
cen tr ifuging at 8000 x g for 1 0  min o ( l f  there is a significant t ranslucent b rownish layer above 
the whit ish bacterial layer it may be removed by suspending it gent ly withou t  disturbing the 
bacteria.) 

Suspend bacteria in water  and freeze-dry or preserve as a suspension in Tween 0 .05%. 

ANNEX TO PROTOCOL NO.  2 / 7 5 .  P ROG RESS REPO RT ON M. L EPRA E  A N O  S K I N  TEST 
ANTI GEN PREPARED FROM I NFECTED A R M A O I L LOS AT THE I M M LE P  M. LEPRAE 
BANK ( O R  REES) 

Yield and reproducibility 

Using the defini tive system for preparing suspension of M. leprae from tissues of infected 
armadil los developed by P. Draper since the first meeting of  the I M M LEP Project Group ,  held 
in Geneva in November 1 974, highJy reproducible yields of  purified M. leprae have been 
obtained. All this data presented in the following table is based on infected tissues from killed 
armadill os: 

• But see Protocol 3 / 7 5 .  
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M. leprae 

Tissue  Y ield 
Armadi l lo Wet we ight B atch Dry weight  

No.  Orga n (g) No.  ( mg) % 

A 8 1 Spleen 4 1 A.7  56  0 . 1 3 7 
Liver  40 A .8  77  0. 1 9 3  
L ive r  82  A . 9  1 66 . 7  0. 203  

A29 L iver  8 0  A . I O  1 02 . 3  0 . 1 2 8 
Liver 80 A . I I  89 . 5 0 . 1 1 2 

Thus, to date 323  g wet weigh t infected l ive r  and spleen have y ie lded 492 mg dry we igh t M. 
leprae. giving a mean yield of 1 . 5 mg dry -weigh t M. leprae/ I .O g wet weigh t infected l issue . 
These yields are l ess than we reported (2 .7 mg M leprae/ I .O g tissue) in November 1 974 
(l MM/74 . 3 ,  Appendix l i ,  page 1 2 ) probably because then our methods were : ( 1 ) Less precise 
and ( 2) were based on l imited informat ion from tissues of infected armadil los which we re 
a l lowed to progress to deat h .  

T o  date appro ximately 300 g dry weigh t M leprae have been dist ributed to the I M M LEP 
programme. 

Purity 
Elect ran micrascopical examinat ion of each of t hese preparalions of b acil l i  showed them t o  

be free fro m  contaminalio n ,  inc1uding the presence of collage n ( see sec tion b e l o w  on pur i ty  of 
skin test ant igen derived from these p reparat ions o f  M. leprae). 

Distribution and handling of freeze-dried preparations of M. lep rae 

To date,  our preparations of pu ri fied M leprae have been freeze-d ried from water suspensions 
and l ike ali other purified mycobacterial preparations in water are d ifficul t to resuspend 
wi thout aggregation . Presen t s tudies show that the problem of aggregat ion can be overcome by 
init ial resuspension in the presence of surfactants and tha t  with these surfactants the maximum 
concent rations of  M leprae in suspension can be obtained under the fol lowing cond i tions :  

MAXI M U M  CONCENTRATION O F  M .  L EPR A E  RETA I N E D  I N  SU SPEN SIONS F RO M  
FREEZE- D R I E D  STATE 

Conce ntration of freeze-dried M. leprae/ml  in suspending fluid 

0. 5 mg 
0. 2 5  rng 
\ . 0  rng 

0. 1 % Tween 80/saline 
0 .05% Tween 80/sal ine 
0. 05 % Tween 8 5 /saline 

(To obtain a homogeneous suspension the freeze-dried M. leprae sh ould be placed in a dry 
g1ass homogenizer and the suspending tluid added slowly during grinding.) 

From any of  the above combinations M. leprae will remain homogeneously i n  suspension at 
t wo-fold dilutions adding saline without any further Tween .  

S K I N  TEST ANTlGEN 

In order  to expedite studies on a soluble sk in  tes t  anligen de rived fram M leprae obtained 
fra m  i n fected armadillo tissues , a large-scale batch o f  M leprae was prepared from infected 
armadillo t issues using the earl ier method described by P. Draper ( Appendix I ,  IMM/74.3).  This 
preparation has been used thraughout for the major skin tests carried out in Burma, Norway 
and the United Kingdom.  The re is a stock of 1 1 0,600 skin test doses (0.2 J.l.g protein) of LRA6. 
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Reproducibility of an tigen 

As agreed by I M M  L E i >  smal l  samples of ant igen have been p re pared from each new balch of  
purified M. leprae for comparing wi t h  LRA6 by skin l e s l s  in leprosy pal ien ts .  

The y ie ld  of so lub le  p role in an l igen is approx imale ly 25% of  lhe d ry we igh t o f  M. leprae. 

Test for purity 

Quan l i t a t ive sk in tesls wi th p rote in from uninfec ted armadi l lo t issues in groups of guine a 
pigs sensit ized with the same prote in or M. leprae skin test antigen , incorporated in complete 
Freund adjuvant ,  show that LRA6 , LRA 7 and LRA8 contain \ %, < 0.68% and < 0. \ 3% 
armadi l lo  p rotein , respect ive ly .  

Standardization of skin tes l an tigen in guinea-pigs 

Pi lo t  s tudies using animais sensi t i::ed with puri fied preparat ions o f  M. leprae incorporated in 
incomplete Freund adjuvant indicate lhat  this met hod is very sensi t ive .  Pre l iminary comparal ive 
results  using LRA6, LRA 7 and LRA8 give s imi lar  delayed ty pe hypersens i t ivity react ions 
rela ted to the i r  protein con tent .  I t  is plan ned to  use ' this method to study c ross react ions 
belween M. leprae and other  species of  mycobac le ri a .  

Problems 

( \ )  The possible e ffec t  of four d i ffe rent proteolytic enzymes on ant igens of bacte ria .  
Experiments a re curren l ly  under way using M. lepraemurium a s  a mode l .  

( 2 )  Supernatant from h igh speed ( \ 0,000 x g)  cen t ri fuging probably contains Convit's type 
of  ant igen .  This should be recovered if suitable techniques become availab le .  

(3) Difficulty of  resuspending freeze-dried bacteri a .  

PROTOCOL NO.  3 / 7 5 .  P U R I FICATlON ANO CHA RACTE R I Z ATION OF M .  L EPRA E  

ANTI GENS 

\ .  Purpose 

The goals  are :  
(a) To provide a solub le ,  stable preparalion from M. leprae which i s  a s  specific for M. leprae 

as possib le ,  cross reacts minimal ly wi th other mycobacteri a ,  and is non-sensitizing . by skin 
testing. The p roduct should contain as few immunologically i rre levan t ,  non-react ive 
components as possible .  

The potent ial uses of this type of M. leprae preparation are described in Protocols Nos .  7, 8 ,  
9 and 1 1 /7 5 .  

( b )  T o  p repare individual antigenic components from M. leprae. Experiments with diffe rent  
preparations of  th is  kind are necessary to obta in info rmation on the relat ionship be tween 
an tibody formation and cel lular immune reactions against the di ffe rent components of M. 
leprae in patients with various forms of c l inicaI disease and in individuaIs exposed to M. leprae 
who remain healthy. 

Sensi t ive assays for ant ibody fo rmation against se lected M. leprae antigens may provide 
positive findings in infected individuais who develop l epromatous disease wi th minimal cl inicaI 
symptoms and who have negative skin tests. 

Antibody formation and ce l l  mediated immune reactions against particular an t igenic 
components may be related to important pathological p rocesses such as nerve damage , reversal 
reactions and erythema nodosum leprosum (ENL).  

Work with pur ified ant igen would faciJitate investigations of  the taxonomic rel ationship 
between M. leprae and other mycobacteria .  

(c) To establish a re ference system for characteri zation of  M. leprae by c rossed 
immunoelect rophoresis. 

An ti-M. leprae antibody should be produced in one laboratory so that antibody and 
polyvalent M. leprae an tigen can be sent to other laboratories to se rve as a con t ro l  and refe rence 
for their immunodiffusion systems. 

Tests with crossed immunoelect rophoresis including direct comparison with the reference 
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system are valuable fo r examinat ion and comparison of various M. leprae an tigen preparat ions 
made fo r skin tes t ing and o the r  pu rposes. 

( d )  nle possib le use of  animal models based on skin tests and in vitro tests of  cell mediated 
immuni ty fo r eva lua t ion and comparison of va rious M. leprae an t igen preparations should be 
explored . 

(e)  To fi nd whether an t igens tha! are importan t in immune react ions in leprosy have 
corresponding components with s imi lar s t ructure in readily éu l t ivable mycobacter ia .  

2.  Ma teriais suitable for fractionation 

(a) An t igens wil l  mainly be isol ated from pur i fied leprosy bacil l i  obt ained from infected 
armad i l los .  

(b)  Some i mportant an tigens of M. leprae may be present in the t issue fluid of infected 
armadi l lo  t issue . After the  init ia l  homogenization and cen tr ifuga t ion procedures involved in 
puri fication o f  baci l l i  (se e Protocol No.  2/75) ,  the supernatant fluid should be saved and stored 
at _200 C,  to  be used for an t igen fract ionat ion when adequate methods have been deve loped . 
Di ffe rçn t  techn iques sh ould be explored for th i s  purpose .  I mmunoadsorbent procedures based 
on the use o f  an l i sera against M. leprae are expected to be part icular ly use fui since they may 
permit speci fic recove ry of M. leprae an tigens frum the quan t i ta t ively dominat ing animal 
prote ins  in the fl uido  

(c) Purification of an t igens from circulat ing immune complexes in lepromat ous leprosy 
pat ients  wi th and wi thout ENL may provide materiais that are part icu larly valuable for 
establishing the relat ionship between ce rtain antigenic components of M. leprae and c l inicai 
course of  the disease. 

3 .  Fractionation procedures 

Deve lopmen t of frac tionation pruced u res using some other mycobacteria is importan t ,  to 
establish the most valuable techniques and to save precious antigenic mate rial , but the work 
should be applied to M. leprae i tse l f  as soon as possib le . 

Seve ral approaches should be explo red since it can not be p redicted wh ich methods will lead 
to purification of an tigens most important in protect ive immunity or  c1 inica] complications .  
Diffe rences in " know how" in d iffe rent laboratories are also i mportant i n  this respect .  

The separation may be based on conven tional biochemical p rocedures such as salt 
fractionat ion ,  e lectrophoresis, ion-exchange chromatography , gel fi l t ration , phase partit ion and 
lect in-affinity chromatography . 

The possibility of using immunological techniques for fractionation should be explored , 
particularly immunoadsorben t  p rocedures .  These a re based on the use of antibodies as reagents  
of high specificity,  and make i t  possible to concent rate the work on fractions that appear to be 
particularly important from other sources o f  immunologicaI info rmation. They a re part icula rly 
suited for work with small amounts of  an t igen .  

Monospecific antisera  against individual components o f  BCG have been made by 
i mmunization of an imaIs  with precipitates from c rossed immunoelect rophoresis, and simi lar 
antibodies may be very use ful for isolat ion of  individual an tigenic components of M leprae. 

4. Testing of the preparations obtained 

Tests for specificity of an tigenic preparation described in section I (a) .  The preparation 
should be characte rized  by :  

( i )  S t rong reactivity with  antisera against  M leprae; (ii) minimal reactivity wi th  antisera 
against other mycobacter ia ;  (iü) mínimal reactivity with antisera prepared against normal 
armadillo and human tissue ; (iv) cell mediated immune reactions as measured by delayed 
hypersensitivity skin reactions, Iymphocyte t ransformation tests, and migration inhibit ion tests 
in animais , and patients with tuberculoid leprosy should show similar specificity and lack of 
c ross reactivity.  Skin test ing in heal thy individuals in leprosy non-endemic areas is described in 
Protocol No. 5/75 .  

The stabil ity of  the p reparation should b.e ascertainecl and should include information on the 
effect  of storag.e at; ':"'200 C and. 40 O; tre�l i!)&.�nd di lut ion.  
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Tes t s  fo r pur i ty  o f  p re p a ra t ion descr ibed in  sect ion I ( b ) :  
( a )  Prec ip i t ab le cO l l lpone n t s  s h o u l d  give a s ingle band by crossed i m m unoelec t roph oresis or  

a sys t em o f  s imi la r  sens i t ivi t y using a pot e n t ,  po lyva len t an t i -M. leprae a n t ibod y .  
( b )  Non - p reci p i t a t i n g  componen ts  w i th  i m m u n ol ogical  reac t iv i ty  shou l d  be pro ved 

homogeneo us by adeq u a t e  b iochemica l  techniques .  

P ROTOCO L NO. 4/ 7 5 .  G E N E R A L  CON S I D E R A T I O N S  FOR S K I N  TEST STU D I ES TO BE 
U N D E RT A K E N  IN  E N D E M I C  A R E A S  

I .  Ant igen(s) l o  be  tesled 

( I )  The an t igens to be conside red ll1ust be as spec i fl c  as poss ible fo r M. leprae, stable under 
the condit ions to be tested , and non-sensitizing (cf. Protocols Nos.  7/75 and 3/75) _  

(2) The opt i ll1al dosage for discri ll1 inat ing posit ive reactors from non-reactors must  be 
known ( to be derived from Protocol No.  6/75) .  

( 3 )  The maximal potency avail able is requi red , i . e .  a high frequency o f  reac t ivity in known 
tuberculoid leprosy pat ients  (cf. Protocol No. 6/75) .  

(4) Ant igens should be coded . 
( 5 )  Addi t ional an t igens  could be added to th i s  as seems appropri a t e .  

2 .  Methodology 

( I )  Sk.in tests should be ca rried out i n t rade rmally in 0 . 1 ml volume on the volar surface of  
the  forearm. 

(2) For mu l t i  p ie tests  on single individuaIs, randomization of  test s i tes  is preferab le .  
(3) Tests  must be accurately read by an  expe rienced reade r for diameter  of ilidurat ion,  

diameter of erythema and/or oedema, and subject ively for intens i ty of  e rythema (cf. Protocol 
No_ 8/75) _  

(4)  Accurate and deta i led reco rds of the s tudy populat ion group must be kept .  Some 
paramete rs to be included are given in Protocols Nos_ 7/7 5 and 8/7 5 _  

3 .  Populalion studied 

I n  order that the most use ful  info rmation can be obtained from sk.in test resu l ts ,  i t  is 
importan t that any population to be tested be characterized with regard to frequency and 
prevalence of leprosy and tuberculosis ,  BeG vaccination status, and exposure to environmen tal 
ll1ycobacteria .  The study gro\!p should be group by age , e .g .  6- 1 1 ,  1 2- 1 8  and 1 9-40 years. 
Sociological parameters which may affect  contact with leprosy cases should also be conside red 
(Protocols Nos. 7 / 7 5  and 8/75) .  

I n  test ing populations of leprosy pat ients ,  the i r  disease status ,  de termined c1 inical ly and 
histopathologically , should be recorded as follows : 

TT, BT, BB ,  B r.:, LL and ( i f  possible) ' -

Duration of disease , nature of disease (e .g .  quiescen t ,  active or  reactive), treatmen t  ( type ,  
duration and regu la ri ty) must be recorded .  

4. Ethical cOl1siderations 

( I )  I t  must be appreciated that none of these p rotocols can be carried out wi thout the 
approval of  the gove rn ments concerned ,  and/or the groups being studied ,  which will be sought 
in advance. 

(2) Al i patients with leprosy discovered i n  the course of  any trial should receive t reatment . 

PROTOCOL NO. 5 / 7 5 _  COMPARATlVE TESTING I N  NON-E N D E M I C  A REAS 

The purpose is to compare d i fferen t antigenic p reparations from M. leprae by skin test ing i n  
non-endernic leprosy areas and  to delineate whether the re is  a correlat ion w i th  tuberculin 
sensit ivity . 
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( I )  The LRA6 preparal ion , 2 .0 Jlg/sk.in test (0 . 1 ml i n t radermal ly ) .  
( 2) The L C  preparal ion a s  p repared from infec led ar'madi l los ( LCA) (0 . 1 m l  i n t radermal ly , 

standa rdized on lhe  basis of o riginal coun t  o'f acid-fast baci l l i  = 1 .6 x 1 08 /ml ) .  
(3)  A con t ro l  preparat ion made in l h e  same way from Iymph nodes from un in fecled 

armad i l los s landa rdized to lhe Same lota I  protein concen l ra t io n .  
( 4 )  PPD, RT23 ,  2 TU/ in t radermal inject ion in  0 . 1 ml vo lume ( obtained from Copenhagen) .  
Note. Arrangements  wi l l  be ma de fo r t h e  LRA6, LCA and con t ro l  p reparal ions l o  be tested 

for endotoxin ( Limulus assay ) as a sensi t ive ind icator of the p resence of non-M. leprae bacterial 
products. 

Test subjects 

( I )  I -1ea l thy voluntee rs ,  male or fema le ,  aged 1 8-2 5 ,  who have given i n formed consent and 
who have not been exposed previously to any test p rocedure wi th  M. leprae an tigens ,  but  who 
may or may not have been BCG vacc inated . 1 1  shou lcl be recorcled whether they have been 
vaccinated once or  more ,  and at which t ime. 

(2) Pal ients  with act ive pu l mona ry tube rcu losis ,  spu t u m  posi t ive at t ime of diagnosis and 
within 1 8  month s  of  commencement  of  t rea tmen t .  The cl rug regimen should be recorded and 
should not incl ude immunosuppressive agen ts .  No adverse e ffects or  more intense skin reactions 
have been recorded using 1 . 5 TU RT23 in  cases of pu lmonary tubercu losis (1 .  Guld ef ai. , Buli. 
W/d Hlth Org. ( 1 9 5 8) 1 9, 845-95 1 ) . 

For both groups, individua is  from leprosy endemic areas must be excl uded . 

Areas selected 

( I )  Chile (southe rn part ) .  In th is area hea l th y  ind ividuais from 2 addi t ional  age-groups 
(chi ldren of 1 0  years o r  less, and adul ts  50 years and over) will be studied .  

(2) Norway . 
(3) Uni ted Kingdom.  

Reading and recording of skin tests 

Al i reac tions are to be read at 48 and 72 h .  The p rimary recording should be of both the 
t ransve rse and ve rtical d iameters of  indurat ion in mm. Diamete rs and i n  tensity of e rythema and 
oeclema a re a lso to be recorded .  An expe rienced sk.in teste r wil l be aJ l ocated for each area.  I t  
may b e  possible to arrange fo r i njec tions a n d  readings to b e  made b y  one person fo r tests i n  
Norway and  the  United Kingclom. The reader should no t  have access to  the  48 h results when 
reading the tests at 72 h .  

Distribution and coding of antigens 

The same antigen  preparations should be used in  the d iffe ren t  a re as .  To this end ,  the various 
preparations will be sent to Dr Rees , N I M R, London , whence they wil l  be dis t ributed in coded , 
identical bott les .  

Group size 

For healthy subjects in the 1 8-25 year age-groups,  60 in ali three areas , and 60 in the 2 
additional age-groups in Chile . 

In each of the 3 areas 20 patients with pulmonary tubercu losis wil l  be tested .  

Suggestions for future follow-up studies depending on  the results of the above 

( 1 )  Testing with an tigen p reparations from envi ronmental mycobacte ria .  The reaction to 
LRA6 shou ld  be compared with the reaction to simila rly prepared antigens  from mycobacte ria 
selected from those used in  the LRA6 skin test trial in Burma. In addition , studies of  the in 
vitro correi ates of  delayed hypersensit ivity may be performed . 

.. In tensity to be recorded as +, ++ and +++ ( weak , medium and strong) .  
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( 2 )  I I  i s  p lanned lo  inves l iga l e ,  i n  Ch i l e ,  l h e  i nOuence of  pre vious tesl ing o n  reac t ion size 
and lhe poss ibi l i ty  of sens i t iza t ion with regard to the LRA6 as we l l  as the LC A an l i ge n ,  and lhe 
ant igen from unin fected armadi l lo t issue . Wi th l h is end i n  view, informal ion enab l i ng accurate 
i den t i flcat ion wi l l  be obl a ined fro m al i subjecls aI the t ime of  fl rst tesl ing.  

The inte rval b e tween the fl rsl and one or two subsequent  tests sh oul d not be less t han 6 
monlhs .  

PR OTOCO L NO.  6/75 .  C A L I B R AT I O N  A N D  COM PA R I SON O F  AVAI LABLE ANTI G E N S *  
Purpose 

(a)  To de te rmine the  opt imum dose of p resen t ly avai lable skin test an t igens i n  hea l thy 
persons in a highly leprosy ende mic area and in pat ien ts  with tuberculoid l eprosy . 

( b )  To compare the reac t iv i ly of th ese an t igens ,  using opt imum doses , in pat ients  with 
leprosy . 

I. Calibration in schoolchildren in Oúnglepul Districl, India 

1 . 1 .  I n  an ongoing programme of t ubercul in testing and BCG vaccinat ion , each an t igen wi l l  
be given as a second leS I  in a few hundred ch i ldren , prefe rably in a secondary schoo l .  These 
chi ldren shall not be tested with s imi lar an tigens subsequen t ly .  

1 . 2 .  Prel iminary s tudies wil l  s tart in the fl rs t  instance with LRA6 in  a dose ind icated by 
the deta i led s tudy of  da ta  from Burma.  Readings wil l  be  made afler  72  h .  

1 . 3 .  LRA6 will be received in I ml vials (2  /1g/0. 1 m l )  fo r further  d i lu t ion in t h e  fle ld .  
I A. During the flrst week a s tart ing dose, probably of 0 .25  /1g, wi l l  be tested . The dosage 

wil l  be increased from week to week unt i l  a maximum permissib le dose is reached (producing 
the s t rongest acceptable react ion) .  The maximum dose avail able from the preparat ion is 
3 /1g/0. 1 m1. Around the opt imum leve i ,  2 doses w il l  be used a l ternate ly to establish the 
dose-response funct ion .  

1 . 5 .  Simil a r  s tudies wil l be made of t h e  LCA ant igen a n d  possibly of a n  "environmenta l" 
ant igen .  For the LCA antigen , readings wi l l  be  made at  48 h.  

2 .  Calibration i n  tllberclIloid patien ts 

Concurrent ly  or subsequent ly ,  suitable dose leveis wil l  be estab l i shed i n  tuberculoid patients  
not previously tes ted wi th lepromin . I n  se lecl ing the s tart ing dose , lhe  possib i l i ty  must  be taken 
into accoun t  that  react ions in these pat ients may be s t ronger than in schoolchi ldren .  About 1 00 
patients  may be needed , assuming they are wil l ing to receive mult iple tests (which would be 
prefe rable) .  For each antigen , a dose wi l l  be chosen with suitable right -hand mode , if possible 
iden tical wi th a dose sui table for use in the gene ral populat ion .  In part icular for L RA6 and LCA 
antige n ,  equivalen t  doses in terms of  the righ t -hand mode sh ould be chosen .  

3 .  Comparison of an tigens in patients 

3 . 1 .  A comparat ive study in leprosy pat ients wil l  incl ude L RA6 and LCA an tigen ,  each in a 
dose thus chosen . RT23 ,  2 TU is given as a th i rd tes t ,  and an "envi ronmental" an tigen expected 
to be a ntigen ical ly close to M leprae might be  given as a fourth test. 

3 . 2 .  The  tests a re  al l ocated randomly to skin sites in  the  forearms i n  each individual .  
3 .3 .  For the duration of  the study , ali pat ients wi l l  be tested except for authent ic 

tuberculoid cases, identifled by c l in icaI  examinatio n .  A random th i rd of this l a t te r  group wi\l be 
selected for testing. A total o f  200 patients  tested is  probably sufficien t .  

3 04 . The reading should be done  by a technician w i th  no knowledge of l eprosy 
immunology . Ali reactions will be read both aft e r  48 and 72 h .  

3 . 5 .  I ndependent ly of t h e  skin reactions (before t h e  testing) each c ase wil l  be  described 
classifled c l in ica l l y .  For ali patients not excluded from testing, material will be  collected for 
histological exami nation (preferably in duplicate , in I ndia and abroad) .  

* This  protocol may have  to be modified dependent  on the results of the s tudy outlined i n  
Protocol No. 5 / 7 5 . 
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4. Replication oLl tside India 

ll1e l ast study ( the compa rison i n  pat ients)  should pre ferably be carried out  according to the 
same protocol if taken up outs ide India. Pre l iminary cal ib ration s t udies need no!  be ident ical 
and migh t be l imited or omi t ted i f  the studies in I ndia  are thought sufficien t .  

PROTOCOL NO.  7 / 7 5 .  POS S I B L E  D E S E N S I TI ZATl ON AS  A CON S EQUENCE OF HEAVY 
EXPOS U R E  TO BACI L LI F E RO U S  LE PROM ATO US PATI ENTS 

I .  HYPolhesis to be tested 

Is the frequency and in te nsity of skin test reactions diminished in con tacts of active 
untreated lepromatous patients as compared wi th contacts of tuberculoid patients and t reated 
(one year) lepromatous patien ts? 

2.  Methodology 

( I )  Skin test with a selected ant igen .  
(2 )  Appropriate tests of  cell mediated immunity if possib le , on a sampl ing basis .  

3 .  Seleclion of appropriate area for srudy 

Requirements. The study should be carried out in a context in which known and predictable 
household con tact wi th the pat ien!  population can mos! c1early be defined . 

Paramete rs to be considered include : (a) Prevalence and incidence of disease in the area ;  (b) 
age ; (c) duration of  contact ; (d) sex ;  (e) relat ionship to patient ; (f) social habits of populat ion : 
these must be assessed to establ ish that the contact of diffe rent  sexes ,  age-groups, etc . ,  with 
lepromatous cases is the same. I f there is a difference,  it is necessary to define exactly what tbis 
di ffe rence in degree of  contact may be; (g) duration and regularity of treatment of patients ;  (h) 
bacte riological examination of nasal smears is to be carried out .  

The s tudy should be carried out in an area whe re the majority of exis t ing cases are known 
and registered, and can be appropriately classified according to the stage of their disease . The 
clinicaI status of the contacts should be established at the beginning and at the conclusion of 
the study . The populat ion must be re latively stable . 

4. Requirements for lhe an tigen preparation to be used in such a srudy 

( I )  I t  must show a high frequency of positive reactivity in tuberculoid (TI) leprosy patients 
(prefe rably > 80%) .  

(2 )  I t  should give low reactivity in lepromatous ( LL) patients « 5%). 
(3) I t  should give low reactivity in non-exposed healthy individuaIs « 1 0%). 
(4) The antigen must be non-sensiiizing so that changes in reactivity of the control 

population can be examined at later times. 
(5) Appropriate dosages of the antigen , stabi l ity and storage conditions must be establ ished .  

5 .  Anticipated prob/ems 

( I )  Contacts may , in fact ,  have been leprosy patients in the past or may be incubating the 
disease .  

(2) The bigher  the endemicity of the area ,  the less reliable wi l l  b,e the predictabi l i ty of the 
exposure and n on -exposure of the test  group to active lepromatous patients .  The incidence in  
the  villages selected should not be so h igh that  a plausible low contact control group can not be 
identified.  

(3) The l ower the endemicity , lhe more d ifficulty is experienced in  finding the requi red 
number of  contacts .  

(4) That of  obtain ing precise data on  the amount and duration of contact .  

PROTOCOL NO. 8/ 7 5 .  RE LATlON OI" S K I N  TEST UNRESPONSIVENESS OF CONTACTS 
TO THEI R SUSCEPTABI LlTY TO D l S EASE 

I .  Hypothesis to be lesled 

Is consisten t  fail u re of contacts to react immunologically to skin tests with M. leprae 
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an tigens rel ated t o :  
( a )  Inc reased frequency of clinicaI disease . 
(b) Increased frequency of acquiring the lepromatous fo rm? 

2 .  Methodology 

( I )  Skin tests will be made with ant igen meeting requirements  specified in Protocol 
No. 7 /75 .  

(2) A la rge population wil l  be  tested twice w i th  an interval of 2 years . The population group 
to be stuc1ied wil l  consist of the con t racts negat ive to both of  the tests .  (The group consist ing of 
those who were negative at the fi rst test ing but posi t ive at the second one might form part of 
the population studied according to Protocol No .  9/7 5 .) 

(3)  TI1e suscept ibi l i ty to disease of these ind ividuaIs can be evaluated in 2 ways :  
(a) Prospecr ivel y ,  i . e .  the  en t i re s tudy group would be exa mined fo r d isease 5 years a fter  the 
second negative test reading. (More frequent examination is  desi rable if practicab le . )  (b) Case 
con trol me thod, i .e. cases of leprosy report ing to health services in  the indexed study group 
would be recorded and l inked to origina l  skin test stat us. 

3 .  Selec tion of area 

( I )  I t  shou ld be hyperendemic for leprosy . 
(2) Care ful fol l ow-up must be possible .  
(3) The popu lat ion must be re lat ively s t able .  
(4) Since the Burma t ria l  are a has high endemicity , and 1 500 people there have a l ready 

received one test wi th  LRA6, i r  should be conside red fo r such a s tudy , subject to govern ment 
agreement .  A proportion of the general population who subsequently develop leprosy may be 
subjected to diagnostic lepromin testing in conjunction with the fo rmat of  the WHO Leprosy 
BCG t ria! .  In the context  of this protocol , there fo re ,  this problem is unavoidable .  

(5) There should be a good record keeping system whereby previous skin test results can be 
traced .  

PROTOCO L NO. 9( 7 5 .  SUBCLINICAL I N FECTlON 

I .  Hypothesis one 

Only a fraction of the total populat ion exposed to M leprae in a given endemíc area wil 1  
soone r or  later acquire the disease . A further fraction of  the exposed population may develop 
subcl inical i n fect ion and this may be recognizable by test ing with an M leprae skin test reagent .  

2. Methodology 

Total populations in low endemíc , moderate endemic and h igh endemíc areas should be skin 
tested once or more to establish incidence of infection in  d iffe ren t  situations . This could be 
done by evaluating a proportion of posi tive reactors according to d ifferent variables such as age , 
sex , contact state , famílial aggregat ion,  e tc .  

Requirements for antigen preparat ion to be used in  such a study would be the same as  in  
Protocol No. 7 /75 .  I f  tests were to be carried out on a s ingle occasion a sensitizing skin test 
antigen could be accepted .  

3 .  Problems 

3. 1 Negative skin test react ion , single or persisten t ,  could indicate either :  (i) That there 
has been no exposure to M leprae. or (ii) that there has been exposure to M leprae but no 
sensitization to the organism for one of several reasons,  i .e .  (a) low dose , (b) early stages of 
infection in those that uJtimately develop cl inicai  d isease (see Protocol No. 8/75) .  

3.2 .  Ir only one test were undertaken , the study would be inconclusive unless a 
considerably larger proportion of the population as compared  to the proportion of leprosy 
cases to be expected,  were found to respondo  

3 .3 .  Such a study c ould be carried out in a more refined way, as outl ined in  Protocol No. 
8/75 .  
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4. Hypothesis a vo 
I ndividuais in a p rec l in ieal s t age of the disease , bu t  who are dest ined t o  develop lep romat o lls 

disease , may already show immunologieal abe rral ions s llch as h igh levei s of  an t ibodies to cert ain 
M. leprae an tigens .  

5 .  Melhodology 

I n  any prospec tive epidemological study to be lI ndertaken ,  one may consider lhe desirabi l i ty  
of  collec t ing se rum samples from the populat ion . These samples eould be kep t  frozen lIn t i l  
lepromatous pat ients appear and then compared ( see Protocol No.  5/75) with samples from 
those who developed tuberculoid l eprosy or remained free o f  c l in ica i  disease. 

6. Problems 
( I )  Blood collec t ion may be resen ted by the populat ion and int e r fe re wi th t he i r  

eo-ope ra t ion . 
(2) The cost involved in the col lect ion of a la rge nllmber of serum samples mllst  be 

conside red befo re this p roject is undertaken .  

P ROTOCO L N O .  1 0/ 7 5 .  E N V I R O N M E NTA L M YCOBACTE R I A  

The princi pal reason for investigalion of  environmen tal species o f  mycobact eria i s  t o  I1nd a 
possible al ternative to M. leprae fo r prodllc t ion of a vaeeine for leprosy .  

111e re a lso exislS the possibi l i ty  lhat  delayed hypersensit ivity to certain environmenta l  
mycobaeteria might have an important i nfluence on the epidemiology of leprosy , and affeet  the 
oll tcome of  skin test and vaecine t ria ls .  Mycobaeterial  species used in this project  wi l l  be 
se lected as a resu l t  of taxonomic s ludies re lat ing this o rganism to M. leprae. 

Exisring knowledge 
I .  Experience in  the l1e ld and the l aboratory indicates a c lose re lat ionship be tween the 

lep rosy bacil l u s  and envi ronmental mycobacteria (e .g. skin tests, Iymphocyte t ransformation 
tests, and immllnodiffllsion ). 

2 .  Preliminary s t lldies have attempted to ident ify which species should be fu rthe r 
investigated.  (a) I nvestigations using skin test reagents  have shown that a t tent ion migh t  be 
d i rected to M. vaccae, M. nonchromogenicum, and just possibly M. marinum among the 22 
mycobacterial species investigated . (b) Investigat ions us ing laboratory animais and employ ing 
both skin tests and Iymphocyte t ransformation have i ndicated a relationship between M. leprae 
and M. vaccae in particula r .  

Present invesrigation 

I .  Seven mycobacterial s t rains (4 of M. vaccae and 3 of M. nOllchromogenicum ) have been 
selected for special study. Stable rough va riants of  each s t rain a re being isolated for use and wil l  
be prese rved by freeze d rying for later refe rence . The exact cultu ral biochemical and antigenic 
characteristics of each o rganism are to be determined, and each organism will be used to 
immunize guinea pigs ,  mice and rabbits in paral lel with  animais immunized with M. leprae from 
human material .  Specil1c reagen ts wil l  be p repared from each s t rain and used for :  

( I )  Skin testing the guinea p igs and mice 6 weeks after immunizat ion . 
(2) Lymphocyte t ransformation on I ymph nodes of mice kil led at the same time that other 

mice are s.kin tested . 
(3)  I mmunodiffusion analysis , to be carried out using antisera from the immunized  rabbits .  

This  material will a lso be made avail able for c rossed immunoelectrophoresis. 
lt is hoped that this experiment  will furthe r  select  the best s trains  of  M. vaccae and M. 

Ilonchromogenicum for field investigations of l eprosy patients and their contacts (provisional ly 
Malawi might be considered as a suitable country for this study). 

2 .  Studies of vaccines p repared from selected mycobacterial s t rains are being carried out in 
mice infected wi th M. leprae via the foot pad route . 

3. An investigat ion has just begun into the acquisition of delayed hypersensitivity to those 
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envi ron men t a l bacteria encolln lered by experimenta l  animaIs .  This wi\ l  be fol lowed by a l templs 
to  sl lppress pe ripheral immll nological resPlinses by óverloading with spec i fic mycobacter ia .  The 
principal pl l rpose of th is exper i ment  wOll ld be to prod llce an animal model fo r t he apparen t 
sl lppression of reac l ivi ty  to lep rosy baci l l i  seen in close contacts of lhe disease . 

Haure s/Udies 
I .  Antigens prepared frum organisms selec ted in the  present  s t lldies wi l l  be inc l llded ,  

toget her with those cllrrent ly lIsed ,  in the  Iymphocyte l ransformation studies on  contacts of  
leprosy pat ien ts i n  Ethopia .  

2 .  Dependenl  upon lhe compleled analysis of lhe Burmese resu l t s ,  ve ry care ful ly planned 
studies should be perfo rmed on the populat ions of selected vil l ages in  Burma . These viJ l ages 
would be chosen on lhe basis of d i ffe rent prevalences, and as far as possible incidences , of 
lep rosy (h igh ,  middle and low). nle reagenls  lo be lIsed would include a leprosy an tigen (as 
sel ect ed from Protocol No.  7/75)  and ant igens prepared from lhe  2 or 3 most p ro mising 
environmenla l  species. Lymphocyte l ransforma l ion as wel l as skin lest ing shollld be conside red 
for th is  s tudy .  

Problems arising 

I .  Some degree of pro t ecl ion from lube rculosis is affo rded by con tact  wi lh cer la in ot he r 
mycobacte rial species , and a s imilar s i luat ion may complicate the epidemiology of leprosy . 

2. The parl icular species se lected as being re la ted to the lepro sy baci l l lls are themse lves 
di fficu l t  to c1 assi fy p recise ly ,  and much confllsion exisls as to lhe i r  p recise iden t i l y .  

PROTOCOL N O .  1 1 / 7 5 .  S K I N  TESTS I N  R E LATION T O  T RI A LS O F  POTENTI A L  
VACC I N ES 

In tradu c tion 

One of the primary objec l i ves of the I M M LEP p rogramme is the development of an effec tive 
an t i leprosy vaccine ( I M M/74.3) .  Importan t applications of  skin test antigens will be to he lp 
assess the effect iveness of  lhe vaccine.  

I .  Assessment before vaccination 

The p rotective effecl of an antileprosy vaccine is I i kely to be a ffected by the epidemiol ogical 
characterist ics of  the areas to be tested. Pre-vaccination skin testing may be important in several 
respects .  For example: 

1 . 1 .  Skin testing should be used to estab l ish the age at which natural conve rsion occurs, to 
allow the test population to be vaccinated befo re extensive convers ion due to exposure to M 
leprae has taken place.  

1 .2 .  The proport ion of posit ive reactors to skin tests amongst contacts of  lepromatous and 
tuberculoid patients may vary from one area to another and affect  the outcome of  vaccination . 
I f  this  is found to be the case , several areas should be tested , to al low vaccination to be 
undertaken in 2 areas with contrasting patterns .  

Requirements. I n  order to a1low a skin test to be used in this respect , i t  i s  necessary that i t  i s  
not sensitizing and has  a h igh specificity for M leprae. 

1 .3 .  A strong react ion to the skin test may p rove usefully p rognostic of an adve rse react ion 
to vaccination .  

2 .  Assessmen t of efficacy of vaccination 

The skin test antigen would be used to compare the abil i ty of potential vaccines to produce 
sensit ivity to  ant igens of  M leprae bolh in  non-endemic and endemic areas . 

Requirements. ( l )  The skin test must be non-sensit izing. A sensit izing skin test would be 
unsati sfactory, unless i t  was possible to use in vitro tests such as L TI before vaccination ; (2) 
the reaction to the antigen must be corre lated with p rotective immuni ty ,  (a) by ensuring  that 
lhe degree of sensitivi ty to the an tigen corresponds to the posit ion of a leprosy patient on the 
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Ridley-J opl ing scale, (b)  prospect ive studies in high risk -groups comparing sensi t ivi ty to antigen 
wi th developmen t of leprosy may also be censidered.  

3. Post- vaccination assessmen t 

3 . 1 .  Non-conve rte rs and converters to be compared in a vaccine t rial for subsequent 
development of l eprosy. Oetai led measu rement  of reac t ion s izes w il l  be needed to draw 
maximum info rmat ion from the t ria\ . 

3 . 2 .  Measurements of conve rsion rates and distr ibut ion of reaction sizes among various 
catego ries of contac ts ( i t  w il l  be  necessary also to measure natural conve rsion rates) should be 
compared with incidence rates of leprosy . 

3 . 3 .  Lepro min test ing (Mi tsuda reaction) of at least a p roport ion of the populat ion should 
also fol low vaccination as part of  a p rospective trial to  dete rmine whether a nega tive reac tion is 
assoc iated wi th development of  lepromatous leprosy . 

4. Problems 

4. 1 .  The pro tocol is  concerned with skin test ing in rel at ionship to vaccinat ion . I t  will have 
to be modified as protocols fo r vaccinat ion t rials a re developed . 

4.2 .  I t  is possible that no skin test can be devel oped that wi J I  show complete corre lat ion 
between reac t ivity and protect ive immuni ty .  Nevertheless, skin testings may be useful to check 
potency of a vaccine and coverage of the populat ion in  a vaccination programme . 

l t  should be borne in mind that lepromin (3 .3 .  above) may interact with the vaccine to a l ter  
the leve i  of  p rotec tive i mmuni ty achieved .  Lepromin test ing may have to be confined to a 
proport ion of the populat ion . 
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Le p rosy and t h e  Co m m unity 

R EPORT ON AN INTER-COUNTRY CON S U LTATIVE MEETING 
ON LEPROSY 

New Delhi ,  India ,  1 8-20 December, 1 9 7 5 .  WHO Project SE ICP MBD 002 

Th is Consu l tat ion , organized by the World He a l th  Organ izat ion ,  brough t toge ther 
hea l th  au thori t ies and research workers fro m 7 count ries in  S . E .  Asia , l nd ia ,  
Bangla Desh ,  Nepa l ,  Burma ,  Sr i  Lanka,  Thai land and I nd onesia ,  for a d iscussion of  
matters of m u tual i n terest  in  leprosy con tro l .  The re port , by Dr K .  S. Seal 
con ta ins  nu merous i t ems of general con cern , and demonstra tes the value of such 
Regional  Consu l tat ions,  i n  this case concerned with an area i n  which there are 
believed to be over 4 . 5 rrlillion su fferers from leprosy. The objectives of the 
meeting were : 

( I )  To revie w and analyse the magni tude of the leprosy problem in member 
countries ; 

( 2 )  to deve lop strategies for the con trol of the d i sease ; 
( 3 )  t o  deve lop guidel ines  re lating to the necessary steps needed to i mplement  

the strategies ;  
(4) to revie w the me thods of control ,  treatment  and rehab i l i ta t ion in the 

programme, and 
( 5 )  to review the present  research activities and to identify areas for further 

research in  order to strengthen leprosy control programmes. 

The fol lowing are some of the important conclusions of  the Consultation . 

CASE FINDING 

(a)  Tn tensive hea 1th education of the community at al i  stages of  case-finding is  
of fundamental importance .  

(b)  T t  i s  necessary to define in broad terms · the nature and extent of the 
problem. This can often be best done by means of a random sampling survey to 
provide data on age , sex ,  form and specific preva lence in add i tion to overall 
prevalence. 

(c)  The case-finding programme should be systematic by defining operational 
areas so that epidemiological and operational evaluation can be made periodically. 

(d)  The actual choice of case-finding methods should be re lated to the leveI of 
ende micity in the country or region in which leprosy control i s  to be carried out .  

(e) l t  was accepted that  a country , region or area with a prevalence of more 
than 1 0/ 1 000 should be considered hyperende mic. 

( f)  Even in areas wi th a prevalence of less 1 / 1 000 active case-finding methods 
are necessary , and the lepromatous ra tes should a lways be taken into 
considerat ion.  

(g) The most practical methods of case-finding are the e xa mination of 
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con tacts ,  espec ia l ly  ch i ld  household con tacts of i n fe ct ious cases and of pe rsons 
re ported to be suffer ing fro m le prosy .  

(h )  In  a reas wh ere the  ra te  approaches that  o f  hypere ndemic i ty ,  school  or  
ch i ld  surveys provide a good ind icat ion of  the  preva lence in  the  ad u l t  populat ion . 

( i )  I n  h ighly ende mic a reas, mass surveys may be j ust ifi ed .  They shou ld  be 
con d u cted by tea ms and should a i m  at  examin ing  not less than 95 % of  the target 
com m u n i t y .  

(j ) M ass surveys a re n o  subst i t u te for the effective case- find ing  pote nt i a l i t ies of  
the consc ien t ious, wel l -motivated worker a t  v i l l age leve I .  

( k )  The support of  t h e  ge neral  hea l th  sta ff, doctors and para medi cal and 
aux i l iary workers is i m portan t as an adjunc t  to act ive case-finding .  

E F FECTl V E  T R E ATM ENT 

The i n cre as ing  evid e n ce of  su lphone  resistan ce among lepro matous  a n d  
borderl i ne cases o n  a mbula tory tre a t me n t  is d ue ,  i t  is bel ieved ,  to inadeq uate 
and /or i rregu lar  t rea tment  and necessi tates the revie w of d rug reg i mens and 
treatment  a rrange me n ts .  Bac i l l i fe rous  cases should be re ndered  non-in fect ive as 
early as poss ib le .  

In  general the trea tment  i n te rvals for pat ients  to receive tab lets shou l d ,  
whenever possible ,  b e  reduced i n  order to o b t a i n  be tter  c l in i ca I  con trol . 

Where i t  is possib le ,  lepro matous pat ie n ts should have part of the  t rea tment  by 
a supervised dose. 

Duri ng the  fi rs t 3 months of  chemoth erapy,  carefu l  supe rvis ion shou ld  be 
exercised over the lepromatous pat ients  to ensure adeq uate therapy i n  
an t ic ipat ion of  a s ign i fi can t red uct ion i n  i n fect ivi ty . 

I t  was recommended that  in order  to shorten  the  period of close ly  supe rv ised 
therapy , col laborat ive fie ld  s tud ies  should be cond ucted on the value of 
ri fa mpicin as a s ingle i n i t i a l  d ose and in da i ly doses d uri ng the fi rst  month  i n  
br inging the  Morphological  l ndex  b e l o w  I .  I n  add i t i o n ,  t ri a l s  should be conducted 
with DDS and clofaz imine .  

CASE MANAG E M ENT- RE ACTI ONS ANO P R E V E NTlON ANO T R E AT M E NT OF 

O E FO R M I T l E S  

The manage men t  o f  react ions  i n  the  fie ld and the prevent ion and treat men t  o f  
deformities were regarded as rathe r  neglected areas i n  the management  of  leprosy 
cases. It was recommended that the staff of al i  le prosy u nits  should be sk i l led and  
eq u ipped to u n dertake the prevent ion  and t reatment  of  deformi t ies .  

TRAINING 

A review was  given by each delega te of train i n g  faci l i t ies i n  the ir  respec tive 
countries for al i  types of heal t h  personnel .  I n  general , the area where such tra i n i ng 
was the weakest and  yet  the most necessary i n  endemic  countries was that  of  
undergraduate medicaI educat io n .  I t  was cons idered that  greater e fforts should  be 
made to provide short courses for private medicaI  pract i t ioners ,  and that  each 
country should have a work ing  man ual for the gu idan ce of workers e ngaged in  
leprosy control .  

I NTERNATlONAL VOLUNTARY AGENCI ES 

Dr Sansarricq h igh l ighted the assistan ce provided by the i n terna t ional volun tary 
agen cies to the leprosy control programmes in the coun tries of  the Sou th-East 
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Asia Regi o n .  The meet ing e mphasized t h e  i m porta nce ar  grea ter  involvement  a r  
these age ncies i n  the  leprosy con traI act iv i t ies .  

R E S E A RC H  
Dr Sansarricq provided a succ inct  but  i n te rest ing survey of curre n t  prob lems 

and rece n t  advan ces i n  research on le prosy and out l i ned W HO's specia l  
program me .  S ince the Cen tral Train ing and Research I ns t i tu te ,  Ch i ngleput ,  I nd i a ,  
is  collaborat ing  wi th WHO in  research on t h e  chemotherapy of  le prasy in I n d ia ,  a 
bri e f  revi ew of recent  work was given by Dr I yer, Dire ctor  ar the I n sti tu te .  

Con clusions a n d  Reco mmendations 

OBJ ECTI V E  
T h e  a i m is to b r i n g  about  suffic ient  rcd uct ion in  the  a m o u n t  o f  i n fect ion i n  t he 

co mmun i ty to in terru pt t ransmission of t h e  d isease , so that  i t  is con t rol led a t  a 
leveI where i t  ceases to be a serious  pub l ic  hea l th  proble m .  

TARG ETS 

( I )  [n add i t ion  to preve nt ing  inde terminate cases fra m pragressing i n to  
lepra matous leprasy, a t  least 7 5 %  of the  esti mated lepro matous and border l ine  
cases should  become bacteri ologi cal ly nega t i ve and should  re main so. The meet i ng 
fel t  that th is  should be possib le  in the Region wi th in  a period of 1 0- 1 5 years. 

(2) To achieve this targe t i n  the high ly endemic  areas at least 9 5% o f  the 
pop ulat ion should be exa mined i n  the e xpectat ion of  detect ing 95% of  the 
i n fect ious cases. 

( 3 )  Ali patie n ts detected should be b rought under regular supervised treat ment  
i m mediately on detect ion , priority be ing  given to the i n fect ious ar  potent ia l ly  
i n fect ious forms.  This operat ion , i n  the  op in ion of the meet ing ,  should  be  
completed within a per iod of  3-5 years , i n  the highly endemic  areas ,  a fter the 
launch ing  of the programme.  

(4)  The e x isting nat ional  con tro l  progra m mes in  each coun try should be 
main tained and further stre ngthened so that the i n tens ified progra mme can be 
built upon them.  , 

Strategies for i mple mentat ion and needs were also d iscussed .  This  was cJearIy a 
very val uable Consu l tat ion . 
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THE INTERNATIONAL CON FE RENCE OF THE LEPROSY M I SSION 

Singapore, 1 976  

S .  G .  B ROWN E  

T h e  Co nference held in  S ingapore from 3 to 1 5  May,  1 9 7 6  was someth ing of an 
event .  The last such Con ference was held in  Lucknow in  1 9 5 3 ,  wh ich  was wel l 
reported i n  an article by Wi l l i am Bai ley tha t  appeared in L eprosy in India 
( 1 9 5 4) 26, 5 3-62 .  The su lphones were j ust coming i n to pract ical therapeut i cs ,  and 
reconstruct ive surge ry for the deformi t ies o f  le prosy was begi n n i ng .  The leaders of 
The Le prosy M ission ,  the oldest and the b iggest  vo luntary age ncy concerned with 
leprosy , thought the t i me opport u ne i n  1 9 76  to take a hard look at  prese n t  
pol i cies a n d  future prospects ,  s o  a s  t o  u t i l i ze t h e  resources o f  t h e  M ission in  the 
best poss ib le  ways for the benefi t  of the i nd iv idua l  leprosy suffere r and the 
com m u n i ty of wh ich he should form an i n tegral part .  

Gone are the days when custodial  care for the favoured fe w in  a con text  of 
Ch ris t ian compass ion was a l i  that  could be offered to the "Iepers i n  I nd ia" .  And 
i m poss ib ly d i stan t seem s  the Second I n ternat ional  Le prosy Con fe re nce at  Bergen 
(in 1 908 it was) when the learned part ic ipants  l is tened spel l -bound as a layman , 
We l les ley Bai ley ,  the founder  of the M ission , spoke out  of the breadth of h is  
e xperience and encouraged the med i caI  scient i s ts and the govern ment  physicians 
to tackle realistica l ly  the prob lem of leprosy. When the Congress agreed -and this  
was the only matter  apparent ly  on which they were agreed -that  establ ished 
leprosy was q u i te i n cu rable ,  it was Bailey who detected a fain t  g l immer o f  hope . 
They did not  know at the t ime that the year before , two German chemists,  
Fro m m  and Wittmann,  had synthesized c1iamino-c1iphenyl sulphone.  

The 1 97 6  Conference c1 re w over 90 invited part ic ipants fram some 35 
countri es,  representing the  "Western " worlcl ( i nc lucl ing Austral ia  and New 
Zealand )  in which most of  the  mi l l ion and a q u arter  pounds sterl i ng is  now raised 
annua l ly ,  and also a grati fy i ng number of  represe n tatives fram those cou n t ries
particu larly Ind ia-where the  M ission expends the bu lk  of i t s  money .  Although 
doctors accounted for only a q uarter of the invi ted part ic ipánts ,  other members 
of the medicaI team-nurses ,  physiotherap ists ,  occupat ional  therapists ,  hospi ta l  
ad ministrators-were wel l  to  the fore , and regional  secre taries and selected 
members of the Cou n cils of  various  aux i l iaries made up  a knowledgeable and 
in terested group .  

As  befi ts a Christian body concemed wi th  compassionate caring as  we l l  as 
medica I  competence, the Conference s tud ied  in depth the changing role of the 
Mission as world medicaI opinion moved away from concentration on a single 
el isease to com muni ty health anel prevention.  Jt  was generally appreciateel that 
although the Mission el u ri ng the 1 02 years of its ex istence may have sought to 
isola te i n  though t  anel action the neglecteel victims of  leprosy,  and has stimulated 
govemme n ts anel other voluntary agencies to take cognizance of  the importance 
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of leprosy i n  t h e  communi ty , y e t  i ts fu ture ro le may change a s  i t  s trives to ensure 
tha t  the leprosy suffere r is accorded h i s  rights  as a c i t i zen  to social  and med i ca I  
j ust ice .  Thus,  far fro m becoming re cl undan t ,  t h e  M i ssion w i l l  have a s ign i ficant  
and con t inu ing ro le  to play in  com muni ty hea l t h  program mes. l ts meel i ca l ly  
seri ous contr ibut ion is  be ing i ncre asingly recogn ized by govern men ts faced not  
on ly wi th  the backlog of  deformi ty ,  bu t  a lso wi th  an i n t ractable medico-soc ial  
problem whose solut ion can not  be sough t in pure ly  therapeu t i c  or surgical  terms.  
I t  is i n  th is  respect that  the ded icated and high ly mot ivated team-membe r- fro m  
research scie n t ists l i ke Professor C .  K .  1 0b to t h e  h u mblest  parame el i cal  
worker- wi l l  be able for man y years to  come to con tr ibute by precept and 
example to a government  countrywide  programme of  leprosy t reatment  anel 
con t ro l . 

The Confe re nce paid tr ibute to the pioneering endeavours of those associated 
with the M iss ion whose i n fluence con t inues to be appare n t  in  the world of 
lep rosy , espec ia l ly  i n  the rea l ms of  compassionate cari ng for i n d ivid uais hope lessly 
deformed and hence rejected by socie ty ; mode rn medic ina l  t rea tme n t  w i th  
su l phones,  c lofaz i mine , r ifampic in  and the res t ;  re con struct ive surgery ;  re hab i l i ta
t ion ; i n tegra t ion of  leprosy in to  com mtmity heal th  programmes ; i ns istence of the 
i m portance of t he ind iv idual  i n  the mass ; the re levance of socia l ,  cu l tura l  and 
psychological factors in any scheme for leprosy con trol and trea tment .  

Far  from resting u pon the laure l s  of the  pioneers ,  the  Conference considered 
the chal lenge of  the possib i l i ty of  the e mergen ce of su lphone -resistance on a wide 
scale and the financiai  i mplications of mul t i-d ru g therapy ,  the sign ifican ce of 
persister leprosy baci l l i ,  measures to coun teract the transmission of leprosy in 
overcrowded communi ties,  the p lace of reconstructive surgery an d rehabi l i tat ion 
in a total  programme of medicaI  care where financiaI constraints are paramount ,  
the  necessity for overcoming social stigma and  com munity cu l tural pressures ,  the 
need to conform to govern men t  direct ives while somehow re taining the in i t iat ive 
and f1exibi l i ty characteristic of voluntary agen cies, the opportuni t ies for field and 
epide miological research , etc.  

In add i tion to these medicai concems within The Leprosy Mission purview and 
responsibil i ties, the Con feren ce discussed the promotional  and educational aspects 
of its world-wide task .  Far from being a mere fun d-raising organization ,  The 
Leprosy Mission l ooks forward to increasing i ts impact for good on the problem 
of leprosy in  many count ries,  bringing together the  accumulated wisdom of t he 
past ,  a youthfu l  zest and enthusiasm, and a motivated service to the victims of 
leprosy. 

The Conference expressed its disappoin tment that  leprosy is a neglected subject  
in  the curricula o f  many medicaI schools,  even in coun tries where t he d isease i s  
prevalent ,  and discussed ways in which the challenge of leprosy could be 
presented to students and interns, to nurses and physiotherapists :  visits o f  roving 
lecturers (especially leprologists and reconstructive surgeons) ,  the provision of 
t ransparencies and taped commentaries, the production of brochures and 
i l lustrated booklets ,  the encouragement of visits af  medicaI students during their  
elective periods to  leprosy cen tres,  the u ti l ization of the expe rience of consultants 
(particularly dermatologists and orthopaedic surgeons) who would after early 
retirement  become available as lecture rs and teachers ,  the gran ting of scholarships 
for i mpecunious medicaI students showing an interest  in leprosy, etc. The 
Con ference stressed the need to make med icaI fol k  in general aware of the sheer 
interest of leprosy today in the I ight of immunological anel microbiologi cal  



3 3 8  LEPROSY A N O  T H E  COM M U N I TY 

research,  and the  need for ep idemio logical  i nvestiga t ions  of comparable exce l le nce 
and cove rage . It  is  not only the  c l1a l le nge of case-finel i ng ,  but the  eve n more 
e1e ma n el i ng task of case-hold ing  tha t  accou n ts for the  fa i l u re of many leprosy 
con trol progra m mes.  

As a Fou nele r- M e m be r  of  E LE P  (now I LEP),  The Lep rosy M ission i s  conscious 
of the  need to work toge ther  with other bodies  purs u i ng si m i l a r  objec tives,  a nel 
plays a ve ry act ive part in j o i n t  act iv i t ies .  I n  the  rea l m  of pub l i ca t ions ,  too,  the  
M i ss ion  is beco m i ng i n creasi ngly act ive ,  part i cu larly i n  the prod uct ion of  mater ia l  
i n ten ded for med i ca i  aux i l i aries and doctors .  

I f  Lucknow 1 9 5 3  i nd icated t h e  way forwa rd i n to effec tive che motherapy and 
reconstru ct ive su rge ry , S ingapore 1 97 6  may wel l  mark the begi n n i ng o f  an  e ra of 
sober conso l ida t ion  of  ac t iv i t i e s  and a con t i n u i ng mob i l i za t ion of  med i ca i  and  
non-mater ia l  resources to face the  co mmon foe .  
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LEPRA R EPORT 1 97 6  

The Annua l  Report or Le pra ror 1 9 7 5 ,  the  5 2n d  in  a long  series,  te l l s  i n  a modest 
way a con ti nu ing s tory of  d i st i nguished service and ded ica t ion which has been 
characteris t ic  of Lepra rrom the  begi nn ing .  I t  i nvo lves not on ly leprosy workers 
overseas, but  many people in Bri ta in  whose offer ing of t ime ,  energy , s k i l l  anel  
concern has enab led the  work. to con t inue .  

I n  a year  or economic  stress the  income or Lepra a t  f:43 2 , 7 3 8  fe l l  on ly s l igh t ly 
as compared wi th  1 974 ,  and in sp i te  of a great  i ncre ase i n  costs i t  was poss ib le  to 
mai nta in  to the fu I !  the se rv ices re ndered ove rseas .  Twen ty-one nat ions benefited 
fro m Lepra a id ,  wi th  Malawi ,  I n d ia  and S ie rra Leone heael i ng th!:! l is t .  The 
estab l i shment  by the World Health Orga n i zat ion or  I M M L E P  is  an in ternat iona l  
devel opment  o f  great  cha l le nge and hope.  Lepra has been associated wi th  
I M M LEP i n  1 9 7 5  both  through Dr Rees ,  Cha irman o f  Lepra's Med icaI  Advisory 
Board ,  who is a permanent  member,  and Dr Mo leswort h ,  D i re ctor of the Lepra 
erad i ca t ion projec t  i n  Ma lawi .  At  lhe same t ime  Lepra gave financ ia I  he l p  to 
enable  Dr Ce l i a  Moss to work i n  Burma i n  the  i nterest  of  I M M LEP. 

Leprosy Re vie w has had a prosperous year,  a notable  fea ture be ing the  l a rge 
Supplem!:!nt  cove ring the Second I n te rnat iona l  Leprosy Col loq u i u m  on the 
Che motherapy of Leprosy , Tod ay and To morrow,  he ld  a t  the Forsch ungs inst i t u t ,  
W.  Germany .  After 1 0  years 01' operat ion the Lepra p i l o t  leprosy control project  
based on Blan tyre has  been handeel over to the Gove rn ment  of  Ma lawi .  The Lepra 
Ch i ld Adopt ion Sche me has been brough t to a conclus ion and rep laced by the 
very successfu l Ch i ld re n's Fund which fac i l i tates the  work a mong ch i ld 
ou t-pat ien ts. I n  these and i n  other  ways, notably i n  trai n i ng ,  the work of Lepra 
::on t inues,  and we offer  a l i  concern ed our best w ishes for an outstandi ngly 
iUccessfu1 year in  1 9 7 6 .  
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HEAL TH PE RSONNEL:  W HO PRESS R ELEASE WHOj24 OF 23 A P RI L, 1 976 

RADI CAL CHAN G E S  R EQ U I R E O  IN E O UCATlON ANO T R AI N I NG 

Rad i cal changes i n  health man power development  are requ i red i n  the coming 
years to make it re levant to presen t  and forseeable fut u re com m u n i ty hea 1 th  
req u ire men ts .  

The need for "non-trad i t ional" solu t ions to health personnel  prob lems plaguing 
al most every cou n try i n  the world toclay is stresseel by the Director-General of  the 
World Heal t h  Organ izat ion in  h is  re port o n  hea1th man powe r  deve lopment  
prepareel fo r the 29th  World Health Asse mbly ,  meet i ng i n  Geneva on 3 M ay ,  
1 9 7 6 .  

Changes can  on ly  be carrieel out  in  the countries ,  and by the cOll n tries 
the mselves, WHO play ing i ts role as el irect ing and coord i n a t i ng authori t y  for 
i n te rn a t ional  health work . The task of WHO is to fll nc t ion as a change age n t ,  
st i mulat i ng thOllgh t anel act ion , and promot ing  i nnovat ions-"ofte n i n  t h e  face of 
conven t iona l  wisdom" , says  the re port .  

The neeel for non-trad i t iona l  solll t ions stems d i rect ly from t h e  real izat i on that 
s imply to t ra in  more doctors and nll rses who are main ly orientateel towarel s  
d iseases a n el  h ospi ta Is w i l l  not  solve health problems in  the foreseeable fll tl lre .  

Thi s  means that in  add i t ion to the e mphasis laid on "c1ass ical" categories of 
heal th workers-sllch  as physicians and n ur ses-a new strong emphasis ShOll ld be 
laid on the tra in ing  anel ll t i l i za t ion of allx i l ia ry anel com m ll n i ty health workers 
anel the i r  supe rv isors. 

Far from be ing d iminished ,  the number,  role and i mportance of "classical" 
hea1th workers wi l l  have to be increased . The ir  educat ion-properly geared to the 
progress of  science and to the needs of soc iety- mllst be maele re levan t to 
com muni ty health needs and de mands w i t hout reducing i ts basic qua l i ty .  

He al th professionals,  says the  re port, ShOll ld be pre pa red for the ir  leadersh ip  
role i n  the hea l th  team and i n  commun i ty developme n t  50 that ,  through the  use 
of auxi l iaries, a much broade r  part of the community wil l  benefi t  from their  
knowledge and ski l l .  
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N ews and N otes 

1 1 TH I NTERNATIONAL LEPROSY CONG RESS, M EX ICO CITY,  1 978 

The next  l n ternat ional  Le prosy Congress wi l l  be he ld  in  Mex ico City fro m 
Monday,  1 3  Nove mber, 1 9 7 8  t i l l  Sa turday ,  1 8  Nove mber. The local Hon orary 
Preside n t  wi l l  be Professor F. Latap i ,  and the Chairman of the local  Organ iz ing 
Co mmi ttee is Dr Amado Sau l .  

D r  J .  Convi t ,  the  Pres ident  of t h e  I n te m a tional  Le prosy Associa t i on has 
appoin ted a re prese ntat ive Com m ittee to advise him on the  form and con tents  of 
the Scie n t i fic Progra mme of  the Congresso Th is Co mmi ttee wil l  meet in J an uary 
1 9 7 7 ,  and wi l l  consider  the n u me rous re presenta t ions  made from various 
ind iv id uaIs  and i n terested b oel ies, so that the  neeels of al i  kinds of  leprosy workers 
may be catered for as far as possib le .  

As  in  Lon elon ( 1 968)  and Bergen ( 1 9 7 3 ) , the Secre tary-General  of the Congress 
is Dr S. G .  Browne,  C . M . G . ,  O . B . E .  

Pre l im inary not i ces  of  t h e  Congress, inc lu el ing i n d i cat ions o f  t h e  the mes to be 
considere d ,  and ali i n format ion concerning the submission of  abstracted fu l l  
pape rs ,  wi l l  be pub l ished a s  soon as  possible after the Preside n t's Adv isory 
Co mmit tee in Jan uary 1 97 7 .  

LEPROSY SEM I N A R  I N  I RAN 

A successfu l  i n temational  seminar under the t i  t 1e " Evaluation of Leprosy" was 
held in  Teheran ,  l ran ,  fro m 2 1  to 23 J une,  1 9 7 6 .  The seminar was under  the 
elist ingu ished patronage of Her I mperial  Majesty Farah Pahlavi , E m p ress of l ran , 
anel was organ ize d  by the Leprosy Assis tance Association of l ran,  i n  part icular i ts 
Se cre tary ,  Dr Siyadat .  Wel l-known parti c ipants came from many countries
England ,  France , Swi tzerland ,  U . s. A . ,  Braz i l ,  Argent ina ,  Senega l ,  I nd i a ,  l ndonesia 
and Korea .  Many doctors and research workers from l ran i tse l f, as we l l  as 
expatriates ( fro m Fran ce , Swi tzerland ,  I ndia and Korea) working in  the leprosy 
service in  I ran at M ashad , Tabriz and Behkadeh ,  took an act ive part in  the 
proceedings. Many aspects  of leprosy came under  review, from the latest research 
work on i mmu notherapy by the Iymphocyte transfusion , to a cri ticaI evaluation 
of the late resul ts o f  reconstructive surgery . 

The problem of leprosy in I ran is not  h uge or unmanageable,  the prevalence 
rates ranging fro m abou t 0 . 5 to 2 .47 /mil le ,  and an est imated total  n u mber of 
sufferers about 30,000 in  a population of 3 0  mil l ion . However,  d i fficult ies of 
access, extre mes of c1 imate, the  scattered nature of the populat ion , i mpermeable 
social prej ud ices,  and the absence of  an  adequate medi cai service in  out lying parts 
of the country-all tend to make case-finding and case-holding matters of real 
concem.  
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The Empress, who i s  we ll kn own fo r her prac t ical  in terest i n  le prosy and a l i  
o ther  social  i l l s  a ffect ing  the c i t i zens of I ran , gave an  aud ie nce to v i s i tors fro m 
abroad and some o f  the  I ran i an  doctors .  She urgeel a greater  col labora t i on 
be tween the  Hea l t h  M i n istry anel the vol un tary agency  tha t  has played so nota ble 
a part in  br ing i ng the  proble m of  leprosy to the  a t te n t i on o f  the I ran ian peoplc .  

" PARTN E R S"- A NEW M AGAZINE FOR PA RAMEDlCAL WOR K E RS 
I N  LEPROSY 

11le Leprosy M ission i s  to  be congra tu lated on prod u c i ng a journal  specia l ly 
des igned for para med i ca i  workers i n  le prosy , anel a i m i ng to give up to da te  
i n format ion  on the  sc ie n t i fi c  anel tech n i cal aspe c ts of  the i r  work wh i le  provid i ng a 
forum for the  shari ng  of e x perie nce .  Wri t t e n  i n  a s ty le  wh i ch  shoul el have wide 
appea l,  th is  J ou m a l,  wh ich  i s  un eler  the  e d i tor ia l  d i rec t ion  of Dr Browne ,  can d o  
noth ing b u t  good , and  w e  w i s h  i t  every success.  I t  i s  i n tended  t o  p u b l i s h  Partn ers 
every 6 mon ths, and copies a re ava i l able gra t i s  from The Le prosy M iss ion , 5 0  
Port land Place, London W. I ,  ngla n d .  

PERSONAL 

Dr Stanley Browne,  CMG,  OBE,  has been elected a Fel low of K i ng ' s Co l lege , 
London . The Fe l lowsh ip  is the h ighest honour  i n  the  g ift of t he College .  Dr 
Browne was a stude n t  a t  the College from 1 9 2 7  to 1 9 30 .  

At a recent  meet ing  of  the Counci l  of the  Royal  Society of Tropica l  M e d i ci ne 
and Hygiene,  Dr Browne was e lected as Pres iden t-e lect .  He will assume the offi ce 
of President  of the Socie ty for a period of 2 years from J un e  1 97 7 .  

D r  W.  Fe l ton Ross, l a te D i rector o f  the Al i  Africa Le prosy a n d  Rehab i l i t a t ion  
Trai n ing Cent re ( A L E RT) a t  Add i s  Ababa ,  Ethopia ,  has  bee n appoi n ted M e d i cai 
Direc tor of Ameri can Leprosy M issions .  During his 1 I years as D i rector of 
Train ing, ALERT has become one o f  the largest and  most forward l ooking leprosy 
t ra in ing inst i tut ions in the world . We o ffer h j m  our most cord ia l  good wishes as he 
takes up his new appoi n t me n t .  
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Lette rs to t h e  Ed i to r  

Fro m  The Direc tor, Lepra, Failj'ax House. Causton Road, Co /ch es ter CO l 1 PU 
The Med icaI Adv isory Board o f  Le p ra ,  a t  i ts mee t i ng he ld on the  1 0  J u ne ,  1 97 6 ,  
expressed i t s  d e e p  concern for the  act ion t a k e n  b y  the  Pres i cl e n t  of the  American 
Leprosy M ission i n  us ing the  rece n t  c la im that  the  leprosy bac i l l u s  has been 
cu l t ivated in li i tro - as a basis  for a spe c ia l fu n d  ra is ing d rive .  Members of  the 
Board cons ider t hat  any a t te m p t ,  by organ iza t ions  ded i cated · to t h e  con t rol  of 
leprosy and the we l fare or  the leprosy pat ien ts .  to exp lo i t  a d i scove ry of th i s  
magn i t ude before i t  has been elocu mented and proved , can on ly  harm t he work  of 
an t i- Ieprosy orga n i za t ions ge nera l ly  and more espec ia l ly  so far as t l l e i r  fu nel ra i s ing 
ac t iv i t ies are conce rn ecl . The pub l ic  w i l l  soon lose con fi el ence anel become 
d is i l l us ioneel i f  c la i ms of t h js nature are exp lo i te el w i thout  aeleq uate exp lanat ion 
and before the  clai m can be substant ia ted . 

Members of the  Lepra Med ica I  Advisory Boarel s trongly conelemn such 
pub l i c i ty  and trust  t ha t  those i n  responsible pos i t ions  i n  ant i- Ieprosy organ i zat ions  
throughout  the  world , w i l l  exerc ise great  care to  ensure that  the i r  fu nd ra is ing 
l i t e ra ture anel publ ic i ty is not  i n  any way mis leael i ng .  

G. F .  H A R R I S  

From D I'  C .  Warren,  The L eprosy Mission,  c/o Chris tian Hospital, Manoram, 
Thailand 

The Eel i t orial  of Leprosy R e vie w of March 1 9 76  ( Vo l .  47, No . I )  on t he 
compl i ca t ions  of t reat me n t  w i t h  c lofaz imine  provides i n terest ing read ing for t hose 
who are fa mi l iar  w i th  th i s  el rug.  Bu t  it has causeel real concern a mongst the l ess 
cli n ica l ly  exper ience d ,  some of whom have become fearfu l  tha t  i t s  use \Vi I I  often 
produce a h igh inc idence of u ndesirable to x ic  effec ts and may even cause cleat h .  

A l i  who have worked for a n y  length o f  t ime  w i t h  c lofaz imine  rea l ize tha t  only 
a smal l  proport ion of pa t i e n ts on the cl ru g do deve l op gastro- in test i nal symptoms 
( t he figures to support th is  are q uoted i n  the  Ed i torial ) ,  and that  i n  an even 
smaller proport ion are the  sy m ptoms severe e nough to warran t  a change i n  drug 
therapy . Wel l  supervised tr ials wi t h  clofaz im ine were carried out  at wide ly  
separateel cen t res anel as  i n  any d rug tr ia l ,  deaths d id  occur which were usua l ly  
wel l  i nvest igated .  I n  most  cases some other cause of death was  easily fou nd , but  
the possib i l i ty  of the use  of  clofaz imine ,  or any other d rug be i ng given a t  or 
i m med iately be fore death ,  contribut ing to the  cause of death woulel be d i fficul t  
to ru le out .  

These d rug tr ia l s  showed clofaz imine  to be an effect ive means of con trol l i ng 
E. N . L. and that  i ts dange rs are so much less than t hose of predn isolone that  i t  has 
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beco me the d rug o f  cho ice in  many ce n t res for trea t ing  pa t i e n ts w i th E . N . L. 

Although the  usual  dosage is 1 00 mg da i ly t h is may need (o be i ncreased to 200, 
300 or eve n more per day adeq u a té ly  to con tro l  the  E . N . L. in  severe cases. On ce 
the E. N. L. is  con t ro l led we do t ry to red uce the  dosage of c lofaz imine  to the 
lowest levei tha t  wi l l  con tro l  the  E. N . L . ,  but many pa t i e n ts do  need 
900-2 1 00 mg/ wee k  for long periods of t i me.  Even on these h igher doses the  
i nc idence of gastro- in tes t ina l  sy mptoms is low .  

I n  many cl i n i cs the  con trol of  E . N . L. must  be ach ieved by c 10faz i m i n e  or  
pred n isolone,  and  especia l ly  where c lose mon i tor ing i s  not  poss ib le  c lofaz i m i ne i s  
the  drug of cho ice .  I t  i s  hoped that  an  Art ic le  such as  th i s  one does no t  l ead  to  
d i scard i ng the  use of c lofaz i m ine  and so  to less effic i en t  E . N . L. con t rol and  
irregu lar  a n t i -Ie pro t i c  d rug thera py.  

Th e  t wo cases are i n teres t i ng and i t  would be i n format ive to read the fu l l  case 
h is tories i nc lud i ng the resu l ts of  the tests done and to know the fi na l  med i ca i  
s ta te of the  second pat ie n t .  Fro m the  deta i ls given i t  is obvious tha t  c lofazi m i ne 
can not be assu med as the  undou bted ca use of t he gast ro- i n tes t ina l  sy mptoms i n  
e i t her  case - espec ia l ly a s  in  t h e  second pa t i en t  t h e  fi rst sy mptoms reported 
occu rred more than 3 Y2 years after  cessa t ion of  t rea tment  w i t h  c lofaz im ine .  Such 
cases should of course be properly i nvest igated and re ported to the  Oun lop 
Co m m i t tee ,  but u n t i l  d e fi n i te proof is obtained incrim ina t ing  a speci fi c d rug, i t  is 
hoped t hat  any pr in ted re ports ,  wh i l e  i n forming workers o f  the  poss ib le 
co mpl icat ions  wi l l  not  be such that  w i l l  deter  the  fie ld  worke rs from using t he 
drug i n  adequate  dosage to ach ieve the  desired therape u t i c  e ffec t .  

Pe rsonal ly  I have treated many  more than  1 00 pat ien ts w i th  c lofaz im ine -some 
on 3 00 and 400 mg dai ly  for many mon ths,  and can on ly  re member 2 pa t i e n ts 
wi th  sign i ficant  gastro- i n test ina l  sy mptoms .  I n  one of these t he sy mptoms set t led 
when we rea l i zed he had been taking the d rug on a n  e m pty stomach, and he took 
it  wi t h  h i s  food t hereafter. In the  o ther  a very de ta i led i nvest iga t ion was carried 
ou t- inc lud ing  laparotó my wh ich  revealed heavi ly  pig mented Iymph nodes in t he 
mesen tery -and revealed n o  obvious cause of t he symptoms.  Once he was 
reassured the sy mptoms subsided wi t hout  s toppi ng the c lofaz imine  which  was 
on ly  being given a t  1 00 mg at t he t i m e ,  and had bee n a t  tha t  dose for many 
mon ths .  Fortunate ly ,  when t hese compl icat ions  occur they rare l y  i f  ever cause an 
acute cris is ,  so that  awareness of  their poss ib i l i ty  should help the fie ld  worker in 
the manage me n t  of  pat ien ts .  In the  areas where c lofaz imine  is  frequent ly  used 
there are also many other  causes of  gastro-i n  test ina l  sy m ptoms ;  these must be 
ru led out be fore c lofaz im ine is defi n i te ly incri m i na ted . If we do a proper work-up 
and t reat  the patie n t  for any i n te rcurre n t  d iseases we should not be caught 
b laming a d rug which has solved far more problems than it has caused . 

G RACE WAR REN 

COMM ENTS ON D R  WARREN'S LEITE R BY D R  W .  H .  J OPLING 

The purpose of  the Ed i tor ia l  in q uest ion was not to condemn t he use of 
c lofaz imine  in  the  t rea tment  of leprosy but  to  a ler t  doctors us ing the d rug to be 
aware o f  possib le  gastro-in test ina l  s ide e ffe cts .  Like Dr  Warre n I h ave used the 
dru g  extensively and h ave had no cause to  change my pol icy ; in fact  the  only s ide 
effe c t  seriously mitiga t i ng aga inst  its use is skin d i scolorat ion i n  l ight-sk inned 
pat ients .  Regarding  the last case recorded i n  the Ed i tori a l ,  the  ch ief  i n te rest  l i es i n  
t h e  find ing o f  dense de posits of  c lofaz imine  crysta ls  in  mesenteri c  g lands 4 years 
after  stopping the d rug .  
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B oo k  R evi ews 

Leprosy in Ch ildren,  b y  F.  M.  Noussi tou ,  i n  col l aboration with 1- 1 .  Sansarricq anel J .  Wal te r , 
wi th an in t roduction by S. G. B[owne. World Heal th Organisat ion , Geneva , 1 976 .  ( I S BN 
92 1 54053 2), 22 pp.  Price Sw. fr . 9 .00, U .S .  $3 .60 .  

The omcial desc ri pt ion of th i s  booklet i s  a s  fol l ows .  
"TIlis book is concerned with the epidemiology , clinicaI feat l lres, d iagnosi s ,  c lassi fication , 

t rea tment  and prognosis, as wel l as psychosociological aspects of leprosy in chi ldren .  The main 
points s t ressed are : 

( I )  A sign ificant proportion of all leprosy cases s tart  in chi l dhood ; 
(2 )  practically always ,  Icsions in child ren are init ial ly benign and bacte riologically negat ive ; 
(3 )  complete regression with  min imal or no sequelae takes place under t reatment  in a very 

high proportion of cases. Spontaneous cure is a common fea t ll re in infantile leprosy bllt 
a sign ificant number of un t reated cases evolve to adul t forms of the disease wi th h igh 
risk of infectivity and serious disabi l i ties ; 

(4) the methodical examination of chi ldren ,  mostly by means of school surveys in leprosy 
con trol programmes, h as conside rable advantages .  The book deals wi th  practical 
problems encoun tered in the diagnosis of leprosy in chi ldren ,  and the clinicaI fea tu res 
are i l Iust rated in 1 3  colour plates ." 

Th is is a most valuable book1e t ,  authori tative, at t rac t ively presented and i l Iustrated wi th  a 
series of excel lent colou r plates. The text , directed to the general prac t i t ioner,  gives in c1ear and 
concise style a balanced and comprehensive accoun t  of leprosy in chil dh ood as l ikely to be seen 
in general p ractice and ru ral survey work . The presentation is up  to  date ,  giving commen dable 
space to psycho·social aspec ts ,  health education and school su rveys .  The authors mention the 
variation in  the appearances of  leprosy between one part  of  the wor ld and another .  Here there 
is some orientation towards S. E. Asia , but this i f  anything is an advantage . Dr Browne has 
written a valuable In t roduction which picks up  some points deserving ext ra emphasis. 

The statement that lepromatous lel' rosy is uncommon before the age of 1 5  years (p. 1 4) is 
matched by only 2 photographs being devoted to  th is most important type of leprosy , both of 
them i l Iustrating rel at ively advanced disease . In the reviewer's experience in Central In dia,  
lepromatous leprosy , especially a degeneration from indeterminate and borderl ine leprosy , was 
by 110 means rare in childh ood,  indeed never less than 40 cases of  this ,  some of them in  young 
chi ldren, were in  need of c lose hospi tal supervision o  Photographs of mul timacular 
pre-Iepromatous lesions and the earliest stages of  lepromatous infilt ration and nodulation , e .g. 
on the earlobe , would have en riched the bookle t ,  with i f  possible a photograph of juveni le  
leprosy as desc ribed in the I n troduction . 

The dictum on page 20 suggesting that if in doubt patients should be registe red and t reated 
as leprosy cases needs careful reservation .  With real ly careful examination ,  including elose 
observation of l oss of sweating, competent smears, and whe re very early lepromatous leprosy is 
in question,  careful  c l inicai and bacteriol ogical examination of the nose , the area of doubt 
becomes very small indeed. This is the type of case i n  which the judgment of an experienced 
leprologist is  i ndicated .  One does not condemn any child to a long course of therapy without 
carefu l  judgement ,  and more emphasis could have been placed on  this with advantage . 
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ll1ese are specia l ized aspects  which in  no way de t rac t fro m  t he va l ue of th is exce l l e n t  
bookJ et  to the ge n e ral p rac t i t i o n e r  fo r wh o m  i t  is i n t e n d e d ,  and  t o  wh om i t  can b e  
rec ommended ve ry s t rongl y .  

T. F. DA VE Y 

Rehabil i tation of Leprosy Patients in a Comprehensive Con trol Programme in the Gudiyattam 
Taluk,  S. ( ndia, by Mrs S .  Ka rat , D. A. Ranney and P. V. K lI rian , 1 3 2 pp. 

This report in  boo k fo rm of 7 years o f  co·o rdinated study o f  reh abi l i ta t ion  p rob lems in a l a rge 
comprehensive l e p rosy con t ro l  p rogramme conta ins  many poi n ts of in terest . Ch apter  headings 
i nc l u de :  Base Line Dat a  on Disabi l i ty , Aspec ts o f Ne rve S t a t u s ,  The Devel opme n t  o f Disabi l i ty ,  
Res torat i on of  Muscle Bal ance,  Prese rvat i on of Anaest h e t i c  Limbs an d Vocat i ona l  Trai n i n g .  
I mp o r t a n t  observa t i o n s  inc l ude the high prevalence o f  n e ll rol ogical de fici ts ,  the  heavy 
i n volveme n t  o f  p a t i e n t s  with l e p romat ous l e p rosy and the ben e fic iai effect  on th ese of dapsone 
the rapy , the assessmen t  o f  s u ;gical  p roced u res ,  a n d  lhe e x p lorat ion o f  domic i l iary care and 
p reve n t i on o f  t rophic  u lcers .  I n ev i tably i n  a s t u dy which is b reaking new ground more quest i on s  
a r e  ra ise d  t h a n  a r e  resolve d ,  and some subjects  a r e  dea l t  wi th  in  greater  d e t ai l  t han others .  The re 
is for instance the poor  o u t l ook e ve n  under  dapsone the rapy fo r so many disab i l i t ies i n  people 
wi th n on - Iepromatous lep rosy . This is n o t  in  accord wi lh  the  review's e x pe rience , b u t  the  terms 
of refe rence need defi n ing.  With the mass o f  i n fo rmat ion ava i lab le  the  c lassi ficat ion o f  pat ients  
according to  the  Ridley-J opl ing scale would have been very hel pful  a n d  probably resolved the 
ra t h e r  surpris ing finding t h a t  only  1 1 .6% o f  pat ie n ts had Bord e r l i ne lep rosy , and also that  only 
21  % of tuberculoid cases  suffe re d  from neu rological disab i l i ty . This figu re suggests that  l a rge 
numbers of pat ients  with t u be rc u l oid lep rosy had the d i se ase in  an excee d i n gly  mild fo rm and 
the refo re the quest ion of p rogress under  dapsone was l a rgely i r re leva n t .  Some deta i l s  o f  the  
grades  of  disab i l i ty would h ave been h e l p ful , especia l ly  as  lhe d e t ai ls  i n  Table 1 .3 do not  lend 
the msel ves t o  summat ion from this  angl e .  A pert in e n t  quest ion is  a lso how assiduously m assage 
an d h a n d  and foot e x e rcises were carr ied out  at outpat ien t c l in ics .  No deta i l s  of t h is a re give n .  
Th e gene ral  i m p ression is never the less o n e  of  admirat ion  at t h e  e n o rmous work involved i n  
summarizing so many stat ist ics a n d ,  ve ry important  in deed , t h e  domici l iary or ientated app roach 
of the wh ole subje c t .  

T h e  Report is  n o t  offered for sale . I t  is avail able  from Dr E.  F r i tschi ,  Supe ri n tende n t , S . L . R .  
Sanat or ium,  Karigi r i ,  v i a  Katpadi ,  N. Arco t ,  S .  I n d i a ,  provided t h a t  t h e  cost o f  postage i s  
covered .  

T. F. DA VEY 
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Abstra cts . 

1 .  M ICROBIOLOCY 

I .  SKINSNES,  O. K. ,  MATSUO, E. ,  CHANG , P .  H .  C. & AN DE RSSON,  B . /n vitro cultiva tion 
of leprosy bacilli on hyaluronic acid based med ium.  I .  Prelim inary report . /nt. J. Lepr. , 1 9 75 , v .  
43 ,  No .  3 ,  1 93·203 .  

Recent st udies by the authors have ind icated tha t  hyaluronic acid might be an  essent ial 
metabol i te for Mycobacterium leprae, and one which enhances the mul t ipl icat ion of the 
organism in the mouse abdomen * .  They now apply these find ings t o  the  cu l t ivation 
of M leprae in vitro using a l iquid medium ( LA·3) based on hyaluronic acid with the 
addit ion of yeast extract , bovine albumin , glycerine and phosphate bll ffe r ;  and also a so lid 
medillm ( LA·3p) with similar ingred ients plus aga r .  These media were inoclllated with 
organisms from 4 pa t ients with llnl reated lepromatolls leprosy (one in relapse) and from 2 
mOll se abdominal walls .  Ali strains of bacil l i  from the above SO ll rces grew wel l  on lhe LA-3 
med illm except that one was lost by contaminatio n .  I n il ial growth was observed after 2 to 6 
weeks .  The a ll thors identify the cu l t llred organism as M. leprae for the fo llowing reasons :  

( I )  Pathologic and exper imental ly determined rationale for the essen tial  M. leprae n llt rient  
requirement . 

(2) Several cu l tures having the same characteristics have been isolated from LL patients  
widely sepa ra te in t ime and by geography . 

(3)  Fai lure of culture iso lates to subcul tu re on the usual med ia employed in the cult ivat ion 
of  mycobacteria a t  both 3 7° C and room tempera t ll re . 

(4) 1 ° c ll l t ll res in I iquid medillm successfully transferred to 2° l iquid med ium and to 2° 

agar medium plates .  
(5)  Bacil lary isolates and bacil l i  of 1 ° and 2° I iquid medium cultures, as  wel l  as LA·3P 

cultures,  al i  st a in with pooled LL  ser llm ,  F ITC cOllpled , M. lepra e specific antibody with which 
a b road range of other mycobacteria do not reacl . 

(6) M. lepraemurium also presents good growth on th is med i ll m .  
This i s  a very important c1aim, a n d  the a ll thors a r e  clearly convinced o f  i t s  veracity . 

However ,  there are a n llmber of su rprising facts to be taken into account wh ich ind icate tha t ,  if  
the new organism is M. leprae, then the orthodox view of M. lepra e is almost whol ly at faull . 
The organism whose growth in mice is promoted by hyaluronic has a partly extrace l lu lar  
habitat . I t  does not  require  a cool tissue s i te  and its in vitro cul ture tempera tu re is 37° C .  I t s  
growth is faste r  than wOll ld be  expected f rom experience o f  leprosy in mice . On f1rst isolat ion i t  
is non-acid-fast and shows suggestions of b ranching, and only after about  s ix  weeks  is i t  
predominantly acid -fasl . I t  gives specific immunoflllo rescence only during the early 
non-acid ·fast phase ; by 3 weeks i t  is nega tive. Resll l ts  with the electron microscope te l l llr ite 
viab il ity test indica te that it is the non-acid -fast phase Ihat is viabl e ,  whereas wel l-stained 
acid-fast forms may not be viable .  These rather revolutionary results deserve some caution 
pend ing their conf1rmation ,  which it is hoped wi1 \  be forthcoming . 

D. S. Ridley 

• M atsuo e t  ai. In t. J. L epr. ,  74, 4 2 , 3 9 9  and 7 5 , 4 3 ,  I .  
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2. STO RRS, E .  E . ,  WA LSH , G. P .  & BURCH F I E LD ,  H. P. Development of leprosy in another 
species of armadillo Dasyplls hybridus (L . ) ;  genet ic and immunologic im p l icat ions . l. Trop. 
Med. Hyg. , 1 97 5 ,  v .  78 ,  Nos 1 0/ 1 1 , 2 1 6-2 1 8 . 

The devclopment of sevcre d issem inated leprosy in one of a pair of seven -bandcd armadil los 
(Dasypus hybridus) a fter in oculation with Mycobacterium leprae is rcported _ This is a smaller 
animal than the nine-banded a rmad i l lo ,  but i s  of interest .  in that  i t  regularly produces 8 - 1 6  
monozygous young, comparcd with 4 in the case o f  i ts larger relative _ This feature gives 
Dasypus hybridus a potentia l  importance in stl ldying the relat ionship of  slIscept ib i l ity in 
leprosy to genetic factors .  

T. F. Davey 

3 .  C LOSS, O. Experimental murine leprosy : growth of Mycobacterill11l /e/Jrae11lIlriIl11l in C2H 
and CS7/BL mice after foot-pad inocllJation. In/ec /ion & /mmuniry, 1 97 5 ,  v. 1 2 , No . 3, 
480-489 . 

Forly-three female C57/BL and C 3 H  mice were inocll lated with 2 .7 x 1 06 Mycobacteriu11l 
lepraemurium into each h ind footpad . The foot  th ickness and the number of acid -fast baci l l i  in 
the foot pad and popliteal and ingll inal Iymph nodes were record ed . I n  add it ion the 
morphological index and the mean bacil lary length were determined in the footpad and in the 
popliteal lymph node .  The baci l l i  mult iplied in both strains d llr ing the first 4 weeks after 
inoculation . After t hat time no fll rther increase in acid -fast baci l l i  was observed in the C57/BL 
strain ; the bacil l i  became elongated and the morphological index  decreased . These changes were 
preceded by a local swel l ing o f  the footpad d lle to the onset  of an immllne reactio n .  ThllS , 
under the present condit ions ,  C57/BL mice were able to resist experimental infect ion with M. 
lepraemurium by developing an immune response . [n  C 3 H  mice no ind ication of an immune 
react ion was detected , and the bacil l i  cont inued to mll l t ip ly throllghollt  the observation period . 
The mo use footpad model seems to provide an excellent basis for lhe use of experimental 
murine leprosy to study immun ity to mycobacter ia l  infections _  Certain aspects of the present  
model  a re  d iscussed in relation  to the mouse footpad model as used in  lhe stlldy of M. lepra e 
infection in mice .  

4 _  STANFORD ,  J .  L et ai. Preliminary taxonomic studies on the leprosy bacillus. Br_ l_ Exp_ 
Path. , 1 97 5 ,  v .  56 ,  No.  6 ,  579-5 8 5 _  

Antigens extracted from leprosy bacil l i  obtained from infected human and armadillo t issues 
have been examined by immunodiffusion analysis with serum samples from lepromatous 
pat ients and with immune sera raised in rabbit s _  Using the best combinations of serum and 
ant igen extracts ,  1 2  ant igenic const ituents were found in the leprosy bacillL S ix of these were 
ant igens common to al i  mycobacteria and nocard iae , 4 were specific to the leprosy baciJ Ius and 
the posit ion of  2 could not be determined . G roups i i  and iii antigens  (Le . those associated with 
the s low growing and fast growing sllbgenera of mycobacter ia)  were not found i n  the leprosy 
bacill lls ,  suggesting some relationship with M. vaccae and similar st rains , in which these antigens  
are also missing . Lymphocyte t ransformation tests perfo rmed on lymph node cells of  mice 
infected o r  immunized with leprosy bacilli also showed the leprosy bacilllls to have a c10ser 
relationship with M. vaccae than with other mycobacteria _ 

5 .  PRABHAKARAN, K_ A survey of attempts at cultivation of Mycobacterill11l leprae in vitro 
and experimental transmission of leprosy to animals_ Lepr. lndia, 1 97 5 ,  v _  47 , No . 4, 325 -336 .  

A selected slIrvey is  made of repeated efforts over the  past 1 00 years at cultivat ion of  Myco_ 
lepra e in chemically defined media and in t issue cultures _  lt is pointed out that none of the 
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c1a ims of success on cont inued cult ivat ion of  t he bacil l i  in vitro has been corroborated by other 
workers .  At tem pts to  t ransmit human leprosy to  experi� lental an imaIs are reviewed . Except for 
t he n ine-banded armad i l los (which have a limited geogra phic d is t r ibut ion and which have so fa r 
not been b red in capt iv ity ) ,  no other  species of animaIs has been found to be nat u ral ly 
susceptible to the systemic form of  the d isease . 

[ There are 74 references, but th ese do not include those to some of the early work 
ment ioned in t he tex! . ] 

6. G AN APAT l ,  R .  & CHULAWALA, R .  G .  Bacteremia in leprosy and its relation to 
d istribution of M. leprae in sk in .  Lepr. India, 1 97 6 ,  v. 48 , No . 1 , 4247 .  

Evidence of bacil laemia thro ugh examinat ion of hepar in ized blood smears wa s  obta ined in 1 7  
of  the 20 cases ( 85%) of un t reated le prosy cases belonging to t he  spect rum rangi ng from BT to 
LL.  Among 1 7  cases whose blood smea rs were posit ive for AFB, t he endot hel ia l  cel ls of blood 
vesse ls in skin lesio ns showed AFB in  I 1  inst ances (64 .7%) and in 7 (4 1 .2%) of t hese cases 
b iopsies obta ined from apparent ly no rmal skin also showed baci l l i  in t h e  blood vesse l s .  The fact  
tha t  blood smears may show AFB even in pat ients belonging to types c1assifiable as BT-BB  in 
t he Ridley Jopl ing scale (a chi ld aged 3l-l years showed this fea t ure )  emphasizes the im porta nce 
of invest igat ions to assess thoroughly the extent of baci l lat ion in leprosy patien t s .  

[The tcclm iq ue fo r t he preparat ion of smears from hcparin ized blood is described . ]  

7 .  PATTYN , S .  R . ,  DOCKX,  P . ,  J ACOB,  W . ,  ROLLlER ,  R .  & RO LLlER ,  M .  T .  
Mycobaclerium leprae i n  human skele tal muscle. Ann. Soco Be/g. Méd. Trap. , 1 97 5 , v .  5 5 ,  
No . 6 ,  643-646.  

Leprosy baci l l i  were found in  24 out  of 31  muscle biopsies from t reated lepromatous pat ient s .  
Bacil l i  were local ized wit h in macrophages and  endothel ia l  cells of  t he interst i t ia l  connect ive 
tissue,  none were found inside muscle ce l l s .  Th is may be the result of t reatment . Morphological 
intact bacilli were not observed . The widespread occurrence of leprosy bacil l i  in  the human 
body is in accordance with the  concept that leprosy is  a generalized infectious d isease . 

8 .  PADMA,  M .  N .  & DESIKAN,  K .  V .  Bacillaem ia in leprosy . lndian J. Med. R es. , 1 97 5 , v. 63 , 
No . 6, 888-892 . 

I n  th i s  carefu l and weU-documented st udy , t he authors found alcohol -acid -fast bacill i in the 
venous b lood of 77  out of 1 1 4 patients  with lep romatous leprosy . Str ingent precautions were 
taken to avoid contamination of t he b lood sample by bacÍlJi present in the dermis overlying t he 
punctured vein from which b lood was take n .  The buffy coat (obtained after centrifugation at 
1 500 rev/min) was spread on a c1ean new mic roscope s l ide and stained by Ziehl -Neelsen's  
tech nique . Of t he 77 cases in which bacilli were found , in 67 they were present with in 
leucocytes, 62 of them being in monocyte s ;  in 29 of t hese , they were a lso present 
extracel lularly. Solid rods (morpho logicaUy normal , and presumably viab le bacilli) were fo und 
in 1 9  cases .  

A1though bacill i  were present  on  average in only I field in every 500 examined , the total 
bacil lary load per ml óf plasma might be as rugh as over 40 ,000 . 

These findings [which inc idental ly confirm the routine examinations in some laboratories 40 
years ago ] are d iscussed in the light of the well-known observat ion that endothelial cells 
engorged with viable leprosy bacil l i  are often  found I ining the blood vesse ls in sections of skin 
from patients with lepromatous leprosy . Further studies are necessary to determine whether the 
bacteraemia is intermit tent  o r  constan t ,  whether i t  is to be correlated with cl inicai activity or  
acute  exacerbatio n ,  'and whet her with more delicate staining techniques bacill i cou ld be 
demonstrated with greater ease and in  pat ients with non-Iepromatous leprosy . 

S. G. Browne 
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9. BALENTI NE ,  J .  O . ,  C HANG , S. C. & I SSAR,  S. L.  I nfection of armad illos with 
Mycobacrerillm /eprae. Ultrastrll ctllra l  stlld ies of peripheral nerve . A rch. Path. Lab. Med. , 1 976 ,  
v .  1 00 ,  No . 4 , 1 7 5 - 1 8 1 . 

. 

Pe ripheral nerves of armadil los were st ud ied 1 6  to 30 months afte r  int radermal or int ravenous 
inoculat ion wit h Mycobaclerillm /eprae. Numerous baci l l i  were found with in macrophages ,  
Schwann cells , and perineura l  cells ; endothe l ial cel l s ,  pericytes and fib roblasts were  in volved as 
well . The bacil l i  were characte ristically con ta ined in membrane-l imited vacuoles that were 
interpreted as being phagoso mes. Some of the phagosomes conta ined granula r ,  membranous ,  
and vesicular deb ris considered to be bacil lary degradation products ,  suggest ing that  Iysosomal 
activity was present  within the phagosomes. Mult ivesicu lar bodies ,  a few of which contained 
bacil l i ,  were abundan t in macro phages and per ineu raJ cel ls .  An un llsual prol iferat ion of  i r regular 
t ubu lovesicular pro files was noted , especially in Schwann and per ineural cel l  cytoplasm , 
surrounding and with in phagosomes con taining baci l l i . The pat tern of cel lular involvement of  
neural st r uctures with M. leprae was similar to that  observed in lepromatous leprous neurit is in 
humans .  

1 0 . M ATSU O,  E.  & S K I N SNES ,  O .  K .  Specific direct fl llorescent antibody identification of 
Mycobacrerilll11 /eprae. [nl .  J.  Lepr. , 1 97 5 ,  v .  43 ,  No .  3 , 204-209 . 

[n vitro cult ivat ion of M. /eprae req uires a rapid , spec ific iden t i fication procedure for 
monitor ing the  cu l tures .  A method ut i l izing d irect F ITC-coupled lepromatous ,  specific ser um 
glob ul in is descr ibcd in  detai !  wi th suggest ions for improvement . After various pur ification and 
adsorption proced ures, notably aga inst human liver  powder and M. tubercu/osis, a fl uorescen t 
se rum preparation is obtained which specifical ly reacts with M. /eprae and not with other  
myco bacteria . 

2. B I OCHEM I STRY, PATHO LOGY, I M M UNOLOGY 

1 1 . CONVlT, J . , P INARDI , M.  E . ,  AVI LA,  J .  L .  & ARANZAZU, N.  Specificity of the 48-hour 
reaction to Mitsllda antigen. Use of a solllble antigen from h llman and armadillo lepromin.  Bul/. 
W/d H/Ih Org. , 1 97 5 , v. 5 2 ,  No .  2 , 1 87 - 1 9 1 . 

Two ant igens were tested and compared in relation to the 48-h Fernandez reaction . They were 
obtained from standard human  and from standard annadillo lepromin . Ali the tests were 
negative in pat ients with lepro matous leprosy and h ighly positive in those with tuberculoid 
leprosy and in lepromin -positive contacls .  There was tota l  agreement in al i  lests done with the 
lwo lypes of  ant ige n .  The an tigen component has the  fo llowing basic propert ies :  it precipitates 
w ith 80% sat ura ted ammonium sulfate ; it is nol dest royed by autoclaving or by treatment with 
0 .4% pheno l ;  i t  is non-d ialysable ; and it is dest royed by treatment wi th trypsin . 

1 2 . CONVIT ,  J .  et aI. Tests with three antigens in leprosy-endemic and non-endemic areas. 
Buli. W/d H/th Org. , 1 975 , v .  5 2 ,  No . 2 , 1 9 3 - 1 98 .  

A study com paring the  48-h and 30-day reactions produced b y  three an t igens was made i n  areas 
of  low a nd h igh leprosy endemicity in Venezuela and in  areas of  Chile , a non-endemic country . 
The ant igens used for the intradermal tests were standard Mitsuda ant igen , supernatant from 
standard Mitsuda ant ige n ,  and PPO . The results ind icate that there is no d i fference in lhe 
Mitsuda react ion of persons l iving in areas of h igh or low endemicity ,  but they show a 
statist ical ly sign ificanl difference between the reactions in persons who live in endemic areas 
and those of  persons Iiving in a country where the d isease has not been described . The 
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difference in the Fernandez reaction obtained with the supernatan t  was not statistica l ly 
significant between lhe two population groups in the endemic country , but was h ighly 
significant when comparing the endemic and the non -endemic coun t ries. 

1 3 . U M ,  S. O., J ACOBSON ,  R. R . , PARK , B. H. & GOO O ,  R .  A.  Leprosy XII . Quantitative 
analysis of thymus-derived Iymphocyte response to phytohemagglu tinin in leprosy . Int. J. 
Lepr. , 1 9 7 5 ,  v .  43 ,  No . 2 ,  9 5 - 1 00 .  

The immune sta tus of  various leprosy patients was evaluated b y  using a micromethod to 
evaluate ly mphocyte responses to phytohemaggl utinin (PHA).  I n  our study, whole blood was 
used and the degree of  response to PHA stim ulation was expressed in terms of unit vo lume of 
b lood . A markedly decreased rcsponse to PH A stim ulation was noted in pa t ients with act ive 
lepromatous leprosy . Patients wit h active lepromatous leprosy who have been proved drug 
(DOS) resistant showed less response than d id those o f  drug sensitive pat ients with active 
lepromatous d isease, while the  patients with act ive lepromalous  leprosy complicated by 
ery thema l1odosum leprosum (ENL)  showed higher response than did those of  pa tients with no 
complicated E N L .  

Comparing the resu lts obta ined to those obtained using o lhe r  met hods for T cell analysis 
indicates that these results reflect the number of T Iym phocytes in the leprosy patient . Thus ,  
this s im p Ie  method i s  of value in assaying the presence and responses of T Iymphocyles in lhe  
leprosy patien t .  

[For  P t  XI ,  see Trop. Dis. Buli. , 1 97 5 ,  v. 72 , abst r .  1 66 3 . ]  

1 4 . SHER,  R . ,  HOLM ,  G . ,  KOK , S .  H . , KOORN HOF , H .  J .  & G LOVE R ,  A .  T .  and CR + 
lymphocyte profile in leprosy and the effect of treatment .  Infection & Immunity, 1 9 7 6 ,  V .  1 3 , 
No. l , 3 1 -3 5 . 

Thymus-derived Iymphocytes (T lymphocytes) and complement receptor-bearing Iymphocytes 
(CR + lymphocytes) were estimated by using erythrocyte rosettes and 
erythrocyte -antibody-complement roselles as markers in untreated lepromatous and untreated 
tuberculoid patients and in healthy contro l s .  Treated lepromatous cases were a lso investigated . 
Ten cases of untreated le promatous patien ts were reassessed 6 months or more after therapy 
commenced . A sign ificant decrease in both percentages and absolute numbers of  CR + cells in 
the untreated lepromatous leprosy subje cts was observed . This decrease showed a ret urn to 
normal leveis after treatment . The percentage of T cells in the untreated lepromatous cases was 
normal ; howeve r ,  the absolute numbers of T cells and the total lymphocyte count showed a 
sign ificant decrease . After therapy , the T cell population was unchanged but the total number 
of Iymphocytes increased significantly with t reatmen t .  The absolute number of T and CR + cells 
was significantly less in the untreated than in t he treated lepromatous patients .  

1 5 . REA, T .  H . ,  GOTTLIEB,  B .  & LEVAN , N. E .  Apparently normal skin in lepromatous 
leprosy . H istopathological findings . Arch. Derm. ,  1 9 7 5 , V. 1 1 1 , No . 1 2 , 1 5 7 1 - 1 5 74 .  

Biopsy specimens of apparently uninvolved skin from 3 4  pat ients with lepromatous leprosy 
were studied histologically . Bacilli were found in 30 of 3 1  specimens from clin ical1y polar or 
near-polar lepromatous pat ients b ut flOt in the 3 from nonpolar patient s .  A predominantly 
perivascular d istrib ut ion of  infiltrate and bacil l i  is  consistent with the hematogenous spread of 
infect ion .  SubcJinical , diffuse lepromatous leprosy is found in patients with nodular lesions and 
may precede the development of nodules .  Study of apparently uninvolved skin may be helpful 
in cJassifying patients ,  in  in terpreting immunologic responses ,  and in elucidating the natural 
history of the iIIness . 
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1 6 . HALOAR,  B. & OUTT A, A. K .  Cutaneous vascular reactivity in tuberculoid leprosy lesion .  
Lepr. /ndia, 1 97 5 , v .  47 , No . 4 ,  307-3 1 5 .  

I n  order to study the nervous and non-nervous cutaneous vascular responses in t ubercllloid 
lesions of le prosy under chemical , mechanical and thermal st imul i ,  the following exper iment al 
st udies were pcrformed in 38 cases with control study in each : 

(i) Adrenaline ind uced blanch reaction and periblanch erythema. 
(i i) Focal b leeding t ime . 

(üi)  Surface tem perat ure variat ions and adju st ments fo llowing local application of cold . 
I n  t he le sions the results showed less prolonged blanch rea ction and i I I -<1eveloped 

periblanch-e rythema , relat ively prolonged focal bleeding time ; slight ly lesse r degree of init ial 
surface temperature , higher degree of decl inat ion in surface temperat ure following cold 
appl icat ion and h igher levei of rise following heat applicatio n .  H unting type of  reaction after 
both heat and cold applications was observed in control and test sites almost eqllally . 

The co llective results test ify the phenomenon of inhibited nerve tonus in leprosy lesions 
consequent to organic affection of sympathetic fibres resul t ing in a vascula r at onia . 

1 7 .  O rAZ A LME IDA ,  J .  G . ,  TO RRES ,  G .  & ABREU,  A. Deficiencia de glucosa 
6-fosfato-<leshid rogenasa en el enfermo de le pra . I n forme preliminar . [ Gl ucose-6-phosphate 
dehydrogenase deficiency in leprosy . A prelim inary report. ] R evIa Cubo Med. ,  1 9 7 5 , v. 1 4 , 
No . 5 , 687 -69 1 .  

The English summary appended to the paper is as fo l lows: 
For the first t ime in Cuba a prelim inary st udy on gl llcose 6-phosphate dehydroge nase 

(G6PO) deficiency using a mod ification of the Beutler 's method (Kapa's system) in patients 
from Havana Leprosarium is made fo r determining t he relation between G6PO deficiency and a 
lower defensi ve capacity of the organism against M. leprae. An enzyme defic iency only in  
patients wi th  t he lepromatous form and in t hose with backgrounds of repeated aCllte 
reactions was found . 

1 8 . M EHTA, L . ,  S HETTY, V .  & ANTl A ,  N .  H .  Study of early nerve lesions in mice infected 
with M. Leprae. Lepr. /ndia, 1 976 ,  v. 48 , No . 1 , 3 1 -3 5  . 

. The present  study is of quantitative histology in immunologically intact mice inoculated with 
M. leprae. Total 1 2  sciat ic  nerves are studied . The fib res are grollped as large , medium and small 
sized fib res . I n it ial ly there is loss of  small  sized fib res .  At later stages there is involvement of all 
sized fibres and ultimately Wallerian type of degeneration seIS i n .  The process of regeneration is 
more acti ve than that of  hyman leprosy of  tuberculoid type. This study adds a new dimension 
in understanding the pathoge nesis o f  leprosy .  

[This paper i s  i I Iustrated with 5 electron micrographs on plate s . ]  

1 9 .  BEOI ,  B .  M .  S . , H ARRIS ,  E .  B . ,  NARAYANAN , E .  & KIRCHHE fMER ,  W .  F .  Oelayed 
hypersensitivity tests with Mycobacterium lepra e purified protein derivative . L epr. /ndia, 1 976 ,  
V .  48 , No . 1 , 8 - 1 8 .  

Skin tests were conducted o n  3 lepromatous ,  3 d imorpho us and 6 tuberculoid leprosy patients 
and 3 others not suffering from leprosy with lepromin , purified protein derivative from M. 
lepra e of armad il lo or igin and tuberculin . Results show that a delayed hypersensi t ivi ty reaction 
could be  produced with PPO in  72 hours on all M itsuda positive cases ,  with one anomalolls 
exception , withollt cross reaction to tuberculin . The results were promising from the point of 
view of  subst i tuting lepromin with PPO in usual test s .  
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20.  CHEN , T .  S .  N . ,  D RUTZ, D .  J .  & WH E LAN,  G .  E .  Hepatic granulomas i n  leprosy : their 
relation to bacteremia . A reh. Pall/. Lab. Med. , 1 97 6 ,  v .  1 00 ,  No . 4 , 1 8 2 - 1 8 5 .  

A c1in icopathologi c st lldy o f  tiver disease was cond llcted o n  2 8  pat ien t s  with leprosy who liveel 
in Taiwan . None of the patien ts exhib ited sym ptoms or  signs of liver d isease . Hepat ic 
gran lllo mas were fO llnd in 2 I patien t s .  Histological ly , the infi ltrates were epit helioid , foam cel l ,  
a nd  h istiocytic in type .  Hepat ic dysfunction wa s  absen t ,  except for mild sl l lfob romophthalein 
elevat ions in the severely infected cases .  Hepat ic  granll lomas correlated with the cutaneous 
react ions in lepro mato us leprosy , but  the associat ion was poor  fo r other stages of  d isease . 
Hepatic involvement varied with the severity of clltaneOll S  infection and with the frequency anel 
intensity of bacteremia . An est imated 1 000 to 1 0 ,000 acid -fast bacil l i/ml of b lood was req uired 
to generate the hepatic infil trate s .  

2 1 . SAHA,  K . ,  DUTTA, R .  N .  & M ITTAL, M.  M.  I mmunologic aspects of leprosy as related to 
leucocytic isoantibod ies and platelet aggregating factors. Inl. J. Lepr. , 1 97 5 ,  v .  43 , No . 3 ,  
239 -248 . 

The incidences of var ious iso- and autoant ibodies in a random poplllat ion of 1 1 2 unselected 
leprosy patients is presented . Low titers of leucocyti c isoantiboelies and platelet aggregating 
factor were detected in the sera of a variable number of  such patien t s .  The leucoisoagglut inins 
were found i n  8% of the se ra o f  t uberculoid as well as lepromatous leprosy patient s ,  whereas 
the le ucoisocytotoxins were detected in a l a rger percentage of  the lepromatolls (40%) as well  as 
t uberculoid (28%) cases .  The platelet aggregating factors (PAF) were posi t ive in 5 1 .2% and 45% 
of lepromatolls and  t uberculo id cases respective ly .  Of  the 2 1  posi t ive sera for PAF ,  the  
antiplate le t  factor by antihuman glob ulin consumption test cOllld be demonstrated on ly  in  
66 .6% and 50% of lepromatous and t llberculoid sera respectively . To s tudy the  freq uencies of 
these newly detected antibodies or antibody-Iike factor and to compare their occurrences with 
other  well-documented a utoantibodies present in the sera of leprosy patients :  cryoglobulins , 
antinucleoprotein a ntibody and thyroglobul in autoprecipiti n  were also studied in the sera of  
the  same populat ion of leprosy patients .  I t  has  been observed t hat the simultaneous occurrence 
of ali these auto - and isoantibodies in the serum of one patient is a rare phenomenon . 
Leucocytic and platelet counts of these patients having antibodies aga inst leucocytes and 
platele ts were found to be within normal Iimits. Accordingl y ,  i t  is suggested that the low leveis  
of a nt i leucocyte antibody and ant iplatelet factor are probably harmless to the hosts .  On the 
other hand , it is  post lllated that these antibodies may act as enhancing factors by being 
specificaJly adsorbed on the Iymphoid cel ls ,  thus rendering them unresponsive to mitogenic 
sti mulus in vitro. From these st udies i t  seems that leprosy ,  especially the lepromatous  type , i s  
associ ated with some of  the serological features suggestive of an autoimmune aberration . 

2 2 .  LOUTE,  J. S. & G LOVSKY, M .  Complement determinations in the synovial fluid and 
serum of a patient with erythema nodosum leprosum. lnt. J. Lepr. , 1 97 5 ,  v. 43, No. 3 , 252-2 5 5 .  

Simultaneous serum and synovial fluid CH50, C I ,  C4 , C 2 ,  C I este rase inhibitor and C 3  protein 
were determined in a patient with acute erythema nodosum leprosum. The pattern of synovial 
tluid complement  activity coupled with the demonstration of  mult iple lepra bacilli free and 
within histocytes is more comsisten t  with an  infectious than an immune complex induced 
synovitis . 
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23 . SAM UEL ,  1 . ,  SAM U E L , D. R. & GODA L, T. H epatitis associated antigen (H AA) in 
leprosy . Elhiop. Med. J. , 1 97 4 ,  v .  1 2 , N o . 4 ,  1 7 5 - 1 78 .  

One h llnd red and fo rty leprosy patients  se lected from the o ll tpatient dcpartment o f  ALERT,  
Add is Ababa ,  were  tested fo r hepatit is-associated antigen in the i r  blood . Elevcn o r  8% of these 
pat ients were positive for H AA.  The prevalence of HAA in leprosy patients was not 
significantly higher than in the normal popll lation .  Our st lld ies did not show any inc rease in the 
prevalence of HAA in lepromato lls cases as compared to t llbercll loid case s .  

3 .  C Ll N IC A L  

24 . R E A ,  T. H .  & LEVAN , N .  E .  Erythema nodosum leprosum in a general hospita l .  A rch. 
Derm.,  1 97 5 ,  v. 1 1 1 , N o .  1 2 , 1 5 75 - 1 5 8 0 .  

This i s  a st udy of 32 pat ien ts in  Los Angeles , California , sll ffering from lepromatolls leprosy 
complicated by ery thema nodosllm leprosllm (EN L) reaction . There were 1 7  men and 1 5  
women in the serie s ,  their ages  ranging from 1 8  to 72 years ,  and 22 of these patients first 
presented with ENL reaction although they had never received any ant i-Ieprosy t reatment . In 5 
women the init ial  at tack of ENL occllrred d llring pregnancy . 

The a llthors describe the c l in ica i ,  laborato ry and histological findings , and d iscllss the 
possible mechanisms involved . They stress that their experience is contrary to  the general\y held 
o pinion that this type of reaction usual \y complicates anti -Ieprosy therapy , and suggest that i t  
should b e  considered t o  be a manifestation o f  leprosy rather than a complication of its 
treat ment . 

W. H. Jopling 

2 5 .  QUAG LlATO , R . ,  BECHE LLT , L. M . , ALM EIDA,  J .  O. & ARANTES, M .  A .  A .  
Bacteriological status (poin t prevalence) o f  lepromatous olltpatients under sll lph one treatment. 
Bull. W/d Hlth Org. , 1 975 , v . 52 , No . 1 , 5 7 -62 .  

This is a st udy of 337 patients with lepromatous leprosy who had  been under dapsone therapy 
as ollt patients for 1 -26 years in São Paulo , Brazil . 1 67 (50%) showed bacteriological positivity 
of skin smears when the slides were examined by a paramedical technic ian ,  who spent 10 min 
on each slide ,  b llt the rate was 99% when each slide was examined for 30-60 min by a 
bacteriologist . The authors conclllde tha t ,  in mass campaigns ,  bacteriological negativity shollld 
be checked by a wel l -t rained bacterio logist and the smears should be  made by an experienced 
leprologist , before lepromatous patien ts a re released  from supervision o  

[ A  more practical conclusion would be  that lepromatous patients should be treated for t ife . ]  
W. H. Jopling 

26 .  T1N SHWE, MYA THEIN & SOE M INT.  Prevalence of pulmonary tuberculosis in patients 
with leprosy. Burma Med. J. , 1 9 7 5 ,  v .  2 1 , 3944 . 

The authors quote figures showing the high incidence of pulmonary tuberculosis among leprosy 
patients being t reated in leprosaria in various parts of the world , figures which suggest that 
persons suffering from leprosy have an increased susceptibil ity to tuberculosi s .  This 
invest igation , designed to establish if there is any justification for such a hypothesis , was 
confined to leprosy outpatients attending clinics at Rangoon General Hospital ,  and 603 patients  
aged between 20 and 40 years were studied (30 1 tuberculoid and 302 lepromatous) . Seven 
patients with radiological evidence of pulmonary tuberculosis were found in the t uberculoid 
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grol lp  (2 .3%) and 8 i n  t he Icpromato lls group  (2 .6%), figures which compare favourably with 
those from Bunn a  as a whole among adll l t s  of similar age -grollp (2 .6-3 .6%) . Two important  
concl usions can be d rawn from lh i s  s ludy :  fi rst ly ,  I hat figures giving the inc idence of 
pll l monary 1 1Iberclllosis among in -patie nts  in leprosa ria bear no rela t ion lo the si t uat ion in tha t  
pa rt icular region o r  the  coun try as a whole ; secondly , tha t  pat ients suffering from the  
le pro matous type  of leprosy a re  no  more suscept ible to t llberculosis I han a re  t hose suffe ring 
from the t uberculoid Iype .  

W. H. Japling 

4 .  TH ERAPY 

27 . G E LBE R ,  R .  H .  & REES,  R .  J .  W.  Dapsone metabolism in patients with dapsone-resistant 
leprosy . Am. J. Trap. Med. Hyg. , 1 97 5 ,  v .  24 , No . 6 ,  963-967 .  

Acetylat ion of dapsone (DDS) and  su lfamethazine (SM Z) , and plasma c1ea rance of  DDS were 
st ud ied in Ma laysian Chinese wit h lepromatous leprosy including 40 DDS-resist ant  and 44 
non -resist ant pa l ien t s .  Neither a patien t 's acetylat ion characteristics (DDS or  SMZ), nor his 
plasma c1earance rate , appeared to have predisposed him to the development of  DDS resistance .  
A poten t ia l ly important  drug in teract ion between rifampin and DDS was d iscovered . After  
i ngestion of r ifampin for a min imum of  2 weeks ,  the plasma c1earance o f  DDS was increased 
and the re lat ive amount of t h e  acetylated DDS was decreased . The implications of these resul t s  
for t he t rca tment  of lepromatous leprosy are discussed . 

28 .  CHAUDHRY, S .  B .  R .  & DES IKAN ,  K .  V. Sulphone-resistance in leprosy : a report of three 
cases. Lepr. India, 1 97 5 ,  v. 47 , No. 4, 283-290.  

The experimental  transmission of leprosy to the  foo t -pads of  mice has provided a very useful 
technique to demonstrate the occur rence of su lphone -resistant st rains of M. leprae. Although 
th is method is at  presen t  the most satisfactory laboratory confirmatory test , it is not 
practicable to apply it to screen a very l arge n umber o f  cases of leprosy under sulphone therapy 
today . A clinicaI detection of  sulphone -resistance is t herefore very essential . Three cases of 
le promatous leprosy detected clinically to be  sulphone -resis tant  and proved sub sequently by 
the mouse foot -pad model are reported . 

[A report from Chingleput , Tamil Nadu ,  India . ]  

29 .  LEVY, L. & PETERS,  J .  H .  Susceptibility of Mycobacterium lepra e to dapsone as  a 
determinant of patient response to acedapsone. A ntimicrob. Agents Chem o ther. , 1 9 7 6 ,  v. 9 ,  
No. I ,  1 02 - 1 1 2 .  

I n  t he course o f  a cl inicai trial o f  acedapsone therapy i n  1 7  pat ients  with lepromatous leprosy , 
the rate of response to therapy was measured by inoculation of mice with Mycobacterium 
leprae recovered from biopsy specimens of skin lesions obtained before t reatment and a t  
intervals of 4 ,  1 2 , and 24 weeks after inst itution of treatmen t .  The  susceptibi l i ty of each isolate 
of M. leprae to dapsone (4 ,4' -diaminodiphenylsulfone [DDS] ) was measured by passaging 
organisms that had mult iplied in mice to new groups of untreated mice and to mice treated 
with DDS incorporated in the mouse chow in  concentrations of 1 0 -5 , 3 x 1 0 -5 ,  and 
1 0 -4 g/ I OO ml . The rate of response to acedapsone therapy and the susceptibi l i ty of pat ient  
strains of M. leprae to DDS varied widely among patients . A l i  isolates were  inhibited from 
mult iplication by treatment of mice with 1 0 -4  g of DDS per 1 00 ml ;  a l i  but two isolates were 
susceptible to 3 x 1 0 -5 g of DDS per 1 00 1111 ;  and 1 7  of 3 6  isolates ,  represent ing nine patient 
strains,  were susceptible to 1 0 -5 g of DDS per 1 00 ml. Plasma leveIs of DDS measured in  t he 
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mice admi nistered t hese d ie ts  show that lhe min ima l . i n hibitory concentrat ion of  DDS for M. 
lepra e isolated from un t reated pat ien ts  is .about  3 ng/m l .  No rela t ionsh ip could be demonst rated 
be tween D DS susceptibi l i ty of pret reatment isolates of M. leprae and t he rate at which pa t ien ts  
responded to aceelapsone t herapy .  Ne i ther  acedapsone  t rea t ment of pa tients nor DDS t reatment 
of  mice appeared to  se lect genotypical ly more resistant M. leprae. 

5 .  EPI OEMIOLOGY ANO CONTROL 

30. KY AW LWIN & ZUIDE RHOEK ,  B .  Case detection rates for Centra l  BlI rma ( 1 962- 1 972) .  
Int. J. Lepr. , 1 97 5 ,  v. 43, No. 2 , 1 2 5 - 1 2 8 .  

A short descr ipt ion of t h e  leprosy con t rol program in Burma i s  given a n el  t h e  decrease of t he 
case detect ion rates d ll r ing t he period 1 962 - 1 972 are presented to show the effects of control 
measures in the program emphasizing the importance of ea r \y case detection through ann ual 
examinal ion of ho usehold con tacts and school children , regular t reatment  and hea l t h 
ed ucation . 

3 1 . J ARAMI L LO ,  A. O .  & DE LA C RUZ, M .  R .  Le lepra en Costa Rica. A cta Méd. Costarric. , 
1 97 5 ,  v. 1 8 ,  No . 3 , 1 5 1 -207 . 

The first person with leprosy recorded in Costa Rica was the child of a Spanish family in about 
1 734 .  By 1 883 there were 32 leprosy patients in a lazaret te . Sulphonotherapy was int roduced 
in  1 945 and the first cure was recorded in 1 947 . The Department for t he Control of  Leprosy 
was created in 1 948 . Active prophylaxis was in i t iated in 1 9 52  with the compilation of a register 
o f  contac t s .  From 1 954 ,  cutaneous Iymph was collected for diagnosis from persons I iving with 
pat ients .  I n  1 962 a specialist was appointed to conduct a dermato -neurological  examination of 
al i  contact s .  A "new programme for the control of leprosy in  Costa R ica" was c reated in 1 974 
which p rohib ited the in ternmen t  of  patients  in the leprosy sanatorium and decreed that  they 
should be treated in general hospitaIs . A rehab il itation programme w as also initiated . By 1 974 
there were 5 1 8  registered cases ,  and their geographical d istribution is recorded ,  but i t  is 
estimated that there are p robably some 1 300 cases .  The spread of the d isease is to be  controlled 
by dermato logical examination of ali suspects and groups of persons at risk . Persons living with 
a patie nt must be examined dermato -neurologically once a year for 5 'years ;  a t  present ,  3282 
contacts are under observation .  Chemoprophylaxis is appropriate for j uveniles I iving in elose 
contact wit h  a patient in the le promatous or d imorpltic stage . Leprosy patients should generally 
be treated in outpatient cI inics and should be examined dermato-neurologically and 
bacteriologically twice a year  in the case of  those with lepromatous or dimorphic lesions and 
once a year in t uberculoid and indeterminate case s .  

A nn Grant 

3 2 .  LECHAT, M .  F . ,  M ISSON, J .  Y . , VELLUT, C .  M . , M ISSON , C .  B. & BOUCKAERT, A .  Un 
modele épidémionétr ique de la  lepre . [An epidemiometric model of leprosy . ]  Buli. Wld H/th 
Org. , 1 974 ,  v. 5 1 ,  No . 4, 3 6 1 -373 . English summary . 

This valuable paper , which b reaks new ground,  should be consulted in the original by ali 
concerned with the epidemio logy and control of leprosy . Taking as their bases a mass of  
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observat ions collected over 1 6  years i n  the Belgian Leprosy Centre a t  Polambakka m ,  I nd ia ,  
concerning 35 ,262 le prosy pat ients , the authors have elaborated a tentative epidemiometr ic 
model t hat  should be t ried out in other sit uations .  

The mode l  takes cognizance of 1 0  diffe rent s ta tes  o f leprosy infection , which correspond to 
the d i fferent stages through which any individ ual i s  presumed to pass , from "susceptible" and 
"latent" to  "inactive" and "no longe r  taking treatmen t" .  Certain assumptions are made , some 
of  which are open to q uestion and need c1arification , e .g .  every ind ividual is born susceptible to 
leprosy infection and may contract  the disease if  exposed to effective contact ; any person with 
active leprosy may serve as a source of infection ;  tuberculoid leprosy may pass into the 
lepromatous form , through an  intermed iate stage ; t ransit ion from act ive to i nactive is a 
clinically based decisio n ,  a l though infectivity is assumed ;  t he risk o f  relapse is ident ical , whether 
patients whose leprosy is quiescent take treatment or  not ; the latent form always develops into 
active lep rosy , which does not regress in the absence of t reatment . 

A detailcd analysis of the Polambakkam statistics a l lows the authors to suggest a series o f  
mathematical ly expressed eq uations for several parameters , which have been used in  a 
computerized simulation of leprosy prevalence and i ncidence rates in a va rie ty of hypotheti cal 
and act ual situations . 

Preli minary results run closely parallel in certain respects to accepted epidemiological  
findings dating back some years ,  such as the observat ions that pat ients  with lepromatous 
leprosy a re 4 t imes as contagious within the household as those with tuberculoid leprosy , that 
infect ivit y diminishes rapidly with ant i -leprosy treatment , that (beca use of their numbers) 
pat ients with tuberculoid leprosy play a major part in the persistence o f  the leprosy endemic . 
The model indicates that , whereas t he latent period of t uberculoid leprosy is about 4 yea rs ,  that 
of  lepromatous leprosy is but 2 .2 years .  Afte r 10 years of  t reatmen t ,  the chances of a patien t  
w i th  lepromatous leprosy becoming "cured " a re  p ractically n i ! .  

Some tentative conclusions are of immediate applicabi l i ty .  A reduction in the rate of  default 
would show a greater effect  on the endemic than segregation of patients  with lepromatous 
leprosy . A vaccine that would prevent the development o f  lepromatous leprosy wo uld show the 
greatest beneficiai resul t s .  I n tensification of  case-finding activities and the placing under 
effective treatment as soon as diagnosed o f  ali persons  suffering from leprosy , and especial ly 
t hose with lepromatous leprosy , are desirable goals ,  i f  not immediately achievab le thro ughout 
the worl d .  

s. G .  Browne 

3 3 .  RAO, P. S. S . ,  KARAT, A .  B .  A . ,  KALlAPE RUMAL,  V. G. & KARAT, S. Transmission of 
leprosy within households. /nt. J. Lepr. , 1 97 5 ,  v .  43 , No. 1 , 45 -5 4 .  

The  wealth of statisti cal da t a  ava ilable in  the  records accumulated i n  the  Gudiyatham Taluk 
(Tamil Nadu ,  India) leprosy programme is exemplified by.  this analysis . Du ring the years 1 9 62 
to 1 970 ,  i n  a population of about 400 ,000 , over 97% of  the 23 ,285 contacts in 5088 fam ilies 
having a leprosy patient  were examined clinically .  Against an annual incidence of  leprosy of the 
order of 0.8 per 1 000 patien t-years in t he general population ,  t he i ncidence among household 
contacts was 6 .8  per 1 000 patient -years .  The rates for males and females , when analysed for 
each of the major types of leprosy and expressed as total sex i ncidence ,  showed no a ppreciable 
d ifferences .  Where the index case in the household suffered from a multibacillary for m  of  
leprosy, the secondary attack rate was  significantly higher .  

The most vulnerable age -groups were found to be 5- 1 4  years for boys,  and 5 -9 years for girls , 
t he actual clinicai manifestations appearing after a variably long latent period .  When there was 
more than one index case in t he fam il y ,  the attack rate doubled . When the index case was of a 
bacil liferous type of leprosy , t here was a higher proportion of such types among the secondary 
cases [a possib ly fortuitous finding that does not imply strain diffe rences ] . 

S. G. Browne 
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34.  RAS I ,  E . ,  CASTE LLAll I ,  l . ,  G ARC I A ,  L., QUEVEDO ,  L .  & CONVIT ,  J .  Evaluation of 
"chemical isolation" in 1 1 68 leprosy patients ' homes. Int. J .  Lepr. , 1 97 5 ,  v. 43 , No . 2 ,  
1 0 1 - 1 05 .  

"Chemical isolat ion" ( t reatment o f  o pen cases a s  a measur e  o f  control for transmission between 
contacts) is evaluated by a retrospective study of 7232 ho usehold con tacts  of  1 1 68 leprosy 
pat ien t  homes. Con t acts comparable in age and type of exposure were arranged i n  subgroups 
according to whether they were born befo re (Gro up A) o r  born after (Group B) beginning 
treatment of the index cases had begun .  Additional ly , the whole group of contact s ,  both  of 
open ( LL and BB) and dose (TI and I) case s  were evaluated . 

Among comparable con tacts  of LL and BB cases,  the  infect ion rate in the contacts before 
in it iat ion of t reatment  is higher than in that of  con tacts after in i t iation of  treatment . The 
protection afforded by lhe t reatme n t  to the exposed group  (Group B)  is on the order of  66%.  

The morbid i ty occur ring in the group born after  the init iat ion o f  index case treatment 
apparent ly results from partial persistence of  in fe ctio usness of the  case under t rea tmen t . 

6. SOCIO LOGY AN D R E H ABIL ITATION 

34 . ROTB E RG ,  A .  The ten enemies of prevention of hanseniasis are related to "Leprosy". A 
"Psycho-social-somatic phenomenon" .  Reprin ted from Lepra/agia, 1 974 ,  v. 1 9 ,  No . 2 ,  28 1 -285 . 

Leprosy is not a disease Iike any other, but a chain of phantasie s ,  superstit ions ,  stigma ,  
sensa t ional ism ,  ignorance , fear ,  rejection and  infamous terminology -around a core of signs and 
symptoms of the somatic d isease . One of t he consequences is that we are s t iU case finding 
instead of seeing pat ients  and contacts finding USo The t en  enemies of prevent ion a re :  ( I )  Latent  
segregation ism ; (2) hesitant  in tegrationism ; (3 )  the infamous pejorat ive leprosy ; (4) 
sen sat ionali sm ;  ( 5 )  misgu ided charity ;  (6) psycho-social amateurism ; (7) non-at ten tive 
education ;  (8) low salaries and lack of personne l ;  (9) obsolete legisla t io n ;  ( 1 0) deficient 
teaching . . . .  

Thanks a re d ue to t he Director , Bureau of  Hygie ne and Tropical Med icin e for permission to  
reprint Abstracts from Tropical Diseases Bulletin May,  June and J uly  1 976 .  
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