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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 .  

SECO N D  l M M L E P  TASK F O R C E  M E ET ING 3 2 1 

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 . 


