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The che m oth erapy of lep rosy can now be based on f i rm laboratory kn ow l edg e 
about the resp onsib le  agent, My co. leprae, and the g enera l  pr inciples app l i ed in the 
m an ag e m ent of tube rculosis. F irst- l ine and second-l ine d rugs m ay be distingu i shed. 
At present th ere is no n eed to change the ex ist ing dosage of 600 mg of dapsone 
(DDS ) per  week f o r  m ass c a mpaigns. 

Efforts should be m ade to f ind n ew t reat m ent schedu le s  lead ing to increased 
superv is ion by the app licat ion of inter m ittent therapy. In leprom at ous cases, thi s  
inter m ittent schedu l e  w i l l  pr ob ab ly h a v e  t o  be preceded by a p re l i m inary course of 
continued the rap y. It is possib l e  that the use of r if a mp ic in w i l l  app rec iab l y  shorten 
the per i od of tr eat m ent. 

Introduction 

Alth o ugh a n  i n creasing number  o f  new d rugs have been i nt rod uced in th e t herapy 
of leprosy during the  las t  t h ree  decades,  their cho ice has  been large ly  empir ica l ,  
d u e  t o  lack o f  k n o w ledge abou t the  responsib le  orga n ism , Mycobacterium /eprae, 

and the pathogenesis of the d isease . 
I n  the  last  1 0  years ,  however ,  as a resu lt of lab oratory invest iga t ions ,  our  

know ledge a nd u nderstand ing o f  leprosy have  increased m ore than in  the 87 years 
between 1 8 7 3  (when Myca. /eprae was d iscovere d )  and 1 960 .  I n  the latter year 
Shepard ( 1 960a ,  b,  1 96 2 )  demonstra ted , us ing precise ly defined cond i t ions ,  that  
Myca. /eprae mu lt ip l ied in the footpa ds of m ice .  The second i m portant  
d iscovery - t he ce l l u lar type o f  i m m u n ity invo lved in  leprosy- was ma de b y  Rees 
( Rees ,  1 966 ; Rees et a/., 1 96 7 )  wh o showed that  a genera l ized i n fec t ion  resu l ted 
when thymectomized and irrad iated mice were i n ocu la ted wi th  Myca. /eprae. 

Severa l  authors h ave s ince shown t ha t  a ce l l-med ia ted type of i m m un i t y  i s  
invol ved i n  t he h um a n  d i sease ( D ierks and Shepard , 1 9 68 ; S hepard , 1 9 68 ; Turk 
and W at ers ,  1 969) .  

These d iscoveries revealed n e w  fea t u res  ab o u t  Myca. /eprae, such a s  i t s  long 
genera t ion  t ime ( S hepard and M c Ra e ,  1 96 5 ) ,  the in terpre t a t ion of  i rregu lar ly 
sta i n ed orga n isms ( R ees et aI., 1 96 0 ;  Rees and V a le n t i n e ,  1 962 ; Shepa rd and 
M c Ra e ,  1 965 ) and their  quan t i t a t ive assessme n t ,  us ing the M o rphologica l  I ndex 
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( M . I . ) .  Moreover,  a more accurate h is to-patho logical  c lass i fica t ion o f  t he var ious 
forms o f  h uman leprosy was evolved by R i d ley arid J op l ing ( 1 9 6 6 )  b y  inc lud ing 
i m m u no logica l  fea t ures o f  the  d is eas e .  F i n a l l y ,  for the firs t  t i me a ra t iona l  
approach to  th e eva l ua t ion  o f  a n t i l eprosy d rugs in m i ce and man was developed 
by inc lud ing  a l l  th e se  new parameters .  

In  m ice ,  a n t i leprosy d ru gs can be  a ssessed in t h ree ways : (I) by th e con t inu ous 
meth od ( Sh e pard and  Ch ang,  1 962 ; Pa t tyn  and R ooyackers,  1 9 6 5 ; Rees ,  1 96 7 a ;  
Gaugas ,  1 9 67 ) ;  (2 ) b y  t h e  k i ne t i c  met hod; and ( 3 )  b y  trea tmen t  o f  an estab l i s hed 
in fect ion  ( Shepard and Chang, 1 96 7 ) .  I n  ma n ,  the act ivi ty of  an t i l eprosy d rugs  
can be mon i tored by the regu lar  inocu la t ion i nt o  mice  o f  My co. leprae ob t a i ned 
from h um a n  b iopsies taken d ur ing t rea tment  ( S hepard et aI., 1 96 8 ,  1 969 ; Levy et 
al . , 1 9 69 ; Rees et aI., 1 97 0 ) .  These  meth o d s  h ave revea led : (a) t he t ime  neces sary 
for d ru gs to k i l l  Myco. leprae ( Shepard et aI. , 1968; Rees et al . .  1 9 70) ;  (b ) t he 
e x istence o f  drug-res istan t  s t ra in s  o f  Myco. leprae ( Pe t t i t  et al . .  1 964 ,  1 9 66 a ,  b ;  
Rees ,  1 9 67b ;  Pears o n  et al. , 1 96 8 ;  She pard et al., 1 9 69 ) ;  ( c )  t he corre l a t ion  
ex is t ing b etween irregu lar ly-s t a ined forms of  t he baci l l i  and  their inab i l it y  to  
m u l t i p ly ,  prov ing tha t  non-s o l id  Myco. leprae a re dead . 

Th ere h as been some d ivergen ce of opin ion ,  and even scep t ic i sm , ab o u t  th e 
s ign i fi cance of the perce n tage of non-so l id  forms o f  the b a c i l l i  (Conv i t  et al.. 
1 970) .  I ndeed , a l l  m o rph o logical  assess men t is subject ive .  There fore s tandard 
techn iq ues in fi x a t i o n ,  st a in ing ,  ob serva t ion  and scoring m ust  be u sed  for 
determ in ing th e M .1 .  Perhaps so me fu t u re h is tochem ica l  method w i l l  supersede 
th e count ing  of  so l id ly  s ta in ing  ( l iv ing)  b aci l l i .  At prese n t  the m orpholog ica l  
cri ter ion can on ly  be checked b y  mouse in ocu lat ion , a techn ique  that  is  e n t i re ly  
re l iab le ( Levy e t  al., 1 97 0 ) .  

T h i s  n e w l y  acqu ired kn ow ledge a b o u t  Myco. leprae. toge ther  w i t h  advances 
made i n  the  m an age m e n t  o f  t ubercu losis, another  chr o n ic i n fec t ious  d i sease , now 
provide a ra t iona l  b asis  for s tudy ing  leprosy therapy .  In th e chemotherapy of 
tub e rcu losi s ,  exper ience has shown that  successfu l or u nsu ccessfu l th erapy , 
re lapse , or d rug resistance ,  is d etermin ed by the  b io logica l  behaviour of t he 
causa ti ve organ ism and the pharmacok in e t ics  and pharm acology of the drugs 
use d .  S tud ies  o f  al l  these aspects,  together  wi t h  cont ro l led c l in ica l  t r ia l s ,  have led 
step by step to  t h e  deve lopmen t  o f  comple te ly  su ccessfu l therapeu t ic regimens ,  of  
which the  l a tes t  i s  b ased on in term i t te n t  t herapy ( a fter an  in i t i a l  con t i nuous  
period ) a l l ow in g  comp lete supervi sion ( S trad l in g  and Poole , 1 963 , 1 97 0) .  W h i le 
the imp ortan ce o f  ma in ta inin g the p rescribed therapy throughou t for the 
su ccessfu l trea tmen t  o f  chron ic in fec t ion s  has been part icu lar ly  appreciated an d 
em ployed in t ub ercu losis ,  s imi lar con sidera t ion s  see m to have been  less rigorou sly 
app l ied t o  th e trea t m en t  o f  leprosy . 

There are t h ree factors to b e  taken in to  accoun t  i n  p la n n i ng a ra t iona l  approach 
to d rug t herapy o f  chron i c  in fec ti ons in gen era l ,  and le prosy in  part icu lar .  These 
are d iscussed b elow under the headings :  the bac i l l u s ,  the hos t ,  and the d rug .  

The Three In teracting Factors i n  D rug Therapy 

THE BAC I LLUS 

F or a correc t  in terp re ta t ion of  even ts d u ring the  t herapy o f  leprosy , the n o ti on 
that  n on -so l id ly  sta in in g  bac i l l i  are in capab le o f  m u l t i p l icat ion i s  of grea t  
i m p ortan ce .  I t  is  now certa in t ha t ,  wh i l e  a popu la t ion  of  Myco. leprae m ay be  
k i l led  by  trea tmen t w i t hin a few weeks  or  m o n t hs ,  i t  m ay take  5 years or m ore 
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for the  bac i l l i  to d i sa ppear fro m the sk in  or n asa l m ucosa . Thus  the M .1 .  ( i f 
necessary check ed by i n ocu la t i o n  of bac i l l i  from treated pa t i en t s  in to m ice ) i s  of 
pr im ary i m portance for fo l low ing th' e  e ffec t  of  t rea tmen t ( Shepard el al.. 1 968, 
1 969 ; Levy et al . .  1 96 9 ;  Rees  et al.. 1 97 0 ) .  

S ince m u l t ip l ica t i o n  o f  Myco. leprae in the  m ou se foo tpad i s  l i m ited to in ocu la  
of 1 04 to 5 x 1 04 baci l l i  and  the m in ima l  i nfect ious  dose i s  be tween 3 and  1 0  
organ isms ( S hepard and M cR a e ,  1 96 5 ) ,  the se ns i t i v i ty  of  the tec h n iq u e  is  of  the 
order  o f  1 / 1 000 l i v ing  bac i l l i .  

T h e  t o t a l  bacill ary popu la t ion  o f  a p a t i e n t  a t  t h e  start  of  t rea tmen t n o t  on ly 
de term ines the sever i ty of  the d isease bu t a lso the n u mber of  pre- trea tmen t 
drug-resi sta n t  bac i l l i .  I ndeed, in every bacteria l popula t ion  th ere e x ist  res is ta n t  
mutan t s  to any d ru g ,  b u t  t hese spontan eous  m ut a n t s  (" p re- trea t m en t  resisters" ) 
have a n  advan tage over the  la rger ,  se ns i t ive part  of the popu la t ion  on ly  w he n  
exposed to  the  d rug .  For  most pa t hoge n ic orga nisms,  s u c h  as  My co. tuberculosis. 
the freq uency and  leve l of d ru g- res is tan t  mutan t s  can be measu red in )litro by 
cou n t ing  the  n u mber of co lon ies  in media  con ta i n ing kn own con ce n t ra t i on s  of  
the d rug and seeded w i t h  k n own n u m bers of orga n isms  (Can e t t i  el  a l  . .  1 96 1 ) . In 
genera l ,  the  freq uency of such p re-tre a t m e n t  resist a n t  orga n ism s is of the order of 
I in  1 06 to 1 08. H owever,  a l t hough sim i lar  in )litro d e term ina t ion s  are not 
possib le for Myco. leprae , dru g  res istan ce can be expected to arise in 
m u l t i- b ac ill a ry types o f  l eprosy ( L L-B B )  with between 1 010 and 1 012 organ i sm s; 
bu t t h is is u n l i k el y  i n  th e p auc ibac il la ry types ( B T-I T ) .  

T h e  leve l of  drug resi s tance o f  t h e  " p re- trea t m en t resisters" i s  a lso u nk no w n  for 
Myco. leprae. However ,  the la rge popu la t ion of bacil l i ob ta ined in the 
i m m u n o logica ll y  d e fi c ie n t  mouse m ight  be su ffic ien t  to de term ine the l evel  of 
d rug resistan ce o f  these m u ta n ts .  From ava il abl e cl i n ical da ta i t  appears th a t  the 
degree of  drug resistan ce i s  var iabl e  ( R ees ,  I 967a,  b ;  P earson et al . .  1 96 8 ) .  

THE I M M UNOLOG I C A L  COMPETENC E OF THE HOS T 

I n  the  chemotherapy of m ost i n fec t ious  d iseases ,  the drug u sed accoun t s  for 
the k ill i n g  of t h e  major i ty  o f  the  bacter ia , w h il e  the d e fe n ce mechanisms of the 
host  d e al with the  rem a i nder .  In  tubercul osis (Cane t t i ,  196 5 ) ,  these residu al 
organ isms ( d rug- se n si t ive o r  d ru g- resistan t) may persist ,  some t i m es appare n tl y  i n  a 
d orman t sta te , for a l o ng t i m e .  I n  th i s  si t u a t i o n ,  these orga n i sm s  may beg i n  t o  
m ul t i pl y  aga i n  a t  a n y  moment  after  t rea t m e n t  has  ceased ,  and  t h e  pa t i en t rel apses 
with a d ru g-sen si t ive o r  a d rug- res istan t  i n fect i o n .  

I n  the  pat ie n t  w i t h  the  l epromatous  t y p e  of  l eprosy , th e h o s t  h a s  l i t tl e  or n o  
capac i ty  to destroy bac ill i ,  and  therefore all persist ing and viabl e  orga n i sm s  w il l  
m ul t ipl y  aga i n  wh en trea t m e n t  i s  s topped . This  accou n t s  for the h igh rel apse rates  
reported i n  l epromatous  leprosy : 1 2% i n  I ndia  (Vell u t ,  1 96 8 )  and 25% i n  Lat in  
America  ( Bechell i et  al. . 1 97 0) ,  a n d  Hemer ij c k x  ( personal comm u n ica t ion ) 
reco m m ends  th a t  l ep romatous  pa t ie n ts should be t reated for l i fe . 

THE DRUG 

( a )  Minimal Inhibitory Co ncentration (M . I .C . ) .  The M . I .C .  of m any  d rugs 
aga inst Myco. leprae can now be d e termined by the mouse foo tpad techn ique .  
The  resul ts  (Table  I)  show tha t  t here i s  no  correl a t ion  be tween  the a n t ibacter ial 
ac t iv i ty of d rugs aga i n st Myco. tu berculosis or My co. lepraemurium and Myco. 
leprae. 

( b )  Serum concentration and half-life of the drug. This  m ay show considerab le  
ind iv idual varia t io n ,  a nd there fore the  lowest  figu res k n o w n  are  g iven (Tabl e  I ). 
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TA B L E  1 
M.!. C. for ,reJleral antileprosy drugs compared with serum concentrations obtained after 

current dosage 

Se rum 

Dr ug 
M ,I.e. concentration 

(,ug/m l) Dosage Freq ue ncy (Ilg/ml) X 

DDS 0,02-0,002 100 Dail y 2 100 
DADDS id. 225 mg 1/77 days 0.06 3 
Su lfadimethoxi ne 20 l.Sg Dai l y  150-300 4-15 
Sulfadox ine 20 1.5 g I/week 150-300 4- 15 
S ulfamethox ypyri-

dazine 0-3 5'1 750 mg 1/2 days 30-40 4- 15 

Clofaz im i ne Curre nt dosage is 100-200 mg pe r day 

Min imal effective dosage i n  ma n calcu lated to correspond 
to 7 mg pe r day 

Thiam butosine ? 3 g Daily 
re pos i tory 

2 g I/week 

Ethio namide 25 250 mg Da i l y  20-30 

Genet ic  p olym orph ism in ma n has recen t ly  bee n described for the ace ty l a t ion of  
dapsone (= i n act ivat ion)  comparab le  to that  shown for ison iaz id (lNH) (Ge lber et  
aI., 1 96 9 )  a n d  may be o f  p ract i ca l  importance when i n term i t te n t  or low dosage 
D D S  i s  admin istered , as was the case in in term i t te n t  t rea tmen t of tubercu losi s  
w i th  lN H (Tubercu losis C he m o therapy Centre ,  M adras , 1 97 0 ) .  

A n other  importa n t  po in t is  the  r a t e  a t  w h ic h  d ru gs k i l l  Myco. leprae, for wh ich 
the fo l lowing resu I t s are  ava i l ab le: 

D D S :  90 days ( S hepard et al. ,  1 96 7 ,  1 96 8 )  
C lofaz im ine  ( i n c lud ing  D DS-resista n t  stra ins ) : more t h a n  1 05 d a y s  ( Levy et 
al. ,  1 969)  
R i fampic in : 3 to  24 days ( Rees e t  al., 1 97 0 ) .  

Thus ,  i f  a p a t i e n t  i s  trea ted w i t h  a dru g  hav ing  a h igh therape u t ic  ac t iv i ty ,  a n d  
he does n o t  i m p rove , o r  after some period of improvemen t there i s  c l i n ica l  a n d  
bacter io logica l  deter iora t ion , t here a re o n ly two e x p lana t ions :  e i ther  t h e  i n fect i ng 
organ ism was or has  become d ru g- res istan t ,  or t he pat ien  t fa i l ed  to take or a bsorb 
the prescribed trea t m e n t  ( P oole and Strad l ing ,  1 960) .  Th is leads to the rather 
ast o n ish ing concl u sion  that  i n  many cases the o n ly advan tage to be gained from 
determ in ing t h e  d ru g  sen si t iv i ty of  bac i l l i  d u ring  trea t m e n t  m ay be to  dem on
strate that the pat ien t i s  tak ing  the drug ( M cDerm o t t ,  c i ted  in  Cane t t i ,  1 96 5 ) .  The 
persiste n t  fa i l u re o f  leprosy pa t i en t s  to take the i r  d rugs regu lar ly has been 
part icu lar ly wel l  invest igated by P e t t i t  et aI., ( 1 96 6 ) ;  som e  pat ients  w i t h  
lep ro m atous lep rosy s t i l l  a c t ive a fte r  m ore t h a n  1 0  years'  res id e n ce and t reat m en t  
i n  a leprosar iu m ,  i m p roved when the  t reat m e n t  was  adequate ly supervised .  

T h e  Possible Applicat ion of Principles Used in  t he 
Chem o therapy of Tuberculosis 

In the chemotherapy of  t u bercu losis a d is t inc t ion  is m ade between f irst- l i ne  
dru gs ( low M .L C . ,  susta ined seru m leve ls  m any t i m es h igher than the M . I .C . ,  
m in im u m  tox ic i ty , and low inc idence o f  pre-trea tment  res i s ta n t  organ i sm s) and 
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second- l i n e  d ru gs ( h igh M . LC .  and re la t ive ly low seru m levels  of shorter d u ra t ion ,  
re su l t i ng  in  more frequen t resi s tance a nd/or  h igher tox ic i ty ) .  Trea tment  of  
m u l t ib ac i l lary cases o f  tubercu losis w i t h  cavi ta t ion  shou ld a lways  be i n i t i a ted w i t h  
2 ( pre ferab ly  3 )  major  d ru gs in  ord e r  to d im i n ish the  r i s k  of  the emergen ce of  
d rug resist ance ,  the  frequency o f  d o u b le or t r ip l e  d rug  res is tance be ing of the  
order  of  1 0 - 1 2  to  I 0- 1 �  . A fte r  a p re l i m i nary period of con t inuous  doub le  or t r i p le 
trea t m e n t ,  red u cing  b acter ia l  n u mbers d rast ica l ly  a nd thus  the possib i l i ty of d rug 
resi s tance ,  long- te rm mono therapy can sa fe ly  be given (Cane t t i ,  1 96 8 ) .  To e n sure 
that the dru gs are being taken t rea tmen t sho u ld be superv i sed , a nd for prac t ica l  
purpose s  t h is i s  eas ier  t o  ach ieve by a n  i n termi t te n t ,  ra ther  than  a d a i ly ,  reg imen 
( P oole et al. , 1 96 0 ;  S t rad l i n g  et  al. , 1 96 3 ,  1 97 0 ) .  M oreover, i n term i t t en t  t herapy 
has a theore ti ca l  ad van tage , because contact between t he m icro- orga n ism a nd the 
d rug is d isco n t i n u ous .  Thus the  surviving  orga n isms do not  m u l t i p l y  aga i n  
immed iate ly , b u t  o n ly a fter  a l a g  p hase .  T h is phenomenon h a s  b e e n  d e m onstrated 
experi m e n ta l l y  both in vitro and in vivo ( Di c k i n son , 1 96 8 ;  Cane t t i ,  1 96 8 ) .  
E x peri m e n t a l  stu d ies  w i th  Myco. leprae on  in term it t e n t  therapy in  m ice ( R ees ,  
1 965 , 1 96 7 ) ,  us ing Shepard 's k ine t i c  method s ( Levy,  1 97 0 ) ,  suggest that  th i s  
phenomenon app l ies  equa l ly  to l eprosy .  

Treatment o f  Leprosy 

DAPS ONE 

The act iv i ty  o f  subst i t u ted su lphones i s  e n t ire ly  d u e  to dapsone ( 4 ,4-d iam ino
d ipheny l su lphone ,  D D S) ,  e i ther  l i bera ted after ad m in is tra t ion  or occurring as an  
impur i ty  i n  some p repara t ions  ( S hepard ,  1 969a ; Shepard et aI. , 1 969 ) . The M . Le .  
of  d apsone fo r Myco. leprae i s  of  t h e  order  of  0 . 0 2  Il g  p e r  m l  seru m ,  as 
d eterm ined by means  of  the mouse footpad m od e l  ( Shepard et  al. , 1 966 ;  Shepard ,  
1 967b ; R ees ,  1 96 7 ) .  Because the  metabol i sm o f  d apsone i s  s imi lar  i n  m ouse and 
i n  man , the  resu l t s  obta ined i n  the  m ou se are d i re c t ly app l icab le  to m a n .  
Experi m e n ts i n  m a n  have s h o w n  th i s  to b e  the  case . T h u s ,  the adm in is tra t ion of  
1 mg of  d ap sone  d ai ly , or the i n tramusc u la r  injec t ion  of  225  mg of acedapsone 
(ace ty l-d ia m i n od ipheny lsu lphone , D A D  OS) every 7 7  days,  p roduced respect ively 
seru m leve l s  o f  0 .02 a nd 0 .06 Ilg per  ml of  d a psone and proved effe c t ive i n  the 
treat m e n t  o f  l eprosy i n  man (Shepard e t  aI. , 1 9 68 ; Waters et  al. , 1 9 6H ) .  

W h e n  d apsone  was in troduced for t h e  trea t m e n t  of  leprosy 30 years ago the  
d ose chosen was  based on  the  max imum amou n t  to lerab le  ( 1 00 m g  d a i ly ) ,  
because t h e n  t h e  mouse mod e l  was n o t  ava i l ab le ( Lowe , 1 9 54a , b ) .  I t  i s  now 
proven that  t his dose prod uces serum levels  'of  dapsone 1 00- to  300-fo ld the 
M . LC .  for Myco. lepra e .  P rese n t  resu l t s  in  m ou se and m an suggest  that  
t herapeu t ica l ly t h e  d ose of  dapsone cou ld be reduced,  b u t  lower doses m ight  
increase the  inc id e n ce o f  dru g resistance .  

The o bserva t ions  of Pe t t i t  et  al. ( 1 966) ,  Shepard et  al. ( 1 969 ) ,  and  B rowne 
( 1 969)  have shown tha t  D D S  resi s tance can occur i n  some lepromatous pa t i en t s  
on  standard , irregular ,  or smal ler (50  mg t w i ce weekly) d oses of dapsone .  
Resistan ce m ay we l l  ar ise i f  acedapsone ,  225  m g  every 77 days ,  i s  u sed on a large 
sca le .  However ,  because of  the long  genera t ion t ime  of Myco. leprae , it m ay take 
3 or m ore y ears before d apsone-resistan t  m u ta n t s  give r ise to c l i n ica l  ev idence of 
re lapse .  The rari ty  of dapsone  resistan ce noted d u ring  the 30 years of standard 
d apsone monotherapy i s  probably because there are very few h igh-res is tan t 
m u ta n ts  capable o f  growing a t  t h e  h igh conce n tra t ions  of dapsone obta i ned . 
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For the  trea tment  of  tube rcu loid leprosy , in which there is a sm a l l  bacter ia l  
popu la t ion  and there fo re fewer resista n t  m u ta n t s  than in pa t i en t s  with lepro
matous  leprosy , lower doses  of dapsone ( 1 /  1 0t h  of the s tandard dose )  could be 
adeq uate . H owever, because of  the low cost and low tox ic i ty  of  dapsone in  the 
standard d osage , sma l l e r  doses wou ld  have no pract ica l  advan tage s ,  w hereas one 
standard dose for a l l  types o f  leprosy would  be advan tage-ous .  

For the  treatm e n t  of l epromatous  leprosy , lower  doses  of  dapsone are  much 
m ore l i ke ly  to  g ive  r i se  t o  resis tance ,  part icu lar ly i f  taken irregu lar ly .  Therefore 
lower doses of dapsone in  lepromatous  lep rosy cou ld be j ust ified on ly  when 
preceded by an in i t ia l  per iod o f  s tandard doses ( 1 00 mg)  i n tended to d i m i n ish the 
bacteria l  load considerab ly  wi thou t danger of  se lec t ion  of  resistan t  orga nisms .  
Lower d oses are a lso j ust ified when they are a t ta ined by in term i t te n t  therapy and 
there fore in crease the  possib i l i ty  o f  superv ised t rea tmen t .  I t  is poss ib le tha t ,  in  t he 
past , sta ndard doses o f  dapsone  ( 1 00 mg da i ly ) were cura t ive even in th ose 
pat ien ts who,  after  an i n i t i a l  period of regu lar  trea tmen t ,  became irregu lar , but  
took su ffic ie n t  dapsone t o  produ ce act ive dru g  l eve l s  i n  the  seru m .  Th is possib i l i ty 
is based on the  fact  tha t  seru m levels of dapsone obta ined from standard 
trea tmen t are 1 00- to 300-fo ld greater  than the M . Le .  of dapsone for Myco. 
teprae . 

Thus i t  wou ld seem importa n t  to i n i t ia te  contro l led c l i n ica l  tr ia l s  in pa t i en t s  
wi th  lepromatous  leprosy , w i th  4 to  6 mon ths  h igh  dose ( 1 00 mg)  con t inuous  
dapsone therapy , fo l lowed by superv ised i n te rmit te n t  therapy , for example ,  
2 5  mg dapsone tw ice wee k ly per os , or o nce week ly  long-ac t ing su lphonam ides ,  or  
injec t ions  of  aced apso ne ( D A D  OS)  every 7 7  days (Shepard et at. ,  1 968 ) .  

A s  has  already been men t ione d ,  re lapses  c a n  be  due e i ther to  d rug-sens i t ive 
persis ters mu l t ip ly ing afte r thera py has been stopped,  or to  the emergen ce of 
d ru g-res istan t  m u ta n ts .  To de term ine the cause of  suc h  re lapses ,  the sens i t iv i ty of 
the o rgan isms can be  tested in the m ou se .  H owever , the pa t ie n t  who has re lapsed 
should a lso be p u t  o n  a supervised t est-period for 3 m on ths o n  fu l l-dose dapsone 
and any change i n  the m o rp h o logical  i n dex u sed as an  i n d i rec t  m e thod to d e tec t  a 
dapsone-sens i t ive or dapsone-res ist a n t  i n fec t ion .  T h is c l i n ica l  m e t hod is m ore 
rapid than  t h e  mouse test . I f  it is  confirmed tha t  the h is to id type of  leprosy i s  
a lways associa t e d  w i th  dapsone-res istant  organisms ( R odrigu e z ,  1 96 9 ) ,  h i sto
path ological  e x aminat ion  wou ld rapid ly  resolve the quest io n .  

LONG-ACT I NG S U LPHONA M I DE S  

Su lphones and  su lphonamides both  in terfe re w i th  fo late  metabo l ism (Shepard , 
1 967 ) and cross-resist ance between the two types of dru g  e x ists (Adams  and 
Waters,  1 96 6 ) .  Some su lphonamides  were t r i ed  in  the t rea tmen t of  leprosy before 
the su lphone e ra (Schneider et at. , 1 95 9 ) ;  they were re in troduced as a resu l t  of  a 
chance observat ion ( S ch neider et at. ,  1 95 9 ) .  The dose of su lphonam ides for 
leprosy was c hose n  empirica l ly  and resu l ted in seru m levels  of 3 0  to 40 J.1g per m l  
(Schne ider  et at. ,  1 95 9 ;  Langu i l lo n , 1 96 4 ;  Langu i l lon  and Carayon ,  1 969) .  E l lard 
et at. ( 1 970)  found the M . L C .  aga inst  Myco. leprae i n  the m ou se for 
su lphad im ethox ine  and su lphadoxine to be 20 and 3 5  J.1g per  m l  respect ive l y ,  and 
the ca lcu lated seru m leve l s  a tta ined in  man w i th  these two drugs  to  be 1 5 0 and 
300 J.1g per ml  respect ive ly .  S ince these seru m leve ls are  on ly  4 to 1 5  t imes h igher 
than the  M . LC . ,  E l l a rd et at .  ( 1 970)  warned that  su lphonamide resis tance and ,  
because o f  cross-resi s tance ,  su lphone resistan ce m ight  resu l t  from treat ing pa t i en t s  
wi th  lepromatous  leprosy w i th  these drugs. S u lphonamide resistance has  been 
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observed i n  man ( Merk len e t  af. . 1 96 8 )  a nd m ost au thors ( S chne ider e t  al . •  1 95 9 ;  
L i ta l i en  e t  af. . 1 96 1 ; Langu i l l o n ,  1 9 64) consider su lphonamide trea tme n t  t o  give 
be t ter  resu l t s  in  tubercu loid than i n  lepromatous leprosy. The labora tory fi nd i ngs 
ind icate that  the use of lo ng-ac t ing  su lphonam ides shou ld be l im ited to  the 
trea tmen t of  tubercu lo id leprosy , and ,  i n  lepromatous leprosy , as i n  term it ten t 
therapy fo l lowing i n it i a l  trea tment  w i t h  a bacter ic ida l  d rug .  

CLOF A Z I M I N E  ( B 6 6 3 )  

Curre n t  dosage , aga in e m p ir ica l ly  de term ined , h a s  b e e n  be tween 1 00 and  
200 mg per day . S i n ce th is dru g  has  d i fferen t  affi n i t ies  for d i fferen t  t issues ,  
dosage can not b e  based  o n  t he M . l .C .  and serum levels .  H owever, Shepard 
( 1 969b)  ca lcu lated the m i n ima l  effec t ive dosage in  man to be 7 mg per day .  
S tud ies by Levy et af. ( 1 969)  on t he k i l l ing  ra  te of  Myco. leprae by c lofaz im ine 
showed i t  to be somewhat  s lower than that of  dapsone.  Clofazim ine is  an 
importan t  d rug because of i ts  low tox ic i t y ,  h igh ac t iv i ty , and absence of 
cross-resi s tance with the  su lphones or su lphona m ides .  I ts grea t  d i sadvan tage is the 
sk i n  p igmenta t ion  i t  induces ,  which is unaccep table to many pat ie n t s . Some 
pat ien ts ,  h owever ,  appreciate t h is d isco lora t ion  ( Renders,  1 96 8 ) ,  and on the o ther 
hand i t  confirms tha t  the  pa't ie n t  i s  tak ing  the dru g .  

Where sk in  pigm e n ta t ion  is a m ajor  obstac l e ,  a dose of  2 0 0  mg p e r  week 
(Waters e t  al . .  1 96 8 )  would probably be adequate for pat ie n ts with tubercu loid 
leprosy or as a secondary drug for pa t ie n ts w i th  lepromatous leprosy fol l owing 
in i t i a l  therapy w i t h  a bacteric ida l  drug .  Con tro l led tr ia ls  a long these l ines  seem 
indicated . 

R I F A M P I C I N  

The M . I .C .  of  r ifa m p ic in  for Myco. leprae has  not  ye t  bee n de term ined .  
H owever, i t s  e x traord inar i ly  rapid k i l l ing  e ffe c t  on Myco. leprae is  we l l  known .  
Thus ,  i t  has  been  obse rved both  i n  man ( R ees e t  al . . 1 97 0 ;  Le iker  et  af. . 1 97 0 ,  and  
our  o w n  unpub l ished o bserva t ions)  and in  the m ouse ( Shepard , 1 97 1 )  tha t  2 days'  
trea tment  with r i fampic in  is  as e ffec tive as 2 to  3 m on t h s  of  dapsone .  G ru m bach 
et al. ( 1 969)  considered  that ,  for tubercu losis ,  r ifamp ic in ,  i n  sp i te  of  i ts  pr ice ,  
would b e  advan tageous b y  shorten ing  the durat ion o f  t herapy . F u t ur e  studies w i l l  
de te rm ine whether a re la  t ive ly short course of  r ifampic in  w i l l  cure tubercu loid 
leprosy . In  lepromatous leprosy , r i fampic in  m ight  with advantage be given 
in i t i a l l y  and cont inuously for a re l a t ive ly short period , say 3 months ,  fo l lowed by 
in term i t t e n t  t rea tme n t  w i t h  e i ther acedapsone , a su lphonam ide , or c lofaz i rn i n e .  
Labora tory con tro l led t rea tment  schemes a long these l ines  are recom mended.  

TH I A M BUTOS I N E  ( DPT ) -T HI ACETA ZONE (TB I ) -ETH I ONA M I  DE 

The appeara n ce o f  resistan ce to t hese drugs after I to 2 years of trea t m e n t  is a 
regu lar phenomenon ( Lowe , 1 95 4b ;  Davey , 1 95 5 ,  1 960) a nd m any res is tan t  
stra in s  have been  iso la ted i n  m ice (Shepard , 1 96 9 ;  Rees ,  1 967b ; Pat tyn  e t  al. . 
1 96 5 ) .  This  m ust be d u e  to the  low seru m levels  a t ta ined w i t h  the curren t  dosages 
and these can n o t  be in creased because of the h igh risk of  tox ic  side-effec ts  
(Cochrane  and Davey , 1 964) . Thus t hiambutosine i s  on ly  a "second l i ne  drug"  for 
leprosy ; it took many years to reach th i s  conc lus io n ,  desp i t e  t h e  fact  tha t  
th iambutos ine was the  second an t i l eprosy d ru g  d iscovered . The de lay was d ue t o  
t he l a c k  o f  su i tab le  labora tory techn iques wh ich  are n o w  avai l ab l e .  Eth ionamide  i s  
a l so a "secon d  l i n e  d rug" tha t  deve lops cross-res istance  w i t h  re la ted d rugs ( F loch 
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e t  al. , 1 9 66) .  The M . LC .  of e t h io namide  for Myco. leprae in the  mo use is 2 5  J,lg 
per ml ( S hepard , I 9 69 b ) .  This va lue  is . ve ry c lose to the  serum leve l s  ca lcu la ted to 
a t t a in  20 to 30 J,lg per ml when give n at a dosage of 2 5 0  mg d a i l y ,  as was done  by 
F loch e t  al. ( 1 966) .  These au thors fou nd e th ionam id e  to be act ive , bu t  the  
d urat ion  o f  t h e  t r ia l  was m a ni fest ly  too short  (4  to 1 8  months) .  M o reover,  w i t h  
the  add i t iona l  k nowledge t h a t  e th ionamide  is rap id ly  e x cre ted ,  tha t  i n h i b i t i o n  o f  
t he grow t h  o f  Myco. leprae is  o f  short d u ra t io n  ( Shepard , 1 9 69 ) ,  and that  t h e  
dosage c a n n o t  b e  increased for long-term t rea tment  (because of t o x i c i t y ) ,  i t  i s  
c lear t ha t  e th ionamide  w i l l  rema in  a t  best  a second- l ine  d rug .  

Treatment of  Patien ts wi th  D rug-resista n t  Orga n ism s 

The occu rre n ce o f  d ru g  resista n ce to th iambu tosine and dapsone is we l l
estab l ished . Because th ia m b u tosine  is a second- l ine drug in leprosy , it sho u ld not  
be adm in istered a lone  a t  the start  of  trea tment  of  pat ients  w i th  m u l t ibac i l lary 
d i sease . Cases resista nt  on ly  to t h iamb u tosine a re not  a therapeu t ic prob lem , s ince 
first-l i ne  d rugs w i l l  st i l l  be effect ive .  H owever, pat ie n ts who are res is tant  to 
dapsone need specia l  a t ten t ion  for two reasons .  The f irst  i s  the poten t ia l  danger of 
spread of  dapsone-resista n t  stra in s  of  My co. leprae in  the com m un i t y ,  a l though 
nothing is  yet  k nown about t he ir i n fect iousness for m an .  For the prese n t ,  
dapsone-resist a n t  stra in s  shou ld be considered i n fect ious  for m an ;  for t h e  m ou se ,  
they are as i n  fect ious  a s  dapso ne-se n si t ive stra ins .  The second reason is 
psycho logica l .  I f dapsone resi sta n ce appears in  a pa t ien t for whom high dosage 
dapsone ( 5 00 to 600 mg per wee k )  has bee n  prescribed , the n he has probab ly  
taken the d rug  i rregu larly a n d  n o t  i n  the way prescribed .  H e  may we l l  be i rregu lar 
with any n ew therapy and therefore wil l  re lapse aga in . Such pat ients  prese n t  
ind iv idua l  a n d  com m u n ity prob lems .  Moreover , t h e i r  appare n t l y  " u n c ured 
leprosy " may be quoted or  used by others to prove , wrongly , that " leprosy is 
incura b l e " .  

R ifampic in  and  c 10faz i m i n e  a r e  fu l l y  effect ive aga inst dapsone-res is ta n t  s tra ins  
of Myco. leprae i n  the mouse ,  and there fore a re  the dru gs of  cho i ce for the  
trea tmen t of  pat i ents  w i th  dapsone-resis tant  baci l l i .  De term ina t ion  of the l eve l  of 
dapsone-resista n ce is  o n ly u se fu l  for ide n t i fy ing pat ients  w i th  i n termed ia te  leve l s  
of  resi stance ,  st i l l  capable of  responding t o  fu l l  doses of  dapsone ( 1 00 m g  p e r  
day ) .  H owever,  for su ch pat ie n ts dapsone shou ld  b e  given on ly  in  com b i n a t ion 
wi th  one or two other  a n t i l eprosy d ru gs .  
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