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Editor ia l  

The nu mber of pages  in t h is a n d  other  issue s  of Leprosy Review devoted t o  
reports on va r ious su rg ica l  aspects  of lep rosy i s  to be taken as an ind ica t ion of 
in terest ra ther  t h an as a recommen dat ion of e m phas is .  The im portan ce of 
adeq uate medical trea tment  fo l lowing  ea rly d ia gn os is  of leprosy re ma in s  
unchan ged , a n d  the theore t ica l  idea l- a t  presen t ge nera l ly una t ta inab le -of  
preven t ion o f  preve n t ib le deform i ty  must ever  be in  the forefron t of the th ink in g  
o f  hea l t h  p lanners a n d  pract ica l  le pro logists. 

I t  is o n ly i n  ra re i n sta n ces ,  h owever ,  that  the men , the mean s  and the v is ion are 
concurre n t l y  ava i lab le for leprosy p rogra m mes  that  en shr in e  the ide a l. M ost 
readers who have to grap p le wi th  the day- t o-day prob le m s  of d i agn osis  an d 
man agemen t ,  of organ i z ing  and su perv is ing ,  are fac ing  both a regre t ta b l e  
repe t i t ion  of  the  sad s tory o f  neuro logica l  defi c i t  resu l t ing  i n  neuropa th i c  atrophy 
and u lcera t ion , and a si zeable back log of  p hysica l hand icap s  of one sort  a n d  
another  d u e  to u ntreated lepro sy . I t  i s  hoped tha t  t he pub l icat ion of  good work i n  
resea rc h ,  trea tm en t  an d preve n t ion ma y prove he lpfu l  a n d  s t im u la t i ng to the 
specia l i s t  reconstruct ive surgeon an d the "j obbing su rgeon " .  

T he earl ier  en thu siasm s an d popu lariz i ngs that  su rfaced after  the p ioneer ing 
efforts of Brand  had received the i r  due  accla im , have given p lace to  a m ore sober 
appra isa l  of the p lace of  reconstru c t ive su rgery in  the  whole programme of 
lep rosy t rea tment  and con tro l .  However a t t ra c t ive a nd tec h n i ca l ly c ha l leng ing the 
prob le m s  pose d  by defo rm i t y  i n  leprosy , a nd however va lua b le to the leprosy 
cam pa ign the  "b e fo re-a nd-a fter" visua l ly  conv inc ing  resu l ts of reconstruc t i ve or 
p la st i c  opera t ions ,  l epro sy is st i l l  basica l l y  a medical  and  a n  ep idem io logica l  
prob lem ( w i t h ,  o f  course , i t s  a t tenda n t  soc ia l  repercussion s ) ,  and the con t i n ued 
occu rren ce o f  "su rgica l "  compl ica t ions  and seque lae i s  a m easure of ou r m ed i ca l  
ignora n ce o r  a d m i n istra t ive short-sigh tedness .  'V e c a n  see t h e  va lue to t h e  
i nd iv idua l  suffere r,  a n d  to  the  com m u n i ty , of som e  k ind  of surg ica l ly-orien tated 
rehab i l i ta t ion  scheme , i n corpora ted i n to a leprosy contro l  p rogramme,  bu t we can 
also see the  i m porta n ce of  so trea t ing  lepro sy as to obvia te the need for sur g i ca l  
a nd soc ia l  rehab i l i ta t ion .  T h e  a mp l i tu de of t h e  sw ing ing pen d u l u m  is m uch less ,  
a nd a lso much less j e rk y ,  than i t  was.  

Here an d there , the  backlog o f  deformi ty  ha s been tackled w i t h  com m en dab le  
compe te nce and  d e term ina t i o n .  I n  Carv i l l e ,  Louis ia na ,  a succession of  surgeons ,  
drawing o n  consu l t a t ive sk i l l s  a t  nearby Tu lane , h ave been a t  the  d i sposa l  of the  
hand icapped . Hay L ing  Chau is  coming to the  end  of i t s  ro le as a reconstruct ive 
age n cy as the  H ong Kong  Govern m e n t  takes over t he irrecuperably deformed and 
the manageab le access ion  of  pat ients  w i t h  new i n fect ions .  T he exce l l en t  w ork of 
C a rayon and h is  co l leagues a t  Dakar ,  Bamako,  M a rse i l le s  and e l sewhere is 
becom ing m ore wide ly k nown ,  a nd e l sewhere i n  th i s  issue ( p .  122) we refer to the 
p rize-w i n n ing report by Van D roogen broeck o f  his work in  K orea .  S im i lar ly ,  the 
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govern men t-sponsored and m ission-a ided su rgica l  re ha b i l i ta t ion pr ogra m me in 
Pa pua a n d  New G u inea ,  which owes much to  the insp i ra t ion of Clez y ,  ha s made 
com menda b le i nroads  on  the  a cc u m u la ted  deform i t ies  due  to lep rosy . 

These si tua t ions ,  however, a re ra re a nd a typ ica l .  The m ore usua l  p rob lem is the 
vo l u m e ,  often u nsuspecte d ,  of  deformi ty  due  to lepr osy a nd the dea rth  of mean s 
ava i la b le fo r ta c k l i n g  i t .  The avera ge leprosy p rogra m me p lanner  ha s not  yet  
gra sped wha t  ca n be done ,  wi th in  the imposed li m ita t ions  of t ime  and  sta ff and 
money , to adopt  a n d  ada p t  the bas ic  pr inc ip les  of reconstru c t ive surgery and 
prev  n t ive reha b i l i ta t i o n .  

There is  ev id e n t ,  too,  a certa in d i s i l l u sion m e n t ,  a k i nd of  re bound p he no-
/m e n o n ,  i n  the a p p l ica t ion  of  su rgica l  tec h n iques  to the deform i t ies of  lep rosy . 

The over-e n t h usia sm of a fe w ha s resu l ted i n  a m isp la ced em pha s is tha t  v iews 
le prosy a s  a " su rgica l  d i sea se ". Not  on ly  has  a t ten t ion been d iverted from the 
gna w ing p rob l em of  new i n fec t ions ,  bu t  the imp rovements  resu l t i ng from surg ica l  
in terve n t i o n s  ha ve often been i l l u sory o r  short- l ived : the con t i n u i ng incubus  and 
t ra gedy of  u n re l ieved sen sory d e fi c i t  has not  a lways been apprec ia ted by pa t ien t  
and surgeon a l i k e .  A good ana to m ica l  resu l t  does  no t  necessa ri l y  m ea n  perfect  
fu nct iona l  res tora t ion . Ca re fu l se lec t ion of ca ses ,  cons idera t ion of  the pa t i e n t ' s  
rea l needs a n d  t h e  en l i s tmen t  of  h i s  co-o pera t ion  a t  a l l  stages ,  adequa te 
physi o t hera py a n d  good n rsi ng both  before a nd a fter opera t i o n ,  a nd the t ime ly  
p rovis ion o f  prostheses t hese very obv ious  des idera ta have not  a lways  been 
respecte d ,  desp ite  the act tha t  the  workers at  Ka rigi r i ,  Addis A ba ba ,  H o ng K ong 
and e lsewhere ha ve fo r yea rs been e m p ha siz ing their imp orta nce .  

"-W ha t , the n ,  is the ou t look for toda y? Where l i es  the m idd le  wa y between an 
' e x te nsive ly equ ipped Surg ica l  Reha bi l i ta t ion  Unit  dea l ing  with a m ere ha ndfu l of 
pa t ien ts whose phys ica l  deform i t ies  a re due  to neglected lep rosy , a nd a leprosy 
contro l  p rogra m m e  i n tegra ted  i n to t he ge nera l  hea l t h  se rvices w hose re sou rces do 

)l ot a ppea r  to perm i t  of eve n  the sketch iest a t te m pts  at reconstru c t ive surgery? 
/ Wherever poss ib le so me k ind  of ex pert ise shou ld  be a va i la b le  a t  every cen tr.a l 

hosp i ta l  o f  every l eprosy scheme . I t  ma y be tha t  one  of the doctors i n  cha rge ( or 
the o n l y  doctor)  w i l l  a t te m p t  to become profi c i en t  a t  the  m ore ord i na ry surg ical 
ta sks-dea l ing  w i th  such  con d i t i o n s  a s  neuropa t h ic foo t  u lcera t i o n , a nd to 
perform t i b ia l i s  t ra nsfer for drop-fo o t  deformi t y ,  opera t ions  o n  per ip hera l  n e rve 
tru nks ,  ta rsorrha phy for la gophtha l m os,  e t c .  W i t h  t he help of  such a ma n ua l as 
Fritsch i' s  Reconstructive Surgery in Leprosy [ see Leprosy Review (1971) 42(4), 

290], a n d  a short ap pre n t i cesh i p  u nder a n  e x per ienced surgeon , t he a verage 
medica l  pra ct i t ioner ca n become rea sona b ly compe te n t .  Such  a pa t te rn o b ta ins  i n  
L P R A' S  project  i n  Ma la w i ,  a nd w o u ld b e  a pp l i ca b le e l sewhere . 

For  m ore comp li ca ted  surgica l  proced u res ,  su ch  a s  opera t ions  for fla i l  foot ,  
tend on t ra nsfer op era tions  for t h e  va r ious  degrees of  c la w  ha nd , tempora l is 
t ra nsfer for severe lagophtha l m os ,  a nd the m ore dema nd ing  techn iques  of p las t i c  
surgery, l onger t ra in ing i s  n ecessa ry ,  a nd n o t  a l l d octors have the requ is i te  fla i r  or  
pote n t ia l .  This  t ra in i n g  ma y be ha d in  suc h  i n st i t u t ions  a s  Ka rigir i  (South I nd ia ) ,  
a nd ALER T  ( Ad d is A ba ba ) ,  a n d  i nd iv i d ua l  surgeons  w i t h  spec ia l  i n terest a nd 
experi e n ce have from t ime  to t ime ta k e n  p u p il s  u nder  the i r  wing.  O n-the-job 
tra in in g  ha s been  g iven  by  surgeons  w e l l  versed i n  t he tech n iques  of reconstruct ive 
surgery as a p p l ied to lep rosy , d ur ing e x te nd ed v is i ts  pa id to  d i fferen t  cen t res; 
surgica l  tec h n iq ues have been demonstra ted , a nd phys iothera pe u t i c  a nd prosthe t i c  
services  ha ve b e e n  i na ugura te d .  Sp e c ia l courses ha ve occa si o na l ly b e e n  given to 
groups  of  young gen e ra l  orth opaed ic  su rgeons  hop ing to devote t ime to  the 
surgery of  l eprosy . 
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A l t h oug h many o f  the prob lems  o f  reconstruct ive su rger y in  lepro sy req u i re 
ra ther spec ia l  k n owledge and tech n iques ,  the  bul k  of them m ay be hand led 
sa t i sfa c t or i ly  i n  a Rehab i l i t a t ion  U n i t  d e a l i ng with other cripp l ing d i seases and 
cond i t io n s ,  such as  conge n i ta l  deform i t ies ,  po l iomye l i t i s ,  t u bercu los is ,  acc id e n t s  
( ro a d ,  domest i c ,  fa c tory ,  m i n e  or forest ) .  T h e  "segrega t i o n "  o f  lepro sy shou ld no t  
be  perpe tua ted  or  fostered by  the pro v is ion of  fac i l i t i es tend ing  to t ake  leprosy 
out  of the ma in st ream of surgery and reha b i l it a t ion . 

M a ny of t h e  prac t i ca l  p rob lems  confro n t i n g  the  su rgeon m ay be seen  e i ther as a 
cha l l e nge to h i s  techn ica l and  opera t ive sk i l l ,  or as a s t imu lus  to h i s  enqu i ri ng  
m i n d . The patho logy o f  nerve d a m age , t he h istopa tho logy and  i m m uno logy of  
t issue response i n  nerves and  m u sc les  and  bones ,  the p a t terns of m otor ,  sensory 
and su domotor  defi c i t -a l l  pose u n so lved proble m s  w i t h  i n tense l y  pract ica l  
seq ue lae . The pathways p io neered  by A n t i a ,  B ra n d ,  and  Carayon a re now being 
t rodden by R a n ney , Warre n ,  and  the i r  co l leagues .  There is p lenty of room for 
others .  
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News and Notes 

ARMAUER HANSEN CENTENARY 

P la n s  are a foot in  var ious cou n tries to com m e m orate the cen tenary of H a nsen ' s  
d iscovery o f  Mycobacterium /eprae and  ide n t i fy ing i t  as the cause of leprosy . 

I n  N orwa y ,  the Ten t h  I n ternat iona l  Lepro sy Congress ( to be he ld i n  Berge n 
from 13 to 18 A ugust , 1973) w i l l  ma rk the occasio n  by spec ia l  cere m onies  both  
at  the J orgen Hosp i ta l  ( where H a nse n  worked ) and  at  the commem ora t ive bus t  
d isp layed i n  a centra l  park . I t  i s  hoped that  H is Maj esty the K i ng o f  N o rway w i l l  
gra ce t h e  occasion  w i t h  h i s  presence .  I n add i t i o n ,  t w o  postage s tam ps w i l l  be 
issued (0.80 kr. and 1.20 k r. )  bear ing the l ike ness of H a n sen  a n d  a repre sen ta t ion  
of ac id-fast  ba c i l l i .  These s tamps  w i l l  be issued o n  fi rst day covers on 2 8  Fe bruary , 
1973, a n d  a specia l  da ted cance l la t i o n  design w i l l  be i n  use d u r i ng the Co ngress 
for ma i l  p osted from the Congress.  

I n  I nd ia ,  a sta m p  w i l l  be issued i n  J u l y ,  1973, a nd t he H i nd K usht N ivaran 
Sangh w i l l  be  d istr ib u t ing  pub l i c i ty  ma ter ia l  at the  sam e  t i m e .  

I n  Arge n t i n a ,  t h a n k s  t o  the  i n sp i ra t ion  a n d  drive of  D rs L .  M .  B a l i n a ,  1. E. 
Corda ma a n d  J .  C .  Ga t t i ,  the cen te n a ry is to be m arked by spec ia l l ectures  and 
sem in ars on H a n se n ,  a n d  a n  essay compet i t ion  open to res idents  i n  A rge n t i n a: the  
pr ize  wi l l  be an nounced dur ing  the  I n ternat iona l  Lepro sy Congress .  A bust  o f  
Hansen w i l l  be u nve i led i n  a p ro m in e n t  p lace ,  and  a stree t n a m ed a fter  h i m . 

DR G RACE WARREN, MASTER OF SURGE RY 

The U n ivers i ty  o f  Sydney has  accepted the  thesis  sub m it ted by D r  G race Wa rren 
e n t i t l ed  "Pa tterns  o f  Ta rsal D is in tegra t ion  i n  Leprosy " as o f  suffi c ie n t  mer i t  to  
wa rra n t  the  a ward o f  the  degree o f  M aster of  Surgery . 

Leprosy Review sends  to Dr Wa rren i t s  hearty congra t u la t ions .  The thes is  
embodies  research ,  sprea d  over severa l  yea rs and a dequa te ly docu m e n ted w i th  
se ria l rad iographs ,  i n t o  the  va rie t ie s  of  ta rsa l d i s in tegra t ion  occurr ing in  leprosy , 
the  fa ctors i n volved a n d  the  m a n age m e n t  a dvoca ted .  I t  is hoped tha t  the  esse n t ia ls 
of the  thes is  may fin d  the i r  way i n to the l i t e ra ture a t  a n  ea rly da te ,  so that  a l l 
th ose concerned w i th  t hese prob lems  may profi t  fro m  the  u n ique e x pe ri ence of 
Dr Wa rre n .  Perha ps in  v iew o f  the  forthcom ing closu re o f  the  Leprosy M ission' s  
in st i t u t i o n  on H a y  L ing  Chau (The I sle o f  Happy H ea l i n g ) ,  H ong Kong,  founded 
by D r  N e i l  Fra ser ,  the  spec ia l ized serv ices o f  the newly-app o i n te d  M aster o f  
Surgery ma y be m ad e  a va i la b le  to o ther  cen tres i n  South-ea s t  A s i a .  

THE B RODEN-RODHAIN P RIZE, 1969-70 
We lea rn  wi th  p leasu re that  the Broden-R odha in Prize , wh ich  i s  gra nted on the 
recom m en da t i o n  o f  the  Be lgia n  Society o f  Tropica l  Med ic ine ,  ha s been a wa rded 
for the  y ea rs 1969-70 t o  Dr J .  B .  A .  V a n  D rooge nbroeck i n  respect  o f  the  work 
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prese n ted  i n  th e art ic le  e n t i t le d  "Th e surgica l  trea t m e n t  o f  lower fac ia l  pa l sy in  
leprosy " ,  which appeared i n  the  Annales de  fa  Societe beige de Medecine tropicale 
(1970) SO, 653-688 [ see abstract in Lepro sy Review ( 1 971) 42, 2, 1 40 J. This  
fi rst-c lass work , ab ly  prese n te d ,  was done i n  connect ion w i th  the.Leprosar ium at  
Sorokdo ,  South Korea .  

Leprosy Review ex tends i t s  warm congra tu la t ions  to  Dr  Van  Droogenbroeck , 
and is gra t i fied to see that  good work done in the fie ld o f  leprosy does not  go 
unnot i ced . 

LEPROSY IN M ALTA 

The A n nua l  Report for the  year 1 971  of the C h ief  M ed ica l  O fficer of t he 
Depar tment  o f  Hea l th ,  Ma l t a , .  provides u p-to-date  figures for leprosy .  I n  S t  
B artho lomew Hospita l ,  there were 41 in-pa t ien ts ,  24 of  them m ales ; o n e  o n l y  was 
adm itted d u ring the year,  and  none d ischarged .  A total  of  1 8 2 pa t i en ts  (1 59 
m ales) a re rece iv ing o u t-pat ien t trea t m e n t ,  i n  M a l ta  (1 59 pat ien ts )  and i n  Gozo 
(23). O f  223 pat ien ts under  trea tment  for act ive d isease , 36 are c las sified as  
hav ing lepromatous  leprosy , 30 the  inde term in a te ,  and  1 9  the tubercu lo id form. 

The Report embodies a cer ta in  scept ic ism rega rd ing the possib i l i ty  of ever 
erad icat ing the  i n fec t ion  from the pa t ie n t ,  and advocates l i fe- long trea tment  for 
appare n t ly  cured pat ients  who have h ad lepro m atous  lepro sy .  Due e m phasis is 
given to  the  importan ce o f  soc ia l  factors in  the persis te n ce. of leprosy on the 
is lan d .  

LEPROSY I N  GUYANA 

The A n n u a l  Report of the  G u yana Leprosy Contro l  Program m e  for the year 1 971 
gives evidence of a " new look" advocated with en thusiasm and conv ic t ion , and 
accepted and adopted wholehearted ly .  In a popu la t ion  of about 71 4,000, the 
est i m ated p reva lence of leprosy may be as h igh as 2 . 4 per 1 000. H i t herto the 
d i ffi cu l t ies  of  con trol  i n  a m u l t i- rac ia l  popu la t i o n ,  u naccustomed to  persis t ing 
w i th  trea tmen t for a chron ic  d i sease and su bj e c t  to var ious taboos and 
m iscon cept ions  regard ing  leprosy ,  have ren dered a lm ost i mpossib le  any ser ious 
attempt a t  ear ly d iagnosi s ,  the trac ing o f  contacts ,  a n d  labora tory cover .  

Lady ( Dr) Patr ic ia Rose has tack led  the  prob lem w i th courage .  She has e n l isted  
the he lp  o f  pa t i en ts  ( i nc lud ing  the chron ica l ly s ick  i n m ates of  the "Maha ica 
Com m uni ty ") ,  volu n teers and lay wel l-wishers.  A Pu bl ic  Hea l th  C l i n ic has been 
bu i l t  and fu rn ished i n  the grou nds of the George town Hosp i t a l .  A new sp ir i t  has 
shat tered the comp lacency and fa t a l ism of  the 300 pat ients  a t  M ahaica. The 
dom ic i l iary treatm e n t  progra m m e ,  w i th its labora tory confirm atory i nvest iga
t ions ,  contact  ex aminat ion , records ,  and regu lar medica l  con tro l ,  has got off to  an 
ex ce l l e n t  star t ,  and stre n u ous  e fforts  are being m ade to t race the n u m erous 
defau l ters and those " lost to  contro l "  over t he years .  

LEPROSY IN THE REPUB LIC OF SOUTH AF RICA 

Accord ing to  the  A n nua l  Report of the Depart m e n t  of Hea l th  of t he Repub l i c  of  
South A fri ca , 749 not i fica t ions  o f  leprosy were  received dur ing  1 970. A l l  
occurred in  people c lassed a s  "B a n tu " ,  ex cep t  for 4 seen in  "coloured " ,  2 i n  
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" wh i tes" and  I "Asian " .  I n-pa t ie n t  fac i l i t ie s  are provided at the  Westfort  
Lep rosa ri u m ,  near  Pre to ria , bu t the m ajor i ty  of pat ients  receive t rea tmen t near 
the ir  homes.  

In the Ban tu Home lands ,  we note ,  "p lann ing  was commenced  on  a com
p rehensive comm u n i ty-based and hosp i ta l -ce n t red hea l t h  service to  provide 
complete hea l t h  care for the ind iv id u a l ,  combin ing both the preven t ive and t he 
cura t ive aspects o f  hea l t h" .  I t  is hoped t ha t  those su ffer ing from leprosy m ay 
profi t  from the  fac i l i t ies  when t h ey a re crea ted .  

LEPROSY IN IRAN 

S ince the pub l ica t ion  of the news i tem in a prev ious  issue of Leprosy Review 
(197 1) 42, p. 153, u n der t� e above t i t le ,  w ord has been  received of the dea th  o f  
H is E xce l l e n cy Dr A .  H .  Radj i ,  Ac t ing D irector ,  Bureau de l'Association 
d'Assistance aux Lepreux in Teh ra n .  The cause of le prosy in I ran owes m uch to  
the  visio n ,  energy and  essen t ia l  fr ien d l i ness of  Dr Radj i ,  and he w i l l  be m uch 
m issed . Dr  N .  A.  S iyadat  has taken over the  fu nct ions  o f  E xecu t ive D i rector  o f  
the Bureau. 

A con tra c t  has rece n t l y  been signed w i t h  the Compagnie Internalionale de 
Developpement Rural ( o f  France ) ,  whereby the se rv ices  of s ix expatria te  medica l  
workers w i l l  be m ade ava i l ab le for work in  t he M ehrabkhan Sanator ium a t  
Mashad , the ir  sa lar ies a n d  local  ex penses  be ing a charge on  the I ran ian  
Associat i o n. 

So far ,  n o  lepro logist or ophtha l m o logist has been fou nd to jo in  the tea m .  A ny 
readers ,  pre fe rab ly  Fre n ch-speak ing ,  who by the ir  experience and  ava i l ab i l i ty  
m igh t be in terested in  a t w o-year contrac t ,  a re inv i ted  to  ge t i n to  touch w i th  

Dr  R .  G .  D .  Garrigue ,  
M a ison Me d ica le  de l'Erm i tage ,  
60 A u treches,  
Fra n ce .  

LEP ROSY NEWS F RO M  UGANDA 

The first m ee t i ng of the  newly-appoin ted  Leprosy Advisory Com m i t tee, whose 
du ty is t o  consider a n d  c o-ord i n a te a l l  leprosy m easu res  in the cou n t ry , took p lace 
in M arch , 1972. 

AN ANT I-LEPROSY SCHEME FO R PAKISTAN 

Fol lowing the  F irst Na t iona l  Pakis tan Leprosy C o ngress of February ,  1971 
[Leprosy Review (1971) 42(2), 85), Dr R u th P fa u ,  Dr Z a rina Faze lbhoy and 
the ir  co l l eagues a t  the  M arie Ade la ide Leprosy Ce n tre i n  K arachi  have d ra w n  up a 
comprehensive report o n  the state  o f  leprosy i n  Pak is ta n ,  inc lud ing  es t im ated 
preva lence ra tes ,  and e x ist ing  trea t m en t fac i l i t ie s .  The gaps i n  knowledge and in 
coverage a re ind icated . The earl ier est i m ates of prev a lence i n  the former "West  
Wing" of Pakis tan were probably too h igh , and a figure o f  40,000 to 50, 000 i s  
now considered to  be m ore rea l i s t i c .  S i n ce 48% o f  pat ients  prese n t ing for 
trea t m e n t  in K arach i  are i m m igran ts fro m  highly endem ic areas  o f  I nd ia , the 
prevale n ce in  the  rest  o f  the  coun try -apart from two smal l  endem ic foc i  i n  the 
sparse ly-popu la ted m o u n ta i n ous northern region - is  probab l y  s im i lar  to  that in 
neighbouring Punj a b .  
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Tre m endous str ides have been made to ascerta in  th e real preva lence of lepros y  
in  a l l  t h e  S t a tes ,  a n d  i t inera n t  t rea tment  programme s  have b e e n  estab l ishe d ,  b u t  
st i l l  t h e  coverage i s  far from comple te .  

Vo lu ntary agenc ies  have  p layed a sign i fican t  ro le in  foster ing and fi nanc ing th e 
ou treach from the  M arie Ade la ide  Centre .  Th ere are some ind ica t ions  th a t  b o th 
Govern m e n t  a n d  the  med ica l schools a re tak ing  an i n t� rest i n  leprosy . 

LEPROSY IN VIETNAM 

Desp i te  the  overwhe lm ing stresses of war i n  V ie tna m ,  hea l t h  offic ia l s  are m ak i n g  
gre a t  pro gress i n  t h e i r  e fforts to  contro l  the ser ious  pub l i c  hea l t h  problem of  
leprosy in  tha t  coun try , accord ing  to  Dr O l iver W .  H a sse lb lad ,  Presid e n t  of  
American Leprosy M issions ,  I nc . ,  who has  j u st re turned from a m o n t h  spe n t  as  
lepro sy cons u l ta n t  there .  

There a re more than 25,000 registe red cases of  lepros y  i n  the cou n t ry .  The 
preva le n ce ra te var ies wide ly : in  some areas i t  i s  as h igh as 50 per 1000. 

One of th e encouragi ng  adva nces  i n  the V ie tnam contro l  programm e  is the  
trend towards  i n tegra t i n g  leprosy in to  the publ ic  hea l t h  serv i ces .  The offi c i a l  
le prosy progra m m e  o f  the Hea l th  P lan  ca l l s  for th i s  i n tegra t i o n ,  i n i t i a l l y  a t  the  
prov inc ia l  hosp i ta l s  and la ter  ex ten d ing to the d is tr ic t  hea l th  serv ices .  Regiona l  
hea l th  inspec tors ,  provin ce med ic ine  ch iefs ,  and  hosp i t a l  d i rec tors are co
op era t ing  w i th  th e new leprosy progra m m e ,  and  a n u mb e r  o f  prov inc ia l  hosp i ta l s  
h ave a l ready se t  u p  leprosy o u t-pa t i en t  c l i n ics .  

In  Saigon the  la rge Gove rn m e n t  ins t i t u t i o n ,  Cho-Q uon H o sp i ta l , has trans
form ed i ts leprosy o u t- pa t ien t depart m e n t  i n to  a sk in  c l i n i c  in w hich  a l l  d iseases 
affe c t i ng the  sk in , inc lu d ing leprosy , are d iagn osed and t reated . Some 6000 cases 
of  leprosy a re registered a t  the c l i n i c .  The trend toward accept i ng leprosy as an 
in tegra l part o f  m edica l  sc ience i s  a l so appare n t  i n  teach i ng i n s t i t u t ions .  Both the 
Un ivers i ty  of Sa igon School of  Med ic ine  and the N a t iona l  I ns t i tu te  of  Pub l i c  
Hea l th w i l l  i n c lude leprosy i n  the i r  curr i cu l a .  

I n  M ay ,  1 972, D r  O la f  K .  Sk insnes gave the second of  an annua l  l ec tu re ser ies  
on a l l  aspects  o f  leprosy at  the Sa igon M ed ica l  School .  He  a lso l ec tured and led 
sem inars and c l i n ica l  demonstra t ions  for a spec ia l ly  chosen group of  regi o na l ,  
provin c ia l ,  a n d  m i l i tary perso n ne l .  N u rses a n d  hea l th  technic ians  i n  hosp i t a l s  and 
c l in ics i n  the prov inces  are a l so ge t t ing i n stru ct ion about  leprosy a t  t he Cho-Q uon 
Hos p i t a l .  

O n e  o f  th e gravest prob lems o f  the  civ i l i an  h ea l t h  serv ices ,  a n d  espe c i a l ly of the 
lepro sy contro l  progra m m e ,  is th e sh ortage of  q u a l i fied personne l .  To he l p  
pro vide the  needed a d d i t iona l  ma n-power, a p lan  to  t r a i n  former leprosy pat i en ts  
as a u x i l iary workers is be ing con sidered  in  som e  areas .  S u ch tra in ing would not  
on ly  fi l l  a n  u rgen t  need , bu t  wou ld  he lp  to  rehabi l i tat e  u n e mployed e x-pa t i en ts .  

I n  add i t i o n  to  work i n g  w i th  the  Hea l th  M in i s t ry on p lans  to i m p lemen t the 
reco m m endat ions  he made af ter  his  1 970 survey ,  D r  H asse lb lad v i s i ted many 
major  leprosy cen tres,  govern men t  hosp i ta l s  and c l i n ics ,  desp i te  the d i fficu l t ies ,  
and saw a large n u m ber  o f  pa t i en ts in  the ir  homes.  A p i lot  projec t  o f  leprosy 
contro l  i s  to  be i n i t i a te d  in Ba-Xuyen Prov ince as a resu l t .  

A n o ther e ncouraging deve lopmen t i n  leprosy contro l  i s  t h e  i ncreasing co
opera t i o n  of vo lu n tary and m ission  agenc ies  w i t h  the Govern ment' s  con t ro l  
progra m m e .  A merican Leprosy M issio n  I nc . ,  besides provid i ng Dr H asse l b lad' s  
serv ices to  t h e  governm e n t  progra m m e ,  has helped in  m any  other  ways.  
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Comments on the Chemothe rapy of Leprosy 

as Influenced by P re sent Knowledge of 

Mycobacterium /eprae * 

S .  R .  PATTY N  

Professor o f  Bacteriology , 
Ins ti tulit voor Tropische Ceneeskllnde Prins L eopo ld, 

A n t werp, Belgium 

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 

* Accepted f o r  pub l icat i on, 1 9  Ju ly, 1972. 
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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 ). 



CHEMOTHERAPY OF LEPROSY 1 29 

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 



CHEMOTHERAPY OF L EPROSY 1 3 3 

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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Management of Tarsa l Bon� D i s i nteg rat ion* 

G R AC E  W A R R E N  

Hay L ing Ch au L eprosariu m ,  Hong K o ng 

Tarsal bone les ions may occur in as h igh a proport ion as 2 5 %  of leprosy pa t i en ts .  
Some of  t h ese l e s ions  deve l o p  i n t o  a progressive dis in tegra t ion that  resu l t s  i n  
marked deformity a n d  i n creasi n g  d isabi l i t y .  For years t h is was considered t o  be part 
of the spec i fic  l eprosy process and to  be u n responsive to  rou t i ne t rea t m e n t  
methods .  Recent  investigat ions  s h o w  that  these lesions w i l l  hea l  i n  response to 
s imple  trea t m e n t  methods,  but  req u i re a consi d e rable  length of t ime .  This paper 
descr ibes these lesions,  the i r  d ia gnosis and  t re a t m e n t ,  w i t h  special  reference t o  the  
c l in ica l  s igns  and sy m p t o ms for th ose who d o  not  have fac i l i t ies  for  radi ogra phic  
examinat ion .  

Many leprosy pat ients ,  when the d isease is first d iagnose d ,  a l ready have m arked 
deform ity and d isab i l i ty  of  the fee t .  The lep rosy worker is  confron ted w i th  the 
prob lem o f  mak ing  the best o f  what is  left in  order to try and give the pa t i en t  fee t  
that  a re u lcer-free and  u se fu l .  H owever, when rev iewing pat ients  who have  been 
under medical  trea t m e n t  for years,  one rea l izes  that  a l t hough on adm ission the 
pa t i en t  had "good fee t "  they are now deformed and requ ire spec ia l  care .  Why 
does th is  progressive deform i t y  occur ,  and  w ha t  can we do to preve n t  i t?  

The common cause s  o f  progressive deform i ty a re : 
( I) Repea ted  m i n o r  u lcers and o ther  tra u m a  which s lowly resu l t  in t he loss of 

the t issue of the foo t ,  especia l ly the toes and the fron t of the foo t .  This trau m a  
c a n  usual ly be prevented i n  t h e  co-opera t ive pa t i en t  b y  adequate  educat ion i n  the 
care of  the  fee t  and  the u se of  su i t ab le footwear .  

( 2 )  Gross seps is  a n d  osteomye l i t i s ;  these m ay resu l t  from a n  acciden t ,  a burn,  
or neglected m i n or trauma , and  cause m arked loss of  t issu e ,  w i t h  scars that  m ay 
contract  and  d istort p art  o f  t h e  foot .  Educat ion of the pa t i en t  and ins t ru c t ions to 
report and trea tment  of  a l l  i n fect ions  as soo n  as poss ib le  w i l l  m in im ize resu l ta n t  
deform ity a n d  loss of  t i ssue .  Trea tment  m u s t  i n c lude  adequate res t ,  w h i c h  i s  often 
neglected because of the accompanying d im i n u t io n  of  pain perce p t ion . 

( 3 )  Progressive breakdown of bone (Paterso n ,  1 96 1 ) ; th i s  is not  of necessity 
associa ted with sepsis but gradua l ly  al lows i ncreas ing deform ity  to occur .  For  long 
i t  has been t hought that  these les ions a re a part  of  t he specific leprous p rocess and 
that  they a re d ifficu l t  or  impossib le to  t rea t  ( Harris and Brand ,  1 966) .  H oweve r ,  
recen t i nvest iga t ions  have shown tha t early d iagnosis and act ive t r e a  tmen t w i l l  
resu l t  i n  b o n e  hea l ing w i t h o u t  deformi ty . T h e  bones m os t  comm on ly affe c ted are 
the t arsa l bones ,  t hough the adjacent  metatarsal bases and the lower ends  of the 
t ib ia  a n d  fibu la m ay be secondar i ly  i nvolved .  The condi t ion  is hereinafter referred 
to as tarsal bone d is in tegra t i o n .  

The first two cond i t ions  a re we l l  known and art ic les  on them are leg ion . T h e  
rem a inder o f  t h is paper is  o n  t he t h ird cause ,  and is  spec i fica l l y  wr i t ten , bearing i n  

* R eceived for publicat ion 3 1  Ju ly , 1 9 7 2 .  
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mind  tha t  many lepro sy workers d o  not  have rad iograph ic  fac i l i t ies re <l d i l y  
ava i l a b l e .  

Tarsal Ilone D isin tegra t ion 

In  some leprosy pa t ie n ts pro gressive d is in tegrat ion of bone appears to fo l low 
compara t ive ly minor  tra u m a .  T h is usua l l y  occurs in persons  who have a 
d im inu t ion  of pa in  percep t ion  and so con t i n u e  to ret raumat ize the bone dur ing 
every day usage . H av ing  n o  warning  of the increas ing d a m age they do not  rest  the 
tra u m at i zed bone and  thus  e n courage the  body's a t t empts  to rep a i r  t he damage . 
This  d is in tegra t i o n  may be progressive u n t i l  there is complete  destruct ion of par t  
of the  foo t .  I f  the  re peated t rauma is  preven ted ,  hea l ing  of  t he damaged bones can  
occur  (Warre n ,  1 9 7 1  b ) .  

Cl in ical  F indings 

The ear l iest  les ions  prese n t  as a m in imal  swe l l i ng of the foo t ,  w i th  som e heat  
over the affected a rea ( Lennox ,  1 96 4 ) ;  there is no obvious deform ity of the foo t  
a n d  the  pa t i en t  d oes not  usua l ly  comp la in  of a n y  pa in  or d isco m fort , b u t  an  
abscess m ay be suspected ( F ig .  I a ,  b )  (Pr ice , 1 960) .  

Carefu l h i s tory-t a k ing  may revea l :  
( I ) A n  acc iden t causi n g  u n usua l  tra u m a  to the foo t  ( t r ipp ing i n  a dra i n  or over 

a stone is  com m o n )  (Pa te rson and J ob ,  1 964) .  
( 2 )  A period of re l a t ive inact iv i ty  su ch  as  occu rs during  pro longed bed  res t  for 

in tercu rre n t  d i sease or chron ic  lepra react i o n .  
( 3 )  A period of  immob i l i za t ion  of a foot  in  p laste r ,  such  as i s  used for the 

trea tmen t of u lcera t io n  of  t h e  foo t  in  leprosy , fo l lowed by rap id  resu m p t ion of  
wa l k i ng .  The i m m obi l i za t ion  may have been of  the unaffec ted foo t ,  neverthe less 
resu l t i ng i n  re la t ive inac t iv i ty  d u ring  the use of  a p laster  cas t ,  but i s  m ore 
common ly of the  a ffected o ne ( H arris and B ra n d ,  1 966) .  

( 4 )  A rece n t  a rea  of  sepsis on the  foo t ,  though th i s  m ay have  a l ready hea led .  
( 5 )  The  use of  cort icosteroids for leprosy , or i n tercurre n t  d i sease . I n  m any 

cou n t ries  cort icostero ids  ca n be pu rchased eas i ly  and are  taken as ana lges ics ,  so 
that  the i r  u se m ay n o t  be im med ia te ly obvious .  

(6)  Rece n t  l epra react i o n ,  i nc lud ing  n e ur i t i s ,  and common ly  assoc iated w i t h  
para lysis  o r  pares is  of  the  a ffected foo t ,  or w i t h  swe l l ing  of  t h e  foot .  

H owever,  in  many  ins tances none of  t hese fac tors i s  obv ious ly p rese n t  a n d  the 
pat ien t den ies any possib l e  cause for the  heat  and  swe l l i ng .  

In  more adva n ced cases  some cre p i t u s  ( Le n n o x ,  1 964)  may be  pa lpated over 
the  poin t of  m a x i m u m  hea t and swe l l ing  and a fla t ten ing of  t he arch of  t he foo t  
m a y  b e  observed w h e n  the  t w o  fee t  are p l aced sole to  so le .  T h is fla t t e n i ng of the 
arch i s  a very usefu l sign ( F ig .  2a,  b ) .  

F u rther  b o n y  d is i n tegra t ion  may resu l t  i n  abnormal  m ob i l i ty of t he affected 
area - usua l ly  the  ta lo-navicu la r  area .  If  excessive m ob i l i t y  ( Le n n o x ,  1 964)  has 
been p rese n t  for som e  t ime there may be no  obvious hea t ,  t hough res idua l  
swe l l i ng a n d  deform i t y  may be p rese n t .  The pat ient  cou ld  s t i l l  wa lk  on the ank le  
i l l u st ra ted i n  F ig .  3 ,  b u t  he com p la ined of  som e  instab i l i ty ! I n  these la ter  cases 
there i s  u su a l l y  l i t t l e  doubt  regard ing  the d iagn os is ,  and fu l l  t rea t m en t shou ld  be 
inst i t u ted w i thout  de lay  if a fu nc t iona l  foo t  is  to be achieved after hea l i ng .  



TH E M A N A G E M E NT OF TA R S A L  B O N E  D I S I NT EG R AT I O N  1 39 

Fig ,  1 ( a ) ,  Swe l l ing  of t h e  fo ot tha t  may occur wi th  an early naviculo-cu ne i form lesion ; 
( b ) r a d i ogr a p h  of ( a ) ,  T h e  les ion co m m e n ced as a fra c t ure of t he t a l us a n d  c a l ca n e u m  5 years 
il l u s t ra ted  in  Fig ,  I ( a ) ,  

The progress of  d is in tegra t i o n  varies grea t ly  i n  d i ffere n t  p a t ien ts ,  In  one pat ient  
w i th  a k nown frac ture susta ined 6 months  ear l i e r  there w as st i l l  no apprec iab le  
deform i ty and m in ima l  bone d is in tegra t i o n .  In  another ,  there was com p lete  loss 
of the ta lus ,  with d isorga n iza t ion  of the ank le w i th in  6 months  of his i n i t i a l  
com p l a i n t  o f  " sl ipp ing  i n to a gut ter" . 

I f  rad iogra p h ic e x a m i n a t ion is possib l e ,  i t  is the idea l  method of d i agnos ing and 
cont ro l l i n g  the  trea t me n t  of  t h is cond i t io n ,  b u t  i n  i t s  abse n ce adequate  t rea tment  
that  w i l l  p reven t permanen  t d isab i l i ty  is  st i l l  possib l e .  

For rad iograp h ic d iagn osis two v iews a re rea l ly necessary . 
F irst , A P  or pre ferably A PO ( w h i c h  more c lear ly defines  the a n ter ior tarsal  

bones) .  The fi l m  should be p laced and the  e x posu re adj u sted so that a clea r v iew 
of the  ta lus head is obta ined .  Th is mea n s  the pha langes  of  t he toes wi l l  be 
over- e x posed and  not we l l  v isua l i zed .  
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Fig.  2 ( a ) .  Flattening of the  arch of the a ffected  foot ; (b ) m arked radiographic  changes of 
affected foot shown in ( a ) .  

Second , a true la tera l  v iew of  the ca lcane u m , with the fi lm p laced so that  a l l  
t h e  tarsa l s  a n d  t h e  lower port ion  of  t h e  t ib ia  a re visua l ized . A standing la tera l  v iew 
gives  the best  posi t ion  for fu ture comparisons .  I f  deform ity of the ankle  i s  present  
care must  be  taken to ge t the t rue  la tera l of the calcaneum and not  of the ank l e  
j o i n t .  These two v i ews  should  revea l  a l l  les ions ,  though i n  a grossly d istorted ank l e  
some  adjus tment  o f  t h is posi t i o n  may be needed to defi n e  the  affected bone  and 
an A P  view o f  t h e  a n k le may a lso be advise d .  

Ear ly les ions  of t h e  t a l u s  and nav icu l a r  are m o s t  eas i ly  d iagnosed from the 
latera l  v iew, but those of  the  m id d le and latera l  cune iforms and cuboid are seen  
ear l ier  on  the  APO v ie w .  W i th  carefu l p lace m e n t  i t  is  possible to  ge t the  APO and  
latera l  v i ews  of  one  foot  on to one 8 x l O in X-ray fi l m  ( F ig. 4 ) .  I f fi l m s  are 
read i ly  ava i l ab le , it is des irab le  to rad iograp h  both fee t  so that  the abn orm a l i ty  
can be compared wi th  the  norm a l  foo t .  I dea l ly , every pa t i en t  shou ld  h ave h i s  fee t  
rad iogra p hed a t  t h e  t i m e  of t h e  d iagnosis of leprosy i n  order that  a n y  ear ly bone 



THE M A NAGEMENT OF TA R S A L  BONE D I S I NTEG R A T I O N  1 4 1  

Fig. 3 ( a ) .  Soft  fluc tuant  swe l l ing  of the  a n kle  area w i thout  heat  or obvious i n fla m m a t ion ; 
( b )  radiogra p h  of ( a ) .  The les ion co m me nce d as a frac ture of the  talus a nd c a lc a n eu m  5 years 
earl ier .  

les ions can be detected and trea ted before rea l  deformity occurs and to  provide a 
base l i n e  for la ter  comparisons .  

The ear ly and less d isab l ing  lesions  m ay appear as :  
( I ) a vagueness of out l i ne  of one or m ore bones,  with or without a defin i te  

change i n  shape ; (2 )  a fran k  frac ture (Pa terso n ,  1 96 1 ) ; som et imes a t tent ion  i s  
d rawn to i t  b y  su rrou nd ing  osteoporosi s ;  (3)  a port ion of the m ed u l lary bone 
appearing to be squeezed o u t  through the frac ture l i ne  ( F ig. 5 ) ;  ( 4 )  a change in  
shape of a bone without any obvious break i n  the con t i n u i ty of the cortex 
(espec ia l ly  the ta lus)  ( F ig .  6a ,  b ) .  

Late les ions m a y  appear as a gross change in  the shape of o n e  or m ore bone s ,  
w i t h  the  loss of  adjacen t jo in  t spaces.  T h e  residu a l  b o n e  m ay b e  fragmen t e d  a n d  
t h e  stress of w a l k i n g  may have d isplaced t h e  fragments ,  s o  t h a t  the  remaining 
bones are i m p acted and  the  n ormal  arch i tec ture of the foot  is los t .  Every degree 
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F i g .  4 .  P l a ce m e n t  o f  A P e  a n d  la t e ra l  v iews o n  o n e  8 x l O i n f i l m .  A d e fo r m i t y  of  c a l c a n e u m  
a n d  a n o t h e r  of t h e  t a la-n avic u l a r  a rea  ( w i t h  p i n  i l l  siw ) a re v isu a l i z e d .  

F ig .  5 .  Port i o n  o f  m e d u l l a ry b o n e  b e i n g  sq ueezed o u t  t h ro u gh a c r a c k  i n  the cort e x  of  t h e  
ta l u s .  T h i s  lesio n p rogresse d t o  c o m p le t e  l oss o f  t h e  n e c k  o f  t a l u s  a n d  c o l l a pse of t h e  h e a d  w h e n  

u n rest r ic t ed w a l k i n g  w a s  a l l owed f o r  6 m o n t h s  a f t e r  a sh ort  per iod o f  p l a s t e r  i m m ob i l i za t i o n . 
H e a l i n g  eve n t u a l l y  re q u i red 18 m o n t h s' i m m o b i l i za t i o n .  

of deformity may be prese n t .  The s t i l l  act ive bone  les io ns  w i l l  have a hazy  
appearance .  Hea led lesions  w i l l  usua l ly  appear  sc lero t i c ,  w i t h  smoot hed- o ff edge s 
( F ig .  7a ,  b ,  before and  a fter  PoP ) .  A t  surgery it has  been fou n d  tha t th i s  bone is 
very dense and hard . I n  p rac t ice t h is healed sclerosed bone has not been see n  to 
fracture or  to d is in tegra te . 

Ma nagement 

The trea t m e n t  fo r a l l  stages of  ta rsa l bone d i s in tegra t ion is im m ob i l iza t ion in  
the fu nct iona l  posi t io n  for an  adeq u a te per iod of  t ime  to a l low complete  bone 
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Fig.  6 (a ) .  Deformed ta lus  navicular  bone  in foot of 8- to I O-year-old Chinese boy ; (b ) normal 
foot for compariso n .  

hea l ing  to occur .  Th is i s  u su a l ly ach ieved by use of a be low-k nee p las ter-of-Paris 
(poP) wa lk ing  cast .  I dea l ly  the  length of  t ime shou ld  be determined radio
graph ica l ly , but in  the  abse n ce o f  t h is the fo l lowing method w i l l  p rove effec t ive .  

The ear l iest  lesions  are d i ffi cu l t  to d i ffere n t ia te from frac t u res and spra ins .  
Even  rad iographic  ev idence of  a stress fracture m ay not  be appare n t  for 4 to 6 
weeks.  I f  a pat ie n t  prese n t s  w i t h  a s l ight ly warm , swol l e n ,  u ndeformed foot  and 
n o  defi n i te  h istory , i t  i s  advisa b le to support  the foot  with a crepe bandage and 
give d i u re t ics  for a few weeks,  whi le  a l low ing the pa t i en t  to con t inue  reasonab le  
act iv i ty . I f  the  sym p toms do not  subside w i th in  4 weeks,  then  i t  shou ld be 
assumed that  a bone lesion  is prese n t ,  even if  radiograph ic  exam inat ion i s  not  
possi b l e .  I f  rad iograph ic examinat ion is possib le  i t  shou ld be done every 3 to  4 
weeks  u n t i l  a l l  sy m p toms  have stlbsided , or a bone les ion is' appare n t .  

O n ce i t  is dec ided to treat  t h e  les ion as  a tarsa l bone d i s in tegrat ion a we l l-fi t ted 
(PoP)  wa lk ing  cast  shou ld be appl ied ,  tak ing spec ia l  care to m ou ld the p l aster to  
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Fig.  7 ( a ) .  Breakdown in navic ular bone ; (b)  healing of navicular bone after 6 m onths' 
imm obilizatio n .  

the shape of the fo ot and to h o ld the foot in a fu nctional posit ion ( ankle at  90° 

without inversion of the hee l)  (Warre n ,  1 97 1  b ) .  
I f  t h e  b o n e  le sions  involve t h e  body of talus a n d  the calcaneum im mediately 

below the talus,  the weight should be carried through a Bohlers iron from the 
tib ia . The leg portion of the plaster needs to be e x tra well  fit ted to do this 
(Warren , 1 97 1 ) . For bone lesions a t  other sites a standard w ood or rubber rocker 
can be u se d ,  or a fla t  so led p laster can be applied to be worn i n  conj u nction with 
a fla t  sandal .  I n  the fo ot with a doub tfu l  lesio n ,  this  p laster can be kept on for 2 
to 3 months ;  at the end of this period tria l  walking shou ld show if it w as a true 
bone lesion or not. For a definite lesi o n ,  the plaster can be changed at  3 m on ths 
to al low radiographic studies when these are availab le ; the plaster can then be 
reapp lied fo r another 2 to 3 months before fu rther radiographic studies,  and trial  
walking carried o u t  if  the rad iographs are sa tisfactory .  

The early lesion requ ires 4 t o  6 months for fu l l  healing,  s o  if radiography i s  not 
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ava i l ab l e  it is advisa b le to m a i n ta i n  p laster im mob i l iza t ion for abou t 5 m onths  
before a l lowing  tria l walk ing.  Chang ing  of  the p laste'r shou ld  be wel l superv i sed .  I f  
rad iograph ic  s tudies  are possib le i t  i s  importan t  t o  ensu re that  the pat ient  does 
not walk whi le wait i ng  at  the X-ray departme n t ,  as he may damage the hea l i ng 
bone and  de lay fu rther  hea l i ng .  A lso,  if at a l l  possib l e ,  the p lasters should be 
appl ied by the medica l  officer in  charge h imse l f  so tha t the op t i m u m  pos i t ion 
may be ach ieved . This  is  e specia l ly  important  when there is m ob i l i ty of the foot ,  
a s  in  t h e  more advanced cases ,  and a poorly m ou lded p laster m ay increase the 
deform ity . 

Tr ia l  wa lk ing  is a graded me thod of re t u rn  to u n su pported w a l k i ng.  
A s  i t  is imposs ib le  to  assess, on rad io logical  eviden ce a lone,  i f  hea l ing  after 

d is in tegra t ion  is com p le te , the fo l lowing rou t ine  has bee n form u lated . I t  does 
revea l  most cases of  incomple te hea l ing  and  a t  the sam e  t ime prov ides a gradu a l  
re t u rn  to ac t iv i ty  t h a t  assists i n  reca lc i fica t ion  of the osteoporot ic  bones and he lps  
reduce the possib i l i t ie s  o f  stress frac tures  and fu rther ep isodes of d is in tegra t ion . 
Tria l  wa lk ing  is a lso u sed at H ay L ing  Chau , wi th  modifi ca t ions ,  on a l l  occasions 
when n ormal  ambu la t ion  is  be ing resu med a fter prolonged non-use of a foot ,  such 
as after u lcera t i o n ,  react ion , su rgery , or  complete  bed res t .  

Method 

( a )  The affected foot  is  firmly bandaged ; (b) su i tab le  shoes with res i l i en t i nsoles 
are laced o n  to the  foot ;  (c) wa lk ing  aro u nd the bed i s  then a l lowed for 3 m in on 
three occas ions  on  the first day ; ( d )  after wa lk ing  the foot is  checked for heat and 
swe l l i ng .  This p ro cedure is  repeated da i ly ,  provided no heat or swe l l ing deve lop s ,  
bu t  the t ime  is in creased gradua l ly , to  5 m i n  on  the  second d a y  and 1 0 m in  on the 
th ird day , so that at the  end of  a week the pa t i en t  i s  wa lk ing abou t ,  i n  the 
hosp i t a l ,  for 3 0  min three  t imes a day.  

I f swe l l i ng  of the  foot  occurs,  or t he re are o ther  ind icat ions  of impend i ng 
trou b l e ,  the  i n creases are taken more s lowly and d iu re t ics m ay be give n ,  bu t if the 
swel l i n g  subsides befo re t he next  day i t  is usual l y  on ly  " trave l oedema" and the 
use o f  the  crepe bandage su pport helps to p reve n t  th is .  If  heat  over the  damaged 
bones occurs a n d  does n o t  subside overn ight the bones  should be regarded as  n o t  
fu l ly  healed and  comple te i m m ob i l izat ion resu med for a further 6 to  1 2  weeks .  

Tr i a l  wa lk ing  a l so  he lps  to p reven t  breakdown of the  ski n  of the  so l e  such  as  
frequen t ly occu rs when  a pa t ie n t  w i th  a n  a naesthe t i c  foot  resum es w a l k i ng after a 
prolonged per iod o f  com p lete immobi l i za t ion  or bed res t .  I f  the pa t i en t  has 
adequate  musc le  act ion ,  he can start us ing weight s  i n  conj unct ion  w it h  tr ia l  
wa l k ing to s t imu late  move m e n t  and circu la t ion  wi thout  the  risk of  a fracture .  
This commences with ha l f-pound  (230-g) resistance t o  dorsifle x ion and  the  weight 
gradua l ly  i ncreased as  stre ngth re tu rns .  

Advanced Lesions 

In m ore advanced d is in tegra t ions  the d iagnosis i s  m ore obvious .  If heat  and/or 
swe l l ing  are s t i l l  p rese n t ,  hea l ing can be expecte d .  If  mobi l i ty  has  a lready occurred 
i t  is  w isest to a l low 9 months  of immobi l i za t ion  before tr ia l  wa lk ing when 
rad iogra p h ic control  i s  no t  ava i l ab le .  The posi t i o n  of  the foot  d u ring each p l aster 
appl icat ion is  m ost importan t .  If  the foot  can n o t  be m ou lded into a funct iona l  
posit ion  i t  may be advisab le to cons ider  surgica l  reconstru c t io n ,  u sing i n terna l  
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Fig .  8 ( a ). E x ternal  view on admission of foot shows m ul t i p l e  d ischarging s inuses;  
(b ) ra d iograph o n  ad m issi o n  shows oste omyel i t i s  and  d is integrat ion ; ( c )  radiograph some 1 2  
m o n t h s  l a t e r  shows b o n e  hea l ing  w e l l  advanced . 

fixa t ion .  Hea l ing  of these bones does occu r after  su rgery if com plete  i m m obi l iza
tion i s  achieved . A period of 9 to 1 2  months is req u i red for hea l ing  of a m id-tarsal 
wedge osteotomy , but a ta lo-calcaneo wedge w i l l  usua l ly  hea l  i n  4 to 5 m on ths .  

If  there is no  sign of  heat  or swe l l i n g  and the deform ity and/or  m obi l i ty has 
been p rese n t  fo r a long t ime w i thout  change ( over 6 m on ths) ,  i t  can be assu m ed 
that  any les ions that  were prese n t  have hea le d .  O n  rad iograph ic  exam ina t ion they 
w i l l  be see n  to be smoothed o ff and scle ro t i c .  S imp le immobi l i za t ion  w i l l  do l i t t l e ,  
i f  anyth ing ,  to i m p rove sta b i l i ty a n d  reduce d i sab i l i ty  u n less surgica l i n terve n t ion 
precedes the  immob i l izat ion . I t  may be necessary to use a bone graft from the 
i l iac  crest to make up  for a defic i t  i n  bone bu lk .  The hard sclerosed bone m ust  be  
chise l led out  u n t i l  a b l eed ing  surface is  d isp layed and comp lete  i m m ob i l izat ion 
ma in ta ined for up  to  1 2  m o n ths ,  or  possib ly even longer .  A ny i n fec t ion  m ay lead 
to reject ion o f  the gra ft and w i l l  de lay fu s io n ,  but  provided the foot  i s  he ld  
comple te ly i m m o b i l ized a t  a l l  t imes ,  i n  the  posi t io n  of  fu nct ion ,  a favourab le  fin a l  
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outcome can be hoped for .  T h is somet imes  poses  proble m s  and requ i res som e  
ingenu i ty  to immobi l ize and yet  a t  the sa me t i m e  a l low for dressings o f  
d ischarg ing s inuses .  

In  the  foot  in  which bone d is in tegra t ion  is com p l i ca ted by seps is ,  the same 
pri n cip les  hold . I mmob i l ize in  the  opt i m u m  posi t ion w h i le trea t ing the infec t ion 
w i th  loca l packs and  a n t i b io t ics ,  and  a u se fu l  foot  can often be sa lvaged 
( F ig .  8 a ,  b and c ) .  B u t  R E S T is  esse n t i a l -and because of the d i m i n u t ion of pa in  
percep t ion  the  pa t ie n t  w i l l  n o t  res t  u n less forced t o .  Even  one weigh t-bear ing step 
taken a t  a p laster change may frac t u re the  newly formed ca l lous  and delay hea l ing 
by many mon ths .  

Comments 

D isin tegra t i o n  of the b ones of the  foot  of a leprosy suffe rer m ay progress u n t i l  
t h e  foot  i s  a u se less member  a n d  a rea l  d isab i l i t y .  However,  no  m a t ter h o w  severe 
the les ion is when first d iagnosed , it is usua l ly  possib le to ach ieve hea l i ng of the 
rema in ing  bones.  Provided that destru c t ion has not progressed too far ,  the 
rema inder  of  the  foo t  can become a u sefu l member aga i n ,  though this m ay req u i re 
much t ime  and  ingenu i ty  o n  the  part of the  medica l  workers .  

Tarsa l bone d is in tegra t ion  is no  longer a conde m na t ion to deform i ty  or 
a m p u ta t i o n ,  especia l l y  if detected and t reated ear ly . 

M inor foot t ra u m a  is oft e n  unnot iced becau se of the  d i m i n u t ion of pa in  
percep t ion , bu t  we need  to t each  our  medica l person n e l ,  and the pa t i en t s  
themse lves,  to watch for ea r ly  s igns and symptoms  so tha t  ea r ly  les ions of a l l  
types ca n be  effec t ively treated and  m ore severe deform ity and d i sab i l i t y  
preve nted . 

References 

Harris , J .  R. and Bra n d ,  Paul W. ( 1 9 6 6 ) .  Pa t terns  of  disi n t egra t ion  of the t arsus i n  the  

anaest het ic  foo t .  J .  B o n e  Jt Surg. 4 8 8 , 4 - 1 6 .  
L e n no x ,  W .  M .  ( 1 9 6 4 ) .  A class i fica t ion  of  l e p rosy foot defor m it ies .  L epr. R e v. 3 5 , 2 4 5 -249 .  
Pa t e rson ,  D .  E .  ( 1 9 6 1 ) . Bone changes in  leprosy ; the i r  inc idence ,  p rogress ,  p reve n t ion  and  

arres t . In f. J. L epr. 2 9 ,  '3 9 3 -4 2 2 .  
Paterson , D .  E .  a n d  Job , C .  K .  ( 1 9 64) .  Bone changes a n d  absorp t ion  i n  leprosy.  L eprosy in 

Th eory a n d  Prac fice, 2 n d  e d . ,  Chapter  2 6 .  ( E d s  R .  G .  Cochrane and T. F. Davey . )  B ris tol : 
J .  Wrigh t and  Sons L t d .  

Price ,  E . W .  ( 1 9 6 0 ) .  S t u dies  in p l a n t a r  u lcers  in  leprosy . L epr. R e v. 3 1 , 97 - 1 03 .  
Warre n ,  G race ( 1 9 7 I a ) .  P last e r  casts .  Lepr. R e v. 4 2 , 5 5 -5 9 .  
Warren , G race ( 1 9 7 1 b ) . Tarsa l  b o n e  d is in t egra t i o n  in l eprosy . f Bone Jf  Surg. 5 3 8 , 6 8 8 -69 5 .  



Lepr. R e v. ( 1 9 7 2 ) 4 3 , 1 48 - 1 5 0  

The Sol a r  Bath* 
R .  FOSTE R 

KaJu e ,  Zam b ia 

P .  KATU M B I  
M wa m i  

and 

D. S M ITH 
B la n tyre, Mala w i  

I n  a rural centre w here a cont inuous e lectr ic i ty s u p p l y  is not  avai lable , but  w he re 
the  sun usual ly shines ,  the  solar ba th  has proved useful in the pre-operative 
manage m e n t  o f  leprosy patients wi th  ulnar da mage . 

I n trod uct ion  

St i ffness and con tractu res of  the  i n terpha lange a l  jo in t s  are com m on comp l icat ions  
of u l nar nerve damage i n  l eprosy . I f  wax baths  are  to  be u sed for  th i s  con d i t ion in  
cen tres where e lec tr ic i ty  is  not  ava i l ab le , or is  ava i l ab le o n ly i n term i t ten t ly ,  som e  
other  heat source must  b e  use d .  Open n a m e  met hods m a y  resu l t  i n  ser ious 
acc iden ts .  This  report describes a me thod of heat  t rea t m en t that  takes the p l ace 
of the conven t iona l  wax b a t h ,  using the su n as a heat source .  This "Solar  B a t h "  
h a s  been in  use for the past 5 years a t  M w a m i  Leprosari u m ,  in  t h e  eastern 
province of the  Repub l i c  of  Zambia .  

Development 

A container o f  su itab le d imens ions  was constru c ted , tr iangu lar  i n  cross sect ion ; 
the hypoten use face o f  the  tr iangle is of glass,  which can be d i rected towards the 
su n ( F igs I a nd 2) .  The average tempera tu res ob ta ined for 1 00 t rea tments  given to 
8 pat ie n ts a re shown i n  F ig .  3 .  N o  u n toward e ffec�s  from the u se of the solar bath  
have ar ise n .  

Tempera tu re Compariso n w ith Wax Bath 

Tempera tu re measu re m e n ts were made w i t h  Y e l low S p rings I n strumen t  Co .  
Tele-Thermometer  mod e l  43T D ,  and w i th  a conven t iona l  m ercury labora tory 
therm ometer .  

Solar-b ath  t rea tme n ts a re g iven  indoors through a n  open or  c losed glass 
window,  or ( less o fte n )  outdoors.  The p a t ie n t  washes h i s  hands with soap and  
water ,  then  rubs  i n  peanu t  o i l ,  two or t hree finger-d ips ,  a t  room temperatur e . 
Both hands are then  p laced i n  the  so lar ba th  for 25 m in .  The 1 00 t reatment s ,  

* Receive d f o r  publ icat ion 4 A ugust , 1 9 7 2 .  
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Fig. I .  The e x peri m e n t a l  solar  b a t h .  Recording the tem pera ture at S - m i n  in tervals .  

Fig.  2 .  Gro u p  o f  pa t ie n ts us ing a b a t tery o f  solar  baths .  

which fu rn ished the  average tempera t u res ,  were taken from m id-m orn ing  to ear ly 
afte rn oon d u ring  the months o f  October to  Decem ber 1 96 7 ,  and J a nu ary , 
February and  J u ly 1 968 -months  that  inc lude both the warm and the  cold 
seasons .  

Com para t ive te mpera t u re read ings were taken w i th  the same m easur ing 
eq u ipment  a t  M a lamu lo Leprosar ium where e lec t r i c i ty  supp ly  is consta n t l y  
ava i lab le  to  h e a t  the  wax in a conven t iona l  ba t h .  T h e  therm ocou p le and g lass 
therm ometer were fixed to t h e  f inger w i th  an  E lastoplast  band (a ru ler  be ing used 
to protect  the g lass therm ometer ) .  The hand was then d ipped i n t o  the wax bath  
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Fig .  3 .  Com parison between the  average te m perature of a solar bath and a wax ba th .  

1 0  t i m es ,  wrapped i n  p last ic  cover ing ,  and  covered wi th  a p i l low-s l ip .  Temperature 
record ings were made before p lac ing the hand i n  wax ,  t he i n i t i a l  m ax i m um 
tempera t u re ,  and  the  tempera tu re at 5 -min  in terva l s  for a period of 2 5  m in .  The 
average tempera tures  for the 27 trea tments  give n are shown in F ig .  3 . 

Discussio n  

The fi nd ing t h a t  the tempera t u re i n  t h e  solar  b a t h  cont in ued to r i se during the  
per iod o f  trea tme n t  caused som e  concern a t  first i n  case burns  or b l isters m ight  
occu r i n  anaes thet ic  hands .  I n i t ia l l y , there fore , a t i mer  was u sed  to e n su re that  the  
trea t m e n t  was  l i mi t ed to  2 5  min .  This i s  n o  longer considered necessary , however ,  
s ince n o  b l i ste rs have occurre d .  

A fter  trea tmen  t in  the  solar  bat h ,  a sk in- t igh t p laster  is app l ied  to t h e  fingers t o  
mobi l i ze  t h e m  in m a x i m u m  e x te nsio n .  S tud ies  are in  progress to ascerta in  i f  the  
so lar-bath  tre a tm e n t has an  i n fluence on the t ime  taken to m ob i l ize the  
contractures .  

The average tempera t u re over  the per iod o f  treat m e n t  is  grea ter in  the so lar  
bath than that  w i th  the  wax bath  i n  our  part  o f  the  world . This  find ing should  be 
supp lemented by stud ies  of the  b lood flow i n  the forearm and fingers. Any 
softe n ing e ffec t  of  the  wax on the t i ssues ,  and the rap id i ty  w i th  wh ich the 
con t racted t i ssues a re mob i l ized , m ust a lso be taken i n t o  accou n t .  
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M i s - rei nnervation i n  Leprous Neur it is  Affecti ng 

the Facia l Ne rve*t 
D .  A .  R A N N E Y  

Ch ief of S u rgery ,  Th e SciJ ieffelin L ep rosy R esearch Sanatoriu m P. O. , 
v ia Ka tpadi, North A reo t D istrict,  

Tam il Nadu, Sou th In dia 

M .  A .  F U R N E S S  

Eas t  A rill Hospital, P. O .  /3ox 1 84 7, 
D arwin N. T. , A u SlI'alia 5 7 94 

a nd 

C. K .  S A N T H A N A K R I S H N A N  

India n  A irlines, /3egu m p e t  A irp ort,  
Hyderabad- I 9, A ndhra Pradesh , In dia 

Evidence for m isdirect ion of  fib res  in severe and wel l -establ i shed l eprous neur i t i s  of 
branches of the  fa c ia l  nerve is prese n te d .  I n  the p rese n t  study b l i n k b ur s t s ,  twi tches ,  
and voluntary co-c o n t rac t ions  were abundant ly  see n .  F i b ri l l a t ion  and g iant  
polyph asic potent ia l s  were rare .  Leprous  neuri t i s  is contrasted wi th  Be l l ' s  pa lsy i n  
t e r m s  o f  s i te  o f  i nvolve m e n t ,  and  t h e  sign if icance of  th i s  is  d iscusse d .  M isd i rec t ion 
as a source of re-i nn ervat ion  i s  one of severa l  factors i n fluenc ing  recovery . 

I n troduct ion 

Leprosy is the commonest cause of  per iphera l  neuropathy in the wor ld  today . 
Para lys is  o f  fac ia l  m u scles  occu rs in approx imate ly  2% of pa t i en t s  affl ic ted w i th  
th is  d isease . A l t h ough o ften compared wi th  Be l l ' s  pa l sy ,  the pat tern of para lysis  
seen is q u i te d i ffere n t .  This  is because in  leprosy the s i te  of  patho log ica l  change is 
one or  more of  the peripheral b ranches  of  the fac ia l  nerve ,  and  not t he m ai n  t ru n k  
( F ig .  I ) .  A t  th i s  si te there i s  a reduct ion  in  tempera ture w h i c h  has  b e e n  shown b y  
Brand ( 1 964)  and con firmed by J o b  and Desikan ( 1 968 ) to be an important  
factor  in  the  deve lopment  of nerve les ions .  The leprosy baci l l i  prol i ferate m ore 
read i ly  at red uced tempera t u re .  The prese n ce of  osseo-fibrous tunne l s  in  the  
region  of  the zygoma have  been imp l ica ted spec ifica l ly  in  the fac ia l  nerve by  
Dastu r  et al. ( 1 966 ) as  se lec t ing factors in  de te rmin ing  th i s  s i t e  of  involve m en t .  
Hence , u n l ike  Be l l ' s  pa lsy , lower fac ia l  palsy i s  less frequen t l y  seen a n d  vary i ng 
degrees of  paresis of the upper  fac i a l  muscu la ture is  a fea t � re .  A variab l e  degree of 
recovery may take  p lace , and  a bet ter  u nderstan d i ng of  the  p rocesses of  recovery 
is  of  m ore than  academ ic  i n teres t .  

* Th is  s t u d y  w a s  sponsored by a gran t  fro m  the  Socia l  Rehab i l i t a t ion  Serv ice ,  U n i ted  Sta tes  
Depart m e n t  of  Hea l th ,  E d ucat ion , and  Welfa re , Wash i ngton ,  D .C .  

t R eceived for  publ ica t ion 1 2  A ugus t ,  1 9 7 2 .  
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Fig.  I .  Branches of the facia l  nerve.  Any of these may be i nvolved , ei ther  in iso la t ion or 
toge ther  with other  branches ,  but t he commonest s i te of  involvement  is  w ith in  the rectangular  
area shown in  t h e  diagra m .  

M a terials and M e thods 

The fronta l i s ,  upper and lower ha lves of the o rb icu lar is  ocu l i  (pars pa lpebra l is )  
and levator  l ab i i  su periori s  muscles  were s tud ied e lec trom yograph ica l ly , us ing a 
Mede lec  M S 3 R  2-channe l  m ode l  and concen tric needle e lec trodes,  i n  22 pat ients  
as par t  of  the ir  postoperat ive assessme n t  fo l lowing tempora l i s  transfer  for 
lagophtha lmos due to leprous neur i t i s .  A l l  had had , as p re requ is i tes for surge ry ,  
severe estab l i shed para lysis  of  I year 's  d u ra t ion  or  m ore a n d  medica l  contro l  o f  
t h e  progress of  t h e  d isease . I n  5 of  these cases b i l a tera l  opera t ions  h a d  been 
performed so that  2 7  s i tes  of  the  face affe c ted  by leprosy were studied .  A l l  cases 
were a lso studied i n  de ta i l , c l i n ica l ly  and by farad ic  s t imu la t ion , as part of  a larger 
se ries to be reported e l sewhere by R a nney and  Furness ( 1 9 7 3 ) .  

I n  add i t ion  to examin ing  these 2 7  i n  deta i l ,  I pat i en t  w i t h  s ign s t h a t  resem b led 
hem ifac ia l  spasm a lso had the other  ( n orma l )  s ide  exam ined for compariso n ,  and 
i n  2 other  cases with v is ib le  con tra latera l  co-con tract ions  i n  the  levator lab i i  
superioris  m u sc le  on  the  u npara lysed o p posi te  s ide  t he m uscles concerned were 
a l so e x am ined e le ctromyographica l l y .  A lso exam ined were the procerus and 
corruga tor  superci l i i  musc les  i n  one  pat ie n t  and  the levator  angu l i  oris  in  another  
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when v is i b le i p si l a tera l  co-contractures were see n .  O f  the 2 2  pa t i en ts 5 had 
le p romatous ,  1 2  border l i ne ,  and  5 tubercu lo id  leprosy . Their  ages ranged from 1 7  
to 5 5 ,  w i t h  an average of  3 8 . 7  years ,  and  20 were ma le a n d  o n l y  2 fe ma le .  

Resu lts 

The ge nera l  pattern of  para lys is  i n  the 4 m uscles se lected for study i s  shown in 
Table I ;  i t  i s  not i n  any way re l a ted to the type o f  lep rosy . F ibres of orb i cu lar is  
ocu l i  i n  the upper l id  were the most  severe ly affected .  W h i le the  lower l id  f ibres 
were a ffected a l m ost as  often ,  part i a l  para lys is  was very m uc h  m ore com m on in 
this  musc le .  Consequent ly  a rem arkably larger  nu mber of i n comple te pat terns 
were seen  in the lower l id  as  compared w i th  the u pper .  

TA B L E  I 

Gel/eral pat tern of e/ectromyograpltic activity in 2 7  hailies of tlte face ill 22 pa t ien ts 

Lev.  l a b .  
U p per l i d  Lower l i d  Fro n t a l i s  sup .  Total  

Fu l l  i n t e rfere nce p a t t e rn  I 2 1 4  1 6  3 3  
I n comple te  i n te rfere nce p a t t e r n  6 1 6  8 1 0  4 0  
N o  volun t a ry act iv i ty  2 0  9 S I 3 S  

To ta l  2 7  2 7  2 7  2 7  1 08 

Whi le  the  m ass m ovemen ts somet imes described in B e l l ' s  pa l sy were n o t  seen ,  
b l i nkbursts  a n d  period ic  twi tches  were often  obvious at  first sigh t .  C l i n ica l ly  
visib l e  b l i n k b u rsts  were seen and con firmed e lec t romyograph ica l ly i n  the pars 
orb i t a l i s  of the lower half of  orb icu la ris  ocu l i  i n  2 cases , and i n  the  levator l a b i i  
superiori s  i n  5 pat ien ts .  One of these 5 h a d  u n i la tera l upper and b i latera l  lower 
fac ia l  involve m e n t ,  bu t b l i nkbursts i n  levator  l a b i i  superioris occu rred only on the 
side with a fu l l  in terference pat tern i n  orb icu laris ocu l i .  O n  the other s ide th i s  
pa t i en t  had I O-IlV t w i t ches  in  the  same m uscle ; t hese were  o u t  of phase w i t h  
b l i n k ing bu t sy nchronous w i t h  rhy t h m ica l  t w i t c h  act iv i t y  i n  t h e  lower ha l f  of the 
orb icu lar i s  ocu l i  on that  s id e .  S ingle t w i t ches of up to 75 IlV in  a m p l i t ud e  in  the  
leva tor  l ab i i  su perior is  occ u rred i n  another  pa t ie n t  w i th  ge n t le volu ntary eye 
c losu re and  a re therefore a l so l i sted as  co-contract ions .  S t i l l  another  pat ient  had 
cont inuous  twi tch-l i k e  act iv i ty  which cou ld not  be

· 
con t ro l led vol u n tar i ly  but 

which sp read to the opposite levator labi i  superioris  on  t ight  eye c losu re .  
Vo lun tary co-con tract ions  were seen 2 1  t imes i n  1 6  of  the 2 2  pat ients  s tudied ; 

a l l  b u t  one o f  these were o n  the sam e  side (Table 2 ) .  This  type of synki nesis was 
seen  i n  3 out o f  5 pat ien ts with lepromatous leprosy , 9 ou t o f  1 2  with borderl ine ,  
and i n  4 out  of  5 w i th  tubercu lo id  d i sease , so  tha t  aga in  no re l a t ionship was  seen 
to ex is t  between the type of  leprosy and the i n c idence o f  co-c o n t ract ion . F ive 
occurred in orbicu laris ocu l i  of the  lower l i d  in 4 p a t ien ts- 3 in pars pa lpebra l i s  
and 2 i n  pars orb i ta l i s ,  and  a l l  were associated with vo luntary act ivat ion of the 
leva tor  lab i i  superioris m u sc le o f  the  same side . F ive occu rred i n  t he fron ta l i s  of  5 
pat ien t s ;  4 of these co-con tract ions  were observed on a t te mpted c losure of the 
eye ( F ig .  2 )  and in 3 of  these 4 t h is was the o n ly type of  vo lun tary act iv i ty 
possib l e .  S u rp ris ing ly , contract ion  o f  fro n ta l i s  occu rred i n  the 5 t h  case on  
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TA B L E  2 
Hlectro ll lyograph ic a b n orllla l i t ies seen ill 2 7  halves o[ the  [ace in 22 pa tiell ts 

Lev .  Lev .  
U p p e r  l a b . I ' rocerus  a n g .  

l i d  L o w e r  l i d  F ro n ta l is su p . corruga t o r  oris .  

B l i n k b u r s t s  2 ( i n  pars  0 5 
or b i t a l is ) 

T w i t c h e s  0 I 0 
3 

3
(,," } V o l u n t a ry p a l p e b ra l i s ) 

5 9 
co-co n t ra c t i o ns 0 2 ( pa rs 

o r b i t a l i s )  
Fib . p o t e n t i a l s  0 0 
G i a n t  p o l y p h asics  0 I 0 

T o t a l  

7 

4 

2 1 a  

2 
2 

a O ne of t hese was c o n t r a l a t e ra l ,  assoc i a t e d  w i t h  c om p l e t e  i p s i l a t e r a l  p a r a l y sis  ( se e  t e x t ) . 

Fi g .  2 . Co-c o n t ra c t i o n  in fro n t a l i s  musc le  ( Lead I )  d ur i n g  spo n t aneous a c t iv i ty  in l o w e r  l id  
orbicular is  o c u l i  ( Lead 2 ) .  

act iva t ion  o f  the ips i la tera l  leva tor  l ab i i  superior is .  V o l i t iona l  act iv i ty  w a s  possible 
a lso i n  th is  part i c u la r  case .  

On  c losu re or  a t tem p ted c losu re o f  the  e y e s  co-con tract ions  were see n  i n  t h e  
leva tor  l a b i i  superioris  i n  9 pa t ie n t s ;  i n  8 o f  t h e m  these were o n  the s a m e  sid e ,  b u t  
one , i n  w h i c h  t h e  ips i la tera l  l i p  m u scu la ture w a s  a l so para lyse d ,  occu rred o n  the 
opposite s ide . In al l  cases  the  co-cont rac t ions  occurred on  gen t le eye c losure ,  and 
there fore were not a man i festa t ion  o f  a t t empts  to  "screw up" the face i n  order to 
fac i l i t a te c losu re of the  eye in the pre se n ce o f  lagoph t h a l m os _  In one case , 
resemb l ing  hemi fac ia l sp asm , there was a lso spread of the ips i la tera l  co
con t ract ion  to t he other  side on  t ight  c losure of the eye . 
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A l though i t  was n o t  p l anned to s tudy other  fac ia l  m uscles in so m uch deta i l ,  a 
care fu l  i n spect ion of a l l  m usc les ,  last ing 3 0  m i n ,  was m ade . During the cou rse of  
t h is exam inat ion associated movements were a lso noted  in the corruga tor and 
procerus m u sc les  in  one  pat ie n t  and  in  the  leva tor angu l i  or is  in  another ,  both on 
at tempt ing gen t le  eye c losu re .  The c l i n ica l  impression of  co-con tract ion in  these 
m uscles was confirmed e lectromyograph ica l ly .  . 

F i bri l l a t ion  pote n t ia l s  and  gia n t  polyphasic p o te n t ia l s  were uncommon .  I t  is of  
in te rest , b u t  possib ly o f  no sign i ficance , tha t  both  were fou nd on ly  in pa t ien ts  
wi th  tuberc u loid l eprosy . F ibr i l la t ion  poten t ia l s  were seen  on  on ly  two occasions : 
in t he u pper l id  o f  one pa t ie n t  in whom no spontaneous  act iv i ty  was p rese n t ,  and  
in  fronta l i s  of  the  sa me pat ie n t  where gia n t  po lyphasic M . U .P ' s  of  3 5 00 jiV were 
also seen on volu n tary act iv i ty . I t  should be n oted in t h is case that  3 1  m on t h s  
prev iously i .e . ,  I y e a r  a fter t h e  onse t o f  para lys is ,  fron ta l i s  w a s  recorded as  n o t  
respo nd ing t o  farad ic  s t imu la t ion . T w o  m o n t h s  later  there was a sl igh t response ,  
and now t here i s  a norm a l  response .  

D iscussio n  

Fol lowing facia l para ly si s  due to Be l l ' s  pa lsy , assoc ia  t ed  m ovemen t i n  
physio logica l ly  u nre la ted  m u scles ,  c l i n ica l ly  d isce rn ib le b l i n kburst  ac t iv i t y ,  and  
spon taneous tw i tch ing  have been  obse rve d .  Taverner  ( 1 95 5 )  has postu la ted tha t  
some ,  i f  n o t  a l l ,  o f  these phenomena  can be exp la ined  by m isd i rec t ion of  
regenera t ing  a x ons .  Good support for th i s  theory has  rece n t ly been p u t  forward 
by Teasda l l  and Sa lman ( 1 9 7 1 ) , who demonstrated by m ea n s  of  evoked m uscle 
pote n t ia l s  that in  5 out of  8 cases of  B e l l 's pa l sy with associated m ovem e n ts 
"during  fac ia l  nerve rege nera t ion some of the most ra p id ly  cond uc t ing nerve 
fib res  wh ich  origina l ly  innervated orb icu laris ocu l i  subsequent ly  su ppl ied orb i 
cu lar is  o ris" . M is-re in nervat ion  has a lso b e e n  reported i n  the forearm by Sa toyoshi  
et al. ( 1 97 1 )  fo l lowing  cervi ca l  nerve root t rauma and has  a l so been c i ted by Ford 
and Wood ha l l  ( 1 9 3 8 )  a s  occurr ing d ur ing recovery o f  certa i n  cra n ia l ,  sp ina l  and 
autonomic  nerves from trauma and from infe c t io n .  So far i t  has  not  been reported 
in leprosy . 

I n  leprous neur i t i s  o f  the  fac ia l  nerve the  evidence here prese n ted  ind icates that  
m isd irect ion  of  regenera t ing  n e rve fib re s  occurs  i n  t h is cond i t ion a l so ,  and often 
leads to  a loss o f  regenera t i ng  axons which would  o therw ise i n nervate the 
orb icu laris ocu l i .  The b l i n kbursts  act iv i ty  see n  in  the leva tor l ab i i  super ior is  can 
best be exp la ined on the  basis of  m isdirec t ion . Rege nera t ing fib res orig ina l l y  
dest ined for some part of orbicu laris ocu l i  s eem to have been m isdire c ted to  
levator  lab i i  su perioris in stead . A s imi lar  m isdire c t ion  cou ld exp la in  the  
co-con tract ion  o f  levator  lab i i  superioris see n  on vo lun tary gen t le eye closur e .  
S i m i lar ly , axons  which n orma l ly  i n nervated orbicu lar is  ocu l i  b u t  were m isdirected 
to fro n ta li s  wou ld e x p la in  the  associated m ovemen t i n  t h is m uscle . In 3 cases t hey 
were the o n ly source of  i nnerva t ion , so that  the  pat ients  cou ld  o n ly ra i se the  
eyebrows when to ld to c lose the  eye , wh i le i n  a 4th  case the fron ta l i s  m uscle 
received some of i ts  origi n a l  axons a lso .  In another case the source of 
re-in nerva t ion  of  fron ta l i s  appears to have been the  nerve to  t he levator l ab i i  
su perioris .  W hen t h is invest iga t ion  was  i n i t ia ted i t  was fe l t  tha t  there m igh t be 
som e  ev idence o f  axon sprou t ing  a t  the in tram uscu lar leve l ,  for Dast u r  ( 1 9 5 6 )  
reported such an  occu rre n ce in  leprosy in  other  m uscles,  a l t hough to  a l i m ited 
degree .  But br idging o f  the gap between so widely separa ted m usc les  as fronta l i s  
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and leva tor  la b i i  superioris by axon sprout ing  a t  the sub-term ina l  level is 
incred ib le ,  and the ra r i ty of  gia n t  poly phasic poten t ia l s  a l so renders  such a 
possi b i l i ty eve n less l i ke ly . The conce p t  o f  re- in nerva t ion by fi bres m isd i rected a t  
a more prox ima l  level would seem t o  b e  t h e  on ly  ra t iona l  exp lana t ion for t h e  
associated m ovem e n ts seen  s o  abundant ly  i n  t hese cases .  

I t  i s  poss ib le that  in  Be l l ' s  palsy m isd irec t ion of axons  occurs a t  the s i te of the 
lesi o n ,  si n ce there ,  there i s  c lose p ro x i m i t y  of  a l l  nerve fibres.  However ,  i n  leprosy 
the site of  invo lvement  is a lmost a lways m ore periphera l ly  s i tuated , where the 
i nd iv idua l  bra n ches are exposed to low tempera t u res  and possib ly  enc losed in 
osseo-fibro u s  tu nne ls .  Where t he branches are so isolated from each other 
re-i n ne rvat ion by m isdirec t ion  seem s  hard ly possib le -yet  i t  does see m  to occur .  
Su l l ivan in  1 93 9  sh owed that  in  experimenta l  d iv is ion of  the fac ia l  nerve i n  
m o n keys there cou ld  be re trograde degenerat ion wh ich  wou ld  leave the 
neuro le m m a l  tubes pro x ima l  to the s i te of the lesio.n open and recept ive to 
in -growth from hea l thy axons ,  at  least  for a short d i s ta n ce .  A n t ia el  01. ( 1 966 ) 
dem on st ra ted at opera t ive e x p lora t ions  that  the fac ia l  ne rve does not  consis t  of a 
si m p le system of bra n ches ,  b u t  ra ther of a net work or p lexus  o f  branch ing  and 
re-anastomosi ng fib res .  I s  i t  not  possib le then tha t  i n  some cases  ret rograd e 
degenera t i o n ,  or eve n the d i sease process i tse lf, e x tends  back a t  least to the  level 
where i t  i s  i n  con tact with such a bra n ch? I n  some cases i t  need not  e x tend very 
far .  

M isd irec t io n ,  be ing  haphazard , m ight  be e x pected to occur  not  on ly  away from 
the e x te rn a l  eye m u scu la t u re b u t  a lso in the reverse d i rec t ion . Though less 
freq uen t ,  i t  d id seem to  occur i n  those pa t i en t s  i n  whom the lower half of the  
orb icu laris ocu l i  showed co-con tract ion  on act ivat ion  of  the  levator lab i i  
su perioris .  A s  a sou rce o f  re- in nervat ion  o f  a para lysed orbicu lar is  o c u l i  a few 
bra nches of nerve fib res  norm a l l y  su pp ly ing  m uscles of the lower ha lf  of the face 
would acco u n t  for the p reponde ra n ce of incomple te i n terfere n ce pat terns seen  in 
the lower l id . This possi b i l i t y  dese rves ser ious considera t i o n ,  because M agora el  al. 
( 1 96 5 ) ,  A n t ia et  al. ( 1 966 ) ,  and M a rgare t B rand in  a persona l  com m un icat ion , 
have expressed the  view that  the  lower l i d ,  not  the upper ,  is m ore obviously 
denervated i n  leprosy , a n d  ye t  i n  our  ser ies ,  whi le  the frequency of  invo lvement  
was  a l m ost ident ica l ,  i t  was the  u pper l id  tha t  was the m ore comple te ly  para lyse d .  
Perhaps some of t h e  lower l i d s  para lysed  h a d  part i a l ly recovered due  t o  
m is-re in  nerva t ion-a l t hough axon  sprou t ing  a t  t h e  i n t ra m uscu lar  leve l cou ld a l so 
be a factor. I t  may a lso be tha t  in the upper l id  the axona l  pat hway is so 
com plete ly  b locked by the destru ct ive process go ing on  that sprou ts  origi na t ing  
pro x ima l ly  fi nd  the i r  way  in to nerves dest ined for fron ta l i s ,  levator l ab i i  
su periori s ,  and even  orb icu laris ocu l i  of  the  lower  l id  to  a m uch greater e x te n t  
than c a n  occu r i n  t h e  reverse d irect io n .  

T h e  e x t e n t  of  recovery d ue to m isdirect ion can n o t  be assessed on  t h e  bas i s  o f  
t h i s  s tudy and  m a y  be  less t h a n  t hese d a t a  would ind ica te .  I t i s  i m porta n t  t o  
rea l ize t ha t  t he cases here reported represen t  a spec ia l  group ,  a n d  tha t  t here are 
o t her fac tors respons ib le  for recovery of  paralysed fac ia l  m uscles w hi ch play an 
i m portant  ro le .  The pat ien ts  s tudied were those who had req u i red a t empora l i s  
t ransfer o pera t ion  for lagophtha lmos ,  w h i c h  in  o u r  series w a s  never dune un t i l  t h e  
para lys is  h a d  bee n prese n t  for I y e a r ,  and t he m in i m um fo l low-u p  periud w a s  I 
yea r ;  hence t hey a l l  had estab l i shed para lys i s  and of a severe degree , at least a fa r 
as the orbicu lar is  ocu l i  was co ncerned . Fur t hermure , c l i n ica l  ev idence of  
associated m ovem en ts  was not  so freq uent  i n  t hose pat ients  i n  the post-upera t ive 
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study who were not  a l so studied e lec tromyographica l ly .  So the po i n t  be i ng m ade 
here is ,  not  that  m isd irect ion of fibres occurs  often  and is  i m port a n t  as a source of 
re-i n nerva t io n ,  but  rather t hat  i t  does in fact occur and m ay be one  o f  severa l 
factors i n fluenc ing recovery . 

The mechan isms import a n t  in recovery of m uscle fu nct ion m ay be br iefly 
su mmarized a s  fo l lows :  

(a )  Recovery of  the  orig ina l  nerve l e s ion  may occur .  I n leprosy , as shown by 
J o b  and Desikan  ( 1 9 6 8 ) ,  there m ay be segmen ta l  demye l ina t ion  or axona l  
degenera t i o n  i n  fu n icu L i  i nvaded by the  baci l l u s  or  there m ay be  oedem a  of  the  
nerves resu l t i ng from destruct ion  of  a few axons ,  caus ing neuropra x ia in  t he 
adjace n t  non-i n fected fu n icu l i .  The v iew expressed by R a n ney ( 1 9 7 0 )  i s  
com m o n ly he ld , name ly  tha t  t here is  o ften  a comb ina t ion  o f  neuro pra x i a , 
segm en ta l  dem ye l ina t ion  and axona l  destruct ion , and  that  the spon taneous 
recovery freq uent ly  seen ,  espec ia l ly  in  cases  of  lepra reac t ion ,  is often due  to the 
recovery o f  the  nerve les ion i t se l f, part icu lar ly  i f  i t  is  neuroprax ic  in  or ig i n .  

( b )  A xon sprout ing ,  whether  a t  t h e  sub-term ina l  leve l o r ,  as described above ,  a t  
a m uch more pro x i m a l  leve l w h ich  can l ead  to m isd i rect ion of nerve fibres ,  is  
certa i n ly a factor .  

(c )  Hypertrophy of  m u sc le fib res  in re ma in ing  motor  uni ts  m ay occu r 
fo l lowing exerc ise . This has been comm on ly observed c l i n ica l ly i n  orb icu lar is  
ocu l i  by the  au th ors and by others such as  B rand ( 1 965 ) and K a ra t  ( 1 969 ,  
persona l  com m u n icat io n ) ,  and has been  dem onstrated in  o ther  m uscles exper i 
menta l ly by Harreve ld ( 1 945 ) .  Edgerton ( 1 96 7 )  has stated that  over-stre tch ing  
induces m u sc le  a t roph y ,  and  there fore hypertrophy of  su rv iv ing m otor u n i ts ca n 
be fac i l i ta ted by surgi ca l means  which  preve n t  over-stretch ing of part i a l ly  
denervated m u sc les ,  e .g . ,  the myofac ia l  and  sta t i c  s l ings usua l ly  pe rformed for 
trea tment  of lagoph tha lm os.  

( d )  I ncreased cen tra l exc i ta t ion  or  recru i tmen t is seen  in  hem ifac ia l  spasm , and 
in  the cases here reported i t  seemed evident in  one pat ie n t  who showed a l so 
con tra latera l  act iv i ty  of levator lab i i  superioris on t ight eye c losure bu t o n ly 
ipsi la tera l  co-con trac t ion  on gen t le c losur e . 

( e )  The possi b i l i ty o f  re-in n e rvat ion  through branches of o ther cran i a l  nerves ,  
espec ia l ly  of  the 5 t h ,  as suggested by M art in  and H e l sper ( 1 95 7 ) , m ust not  be 
forgotte n .  The poss ib i l i ty  that  th i s  occurs through a d i rec t  take-over by motor  
neurons  of  the  tr ige m i n a l  nerve is exc luded by the lack o f  associa ted m ovemen ts 
in  fa c ia l  m usc les on  mast ica t i o n .  Conley ( 1 964)  has suggested that a fter resect ion  
o f  segme n t s  o f  fac i a l  nerve , rege nera t io n  i n to  t he term ina l  b ra nches may occur  
from the in trapetrous  port ion  o f  the fac ia l nerve by way of the gen i cu la te  
gang l ion and  superfic ia l  pe trosa l  nerve .  T h is cou ld account  for recovery of  
m uscles i n  the  a rea su pp l ied by the m a x i l l a ry d iv is io n of  the tr ige m ina l  nerve , 
notab ly the  lower ha l f  o f  orb icu lar is  ocu l i .  However,  i t  see m s  u n l ike ly  that  the 
fronta l i s  m u sc le cou ld be re-in nerva ted in  t h is way . The sam e  author  ( 1 9 7 1 )  has 
poi n ted out  that  su ch re-in ne rvat ion  is  "sm oo t h ,  has e m ot iona l  contro l ,  and i s  
often force fu l  i n  degree" .  Wh i le n o t  deny ing  th i s  as a possib le  means  of  recovery 
in  leprous neu ri t i s ,  in genera l the b l i n k  bursts and v o l u n tary associated m ovements  
seen resem ble m o re c lose ly the  phenomena see n  in  Be l l ' s  pa lsy ,  which  have been 
at tr ibu ted by Taverner  ( 1 95 5 )  to m is-re in nerva t ion  from other  bra n ches  of  the 
fac ia l  ne rve .  
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Abstracts 

I .  Dapsone induced peripheral  neuropathy , by E . H .  WYATT and J .  CLARKE-STEVENS.  Br. 
f. Derm. ,  1 972 , 86, 5 2 1 .  

Dapsone ,  unl ike many other organ ic. chemical compounds prescribed for human disease , is  
rare ly suspected of d i rec t ly causing  per iphera l  neu ropathy , a l though nerve damage not 
infrequent ly  a r ises in the cou rse of i ts use in leprosy . 

The author s  report a case in which dapsone was under strong suspicion of p rovoking 
peripheral  neu ropathy in a woman aged 24 who had received 8.6 g of  the d rug ora l ly in  6 weeks 
for a condi t ion at fi rst  cons.idered to be dermat i t i s  herpe t i formis ( la ter  d iagn osed as herpes 
gestat ion is ) .  The neu ro logical de fic i t  was predominan t ly motor ,  with a sm al l sensory e lemen t ,  
a n d  was main ly noted in t h e  upper l imbs. The pat ient con t inued to  take dapsone at t h e  dose of 
200 mg daily unt i l  she had received 35 g in 1 39 days . 

Arte r dapsone was stopped , the patien t reporte d improvement  in the neu rol ogica l  cond i t ion ; 
at the end of 1 6  mon ths ful l  muscu la r  power had re turned,  and e lect romyography revealed no  
persis t ing abnormal i t y .  

S .  C. Browne 

2. Comparison of 8 1 9 1 2  and Clofazimine ( 8663 ) in  MycobacteriulII /eprae infections 
( 35654),  by C .  C. S H EPA RD, L. L. WALKER,  R. H. VAN LANDINGHAM and M .  A .  
REDUS.  Proc. Soc. expo Med. , 1 972 ,  1 3 7 ,  728-729 .  

I n  the  experimen ta l  i n fec t ion of mouse footpads w i th  Myco. /eprae, the  ac tivi ty of a recent ly 
synthesized rimino-phenazine compound ,  8 1 9 1 2 , was found to resemble very c lose ly that of  
c10fazimine ( 8663 , Geigy)  in such matters as the min imal e ffec t ive dose and bacteriostat ic 
range at d i ffe ren t concentrat ions .  Despite d iffe rences in the pa ttern of t issue deposi t ion ,  as 
shown by a higher serum leve l and lower  t issue levels (except in fat )  in  the case of  B 1 9 1 2 , the 
act iv i ty of the two compounds in the condit ions of  the invest igat ion is very s imi lar .  

The foll owing abstracts  are repri n ted ,  with permissi on , 
from Trop. Dis. Bull. , 1 972 ,  Vol . 69 

S. C. Browne 

Treatment with 4 ,4 '-diacetyl-diaminodiphenyl-sulfone ( D A D DS) of leprosy patients in the 
Karimui ,  New Guinea , by D. A. R USSEL L, C. C. SHEPARD ,  D. H. McRAE,  G .  C. SCOT[ 
and D. R .  V I N C I N .  A m. 1. Trop. Med. Hyg. , 1 97 1 , 20, 495-50 1 .  

TIle au thors report on the c l in ica l  an d bacter iological  resul t s  of the fi rs t 750  days of t reatment 
of 28  pat ients wi th  leprosy (out of  327 in a tr ia l  reported elsewhere) who had sufficien t 
numbers of leprosy baci l l i  in their skin smears for appraisal of the p roport ion of sol idly sta in ing 
bac i l l i  (Morphological I nd ices) during t rea tmen t .  This invest iga t ion was carr ied out  i n  the 
Karimui  region of New Guinea , and pat ien ts were given an in  tramuscular i nject ion of the 
d iace ty l  derivative of dapsone (DADDS) every 75 days , each i njec t ion consist ing of 225  mg for 
adul ts  and 1 50 mg for chi l d ren unde r  the age of 6 years . 

Morphological  I nd ices fel l  to near  zero in 1 50 days, and the re was a faU in Bacterial I nd ices 
compat ib le with that which wou ld  have been expected from standard dapsone the rapy . Cl in ica l  
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response and inc idence of lepra react ions were also satisfac tory .  No d rug resistance was no ted ,  
/Ju t  the  authors admi t  t ha t  con t inu ing observa t ion of these pat ien ts is necessary because of the 
small quan t i t ies of dapsone re leased by the depot injec t ions ( averaging 2.4 mg dai ly) .  

W. H. Jopling 

4 .  Physiopathologie de la nevrite hansenienne et bases therapeutiques (nouvel le approche ).  
(Physiopathology of  leprous neuri tis and bases for therapy-a new appro ach) ,  by A.  
CAR AYON . Med. !rop. , 1 97 1 , 3 1 , 503 ·523 .  

This detai led and wel l -d ocumented study of the  physiopathology of periphera l  neur i t i s  i n  
leprosy embodies the  invest iga t ions tha t  the au thor  has  ca rried out  over the  past few years .  I n  
particu lar ,  the determinat ive _ role o f  constrictive fibrous tunnels a n d  osteol igamen tous 
narrowings on the  whole pathology of leprous neuri t is is supported by cl in ical obse rva tions, 
pe rineural lymph ography and arte riography with mic ronized l ip iodol , and ope rat ive exposure . 
The vascu lar  and lymphatic occ lusion ,  the slowing of the radio-opaque flow, the I O-fold 
re tardat ion in the absorp t ion of the injected I ipiodol -al l  indicate the importance of the 
const rict ion . In  addi t ion , localized arte rial spasm reduces the blood flow to the constr icted 
nerve segmen t .  

The commonly a ffec ted peripheral nerves are  studied in turn,  with a wea l th  of prac t ical  
detai l ,  and the importance in each case of  the anatomical constric t ions  is demonst. rated .  O the r 
ge rmane fac tors , such as the e longa t ion and hence compression of the u lnar  nerve when the 
elbow is flexed , and the p resence of a zone of n on-infl anuuatory oedema distal to the si te of 
constric t ion , are invest iga ted and recorded .  

The  author a t tempts to corre la te  the  sites of maximum observed damage in the  pe ripheral 
nerves with the l iberat ion of spec ific  substances from dead Mycobacterium /eprae, myel in  and 
Schwann cel ls ,  together wit h enzymes re leased from leucocy tes as the resu l t  of chemotherapy . 

The bases for rat ional therapy of threatened or actual pe ripheral ne rve damage are d iscussed  
in the concluding sec tion . The author favou rs a bac te riostat ic d rug, t:oupled with surgical 
re lease of constric t ing bands i f  presen t .  

(This pape r covers a vas t  fie ld in ra ther  sunu113 ry fashion , touching l igh tly and provocat ive ly 
on such special ized rea lms as the biochemis t ry and immunology of neuropathology . 
Unfortunatel y ,  no references are given to the numerous works c i ted .)  

S.  C. Browne 

5 .  Prolonged survival of skin al lografts in leprosy patients, by S. H. HAN, R. S. WE ISE R and 
S .  T. KAU . /nt. J. L epr. , 1 97 1 , 39 ,  1 -6 .  

The au thors s tudied the fa te of 30 skin a l lografts obtained from 1 0  heal thy persons and grafted 
rec iprocal l y ,  and on to the skin of  1 0  pat ien ts with tuberculoid leprosy and JO patients with 
lepromatous leprosy . The survival times were s ignifican tly prolonged in both groups of leprosy 
pat ien ts ,  wi th means of 1 3 .44 days in those with tuberculoid leprosy and 1 5 . 2  days in those 
with the lepromatous form , compared with a mean of 1 1 . 22 days for the hea l thy rec ipie n ts .  By 
the I I  th day, the gra fts had been rejected in al l but 2 of the hea lthy recipien ts ,  whe reas the 
grafts in all but 2 of the pat ients with leprosy were surviving. On ly 2 of the grafts on pa tien ts 
with lepromatous leprosy were rejected by the 1 4th day . Graft survival was thought to be 
rel a ted ,  i n  the case of pat ien ts wi th lepromatous leprosy (a l l  on treatmen t with dapsone) ,  to the 
presence of organisms in the skin lesions. 

The authors discuss these importan t  findings of impaired  a l lograft immunity in the l ight of 
curre n t  work on cel l -media ted  immuni ty and on spec i fic and non-specific immunological 
deficiencies .  

S. C. Browne 
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6. Le traitement de la lepre par la rifampicine. ( The treatment of leprosy with rifampici n ) ,  by 
J .  LANG U I L LO N . Med. Afr. Noire, 1 97 1 , 1 8 , 765-770. 

22 pa tien ts suffer ing from lepromatous leprosy we re treated w i th  ri fampic in (R imactane)  a t  
doses of  900 mg (6 pat ien ts), 600 mg ( 1 0  pat ients) ,  an d 300 mg ( 6  pat ien ts), dai ly for 1 2  
mon ths .  I n  al l  th ree groups, the Morphological I ndex fe ll to zero wi th in 6 mon ths, and the 
Bacterial I n dex showed an average fa ll of between 1 . 22 and 1 .3 5 ,  no  sign i fican t  dose-re la ted 
diffe rences being discernible . 

. 

Cl inical improvemen t appeared to be rather gre a te r  in the group taking the h ighest dose . 
Reac tion occurred in 2 pat ie n ts tak ing the h ighest dose ,  2 in the next  group, �nd 1 in the group 
given 300 mg dail y .  No i nstance of i n tole rance was seen . 

The author recommends a dai ly dose of 900 mg. 
S. C. Browne 

7. Fate of Mycobacterium /eprae in macro phages of patients with lepromatous or tuberculoid ' 
leprosy , by T. GODA L and R . I .  W. R EES. lnt. J. L epr. , 1 970, 38, 439-442 .  

Comparisons were made  of the  ab i l i ty of  cu l tures of  m ac rophages from pa tien ts wi th  
lepromatous or tuberculoid leprosy to produce lysis of inges ted  Mycobacterium /eprae, Myco. 
lepraemurium an d Myco. tuberculosis. After 1 0  days observation , l i t t le or no lysis occurred in  
any of the  p reparat ions  and there were no m ajor d i ffe rences between m ac rophages from the 
two groups of  pat ients in  respect of ly tic abil i ty .  These resu l t s  fai l  to con fi rm the fin dings of 
Barb ieri and Correa [ this Bulletin, 1 968 ,  v .  65, abstr .  9 1 9 ) , and of Beigue lman [ibid . . abs t r .  
2523 ) . Possible reasons for this discrepancy are discussed .  

C .  R. F. Hilson 

8. Systemic sclerosis masquerading as leprosy in Ghana , by 1 .  ADDY. Chana med. J. , 1 97 1 , 
1 0 , 2 1 8-222 .  

This  is  a report on 2 Ghanaian males who  were origin al ly suspected of having leprosy because 
some a reas of skin had become hypopigmen ted .  In both cases subse quen t deve lopments  led to a 
correct  diagnosis of systemic scle rosis. Afte r discussing the symptoms and signs of this d isease , 
the au thor  commen ts  that , with regard to the skin ,  "Al l  that is hypopigmen ted or depigmented 
is not leprosy" and ,  with regard to  the fungus ,  "All that is t rophic and clawed is no t  leprosy . "  

W. H. Jopling 

9 .  Does entrapment neuropathy contribute to nerve damage in leprosy?,  by H .  SR IN IVASAN 
and P. R. NAMASIVA YAM.  Indian J.  med. R es. , 1 9 7 1 , 59(9) ,  1 38 5- 1 39 1 .  

In  leprosy , a disease in which in t raneural  damage is characte ristic , t ransposi t ion of the u lnar  
ne rve (ex ternal decompression) is of l imi ted  va lue  in trea trnen t .  However ,  a smal l  proportion of  
those wih signs  of u lnar nerve involvement m ay benefit  from th i s  operat ion ; in  th i s  pape r ,  b ased 
on a s tudy of 1 92 adu l t  patien ts suffe ring from lepromatous leprosy , the authors show that this 
small group can be selected on the basis of  the following cr iteri a :  ( I )  a small in terval be tween 
the olec ranon and the medial epicondyle of the humerus (25 mm or less with the e lbow 
extended), and (2) when this in terval incre ases by more than 50% with the e lbow ful ly flexed.  
Anatomical abnormali ties of  the arcuate ligamen t were invest iga ted but  were exonerated as 
causes of  ent rapmen t neuropathy . 

W. H. Jopling 



J 

1 6 2 A BSTRACTS 

1 0 . Characterization of the cellu lar immune defect in lepromatous leprosy : a specific lack of 
circulating Mycobacterillm-Ieprae-reactive lymphocytes, by T .  GODAL,  B. MYK LESTAD, 
D .  R .  SA MUEL and B .  M Y RVANG . Clin. txp. Immunol . .  1 97 1 , 9 , 82 1 -83 1 .  

"The b l astogenic response of  le ucocy te cul tures from pat ien ts with tuberculoid and lepromatous 
leprosy has been s tud ied .  The leucocytes from the two groups we re studied simu l t aneously and 
cu l t ivated in the same pool of normal human se ru m.  Whi le the leucocytes from 28 tubercu loid 
pat ients responded qu i te st rongly to  Mycobacterium leprae afte r 7 days of cu l ture (ave rage 
lymphocy te transformat ion 1 1 . 1  %), there was a comple te l ack of response in s imi lar  cu l tures 
from 27  l ep romatous pat ients ( ave rage 0. 1 % transformed ce l l s ) .  These resu l t s  were con fi rmed 
by stud ies on cel l u l ar incorporat ion of  3 H-thymidine in the cu l tures from four  tuberculoid and 
four  lepromatous pat ien t s ."  

"Th is lack of response was  qu i te  spec i fic as  leucocytes from seve ral lepromatous pa tien ts 
responded to BCG . Fu rthermore ,  4 pat ients  with both lepro m atous leprosy and tube rcul osis 
responded as st rongly to BCG and PPD as tubercu l ous pat ien ts wi thout lep rosy . In  the m ixed 
leucocyte reac tion , be tween two lepromatous or two tuberculoid pat ien ts respec tive ly ,  the 
lepromatous cel l s  responded wel l ( ave rage 1 5%) and comparably to  tubercu loid  cel l s  ( average 
1 2 . 1 %) . " 

"The b las togenic response of pu ri fied lymphocytes to M. leprae revealed a s imi lar  pat tern , i . e .  

the tubercu loid cel ls respon ded wel l , whi le  again there was a lack of response in the 
lepromatous group . "  

"I t is conc luded tha t  the lepromatous patien ts l a ck  c ircu lat ing lymphocytes responding t o  
M. leprae , indicat ing t h a t  their  immunological defect  a s  observed in  the prese n t  study has 
fea tures in  common with immunological to le rance . "  

A uthors ' summary 

I I .  Primeiros resultados do tra ta men to da lepra com a kanamicina. (First results of the 
treatmen t of leprosy with kanamycin),  by D. V. A. OPROMOLLA and S. C. ALM E I DA .  
Revta Bras. Leprol . . 1 970, 37 , 1 7-39 .  

1 0  pat ients with l epromatous leprosy were treated with kanamycin in a dai ly dose o f  I g for 90 
days. I n  6 pat ients there was t ran si tory albuminuria and in  8 patients audit ory involvemen t as 
indica ted by audiome try . Only one pat ie n t  showed gross symptoms such as gidd iness, deafness 
and t inni tus and he was obl iged to discon tinue treatmen t .  I n  the other pa tien ts the audi tory 
damage occu rred in the higher frequency above the level of social conversa t ion and it was not  
percept ible to the patien ts themse lves .  The c l in ica l  resu l ts  of treatmen t were s imi l a r  to  those 
seen with other antib io tics such as r ifamycin and oxytetracycl ine ,  being clear ly eviden t  in  the 
fi rs t 30 days especial l y  i n  pat ien t s  whose condit ion was deter iorat ing. In the cases s tudied 
bacte riological l y  there were morphological  changes in the baci l l i  and 3 pat ien ts became 
bact e rio l ogical l y  nega t ive . Kanamycin i s  endowed wi th bacte ric idal  act ivi ty for leprosy baci l l i ,  
wh ich i s  part icular ly eviden t in the  el ongated bacil l i  charac terist ic of pa tien t s  who are 
deter iorat ing.  Kan amycin  is a drug with h igh toxicity for the audi tory part  of the ear ,  so that i t s  
administra t ion requires  carefu l  cl i n ic al V igilance , and whenever pOSSib le ,  audiome t ric con t ro l .  I t  
is not  sui table for mass campaigns, but  i t s  res t rained use i s  recommended for patien ts who have 
not responded to classical t reatmen ts o r  who a re c l in ica l ly de teriora t ing. The pe ri od of 
trea tment  should not exceed 30 days. Furthe r invest igat ion is desirable in  order to establ ish the 
opt imal therapeu tic doses and to dimin ish toxici ty .  

F. Hawking 

1 2 . BCG oral e reacao leprominica (Oral BCG and the lepromin reaction),  by 1 .  ROSEMBERG 
and M .  C. ROCHA PASSOS, J r .  R evta Bras. L eprol . •  1 970, 37 , 5 1 -60. 

Th is  is a review of previous work by Rosembe rg and by othe r  worke rs .  For  the detai ls the 
origi nal must be consu l ted .  
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The a u tho rs concl ude tha t  BeG vacc ina t ion exerts an indispu table e ffect upon the lepromin  
reac t i on ,  ach ieving in ce r ta in  c i rcumstances a conversion in 1 00% of  cases. TIle re is no  
di ffe rence whe ther t h e  vaccina t ion is admin is te red oral ly 6r pa ren teral ly . I ngest ion of  BeG 
ora l ly  ( a )  tran sforms lepromin-nega tive persons i n to  M i tsuda-posi t ive ones ; (b) p roduces 
pos i t ive lep romin react ions in persons who we re nega t ive when tested years ear l ie r ;  and (c) can 
in tensi fy lepromin reac t ions which a re a l ready posi tive . Oral vacc ina t ion wi th BeG shows 
clearly that posi t ive M i tsuda react ions are produced independen t ly of a l le rgy ; the react ions 
occu r in  the same form whe ther tubercul in a l le rgy is p reviously presen t  or absen t .  There is 
dissocia t ion be tween alle rgy to tubercu l in  and the reac t ion to lep romin , the two phenomena 
being independe n t  of  one an other .  I mmun i ty to leprosy (as measured by the Mitsuda react ion ) 
can be created wi thout  the occurrence of sensi t izat ion to tubercu l in .  Al l  the observa t ions unde r 
review s t rongly sugges t  tha t  BeG , whe ther given oral ly or pa ren tera l ly ,  exercises a spec ific 
protec t ion aga ins t  leprosy . 

F. Hawking 
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