
Editoriais 

LEPROSY-Ll K E  DlSEASE OCC U R R I N G  N AT U R ALLY I N  A RMA DlLLOS 

The most i mportant  advances in our knowledge of leprosy in the past 1 5  years 
have stemmeel from stuel ies on exper imen tal i n fect ions with Mycobacterium 
leprae in an ima Is .  F i rst by Shepard ( 1 960) based on l i m i ted  i n fee t ion i n  the 
mo use fol lowing foot pad i noculat ion anel later by K i rchheimer and Storr s  ( 1 97 1 )  
based on d issrmi nated i n fect ion i n  the 9-bandeel armad i l lo  (Dasypus novem­
cinctus) fol lowing i n oculat ion wi th M. leprae. Whi l e both an ima l  moele l s  con t i nue 
to be explo i teel ,  and  the read i ly  ava i lab le  and laboratory bred mouse is be i ng useel 
throughout the  worlel ,  the armael i l lo is ma in ly useel where the species i s  
ind igenous and en t irely on animaIs  caught from the  w i ld  because they fai l  to 
breed in captivity .  The special  importance o f  the armad i l lo  model i s  as the sole 
source of  large q uant i t ies of M. leprae s ince the organ ism has not  been grown in 
vitro. l t  i s  against  this  background therefore that the recen t  d iscovery by Walsh et 
ai. ( 1 97 5 )  of a leprosy-l i ke  d i sease occurri ng natural ly i n  armad i l los trapped i n  
South West Louisiana has caused s o  much concern and i n  terest .  The i r  research 
lead i ng up to this d iscovery was carrieel out by Gu lf  South Research I nst i tute 
(GSRI), Louis iana,  which was where i n  col laborat ion wi th the Pub l ic  Hea l th 
Serv ice Hospi ta l ,  a l so i n  Louis iana,  the origina l  s tudies on  the armadi l lo  model  
were undertaken .  

The d iscovery by Walsh and h i s  col leagues was  made d ur i ng s tud ies on  natural ly 
occurring d i seases among armadi l los captured from the wi ld in South West 
Louisiana.  In their 1 97 5  publ icat ion they reported 7 an imaIs with large numbers 
of acid-fast baci l l i  in sk in  lesions,  n erves ,  Iymph nodes ,  spleens and l ivers a t  the 
t ime of necropsy and when the animaIs had been housed from I day to 1 5  weeks 
in the outer ho ld ing area at GS RJ .  The histology of  the i n fected t i ssues and the 
distribut ion of baci l l i  therein was typical of lepromatous leprosy in man and  
ident ical w i th  the p icture s een  i n  armad i l los wi th  d i ffuse acid-fast bac i l l ary 
infect ion foJ lowing exper imenta l  inoculat ion wi th  M. leprae from man o  8aci l l i  
from 4 of the animais so far cu l tured  for 3 mon ths, fai led to grow on 
convent iona l  media for the cu l t ivat ion of mycobacteria i ncubated at  32° or 37° C. 
While the authors d rew attent ion to the resemb lance o f  the AFB isolates to 
M. leprae they referred to other important cr i teri a  which were being invest igated 
and t heir cont inuing study of the prevalence and distribution of na tural 
leprosy-like d isease i n  armadi llos in Louisiana. Already some of these resuIts have 
recent ly  been published as wel l  as the experience of others equal ly concerned 
with and e xperienced in  studies on  armadi l los from Louisiana for leprosy 
research . G S R I  have now ident ified 1 4  natura]Jy i n fected armadi llos t rapped 1 7  to 
39 mi les from their I nst i tute ,  represent ing approximate ly 1 0% of un inoculated 
animais ,  of which on ly 2 had been in captivity for more than 5 months before 
examinat ion (reported in Morbidity and M ortal i ty Weekly Report,  1 976). 
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Furthermore ,  from the pat terns of  M i tsuda react iv i ty in pat ients w i th leprosy and 
loss of  ac id-fast sta i n ing  fo l lowing pyr id ine  e x trac t ion of  bac i l l i  i so la ted from 
armad i l los i n fec ted i n  the wi ld strongly suggest that  they are M. leprae ( Walsh et  
aI. , 1 9 76; Morb id i ty  and Morta l i ty  Week ly  Report ,  1 976), a l though the i r  fi nal 
ident i ficat ion cannot be conside reel ele fi n i te .  On the other hand, K i rchhe imer  
( 1 976 )  at  the Publ ic  Heal th Serv ice Hosp i ta l ,  Carvi l l e ,  i n  South East Louis iana has 
found no ev i elence whatsoever of  mycobacteriosis ih 1 3 3 wi l el armael i l los captured 
wi  th in  th is area  of Louis iana or from 87  anel 1 3  sim i l a rly captureel armael i l los 
from Floriela and Te xas, respect ively . 

Th i s  new and lInexpected data from GS R I  has obviously generated deep 
concern and i n terest s ince i t. i nd icates for the first t ime that there cOll ld be a 
non-human source of M. leprae ( i . e .  the armad i l lo )  and therefore an i m portant 
publ ic hea l th risk for t hose regions i n  the worlel where th is  animal species i s  
i nel igenous,  b u t  at  the same t ime chal lenge and possibly jeoparelise fll tur e  
advances i n  leprosy resea rch dependent  upon the armad i l lo model .  

Assumi ng armad i l los in  the wi ld  i n  Louis iana are infected with M. leprae, i s  
there any evidence that  they are a sOllrce for i n fect ing man? Epidemiological data 
does not  support such ev idence,  s ince leprosy has been enelemic  in the resident  
populat ion of  Louis iana for 150 years ,  whereas the 9-banded armadi 1 10  has been 
there on ly  s ince 1 926 (en tering then from Texas and since spreaeling eastwarels as 
far as Georgia and Flor iel a) ,  anel in the past 50 years the i ncidence of leprosy has 
been elecreasing in Louis iana .  M oreover, a recent ly  conducted case control study 
undertaken by the Centre for Disease Control ,  At lan ta, on leprosy patients 
reported from Louis iana s ince 1 966 who had no fam i ly history of  leprosy , 
showed no greater contact with armadil 10s than d i el matched controls ( Morbidity 
and Morta l i ty  Weekly Report,  1 9 76). 

Thus with no  evidence to impl i cate the armaeli110 as a source of i n fect ing man 
with leprosy i n  Louis iana ,  what are  the imp l icat ions of the G S RI finel i ngs on the  
use of the armad i l 10  for leprosy research? They could  jeopardise the whole  fut ure 
of  this  important programme.  However, because of the importance of  the 
armadi1 10 in  providing  vast quant i ties of M. leprae, it is to be hoped that no hasty 
decisions wil l  be made. The data must be used as a timely reminder of  the extra 
precautions which have to be taken for s tudies entirely dependen t  on animais 
caught  from the wild . On the  basis of  GS RI data that 10% of wi lel armadi llos have 
a spontaneous M. leprae-like i nfect ion ,  there are sceptics who chal lenge whe ther 
any i n fect ions wi th  M. leprae have been transmi tteel experimental ly to armadi l los .  
This extreme v iew can be el iscounted,  s ince the inc idence in  experimental 1y 
inoculated a rmad i l 10s i s  a t  least  50%. Also 1 6  armadi l los caught from the wi ld ,  
w i th  no evidence of  gross myobacteriosis ,  were shipped to us in  the U K  by GS RI. 
They were inoculated intravenously here wi th  M. leprae from man ,  and by the 
end of a year 9 had gross evidence of  mult ip le  sk in les ions,  8 of which had a sk in  
nodule a t  the s i te of the in t ravenous inoculat ion .  

Nevertheless, in  future ,  detai led procedures for de tect ing every type  of  
mycobacterium m us t  be used for screening wild armadi11os. They must  then be 

, he ld  in quarant ine for a t  leas t  3 months before be ing final1y inoculated wi th  
M. leprae. Furthermore, a t  p resen t  s tocks  o f  experimental ly i nfected armadil los 
must be i noculated with M. leprae from man and not with serial1y passaged 
organisms.  Although no cult ivable species of mycobacteria have so far been 
isolated from armadi l los i n  Louisiana,  M uí'loz R ivas ( 1 9 7 3 )  has isolated cult ivable 
strains of M. a vium and M. intracellulare from some 9-banded armad il los caught 
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from the wi ld  in Colombia,  South Ameri ca. The worlcl -wide d istribut ion  of  
M. lepraemurium among wi ld ra ts might  wel l , under the environmenta l  conclit ions 
i n  which armad i l los l ive ,  resu l t  i n' such an i n fec t ion .  However, apparen tly 
9-banc lecl armad i l los fa i led to develop i nfect ion i n oculated with M. lepraemurium 
( Dr J .  Convi t ,  personal commun icat ion) .  

There s t i l l  remains to be clari fiecl the fi nd ing by GS R I  of M. leprae- l ike 
i n fect ions i n  wi ld armadi l los .  Ir further s tud ies  on these isolates confirm the i r  
iden t i ty as M .  leprae , what i s  the i r  source? S ince w i th in  Louis iana ,  GS R I  and 
Carv i l le  a re the on ly  centres inoculat ing large n umbers of armadi l los with 
M. leprae, and GSR l  but  not  Carv i l Ie  a re report ing M. leprae- l ike i n fect ions  in 
un inoculatecl an imaIs caugh t from the wi ld ,  a poss ib le  source could be the spread 
of M. leprae from experimental ly i n fected armad i l los a t  GS R I .  However, of the 1 4  
armad i l los w i th  M. leprae- l ike i n fect ion,  only 2 hacl been more than 5 months  i n  
capt iv i ty a t  GS R l  before man i fest ing overt d i sease. Furthermore ,  a l i  the 
armad i l los had been trappecl from locat ions 1 7  to 39 m i les from GS R l  and a t  
locat ions 1 8  to 44 m i les be tween each  other, whereas the h ome range of the adu l t  
armad i l lo  i s  be l ieved to be only 8 to 1 0  acres. Whi le  I ssar ( 1 976 )  reported a 
massive M. leprae- l ike i n fect ion i n  an un inoculated armad i l lo  i n  1 97 3 ,  that  had 
been mai n ta ined for 2 years i n  GS R l ' s  outer animal compound ,  GS R I  c la im that 
the i r  d iscovery was on ly made s ince 1 974 .  Because of  the i mportance of these 
c1a ims ,  w i th  the i r  vary ing d iscrepancies ,  the only way to clari fy them i s  by a fuH 
investigat ion .  Th is can be ach ieved by an independent  and deta i led survey of 
mycobacterios is  among randomly captured armadi l los i n  Louis iana .  Fortunately 
the Center for Disease Con trol , Atlanta,  are current ly  undertak ing such a survey 
covering 600 armadi l los, and the resu l ts  of  the i r  i nvest igat ions are eager1y awai ted . 
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H Y P E R S E NSITlVITY A N D  lMMUNITY 

R EACTION S AN D CLASSIFlCATION 

1 7 1 

The re lat ionship be tween delayed hypersensit ivity and immuni ty is a problem 
with a long and vexed his tory .  Suffice i t  for the moment to say that delayed 
hypersensit iv i ty and cell mediatéd immunity are closely in terconnected,  the two 
being operated by the same or related mechanisms. As regards leprosy , new l ight 
has been shed on this relationship,  and also on the significance of the lymphocyte 
transformation test ( LTT) ,  by recent work at the Armauer Hansen Research 
I nst i tute and the MedicaI Research Council Unit  at Addis  Ababa. 

The TI- LL class ificat ion scale was originally intended to reflect resistance, 
immunity or whatever i t  was that de termined the pattern of  the d isease ; bu t  
whereas the  middle and  the  tepromatous end were soundly based ,  mainly on  the 
rate of  Iysis or removal of Mycobacterium leprae in pat ients on chemotherapy , 
now known to be a function of cell med iated immunity ,  there had been no 
equivalen t  numerical index that  could be appl ied to the tuberculoid end .  It  was 
hoped that the L TT using M. leprae ant igen might fi ll this gap, and it was 
sat isfac tory therefore to find that the classification scale as originally defined 
(Ridley and J o pling, 1966) correlated tolerably well  with the L TI ( M y rvang et  
ai. , 1973a). The correlat ion,  however, was wi th  groups rather than ind ividuaIs .  
Furthermore, i t  was found that the LTT was virtually negative in  patien ts in  the 
cl inically indeterminate stage although many such cases are thought to be 
sel f-healing (Myrvang et  ai. , 1973b). And when the test was applied to borderl ine 
patients in  react ion some surprising results were obtained that could not be 
reconciled with shifts in immunity (Codal et ai, 1973). A more de tailed 
retrospect ive analysis of the histology of  individual pat ients in the Myrvang et aI., 
(1973a) series also produced surprising results ( Ridley, 1974); beca use although 
the L TI confirmed most of  the histological criteria i t  failed to correlate with the 
number of  Iymphocy tes in the lesions which had been one of the p illars of the 
original classification . A1lowing for the special relat ionship of M. leprae to  nerve 
and also epidermis (Ridley,  1973), the fea tures with which the L TI correlated 
were those of hypersensitivity (Epstein , 1973), Ali these findings were confirmed 
in a new prospective study at  Addis Ababa in which d ifferent ,  more sophisticated 
techniques were employed for the LTT amd for the preparation of  M. leprae 
antigens ( Bjune et ai. , 1976). This study also confirmed that the LTI was raised 
during reactions in borderl ine patients , and demonstrated that this elevation far 
outweighed the d ifferences in value from one part of the spectrum to another. At 
the termination of the reaction the L TI fell to i ts init ial level, or lower, whether 
or not there had been any shift in immunity as j udged by classification .  The 
authors concluded (1) that the LTT reflected the destructive aspect  of delayed 
hypersensitivity rather than the protective aspects of  immunity , and (2) that 
although i t  had served to pin-point precisely the histological features of  
hypersensitivity in leprosy, the  LTT was not a useful tool for the  evaluation of  
individual patients. Not  only are the  results weighted unduly by the  response to  
reactions, bu t  the individual d ifferences in  non-reacting patients i n  a group are 
marked; many non-reacting BT patients give almost nega tive results for reasons 
that are not yet understood . The immunologists in the Addis Ababa team believe 
that hypersensitivity and immunity in leprosy may represent  responses to separate 
bacterial antigens. This also in a d ifferen t  context is  the view of Youmans (1975) 
who concludes a review: "delayed hypersensitivity and immunity to tuberculosis 
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are en t ire 1y separate p rocesses that  are in i t iated by animaIs  in response to various 
componen ts of the tuberc1e baci l l us" .  The basis for th is  conc1usion was the 
fi nd ing that  macrophage migrat ion inh ib i t ion factor, which is corre 1ated w i th  
tubercul in hypersensit iv i ty ,  and  mycobacteria1 i n h ib i t ion factor wh ich  inh ib i ts the 
mu1 t ip 1 icat ion of t uberc1e baci l l i ,  are two separate 1ymphokines .  I t  had a 1 ready 
been fpund  that  t ubercul in p rote in  exh ib ited strong tubercul i n  sens i t i z ing  
activ i ty ,  whereas immun ity appeared to  be enhanced only by a polysacchoride 
fract ion,  not protein (Takahashi ,  1 96 9 ). The s i tuat ion is probably not so s imp1e  as 
this ,  because the resul ts  were i nOuenced not on 1y by the presence of otherwise of 
adj uvant b u t  also by the route of administrat ion of the ant igen; and Warren 
( 1 9 7 2 )  reports somewhat conOict ing resu l ts. Nevertheless there is some foun­
dat ion for a dua l  ant igen hypothesis which , if  confirmed , would ind icate the 
possib i l i ty of  producing a vacci n e  that  selectively enhanced immuni ty  a lone. The 
d ual an tigen theory also gives food for thought abou t  the na ture of  react ions and 
the basis of c1assif icat ion in  leprosy. 

Apart from the occasiona1  ENL-1úe react ion that  may be seen in the BL region 
of the spectrum (Waters and  Rid ley ,  1 964 ; Karat et ai., 1967 ) ,  the great maj ori ty 
of react ions in  borderl ine  leprosy pat ie n ts would appear to belong to Coombs and  
Ge l l  type  I V ,  i.e .  de layed hypersensit iv ity react ions ( D H R) .  They are always 
associated with a strong r ise in  the L TI, and more often  than not they are 
fol lowed by an increase i n  the histologica1 features of de layed hypersensit ivi ty ,  
the el imi nat ion of baci l l i  and perhaps  reso 1ut ion o f  the lesion. There is some 
support here for the idea of two sorts of  an t igen in that  M. leprae ant igen appears 
to prese n t  d ifferent ly  according to whether it is i n  Schwann cel l  or macrophage , 
wi th  correspond ing d iffere nces i n  the  L TI response d uring reversa l reac t ions  
( Barnetson e t  aI., 1 97 5 ). I n  the case 01' the  reversa 1 reactions i n  BT pat ients  t hat 
are being consid ered by these authors the onset coulcl b e  exp1a ined by a sucl cl e n  
"exposure"  o f  a few baci l l i  or by a release of  a part icula r  sort of an t igen fro m 
them.  But  i n  t he case of BL pat ients in whom there may have been m i l l ions of 
bacil l i  in the  lesions before the  react ion commenced it is hardly cred ib le that  the  
onset  of  D H R  coul cl be due  to th is  mechanism; 1 arge amounts  of  an t igen must 
have been exposed for some t ime beforehand .  In such a s i tuat ion a D H R  can most 
read i 1y  be e x pla ined by assuming an increase of  deIayed h y persensi t iv ity i n  
response to the  reduct ion of the  bacteria l  load t o  t h e  p o i n t  at  which pre-exjst i ng 
an t igen becomes "not iced". Converse ly i n  untreated act ive i n fections there is 
normal ly  a p rogressive fali in  de layed h ypersensit iv i ty in  para l le 1  with the increase 
in the bacterial  load so that D H R  is not p recipitated . But a cl e lay in th i s  
desensi t izat ion process would aga in  resul t  in a tempora ry imbalance between 
hypersensit iv ity and bacteria 1 load . Th is is perhaps the most 1 ike ly exp1anat ion of 
the occasiona1 react ion that is associated wi th  downgrad i ng. Thus viewing DHR as 
a who1e it is d iff icult  to escape the  impressio n of a q ua n titat ive rela t ionsh i p  
between t h e  l eveI of  h ypersensit iv ity on  t he o ne h a n d  a n d  the  amount of 
immunologica l ly  detectecl a nt igen 011 the  other. Such a q uan t i tat ive relat ionship 
was demonstra ted i n  tuberculosis by  Romer ( 1 908) a nd Hamb urger ( 1 909) , who 
found t hat  the  in tens i ty of the  hypersens i t iv i ty response was dependent  on  the 
amount of  an t igen admin istered .  Thus the  quant i tat ive  relat ionship would appear 
c1 i nical ly to be as important  as the d ifferen t  ant igens h ypothesis, though not  
necessari ly  incompat ib le wit h i t .  

Turn i ng to  c1assification ,  the  foregoing resu1ts with  the L TI raise a number  of  
questions .  Does the Ridley-Jopling scale reOect  any sort of  useful  immunity Of 
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only a destruct ive hypersens i t iv i ty? Can the  two i n  pract ice be separated i n  
leprosy ? And i f  so does the d isease real ly presen t  two  spectra instead of  one? 

Taking the  last quest ion fi rs t ,  the re is some histologi'ca l  ev idence of a dua l  
spec t rum based on the presence or few or many Iymphocy tes in  lesions. Thus BT 

tends to Iink  wi th B L  and BB  wi th  subpolar leproma .  The ma in  el i fference 
between t hese spectra seems to be that ,  other things being equal ,  the pat i en t  wi th  
ma ny Iymphocy tes wi l l  be rather more resistan t to elowngrad ing wi thout  
treatme n t  and more l ike ly to upgraele wi th treatmen t ( Riel ley ,  1 9 74) .  Perhaps 
beca use he is more l ikely to upgrade he is also more l i ke ly to react .  B u t  i t  is not  
possi ble to eq uate e i ther of these s i tuat ions w i th immunity as opposed to 
hypersens i t ivity .  The sl ight mod i ficat ions proposeel for the h istological defin i t ion 
of the tuberculoid end  of  the spectru m ,  being baseei on  the L TI, further 
emphasize the hypersensit ivity elemen t  in c1ass i fi cat ion .  But  these p roposals were 
only maele  beca use a search over many years had fai led to el isclose any group of 
histologically or c1 in ically ident i fiable tuberculoid patien ts in  whom there was a 
pred isposition to resolut ion of an  establ ished i n fect ion wi thout destruct ive D H R.  
I n  th i s  respect leprosy appears to d i ffer from cutaneous le ishman iasis, a el isease 
wi th which it has many other poin ts in common , but in which there is an 
apparen t  d i ssociat ion of delayed hypersensit ivi ty and immun i ty .  Thus the recid iva 
form in which hypersensit ivity is maximal is non-se l f  hea l ing, though other forms 
wi th less hypersensit iv i ty are self-heal ing (Turk et aI. , 1 970 ; Bryceson et aI. , 
1 972 ). I n  leprosy uncompl icated self-healing may i n  fact come about i n  the early 
stage of the i n fection in a manner i ndicative of an immune processo Cl in ical ly such 
cases may be ident ifiable as tuberculoid though i t  is not possible to predict  which 
tuberculoid or indeterminate pat ients wi l l  be se l f-heal ing.  There is a need for a 
simple specific test o f  immuni ty .  H istological ly at this stage there is st i l l  as a rule 
no granuloma (M yra ng et  aI. , 1 9 73b ) .  Once a gran u loma is ma n i fest hypersensi­
t ivity tends to be  more conspicuous than immuni ty .  No doubt the one is 
associated wi th the other, but i f  there are cases in which immun i ty is h igh i n  
relat ion to hypersensit iv ity there are n o  means of detect ing them.  I ndeed,  since 
M. leprae i n  the absence of hypersen sitivi ty appears to be  almost avirulent ,  and 
since i t  is neither a p hysical or chemical irri tant ,  one m ight suppose that the 
granuloma which is the cause of  tuberculoid symptomatology is a lmost wholly a 
reflection of hypersensitiv i ty .  Thus one cannot object too s trongly i f  i t  turns out  
tha t  c1assification, at  least in  the  t uberculoid region ,  is  I ikewise a reflect ion 
primarily of  hypersensitivi ty .  As things stand the pat ie n t  with the best p rognosis 
is the one with a TI histology and c1 inicallY the min imum e xtension of  the 
disease . Here again a q uantitative relationship be tween hypersensi t iv i ty and 
antigen is in  evidence .  The main reason why the an tigen ic load i n  leprosy so 
readily gets out of hand is presumably that bacilli remain hidden for too long in 
nerves. Bu t  another factor could be that  M. leprae, being o f  low v(ru lence ,  is on ly 
weakly immunogenic since these two characteristics appear to go together 
( Brehmer et aI., 1 969) .  

I f  the  d ual ant igen concept  points  the way to a better vacc ine and better skj n  
test antigens, t h e  association of  hypersensit ivity w i t h  antigenic load emphasizes 
the d esirabil ity of  early treatment.  It is sometimes said with some j ustification 
that in v iew of  the medicaI and social problems a d iagnosis of  leprosy should not  
be mad e  unt i l  i t  can be proved .  But  there are, of course, two reasons why an  early 
lesion may remain dormant for long periods: either because it is sel f-heal ing, or  
because the bacil l i  remain immunologically undetected whi le they m ul t iply and 
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establish themsclves. The price of delay i n  start i ng treatment is so met imes heavy. 
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Quantitative Bacteriology in Various 

Tissues of 50 Leprosy Patients* 
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and 

NARENDRAJ.PANDYA 

Nair H ospital and Jaslok Hospital al ld R esearch Cen tre, Bom bay, lndia 

Fifty pat ients, 45 males and 5 females,  from differen t  parts of the l eprosy spectrum 
and at  various stages o f  the disease and its t rea tment ,  were exa mined both by 
m ul t i pIe skin s mears, nasal scra p ings and a lso by qua lit at ive histo logy anel 
quan titat ive bacteriology of sk in ,  dartos, lymph node ,  nasal mucosa , muscle and 
nerve. A total  of 797 tissues were stuelied by histology as wel l  as homogenizat ion .  

Qur study revealed lhat  the qualitat ive involvement  and quan t i tat ive baci l lary 
l oael in the  nerves was highest of a l i  lhe  t issues examined.  A h igh incidence of  
M .  leprae i n  the  nerves of tuberculoid pat ients (40%)  as opposed to other 
tissues-sk in  ( 7 %) ,  dartos (8%),  nasal  mucosa ( 7 %) ,  ly mph node ( 7 %) ,  volu ntary 
muscle ( 0%) was also observed .  The nerve was also found to be a major  anel the  
most  important reservoir o f  M. leprae. Scrota l  sk in  biopsy was  shown to be a 
suitable and  p ractical  s ite for diagnosis of leprosy . A smear obtaineel from the 
homogenate of  the scrotal sk in  can be a useful investigation  whe n  h istological 
fac ilit ies are not ava ilab lc. The findings of  h isto logy and homoge nizat ion correia te 
fairly well except in  the  skin where homogenization (24%) was better than 
histo logy ( 1 8 %) for  de tect ion o f  bac i l l i .  Nasal mucosa had a s im ilar baci l lary load 
whi le  the  Iymph node showed a h igher  load . The importance of voluntary or 
involuntary muscle (dartos) as a reservoir of M. leprae was not  borne out in  our 
st udy .  

l n troduction 

Mycobacterium leprae was first demonstrated by Hansen in 1 8 7 3 .  Since then the 
presence of M. leprae has been associated with Ieprosy infect ion in man even 
though the organism has not yet been cuItured in vitro. Shepard (1 960) 
demonstrated a I im i ted growth of M. leprae in the footpad of  normal mice and 

This  work was unde rtaken in  the Research Laboratory of the T A  T A Deparlment  of  Plast ic  
S urgery , Bombay-8 . 
Received for p ub lication 22nd J a n uary,  1 9 7 6 .  
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Rces an el Wcelde l l ( 1970) havc elescri beel l es i ons  i n  the tissucs of m ouse rese m bling 
t1lOse of man o  

Though l es ions  i n  nerves a n el othe r t i ssucs have been known s i nce the  ear l i es t  
wri t i ngs on th is  el i seasc ( Dan i elssen an el Boeck ,  1848), i t  i s  the externa i v i s i b l e  
cuta neous l es i ons  wh ich  have he lel t he i n te rest of lepro log i s ts . The present methoel 
of eleclaring a pat ient i n fec t ious or non- i n fectious is baseei on smears from the 
sk i n  an el the nasa l  mucosa . H istologi cal exam ination w hen performeel for 
eliagnosti c purposes is a l m ost i nvar iab ly  of the skin. Khanolkar (195 I, 195 5), 
Dastur ( 1955), Lumselen  ( 1964 )  an el Antia el aI. (1970) have described the 
presence of M. leprae in Schwann cells of peripheral nerves. Pearson et aI. ( 1970) 
have demonstrateel the organ ism i n  the striateel muscle of mice anel man anel state 
t ha t  t he  M orpho log ica l  I n elex  is higher in muscle than in s k i n .  Job et aI. (1969 ), as 
we l l  as Harma n ( 1968), e1emonstrateel M. leprae i n  the  non-str i a ted muscle of the 
scrotum. The orga n isms h ave been d esc ribeel i n  the Iymph noeles (Turk anel  
Wa l t e rs, 1968), testes, liver, spleen, bone marrow an el even i n  the bra i n  anel  
cerebrospinal nuiel (Va i e lya e l  aI., 1970 ) . Al most a l i  tissues are i nvaded in 
leproma tous leprosy . 

M ost of these fi n el i ngs are of a qua l i tative na ture though Pearson has e1escribed 
quanti ta t ive fi n d i ngs i n  human  musc l e  an el s k i n .  

T h i s  stuely was unelertaken to establish quantitatively the loael of M. leprae i n  
var i ous tissues .  Un l i ke  many others , th i s  was not a post-mortem stuely, nor was it 
restri cteel to t he lepromatous side of the spectrum. I t  involveel patients from 
e1ifferent parts of the spectrum and  at various stages of the disease and its 
treat ment . I t  was hopeel that the study may help to a better unelerstaneling of 
tissue i nvas ion i n  l eprosy anel ielent i fy tissues which are a repository of M. leprae. 

Ma teriaIs and Methods 

The n a t ure o f  this investigation was explained to patients unelergoing 
reconstructive surgery i n  the Tata Department of Plastic Surgery. Forty-five male 
anel 5 female subjects volunteereel to offer tissue biopsies. A detailed history and 
physical signs were recoreleel in each case including t h e  e1uratio n  of the disease anel 
regularity or otherwise of treatment. The Lepromin Test was performeel using 
Mitsuela antigen and reael at 21 days. Skin smears by the slit anel scrape methoel 
were taken from the ear, foreheacl, cheek, buttock, a skin patch anel also from the 
nasal mucosa, and examined for acid fast bacilli arter Ziehl Neelsen staining. 

BIOPS IES 

The following biopsies were obtained under general anaesthesia. 
I .  Skin: an elliptical biopsy from the margin of one or more of the most recent 

anel active lesions penetrating to e1eep fascia, i n  ali 50 cases. 80 skin biopsies were 
obtaineel. 

2. Nasal mucosa: a small mucosal biopsy of an average weight of 40 mg was 
obtaineel from one surface of the septum in 47 cases. The underlying cartilage was 
included in some cases. 

3. Dartos: scrotal skin and underlying e1artos muscle biopsy was performed in 
ali 45 male patients. ( 

4. Musc/e: 84 biopsies were taken from paralysed as well as unparalysed 
muscles including nexo r digitorum sublimis, tibialis posterior, tibialis anterior, 
flexor carpi ulnaris, first dorsal interosseous, triceps, platysma, etc. 
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5 .  Lymph nade: of the  total  5 6  l ymph nodes b iops ied,  there were 34 a x i l l ary ,  
1 5  i ngu ina ,  6 supra troch lear  and I cerv ica l  regio n .  M u l t i p l e  b iops ies were 
ob ta i ned in 5 cases. 

6.  Ner)Je: th is varied from a bund le  b iopsy of as l i tt le as 1 6  mg in cases wherc 
the nerve was not paralysed to total exc is ion b iopsy of  a segme n t of the nerve,  
we igh ing 4 6 5  mg i n  a tota l ly para lysed nerve .  The total  1 07 b iopsies i n cludcd : the 
u lnar nerve in the arm 28, u l nar nerve in the forearm 1 6 , median nerve 4 ,  rad ia l  
cutaneous nerve 1 8 , i ndex  branch of rad ia l  cutaneous nerve 2 1 ,  latera l  popl i teal 
1 0, posterior t i b ia l  I, dorsal branch of ulnar 4,  sural I, digital I, greater auricu lar 
2, an terior cutaneous of the leg 1 .  Mul tip le  nerve b iopsies were obta ined i n  3 5  
cases ,  the u lnar  nerve be ing b iopsied s imul taneously above the e lbow and i n  the 
lower  forearm i n  1 8  cases. 

7. Bane Marro w :  t h is was Gbta ined by sternal puncture arter i n c is ing the s k i n  
i n  40 cases. 

Me thod: the i nstrumen ts were c1eaned with sp i ri t between biopsies . Each 
b iopsy was d iv ided approx imately into two halves for l igh t m i croscopy and 
homogen i za t ion .  (The we igh ts quoted are only for the  t issues wh ich  were weighed 
for homogen i zat ion . )  The average weight of  t he t issue for homoge n i za t ion  varied 
genera l ly between 1 00 to 400 mg. Formol Zenker was used as a fi xative and 5 .um 
th ick sect ions  were s ta ined wi th  T R I F F  and F i te  Faraco s ta ins .  In  cases where the  
biopsied t i ssue was  m i nute as i n  the index branch of rad ia l  cutaneous nerve or  
bundle  biopsy of  a nerve , i t  was  subjected only to I igh t microscopy.  Al i  ne rve 
t i ssues were a lso sta ined by the Holmes S i lver Techn ique of  1 5  .um sect ions . 
Sui table b iopsies of nerves were also fixed for e lectronmicroscopy .  

A manua l  glass homogen izer was  employed .  The  tissue was  weighed  on a 
Mett ler  ba lance accurate to 4 decimaIs .  0 . 1 % bov ine  a lbumin  i n  d i s t i l l ed  water was 
used as d i l uen t  in a rough proportion  of  I m l  d i luen t  for 200 mg of  tissue . 

Baci l lary coun t  was done as per the method of Rees ( 1 964) .  A standard i zed  
p lat inu m  l oop wi th  a volume of  0 .004 m l  was  used  for prod ucing 4 spots on a 

glass s l ide (each of 8 m m  d iameter) .  The s l ides were fi xed by i nverting them over 
a beaker of formal in for 5 min and then over a steam bath for 3 min o  They were 
sta ined by the "cold method" using 2% carbol fuchsin for 20 min o  The baci l l i  
were counted under  a flat  fie ld  obj ective of  x I 00 magnificat ion.  Thirty-two 
ITÚ croscop ic  fie lds  were counted per sl ide, but i f  they showed n o  bacil l i ,  1 00 fields 
were counted to exclude the presence of  any baci l l i .  The Morphological  I ndex  of 
baci l l i  for each t issue was also noted. In t issues showing the presence  of acid fast 
baci l l i ,  the homogenate was streaked on Lowenste in  J ansen medium and 0 .03 m l  
o f  i t  was inj ected i n t o  each h i n d  footpad o f  1 0  Swiss white mice without d i l ut ion . 
The h istological sect ions were scanned for the presence of  M. leprae and for the 
nature of the cells harbouring them.  The d isease was also c1ass ified h isto logica l \y .  
The T R I F F  s ta in  and histology were  done independent ly  i n  Bombay and by Dr 
D. J .  Harman a t  the Leprosy StudyCentre in  London.  

Results 

Fifty  cases were stud ied comprising 4 5  males and 5 females ;  age varied from I I  
to 5 1  years. The d u rat ion of the d isease varied from I I  months to 3 1  years and 
the t reatme n t  varied from O to 30  years .  The c1assification as per  the 
Rid ley-J op l ing Sca le  us ing both c l in icaI and histological cri teria and their relat ion 
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Type of leprosy and durar ioll of ch e m o rherapy 

Ty pe 
Pe r iod of c h c m o t h e ra p y  

( a rt e r  R i d l e y - J o p l i n g )  U n t re a t e d  0-4 y e a rs 5 y e a rs a n d  over  
- -- - -- -- . _---
T u b e rc u l o i d  
TT- BT 
Borderl ine 
B B- B L  
Leproma tous 
L L  

To t a l  

3 

2 

6 ·  

1 6  4 

l O  3 

2 9 

2 8  1 6  

T o t a l  

2 3  

1 4  

1 3 

5 0  

to t reat men t  is  g iven i n  Table I .  The dura t ion  and regular i ty of treatment  i s  
p lotted i n  Fig. I .  

Table 2 summarises the fi nd ings of  rout ine  smears and the bacteriological 
pos i t iv i ty of various t i ssues per pat i en t  and per n umber  of specimens, and i ncl udes 
act ual counts  /g of t issue .  

The  d i agnostic re l i ab i l i ty  of  homogenizat ion vs .  h isto logy was  evaluated for 
each t issue by find ing out  how often one method gave a posi t ive resu l t  when the 
other had fai l ed .  

Apply ing M c Nemar' s  Test to these data shows homogenizat ion to be superior 
to histology (P < 0 .05 ) at least i n  so far as skin was concerned (Table 3 ) . 

The bacteriological pos i t iv i ty of tissues corre lated to the  c lassi fication is shown 
in  Fig .  2 .  The t ubercu lo id nerves showed a h igh percentage of  posit ive resul ts  (6 
of 1 5  or  40%), as opposed to other tissues, wh i ch gave a very low percentage of  
posi t ive resu l ts  ( O  to 8%).  The d i fference between nerves and any of the other  
tissues excep t the m uscle,  was  not  signi ficant  (P > 0 . 0 5 )  when examined by 
Fischer's exact tes t .  

Analysis of variance showed that  the d ifference among the t issue averages was 

.. 
o " >-

-o 
c 

30 

o 1 0  1 
� " 
o 

O 

o 

5 1 0  1 5  2 0  

i • 
I x 

, 

2 5  3 0  3 5  40 4 5  50 

P a l l e n l  n u m be r  

Fig. 1 .  Duration and  regularity of treat ment .  (o) Earl iest  sy mptom ; (-) regualr treat m e n t ;  
(- x - ) irregular treat ment .  



TABLE 2 
Bacterlological positivlty of tissues per patien t a n d  per n u m ber of specim ens 

Tissue 
No. of Smears H istology No. of Histology N o . of 

patients % + ve % + ve b iopsies % + ve homoge nates 

Nerve 49 60 1 07 43  79  
Dartos 40 34 4 5  34 40 
Ly mph node 48 22 5 6  2 5  5 4 
Nose ( b iopsy ) 4 1  22 4 7  22 4 1  
Nose ( s mear) 48 1 4  
Skin ( biopsy )  50  1 8  80 1 5  80  

1 or 2 smears 48 1 2  
multiple smears 48 1 8  

Muscle 5 0  6 84 3 . 5  84 
Bone marrow 40 O 

Total 4 1 9  Total 3 7 8  

To tal t issues studied = 7 9 7 .  

% + ve 

4 1  
3 3  
2 5  
2 0  

2 1  

6 

Bacterial count 
(x 1 06 ) 

-----,- - - .-

34  ± 1 0. 6 
5 . 0  ± 1 0. 7  

1 0. 7  ± 9.2 
0 .65 ± 1 0. 6  

1 . 4 ± 7 . 6 

-0. 1 7  ± 7 .4 
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Diagn os tic reliabil i cy of homogen iza tion and h is cology by tissues 

Tissue 
No. + ve by 
homo o n l y  

--- -----
S k i n  5 
Dartos  I 
Ne rve 2 
Nasal  m u c osa O 
Ly m p h  node I 
M u scle 2 

No.  + ve b y  
x l . 

h i s t o  o n l y  
--- - -_. _ - -

O 5 
3 I 
8 3 . 6  
O O 
:2 0 . 3 3  

0 . 3 3  

.. Ca lc u la ted  b y  M c N e m a r' s  Test ( w it houl  Yates '  correcl ion :j: ) .  
t Leve i o f  s ig n ifica n ce P "  0 . 0 5 .  

:I: Feinste i n ,  A .  R .  ( 1 9 7 3 ) .  Clin icai Pharmac% gy a n d  Th erapeu tics 1 4 , 8 9 8 . 

T T - B T 
S k i n B B - B L  1 2 / 50 

D a r t o s  1 6/45 

N .rv. 3 1 / 50 

N o s a l  m u c o s a  1 0 / 4 8  

Lymph node 1 3/49 

MU lcle 1 5/50 

T i u u e  

B a c t er i o l o Q i c a l l y  + V E  a n d  c l a u i  f i c o t i o n  

S ig n i f i c a n l  
l i  i f ferc n cet 

S 
N S  
N S  
N S  
N S  
N S  

significant C F  5 ,3 7 2  = 2. 8 ;  P < 0 .05 ) .  Subsequent ly ,  s ince the num ber of obser­
vations in each group was not the same , a "standard error of difference" was 
calculated separately for each of the 1 5  individual d ifferences, and their 
significance tested by employ ing the Student's t- test . The average load of 
M. leprae i n  nerve was found to be signi ficantly higher CP < 0 .05 ) than that in  
skin ,  dartos, nasal mucosa and muscle, but not in Iymph node .  

HI STOLOGY 

The salient  findings wil l  be described tissuewise. 
Skin : this showed the classical changes as described by most authors .  
Dartos: there were  marked h istological changes in  the  region of the 

neurovascular bundles,  i . e .  Schwannian prol iferat ion,  macrophage and Iympho-
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cy t i c  i n fi l t ra t ion .  The bac i l l i  seen were a lmost a lways res tricted to these areas. 
The smooth muscle of  the dartos was rare ly infi l rratcd and showed the  presence 
of bac i l l i  i n  only 4 cases. 

Lymph node: the i ncrease i n  germina I  centres and rep lace m e n t  of the gland by 
macrophage i n fi l t ra t ion i n  advanced lepromatous le prosy was noted .  The baci l l i  
were ch ie tly i n  t h e  macrophages, rare ly  in  t h e  dendri t i c  ce l l s  of  t h e  germ ina I  
fo l l i cles .  

Nasal mucosa: there was loss o f  c i l i a  and s t ra t i ficat ion of  ep i the l i um in  the 
maj or i ty of cases ,  even in  the earl y ones .  This  was also observed on naked eye 
exami nat ion of  the sept u m  as a process of "creeping ep i t he l ia l i zat ion " .  

Voluntary muscle: i n fi l trat ion a n d  presence of  bac i l l i  was ch ie tly  i n  the 
i n t ramuscu lar  nerves and i n  the  in ters t i t i a l  t issue between n uscle fi b res .  Actua l  
i n fi l t ra t ion  of  muscle ( I eprous myosi t i s )  was  seen on ly i n  3 cases. 

Nerves: these showed by far the most advanced h is to logica l  ev idence of d isease 
out of  a l i  the t issues exam ined in  any ind ivi dua l  pat i en t .  Early cases showed 
Schwan n ce l l  p ro l i fera t io n .  Baci l l i  were seen both in  t he Sch wa n n  cel ls  and i n  
macrophages. They were genera l ly  bet ter  preserved i n  the  Schwann ce l l s  wh i le 
t hose i n  macrophages were usua l ly  granular .  

Conclusions 

The fol lowing conclus ions can be drawn from the  fi nd ings of th i s  s tud y .  
I n  the  cases s tudied ,  the  rout ine  s l i t  a n d  scrape method of  d iagnosis of leprosy 

by a single patch and/or ear lobule as is used i n  the fie l d ,  provided only 1 2% 
posi t ive resul ts ,  whi le  nerve b iopsies revealed 60% posi t ivi ty . M ul t ip le  sk in  smears 
increased the pos i t iv i ty on ly  to 1 8% whi le n asal scrapi ngs y ie lded a 1 4% pos i t ive 
resu l t .  Nasal b iopsy increased this to 20%. 

As e xpected,  the bac i l lary load of t i ssue was lowest in the tuberculoid part of 
the spectru m  and greatest on  the lepromatous s ide .  

The find ings of  h isto logy and homogeni zat ion corre la te  fai rly wel l  e xcept in  
the sk in  where homogenizat ion ( 24%) was better  than h i s tology ( 1 8%) for 
detect ion of baci l l i .  S ince th is d i fference was sign i ficant  (Table 3 ) ,  which ta l l i es 
with our c l inicaI  impress ion , homogenizat ion of the sk in  patch may be used where 
faci l i t ies for h isto logy are not  avai lable .  

Mu l t i ple sk in  patch b iopsies should be carried out whenever poss ib le  as they 
have a bet ter  chance of  provid ing a posi t ive resu l t .  

The i mportance of  voluntary musc le  as a reservo ir  of M .  leprae, as described by 
other authors, has  not  been borne out  i n  this  s tudy .  I n  fact ,  th is  s tudy revealed 
that muscle was the least affected t i ssue in  mano  Actual myosi t i s  was even rarer 
than i n terst i t ia l  t issue i nvolvemen t .  

Scrota l  s k i n  biopsy has been shown t o  b e  a most su i table and pract i cal s ite for 
the d iagnosis of leprosy both by histological and bacteriological findings. This 
involvement  is chietly restr icted the the nerves .  In fac t ,  c 1 in ical ly un involved 
scrotal  b iopsy is often  a better  indicator o f  leprosy than even a c1 inical ly i nvolved 
skin patch in the borderline and lepromatous types. ( Pandya and Ant ia ,  1 974) .  
Wherever histo logy fac i l i t ies are  no t  ava i lab le ,  the  presence o f  ac id  fast baci l l i  can 
be ascertained by the examination of a smear obtained from the homogenate .  
This would prove to be a superior method of bacterio logical d i agnosis to mul t iple 
skin smears or nasal scrapings or even homogenizat ion of  sk i n  patch especial ly in  
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l eproma tous I cprosy anel cou lel be part i cu l a rl y  useful in fi e l el s t uel ies i n  the  
deve lop ing cou n t rics .  

Ly mph nodes showed a h igh rate o I' bac i l lary prcsence .  This  may i n d icate that  a 
large n u mber  o I' bac i l l i  a re trapped in the  I y m p h  noel es for even tua l  destruc t ion . 
Ana lys i s  showed that  it d i d  not seem to m a t te r  wh ich I ymph  nodes were 
exami ned i n  any  given case . 

Nasa l m u cosa had a sma l l e r  bac i l l a ry loael . Th is sma l l  load may be d ue to  
i ncreased destruc t ion i n  the  ear l i e r  phases oI' treat men t .  

The same reasons may  accoun t  for t he  absence of  ac i d  fast baci l l i  from a l i  t h e  
bone marrow smears examined .  There was  no un t reated lepromatous case i n  t h i s  
series .  

The q ua l i ta t ive i nvolve ment  and q ua n t i ta t ive bac i l l a ry load in  the nerves was 
fou n d  to be h ighest o f  al i  the t issues examined .  Nerve b iopsy has been shown to 
be a feas ib le  p roceel u re an el prov ides  the  best h istological  anel bacteriological  
eviel e nce for t he e1 iagnosis of l eprosy . Se lect ion 0 1' one o f  the c l in ica l ly  most 
i nvolved nerves gives as good a resu l t  as mu l t i p le nerve b iops ies .  It may not at 
present be a prac t ica l  methoel of e1 i agnosis except i n  spec ia l  c i rcumstances when 
d iagnosis i s  i n  e1o u b t .  The inel e x  branch of  the rad ia l  cu taneous nerve or a bund le  
b iopsy o f  an  involve el nerve i s  he lpful  for d iagnosis i n  ear ly  leprosy . 

The h igh i nc idence o I' M. leprae in the nerves of pat i en ts dec lared negative by 
the rou t i ne sk in  an el nasa l  scrapings me thod is  d i s turb ing and may emphasize the 
need for prolonged t rea tment .  I t  may also accou n t  for t he h igh re lapse rate even 
after bacteriological negat iv i ty  has been demonstrated .  

The fai l ure to reach s tat i s t ica l  sign i ficance in  sp i te oI' showing a h igh percentage 
o I' posi t i ve resu l t s  in t he tuberc u lo id n e rves is ve ry p robab ly e1 ue to t he smal l  s i ze 
of the samples .  However, the s i ze o I' the d i fference suggests that  i t  is c l in ica l ly  
i mportant and cannot be ignored .  

The h igh i nc idence o I' M .  leprae i n  the nerves o I' tuberculoid pat ients  (40%) as  
opposed to  other  t issues (sk in  ( 7%), dartos (8%) , nasal m ucosa ( 7%), l umph node 
( 7%),  voluntary m uscle (0%)) may ind icate the reason for the high i ncidence of 
the nerve i nvolvement  so typ ica l  o f  this  type of  d isease. 

Qur s tudy showed the nerve as a major ancl most i mportant reservoir of 
M. leprae in man both on  qual i tat ive h is tology ancl q uant i ta t ive bacterio logy . The 
bac i l l i  in the nerves were more sol i cl  sta in i ng when compareci with the same in 
other tissues of  the same pat ient .  The bacteria l  loacl was h ighest in the nerves 
whe n  compareci with other tissues in the  same pat ient .  lnoculat ion in the mouse 
footpacl also showecl consisten t l y  h igher growth curves from the nerves when 
compareci with other t issues in  the same pat ient ( Bhat t  ancl Ant ia ,  1 9 74) .  The 
exarni nat ion oI' the incl ex  b ranch of the raclia l  cutaneous nerve has shown that this 
nerve i s  the earl iest t issue involvecl even prior to any c l i nicai man i festat ions (An t ia 
et ai. , 1 974) .  Th is leacls us  to believe that  leprosy resul t s  i n  a cl iffuse though 
sub-cl in i cai peripheral  neuropathy even at  the earl iest stages of the cl i sease. 
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Enu meration of Mycobacterium leprae 
Stained wit h and without 
Prior Periodate Oxidation 

LO U I S  L E V Y .  CO L LE E N  H O M  A N D  LY D I A  P. M U R R A Y  

L eprosy Resea rch Un i / ,  Pub lic l-lea l /h  Service Hosp i lal,  

San Fra n cisco. Ca lifo rn ia 94 1 1 8, U S. A .  

Sl ides  pre p ared w i t h  suspens ions  o f  My co ba c /eri!l m  leprae recovered fro m s k i n  
b i o p s y  s p e c i m e n s  o b t a i n e d  fro m t rea t e d  l e p ro m a t o u s  l e p ro s y  p a t ie n ts  a n d  o x id i zed 
w i t h  per iodate  c o n t a i n e d  on lhe ave rage 3 6% m o re ac id-fast b a c t e ri a  ( A F B )  l h a n  
d i d d u p l i c a t e  s l i d es s t a i n c d  by t h e  s t a n d a rd a c i d -fasl s t ai n .  B y  co n trast , s l ides  
prepa red with suspens io ns of M. leprae recove red d ur i ng logari t h mic mu l t i p l ica t io n 
in m o use foo t  p a d s  a n d  t realed  w i t h  p e r i o d a t e  c o n t a i n e d  on t h e  a verage 1 6  or 3 3'% 
fe wer  A F B  t h a n  d i d  d u p li c a t e  s l ides  st a i n e d  by the sta n dard t e ch n iq u e .  T hese 
res u l t s  a re i n co n sis t e n t  w i t h  a n o n-ac id -fast  s t age in lhe gro w t h  o f  M. leprae. 

I n t r o d u c t i o n  

The c 1a im has been made tha t  ox iel at ion  of  Mycobacterium tu berculosis anel 
M. leprae re n elers more o f  t hese organ isms sta i n able by an aciel -fast s ta in ing 
techn ique than when ac i el - fast stain ing  is carri e el ou t  wi thout  pr ior  o x iela t ion  
( Nyka ,  1963 , 1 96 7 ;  Reich e t  aI. , 1 9 7 2 ;  Haraela ,  1 9 73 ; Mohyse n  and Alemayehu ,  
197 3 ) . This  c la im h as been reexamined for M. leprae. 

Ma teriais and Meth ods 

I n  th is l abora tory ,  which has been engaged in the  i nocu la t ion of m i ce wi th 
M. leprae for the  past 9 years, i t  is standard prac t i ce to  make d u pl i cate  
preparat ions  o f  bacteria l  suspens ions on Reich count ing s l ides* for acid-fast 
s ta i n ing  and e n umera t ion  o f  ac id-fast b aci l l i  ( A F B) .  Both sl ides are rout ine ly  fi xed 
i n  formal in  fumes ;  one  s l ide  is  s ta ined wi th  a care fu l ly  s tandard ized ac id-fast  sta i n  
at room temperature ,  and  the  A F B  are enumerated ( Shepard and  M c Rae,  1 96 8 ) ;  
b o t h  the  s ta ined and  u nsta ined s l ides are fil ed  i n  a l igh t-t igh t box .  The e xposure 
of the s ta ined sl i d e  to l igh t is m i n imized between the  t ime i t  is s ta ined and the 
t i me lt is fi n a\ ly  fi l ed .  

For  the purpose of  t h is s tudy ,  5 0  pa i rs of  s l ides  were selected from the files _  
These included 20  pa irs prepared  be tween September, 19 7 1  and Apri l , 19 73  from 

* Bellco Glass ,  I n c . ,  V ine land ,  New J erse y ,  U . S . A .  

Received for p ubl ication 3 0th March.  1 9 7 6 .  
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t h e  b i o psy spec i m e n s  0 1' pa t i e n ts who h ad been t rc a ted w i t h  ace d a pso n e  or  
ri fa m p i c i n  for 3 o r  6 m o n ths  (G ro u p I - " h u m a n " ) , 2 0  pa i rs p re p a reel w i t h  
logar i t h m i c-ph ase M. /efJrae fro m m o use foot  pael h O ll1oge n ates  d u ri n g  t h e  fi rs t s i x  
1 l 10 n t h s  0 1' 1 9 74 ( G ro u p  2 - " n c w  1l1 0 u se " ) ,  a n el I O pa i rs p re p a reel from m o use 
roo t  pael h omoge n a tes b e t wee n Jan uary anel M ay .  1 9 7 I ( G ro u p  3 -"ol d 1 l1 0 use " ) .  
O n ly t hose pa i rs were se l e c t eel t h at h ael y i e l el eel a lu i n i ll1 l1 ll1 0 1' 1 00 A FB per 6 0  o i l  
i mme rs ion fie lds  w h e n  or ig i n a l l y  co u n teel . 

The 50 unsta i neel s l ides  wcre i ll1 me rseel i n  a fresh ly-prepared 1 0% ( w/v)  
aq ueous so l u t ion  0 1' pe rioel ic ac i el for  4 h ,  a fter wh i c h  they were r i n seel wi th  water  
anel s t a i n eel b y  t h e  s tandard ac i el -fast s ta in  ( o x i el at i o n  for  24 h was fou n el to  y ie l el 
the same resu l t s  as per iod a t e  t re a t m e n t fo r 4 h ) .  -

C . H .  c x am i n ed a l i  1 00 sl i el es fro m  Groups  I ,  :2 a n d  3 .  I n  ael el i t i o n ,  20 s l i eles 
fro m G ro u ps I ,  2 a n el 3 werc recoel eel a n el ree x a m i ned b y  C. H . - I O s t a i neel  b y  t he 
stanel a rd tec h n iq ue a n el 1 0  a rt e r  pe rioela te  ox iela t i o n .  L . P . M .  e x all1 i neel 20 o f  the  
si ides  fro m G ro u ps I ,  2 and 3 - 1 0  s tai n ed by t h e  conve n t i o n al ac i el - fast st a i n  and 
1 0  s ta i neel a rt e r  t rea t m e n t  wi th per iod a t e .  In  ad d i t io n to  these 1 00 s l i eles ,  1 0  

" h uman" and 1 0  " n e w  m o usc "  a c i el - fast  s t a i n ed s l i eles  p rev ious ly  fou nd by  L. P . M .  
t o  y ic ld  a t  least  1 00 A F B  pe r  6 0  f i e ld s were se lec ted  for re co u n t i n g  b y  the samc 
ex ami ner . A l i  1 20 s l i d es w e re codeel w i t h  a t h ree-d ig i t rand o m  n U ll1 b e r. 

The res u l t s  h ave bee n ana l y zeel by t he  l i nea r  regress io n tech n iq ue ( G o l el s te i n ,  
1 9 64 ) .  

Resu lts 

REP R O D UC I B I L l T Y  OF C O U NTS O F  A F B  
T h e  resu l t s  o f  t h e  d u p l icate  co u n ts a re p lo t ted i n  F ig. I .  Al i  4 0  p o i n ts 

represe n t i ng el u p l i cate co u n ts m a el e  b y  the  sall1e o bserver w e re p l o t teel w i t h  t h e  
first cou n t  a s  t h e  "obse rve r  n o .  I "  va l u e  a n d  t h e  second COll n t  as t h e  v a l lle  fo r 
"obse rver no .  2" .  The d up l i cate cou n ts by L. P. M.  are rep rese n te el b y  t h e  o pe n  
c i rcles . The s !ope of l i ne  a ,  t h e  regress ion l i ne  ca lcu la teel for the  20 compar isons , 
is 0 . 7 4 ,  a val u e  sign i fi can t ly  smal ler t h an I .  The s lope o f  the  regression l i ne for 
dup l icate cou n ts b y  C. H .  ( c losed c irc les,  l i n e  b )  is 0 . 8 2 ,  a value not  sign i ficant ly  
di  fferen t from I .  

l t  may be more appropriate  to consider the  abso l u te d i fferences ( the  
differences wi thou t  regard to  s ign ) between d u p l icate counts as the  measure of 
obse rver e rror. The mean a bso l u te el i ffe rence be t ween el u p l i cate  coun ts ,  e x p ressed 
as the percen tage of t h e  mean of t h e  two coun ts, i s  2 5 %  fo r L . P . M .  an el 24% for 
C. H .  One may a lso calcu late the regress ion of the  s m a l l e r  cou n ts o n  t h e  l a rger 
counts  in each pa i r ;  the  s lopes 0 1' t hese regress ion  l i nes  a re 0 . 6 2  for L. P. M .  and  
0. 84 for C. H . ;  both  v a l u es are sign i fican tJ y  sma l l e r  t h a n  I but  n o t  d i ffere n t  from 
each o t her. 

Twenty of  the point s  p lot ted i n  F ig . I ( Ll's ,  l in e  c) represen t  counts  made b y  
L. P. M .  (obse rver no .  I )  and  C. H .  (observer  n o .  2 ) .  The  s lope of  the  regress ion of  
the  counts by  c. I-I . on those o f  L. P . M .  was 0 . 7 6 ,  a va l ue  sign i fican t ly smal ler  than 
I but  not  d i ffere n t  from 0.74 or  0 . 8 2 .  

Because L.  P .  M.  reex am ined 1 0  s l ides p repared from h uman materia l  that  h a d  
been fi rst examined from I to 3 years earl i e r, i t  was  possib le  to assess the  effec t  of  
storage on the number of A F B  sta ined by the conven t ional  A F B  sta i n .  The 
regress ion of  the rece n t  coun ts on those ma de origi na l ly was 0 . 7 8 ,  which is not 
sign i ficant ly  smal ler than  I .  
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Fig.  1 .  The n ll m b e r  o f  A F B  cOll n te d  b y  o bserve r n o .  2 a s  a fll n c t i o n  o f  t h e  n ll m b e r  c O ll n t ed 
by o b se rver  n o .  1 in t he  sa me p re p a ra t i o n .  The l i n es rep rese n t  t h e  regress ion  of t h e  n ll m b e r  
cou n t e d  b y  observer n o .  2 o n  t h a t  c o u n t e d  by o b server n o .  1 .  

L. P. M .  vs L . P . M .  - (o) ,  l i n e  a ;  
C. H .  vs C. H .  - ( e),  l i n e  b ;  
C. H .  vs L . P . M .  - 6's, l ine  c .  

Eq uat ions  of t h e  regress ion l ines  and t h e i r  corre l a t i o n  coeffic ie n t s  ( r )  are as fo l l o w s :  

l ine a - Cou n l  n o .  1 = 246 .4  + ( 0 . 744 ± 0 .208)  (Count  no .  2 - 2 8 2 . 3 ) ;  r = 0 . 8 7 1 ; 
l ine  b - Co unt  n o .  1 = 2 7 5 .6 + ( 0 . 8 20 ± 0 . 2 2 4 )  (Count  n o .  2 - 2 9 8 . 0 ) ;  r = 0 . 8 7 6 ;  
l i n e  c - Co un t n o .  1 = 2 7 1 . 6 + ( 0 . 7 6 3  ± 0 . 1 5 2 )  ( Co u n t  n o .  2 - 3 6 7 . 4 ) ;  r = 0 . 9 2 6 .  

E F FECT O F  P E R I O DA T E  T R E A T M E N T  

I n  Fig. 2 ,  t he  numbers o f  A F B  in  the  acid-fast s ta i ned p reparat ions  are p lotted 
as a funct ion  of the num bers of  organ isms cou n ted i n  the periodate-trea ted 
preparat ions .  The slope of the regression  of  the coun ts in the acid-fast s ta ined 
preparat ions  on t hose i n  the  periodate-treated s l ides  p repared from sk in  b iopsy 
spec imens from pat ien ts (open c i rcles ,  l i ne  a) was 0 . 3 8 ,  a va lue sign i fi can t ly  
sma l ler  than 0 . 6 .  The s lope  of the  regression  of  the  numbers o f  organ isms i n  
acid-fast sta ined preparat ions  on  those in  correspond ing per iodate-treated s l ides 
prepared wi th  M. leprae harvested from i n fected mouse foot pads ( c1osed circ les ,  
l ine b) ,  i s  1 . 0 7 ; t h is va lue is not  s ign ifican t ly d i fferen t  from I ,  but is d i fferen t  
fram 0 . 3 8 .  
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Fig_ 2 .  The n u m ber of A F B  stained by the s tandard acid-fast stain as a funct ion  on the  
nu mber sta ined af t e r  periodate ox ida t ion .  The l i ne s  re prese n t  the  regress ion of  t he  n u m be r  
s ta ined b y  the  acid -fast s t a i n  on  t h a t  s t a i n e d  a f t e r  per iodate t rea t m e n t .  Shaeled areas represe n t  
the  9 5 %  confidence bands .  

" Human" s l ides-(o) , l i ne  a ;  
" Olel mouse" a n d  "new mouse" sbdes  - ( e) ,  l ine  b .  

Equat ions of t h e  regression ! ines and  t heir corre lat ion coefficien ts are  as follows :  

l ine  a - Coun t  no .  I = 2 2 7 . 1 + ( 0 . 3 8 1  ± 0 .2 1 4 ) ( Count no .  2 - 3 9 3 . 8 ) ;  r = 0 .662 ; 
l ine b - Count  n o .  1 = 2 8 9 . 7  + ( I  .067  ± 0 . 2 5 9 )  ( Coun t  no .  2 - 2 1 9 . 2 ) ;  r = 0 . 84 7 .  

Discussion 

The p u rpose of th is s tudy was to reexam ine  c 1a ims that  per iodate t reatmen t  
rendered  sta in able M .  leprae tha t  could not  o therwise be s ta ined by the  acid-fast 
technique .  The resu lts demonstra te  that th is  i s  i ndeed the case for M. leprae 
recovered from pat ie n ts after  treatmen t  su ffic ien t to  render  the organ isms 
non-in fect ive for mice ( Shepard et  a!. , I 9 7 2a, b ) .  The n umber of  t hese organ isms 
sta ined a fter  pe riodate t reatme n t  was, on the  average, 3 6% larger than that 
d i rect ly  s ta ined by the acid-fast techn ique .  These data appear consi s tent  w i th  
those reported by  o thers . 

Tha t  we are not  measu ri ng  the e ffects o f  s torage has a l ready been shown.  The 
quest ion of  an artefact  imposed by a systemat ic d i fference between observers is 



STAI N E D  M. U,PRAI:: A N D  P E R I O DATE O X I D A T I O N  1 8 9 

TA B L E  I 

COlI/pariso l 1  oI cut l l l l ! l lK (' rror lV i r il ej/ecrs oI periuJa re  rrca l / / / C / I I 

Observer  15 * 
N o .  I N o .  2 S o u r c e  S t a i n  1 1  ( 'lo )  

----- -----
L. P . M . L . P . M .  N e w  rn o u se A F B  1 0  6 . 9 3  
L. P . M .  L . P . M .  Hu rna nt A F B  1 0  2 0 . 3  
C.H .  C . H .  H u rn a n  A F B  1 0  1 4 . 4  
C . H .  C . H .  H u rn a n  Per i o d a t e  1 0  1 . 5 4  
L . P . M .  C . H. O l d  m o use A F B  1 0  1 6 . 1  
L . P . M .  C. H .  H u m a n  Per io d a t e 1 0  40 . 5 *  
C. H .  C . H .  H u m a n  Period a t e  v s  A F B §  2 0  3 6 . 4 *  
C. H .  C . H .  N e w  m o u se Perioda t e  vs A F B § 2 0  - 3 2 . 9  

C. H .  C . H .  O l d  m o use Period a t e  vs A F B §  1 0  - 1 6 . 4 t 

* [j = � 1 2 00 ( Observa t i o n  n o .  - Observat io n 110 .  2 ) /C O b se rva t i o n  n o .  I + O b s e rva t i o n  

n o .  2 ) I / n ,  w h e r e  1 1  = t h e l1 11 m be r  o f  p a i rs o f  o bserva t i o n s .  
t Observa t i o n  n o .  I - t h ose CO lln t s m a d e  i n  t h e  p e r i o d  1 9 7 1  t o  1 9 7 3 ;  o bserva t io n  

n o .  2 - rece n t  c o u n t s .  
* N o n e  o f  t h e  va l u e s  o f  15 w a s  s i g n i fi ca n t l y  t1 i ffe re n t  fro m O ;  t h e s lopcs  o f  t h e  regress i o n  

l i n es c a l c ll l a t e d  f o r  t h ese se t s  o f  d a t a  w e re s ign i fi ca n t l y  d i ffere n t  f r o m  I ,  h o w e v e r .  

§ Observa t i o n  n o .  I - t h ose co u n t s  m a d e  o n  p e r i o d a t e- t rea t e d sl i d e s ;  o b serva t i o n  n o .  
2 - cou n t s  m a d e  011 s l ides  sta i n e d  b y  t h e  s t a n d a r d  a c i d -fast s t a i n . 

best answere d  by th e  d a t a  I i s ted i n  Tab le I .  Here,  t h e  mean d i ffe re n ce bet wee n 
dup l icate  cou n ts or co u n ts on d u p l ica te  p re p ara t i o n s  is expressec\ as t h e  percent  
01' the mean o f  the  2 cou n ts .  The  abso l u te c\ i ffe re n ce between d u p l icate  cou n ts on  
the same pre p ara t i o n s  i s  t he same on the ave rage fo r t h e  2 obse rve rs . C. H .  ap pea rs 
consisten t ly  to co u n t  fe wer o rga n isms t h a n  d oes L. P. M . :  t h i s  is  part i cu lar ly t rue  
for the  per iodate-t rea ted " h u m a n "  s l i d es .  I t  may be, then ,  tha t  C . H .  under­
est ima ted the e ffec t  of per iodate t rea tment ,  perhaps by regu larly  d ismiss ing as 
staining arte facts objects that  the more experie n ced L. P . M .  cons idered  M. leprae. 
Thus, the e ffect  of periodate trea tment  of M. leprae recove red fro m  t reated 
pat i en ts appears to  be  rea l ,  and  m ay in fac t  be greater than that  we have 
measured .  

The  s i t uat ion w i th  respect  t o  M .  leprae h arvested fro m mo use foot  pad t issues 
dur ing l ogari t hm i c  m u l t i p l i ca t ion ,  howeve r ,  a p pears d iffe re n t . In  t h is case , 
observer C. H .  found consi s ten t ly  more A F B  s ta ined by  the  conven t iona l  
techn ique th an after  per iodate t rea tment .  And even i f  C . H .  u n d erest ima ted the 
nu mber o f  these organisms s ta ined after  o x i d at i o n ,  t h e re is n o  ev ide nce o I' an 
excess 01' AFB sta inec\ after perioc\ate treatment ,  as was the  case wi th  those 
recovered from treated p at i en ts . Th us,  the p henomenon is n o t  t he resu l t  of fad ing 
of the acid-fast s ta ined organ isms on s torage , nor is i t  the resu l t  o f  observer error. 

Reich has reported ( 1 9 7 1 )  tha t  the number 01' viable organ isms in  a logari thmic  
phase cu l tu re of a cu l t ivable mycobacter ia l  strain - the " NQ baci l lus" - was as 
much as l OO-fo l d  greater  than the n umber enumerated as A F B. He suggested that  
the fai lu re to be  sta ined by  the acid-fast sta in was a characteri s t ic  associated with 
"physiologic youth" of  th is mycobacterial stra i n .  I n  a later prese n tat ion , 
pub l ished only in a ostract ( Re ich et ai. ,  1 972 ) ,  he reported that  i n  approximate ly 
ha lf  of a group  of  smears of  skin scrap ings and  bacter ia l  suspensions recovered 
from the b iopsy spec imens  01' sk in  lesions of pa t i en ts ,  periodate trea t men t  
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i n c rc a sed  t h e  n u m be r  o I' A F B  by  a t  l eas t  3 0% a b ove t li c n u m ber c o u n led in  the  
correspondi n g  conventi o n a l l y -s t a i n ed p re p a ra t i o n s .  He  c o n c l uded t h a t ,  as  was l h e  
case w i t h  c u l t u re s  0 1 ' th e NQ bac i l l u s . a n  i m porta n t I'ra c t i o n  0 1 ' M. leprae goes 
u l 1 s t a i ned b y  t h e  s t a n cl a rd ac i cl - I'ast st a i n ,  a n d  t h a t ,  becausc we h ave no  
i n clepe n d e n t  m easu re 0 1' t h e  n u m b e r  o I' M .  leprae, ' " m y cobacter ia l  cou n t i ng t h a t  
i n c l u clecl o n l y  th e re cl s ta in ecl b a ci l l i  wou ld  p rov i d e da ta  t h at cou ld  be i n v a l id fo r 
experi menta l  conc lus ions  t h a t  were based o n  t he ass u m p t ion  t h a t  e i ther  t h e  e n t i re 
pop u la t i o n  or const a n t  p ro port ions  o I' the  p o p u l a t i o n  were b e i n g  i nvest igated . " 
The c1 a ta p rese n ted i n  t h is re port sugges t ,  on t h e  o ther  h and, t h at t he fa i l u re o I' 
sta i n i ng by t h e  s t a n dard ac id-fast tech n iq ue is a cha racte ri sti c o f  c1 ead o r  c1 ecacl e n t  
M. leprae t h a t  are u na b le to i n fec t tIle m o u se foo t  p a cl ,  wh creas "you th fu l "  
orga n is ms- t h ose recove re cl from the  m o u se foo t  pad d ur i n g  logari t h m i c  m u l t i p l i­
ca t i o n -st a i n  a t  l e ast as we l l  by t he s t andarcl t echn ique as a fte r per iocl a te  
trea t me n t . 

The c1 a t a  p rese n tecl h e re su gges t , fu rt h er, t h a t  t h e  e x cess oI' " h u m an " M. leprae 
s t a i ned a rte r per ioclate ox i da t i on  is  i n co nseque n t i a l .  In an  ear l ie r , a s  yet  
un p u b l ished st u d y o f  the c o u n t i n g  t e c h n i q u e ,  we fo u n d  that  the M. leprae we re 
oft e n  ra n d o m l y  d i s t r i b u tecl  i n  t he "c i rc les" o I' l h e  c o u n t i n g  s l i d e ;  t h a t  i s ,  the  
nu m be rs o I' o rgan isms e n co u n te red i n  fie ld-by-fi e l d  c o u n ts were consiste n t  w i t h  
t h e  Po isson d is t ri b u t i o n  ( G ol d ste i n ,  1 9 64) .  M o re over, t h e  n um be rs o I' orga n isms 
cou n ted d uri ng  the e x a m i n a t i o n  of  20 fie lds  a lo ng t h e  equator  o f  e ach o I' t h e  
t h ree c i rc les  o n  t h e  s l i d e  fe l l  i n  t h e  range - 50% to  + 1 00% of t h e  mean  fo r th e  3 
c i rc les 90% o I' t h e  t i m e .  Th us, some vari a t i o n  o I' t h e  n u m bers o I' organ isms 
cou n te d  in du p l i c a te p re para t ion s is to  be e x pec ted , even  when both h ave been 
sta ined si m u l ta n eo us l y by t h e  same tec h n iq ue and were e x a m i ned b y  the  sa me 
observer.  I n  order  to c1 emonst ra te  a n  e ffec t  o f  pe r i oda te t rea tmen t ,  the  d i fferen ce 
be tween n u m bers o f  A F B  co u n ted on d u p l ica te sl ides  m ust  be shown to be 
greater  t h an t h at a t t r i b u ta b le t o  c o u n t i n g  e rro r. O u r  da t a  suggest that  the i n c re ase 
of the n um b e r  of s t a i n a b le A F B  from h u m a n  ma ter ia l  p rod uced by per ioclate  
trea t me n t  is  o n ly a l i t t le  l a rger than the appare n t  i n erease that  m igh t be  
encoun t e re d  b y  c hance w h e n  t h e  same s l ide  i s  ree x a m i n ecl b y  t h e  same O I' another  
e x a m i ner,  a n d  may b e  n o  greater  th an t h e  appare n t  i n crease e n co u n tered  when 
d u p l i cate but  n o t  ident ica l  p re p ara t i o n s  are  e x a m i ned . Certa i n l y ,  there is n o  
ev idence t o  suggest t h a t  s t a i n ing  by t h e  s tandard ac id -fast tech n iq ue res u l t s  i n  a 
gross underest imate o f  t h e  n umber  of M. leprae i n  a p re p a ra t i o n . 
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D N C B- Reactivity in 
Patients with Leprosy In Kenya 

A. H A RTMAN 

Depart m e n t D f  Derm a to lugy , S ta te  Ull i l'ersi ty .  C ro l l inge n .  Holla n d  

S c n si t i z a t i o n  fo l lowed b y  gra d e cl  c h a l l e n ges o f  cl i n i t roch l o ro be n ze.ne ( D N C B )  w e re 
performed in 1 0 5 l e p rosy p a t i e n ts ( Ba n t u )  in K e n y a  ( 2 2  t u be rc u loicl , 5 3  border l ine  
a n d  3 0  l e p ro m a t o u s  l e p ro sy ) .  The  res u l t s  w e re c o m p a reci w i th  t h ose o b t a i necl i n  a 
group o f  3 8  re la t ives ( i n d e x  cases 5 l e p ro ma t ous  l e p rosy p a t i e n t s )  a n d  in a gro u p  o f  
h e a l t h y  c o n t ro ls  ( no k n o w n  h o u se h o l d  c o n t a c t  w i t h  l e p rosy ) .  A l i  p a t ie n t s  showed a 
d i minshed  D N C B  reac t i v i t y  as c o m p a re d to hea l t h y  cont rols .  I n  t h e  gro u p  o f  
re l a t ives o f  l e p ro m a t o us lep rosy p a t ie n ts n o  d e c rease o f  DNCB re a c t i v i t y  (as  
c o m p a re ci t o  l ocal c o n t ro ls )  was  o bserve d .  

The percen tage o f  D N C B  re actors i n  hea l t h y  c o n t rols  i n  Africa p roved t o  be 
s ignifi c a n t l y  lower t h a n  the percen tage of  D N C B  react o rs i n  heal thy c o n t ro l s  o f  
Caucasion a n d  Negro a n cestry i n  H o l l a n d .  The fac t o rs possib l y  i n n uenc ing  t hese 
res u l t s  a re d iscusse cl .  

I n trod u c t i o n  

I n  several s tud ies ev idence is g iven  that  ce I l -med ia ted  i m m u ne react iv i ty is 
depressed in pat ie n ts w ith l epromatous l eprosy . I mpa ired responses we re noted to 
i n t racutaneolls test an tigens (Waldorf et  ai. , 1 966 ; BuI lock ,  1 968) ,  and to contact  
sens i t i za t ion wi th  2 ,4-d in it rochlorobenzene ( DNCB)  or p icry ch lo ride (Waldorf e t  
ai. , 1 96 6 ;  Bu l lock ,  1 968 ,  Turk and  Waters, 1 969) .  Bes ides prolonged sk in  a I lograft 
surv iva l  has been reported in l epromatous pat ien ts ( J ob et ai. , 1 96 7 )  and  in both 
tuberculoid and lepromatous pat ie n ts ( H an e t  ai. , 1 9 7 1 ) . Reports on in vitro tests 
wi th  leucocy tes o f  1 eprosy pa t i en ts have been con trad ic tory ( Dierks and Shepard ,  
1 968 ; Sheagren e t  aI. , 1 969 ; Nelson e t  aI. , 1 9 7 1 ; Wong e t  ai. , 1 9 7 1 )  and  
conseq uent ly  there is some doubt whether  i n  l epromatous l eprosy a ge nera l i zed 
depression of C M I  react iv i ty actual ly occurs .  

Moreover, some fin d ings poi n t  to  an  i mpairmen t  or  CM I reac t i v i ty i n  pat ients 
wi th  t uberculo id l eprosy ( Bul lock ,  1 968 ) .  Recent ly  Mendes et ai. ( 1 974)  showed 
sign i fican t ly impaired responses to DNCB in tubercu lo id  l eprosy pat ie n ts w i th 
normal  responses to  i n tracu taneous test an t igens ( tubercul i n ,  o id iomyci n ,  
tr ichophyt in  a n d  lepro m i n ) . 

Because o r  th is  con troversy or op in ion we dec ided to start a systemat ic  s tudy 
on the immune  react iv i ty or l eprosy pat ien ts .  In  th is  paper we report o n  the 

resul ts  of  DNCB sensi t izat ion test ing i n  l eprosy pat ients  in Kenya .  Pat ien ts 
represen ti ng  the whole spec tru m  of leprosy fro m  polar tuberculoid to polar 
lepromatous were i nc luded in these tests .  A comparison was made wi th  s imi lar  
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t e s t s  carr i e cl o u t  i n  re l a t ives 0 1 ' l e p roma tous  pa t ie n ts w h i l e  resu l t s  were ma t checl 
wi t h  resu l t s  o b ta i ned in t wo gro u ps 0 1' hea l t h y  con t ro l s  w i t h  res i dence in K cnya  
an el i n  t he  Ne t hcr l a n cls ,  respec t i vc ly ". 

M e t h ods 

S E N S I T I Z A  T I O N  I '  R OC E D U  R E  

Sens i t i z a t i o n  tes ts  w i t h  O C B  were pe rfo rmecl accord i ng to  t h e  m e t h ods 
clescr i becl by  B l e l l m i n k  el  aI. ( 1 9 74 )  with m i n or mod i fi ca t ions .  
I .  The so l l l t ions  used  fo r se n si t i za t i o n  and  cha l l enge were p repared a t  the  

B ioch e m i c a l  Labora to ry ( H ead : E .  B l e l l m i n k . Ph . D . ) ,  Oepart me n t  o f  Oerma­
to logy . G ro n i n ge n .  The Ne th e rl a n ds, and  issued in  po ly t h e n e  v i a ls which were 
sea l ed  a I' t e r  t h e  re mova l  0 1' ace tone  by evapora t i o n .  The v i a l s  wcre s to red a t  
4° C a n d  p ri o r  to  u se i n  t h e  fie l d  were rcconst i t u tcd w i t h  a s ta n el arcl vo l ume  0 1' 
ace tone .  

2 .  The  se ns i t i za t i o n  el ose 0 1' 2 m g  ONCB i n  ace tone  as a ru lc was  a p p l ieel t o  the  
vo l a r  aspec t  0 1' t h e  forea rm . Mos le ms, however, beca llse 0 1' r i t u a l l y  p resc ri beel 
el a i l y  a b l u t ions .  werc se ns i t i zc el at t h e  vo la r  aspect  0 1' t h e i r  upperarm. 

3. Cha l l t: nges were perfo rmed 1 4  el ays  l a t e ; b y  pa t ch test i ng  w i t h  3 a n el 1 0  ug oI' 
ONCB.  o m i t t i ng  tes ts  w i t h  3 0  ug i n  orel e r  to p reve n t  e rroneous  reael i ngs 
( Ha r t ma n ,  1 9 7 6 ) .  

4.  T h e  reac t i ons  were e x a m i n eel 4 8  h l a t e r  a n el gradeel as 2 , 3 o r  4 p lu s reac t ions  
o m i t t i ng I p lus  reac t i on s  ( e ry thema on l y ) beca use 0 1' the i r  i n consp i cuo ll sness 
on Afr i can s k i n .  The sum 0 1' t h e  p l ll s  re ac t ions  is el esigna ted as ONC B-score . A 
score of 2 or more is t aken  as p os i t i ve ' v ide n ce fo r ce l l -me d ia ted  i m m u n e  
reac t i v i t y  to  t h is pa rt i c u la r  compone n t .  

I 'ATI E N T S  A N D C O N T R O L S  S T U D I E D  

A .  I n  K e n y a  t h ree  gro l l ps 0 1' person s  were s t ud ie el :  
I .  1 0 5 le p rosy pat ie n ts ; 7 5  perso n s  fro m Western Kenya  ad m i t ted  to t he  

Lep rosy Hosp i ta l  a t  A l u pe a n el  3 0  i n -pa t i e n ts o f  the  TlImbe Lep rosy Cen t re 
(Coast  Provi n ce ) .  Of these 47 werc i n  a reac t i onal state or had rece n t l y  
suffe red from a react ional  state ( reversal re act ion o r  EN L) .  A l i  o f  them h ael 
rece i veel trea tmen t  wi th  el iam inocl i pheny l s ll l phone  ( DOS)  or Lamprene .  
Some pat ien ts were t reateel wi th  cort icoste roicls .  
2 .  38 re l a t ives  ( first anel seconcl clegree ) o I' 5 pat i e n ts w i t h  ( polar)  l ep roma­
tous l eprosy l iv ing in  t he  Coast Provi nce .  Physical exam inat ion  revealecl that  3 
o f  t hem had  u n trea ted t u bercu loid le p rosy . 
3 .  2 7  h ea l thy v i l lagers near  TlIm be w i t h o u t  a fami I y  h is tory o I' leprosy . 

B. I n  the  Netherl an cls  2 groups of  con trols were s t ud ied : 
I .  A group  of 1 0 5 Ou tch o u t-pa t i en ts o f  the Oepartme n t  of Oerma to l ogy a t  

Gron inge n ,  p resen t ing w i t h  m i n or s k i n  d isease a n d  obviously free of  l eprosy . 
2 .  A gro up o I' 7 hea l thy n egroes of S .  American ancestry bom in  Hol l and .  

The  c1ass i ficat ion of  leprosy pat i en ts was  based on c l i n icai h is tory ,  physi cal 
examinat ion , determ i n at ion  of sk in  smears and skin biopsies. Al I  pat ie n ts were 
( re )c1ass ified accord ing to  the R id ley-J opl ing scale ( 1 9 6 6 ) .  

Oetai ls  I i ke  age , sex ,  tribe ,  react ional s tate ,  reason of  admission ,  per i oel of 
treatme n t ,  BCG vaccina t ion  and  other  factors of  possib le i nnuence on the  ONCB 
react iv i ty were recorded .  

Some b iopsies were t aken  for his tological evaluat ion oI'  our  t e s t  resu l ts .  
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F i n a l l y  al i v o l u n t e c rs were c l i n i ca l l y  exam i ncd  and  t he  c l i n ica i  h is tory and  
d i seases were n oted . 

G E N E R A L  H E A LT H  SC R E E N I N G  
Phys ica l  e x a m i n a t i on  rcvea led t h at a great m a n y p eo p le i n  t h e  3 groups 

i nvest igated h ad a p a l p a b le sp le e n .  Anae m i a  was co m m o n l y  e n co u n te red ( 1 8% ) .  
A l i 0 1' t h e m  h ad a h is to ry 0 1' re peatcd a t tacks  0 1' ma la ri a  a n d  a n umber  0 1' th e m 
( 5 8%) had  a h is to ry 01' sch istoso m iasis .  K wash iorkor and marasmus are we l l 
known d iseases i n  t he a re as u n de r  su rve y . 

Resu lts 

Le prosy pa t i e n ts both i n  -Al u pe as wel l  as in Tu mbe Le p rosy Cen t re , were 
c \ass i fied by  c l i n ica i  e x a m i n a t ion  i n  five groups ( Ta b le I ) . S in ce DNC B re ac t i v i ty  
part ly  de pends u po n  age , data  a re g iven for 4 se p ara te age gro u p s  (Tab le 2 ) .  On l y 

4 o u t  0 1 '  1 0 5 Pa t ie n ts (4%)  w i t h  l e p rosy were fo und  reac t ive to DNC B as 
compared to  I I o u t  0 1' 38 in t h e gro u p  0 1' re l a t ives  ( 29%) a n d  7 out of  27 ( 26%) 
hea l t h y c o n t ro l s  in K e n y a .  The d i ffe re n ce be twecn t he  l e p rosy pat ie n ts a n d  t he  
l a t t e r t wo groups  is  s ta t is t i ca l l y  s ign i fica n t ( P > 0 .0  I ) . The d i ffe re nces a re eve n 

T A B L E  I 
Classifica / ion of leprosy pa / ie n /s, reaclional s /a /e and DNCB reactivi/y 

Type A d m i t t e d  React ional DNCB-test Adm itted React ional  DNCB-test 
a t  Tumbe state a t  Al upe state 

I .  TT 3 O O 
2 .  TB 8 5 O 3 2  1 2  
3 .  B B  7 3 O 7 3 

4. B L  6 3 O 2 8  1 3  
5 .  L L  6 2 O 8 6 

3 0  1 3  O 7 5  3 4  4 

TAB L E  2 

R esu l/s of pa tch tests wilh DNCB ill leprosy pa tien ts, relatives of LL patie n ts and con tra is in 
K enya ( 1 )  an d  in Holland (2) 

Age Leprosy Relat ives Co ntrols in Controls in  Controls in  

years pat ients o r  L L *  Kenya Hol land Hollan d 
pat ients  ( Dutch ) (negroes) 

No Pos No Pos No Pos No Pos No Pos 

0-30 3 7  - 2 2 2  7 1 4  3 4 8  - 4 8  6 6 
3 1 -5 0  5 4  - I 1 3  3 1 0  - 3 3 5  3 5  I I 
5 1 -7 0  1 2  - I 2 I 1 2  I 1 0  8 O O 

7 0  2 -- I I O I O l O  2 O O 

1 0 5 - 4 3 8  1 1  2 7  7 1 0 3 9 2  7 7 

No = Number .  
Pos  = Posit ive.  

* Lepromatous leprosy ( polar form ) .  
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TA B LE  3 

SlI m mary oI DNCB - tests in leprosy pat ien ts and con tra is in K enya 

Gro u p  A Leprosy p a t ien ts  
A l u p e  ( W e s t e r n  Kenya)  
Tum be (Coast Province ) 

Tota l  

N u m ber  Cha l lenged 
( read )  

75  
3 0  

1 0 5 

Positive 

4 
O 

4 

G rou p B Fam ily m e m bers of 5 leprom atous  p a t i e n t s  ( 1 st and 2nd  degree) 

% 

5 
O 

5 

Coast Province 3 8  I I 2 9  

G r o u p  C Control  G roup  
Coast Province 

27 

Differences between A and B ,  A and C stat ist ica l l y  sign i fican t (P < 0. 0 1 ) 

7 26 

more s t ri k i n g  (Table 3 )  i r  o n ly th ose p e rsons l i v i n g  i n  the  Coast Pro vi n ce a re t a k e n  

i n to  acco u n t .  N o n e  o u t  0 1' 3 0  l eprosy p at ie n ts a n d  7 o u t  o f  2 7  hea l thy  con trols 
co u ld be sens i t i zed to the c o n t a ct a l l e rge n .  Also 3 ch i ldren with h igh resis tant  
t u b e rc u l o i d  l eprosy (TT) fo u n d  a m o ng the  re la t ives of  pat ien ts were negat ive to 
DNCB .  

T A B L E  4 

Da la oI persons  in K enya with positive reactions to DNCB 

Age Sex Leprosy c1ass BCG vaccinated 
persons DNCB-score 

Gro u p A Leprosy pat ients  ( 4 )  
4 0  B L  + 8 
3 5  TB 2 
3 1  m B B  2 
3 3 m L L  2 

Group B Fami ly mem bers ( I  I )  
1 6  + 5 
9 + 2 

3 2  4 
4 + 8 

20 2 
45  2 
40 m 5 
7 0  f 2 

8 m + 2 
1 7  f 3 
22 f 4 

Group C Controls ( 7 )  
1 4  + 5 
1 5  m + 5 
1 5  f + 2 
2 1  
1 9  4 
24 m + 3 
20 m 3 

• Spleen size measured in fingers :  + = one finger below the costal arch , 
2+ = t wo fingers great and so on .  

Pal p a b l e  sp leen * 

++ 

+ 

++ 

+ 
+ 

+++ 

++ 

++ 
+ 

+++ 

+ 
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The 4 posit ive reactors among le p rosy pat i e n ts from Western Kenya  were 
c1ass i fied as t uberculo id-bordcrl ine ( I ) , borderl i ne  ( I  ) ,  le p romatous-borde rl i n e  ( 1  ) 
and polar l epro matous ( I ) , (Table  4 ) .  I n  the  DNCB posi t ive reactors we found  2 
I"emale  and 2 male pat i en ts .  Three 0 1" them were in a react iona l  state e i ther  wi th  
neuri t i s  or e ry thema n odosum leprosum .  There was  no re la t ion to el u ra t ion  0 1' 

trea tment  or type o f  t rea tment  ( D DS or Lamprene ) .  A l i  pat i en ts recc iv ing 
corti costeroids showed negat ive responses .  Even vé ry recen t  polar  t u be rcu lo id 
cases proved to be complcte ly nega t ive to  DNCB,  even b y  h is to logica l 
exami n at ion of  skin b iopsies taken from cha l le nge s i tes i n  4 pat ien ts. 

Prior  BCC vacci n at ion el id not i n n uence DNCB reac t iv i ty . 
I n  persons  wi th  a palpab le  sp leen  in the 3 groups i nvestiga ted , n o  corre la t ion 

was found between the  sp leen s ize and  DNCB reac t iv i t y .  In  hea l thy con trols i n  
Hol land a l i  i nd iv id uaIs  unde r  50 years of  age were respond ing to DNCB 
se ns i t izat ion ; o lder i nd iv id uaIs were less se nsit ive (Table 2 ) .  Al i  negroes bom in  
Ho l l and  coul el be  sensi t ized . These resu l ts sharply con t rast w i th  those fo u nd i n  
hea l thy controls  i n  Ken ya, of  whom on ly  26% showed react iv i ty to DNCB upon  
sens i t i za t ion .  These d i ffe rences were found h igh ly s ign i ficant  (P < 0 .00 I ) . 

Discussion 

In l eprosy pat ie n ts of  a l i  types a low percen tage of  react ions to DNCB was 
found .  The fac t  that only 1 out o f  1 1  tu berculoid pat ien ts responded to DNCB 
chal lenge does not  corroborate the  assumption of  Turk and  Bryceson ( 1 9 7 1 )  that  
ce l l u la r  immune  react iv i ty is i n tact  i n  tu bercu loid leprosy . The data  p rese n ted 
tend to con tirm the observat ion of  Lim et ai. ( 1 9 7 2 )  stat ing that  d i fference in 
immune reactivity in  the  various types of  leprosy m igh t be mo re a d i fferen ce of  
degree than of  k ind .  

The observat ion of  marked i mpairmen t  o f  immune react iv i ty  to  DNCB both i n  
leprosy pat ie n ts and also in  healthy con trols i n  Kenya  con trasts w i th  other 
investigat ions, first o f  al i  with our  own norma l  resll l ts obtained by e xamin ing  
DNCB reactivity in  a con tro l group consist ing of  Negroes and Caucasians born i n  
Hol land .  S imi larly i n  Africa ( Uganda)  Z iegler e t  aI. ( 1 969 ,  1 9 70) observed a h igh 
rate of  DNCB react ivity in smal l  grollps of pat ients with ma l ignan t me lanoma and 
Bur k i t t 's  Iymphoma. 

Di ffere n t  ex planat ions can be given for the low percen tage of sk in  reactors to 
DNCB in  leprosy pat ients and hea l thy controls in  Kenya .  Weigand  and Caylor 
( 1 974)  test ing d i fferen t  conce n tra t ions  of  DNC B upon str ipped and n orma l sk in  
of Negroes and  Caucas ians i n  USA conc luded that  the stra tum corneum of 
Negroes p rovided a more e ffec tive barrier  to chemica l  substances l i ke DNCB.  This 
observat ion is at  variance with the tinding of Verhagen ( 1 974)  that con tac t 
dennat i t i s  is not  rare ly  encoun tered in Kenya ,  though the number  of sophist i­
cated al lergens  o bviously is sma l ler than i n  indllstr ia l ized cOl'n tries .  The fac t  that 
Hartman ( 1 9 76 )  in  Kenya  found a lower percentage of  con tact dermat i t i s  as 
compared to tigures reported from Sweden (He l lgren ,  1 96 7 )  may l argel y  be 
explained by the above men tioned re lat ive lack of  poten t ia l  a l lergens  i n  Africa .  

Walker e t  aI. ( 1 9 6 7 )  i n  i nvestigat ing genet ic  fac tors operat ive in con tact  
dermat i t i s  found n ormal sk in  react ivity to DNCB, even a t  low cha l lenge dosage , in  
Caucasians as we l l  as i n  Negroes and Asians. The wel l  known fac t  of  the dec l in ing 
rate of  posit ive skin reactors in  o lder groups (e .g. Wa ldorf  et aI, 1 96 8 )  cannot  
expla in the low percen tage of  DNCB reactors nei ther i n  our s tudy with few 
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pa t ie n ts and  con tro ls  i n  age gro u ps bcyo n d 50 yea rs nor  in  A fr ica as  a who lc  el ue  
to t h e  re l a t ive  p re pondera n ce 0 1' you ng age  gro u ps i n  t rop i ca l  co u n t r ic s . 

I m pa i re el i m m u ne reac t i v i ty  to D N C 8  i n  bac i l l i fe ro u s  i n fe c t i o n s  m ély  be  
e x p la i ned b y  ma ss i ve i n fi l t ra t i o n  0 1 ' parél cort i ca l  z o n c s  0 1' I y m p h  n odes by  
h is t i ocy tes con ta i n i ng in ges ted M. leprae. but  i n  pauc i bac i l l i fe ro u s  ty pes 0 1' 
le p rosy t h is e x p lan a t ion  can no t  be p u t  fo rwa rel . The co mmon el ep ressi o n o I' 
ce l l u l a r  i m m u n e  reac t i v i t y  el ue to  m a l n u t r i t i on  al,eI to va r i o us enelem ic  i n fec t ions  
of v i r a l ,  bacter ia l  o r  p ro tozoal  o rigi n i s  we l l  k nown . 

80th i n  I nel ia (Chanel ra ,  1 97 2 )  an el i n Tha i l a n el ( Eel e l m a n  et aI. , 1 9 7 3 )  a 

sign i ficant ly l ower freq uen cy of sens i t i za t ion to DNCB ( resp . D N F 8 )  h as been  
re porteel i n  malnourisheel ch i l cl ren . S i m i l a rl y  i n  South  A frica Sm y t he et  aI. ( 1 97 1 ) 
clemonstrateel pro fo u nel el ep l e t io n of t h e  t h y mo l y m p h a t ic sys t em and seve re 
el epress io n of  cel l u la r  i m m u ne respo nses i n pa t ie n t s  w i t h  ma l n u t r i t io n  as 

co m pared to hea l t hy  co n t ro ls . 

The sy ne rgis t ic i n t e rac t ion  o f  ma l n u t r i t i on  and  i n fec t ion  is we l l  recogn i seel on  
the bas is  of  c l i n ica i o bse rva t ions  a n el e p icl em io log ica l  cl a ta  ( Cha n d ra, 1 9 7 2 ) . 

A rece n t report o f  a W H O  sc ie n t i fic group  ( 1 9 7 3 )  su ms u p  a n u m be r 0 1' v i ra l 
anel  bacter ia l  i n fec t ions ,  many  o f  t hem p rese n t  i n  t ro p ica l  cou n t r ies , p ri ma r i l y  
ca us i ng n on -spec i fic  l oss o f  ce l l  mecl i a teel i m m u n i t y  i n  man  anel  t e s t  a n ima i s .  

) n t h e  Coas t  p rov i n ee o f  K en ya  sch is toso m ias is . h e l m i  n t h  ic  i n  fec t ions ,  
t ubercu los is ,  l eprosy anel fi l a rias is a re en ele m ic ( Ha rt m a n , 1 9 76) .  The  area is 
known for the  h ype re n elem ic i ty  of malaria ( Kortma n ,  1 97 2 ) .  Ma lnutr i t ion  i n  
younger  age groups i s  freq uen t l y e n co u n tereel .  There fore the  e x p lan at ion mo s t 
l ikel y to apply to the  re portecl l o w  percen tage o f  sk i n  reac tors t o  DNC B both i n  
lep rosy pat ie n ts a n el i n  heal thy con trols i n  Keny a  i s  t o  b e  roun el i n  e nv i ronmen tal  
fac tors in  which an  i n te rp lay between m a l n u tri t i o n anel  paras i t i c  e n el em ic  
infec tions is opera t ive.  

Future immunological stuel ies of  le p rosy pa t ie n ts p re fe rab l y  shou lel i n cl uele 
invest igat ions to be ca rrieel out  i n  an  env i ronmen t  in  which concurre n t  enelemic  
disease cannot  poss ib ly i n terfere wi th the col lection of  data needeel to  e l uc idate 
the patho-immunological mechan isms involved in leprosy pa t i en ts . 

Acknowledgements 

Pe rmission and help w as give n by lhe Kenyan Government  both i n  Alupe lep rosy h ospital , 
Western Province ( Head : A. de Rij k M . D. B .S . )  and Tumbe l e p rosy centre ,  Coast Province 
( Head : K .  Waaldij k  M . D. B . S . ) .  Tha n ks are due to the Dutch Lep rosy Foundation at 
Amsterdam, fo r fi n ancia11y support ing th is investigation and to the East African Le p rosy 
Research Centre ,  Al upe ( Head : Dr Y. O tsy ula)  for assistance and transp ortat ion faci l i t ies.  

Furthermore , I t h an k  the  Staff o f  the Dep artment o f  De rmatology fo r technical support and 
helpfu l  discussion.  Final ly  I am most  grate fu l  for the cooperation of a11  vol u n teers both in 
Kenya as well  as in  Ho11an d .  

References 
Bleumink ,  E . ,  Nater ,  1. P . ,  Sch arfford t-Koops, H. and The , T.  H. ( 1 9 7 4 ) .  A standard method for 

DNCB sensit izatio n testing in  patients with neoplasmas. Can cer 3 3 . 9 1 1 .  
Bul lock,  W.  E .  ( 1 9 6 8 ) .  Studies of  immune  al lergic response to skin test an tigens .  N. Engl. J. 

Med. 2 7 8 , 2 9 8 .  

Chandra ,  R .  K .  ( 1 9 7 2 ) .  I m munocompetence in u n dernutrit ion .  J .  Pediat. 8 1 ,  1 1 94 .  

Dierks, R .  E .  a n d  Shepard , C .  C .  ( 1 9 6 8 ) . E ffec t  of phy tohemagglutinine and various 
m y cobac terial an tigens  on l y m p hocyte cu l tures  from leprosy patients .  Proc. Soe. exp. 

BioI. Med. 1 2 7 , 3 9 1 .  



DNCB- R EAC'T IV ITY 1 99 

Eele l m a n ,  R . ,  Susk inel ,  R .  a n el 0 l s o n ,  R .  E. ( 1 9 7 3 ) . M e c h�l n ism of d e fe c t i vc el e J a y eel cy t a neous 
h y persensit iv i ty  i n  c h il el ren  w i t h  p ro t e i fl -ca lo r ie ma l n u t r i t io n .  L a n ceI 1 , 5 0 6 .  

Ha n , S .  \ 1 .  Weiser ,  R .  S .  a n el K a n ,  S .  T. ( 1 9 7 1 ) . Prolo ngccl su rv i v a l  o f  s k i n  a l lografts  i n  l e p rosy 
pa t ie n ts .  In l .  .I .  I. epr. 39, J .  

Ha r t ma n , A .  ( 1 9 7 6 ) . D e r m a t oses i n  l h e Coast  Provin ce o f  K e n y a .  ( I n p ress ) .  
\ 1a rt ma n ,  A . ,  H oe el e m a k c r ,  P h .  J .  a n el  N a l er ,  J .  P .  ( 1 9 7 6 ) .  I- l i s t o l ogi c a l  as p e c ts of D N C B  

se n s i t i z a t i o n  a n el  cha l l e nge tes ts .  B r  . .I. Derm. ( I n  p ress ) . 
He l lgre n , L. ( 1 9 6 7 ) . A n  ep ielemio logical su rvey of sk in  el iseases tat t oo ing anel  rhe u m a t i c  

d iseases. Th esis ,  A l m q uist a n el W i k se l l ,  S t o ck h o l m .  

Kort m a n ,  H .  F .  ( 1 9 7 2 ) . M alar ia  and  p regnancy . Thesis ,  D ru k k e rij E l i n k w ij k ,  U t rech t , The 
Neth er lands .  

Li m ,  S .  D. ,  F usaro , R .  and  Good,  R .  A .  ( 1 9 7 2 ) .  The t rea t m e n t  of  lep rosy pat ients  w i t h  
i n travenous  i n fusions o f  le ucocy les fro m norma l  persons .  C/in . fm m u n.  I m m u n opa l h .  I ,  

1 2 2 .  

Mendes ,  E . ,  R a p h ae l ,  A . ,  M o t a ,  N .  G .  S .  a n el Mendes ,  N .  F.  ( 1 9 7 4 ) .  C e l l - m e el i a t e el i m m u n i t y  i n  
l ep rosy a n d  t ra nsfe r o f  el e layed h y perse ns i t iv i t y react i o n s  . .I. A llergy 5 3 , 2 2 3 .  

Nelson ,  D .  S . ,  Ne lson ,  M . , a n d  T h u rs t o n , J .  M .  ( 1 9 7 1 ) . P h y t o h e m aggl u t i n i n  i n el u ces I y m p h ocy t e  
tra nsformat ion  i n  le p rosy .  Clin .  exp. Im m u n .  9 , 3 3 .  

Rielley ,  D .  S .  a n d  J op ling  W .  H .  ( 1 9 6 6 ) .  Classificat ion of  lep rosy according to  i m m u n i ty : a five 
gro u p  syste m .  1111 . .I. Lepr. 3 4 , 2 5 5 .  

Sheagre n ,  J .  N . ,  B lock ,  J .  B . ,  T ra u t m an , J .  R .  and  Wol ff, S .  M .  ( 1 9 6 9 ) .  I m m u nolog ic react ivi t y  
in  pa t ients wi th  le prosy .  A n n .  inlem.  Med. 70 , 2 9 5 .  

Smythe ,  P .  M . ,  Brere ton-Sti les ,  G .  G . ,  Grace ,  H .  J . ,  M afoy ane,  A . ,  S c h o n l a n el ,  M . ,  Coovad ia ,  H .  
M . ,  Loen ing, W .  E .  K . ,  Pare n t ,  M .  A . ,  Vos,  G .  H .  ( 1 9 7 1 ) . Thy moly m phat ic  elefic ie n cy and 
depression o f  ce l l -mediated i m muni ty  in  p rotein-ca lorie m a l n u t ri t i o n .  L a n ce I  2 , 9 3 9 .  

Turk , J .  L .  a n d  B r y ceso n ,  A .  D .  M .  ( 1 9 7 1 ) . I m m u nological phenomena  i n  l e p rosy a n d  rela ted  
diseases. A d v. Im m u n .  1 3 , 2 09 .  

Turk , J .  L .  a n d  Wat e rs ,  M .  F .  R .  ( 1 9 6 9 ) .  Cel l  meel ia ted i m m uni ty  i n  p a t i e n ts w i t h  l eprosy . 
LanceI 2, 2 4 3 .  

Verhage n ,  A.  R .  H .  B .  ( 1 9 74 ) .  Con tac t  dermat i t i s  in  K e n y a .  Tra ns. Sr . .I o h ns  Hosp. Derm. Soco 
60, 8 6 .  

Waldorf, D .  S . ,  Sheagre n ,  J .  N . ,  Trau t m a n ,  J .  R . ,  and B l o c k ,  J .  B .  (I 9 6 6 ) .  l m paires d e l a y e s  
hyperse nsit iv i ty in p atie n ts with l epromatous  l ep rosy . Lan ce t  2,  7 7 3 .  

Wald orf, D .  S . ,  Wi lkens, R .  F .  a n d  Decker,  J .  L .  ( 1 9 6 8 ) .  I m pa ireel de layed h y p e rsensit ivi t y  o n  
an  aging pop ulat ion .  1 A M A  2 0 3 ,  8 3 1 .  

Walker ,  F .  B . ,  Smi th ,  P .  D .  and  Ma ibach ,  H .  J .  ( 1 9 6 7 ) .  Genet ic factors in h u man a l lergic contact  
dermat i t is . ln l. A rchs A llergy appl. Im m u n .  3 2 , 4 5 3 . 

Weiga n d ,  D. A. a n d  Gaylor ,  J .  R .  ( 1 9 7 4 ) .  I rrita n t  react ion in negro anel  caucasian sk in .  Sou lh .  
Med . .I .  6 7 , 5 4 8 .  

Wong, P .  c . ,  Chan-Ted h ,  C. H . ,  Wu ,  S .  a n d  K e n d al l ,  F. H .  ( 1 9 7 1 ) . Transformat ion of  
l y m p h ocytes by phytohemagglut in in  i n  l eprosy sera .  In l .l. L epr. 3 9 ,  7 .  

Ziegler ,  J .  L . ,  Coh e n ,  M .  H . ,  Morrow ,  R .  H . ,  K y a l w azi ,
· S .  K .  a n d  Carbone , P .  P .  ( 1 9 7 0 ) .  

I m mu n ologic stu dies in Burki t t ' s  l y m p h o m a .  Can cer 2 5 ,  7 34 .  
Ziegler ,  J .  L . , Lewis, M .  G . ,  Luy ombya ,  J .  M .  S .  a n d  K i ry ab w ire ,  J .  W. M .  ( 1 9 6 9 ) .  I m m u n ologic 

s tudies in p at ients  with  Illa l ignant  me lanoma in Uga nda .  Br. J. Can cer 2 3 ,  7 2 9 .  





Lepr. Rev. ( 1 9 76) 47 , 20 1 -209 

Weekly Self- Medication of 
Leprosy Patients Monitored by 

D D S/Creatinine Ratios in Urines 

H .  C. 1 .  H U I K ESHOV EN * ,  C. HONHO F Ft ,  G. J. J. M .  VAN EY S-r , 
J. G. F. ANTEN * ,  J. M .  A. M A Y E R *  AN O H .  P. T. VAN H E LOENt  

Eas r African Jns r i rU le  for Medicai R esea rch , Mwanza,  1àl1 za l l ia 

The self-admin i s t ra t ion of on ce-weekly d oses of 300 mg Dapsone ( D DS )  by leprosy 
pat ien ts in lhe  M w anza region of Tanzania was mon i to red using the urine-test 
method d escribed b y  El lard e r  a i. ( 1 9 7 4a ) .  D D S/ c reat in ine  rat ios were de termined 
on u rine sam ples voided by 65 superv ised le p rosy pat ients  on each of 7 successive 
days fol lowing the ingest ion  of  300 mg D D S .  The method w as then  app lied to ur ine 
sa m p les  col lected by  means of  surp rise visi ts to t h e  homes  of 1 58 o u t-pat ients  2 
days after the  day on whic h  a 300 mg dose of D D S  should have been taken .  The 
ex t en t  o f  DDS self-ad minist ration by the ou t-pat ienls  was est imated by com paring 
the  results wi th  t h ose obtained fro m cont rols given supervised D D S  doses and from 
su bjects  not laking D DS.  Significan t a m ounts  of D D S  were not detected in  the 
urine sa m p les col lected fro m 3 0% of the  out-pat ien ls .  F urthermore the  average 
D DS/creat in ine ratios of lhe u rine  sa m p les of the other out-pat ients were 
significant ly  lower t h an those from the  supervised con trols .  The i m pl icat ions o f  
these find ings t o  the  t reat ment  of  l eprosy in  the  M wanza region and  t heir relevance 
to olher l eprosy con lrol  schemes is discusse d .  

I n troduction 

The successfu l  mass treatme n t  of l eprosy is largely depende n t  on the regulari ty 
with which out-patie n ts take the DOS tablets they are give n .  Furthermo re 
irregular i ty of D O S  treatmen t  is p robably one o f  the ma in  factors that p romote 
the emergen ce of  OOS-resistan t  stra ins  of  Mycobacterium leprae ( Rees, 1 967 ; 
J acobso n ,  1 9 7 3 ) .  The pote n t ia l  u nre l iabi l i ty of da i ly  sel f-med icat ion of D O S  has 
been demonst rated by El lard and h is co-workers who showed that only about a 
hal f of the p rescribed DOS doses had been taken by  pat ien ts i n  Malawi i n  the days 
i m mediately p receed ing  their  atte ndance at  the c\ i n i c  (El lard et aI. , 1 9 74b ) .  
Simi lar irregu larity i n  dai ly se lf-medicat ion was fbund in  Eth iopia by Low and 
Pearson ( 1 9 74) .  The e ffect iveness o f  cost1y p rogram mes for the mass trea tment  of  
leprosy may therefo re be substan t ia l ly impaired i f  these fi nd ings are ty pical of  the 
si tuat ion  i n  the world 's  major  e n demic  a reas. 

The quan t i tat ive determ ination of  the ratio of  DOS and its acid-Iabile 
metabolites to c reat in ine  in  the urine p rovides a s imple and relatively sensit ive 
method for mon i toring  DOS se lf-administration ( El lard et  ai. , 1 974a). However, 
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i n  c o n t rast  t o  l h e  pat ie n ts s t u el ie el i n  M a l a w i  a n el E t h io p i a ,  most  l c p rosy p a t i e n t s 
i n  Ta n z a n i a  a n;  p rescr ib cel wcekly  d oses o f  D O S  fo r se l f-ad m i n is t ra t i o n .  

This  paper  cl escr i bes a n  i n vest iga t i o n  o f  t h e  a p p l i e a b i l i t y  o f  E l l ard 's  m e t hod t o  
mo n i t o r t h e  i ngcst i o n o f  weekly  d oses o f  D O S, a n d  a n  e x am i n at i o n  o f  t h e  ac tua l  
regu lar i ty  o f  el apso n e  se l f-a d m i n is t ra t ion  i n  t h e  M wa n za reg ion o f  T a n za n ia .  

M e t h ods 

C O L L E C T I O N  O F  U R I N E  S A M P L E S  F RO M  C O N T R O LS A N D  O U T-PAT I E NTS 

Con tro /s. D OS ur ine sa m p les  w e re eo l leeteel f Tom 1 8  a el u l t i n -pa t i e n ts ( 1 0  male , 
8 fe male ) fro m t h e  l e p rosy wa rel o f  t h e  h osp i ta l a t  Senge re m a  (G c i ta el i s t r i e t ,  
Mwanza regi o n )  a n el fro m 49 a d u l t  le p rosy pat ie n ts ( 2 3  m a l e ,  2 6  fe m a l e )  l i v ing  i n  
or aroun el t h e  l e p rosy eon trol  ce n t re a t  S h i ra l i  ( Ta r i m e  el i s t r i c t ,  M ara regi o n ) .  T h c  
Se nge re ma pat ie n ts were u n eler  t rea t m e n t  w i t h  wee k ly  d oses o f  3 0 0  mg D OS .  Thc 
Sh i ra t i  pat ie n ts w e re t re a t e el w i t h  200 m g  D O S  wee k l y  ptior to  t h i s st uel y .  In l h c  
last  2 weeks befo re u ri n e  w as co l lee teel a l l  o f  t h ese p a t i e n ts were t rea teel w i t h  
3 0 0  mg D O S  o n ce a wee k ,  i ngesteel between 09 . 00 a n el 1 0 . 00 h rs u n el c r  
superv is io n o  U ri n e  sa m p lcs were eo l leetcel be tween 0 8 . 3 0  a n el I 1 . 00 h rs o n  t h e 7 
elays fo l I o w i n g  th e  el ay o n  w h ieh  t h e  eco n el su pe rv ise el el ose of 300 mg was t a k c n .  
Th e p a t i e n ts were askeel t o  e m p ty t h e i r  b lad ele rs early i n  th e  m o rn i ng p r i o r  t o  
pass i ng u ri n e  for t he req uire el sam p les . The next  el ose o f  D OS was g iven on ly  a fter  
the last  u ri n e sam p le w as eo l leeteel .  B la n k  u ri n e  sam p les were a l so  eol lceteel fro m  
67 s t aff, p a t i e n t s  n o t  u n der  treat m e n t  w i t h  D O S  an d v i s i t o rs t o  t h e  Senge re ma 
anel S h i ra t i  h osp i ta Is .  

O u t-patien ts. Uri n e  sa mp le s ( " fi e l el samp les" ) wcre eol leetcel from 1 5 8 ael u l t  
ou t-pa t ie n ts ( 8 0  m a l e ,  7 8  fe male ) l iv i n g  i n  se parate h o uses i n  t h e  M w a n za a n el 
K w i m b a  el is t r i c ts o f  t h e  M wa n za regi o n .  Pat i e n ts were se leeteel who hael a t t c n deel 
t h e i r  m o n th ly c1 i n ie regular ly aeeorel i n g  to t h e  el e fi n i t i o n  o f  t h e  W H O  E x pert 
Commit tee on  Lep rosy ( 1 9 70 ) .  The p a t ie n ts were a lso se leeteel so as to p rov i el e  a 
re prese n tat i ve sam p le fro m  both  t h e  sma l l  anel la rge c 1 in i es t h roughout eaeh of th e 
2 el istr iets .  Ur ine samp les w e re eo l lee teel fro m these pat ien ts by me ans of su rp ri se 
vis i ts  to their  h omes between 1 0 .00 anel 1 6 . 00 h rs 2 el ays  after the elay  on  w h i e h  
the  fou rth week ly se l f-aelm in iste reel el ose of  3 00 mg D D S  sh ou ld  have been take n .  

AlI uri n e  samples men ti o n e d  were eo l lee teel by t h e  au thors th emse lves . 

AN A LY S E S  OF U R I N E  S A M P LES.  

Urin e  samples we re eol leeteel by  fi l l i ng up a smal l  eon t a i ner  e o n t a i n i ng an 
amount  of  2 N  HC I eq uivalen t  to a t h i rel of i ts eapa e i ty . The hydroeh lor ie  aeiel 
se rved b o t h  as a p rese rva t i ve aga i n s t  baeter ia l  g ro w t h  anel as an age n t  to hyel rol yse 
the aeiel - Iabi le me tabol i tes of D D S .  Previously it  had b een found t h at s tori ng sueh 
ae iel ified uri ne  samples a t  room tem pe ra t u re for I week d id  no t affec t t he 
DDSjereat i n in e  rat ios s ign i fiean t ly  E l l a rel et aI. . 1 9 74a) .  Duri ng t h e  p rese n t s tudy 
howeve r i t  was shown t hat storing urine  samples a t  ambient  te mperat ures for 
severa l  months i n fl ueneeel the est i mations. Comparing a l iq uots  of 3 1  urine 
samples storeel for 9 0  days at _200 C w i t h  a1 iquots of  the sa me samp l es s toreel at 
room tempera ture (+25 0 C) ,  the latter aliq uots showeel an average el eerease i n  
measurable D D Sjereat in i n e  rat ios o f  20%. I n  th is s tuel y urine samples were 
therfore est imated as soon as poss i b le after  eo l lee tion (ave rage d el a y :  5 days) , . and 
on ly  in exeept ional cases were stored for a few weeks at room tempe ra tu re pr ior 
to analysis .  D D Sjereat i n ine rat ios were d e te rm in ed us ing the method eleseribeel by 
Ellard et  alo ( 1 974a) .  The resuI ts  from a few samples  had to be d iseareled beeause 
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in the d ete rm i na t ion of  a c i d -I a b i l e  DDS,  prote i n  prec ip i ta t io n  occ u r red a rte r  t he 

ad d it i o n  of tr ic h loroacet ic  acid (about 1 % o f  t he samples )  or because the  p resen c e  
o f  su lphonamid es was revea led ( a nother  1 % o f  the  samples )  ( E l l ard e t  ai. , 1 9 74b ) .  

Res u l ts 

OOS/ C R EATI N I N E  R A T I O S  I N  U R I N ES F RO M  65 S U PE R V lS E D  P A T l E NTS , 
COM P A R E O  W I T H  B L A N K  V A L U E S  F O U N O  I N  62 CONT R O L  U R I N ES 

The val ues found  i n  uri n es from superv ised pat i en ts and con trols are 
summa rized in Table I .  A d is t i nct ion  was made between the rat ios found in u rine  
samples  from men and  t hose fo und i n  u ri n e  samp les from wome n .  Th i s  is  based 
on the  well  esta b l i shed fac t  tha t  the  d a i l y  excre t ion  of creat i n i ne by women i s  
s ign i  fi can t ly less than  t hat in m e n  ( Documen ta Geigy , 1 9 70) .  The resul ts  
prese n ted i n  Tab le I fu lly j ust ify th is d is t i nc t ion  and  i n d icate : 
I .  DDSjcrea t i n i ne rat ios in u rines col lec ted on success ive days arte r the  i ngest ion 

o f  300 mg DDS fe l l  re la t ively s lowly . When the  ra t ios were corrected for the  
mean b lank val ues,  t he  DDSjcrea t in ine ra t ios fe l l  exponent ia l ly  w i th  an  
average h alf-l i fe of  3 8  h i n  both men and women . 

2. H igh er ra t ios i n  u ri n e  samplcs from fcmale  pat ie n ts than i n  those from ma le 
pat ien ts. 

3. Sign ificant  d i ffe ren ces between the mean b lank  values and the mean values of 
DDSjcrea t in ine  ratios i n  u rines from pat ie n ts taking 300 mg DDS, eve n  on the 
seventh  day a rter  i ngest ion of the d ose . 

4. Wide ranges o f  i n d iv id ual va lues with in  each group ,  so that  as early as the th i rd 
day after i ngest i on of  3 00 mg DDS one  resu l t  overlapped with those obta ined 
from the  b lank u ri n es. 

The ranges , mean values and 9 5% con fidence l imi ts  of the means are i l l ustrated 
i n  Fig .  I .  

D OS/ C R EATIN I N E  R A T I O S  I N  U R I N ES F ROM 1 5 8 OUT-P A T I E NT S  

COM P A R E O  WITH B L A N K  A N O  C O N T R O L  V A L U E S  

On the basis of  the d ata summarized i n  Table I urine samples from the 
out-patien ts were c lass ified as " posit ive" or " negative" according to whether the 

T A B L E  I 

DDS/crea tinine ra tios in urin e sa mples fro m  65 supervised patien ts and 62 con trols 

Oays N u m ber  of DOS/crea t in ine  ratios (J..!g/ mg) 
after urine samples 

300 mg men  women 

D OS men women range m ean  ± Sm range m ea n ± Sm 

I 3 2  3 2  20 .0- 1 09 . 3  7 3 . 1 ± 3 . 0  6 1 .0- 1 3 8 . 7  90 . 1 ± 3 . 7  
1 3 2  3 3  1 4 .8 - 6 8 . 8  5 0 . 1 ± 2 . 0  3 8 . 9 - 1 07 . 6  64 . 9 ± 3 . 0  
3 3 1  3 3  8 .4- 5 1 . 7 3 3 . 3  ± 1 . 8 2 5 . 5 - 6 7 . 2  42 .9  ± 2 . 0  
4 3 2  3 3  6 .4- 40 .8  2 3 . 1 ± 1 .4 1 5 .0- 60 .3  29 .5  ± 1 . 6 
5 3 1  33  5 . 7 - 3 3 . 8  1 7 . 3 ± 1 . 2  1 1 . 5 - 5 7 . 9  2 4 . 2  ± 1 . 8 
6 3 2  3 3  3 .9 - 3 1 .4 1 2 . 7 ± 1 . 2  1 0. 3 - 39 .4  1 8 . 1  ± 1 . 3  
7 3 1  3 3  5 . 3 - 1 9 . 0  1 0 . 1  ± 0 . 8  4 .8 - 2 7 . 9  1 2 .0  ± 0 . 9  

Blanks 3 2  30 1 .4- Y . !l  5 . 3  ± 0 . 4  0 .0- 1 2 . 5  6 . 0  ± 0 . 5  

I n d icated are ranges o f  values found on each day and mean values wi th  t h e  standard errors o f  
the means ( S m )  for every day .  
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Fig. I .  D D Sjcreat inine ratios in  u rines  after a 300 mg DDS d ose.  (D) R ange of indiv idual  
values,  M = men . W = women . < .. l M ean with  i ts  9 5 %  confidence-area .  

The ranges and  means  for each  day repeated at the  bot tom of the figure concem the b lank 
values for men  an d women .  
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T A B L E  2 
DDS/creatinine ra / ios in urine sa m p les [rom 1 5 8  o u t -patie n ts in co mparison with b lank values 

and second day 's standard ra tios 

DDS/creat in ine  ratios (J.lgf mg) 
Type of  u rine samples N u mber  % Range Mean  ± Sm 

From men 
Blanks 32 1 . 4- 9 . 8  5 . 3 ± 0 . 5  
2 n d  day superv .  3 2  1 4 . 8- 68 .8  5 0 . 1 ± 2 .0 
Field samp les < 1 0  

( ' · negat ive") 2 1  2 6  2 . 6- 9 . 9  6 . 4  ± 0 . 5  
Fie ld sa mples  > 1 0  

("posit ive")  59  74 1 0 .4- 8 8 . 3  3 8 . 8  ± 2 . 5  
A l i  f ie ld samp les 80  1 00 2 .6- 8 8 . 3  3 0 . 3  ± 2 .4 

From women 
B lanks  30  0 . 0- 1 2 . 5  6 . 0  ± 0 . 5  
2 n d  d ay supe rv .  3 3  3 8 . 9- 1 0 7 . 6  64 .9  ± 0 . 3  
Field samples < 1 2  

("negative" ) 2 7  3 5  0 . 0- I \ . 6 6 .9  ± 0 .6  
F i e l d  samples > 1 2  

("positive" )  5 1  6 5  1 2 . 5 - 1 0 5 . 8  4 3 . 4  ± 2 .9 
Al i  fie ld  sam ples  78  1 00 0 .0- 1 05 . 8  3 0 . 8  ± 2 .9 

I n d icated are ranges of values found  in each group and mean values with the stand ard error of 
the means ( Sm)  for  each  group .  

DDS/creat in ine  ra t ios (iJ.g/mg) were grea ter or less than 1 0 .0  (men)  or  1 2 .0  
(wome n ), respective ly .  The  resu lts  ob tained when  samp les were class i fied i n  th i s  
way are compared  i n  Table 2 with the b lank and  con tro l va lues .  They  ind icate 
that : 
I .  About 30% or  the urine samp les were nega tive and  amo ng these samples the 

mean DDS/creat inine rat ios were very similar to those of  the blank u rines .  
2. The mean DDS/creat in ine ratios of the positive u rine samples were signifi­

cant ly lower than those of the  con trol samples taken 2 days after dosage with 
3 00 mg DDS (P < 0 .0005 ) .  

The frequency d istri b u tions  of the  DDS/creat in ine rat ios are i l lustrated in  
Fig. 2 .  

Discussion 

The organization of  the fie ld study was based on  the resu lts  ob tained from the 
supervised patie n ts and controls .  The easiest me thod of obtain ing u rine samp les 
from the out-patien ts would have been to have collected them when the patien ts 
attended a t  the mon th ly  clin ic to col lect their s upply of DDS tab l e ts for the 
fol lowi ng 4 weeks.  However, because of the large overlap be tween the DDS/ 
creat inine ratios determined among supervised contro ls 7 days after dosage with 
300 mg DDS and the values for untreated subjec ts (Table I ,  Fig .  I ) , for a h igh 
proportion of  subjects i t  would have been impossible to judge with certainty from 
such urines whether or not  the previous dose had been taken . Furthermore it was 
found that a n umber of  the pat ie n ts often d id not come to the c l in ics themselves 
but  sen t  a rel ative or neighbour to collect their DDS tablets for them. As a 
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consequence the more laborious app roach of coJlecting urine samp les by means o f  
home visits h ad to be follo wed . 

End-poin ts for classifying urine samples as positive and negative had to be 
chosen so that they would m isclassify the least numbers of genuinely positive and 
nega tive urine samples. The end-points chosen for men and women were 1 0  and 
1 2  p.g DDS/mg creatinine,  respectively.  If such criteria had been applied to the 
urine samples coJlected for up to 4 days from the con trols given supervised 
300 mg doses o f  DOS. only 2 o f  the 2 5 8  samples would have been considered as 
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negat ive , and only I of the 62 b lank urine samples would have been cJassified as 
posi t ive .  

I n  th is study i t  was decided to col lect u rine  samples 2 days after the  day on 
which a dose of  3 00 mg DOS  should have been take n .  Thus posi t ive resu l ts would 
also have been an ticipated from patien ts who had taken only 1 00 or 200 mg DOS 
instead of the fu l l  3 00 mg d ose, or who had  taken  the  correct  dose a few days  too  
early or one  day late . However, i t  can be  reasonably argued tha t  adequate DOS 
b lood leveIs were probably being ach ieved in  most of those pat ients from whom 
urine  samples were cJassified as  being posi t ive.  Thus El lard et aI. ( 1 9 7 1 )  have 
shown that d aily dosage wi th  I mg DOS resu l ts in the maintenance of DOS blood 
leveis cont inously i n  excess of  about 0 .0 1 I1g/ml  and preven ts the mult ip l icat ion 
of drug sensi tive leprosy baci l l i  i n  the body . The levei of 0.0  I I1g/ml is considered 
to be the min ima l  i nh ibi tory concen tration . A dose of  300 mg DOS gives a mean  
blood leveI of  more t han  3 I1g/ml  ( Powel l  et  aI. . 1 96 7 ;  Glazko e t  aI. , 1 968) .  I n  t he  
presen t  study t he  mean half-l i fe of DOS dete rmined among the 6 5  supervised 
pat ients was 38 ± 1 . 2 h for both men and women .  This value is  s ign ifi cant ly 
higher than those of  2 1  h (Glazko et ai. , 1 968) ,  28 h ( Peters et aI. . 1 9 74, 1 9 7 5 ) , 
29 h ( Peters et aI. . 1 97 2 )  and 3 1  h ( El lard et ai. . 1 9 74b ) reported from 
determinat ions of the rates of fali o f  DOS plasma concentrations . Although the 
higher DOS half-l ife determ ined in the present  study was based on  renal 
excret ion,  DOS blood leveis probably fali with the same half-I ife (Glazko e t ai. , 
1 968) .  

I t  is therefore probable that  in the average pat ient  in the Mwanza region of  
Tanzania DOS blood leveis would take about  1 3  days to fal i  below the minimal 
inhibitory concentration against M. leprae after giving a 300 mg dose of  the drug. 
Since the DDS/creatinine end-points chosen to d iscrim inate between positive and 
negative urines were equivalen t  to the mean ratios in uri nes from supervised 
patients 7 days after  the ingestion of 3 00 mg DOS (Table I ,  Fig. I ) , a posi t i ve 
result indicated that inhibitory DOS blood leveis would probably be maintained 
for at least another 6 days, that is until the next scheduled in take of  DOS .  
Although these calculations are based o n  mean values, they provide a context  
from which the possib le therapeutic relevance of  these results may be d iscussed .  

Similar considerations raise the  possibi l i ty that  a signi ficant proportion of 
patients providing urine samples that were c lassified as nega t ive m ight sti l l  have 
been taking therapeutically significant doses of DOS. However, the s imilarity 
between the mean DDS/creatinine ratios of the field urine  samples cJassified as 
nega tive and the blank urine samples from the controls (Table 2) indicates that 
the majority of  the nega t ive urine samples were

' 
correctly graded .  Although no 

attempt was made in the presen t  study to determine the consistency with which 
positive or negative urine test results would be given by individual patients, i t  is 
probable that the results obtained truly represen t  the overall picture of DOS 
self-administration among regularly attending ou t-patien ts in  the M wanza region 
of Tanzania.  

I f  then one keeps the necessary restrictions in mind ,  i t  may be said that also 
weekly self-medication of leprosy patien ts can be monitored by DDS/creatinine 
rat ios in urines. Thus i t  may be  concJuded from Table 2 that at any one t ime 
about 30% of the out-patients prescribed 300 mg DDS once-weekly are not taking 
their prescribed weekly doses of  3 00 mg DOS. The difference between men and 
women in this regard is not significant .  I t  was also apparent  that the mean values 
of the positive samples were significantly lower than the mean values of the ratios 
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for contro l  ur ines taken  2 days after  a 300 mg DOS dose .  These data  may be 
compared with the resu lts o f  the study of  El lard e t  aI .  ( 1 9 74b ) i n  Malawi among 
pa t ients  on a se lf-medicat ion schedule of 25 mg D OS elai ly . In the Malawi s tudy 
30% of the  pat ie n ts were fou n d  to take  DOS grossly i rregularly . The defi n i t ions 
given i n  the  tex t  are such that t h is group may be compared with the "negàtive" 
groups ( 3 0%) i n  the p rese n t  s tuely . I f  one compares our "posit ive" groups with 
the rest of  the Malawian resu lts ,  again the  results  o f  the 2 s tud ies agree 
remarkab ly .  The eval uat ion of the Malawian  results in  terms of the est ima ted 
percentage of doses taken by a l i  out-pat ien ts ( 5 2-5 3%) may also be compared 
with  a same evaluat ion of  the p rese n t  resu l ts in  which about 5 0% of the doses 
were take n .  This last figure was confirmed by determin ing the DDSjcreat in ine of  
pools of a l iquots p repared from a l i  the  urine samp les. An  exac t  comparison of our  
resu l ts  with those found  in E-th iopia ( Low and Pea rson ,  1 974)  i s  somewhat more 
eli fficu l t ,  d ue to  the  d i ffe re n t  way in which the Eth iopian resu l t s  were presen ted . 
The t rend of i rregu larity h owever is evident ly  the  same . 

Carry ing  ou t  analyses on represe n ta tive pools o f  u ri ne  sa mples can red uce the 
cost of th is type of  st udy .  On the other hand it a l so red uces the amount  of 
informa t ion ga thered .  Another  way of  red ucing e xpendi ture is to  use  the services 
of local medicaI he lpers to collect the u rine samp les. This was t ried in  two other 
districts of the  Mwanza region where 1 54 u rine  sam ples were col lected by Health 
Home Visi tors .  Howeve r, many d i fficu l ties were encountered ,  especia l ly as regards 
com m unicat ion  and a l though the overall resu l ts did not d i ffer s ign i ficant ly  from 
those presen ted in Tab le 2 ,  the authors fear that  too much uncertainty was 
associated with these col lect ions. Nevertheless in  some s i tuat ions local helpers 
may be able to undertake a great  part of  the work . 

Fina l ly i t  should be emphasized that  the  actual  s i tuat ion regard ing the 
regularity of DOS se l f-admin istrat ion in the M wanza region is probably more 
unfavourable than is suggested by our results .  Of the estimated 1 3 , 7 00 l eprosy 
pat ients in the region on ly 43 1 2  are registered and of the lat ter  only about  5 0% 

attend regularly for t reatment .  The sample in the  presen t  study was taken from 
this minority who attend regu larly for treatmen t .  Those patien ts who ei ther do 
not at tend at  al i  or  who do not  at tend regularly are  obviously not  receiving 
effective t reatment .  

On the other  hand the p roportions of  these groups of  patien ts st i l l  req uiring 
treatment  is not known.  I t  is evident  h owever that i rregularity is one of the ma in  
factors tha t  promote the  emergence of  DDS-resistant  strains of  M .  leprae ( Rees, 
1 967 ; Jacobson ,  1 973) .  Alt hough there are great d i fferen ces between control 
schemes, the similari ty between the results  obtaii1ed in the presen t  s tuely anel 
those of s tudies conel ucted in  Malawi (E l Iard et ai. , 1 9 74b ) and Ethiopia ( Low 
and Pearson ,  1 974) suggests that these findings are p robably app licable to many 
other  simil a r  schemes. This shoul d  b e  a cause for concern anel reflection .  Me thods 
of improving the regularity of both cJ inic at tendance and self-medication are 
cJearly requ ired .  If such methods cannot be  found,  the objectives of  many curren t  
leprosy contro l  schemes may be incapable of  realisation . 

Acknowledgements 

For this study fin anciai support was received from the Netherlands Leprosy Relief  
Association, from the Working Party for  Study Visits to Developing Countries and from the 
Mwanza Program of the Ministry of  Heal th . 



SELF- M EDICATION M ONITORE D  BY D DS/C REAT I N I N E  R ATIOS 209 

The assistan ce and cooperat ion o f  Dr  V .  M .  Eyakuze ,  Dr G .  R. Brub a ke r ,  o f  the i r  s t a ffs , and 
o f  the Mwan za Regional l ep rosy worke rs was sincerely apprec ia ted . We a re indeb t ed lo  Dr G .  A.  
ElIard fo r m uch va l uable advice . Last  b ut not leas t we wan l to thank  l he leprosy pat ien t s  for 
their  coope ration . 

R eferences  
Docu m e n ta Geigy, Scient i fic  Table s , 7 t h  E eI .  ( 1 9 7 0 ) ,  p .  665 . 
Ella rel , G .  A . ,  Ga mmon,  P. T. an el H a rris,  J .  M. ( I 974b ) .  The appl icat ion of urine tests to 

monitor the regularity of dapsone sel f-aelmin ist rat io n .  Lepr. Rev .  45, 2 24 .  
ElIard , G .  A . ,  Gammon ,  P. T. , Helmy,  H .  S. and Rees , R .  J .  W .  ( I 9 7 4a) .  Urine t ests  to moni tor  

the self-a dmin istrat ion of elapso ne by le prosy pat ie n ts. Am.  1. Irop. Med. Hyg. 2 3 , 464 .  
El larel , G .  A . ,  Ga m mo n , P .  T . ,  Rees, R. J .  W .  anel Wa ters ,  M .  F .  R .  ( 1 97 1 ) . S tuel ies  o n  t he 

eleterminat ion of t he min imal  i nh ib i to ry concentra t ion  of 4 ,4 ' - el ia m i no-
diphenyl-sulphone ( Da psone ,  D D S )  against  M y cobacte r ium leprae . L epr. R e v.  4 2 .  1 0 1 .  

J a cobso n , R .  R .  ( 1 97 3 ) . S u l p h one-re s i s t a n t l e p ros y :  E t i o logy,  i n c i el e nce a n el  t re a t mén t  i n  the  
U ni t e el  S ta t e s .  111 1 .  1. L epr. 4 1 , 684 .  

Low,  S .  J .  M .  an el Pea rso n ,  J .  M .  H .  ( 1 9 7 4 ) .  D o  lc prosy p a t i e n t s  t a k e  d a psone regu l a rl y ? L epr. 
R e v. 4 5 , 2 1 8 . 

Peters,  J .  H . ,  Gordon , G .  R . ,  G hou l , D .  C . ,  T o l e n tin o ,  1 .  G . , Walsh , G .  P. a n el Levy , L. ( 1 97 2 ) . 
The eli sposit i on of the ant i l epro t i c  d ru g  d a p s o n e  ( D D S )  in P h i l i p p i n e  subjects .  A m . J. 
Irop. Med. /-/yg. 2 1 ,  4 5 0 .  

Pe ters ,  J .  H . ,  Gord on ,  G .  R . ,  Levy, L . ,  S t o rk a n ,  M .  A . ,  J a cobson , R .  R . , E n n a ,  C.  D .  a n d  
K irchheimer,  W .  F .  ( 1 9 7 4 ) .  Metab o t ic disposit ion o f  el a p so n e  i n  pa t ic n ts with dapson e 
resistan t l e p ros y .  A m. 1. trapo Med. Hyg. 2 3 , 2 2 2 .  

Pet ers, 1 .  H . ,  Gordon,  G .  R .  a nd K a rat , A .  B .  A .  ( 1 9 7 5 ) . Po ly morphic  ace t yla t ion  o f  the 
an tibacterials ,  sulfa methazi n e  and dapsone ,  i n  sou t h  i ndian subjects .  A m . J. trapo Med. 
Hyg. 24, 64 1 .  

Powe l l ,  R .  D . ,  De Gowi n ,  R .  L . ,  Be n n et E p pe s ,  R . ,  M cN a m a r a ,  J .  V .  an el Ca rson , P .  E .  ( 1 967 ) .  
The ant i malarial and  he molytic properties of 4 ,4 '-di a mi no-d ipheny l  su l fone ( D D S ) . ln t . .l. 
Lepr. 3 5 .  590 .  

Rees , R .  J .  W .  ( 1 967 ) .  D rug resis tance of My ca bacteriu m leprae, part icul arly to  D DS . I n  t .  1 .  
Lepr. 3 5 , 6 2 5 .  

World Health Organ isat ion E x pert  Committee o n  leprosy ,  Fourt h Report . Technical R eport 
Series No .  4 5 9 ,  Geneva 1 97 0  p .  9 .  





Lepr. Rev. ( 1 976)  47,  L I  1 -2 1 9  

Tem perature Assess ment 
and P lantar Inflam mation 

H A R R Y  T. BE RGTHO LOT ANO PAUL W .  BRANO 

Rehab ilita tion Bran cll . U. S. Pub lic Heallh Ser vice Hospital, Carville, L ouisiana, U. S. A .  

The rehab i l i tat ion o f  the healed plantar  ulcer is  d i fficu l t  t o  moni tor  b y  rou t ine 
methods .  Moni toring of ski n tem perature has been found to detect  the early 
i n fl ammatory re sponse o f  the soft t issues to the insul t  imposed du ring wa lk ing. 
Method s  of d oing  th i s  are discussed and case histories described . The human hand ,  
though q uant itatively inaccu rat e ,  can effectively detect t emperature contrasts . I f  
rout ine managemen t  fol lows the  recogn it ion of  ea rly infl a mmatory responses,  
deformity can  b e  p revented .  

I n troduction 

The preven tion of the plan tar ulcer, a common problem in Hansen 's d isease , is a 
serious and seemin gly unsurmoun table task . Pati en t  education , safe ty procedures 
and adequate footwear ali have been beneficiai  i n  reducing the inc idence of 
ulcerat ion of the insensi t ive foot .  Ulce rat ion cont inues to be a problem regardless 
of the standard procedures i mplemented . Mod ification of the shoe to red uce the 
pressures on the plantar  surface to a n  acceptable l evei may be sat isfac tory for 500 
steps, b u t  would the so ft tiss ue tolerate 5000 steps at the same l evei ?  I t  may 
tolerate 5 000 steps, but  not  5 000 steps every day. Brand ( 1 9 66) d emonstrated 
that moderate l eveis of  stress,  which are acceptable for a few repet i t ions, may be 
harmfu l  when continued for l ong periods of time. As the tissue becomes i nj ured ,  
an  i n flammatory response w i th  resul tant  hyperemia d evelops and ,  i f  the  i rrit at ion 
cont inues ,  the  t issue is  damaged with subsequent  ulceration .  Once an opening in 
the skin e xists,  i n fect ion may occur with the often seen complicat ions .  

The hyperaemia  due to  the inflammatory response of t issues to  repeated bouts 
of stress can be determined by m oni toring skin temperature using  one of several 
methods : thermographic un i t ,  l iquid crystals ,  radiometer,  thermistor and thermo­
couple , and the human hand .  The advan tages and disadvantages of the various 
methods are l isted in Table 1 .  Although the human hand is not quant i tat ively 
accurate, it  can be very effective in recognizing increased heat .  Health workers 
and pat ients can be taught to use the ir  hands or temperature sensi tive sk in  
effect ive ly  by palpating for " hot  areas . "  

A t  t h e  U .S .P .H .S .  Hospita l ,  Carvil le ,  Louis iana ,  al i  methods of temperature 
recording are avai lable and used .  This manuscrip t  wil l  deal primarily with 
thermography as a method of temperature recording,  but  the informat ion derived 
from this method m ay be ut i l ized wi th  the other me thods as wel l .  

Received for pub1ication 8 t h  April , 1 9 76.  
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TA B L E  1 
Te mperalUre moniloring eq uipme n l  

A d v a n t agcs Disadvan t ages 

Thermog ra p h i c  u n i t s  Rapid  scree n i ng Cos t  - $ 3 0 , 000( ? )  
Accurate  ( 0 . 2° C )  
N o n -con tact  

Liq u id  crysta ls  S c ree n i ng ca p a b i li t y  Con tact necessary 
I n e x  pens ive Messy 

Na rrow t e m perature ranges  
Rad io me te r Rapid  spot reco rd i ng Cost - $800 . 00( ? )  

Accu ratc ( O . S o C )  Poo r  scree n i ng ca p a b i l i t y 
N o n -con t ac t 

T h e r m i s t o r  o r  I ne x p e nsive ( Iess $ 200)  Slow response ( 1 0-20 s )  
T h e r mocouple  Accurate  ( 0 . 1 °C )  C o n t a c t  necessary 

Du rable Poor scree ning  capab i li t ies  
S m a l l  

H a n d  o r t e m pe ra t ure F ree I naccurate  « 2°C )  
se n s i t ive s k i n  Screening capa b i l i t y 

Avai lab i j i ty  anywhere 

A thermograph ic  u n i t  measu res the thermal ( infrared ) em ission of energy from 
an object  an d d i splays it i n  a man n er s imi lar  to a television image on a v ideo 
screen . The range of te mpera tu res i s  represen ted w i th  a con t i nuous grey scale wi th  
warm areas of  the  sk i n  showing u p  as shades  of wh i t e  and cooler  areas as  darker 
shades .  A s i ngle tempera t u re may be e lectron i cal ly h igh l igh ted as a br igh t l i ne .  
The  use  of  two such  "isotherms" al lows the  operator to  measure the absol u te  
tempera ture and the d i fference (� T) between the h igh l igh ted areas. A more 
deta i led discussion of the appl icat i on of the rmography is given by Gershon-Cohen  
and Barnes ( 1 964 ) .  

The  surface temperature of skin varies, depending on  the locat ion.  General ly ,  
skin temperatures become lower as  the distance increases from the t runk with 
certa in excep tions .  Each indiv id ual  has a characteristic therm al pattem on the fee t  
and  lower legs wh ich  i s  symmetrical i f  no  pathology i s  present .  Di fferences of  
greater than  1 0  C are considered to be  sign i fican t and  should Qe  evaluated .  With 
pe ripheral nerve i nvolvement ,  abnormal su rface temperature pattems m ay become 
evident .  They show uniform pat terns,  h owever, in i n dividuaIs un less pathological 
changes occur. 

Levan et ai. ( 1 969 ) used therm ography to  determine the  temperature o f  
lepromatous skin lesions a n d  found  t h a t  large hypopigmented m acules were 0 . 3  to 
20 C warmer t han the surrounding tissue .  They used b lood flow studies to con firm 
that the elevated tem pera ture they found  reflected an increase in  blood flow. 
They concluded after  test ing the patients' local sensit ivi ty to norepinephrine that 
the  hyperaemia was due to autonomic degeneration rather than to an inflamma­
tory response . 

Enna  and Bergtho ld t  ( 1 97 3 )  reported thermography showed that  nerve 
paralysis found  in leprosy pati en ts '  h ands created u nique b u t  consiste n t  thermal 
patterns .  
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H a rr i s  a n el B ranc l  ( 1 9 66)  rou n d  loca l  warm t h  t o  bc on c o I' t he  earl i est  s ign s  0 1' 
t a rsa l  el i s i n tcgra t ion t ha t  occ urs i n  t h e  an aesthe t i c  foo t ,  and  they  used i t  as a gl l i de 
to ide n t i fy a c t i ve e l i s i n tegra t i on i n  a n aes the t i c  fee t .  B ra m I ef aI. (1970) s t l l c l i cd 
t h e  te m pera t u re pa t t erns  o I' l eprosy pat i e n ts a I' t e r  m i n or i nj ur i es and  t rau m a .  3 n d  
fo un el t h a t  a n aes t h e t i c  l i m bs o ften  hae l loca l i zee l  warm a rcas  a t  the  po i n t  o I' s t rcss .  
They re l t  i t  wort h w h i l c  t o  p u rs l l e  t h is a rea of i n ves t iga t i on .  

Afte r  severa l  years oI '  expe r ime n ta t ion  an el observ a t i on i n  thermogram s  t aken  
o I' norma l  fe e t  un el e r  s t ress a n el o I'  le prosy pa t i e n ts '  fee t ,  i n cl l l el i n g  fee t  w i th  
com plete  anacs thes i a  a n el o ften gross el eform i ty  a n el para lys is .  i t  has  become 
obv ious  that  warm t h  can be an  i m porta n t  s ign to  mon i t or .  Several  case s t l ld i e s  are 
prese n teei to d e m ons t rate the fi n el i ngs whjch h ave p roved to  be use fu l .  

F ig. I .  T h e r m ogra l11 s of p l a n t a r  su rface o f  insc ns i t ivc  feet  fol lowing  b l i s ter ing  of righ t 
mata tarsal h e a d s .  ( a )  T h e r l11 0gra m 7 c Iays follow i n g  i nj u ry .  ( b )  Thermogram a ft e r  6 d ays of 
i m mobi l iza t ion . ( c )  Therm ogra l11 a ft e r  7 days of  walk ing.  

Fig . 2 .  T h e r m ogra m s  of p lantar  surface of  insensit ive fee t .  (a)  T c n  cI ays after  t rea t men t 
s tartecI .  ( b )  Forty-n ine  days a ft e r  trea t m e n t  s t a rtecI , after  one m o n t h  of rou t i ne w a l k i n g .  
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Case S t udies 

M ET J -IO D  
The fee t  were e x posed i n  the  e n v i ron m e n t a l l y  con t rol l ecl room at  a 

te m pe ra t u re o f  2 1 0 _220  C for l O to 1 5  m i n  to a l low t h e  normal  s k i n  tem pera t u re 
to e q u i l i brate w i t h  the room a ir .  T h i s  prod uced a surface t e m pe ra t u re d i fference 
be tween t h e  norm a l  and  i n  Oa med t i ssue .  The  AG A 680 Thermov is ion  * was used 
t h rough o u t  the s t u d y .  The thermograms were recorded on Pol a roid  fi l m  in b lack 
and whi te ,  a n d  3 5  mm sl ides were made fro m  the  color m o n i tor .  

Case Study 1 .  A 4 2-year-ol d  pati e n t  with a c1 i agnosis  of  i n ac t ive d i morphous  
leprosy fo r the  last  year had tota l  anaesthes ia  o f  the  fee t .  She  had been wa l k i ng a 
gre a t  dea l  i n  ma l l  h igh hee l  shoes and  su ffe red b l i s ters over the r ight  metatarsal  

heads .  M i n ima l  d ra i n age occl1rred , but n o  bacter ia were fo u n d  on c u l t ure .  Seve n 
c1 ays la ter ,  n o  i m p roveme n t  was n oted .  At t h i s  t i me a the rmog ra m  ( Fig. I )  sh owed 
the e n t i re p l an ta r  surface of  t h e  righ t  foo t  was wa rm and 1 2 0 C warme r than the 
co n t ra la t e ra l  si te .  The w a rmest regi o n  (370 C) was over  the second ,  th i rd and  
fo u rt h  metatarsa l  heads .  The leg was  p laced  i n  a pl aster tota l  contact  cas t  fo r a 
period o f  6 d ays .  The i ncreasecl wa rmth  presen t h acl decrêased wi th  a contra la teral 
tempera t u re d i fferen ce of  l ess t h a n  1 ° C . 

The pat i e n t 's shoes were modi fied and  ins t ruct ions  were given con ce rn i n g  the  
necess i ty  of  proper shoe  wear .  One week  la ter  the  thermogra m shows  the  involved 
regio n  had a near  normal  thermal  pattern ( Fig.  I ) . 

Case Study 2. A 5 4-year-o ld pat i e n t  w i t h  i n act ive lepromatous  le prosy and 
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Fig. 3 .  Table  showing the  tem perature d ifference be tween right third toe  and l e f t  third toe 

(6 T) d u ring course of  t rea tment .  

* AGA Corporation ,  5 0 0  County  A venue , Secaucus,  New Jersey 07094 .  Com pany names  are 
mentioned in  this paper for the pu rpose of  id ent ification , and d oes n ot i m ply end orsement  by 
the U .S. Public Health Service . 
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Fig. 4 .  Thermogram of plan tar  surface of insens i t ive feet ( I eft transmetata rsal ampu tat ion ) .  
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F ig.  5 .  Table showing  the t:. T for end  of  left f irst  metatarsal vs . contralateral SI te  to l lowmg 
observat ion of hematoma.  



2 1 6  1 1 .  T. B E R GT H O LDT A N D  1 ' .  W. BR A N D  

tota l 3 naes t he si a of  t h e  fee t  no t i ce d  t he  r igh t t h i re l  toe t i p  h a d  a ca l l 1 l s  p rese n l  

wi t h  a s m a l l  a m o L l n t o f  c 1ea r d ra i n age . T h e  t rea t m e n t  p rescr i b e d  i n c l l l d e d s oa k i n g 
wi th  an a n t i se p t i c soa p ,  e l eva t i o n  a n el a n a p p ro p r i a t e  a n t i b i o t i c .  Per iod i c  

t he rmogram s  were t ak e n  o f  the fe e t  s t a r t i n g 3 e1 ays l a t e r. T h e  i n v o l v e c l  t oe w a s  
fo u n el to  be h i gh l y  i n fl a m e el , be i n g  8 . 2° C warm e r t h a n  t h e con t ra l a te ra l  t oe . T h e  
e n t i re fore foot on t h e  p l an tar su rface was warm wi th  t he  wa rm th  p rese n t  ove r t h e  

e n t i re elo rsa l  su rface a s  we l l .  D u ri n g  t h e  course or  t rea t m e n t ,  a s  t he i n ll am m a t i o n  
was  su bsie l i ng,  the  warmth  became l oca l i ze el a n el t h e  te m pera t ure el i ffe rc n ce 

between t he  r igh t t h i rel toe an el t h e  co n t ra l at e r a l  s i te d e c re a se el ( F i gs 2 a n el 3 ) . 
F i ft e e n ela y s  l a te r ,  the  toe a p peare d hea lee l  a n el i ts t e m pera t ure w a s  the  same  as 
the  con t ra l a te ra l  toe .  The  pa t i en t was se n t  t o  the h oe s l lOP fo r sh oe assess m e n t 

an el necessary sh oe moel i fi c a t i o n s .  The pa t i en t bega n a p rogress ive a m b u l a t i on 
rou t i n e  for 5 el ays ,  an el was then  re l easeel to re t u rn  t o  work . O n e  m o n t h  l a t e r , a 

t he rmogra m w as t aken  o r  t h e  pa t i e n t 's fee t  fo l l ow i ng  a el a y o I' wo;·k ( F ig .  2 ) .  O n l y  
a m i n i mal  elegree of  warmth  was n o t eel , w h i c h  re t l l rn e e l  t o  a n o r m a l  t l l c r m a l  

p a t t e rn  th e fo l low ing  m orn i ng a rt er a n i gh t 's res t o  

Case Study 3. A 68 -y e a r-o l el pa t i e n t  w i t h  i nac t i ve l e p roma t o us l e p rosy h a d  a 

t ran sme ta ta rsa l  a m pu ta t i on  o f  t h e  l e ft foo t  1 0  ye a rs ago.  T h e  pa t i c n t  re p o r t e e l  t o  

Fig. 6 .  Photogra p h  o f  i nsens i t ive  fee t  w ith ca l losit ies o n  righ t grea t  toe ,  fi rst ,  seco n d ,  fi ft h 
metatarsal  h e ad s ;  and l eft gre a t  toe ,  t hüd and  fifth m e t atarsal  heads .  
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the shoe shop with a la rge cal l us and a blood b l i s ter  under  the d istai aspect of the 
left fi rst metatarsa l .  A thermogram ( F ig. 4)  showed the en t i re le ft foot was warm, 
with the warmest aspect  at the end of the fi rs t metatarsal , whjch was 4 .40 C 
warmer than the con tralateral si te .  Soaking,  tri mming of the  ca l lus ,  and shoe 
evaluat ion was prescribed .  The condi t ion o f  the inj u ry become worse . No opening 
or d rai nage was noted however, and the .1 T i ncreased to  6 . 5 0 C ( F ig .  5)  by the 
fi fth day of observat ion . Further  shoe pressure eva luat ions showed the inj u red 
area w as rubbing the d istai-media i  edge of the moulded in sole . A fu rther shoe 
modi ficat ion apparen t ly stopped the excessive repeti t ive stress to the area, as can 
be seen by the improvement  of the .1 T ( Fig .  5 ) , and then by the c l ini cai 
improvement .  By  the 1 4th  and 1 6th days, the foot  h ad cooled to a near normal 
leve i ,  and the wound appeared to be healed .  

Case Study 4. A 43-year-old patie n t  wi th  act ive le prom atous l eprosy hacl 
pract ical ly com plete anaes thesia over the en ti re bocl y .  The pa t ient  hacl mul t i  p i e  
tr im med cal losit ies over the plan ta r  su rface of the feet ( Fig .  6) .  Pressure 
assessment ,  using the Ha rri s Foot M at,  demonstrated the areas wi th  heavy ca l lus 
were the areas under greatest pressure cl u ring  s tand ing and wa lk ing (F ig .  7 ) .  A 
thermogram taken of the plan tar  surface of the feet showed the areas under  
greatest pressure were the warmest areas of  the feet  (F ig .  8 ) .  These hot areas 
suggested that the weight bearing surfaces of  the feet  were i n fl amecl from walk ing ,  
and i f  the stress d ue to walking inc reased , breakdown and u lcera tion would 
fol low . 

Discussion 

Rehabi l i tat ion of the healed ulcer is cl i fficu l t  to moni tor by rout ine methods .  
Low leveis of  repet i  t ive wa lk ing neeel to be increasecl as the hea lecl area toughens, 
but  too much walking is harm fu l .  Current  methods of evaluat ion ci o not ind icate 
the response of the foot  to the toughening p rocesso M on i toring  of  skin 
tem perature has been found to be a pract ical  method as a guide for a p rogressive 
rehabi l i tati on programme by evaluat ing the tissue 's response to the gradual  
increase i n  the walking programme .  

The insensit ive and paraly tic foot  i s  bes t  managed before scar  anel deformi ty 
from u lceration redu ce the stress threshold of  the weight bearing surfaces of the 
foot .  Each plantar ulcer wi l l  reduce the patien t's foot  tolerance to the repeti  tive 
stress i mposed during walking.  Prevent ion of  the ulcer, there fore ,  shoulcl be 
paramount in  the m anagement of  insensi tive fee t .  Tempe rature moni toring has 
been found to detect the early in flammatory response o f  the soft t issue to the 
insu l t  imposed during walking. If rou tine  management is provided u pon 
recognizing the early inflammatory responses, deformity can be averted .  
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Leprosy a nd the Co rn mu nity 

E V A L U ATION OF T H E  C A M P A I G N  A G A IN ST L EP ROSY I N  T H E  
W EST LAKE R EG ION , TA N Z A N I A  

K N UD BA LSLEV 

l n t ro d u c t i o n  

I n  accordance wi th  an agreement  bctwee n the Govern me nt of Tanzan i a  and  the 
Swedish Norwegi an Save the Chi ld re n  Organ iza t ions ( R B ) ,  RB in 1 9 62 l I ndertook 
a leprosy e radicat ion program me in  the West Lake Regi on of  Tan zan ia .  

Before 1 9 6 2  the  Gove rn men t  a nd vo lun tary age n cies  were treat ing about 450 
leprosy pa t i e n ts in d i ffe re n t  loca l i t ies  i n  the regi on ,  bu t  no com prehens ive 
progra mme was estab l i shed . The 450  pa t i en ts were taken over by RB and  the 
organ i zat ion establ ished a programme encom pass ing  a l i  4 d i s t ri c ts of the region . 

I n  J an uary 1 9 7 3  the programme was taken over by the Government ,  an ct R B  
sponsored one ex patr iate doctor who has worked i n  the capaci ty of  Regi onal  
Le prosy Office r  ( R  LO ) .  

The  R LO has  lI nde rtaken  an eval ua t ion of  the  projec t ,  the resu l ts o f  wh i ch are 
presented  i n  th i s  re port 

Leprosy Work in Tanza n ia 

Undertaken by the Gove rn me n t  and a number of volun tary agencies ,  l eprosy 
con t ro l  work is co-ord i nated through the N at ional  Leprosy Advisory an d 
Co-ord inat ing  Commi t tee ( N L ACC) .  The country is d iv ided i n to  1 9  region s ,  i n  
each o f  these there i s  a R egion al Leprosy O fficer work ing  under  the Regiona l  
Med ica I  Offi ce r  ( RMO)  i f  the R MO is not  the R LO h imse l f. Nat iona l  re ports are 
ava i lab le  from N LACC s ince 1 97 2 .  

T H E  WEST LAK E R EG I O N  
Thi s  i s  s i tuated i n  the north-western corner  of the  country bordering Rwanda ,  

Buru n d i  to  the west , Uganda to the north  and Lake Victor ia  to the eas t .  
Northern border a long 1 0 sou thern la t i tude ,  southern border 30 southern 

lat i tude .  E leva t ion 1 1 00 to 2000 m above sea leve I .  I t  covers an area of  
2 8 , 7 5 0  k m2 . Populat ion 1 97 4 :  764,000 to 807 ,000 (est imated ) .  Dens i ty  vary ing  
between 9 an d 5 5 /k m2 . People ma in ly  Bantu .  Ra in fa l l  i n  the  d i fferen t  d istr icts 
varies be tween 870 and 2280 mm per year. M ean temperature 200 _2 60 C .  There i s  
on ly one townsh ip  in the region , B ukoba , w i th  a populat ion of  1 4 ,000. 
Industries :  sugar, coffee ,  tea .  Main produ cts :  bananas, maize , coffee and in 

Received for  publication 9 D ecember,  1 97 5  



222 K N U D  B A LSLEV 

Biharamulo ,  cotton . M ain  in come per capi ta  per year (gross domest ic  prod uct ) :  
T .  Shs .  3 0 0  = US $60.  

A D M I N I ST R AT I V E  ST R UCT U R ES 

The smal lest un i t  is the 1 0-house ce l l ,  each having its 1 0-house chairman 
(XHC) . This syste m ,  which includes each and every person in  the area ,  great ly 
faci l itates t racing o r  patien ts .  Withou t this  wel l-fu'nc tioning s t ruc ture the work of  
eva luation would  have been much more di ffi cu l t .  The region i s  divided in to 4 
districts,  two o f  which are divided i n to 2 sub-districts .  

H E A LTH S IT U A T l O N  A N D  H E A LT H  S E R VI C E S  

The main  problems inc lude di fferen t  forms of  ma lnutri t ion in  ch i ldre n ,  
endemic m alaria a n d  foci of s leeping sickness. There are 9 hospi tais (Govt and 
VA),  5 heaJ th  cen tres (Govt) ,  and about 1 00 d ispe nsaries ( mostly Govt ) .  Wi th  no 
general pract i t ioners, d iffe re n t  forms of  ind igenous treat men t  are widely used .  

T H E  C A M P A I G N  AG A I N ST L E P R O S Y  

The methods used have been in tensive case finding and domici lary treatment .  
Two small hospita Is  ( Kage m u ,  5 2  beds  and Katoke ,  32  beds)  have been 
mruntained for the trea tment  o f  acute , con tagious and complicated cases. Because 
of  this policy the problem of rehabil i tat ion has been small compared with m an y  
other projec ts .  M ost  pat ien ts maintain themselves o r  are taken care or b y  their 
fami l i es .  Only about 1 0  patien ts have to be taken care of  by the authori ties (old , 
bl i nd  or otherwise han dicapped and without  relatives ) .  

Patients  are treated in the local d ispensaries or other suitable trea tment  cen tres 
where they are seen  by a M edicaI Officer or other supervisor. During the years of 
the campaign ali patients  were seen  by a M edicaI Officer each mon th .  Duri ng  later 
years the scheme has gradual ly been changed into a scheme for cont inued cont ro l ,  
where patien ts are treated by the  dispensaries and these are visited by a supervisor 
(MedicaI Ofticer, M edicaI Assistant  or Rural MedicaI Aid) a t  b i- to 4-mon thly 
i n tervals . Standard t rea tment  has been dapsone 200 mg twice weekly for adul ts .  

Case sheets have been kept for ali pat ients t re ated and comprehensive yearly 
reports on the activities have been published . This m aterial  has been used for the 
eva luation , supplemen ted by su rveys for the assessme n t  of  p rese n t  status, together 

TABLE I 

Population 
District  1 948 1 9 5 7  1 962 1 967  1 9 74 density 1 9 74 

/ k m 2 

Bukoba 2 5 4  3 08 343  383  444 5 5  
Biharamulo 5 0  4 1  6 1  8 2  9 7  9 

( 1 40)  ( 1 4) 
Karagwe 48 63 8 0  97 1 2 5 1 8  
Ngara 1 05 1 02 98  94 98 3 5  

Th e region 4 5 7  5 1 4 5 8 5  6 5 6  7 64 2 6  

The figure s for 1 948 ,  1 9 5 7  a n d  1 9 67  are taken from t h e  officiaJ census figures from those 
years. The figures for 1 96 2  are interpola tions .  The figu res for 1 974 are the estimates m ade by 
the Central S tatistical B ureau . 
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wit h  est imat ion of the number  of pat ients rem atn ing und iagn osed in the region . 
Stat ist ics in the re port wh . ich fo l lows need to be read aga ins t  the background  of 

popu la t ion deve lopmen t in the d i ffe re n t  dis t ricts .  This  is g iven in  Table  I .  
The figures are un certa in  in the case of  Biharamu lo ,  where there has been 

conside rab le  immigra t ion in  recen t  yea rs .  The figure i n  brackets ( 1 40) is a 
cautious est imate by the Regiona l  P lann ing Tea m .  

P L A N  O F  T H E  I N VESTI G AT I O N  

I n  order to assess to wha t  ex tent  con trol o f  the spread of  leprosy ha s  been 
attained i n  the West Lake Region evidence is presen ted in answer to the fol lowing 
q uest ions :  

I .  How many potent ia l ly  con tagious cases have been diagnosed in  the region 
during  the period in question , and what  has been the i r  fate? 

2.  How m any  poten tia l ly  con tagious cases are uneler con tro l , anel h ow e ffic ient  
i s  th i s  con t ro l?  

3 .  How many contagious or poten tia l ly contagious cases áre left undiagnosed 
in  the region? 

4. How many pat ients a re under  t reatme n t  ou t of the tota l  estimated number  
of pat ients req u i ring t rea tment  (e1 i agnosed anel undiagnosed ) ,  and how many 
are under regular treatment?  

5 .  I ncidence and prevalence rates el uring the years of the campaign .  
6 .  Relapses o f  leprosy . 
7 .  Proportion of cases re leased from con t ro l .  

I .  How many poten tially con tagious cases have been diagnosed in the region 
during the period in question, and what has been their fate ? 

I n  order to i l lustrate this all case sheets in the archives from 1 962 to 1 974 have 
been counted .  Tab le 2 gives the resul ts . 

TABLE 2 

T BT B L  L unc! .  Total 

Died 1 6  3 8 0  9 1 0  1 1 8 2 1  5 5 4  
Discharged cured 86 2 2 6 5  3 5  2 30  24 2442 
Disappeared 1 1 8 2 2 1 1 1 00 39  1 5 2 1 4( 2 7 6 6  
On t reatment end  1 9 74 I 4 3 0  1 86 1 3 2 2 8 5  1 034  

Total 2 2 1 5 28 6  3 3 0  1 8 3 5 8 5  1 9 1  6796  

Disappeared stands for :  lost s ight of, out of con t ro l ,  struck from the register for other 
reasons than cure or  death. 

I n  a n umber of  case sheets classification has been given as Borderline or Dimorphous onl y .  
These have b e e n  Iisted a s  BT w hen skin smears were nega tive a n d  B L  w h e n  s k i n  smears were 
positive . 

Unci. are those case sheets where no c1assification is given ( old case sheets from the 
beginning of  the campaign , m ostIy taken over from other agencies).  

Pa tien ts known to have died after discharge or "disappearance" have been entered as died .  

The po ten tially con tagious cases are those within the frame . What is known 
about their fate? How many of them do st i l l  represen t  a danger  of spread of the 
disease in the region? 
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In order  to asce rta in  th is a l i  case sheets . have been  scru t i n i ze d ,  a n el wh ere 
i n fo rmat ion  i n  the  case sheets has . been i n su ffi c ie n t t h e  pa t i e n ts h ave bee n  t raced 
by I c pro sy sco u t s . The resu l ts are given in Ta b le 3 be low .  

TAB LE 3 
Fa te of B T, BL and L pa tien ts 1 9 62- 1 9 74 

BT B L  L Tota l  
---- -- - --

Disa p pearecl before 1 9 6 2  I 2 3 6  3 9  
Died 9 1 0  1 \ 8 1 3 7 
Di sc h a rged after  4- 1 3  years trea t me n t  3 3  6 3 9 
O l d ,  i n ac t i v e  cases,  s t ruck I 6 7 
Left d i s t r i c t  5 7  3 0  9 3  1 8 0 
Soug h t ,  n o t  fO l lnd 4 I 1 3  1 8 
R e fused t reat m e n t  1 9  4 9 3 2  
I nsl l ffic i e n t  a d d ress i n  case shee t  3 2 3 8 
M i sdiagnosed or d o u b t fl l l  c1i agn osi s 7 I 1 5  2 3  
R e t urned t o  t rea t m e n t  1 9 7 5  I I I 3 
Defa ll l t e d  e n d  1 974 n o t  y e l  fou n d  9 9 
On register e n d  1 9 74 1 8 6 1 3 2 2 8 5  603  

Tota l  3 3 0  1 8 3 5 8 5  1 09 8  

Co m men ts. Disa ppeared before 1 9 6 2 :  t h e  case sheets were taken over from o t h e r  age n cies i n  
1 96 2  but  t h e  patien t s  d i d  not  reappear.  N o  a t t e m p t  h a s  b e e n  m a d e  to t race them . 

Discharged : only 6 discharged lepromatous pat ients  remain in the region ,  they are 
con trolled occasion ally . 

Left distric t : most of these are known to have left the region , others have left for an 
unknown destination . 

Sought ,  no t  fou nd : these were unknown in the viII ages where they used to ge t their  
t reatment .  They have p robab ly left the distr ict .  

R e fused treatmen t :  these either have re fused to  take medicine or they have fai led to come 
for control after having been called , man y  of them several t imes .  

Doubt fu l  d iagnosis : n o  sign s  o f  leprosy and no evidence in the case sheet to  supp ort the 
diagnosis. 

There is a discre pancy between the figures  for discharged patien ts in Tables 2 
and 3 .  The reason is that some case sheets are marked "dischargeel "  bu t shoulel 
have been marked "Ieft distri c t" ,  "mis-diagnosed " ,  "refused t reatment" or 
"insufficien t information " .  They have been entered as such in  Table 3 .  

I n  Table 4 a re summarized ali B L  and L cases diagnosed since 1 962  and known 
sti l l  to be presen t in the region plus estimated undiagnosed cases cal cu lated as 
20% of  the estimated total number of uneliagnosed cases-see Table 1 0  and 
page 228.  

Con clusion : OnIy few of the cases ciassified as BT, B L  and L m igh t st i l l  
represen t  a dange r  of spread of  the disease in the region . 

Most of the B L  and L cases discharged,  those struck off as olel ,  inactive and 
those who have refused treatment are con trol led occasional ly .  None of these have 
positive skin smears .  
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TA B L E  4 

U nde r Discharged Old ,  inac t ive  Refused Est i ma te d  
t rea t m e n t  s t ruck t rea t men t und iagnosed 

- - -- -
Bu koba 2 1 4  4 5 7 3 0-60 
Bihara m u l o  1 5 0 :1 I 2 8 5- 1 2 3 
Ka ragwe 3 1  2 7 
Ngara 2 2  2 
Tot a l  4 1 7  6 6 1 3 1 2 2- 1 90 

2. Ho w many p o te n tially con tagious cases are under con trol and how efflcien t  is 
this con trai? 

Numbers of  pat ients concerneel are recoreleel in  the last l ine of  Tab le 3 as 
fo l lows 

BT 
1 86 

B L  
1 3 2 

L 
2 8 5  

Tota l  
603 

R egularity of attendan ce i s  the common ly usee l  measure for the e ffic iency of 
the con t rol . 

As regu lar  are coun teel those pat ients who have receiveel the i r  meel i c ine  
(elapsone )  for a t  l ea s t  75% of the n umber of weeks el u ring  wh i c h  they h ave been 
uneler  t rea tmen t .  

Table 5 gives t h e  figures for 1 9 74 for t h e  el i fferen t  el i s tr icts anel sub-el istri c ts ;  
per cen t  regular  out  o f  the tota l  number o f  cases i n  each group .  

TA BLE 5 

BT cases BL cases L cases A l i  cases 

Bukoba north 4 8% of 29 7 1 % of 24 65% of 48 6 1 % of 1 6 5 
Bukoba south  7 1 % of 4 1  65% of 3 7  7 5 % of 1 05 69% of 267 
Biharamulo 7 1 % of 86 86% of 52 80% of 98  7 5 %  of 429 
Karagwe 36% of I I  82% of 1 1  7 5 %  of 20 66% of 1 02 
Ngara Bushubi  79% of 1 4  86% of 7 75% of 1 2  72% of 56 

. Ngara Bugu fi 0% of 5 1 00% of I 0% of 2 1 3% of 1 5  
The region 6 7% of 1 8 6 7 7% of 1 3 2 7 5 %  of 2 8 5  6 9 %  of 1 03 4  

BT + B L  + L : 440 = 7 3 %  regu lar  out of 6 0 3 .  

The figures are fai rly sat isfactory . 
I t  has not been possible to check to what  e x ten t  the patie n ts actual ly take the ir  

meelicine as p re scribeel .  Th is woulel requ ire e laborate laboratory exam i nat ions 
(sulphonuria test ) for which we elo not  have the fac i l i ties .  

The ra tio o f  BL and L cases having l 1egative skil 1  smears to lhe to tal l1umber of 
BL al1d L cases is another measure of  the  e ffic iency o f  con t ro l .  

Table 6 shows the el i s t ribution of  cases by the enel  of  1 974 . 

Ali  B L and L cases 

TABLE 6 

No recent smear Smears nega t ive Smears positive Total  

20 270 = 68% 1 2 7 = 3 2% 4 1 7  
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U nder regu lar  trea tme n t  wi t h  dapson e i t  tak es months o r  years be fore the 
posi t ive sk in  smears become n ega t ive , some never do become nega t ive .  

Table 7 shows the  rat io  o f  pos i t ive sk in  smears to negative sk in  smears re la ted 
to length or t rea tment  i n  years . 

TABLE 7 

Length of t rea tment  0-2 3-4 5-6 7-8 9- 1 0  1 1 - 1 2  1 2+ Total in years 

Smear  negat ive 1 5  2 8  1 8  2 6  3 9  4 8  9 6  2 70 
Smear positive 33 1 3  1 4  1 9  1 3  1 3  2 2  1 2 7 
Tota l  cases 48  4 1  3 2  4 5  5 2  6 1  1 1 8 3 9 7  

Cases w i t h  
negat ive smears 3 1 % 69% 56% 5 8% 7 5 % 79% 8 1 % 

Cases w i th  
posit ive smears 69% 3 1 % 44% 4 2% 2 5% 2 1 % 1 9% 

The figures are as good as can be ex pected under  dapsone trea tmen t .  I t  i s  
poss ib le that  they could be i m p roved by the use or a l ternat ive el rugs ( Lamprene)  
i f  the pers iste n ce or pos i t i v i ty  or  sk in  smears i s  el ue to resi s tance to elapsone .  

D o  lhe patien ls come for treatmen l in lhe early slages of the disease?  When 
leprosy pat ien ts s tart t reatmen t sufficien tly  early i n  the course or the i r  el isease, 
the r isk o r  spreael o r  the i n fect ion is lesseneel anel the r isk or  mut i l a t i ng  d i sab i l i ties  
is great ly red u ced .  

I n  rece n t  years i t  h as no t  been poss ib le  to undertake act ive case fi nd ing  
cam paigns i n  the West Lake  Region , mos t pat ien ts report themse lves or are 
re rerred from d ispensaries or h osp i ta i s .  

Table  8 shows the duration of disease in  years before reporting for trea tmen t 
for a l i  new pat ients  diagn osed i n  1 974.  

TABLE 8 

Years o-! 1 - 1  1 -2 2-3 3-5  5 +  Total  

No.  pat ients  36 38 23 1 6  4 1 3  1 3 0 

Table 9 shows the disabi/ities in ali n e w  palien ls diagnosed in 1 9 7 4 :  

TAB LE 9 

Disabi l i ty T BT B L  L Total grade (WHO)  

O 5 3  1 7 1 2  3 8 5  
1 24  9 3 3 3 9 

2 2 3 5 
3 1 1 

No. pat ients  7 9  3 0  1 5  6 1 30 



LEPROSY A N D  T H E  CO M M UN ITY 2 2 7  

The  figure s  are fa ir ly sa tisfactory and show that  the m aj ority of  pa t i en ts come 
early for trca tment . 

The figures cou ld  be im proved by con t in ued hea l th eel u ca t ion of the  pub l i c  an el 
fu rther  tra in ing 0 1' medi cai person n e l .  

Conclusion. T h e  con trol of pote n t i a l l y  con tagi ous  pat i e n ts unel e r  trea tmen t i s  
sat isfactory .  A number  of  new pat ients st i l l  come too late t o  receive t h e  fu l l  
benefi ts of  treatment .  

3 .  How many cases of leprosy are lefl undiagnosed i n  l h e  region ? 

This has been studied by examinat ion of random samples of the popu lat ion . As 
a check on these figure s  examinat ion  of school ch i l el ren has been un ele rtaken . 

Random sam ple su rveys have been done i n  Bukoba ,  B iharamulo anel Ngara 
d i s t ricts .  For Karagwe distri c t  Due Maelsens figu res from 1 970  have been used .  

Overa l l  results are gi ve n in  Tab le  1 0 . 

TA B L E  1 0  

Pop ulation New cases Size of Est imated Est imated 

1 9 74 found sample no.  undiagnosed 
undiagnosed per 1 0 ,000 

Southern Bukoba,  
4 wards 5 7 , 500 5 2 7 24 1 04 1 8 . 0  

Northern Bukoba ,  
3 6  wards 386 ,000 I 7 8 86 ( 4 8 )  ( 1 . 2 )  

Bukoba district ,  total  44 3 , 5 00 6 1 0 ,6 1 0  293  6 . 5  
Bihara mulo 9 7 ,300 1 8  4086 428 44.0 
Sa me,  o ther  est imate  1 40 ,000 1 8  4086 6 1 6  44.0 
Karagwe,  1 9 7 0  1 0 1 ,000 22 4 1 ,042 3 3  3 . 3  
Same,  1 9 74 1 24 ,800 3 3  2 . 6  
Ngara 98 , 200 3 0 3 7  

6 1 3-9 1 4  

Figures for Northe rn B ukoba are toe smal l  for calculation and are therefore p u t  in b rackets .  
F igures for K aragwe 1 97 4 :  i f  there is the same number undiagn osed cases as there was 1 970 .  

Size of  samples :  
Bukoba 
Biharamulo 
Ngara 
K aragwe ,  1 97 0  

1 0 ,6 1 0 = 2 .4% of  t h e  population 
4086 = 4.2% ( 2 .9%) 
3037 = 3 . 1 %  
4 1 ,042 = 4 1 .0% 

School surveys. Overall re sul ts  of sample school surveys  are given in Table 1 1 . 

TAB L E  1 1  

No. of  schools No.  of schools No. of pupil s  No. of  new cases 
in area surveyed examined d iscovered 

Southern Bukoba 1 3  1 3  2 5 0 1  O 

Northern B ukoba 1 7 5 2 9  5 2 2 8  O 

Biharamulo 37  3 5  6 8 3 1 7 
Karagwe 5 6  1 4  2 5 6 5  O 

Ngara 5 7  4 2  7 7 8 8  O 
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The figures con fi rm the im press ion obta ined from the sample surveys tha t  
con tro l  has not  been  a t t a i ned i n  B i h a ram u l o .  

4.  Ho w m any patient s  are I Inder treatmen t OU I oI the to tal es timated n u m ber oI 
patien ts req uiring trea tmen t (diagn osed and undiagn osed), and h o w  many oI these 
are under regular trea tmen t ? 

The est imated number of un d iagn osed cases ( a l i  types)  is given i n  Tab le  1 0. 
Est i m ation of n u m ber  of u n d i agn osed L cases : tota l  number  of new cases 

1 965 - 1 974 :  3 1 24 (Table 1 4 ) .  Of these L cases 2 1 0 = 6 . 7% of 3 1 24 .  It wo uld 
therefore appear  reasonable  to est i mate the numbe r  of un d i agn osed L cases at 7% 
of  t he total n umber of  u n d i agn osed cases. 

Esti mat ion of  numbe r  of  u n d iagn osecl BL + L cases :  The BL + L ra te fo r 
1 97 3- 1 974  is est i matecl from Ta ble 1 4  at 20% of a l i  new cases.  It wou l d there rore 
appear reason able  to est imate the number  of u n cl i agn oseel B L  + L cases at 20% of  
t he  total  n u m ber of  u n el i agn oseel cases .  

Figures are  given i n  Tables  1 2  anel 1 3  for :  
I .  Est i mateel total  n umber of  cases ( a l i  cases) ,  
2 .  Est imated number  of  L cases ,  

3.  Est i mateel numbe r  of  B L + L cases . 
(For Biharamulo  esti mates are baseei on a populat ion figu re of 9 7 , 3 00 . ) 

Conclusion. The goal of regu lar  treatment  of 7 5% of a l i  ex is t i ng cases req uiri ng  
treatment  has no t  yet  been reacheel . I t has a lmost been achievecl for the BL and L 
cases o n  the  register ( see Table 5 ) .  

Act ive case finel ing  i s  req uireel i n  aU 4 el is t ri c ts .  

Pa ti en ts uneler  treatment  out  of est imat ecl tota l  n u m ber : 

TABLE 1 2  

AlI cases No.  under Estimated n o .  Est imated % under 
tre a t m e n t  und iagnosed total no .  trea tment  

Bukoba 4 3 2  29 3  7 2 5  60 
Biharamul0 429  427  8 5 6  5 0  
Karagwe 1 02 3 3  1 3 5 76 
Ngara 7 1  7 1  1 00 
The region 1 034 7 5 3  1 7 8 7  5 8  

L cases 

Bukoba 1 5 3 2 0  1 7 3 8 8  
B i haramul0 9 8  3 0  1 28 7 7  
Ka ragwe 20 2 2 2  9 1  
Ngara 1 4  1 4  1 00 
The region 2 8 5  5 2  3 3 7  8 5  

B L  + L cases 

Bukoba 2 1 4  5 8  2 7 2  7 9  
Biharamul0 1 5 0 8 5  2 3 5  64 
Karagwe 3 1  7 3 8  8 2  
Ngara 22  2 2  1 00 
The region 4 1 7  1 5 0 5 6 7  7 4  
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Pa t i en ts un cl e r  regular t rea tmen t out of est i n�a tecl total n u m ber :  

TABLE 1 3  

No.  under Est ima ted % undcr  Al I  cases regular l reatment  l otaI no .  regular t reatment  

Bukoba 285 7 2 5  3 9  
B ihara mulo 3 2 3  8 5 6  3 8  
Karagwe 67 1 3 5 5 0  
Ngara 4 2  7 1  60 
The regio n  7 1 7  1 7 8 7  40 

L cases 
Bukoba 1 1 0 1 7 3 64 
B ihara mul0 79 1 28 62  
Karagwe 1 5  2 2  6 8  
Ngara 9 1 4  64 
The region 2 1 3  3 3 7  6 3  

B L  + L cases 
Bukoba 1 5 1  2 72 5 5  
Bihara mul0 1 24 2 3 5  5 3  
Karagwe 24 3 8  63  
Ngara 1 6  22  7 3  
The region  3 1 5  5 6 7  5 6  

S .  /ncide nce and prevalence rates during the  years of the  campaign. 

A nnual inciden ce rates. There is no pract i cal way of  cl e term i n i ng th i s .  
The annual rate of newly regis tered cases gives an approxi m at ion .  One 

d i fficu l ty  is that  the  i n ternat ional  n omenclature has  changecl clur ing the  periocl 
under review with d i ffere n t  defi n i t ions  of I ncletenn inate ,  Borclerl i ne ,  D imorphous 

Year 

1 96 2  3 1 1 
1 96 3  5 8  
1 964 2 

1 96 5  
1 966  
1 96 7  

1 968 
1 969 
1 9 70 
1 97 1  
1 9 7 2  

1 97 3  
1 9 74 

I 

8 
4 
7 
3 
9 
I 

Total  402 

T 

1 7 34 
5 3 0  
7 0 1  

T 
S O l  
262  
3 7 4  

T 
3 1 2  
2 9 2  
2 4 8  
1 6 7 
1 0 1 

T 
1 02 

8 1  
5405  

TABLE I 4  

B 

1 +  B 
7 

3 3  
5 7  

B 
7 

2 8  
5 5  
5 1  
69 

BT BL 
5 1  2 3  
4 4  1 8  

443 

L Total  % L  

245  2290  1 0 . 7  
4 2  6 3 0  6 . 7  
1 7  720  2 . 3  
L 

3 4  5 4 2  6 . 2  
2 7  3 2 2  8 . 4  
3 0  4 6 1 6 . 5  

L 
24 3 5 1  6 . 8  
1 3  3 3 7  3 . 8  
2 1  3 3 1 6 . 3  
2 1  242 8 . 7  
1 I  1 90 5 . 8  

L 
1 4  1 90 7 . 4  
1 5  1 5 8 9 . 5  

5 1 4  6 7 64 7 . 6  
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and I n termed i a t e  cases. Some cases earl i e r  d i agnosed as Tubercu lo id  now would 
be cal l ed Border l i nc  T ubercu lo id .  

. 

Lepro matous h as been  the  most u n i rorm ly  de fi ned  type d u ri n g  the pe riod . 
Tab le  1 4  shows the  annua l  n u m bers 01' newly regi ste red cases-quoted from 

a n n ua l  reports-and the  lepromato l l s  rate in % . 
I n  order  to ge t comparable  figures  the n u m be rs fo r 1 97 3  and 1 974 i n c l ude 

pat ie n ts t ransfe rred from oth e r  regi ons or coun t ries as such pa t i en ts h ave been 
i n c luded i n  the figures for earl i e r  years .  

The  B L  + L rate for 1 97 3  + 1 97 4  i s  70 = 2 0% ou t  o f  3 4 8 .  The ra te for former 
years can not be calculated . 

A n n ual ra tes oI newly diagn osed cases in se lec ted groups. Figures for school 
ch i l d re n  ( from ann ual  re ports ) :  

TABLE 1 5  

Year No. e xa mined No .  new cases New cases per 1 000 

1 9 62 3 7 3 2  5 1 . 3 
1 963  No surveys 
1 964 8604 7 2  8 . 3  
1 96 5  5 5 5 7  1 3  2 . 3  
1 966 3 3 3 0  l O  3 . 0  
1 96 7  3 2 , 5 2 5  1 2  0 .4  
1 9 68 1 0 , 7 00 1 2  1 . 1  
1 969 2 1 ,692  1 0  0 . 5  
1 9 70  1 9 ,434 1 2  0 . 6  
1 9 7 1  5 9 4 1 1 9  3 . 2  
1 9 7 2  N o  surveys 
1 9 7 3  6 8 3 1 7 1 . 0 
1 9 74 8474 O 0 . 0  
1 9 7 5  9 6 08 O 0 .0  

1 9 7 5 :  figures for surveys done January to April 1 9 7 5 .  

Up to 1 97 0  no d is t in ct ion was made between t h e  d is tri c ts. A I 1  of the 2 6  new 
cases d iagnosed be tween 1 97 1  and 1 97 5  were found  in B iharamulo distr ict .  

Prevalence rates. Unfortunately no survey was undertaken i mmedi ate ly before 
the project  was started in 1 962 .  For pol i t i cal  reasons it was found no t  feasib le a t  
that  t ime .  

Prevalence in  1 95 1 .  I n  that  year  Ross I nnes d i d  a survey or  5 local i t ies in  
Northem B ukoba (Kyaka,  Kaba le ,  Maruku ,  Kalema,  Kamachumu) part ly in the  
same places as  our sample surveys, and  one loca l i ty  i n  Southern Bukoba 
( Rubungu in  M u leba Ward ) .  

H is fi nd ings were : 
N orthern B ukoba 

Southern B ukoba 

Average for the d is tri c t  

Prevalence in 1 9 6 7. I n  
figures for each d is tri c t .  

46 1 7  persons exam ined ,  
40 cases fou n d  = 8 .7 per  1 000 
1 1 8 1  persons examined ,  
23  cases found  = 1 9 .4 per 1 000 
5 79 8  persons examined 
63 cases found  = 1 0. 8  per  1 000 

1 967  a general census was made giv ing populat ion 
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The tota l  n u m ber  of  pa t i ents  d i agn osed d ur ing  the  5 years pe r iod be fore 1 967 
and th c  5 years per iod arter  1 967 are known from the yearly reports : 

Bukoba 
Biharamulo  
Karagwe 
Ngara 
The region 

TAB LE 1 6  

Populat ion 1 9 67  

3 8 2 ,708  
8 1 , 8 5 4  
9 7 , 2 2 1 

. 94 , 3 1 2  
6 5 8 ,09 5 

New patien ts  
d iagnosed 1 9 62-72  

3 5 1 0  
1 7 68  
4 1 4  
724 

64 1 6  

New pat ients  
per 1 000 populat ion 

9 
2 2  

4 
8 

1 0  

The figures fo r new pa t ien t s  d i agn osed i nc l l lde approx imate ly  4 5 0  pa t ien ls t a k e n  over from 
other  agencies in  1 962 .  I t is not known how many fro m each d istrict . 

The figu res in the  last col l l m n  give a good a p proxim ation to the p reva lence ra tes for le p rosy 
in  1 967 . 

Prevalence rales 1 9 74. The number of  pat ients  on treatment  is k n own from the 
yearl y  report for 1 974 .  The n umber of  und iagn osed cases i s  est im ated i n  
Table 1 0 . 

TAB L E I 7  

Populat ion On U nd iagnosed Total  Preva lence 
treat ment pat ients  per 1 000 

Southern Bukoba 
4 wards 5 7 , 500 92 1 04 1 96 3 . 4  

Northern Bakoba 
3 6  wards 3 8 6 ,000 340 (48 )  ( 3 8 8 )  ( 1 . 0 )  

Bukoba d istrict 443 , 500 4 3 2  293  7 2 5  1 . 6 
Biharamulo 9 7 , 3 00 429 428 8 5 7  8 . 8  
Same,  other estimate 1 40,000 429 6 1 6  1 04 5  7 . 5  
Karagwe 1 9 70  1 0 1 ,000 1 96 3 3  229  2 . 3  
Sa me,  1 9 74  1 24 ,800 1 02 3 3  1 3 5 1 . 1  
Ngara 9 8 , 200 7 1  7 1  0 . 7  

Northern Bukoba. The figures are too smal l  for cal cu lat ion -on ly one patien t 
was found among 7 886 persons examined . 

I f  the figures  for the whole of  B ukoba distr ict ( i n clud ing  the fOllr wards i n  
Southern B ukoba) are used,  the figure for prevalence becomes 1 . 6 .  

The prevalence for Northern B u koba there fore is calculated as 1 .0- 1 . 6 .  
Biharamulo .  There are differen t  est imates for the s i ze  of the  populat ion . 
Karagwe. There are no figures  for estimated numbe rs of undiagnosed cases 

1 974 .  If the same figure as that  for 1 97 0  is used ,  the prevalence in 1 974 becomes 
1 . 1 .  

Ngara. I n  order  properly to estimate the number  of  und iagnosed cases a much 
larger number  of people  would have to be examined . 
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Southern B ukoba,  4 wards 
Northern Bukoba,  3 6  wards 
B iharamulo 
Karagwe 
Ngara 

KNUD BA LSLEV 

TABLE 1 8  

Su m m ary of p revale n ce rates (per 1 000; 

1 9 5 1  1 9 67 

1 9 .4 
} 9 8 . 7  

2 2  
4 
8 

1 9 70 1 9 74 

2 . 3  

3 .4 
1 . 0- 1 . 6 
7 . 5-8 . 8  

1 . 1 
0 .7  

I t  i s  noted that  the fi gu res for d i ffere n t  years are calcl l lated in di ffere n t  ways . 

6 .  R elapses of leprosy 

Table  1 9  shows the n llmber  of  rela pses i n  1 9 7 3  and 1 974 analysed by 

class i ficat ion . For comparison is given the total n ll m ber or pa t ients  under  
trea tment  a t  the  end or  each year  and the n llmber or  B L  + L cases out  of  these . 

1 97 3  
Bukoba 
B ihara mulo 
Karagwe 
Ngara 
The region 

1 9 74 
Bukoba 
Biharamulo 
Karagwe 
Ngara 
The region 

T 

2 

2 

BT 

2 

3 
5 

8 

TA BLE I 9  

B L  

5 
2 
I 

8 

4 
4 
I 
I 

l O  

L 

5 
5 

I i  

I i  
I i  

I 

23  

Relapses 
total 

I I  
7 
2 
I 

2 1  

20 
20 

2 
1 

43 

All 
cases 

483  
4 3 3  
1 06 
1 09 

1 1 3 1  

4 3 2  
4 2 9  
1 02 

7 1  
1 034 

B L  + L 
cases 

2 20 
1 30 

30 
2 8  

408 

2 1 4  
1 50 

3 1  
2 2  

4 1 7  

Patients counted as relapses are those who, after a period of  appare n t  cure,  again get signs of 
active d isease-new patches or nod ules,  n egative skin smears again becoming p ositive . 

For B L  and L cases the num ber or re lapses correspond to 4 .6  and 7 . 9% 
respectively or the number or cases of these types under treatment .  

7 .  Proportion of cases released fro m con trai 

Related to (a)  patients u nder t reatment ,  and (b)  patients under t reatment and 
out of  con trol cases. 

Table 20 gives the figures for 1 974 for the two categories. 
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TA B L E  20 

T BT B L  L Tot a l  

( a )  N o .  of pat ien t s  4 3 3  1 8 6 1 3 2 2 8 5  1 0 3 4  
Pat ien l s  released I 1 2 9 1 0  O O 1 40 

% Released 1 00 3 0  5 O O 1 3  

( b )  N o .  of pat ients  I 4 8 8  2 0 7  1 3 7 2 8 9  1 1 2 2  
Pa l ien t s  released I 1 29 1 0  O O 1 40 

% Released 1 00 26 5 O O 1 2 

S U M M A R Y  OF R E S U LTS 

Of ali co n tagi ous a n el po te n t i a l l y contagi o Lls ( B L  anel L) cases el i agnoseel si nce 
1 962  very fe w o f  t h ose re m ai n i ng i n  the  regi on are o u t  of con t rol . 

The con trol  of those B L  a n el L cases who a re on t h e  regi s te r  is sa t i sfactory . 
There a re few un el i agn ose el B L  a nel L cases le ft i n  Ngara , Karagwe  an el Bukoba  

el istricts w i t h  t h e  e x ce p tion o f  the southe rn-most  p a r t  of B u k o b a .  I n  B i h a ra m u lo 
the n u mber of unel i agnoseel B L  anel L cases is high . 

Sou thern Bukoba (Ngote,  M u leba,  M u b unel a ,  R ushwa warels) .  Popul a t i on abou t 
60,000 = 1 4% of the  populat ion in Bukoba el i s t ri c t .  B L  anel L cases u n el e r  
trea t m en t :  40 .  Es t i m ated n u m be r  of BL and L cases l e ft u n el iagn oseel : 20 .  

Biharamulo dis trict. Population 97 ,300- 1 40,000. B L  anel L cases u n el e r  
trea t m en t :  1 50 .  Esti mateel n u m be r  of BL a nd L cases le ft un el iagnoseel : 1 00 
( 86- 1 2 3 ) .  

The disease i s  uneler  con trol i n  th e  re gi on wi th t h e  excep t i on o f  t h e  two areas 
men tion eel . 

Both a re as a re characterized by a higher p reva l e n ce than the rest of the regi on . 
The high prevalence is (at  least part l y )  due to i m m igration from m ore heavi ly 
infected are as to the south o f  the m .  The cam paign has not  hi therto been 
correspon dingJy in tensifieel in these regi ons .  

M E A S U R ES W H I C H  S H O U LD B E  T A K E N  

1 .  Con trol measures s h o u l d  be maintai neel i n  a l i  4 elis tri c ts a t  l east  a t  th e 
pre sent  leve I ; i r  possi b Je ,  im prove d .  A l i  pat ients fai l i n g  to re port for 
treatment  should be traceel i m mediate ly b y  dispensary person n e J  or- i f  they 
fai l - by Health Home Visitors .  

2 .  Sample surveys for fu rther cJarification of the si tuati on in  Buk oba eli s tri c t  
in : 
(a)  Lubal e ,  KabiJizi ward which is si tuateel be twe e n  Sou thern B u koba anel 
Northern Bukoba as defined in this re port o 
( b )  Kish anj e  ward , B ugab o  and K yaka warel , Missenye-in both Ross Innes 
did surveys i n  J 9 5 1 .  

3 .  Case finding campaigns in ali  districts starting in Southern B uk o b a  anel 
B iharam u I o .  This shouId be done b y :  
( a )  con tact survey o f  ali k n own cases of Jeprosy . 
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( b )  tracing through co-operation with Ward Execu tive O fficers and 
Ten-house Chairmen .  

4.  Cases with persisten tly positive skin smears shou ld  be t rea ted wi  th  
a l ternat ive drugs or a combination

· 
of drugs .  

5 .  R ecords should be  kept i n  order to con tin ue yearly operation a l  assessmen t .  
6 .  Each year  defin ite Targets should be  se t  for the  activ i t ies .  
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I M M U N O LOGY O F  LEPROSY 

ANTHONY D. M .  B R YCESON 

Hospiral fo r Tropical D iseases. L O l ldol l  

Th is art ic le  is taken fro m lhe secon d E d i t ion o f  " Le p rosy for S t u d e n t s  o f  
M e d i c i n e "  by A. D .  M .  B r y ceson a n d  R.  E .  Pfa l t zgra ff t o  be p u b l i shed b y  C h u r c h i l l  
Liv ings t o n c  i n  1 9 7 7 ,  who h a v e  k i n d l y  conse n t e d  t o  i t s  p u b l i c a t ion i n  L e prosy 
Rev iew.  

I n  t roduction 

The respo nse of the  body to i nvad ing micro-organ isms invo)ves both non-speci fi c  
and spec ific mechanisms of  defence .  Non-spec i fi c  mechan isms in clude the barriers 
of t he sk i n  and mucosae , an t isepsis of sebum and mucosa) secre t ions and s imp)e  
Rhagocy tosis by po)y morphonuc lear )eucocytes and macrophages _  S pec i fi c  mecha­
n isms are those e )aborated by the immune response . They con tr ibute to hea l ing 
and immuni ty ,  hypersens i t iv i ty and patho )ogy. 

Basic I m m un o logy Relevan t  t o  Leprosy 

I N D UCT IO N OF T H E  I M M U N E  R E S PO N S E  

A micro-organ ism consists of and produ ces many  d i ffere n t  chem ica )  substances 
which are an t igen ic .  These an t igens  reach the Iymphoid organs ( lymph nodes or 
splee n )  w here each is  poten tia l ly capab le of  i nduci ng an immune response . The 
type of  response ind uced i s  determined by  a number of fac tors .  

Types oI /'espo/'lse 

No /'esponse. This is  the ru le to 'seI f substances ,  as i n  au tograft ing  of  sk in  for 
bums,  or rare ly to fore ign an t igens .  

Immune response. This  is the commonest  response to most  microorgan isms and 
has two componen ts ,  ce l lu lar  and humoral .  Cel l-mediated i mmun i ty  i s  medi ated 
by Iymphocytes that  are processed i n  foeta )  l i fe by  the thymus, and are often 
refe rred to as T-Iymphocytes .  Humoral immun i t y  is med iated by B- Iymphocytes 
and their progeny ,  plasma ce l l s .  In b i rds  B-Iym phocytes are processed by  the  
bursa of Fabricius ,  an organ associated wíth the hi nd  gu t and havin g  no 
anatomical equivalen t  in mammals _  

Tolerance. The an t igen k i l ls the  receptor cel l  i n  the  Iymphoid t i ssue or 
paralyses i t  in such a way that  i t  fai ls to  ini t iate an  immune response to t hís and 
to any subsequen t  chal lenge wíth the  same ant íge n o  Both  the humoral and cel lu lar  
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re sponses are paralysed and  the hos t  ' to lera tes '  t h e  fo re ign ant ige n .  Occasion a l ly  
on ly  T- I ym phocytes  a re paralysed .  . 

Immune devia tiol1 .  A n tibody 'dev'iates '  the a n t ige n away from T- I ymphocytes 
( see be low ) i n  such a way that  cel l -med ia ted  i m m un i ty  is no t  i n d uced . Thc 
humoral response is n ormal .  The s i tua t ion i n  lepromatous leprosy ( L L) rese m b les 
this ,  in that the  ind iv idua l  seems ab le to prod u ce an t i bod ies but no  cel l -med ia ted 
response to M. leprae. 

Factors affecting the type of response 

A n tigen determined 

Ch em ical natu re. Some an  t igens espec ia l ly  polysaccharides and s imple  chemi­
ca l s  ( haptens )  with a poor a ffi n i t y  to  host  prote ins  are on ly weak ly ant igen i c .  

Molecular size. Substa n ces ,  i n c l ud ing  some prote ins ,  of low molecu lar  weigh t  
(be low a b o u t  1 0 ,000) are often poorly an tigen i c ,  a n d  are l i ab le ,  under  certa i n  
circu mstan ces ,  to i nduce tolerance.  Poly mers of th ese substances and  mo lecu l e s  or 
h igh molecu lar we igh t are more i m m u n oge n i c .  

Con cen tra tion .  A very h igh conce n t rat ion of an t igen  may  induce to leran ce 
ra ther  than  i m mun i ty .  I n  an a l read y i m m un ized host such a con cen t ra t ion may 
suppress the ex pression of ce l l u lar  i m m u n i ty  (desensit i za t ion ) ,  prod uc ing a 
s i tuat ion si m i lar to i m m une  devia t ion .  This mechanism may under l ie  the process 
of downgrad ing  in  border l ine  leprosy . A very low con cent rat i on or ant igen may 
also be to lergen ic .  

Solubility. A high ly solu b le  an t igen is more l ike ly  to ach ieve a h igh c i rcu la t ing 
con cen t ra t ion and  be less  immunogen ic  than  a poorly so lub le  an t igen .  

R oute of presen tation to lymphoid tissue. An tigens may reach the I ymphoid 
ti ssue through the  blood stream or a long the lymphat ics .  They may be free or 
taken  up by macrophages .  Poorly so lub le ant igens ,  inocu lated i n t radermal ly ,  
phagocy tosed by m acrophages and taken by the  Iymphat ics to the regional lymph 
node are highly i m munogen i c ,  espec ia l ly  w i th  regard to ce l lu lar  immun i ty .  Th i s  i s  
usua l ly  the  case wi th  M. leprae. High ly  solub le an t igens  circu la t ing  free i n  the  
b lood stream are much l e s s  effic ient  i n  i ndu cing immun i ty ,  espec ia l ly ce l l u lar 
i mmun i ty ,  and may be l iable to i n d u ce tolerance .  In lepromatous leprosy soluble 
ant igens of M. leprae are found in  the  c irculat ion . Their chemica l  n ature and s ize 
and effect  on the i mmune response are u n known . . 

A dju van ts. Certa i n  substances,  n otably Wax D ,  a com pone n t  of wa l ls of 
Mycobacteria, have the property of augmen t i ng  both the humoral and ce l l u l a r  
i mmune response to a w ide  range of  an t igens  inocu la ted i n  em ulsion wi th  the  
adj uvan ts .  Ce l l  wal ls of M. leprae probably act  as e ffic ie n t  adj uvants .  

Host determined 

Genetic. Congen i ta l  immunological de fic iencies of e i the r  the ce l lu l ar or 
humoral compon e n ts of  the immune response are rare and usual ly lead to  an early 
death from i n fect ion . Genetica l ly determined inab i l i ty  to respond n ormal ly to 
one parti cu lar an tige n  may be a factor in determin ing  the c li n i caI  picture and 
outcome of a part icular i n fect ion i n  that i ndiv idual .  Such a mechan ism could 
con tribu te to the pathogenesis of  lepromatous leprosy. Males are most susce pt ib le  
to some infe ct ions than are females. This  suscept ib i l i ty  may be a factor 
i n tluencing  the sex pattem of leprosy . 
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fn tegrity oI lymphoid tissl Ie. For the ind l l c t ion of a normal  response the  
d ra i n i n g  Iy m phoid  organ must  be  i n tact  and  not  grossly damaged by fi bros is  or  
d i s torted by in fi l t ra t ion  wi th  abn ormal s l lbstan ces such as amy lo id ,  abn ormal cel ls 
as i n  Hodgk in 's d i sease , or normal ce l l s  as with the  e xcessivc i n gress of  
macrop hages from a la rge persi st i n g  de pot of an t igen i n  advanced le promatol ls 
l eprosy . Ir Iy mphoid t i ssue is  preoccu pied by  the presence of one an t i gen  i t  may 
respon d poorly to the  presen ce of another ,  a con d i t i on known as an a n t i ge n i c  
compe t i t ion . These mechan i sms could con tr ib ll te to t h e  part ia l  suppression o f  
ce l l u lar i mmun i ty  t o  u n re lated an t igen s  wh i c h  i s  found i n  some cases o f  
l epromatous l eprosy . 

A cquired immunosuppression. Some d iseases may i mpa i r  the  i n d uct ion of an 
i m mune response to certai n an t ige ns (malar ia  to tetanus toxoi d ,  ma lnu t r i t ion to  
con tact sen si t i z i ng  age n ts ) ;

· 
o thers may i m pa i r  the  e x press ion of  an i m mune  

response ( measles to tuberc u l i n ,  l eukae m ia to a varie ty  of i n fect ions ) .  Some drugs ,  
the  com m onest of  wh ich a re the  cort i coste roi ds,  a re i m munosuppress ive .  This  
kn owledge is made use of in  the t rea tment  of react ions .  The part i a l ,  genera l i sed 
i m m unosupprcssion acqu i red  in l epromatous l eprosy may render  some pa t i en t s  
more suscep t i b l e  to i n te rcurren t  i n fect ion . 

Enhan cing an tibodies. I n  s i tuat ions  where ce l lu l a r  i mmun i t y  prov ides the  
e ffector arm of the i m mune response,  c i rcu l a t i ng  an t ibod y  may coat  an t i ge n  
molecu les  on t h e  su rface o f  ce l l s  w i t h o u t  damagi n g  t h a t  ce l l ,  and  i n  t h i s  way 
b lock the recogn i t ion of that an t igen  b y  cytotox i c  I ym phocytes .  This phenome­
non, known as e n hancemen t ,  con tr ibutes  to the  estab l i shme n t  and grow th  of 
ce rta in  tumours .  

T-ly mphocy te modulation oI the immune response. T-Iymphocytes he lp  
regu late the  i mmune  response i n  several ways .  Two i m portan t  ways  are :  

I .  B-Iym phocytes req u i re the coopera t ion o f  spec i fica l ly  sens i t i zed T-Iympho­
cytes for the  prod uct ion of an t i bod y to a wide  range of an t ige ns (so cal led 
thymus depe n dan t an t i gens ) .  
2 .  Some T-Iymphocy tes, generated d u ring the indu ct ion of the immune response,  
regulate the product ion of effector T-Iymp hocytes .  This i s  probab ly  a normal  
phys io logi cal feed-back processo On  occasion these regu la tory ce l l s ,  wh ich are 
somet imes cal led suppressor T-ce l l s ,  tota l ly i n hi b i t  t he p rod uct ion of effector ce l ls 
and so create a si tuat ion wh ich  resembles immune  deviat ion or selective 
T- I y mphocy te tolerance . 

Enhanc ing  an t ibod ies and suppressor T-ce l ls have been l i t t le  stud i ed i n  
i n fect i ous d i seases. The i r  presence ,  i f  that  cou ld  b e  de monstrated , might  prov i  d e  
mechan isms whereby spec i fic ce l l -med i a ted i m m un i ty  was suppressed i n  l epro­
m a tous le prosy .  

Changes in  lymphoid tissue 

D uring the course of  an immune response certa in  changes take place in  the 
Iy mph node  w hi ch receives the an t igen , or the spleen i n  the  case of c i rculat ing 
an tigens .  An tigen from an in tradermal  s ite is presented by macrophages which 
enter  through the margina l  s inus and pass between the germinaI cen t res in to  the 
paracortex .  After th is  the parts of the node which deve lop depend u pon whe ther 
humoral or ce ll ular immun i ty  is i nduced . 

Humoral immunity. The corte x e x pands and germina i  cen t res i ncrease great ly  
in  nu mber and size , often bu lgi n g  in to  and distort ing the res t  of the node .  Plasma 
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cel ls  appear  i n  the med u l la ry cords  wh ich become t h i ckened . In a pu re an t ibod y  
response t h e  para cortex becomes th i n neel .  H is to logi ca l  s ta in ing w i th  py ron i n ,  
wh i ch s ta ins  r ibon uc lc ic  ac id reei , shows t h e  in tense ac t i v i ty  of germ i na I  cen tres 
and med u l la ry co rei s .  Thesc changes are seen i n  l epromatous leprosy .  

Cellular immu nily. The paracort ica l  area of  t h e  nod e ,  whose deve lopmen t is 
dependen t  upon the i n tegr i ty  of  the thymus  in foeta l  I i fe ,  expanel s .  I t  becomes 
popu la ted by  smal l  I ym phocytes ,  which enter  t h rough the  postcapi l l a ry ven u les ,  
and start to div iel e .  These la rge pa le  el iv i el i n g  ce l ls  are a l so  pyron i n ophy l i c  on 
stain i n g. Sma l l  n o n-pyron i n ophy l i c  I ymph ocytes are proel u ceel and  leave the  n oele 
t h rough the i n termeel i a ry si n u ses, wh ich  become great ly  e1 i s te ndeel . In  a pu re 
ce l lu lar response the  cortex  anel meel u l l a  a re t h i n neel .  These changes are seen i n  
tubercu lo iel l ep rosy ( TI) .  . 

M ost m icro-organ i sms con ta in  an t i gens  wh ich  between the m  e l i c i t  both types 
of re sponse .  

Cellu lar e )len ts leading to an tibody production and cell-mediafed immunity 

These eve n t s  are complex  anel st i l l  i m perfec t ly  un ele rstood . A s impl i fie el 
con cept i n vo lves the fo l lowing stages :  
I .  An tige n  b rought  to I ymphoi el t issue sensit izes T - anel B-Iym phocytes of the  

spec i fi c  c lone  of cel ls  that  have the  appropr iate receptor s i t e  on the i r  surface . 
The sens i  t izeel ce l l s  eI ivi ele .  

2 .  T-I ymphocy tes, on  el iv is ion , give rise to : 
( a )  a popu la t ion of  e ffector  cel ls  ( cytoto x ic or "k i l ler" I ymph ocytes wh ich  are 
able el i rect ly  to a t tack cel ls coateel w i th  the spec ifi c  an t ige n .  The ce l ls leave the  
I ymphoiel t i s sue  )lia the  i n termeel iary s inuses, en ter  the b looel s t ream anel 
rec i rcu late  cont in uously u n til they reach the i r  " targe t " ,  whe re further  el ivisi on 
may take p lace .  
(b )  a populat ion of  me mory cel ls  wh ich  take part  in  the secondary immune  
response . 
( c )  he lper anel su ppressor cel ls  wh ich ,  respective ly moel u late B- anel T­
I ymphocyte fu nc t ion . I t  is poss ib le that  he lper  anel suppressor effec ts are 
s imply  el i ffere n t  physiologi cal fun ct ions  of e ffec tor ce l l s ,  anel elo no t  represe n t  
e1 i s ti n ct ce l l  populat ions .  
(e1 )  the secre t i on o f  a n u m ber of  solub le factors ( l ymp ! lok i nes) which i nc rease 
the e1 igest ive power  of macrophages anel meel ia te the phe n omena of de l ayeel 
h y persens i t iv i ty .  

3 .  B-Iym phocytes d i v ide  seve ra l ti mes and give rise to plasma cel ls wh ich sec rete 
speci fic  an t iboely .  M ost plasma ce l ls re main  in the Iym phoiel organs .  B-mem ory 
cel ls are proel u ceel . 

EXPR E S S I O N  OF I M  M U N E  R E SPO N S E  

Humoral immunity (antibody mediated) 

There are several ways by wh ich  an t i body can he l p  the  boely to ge t rid of 
micro-organ isms. At the same t ime ' unwanted'  responses to many o f  the an t igens 
i nduce a s tate  of hype rsens i t iv i ty wh ich con tr ibu tes to the pathology of the 
disease . 

The most i mportan t of these mechanisms a re :  
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I ,  Ant i bod y  co mb ines  w i t h  an el neu t ra l i zes t ox i n s ,  a s  i n  e1 i p h t her ia  or t ypho i el ,  
bu t  proba b ly  no t  in leprosy .  

2 .  Circulat i ng ant i bod y (opson i z i ng  or com p lemcnt  fi x i ng)  reac ts w i t h  an tigen 
on the wal l  of  the organ i sm o  In the fi rs t case ra pi el anel e ffi c i en t  phagocytos i s  
ensues .  I n  the se cond com ple me nt  i s  fi xed and the organ i sm i s  Iyseel . N e i t he r  of 
these mechan i sms see ms to be importa n t  i n  e1e fence oga i nst l eprosy .  

3 .  Ant iboel y passi ve ly coats host  ce l l s  an el is ava i l ab le  to react wi th an t igen .  
Th i s  an t i bod y  i s  one  of two  k i nel s .  I t  may be  cy toph i l i c  for m ac rophages ,  i n  wh ich 
case that  ce l l  i s  be t ter  enab led to take up  m ic ro-organ i sms ;  t h i s  mechan ism may 
be i m portan t  i n  ce l l  meel i cated i m mun i ty  to  ce rta i n  facu l ta t ive i n t race l lu lar  
organ isms,  bu t  i t  does not i n c rease the  e1 igest ive power of t ha t  macrophage, and 
may not  be re levan t i n  leprosy . Al te rn a t ive ly  t he  an t i boely  i s  reagi n i c  of the c 1ass 
IgE and is  fi xed to mast ce l l s .  C i rcu la t ing  an t igcn rea cts wi t h  the fi xed an t i bod y 
giv ing  r ise to t he  phcnomena  of local or syste m i c  anaphy l ax i s .  Th is  d oes not  seem  
to  happen i n  l eprosy .  

4 .  Preci p i ta t ing  an t i body combi nes w i t h  ant ige n ,  wh ich  i s  p resent  i n  mode rate 
e x cess, and forms complexes  to wh i ch  complemc n t  i s  fi xed . This may take p l ace 
e i ther  in the circu la t ion or in  the t i ssues .  Complexes fo rmeel i n  the c i rcu l a t i on are 
depos i ted , depend i ng  on the i r  s ize , in  the  enelothe l i a l  spaces of vesse ls ,  notably 
those in  the glomeru lus ,  the sk in  anel synov ia l  mem branes.  A depot of an t i ge n ,  in  
the t issues ,  su ch as a lepromatous noelu le ,  can be the or igi n  of a grael i e n t  of  
an tigen concen tra t ion .  An t i body d i ffuses fro m the c i rcu la t ion  and a t  the  
appropriate re lat ive concen trat ions complexes  a re fo rmeel and  e1eposi ted . Com p le ­
men t  is fi xed and the re lease of i t s  th i rd componen t  a t tracts polymorphonuc lear 
leucocytes which accu mulate ,  phagocytose the complexes and re l ease enzymes of 
wh.ic h  the most pote n t  a re proteases an el which cause t i ssue e1amage . Act ivat ion of 
vascu lar  enelothe l i u m  fu rther  en courages ad hes ion of  leucocytes and plat lets ,  
th ro mbos i s  and hae morrhage . Th i s  process i s  i mportan t i n  the ge nes is  of  type 2 
reactions i n  l eprosy (ery thema nodosum leprosum ) .  

Cell-mediated immunity (tymphocy te and macrophage mediated) 

Ant ibodies do not normal ly penetrate host ce l l s .  Certai n  organisms have 
beco me adapted to in trace l lu lar  l i fe ,  and those wh.i ch a re adapteel to  i n tramacro­
phage l i fe are especia l ly we l l  pro tected .  These organisms in clude L eishmania. 
M. leprae. M. tuberculosis. certa in  fungi anel ,  to a lesse r  ex tent ,  t he more 
facul ta  t ive i n trace l l u la r  organ isms ,  Salmonella anel Brucella. Cel lu lar  i mmun i ty  is 
of especia l  i mportance in dea l ing  w i th  i n fect ions  caused by these organ i sms .  It is 
a lso of i m portance in some v i ra l  i nfect ions ,  in graft rej ect ion and i n  tumour  
i m mun i ty .  

There are two main  w ays i n  which ce l ls  may proelu ce and ma in ta in  a state of  
immun i ty .  They are  macrophage act ivat ion and Iymphocyte cytotoxic i ty .  There 
are also several mechan isms involved in the product ion of a state of de layed 
hypersensi tivi ty which contrib ute to pathology . 

S pecifical ly sens i t ized T-Iymphocytes, produced  in the paracort ical  areas of  
Iymphoiel t issues, e n ter  the circu lat i on and 'home ' onto the s i te or si tes con ta ining 
ant ige n .  In the case of leprosy th is  is  predom inant ly  the i n fected macrophages of 
the ski n anel nerves.  The phenomena of ce l l -med ia ted immun i ty anel elelayed 
hypersensit ivity fol low . These are : 

1 .  Focalization anel div ision of m acrophages.  
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2 .  A ccu mu la t ion of I y m phocytes aroun el the  macrophages. 
3. Alterat ion of  macrophages i n to ep i the l i oi el ce l l s ,  o ft en  w i t h  the fo rmat ion 

of  gi an t ce l ls .  S teps I ,  2 an el 3 produce a tubercle , the  charac ter i s t i c  h i s to logi ca l  
p ic ture of cel l-med iateel i m m u n i t y .  

4 .  I n creased enzymat i c  act iv i ty of macrophages a n d  i n creased a b i l i t y  to e l i ges t 
organ i sms . This  i n creased act iv i ty  is not spec i fi c  · to the  organ i s lll i n d u ci ng  the  
i m mune response . 

5 .  Cen tral necros i s ,  or u lcera t ion of  overly i ng  sk i n .  
These phe nomena are probably med i ated b y  I ym phok i nes re leased by 

I Ylllphocy tes as they d iv ide  duri ng contact  w i th  an t i ge n ,  wh ich i s  usua l ly  on the  
su rface of  macrophages. Ly mphok ines  are not i lllmunogl obu l i n s  anel I l ave a very 
short range of  act ion . The i r  action is therefore on ly loca l ,  i n  con trast to t ha t  of 
c i rcu la t ing  an t i body . Lym phok i n es are assayed by their b i ologi cal ac t iv i t i es .  

Ths most i m portan t of  the I Y lllphok i n e  factors are : 
sk i n  react ive factor : th i s  i n creases cap i l lary permeab i l i t y  and  may fac i l i ta te t l l e  

i ngress of  ce l ls  i n to the lesi on ,  
chemotact ic  factor :  t b i s  a t t racts macrophages ,  
macrophage m igra t ion i n h ib i t ion  fa cto r :  th i s  i n h i b i ts the na tu ra l  m igra tory 

prope rt ies of  macrophages and may play a part in the local i za t ion of  i n fect i on . I t  
also i n creases the d igest ive powers o f  Ill acrophage s, a property wh i ch i s  probably 
i m portan t  in  leprosy . 

Cytoto x ic  factors ( Iymphotox i n s ) :  t here a re severa I o f  these , an t igen speci fic 
and non-speci fi c , act i ng  i n  d i fferen t  ways .  They Illay be respons ib le for casea t ion 
i n  tubercu los is ,  u lcerat ion i n  cutaneous le ishman iasis anel for rej ec t ion of 
homogra fts .  They are probab ly not so i m portan t  i n  defence aga inst leprosy , 
though they mign t  con tr ibute to type I react ions .  

M i toge n i c  (b lastogen i c )  factor :  th is  causes I ym phocytes,  both  spec ifica l ly  
sensi tized and non-se ns i t i zed , to d iv ide  and in  do ing so to secre te more 
I ymphok i nes and so i n crease the react ion and ,  so l ong as an t igen  rema ins ,  prolong 
the reac t ion  . . 

When the end  resu l t  of these processes i s  e l imina t ion of invad ing  organ isms and 
protect ion  against  re i n fec t ion a state of cel l-me d iated i m lllun i ty  is sa id to ex i s t ; 
when i n tla lllmat ion a lone , ce l lu lar  or ele layed hypersens i t i v i ty  ex i s ts .  
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Fig. I .  Cell-mediated immune response , as shown by lymphocytic i n fil t ration of lesions and 
by lepro min p osit ivity .  
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I m m u nologi ca l  Findings in Leprosy 

The pat ho logi ca l  and cl i n ica I chai-acter is t ics of l eprosy form a s pec t ru m  from 
L L  to TT. The fac t or w h ich  m ai n ly de te rm ines  t he pl ace of an i nd i v id u al pat ie n t 's 
d isease on t h is spec t ru m is t h e  e x te n t to wh i ch ce l l -med i a ted i m m ll n i t y  is 
e x pre ssed . In t l lberculo id leprosy ce l l ll l ar  i m m u n i t y  and hy persens i t i v i t y  a re we l l  
deve loped .  I n  le promatous leprosy they are absen t ; i n L L  i n d u ct i o n  an d (or 
ex press ion  may be impaired . [ n  borde r l ine  d isease e x p ression ra ther  than 
i n d ll ct i on is i m pa i red .  I n  add i t i on  the  an t ibody responses a t  the poles d i ffe r and 
a l t h ough th is  d i ffe re n ce does not d i rec t ly con t r i b ll te to the pa t i en t 's pos i t ion  on 
the spect rl l m i t  does  con t r i b ll te  to certa i n  other aspects of the d isease. 

C H A R ACT E R I S T I C S  OF THE I M M U N E  R E S PO N S E  AT THE PO L E S  

Tuberculoid leprosy 

1 .  Cellular response 

The presence of  ce l l ll l a r  i m m u n i ty i s  show n  by certa i n  character is t ics  of  d i sease 
at  this pole and by some ex pe ri me n ta l  d ata .  

( a )  The  esse n t i a l  histo logica l  characteri s t i c  is the  tubercle : spec ia l i zed 
macrophage s  ( ep i the l io i d  ce l l s )  focal ized by I ymphocytes .  
(b)  Delayed cutaneous hy persens i t i v i ty  is presen t  and i s  shown by a pos i t ive 
lepromin  test .  
(c )  Lymph nodes show we l l  deve loped paracort i cal areas con ta in i ng  py ro­
n in ophi l i c  b last ce l ls .  I n termed iary s i n ll ses con ta in  n umerous non­
pyron i noph l i c  Iy mphocytes .  Germ ina I  cen tres are poorly deve loped and 
medu l lary cords con ta i n  few p lasma ce l l s .  
(d ) Lym phocytes from pat ie n ts wi th  tubercu lo id  leprosy ,  cu l tured i n  vitro i n  
the  presen ce o f  leprosy baci l l i ,  transform i n to b last ce l l s ,  act ivate macrophages 
and i nh ib i t  the i r  m igra t ion .  
( e )  M acrophages from pati e n ts w i th tubercu lo id  leprosy can  be st imu la ted ,  in 
vitro, to d igest  M. leprae i f  I ymphocytes from a tubercu lo id  pa t i en t  (bu t  not  
from a l epromatolls  pat ien t )  are added to the cu l ture .  
( f) T h e  d i sease tends to heal  spon taneously .  

2 .  Hu moral response 

(a) Ant ibod i es to an t ige ns of M. leprae and other mycobacteria can be 
detected i n  sera of under 1 0% o f pat ien ts w i t h  TT leprosy by  preci pi tat ion 
techn iques .  
(b )  Auto-an t ibodies  are not  produ ced . 

L epro matous leprosy 

1 .  Cellu/ar response 

The absence of cellu l a r  i mm u n i ty i s  shown b y : -
(a )  There i s  no tubercle format ion . The histologica l  p i cture i s  that  of the 
leproma :  u nd i ffere n t i ated macrophages , often  damaged by  oedema  and fu I !  of  
bac i l li , w i th  n o  surroun d i n g  Iymphocytes .  



24 2 rl E L D  WO R K E R S' rO R UM 

( b) The le pro m in test is nega t ivc . 
( c )  L y m p h  n od es show we l l  deyc loped ge rm i na i ce n t res an el med u l l a ry core is  
fu l l  o f p lasma cc l l s .  Paracort i ca l  a reas  a re poorly deve l opeel and  a re re p l aceel by 
u n el i ffe re n t i a ted  and o ft en  bac i l l i ferous  macrophages . I n t c rmec l i a ry s i n u ses el o 
n o t  con ta i n  I y m ph ocy tes .  
( eI ) Ly m ph ocy tcs from pat i en ts with l e promatous  l ep rosy el o not t ra nsform in 
vUro i n to b las t  ce l l s  i n  the presen ce of M. leprae, nor d o  t hey ac t i vate  
macro ph ages or i n hi b i t  the i r  migra t ion . The proport ion of c i rcu l a t i n g  
I y m phocy tes ,  capab le of b ind i ng M. leprae to t h e i r  su rface ,  i s  m u ch lower i n  
lepromatous than i n  tu be rc u lo i d pa t i ents . 
( e ) M a crophages from lepro mat o us pa t i e n ts can be s t i m u l a ted in ) JUro to  d i ges t  
M. leprae i r  Iy m phocy tes fro m  a tub ercu lo iel pa t i e n t ( bu t  n o t  from a 
le p ro mato us )  a re adel e d  to the  c u l t u re .  
( f)  T h e  d i sease d oes  no t  hea l  spon ta neous l y . 

2. Hu moral  respollse ( F ig. 2 ) 

L iab i l ity to 
develop E .N . L. 

II 

C i rcu lat ing 
ant ibodies 

88 8T TI 

Fig .  2 .  Humora l  response,  as shown by p resence of circulating ant ibodies and l iabi l i ty to 
develop e rythema nodosum l eprosu m .  

(a )  Ant ibodies  to an t igens  o f  M. leprae and other  mycobacteria can be 
detected i n  h igh t i t re by complemen t  fi xa t ion , prec ip i ta t ion and  i nd i rec t  
h aemagglut inat ion .  Preci p i t ins  to up  to 5 an tigens are present  in  80% o f  
lepro matous sera . Serum l eveis of  IgG are raised. 
(b) Sera from lepromatous pat i en ts do not  i n h i bi t ,  in vitra,  t he b lastoge n ic 
response to M. leprae of  Iymphocytcs from tuberculoid pat ien ts .  This 

observat ion i m pl ies  the absence of  enhancing an t ibod ies in t hose sera. 
(c)  Many auto-bodies  are produced .  They i n clud e rheumatoid factor, an t i­
thyroglobu l i n  ant ibody,  cryoglobul in s ,  C-react ive prote in  a and fa lse posi t ive 
b io logical tests for syphi l i s  such as the Wasserman react ion . 

An t ibod ies i n  leprosy do not  seem to have any protective or usefu l  role .  
They are unab l e  to get at the  i n trace l lu lar organ i smo  They p l ay  a role i n  type  2 
react ions ,  bu t  in do ing  so are of no  benefi t  to the pat ien t .  l t  is not known 
whe ther auto im mune ant ibod ies cause t i ssue damage , resu l t  from tissue 
damage or are a m an i festat ion of  the adjuvan t  act iv i ty of  M. lepra e in Iym ph 
nodes and not  d i rect ly re lated to the c l i n icai  or  pathological pattem of 
leprosy .  
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N ATU R E  OF I M M U N E  D E FI C I ENCY IN  L EP R O M ATO U S  LEP ROSY 

The i m m uno logica l  fi nd ings in l eprosy i n d icate  t l 1a t  t l 1 ere is a de fi c iency of 
ce l l u la r  i m m u n i ty to M. /eprae in  pat ients  w i t h  lepromatous leprosy . The c lone of 
I ymphocy tes which should respond is abse ll t or unrespolls ive .  As a resu l t  of th i s  
macrophages are not act ivated and a re unab le  to d igest  M. leprae. Other  features 
of ce l l u lar  hype rsens i t iv i ty are also absent . In LL th is  d e fi c iency would appear to 
be  abso lute , I i fe long and not revers ib le  a fter  trea tmen t ,  wh ich  has led people to 
suggest that  a gene t i c  defect  may be  i nvolved anel there i s  some epiel e m io logical  
eviel ence to sup port this v iew . On the  other hanel there is only a re la t ive defect  in  
BL anel BB  leprosy , anel pati en ts may move the i r  posi t i on on the  spectru m ,  
towarel s the le promatous pole i r  lI n t reated o r  towarel t h e  tubercu lo iel pole i r  
t reated . These facts i nd i cate tba t  t h e  pre se nce of t he baci l l us i tse l f  speci fi ca l ly  
elep resses ce l l u lar i m mun i ty .  

A n tiboel y response i s  l In i m pa i recl i n  L L. H igh t i t res  are presen t  to myco­
bacter ia l  an t ige ns anel the respon se to i m mun izat ion w i th  typ hoid vacc ine (TAB) 
is normal .  E n l 1an c ing ant iboely has not  bee n demonst rated . 

Thus,  i n  lepromatous l eprosy , there ex i s ts a state that  resembles  se lect ive 

T-Iymphocy te to lerance ( med iateel by an t igen or suppressor T-ce l l s )  or imml lne  

d ev iat ion ( m ed iated by an t ibody ) .  I n  borderl i ne d i sease these defects are no t  

absolute  anel some adel i t ional moelulat i ng process, such  a s  ce l lu lar desensi t izat ion ,  

may be  opera t i ng .  
1l1e seve re eleficie ncy of cel l u lar  immunity i n  LL is specifi c  for M. leprae. There 

is ,  however, a part ia l  general ized elepress ion of cel lu lar  immuni ty  i n  some pa t ien ts  
wi th seve re L L .  They have a reduced number of  c ircu lat i ng T-Iymphocy tes, anel in 
llirra tests of I ymphocyte funct ion to other  ant igens may be sl igh t l y  impaired . 
The i r  response to sensi t izat ion w i th  some bu t  not al i chemical agents ( e .g .  
d i n i trochlorobenzene)  i s  i mpa ireel ,  the ir  response to seve ral sk in  test ant igens is 
depressed , they reject  grafts of  homo logous sk i n  more sl owly anel they may be 
more suscept ib le  to incurrent  d isease . Th i s  d epression ,  wh ich tends to recover 
after  treatment ,  is poss ib ly d ue to d isorganizat ion of  I ymph n oele a rchi tecture anel 
to ant igenic competi t ion .  

Severa I a t tempts have been mad e  to correct the specific defect  of  cel l med i ated 
immunity i n  l epromatous l eprosy by  giv ing pat ients I ymphocytes or an extract of 
Iymphocytes-transfe r  factor- from normal or immune i ndividuais .  So far there 
h ave been  no convi ncing reports tha t  these attempts have a l tered the course of  
lepromatous d isease . The re have as yet  been n o  reports of the use  of  transfe r  
factor to s top  t roublesome chronic eryth ema nodosum leprosum i n  we l l  treated 
lepromatous patie nts ,  a s i tuat ion which might be  amenable to  this sort of 
immunostimulat ing therapy . 
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News and Notes 

IN VITRO C U LT I V A T I O N  O F  LEPROSY B AC I L L I , A NEW CLAI M 

The much he ra lded c la im by Professor Sk insnes and h is col leagues for the in l Ii tro 
cu l t iva t ion of leprosy bac i l l i  ..yh ich was announced i n  the  world press in l ate 1 9 7 5 ,  
i s  now pub l ished i n  t h e  In ternafional Jo umal of L eprosy ( 1 9 7 5 , 43 , 1 93 )  under  
the  head ing "In  ) JUro cu l t iva t ion of leprosy bac i l l i  on hya luronic  ac id  based 
med i u m . I .  Pre l im in ary report " .  In t h is pub l icat ion the authors s tate-"The 
pu rpose of  t h is presen tat ion is to d escribe  pro l i fic growth of  M. leprae ( and also 
M. lepraernllrium )  in this med ium and to demonstrate the  reasonable p robab i J i ty 
tha t  the c1a i med M. leprae cu l t u re is i ndeed t h is orga n i sm" . The essent ia l  grow th 
factor is hy a luron ic acid incorporated as the sod ium salt at a concentrat ion of 
0 . 1 % i n  an otherw ise simple med i u m  prepared as a l iq u id or a sol i d ,  by the 
in corporat ion of 2% agar. The rat io nale for i ncorporat ing hyaluron ic ac id into the 
med ium for a t tempt ing  to cu l t iva te  M. leprae was based on the earl ier 
observat ions of  Sk insnes and his col leagues that M. leprae was part icu larly 
concentrated in  t issue s i tes associated w i t h  the presence of  acid mucopolysaccha­
rides from the host. They were fu rthe r  e ncou raged to t ry h yal uron ic  acid for in 
vi fro cu l t ivat ion from the i r  find ings that M. lepra e mul t i pl ied more ex tensively i n  
mice when bac il l a ry i nocu la  i nc luded hya luro nic  acid a n d  were fo l lowed b y  
repeated i nject ions  w i t h  hya lur o n ic ac id .  Their  c la im to  have cul t u red M. leprae in 
)Jifro is  based on organ isms recove red from these mice and a lso stra ins of M. leprae 
obtained d irect ly  from pat ients .  

Al though i t  is  u n iversal ly agreed eve ry aspec t  of oUI understand ing of leprosy 
woul cl be  enhanced by the successfu l  in vi/ro cul t ivat ion of the causative 
organ ism, no  new claim is curre n t ly jus t ified unt i l  i t  has been rigorously checked 
and independently  confirmed.  Sk insnes and h is col l eagues have chosen to publ ish 
befo re having the i r  cla im checked a t  other centres .  Moreover, the American 
Leprosy M ission have prematu re ly l aunched a maj or appeal for funcls based on 
Sk insnes' c la im.  

F inal confirmat ion of Sk insnes' claim is  n ow awa i ted from those cen t res t0 
whom he has recent ly  sent  h is  cu l tures of M. leprae. 

LEP R A  JOINS  I LE P  

At the l I  t h  Genera l  Assemb ly of  I LEP ( the  I n temat ional Federat ion of  Leprosy 
Associat ions) held in Paris on 27-28 March,  1 976 ,  The Br i t i sh Leprosy Rel ief  
Assoc iat ion ( L EP RA) was welcomed as a new member. Fame Pereo (of  Canada) 
was also admi t ted .  The tota l  membership now stands at  1 9 . 

The Annua l  Report o f  the Secre tary-GeneraJ , p resented to the Assembly,  
recorded that the  Member-Organizat ions of l LEP raiseel in  the year 1 974, the sum 
of 1 3 . 6  m il l ion  US $ ,  of which about 1 2  mi l l ion US $ went  to the support  of  5 3 1  
centres or p rojects,  anel 0 .8  m il l ion  to research. The number of  leprosy pat ients  

. . 
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u n d e r  tre a t m e n t  fro m t h e se c e n t res in 1 9 7 5  was 1 , 230 ,299 ,  o f  whom 95% were 
being t reated as out-pa tie n ts. Of t h e  est imated ( 1 9 72 )  t o t a l  n u m b er of registe reel 
pat ie nts  under  t re a t m e n t  in t h e  wo rlel , t h at is 2 .8  m i l l io ns ,  t h ose who re ce ive 
t rea t m e n t  through I L E P-spo nsored or I LE P-s upported prog ram mes acco u n t  for 
42 . 6%, or 1 1 .4% of t h e  est i mated n u m b e r  of persons nee d i ng t rea t m e n t  for 
l e p rosy .  Over h a l f  t h e  c e n t res are responsib le fo r d o m i c i J i a ry t rea t m e n t  schemes,  
and 1 47 of them a re engaged in  mass t rea t m e n t  a c t iv i t ies ,  e i t h er as part of 
nat ional  p rogra m m es or as i n d epend e n t  ( usual ly M ission-spo nsoreel ) p rojects .  

Rehab il i t a t i o n  p l ays an import a n t - b u t  sub sid ia ry - role ;  a q uarter  of the  
ce n t res make p rotect ive fo otwear, t w o-fi fths  h ave some k i n .1 of physi otherap e u t i c  
act iv i t y ,  and re constru c t ive  surgery o f  v a r i o u s  d egrees of sophist icat ion is ava i lab le  
a t  one-fi ft h  o f  t h e  c e n t res .  

Th e Med icaI  Com m issi o n ,  
-
now u n d e r  t h e  able chairmanship of Professor M ichel  

Lec h at , is c o n t i n u ing t o  mould t h e  a t t i tudes  and act iv i t ies of t he M e mb e r­
Organ izat ions of I L E P ,  and is espec ial ly concemed with  the resea rc h  p rojec ts,  to  
w h i c h  in 1 9 7 5  t h e  respe c t a b l e  sum of nea rly 1 ,2 06,000 U S  $ was d evoted .  [ LE P  
h e l ps to fu nd t h e  [ M M L E P  Proj e c t  of t h e  World Heal t h  Organizat ion , a n d  i s  a t  
p rese n t  e x p l o ring t h e  p ossi b i l i t y  o f  sponsoring j o i n t  l e p rosy-tuberculosis p roj e c ts 
in several c o u n t ries.  The Com m i ssion has a l ready a l e rt ed M e m b e r-Organ izat ions to 
the grave t h reat  posed to p rogrammes o f  l e p rosy treat me n t  and c o n t rol  b y  t h e  
in creasing inc ielence of d a p sone-res istance.  T h e  advisab i l i t y  a n d  practicab i l i t y  o f  
t h e  in tegra t i o n  of l e p rosy i n to the  general  h e a l t h  services con t i n ue to b e  the 
subj e c t  of study by t h e  Com missio n .  

A L E RT I S  T EN Y E A RS O LO 

The A l I  A frica  Lep rosy R e h a b il i t at ion anel Tra i n ing Ce n t re in Addis Ababa was 

founded on I I  Oecemb er, 1 96 5 ,  and at the A n n u a l  General  M e e t i ng held o n  1 9  
M arch, 1 97 6  t h e  achieve me n t s  of the firs t  decael e were reviewe d .  The l im i t ed 
i n i t ia l  concept ion of re h ab il i t at ion for those su ffe ring fro m  d e formit ies d u e  to 
l e p rosy , and t h e  t rai n i ng of work e rs from A frican cou n t ries in a l l  aspects  of 
re hab i l i t a t i o n ,  was a re tlect ion o f  the o rigin of the idea  fo r the  crea t i o n  o f  the 
Ce n t re ,  w h ic h  was the I n te rn at ional  Society for R ehab i l i t a t ion o f  the O isable d ,  
the  m oving spirit  b e ing Professor Pau l Branel . A report by Dr S t an l e y  Browne 
reviewing the possib il i t ies  and d isadv a n t ages o f  l ocat ions  i n  pred ominant ly 
Engl ish-speaking countries i n  A frica n arrowed the  choice,  and E t h i o p i a  was fi n a l ly 
selected . 

F ro m  reh abi l i ta t i o n  to tre a t m e n t  anel control ; fro m an urban i ns ti t ut ional  
cen tre to a ru ral d e m o n st ra t i o n  are a ;  fro m  a smaU gro u p  represe n t i ng the Lep rosy 
M issions and the Universi ty to a very b road-based and i n t ernat ional ly rep resent­
a t ive  body of sponsors-su ch has been t he p rogress o f  A LE RT over the past  1 0  
y ears. 

Tra i n ing courses have b ee n  provid ed fo r vary i ng periods for physicians,  
orthopaed i c  surgeons, ru ral a rea l e prosy supervisors ,  rehabi l i t at i o n  technic ians ,  
physiotherapists,  l a b o ratory technic ians  and others.  Students  come from many 

African c o u n t ries ,  and fro m other  c o n t i n e n ts. 
The se rvice re po rts fo r the year 1 9 7 5  and the past decade make i m p ressive 

read ing,  regard ing both the hosp i t a l  i t se l f  and the n u m b e rs of l e p rosy pat ients  
u n d e r  t reatment  i n  Addis  Ab ab a and i n  a n e ighbouri ng con t ro l  a re a .  
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In ad d i t ion to a most t"ru i tf u l co l l aborat ion with the ( Br i t i sh ) Med ica i  Research 

Cou nc i l ,  the Armauer  H anse n  Resea rch I ns ti t u te , wh ich  is  s tructura l ly  an an nexe 

to the  hospital  but admin istrat ive ly  d i s t inc t ,  has macl e  several i m portant  

contrib ut ions to  k nowledge of the  immunologi cal  aspects  o r  l eprosy. 
The Eth iop ian Govern me nt con t i nues i t s  generous fi nanc ia i  support of  the 

serv ice funct ions of ALERT.  
The  last ann ual Ke l l e rsberger Lec ture ,  sponsorecl by the American Leprosy 

M issions  I nc ,  was g iven by  Prof. O laf  K .  Sk insnes ; t he  nex t  w i l l  be given by Dr 

Graham Weclde l l .  
D r  Fel ton Ross wi l l  short ly  ( June 1 9 76)  be rel inqu i sh i ng h i s  pos t as D irec tor of 

Tra in ing, i n  wh ich  he  h as cl one conspicuous work cl uring the  cl i ffi cu l t  fi rs t cl ecacle 
or  A L E RT.  

More African coun tries shou l cl be  acqua in tecl w i th  the  range of fac i l i t ies 
prov i cl ed by A L E RT and se nd key members of the i r  staff to p rofi t  from one or 
other  of the courses give n. (Address : The D i rector of  Tra in ing, A LE RT ,  PO Box 
1 6 5 ,  Add is Ababa ,  E t h iop ia . )  

Y EA R  O F  T H E  C H I L D ,  1 9 79 

The Uni ted Nations h as des ignated 1 9 79 as "The Year of  the  Chi ld" ,  and h as 
expressed t h e  wish that  a l1 gove m me nta l  and volun tary agenc ies shou1d emphasize 
d uring that year the special neecls of  ch i ld ren  t h rough o u t  the worl d .  

A t  the  General Assembly of  I LEP  h eld i n  Paris i n  March 1 97 6 ,  an  appeal was 
made that the problems associated with leprosy i n  ch i ld ren  shoulcl p rov ide  the  
springboa rd for educat io n  and fund-ra is ing act iv i t ies ,  and that  de termined e fforts 
should be  made in al i  coun tries to i n tens ify the search for early leprosy in 
chi ld ren so that they may be  spared progressive deform i ty and soc ia l  ostracismo 
World Leprosy Day 1 9 79 would be  a most appro priate occasion for l aunch ing 
such a campaign . 

SECON D REG I ON A L  CON F E RENCE OF D E R M AT O LOGY 

The I n ternat iona l  Society of Tropical Dermatology i s  encouraging the hold i ng of 
regional  conferences at which those who p ractise,  teach or  condu ct research in to  
sk in  d iseases m ay meet  to exchange i n format ion on recent research i n  the i r  
respect ive fie lds .  The second such  Conference wi l l  be  he ld  in  Bangkok from 1 7  to  
20 J anuary,  1 97 7 .  I t  i s  b eing organ ized ma in ly  by the Dermatological Society of  
Tha i Janel ,  w i th  the act ive support o f  the  M in istry o f  Pub l i c  Hea l th  and  the  
SEAM EO-Tropical  Med ic ine  anel Pub l ic  H ea l th Project .  

A ful l  p rogramme for the  4 d ays i s  be ing p repared . l ntend ing part ic ipan ts are 
inv i ted to make contact  w i th  D r  Tongnan V ibhatava n ij a ,  t he Execut ive Secretary 
Genera l ,  a t  the  lns t i tu te of  Dermato logy, 420/7 Rajvi t h i  Road,  Bangkok 4,  
Thai land . 

I n  add i ti on  to papers of genera l  dermatological i n teres t ,  w i th specia l  emphasis 
g iv en  to  d ermatoses common in the coun t ries of Sou t h-East Asia, a whole sess ion 
w i l l  be  d evoted to leprosy, and an exhib i t ion covering many aspects of l eprosy 
and l eprosy cont ro l  in Tha i land is be ing organ ized by Dr Teera Ramasoo ta,  of the  
Phrapradaeng Leprosy I ns t i tute . 
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LEPROSY CONGRESS I N  CA I RO 

The First  Lep rosy Congress organ ized i n  t he  U n i ted Arab Repub l i c  was he lel i n  
the spacious hal l  of  the Kasr el A in i  Facu l ty  o f  Meel i c ine ,  Ca iro U n ivers i ty , on  1 4  
and 1 5  M arch ,  1 976 .  Nearly 500 part i c i pan ts registered , from 1 3  Arab ic-speak i ng 
coun tries of the  Near East,  wi th two inv i ted gues ts from England anel Fran ce. 
S i nce the prime inst igator anel jo in t-organ izer  waS Professor M EI Zawa h ry , t he 
in ternat ional ly k nown dermatologist ,  the emphasis was on the sk in  aspects of 
leprosy .  A lmost the en t ire staffs of  the  Sk in  Depart ments of Cairo and Alexand ri a  
Med icaI Schools were t here , in  addi t ion to representa t ives from Tanta ,  Assiu t  and  
Ain Shams. 

TI1e p la t form at the  I naugural  Ceremony inc lueled the M i n ister of Hea l t h  and  
the  M i n ister for H igher Ed ucat ion ,  a s  wel l  as the Dean  of the  Facul ty of Med ici ne,  
their presence ind icat i ng the  i n t erest aroused in offic ia l  and academic qua rters. 

Among the two score good papers presen ted , it would be invi c\ ious to c i te  those 
of  outstanding m eri t ,  bu t  men tion should be made of  exce l lent  work be i ng done 
i n  various aspects of immuno logy , s ta in ing tech niq ues ,  and the  n icoton ic  ac id  test .  
The papers w il l  be pub l ished ( in Engl ish ) as Proceed ings of the  Congresso 

The revival of in terest in l eprosy in  Egypt serves as a rem inder  both of the very 
successful Congress on the  l n ternat iona l  Leprosy Associat ion he ld i n  Cairo i n  
1 93 8 ,  and of the  cont in uing smouldering endemic in  that  country.  There are a t  
p resen t  28 , 1 97 leprosy pat ien ts registered , of  whom about  1 8 ,000 a re under  

. regu lar treatment ; 1 689 are i n  the two main  res i el en t ial leprosori a (Ca iro and 
Alexandr ia  have 5 70 beds) ,  anel  in p rovincial l eprosy h ospi ta Is .  The relapse rate  is 
said to be in  the ne ighbourhood of 1 2% ; 4 1 28 are c1 assified as l epromatous and 
3 2 2 6  are under  1 4  years of age. The prevale nce rate varies from 0 . 8  to 2 .4 per 
thousand .  

The Congress certainly increased the awareness of  the  problem of leprosy 
among dermato logists, and should encourage a more sys tema t ic a t tack on the  
prob lem. 

Dr S tanley B rowne,  joint  organizer of the Congress wi th Professor E I  Zawahry, 
gave the opening pape r on "The Diagnosis of Early Leprosy" and the c 10sing 
paper in which he  summarized recent  advances in  the various b ranches of leprosy.  
The Egyptian dermatologists hope t o  plan a s imi lar Congress nex t year. 

LEPRA ESSA Y COM P ETITlON FO R M ED ICAL STU D ENTS I N  T H E  
U N I V E R S I T I ES O F  OXFO R D ,  E D I N B U RG H  A N D  B I RM I NG H AM : 1 9 7 6  

Following p rize essay competit ions for med icaI s tudents  i n  previous years in  
Oxford and Edinburgh , LEPRA have th is y ear ex tended the offer to B i rmi ngham, 
and the subject  for a11 3 universit ies  is Th e transmission of leprosy and 
tuberculosis in mano 

Entries should be  of  not more than 1 0 ,000 words ,  but it is emphasized that 
much shorter  essays have won awards in  previous years ;  l e ngth is not i mportan t .  
Refe rences  should be  included a s  in  scient ific publications. Ex is ting k nowledge on  
the transmissio n  o f  these d iseases should be  summarized ,  bu t  no  cred i t  w i l l  be  
given  for  the mere rep roduction of  material already publ ished i n  books or  
journals. I n  the case o f  leprosy, part icular a t tent ion should be  given to  
construc tive c rit icism of  present  trends in research on the  transmission of this 
d isease and to ideas for fu ture work which might benefit  the ind ividua l  pat ient  
and a lso be  of  value in  world l eprosy control. The essay requires neither clinicaI 
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experie nce nor  orig ina l  work and en t r ies from j u nior  students wi l l  b e  most 
welcome. 

Further de ta i l s  are ava i l ab le from the appropria te med i-cal school offices .  The 
c10sing d ate i s  3 1  Oece mber, 1 97 6  and the j udges reserve the righ t to award the 
sum of  í I 00 to one cand idate ,  or to d iv ide  i t  amongs t seve ral cand idates,  or to 
w i thhold any award i f  e n tr ies are not  of  su ffic i en t  meri t .  

PERSON A L  

Professor Or J acob Shesk i n ,  the wel l-k nown dermatologist work ing i n  J erusalem ,  
h as been  awarded t he  Go ld  Meda l  for 1 97 5  of t h e  anc i en t  French scien t i fi c  
socie ty ,  Sociéré J 'En co l lragemen t a u  Progres. in col labora t ion  w i th  the  American 
Oiv is ion of  the  World A cadem,v of A r! and Sdence. We o lTer Professor S h es k i n  
our  h earty congratu la t ions .  





Lepr. Rev. ( 1 976)  47 , 25 1 

Letter to t he Editor 

" Lepros y "  in Standard Text Books 

As a Fie ld Su pervisor, with only 3 years e xperi e n ce be h i nd me , I was,  none the l ess 
as tounded to read the fol lowing  ex tract on Lepro m atous  l eprosy in Diseases of 
the Skin by H .  O. M ack ey ,  rev ised ed i t ion by J oh n  P. Mackey 1 9 68 . 

Page 2 8 8 .  
Nodu lar  Leprosy 

( Lepromatous Leprosy ) 
uThe nodu les ca l led lepromata ,  appear most ly on the forehead , face , ears 
and hands .  The face becomes deformed and  assu mes the character is t i c  
' Ieon ine' appearance.  

This i s  the  anergic type wi th  man y M. leprae and gives a nega t ive reac t ion  
to le promin .  I t  is commun i cab le ,  and h as an  unfavourable p rogn osis .  The 
histopathology shows a granu loma made up mai n ly of hist i ocytes w h i ch 
con ta in  c 1umps of M. leprae . 

Symptoms. The fi rst signs are a husky voice and  a nasal d ischarge wh ich  
i nd icate in volveme n t  of the  mucous  mem branes . A malarial type of fever 
with wasting and diarrhoea is common. The disease is s teadily progressive 
and death occurs on an average in abou t 8 years. Some cases tive 0/1 in to o ld 
age. " 

The i ta l ic izeel sentences are the cause of  my aston ishmenL 
The state men t  that  dea th  occurs on average in  about  8 years is  absolu te ly  

op posed to a l i  the teaching I have receiveel both here in  S ierra Le one and i n  
Albert ,  Eth iop ia .  The generalizat ion regard i ng  fever, w ast ing and d i arrhoea I 
cannot  say much abou t .  I can on l y  re fer to the 5 7  lepromatous cases under  my 
care anel say that I have never seen wastin g  in any one of  them and as for the i r  
fever and  d iarrhoea this has a lways responded to t h e  appropri a te dru gs . On ly two 
cases were re fe rred to hospi ta l  and this for EN L .  

I t  would appear w e  stand very l i t t le chance of educati ng  the general pub l i c  
about  the nature of le prosy , when would  be  doctors are given th is  type  of  
i n  formation . 

Leprosy Con trol Office. 
Ministry of Health. 
Kenema. 
Sierra Leone 

P.  J .  W ITHERS 
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Abstracts 

I .  M ICROB I O LOGY 

I .  M O R B I D . MORTAL . ,  1 976 ,  v .  2 5 ,  No . 3 ,  1 8 ,  23 .  Leprosy-like disease in wild-caught 
armadil los-Louisiana . 

Natu ral i n fect ions with baci l l i  simil a r  to Mycobaclerium leprae have been fou nd in 1 4  
a rmadi l los t rapped i n  sou thern Louisian a in 1 974 and 1 9 7 5 .  Four o f  the an imais  had u lcers o r  
subcu taneous nodules sl lgges tive of  leprosy . A nasal smea r from I showed acid -fast  bacil l i .  I n 7 
of the  animais post -mortem examinat ion has  revealed in vasion of dermal ne rves , typical of 
leprosy . E xamina t ion of the other  animais  h as not  been complet ed .  Attempts  to cu l t u re the 
baci l l i  have been uns uccessfu l .  Posi t ive Mitsuda react ions at 28  days have been obta ined in 
pati en ts with leprosy tested wi th  lepromin prepared from lhe t issues of  t hese animais . The 1 4  
infected a rmadi l l os re presen t  about  1 0% o f  uninocl l la ted animais examined from the t rapping 
a rcas ; m ost  were examined with in a month of captu re . "The pathologic pictu re and the Mitsuda 
reactions at 28  days st ron gly  suggest tha t  the mycobacte ria found in these wi l d  a rmadil l os are 
M. leprae, b ut u n til o ther  pending confi rmatory tests a re avail able , the ident ification cannot 
be considered defini te ." The original report  on this finding is by W A LS H  el 01. , J. 
Reticuloendo thelial Soe. , 1 9 7 5 ,  v .  1 8 , 347 .  

F. l. C Apted 

2 .  O LlTZK I ,  A .  L .  Effect of microbial substances of different ong1l1s on the growth of 
Mycobacterium leprae. Israel J. Med. Sei. , 1 97 5 ,  v .  1 1 , No .  9, 896-905 . .  

"Mycobacterium leprae mul tip lied i n  media e n riched with substances originating from other  
mycobacte ria ,  from non-acid-fast A ctinomycetales or from gram-positive o r  gram-negative 
Eubacteriales. Most of  the M leprae s t rains d id not  grow on a syn thetic med ium contain ing the 
amino acids p resen t  in M. smegmatis, b ut the growth -promoting effect of sonic ext rac ts of  this 
organ ism indicated that substances of bacterial origin ,  other  than amin o acids ,  do act with M. 
leprae was ve rified by  their  ab il ity to oxidize D -3 ,4 ,-d ihydroxyphenyla lan i ne (D -dopa test ) .  M. 
leprae did n ot mul tiply on Nakamu ra med ium lInless at least 40% of medium NM7 en riched by 
bacterial  substances was  p rese n t .  Adeq uate ae ration was  essen tial  fo r mul t ipl ication of M. leprae 
in e nriched NM7 and No .  3 media ." 

3 .  NAKA M U RA ,  M .  [Multiplication of Mycobacterium lepraemurium iil cel l-free liquid 
medium. 7 .  Pathogenicity of M. lepraemurium cultivated in NC-S medium. ] L epro, 1 9 7 5 ,  v. 
44, No.  I ,  7- 1 2 .  [8. Growth of Myco. lepraemurium in cu1ture media which were preserved 
before inoculation . ]  lbid. , 1 3- 1 8 .  [9 .  Effect of transfer of the smeared slide on the growth of 
M. lepraemurium ] lbid. , 1 9 -23 . [ In Japanese . ]  

The English summaries appended t o  the papers are a s  fol lows : -
i. " I t  was demonstrated lhat M. lepraemuriu m which were c ul t ivated for 223  days at 

30° C by baci l l a ry suspended method an d for 1 72 days by slide cu l tu re method, had the abi l i ty 
to  infect  susce ptible mice.  In both cases,  the p rocedure of refreshing cu l tu re medium resu l ted in  
sti mulation of  the growlh of  bacill i .  In lhe  case of  slide cu l ture method,  i t  cou l d  be noted that  
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t h e  i n fcc l i ous ab i l i t ies of  l h e c u l t i va led  baci l l i  depen ded upon l h e  n u m b e r  of l iv ing o rgan i sms , 
bccause t h e  grow t h  o f bac i l l i  w as s t i m ula ted  by a s l i de t ra n s fe r  proce d u re .  On the ot he r hand ,  
no  pat h ogcn i c i l y  was  e1e m ons t ra te el w il en  l h e  baci l l i  we re cu l t i va leel  fo r 64  days as the  con t rol 
in t he E K P  I l lcel i u m  un eler the samc conel i l ion . 

" Howeve r ,  l h e  quan t i t a t i ve observa t ion abou l a re la l i on sh i p  be l ween t h e  grow th rate of  
b ac i l l i  and  t h e  gra de o f  pathoge n ic i ty  i l l us t ra ted  t h a t  m u l t i pl i eel  baci l l i  hael t he reeluced 
pa t h oge n ic i t ics compar ing  to t h a l  o f  s l a rt ing  mater ia l ." 

i i .  "Stab il i t ies  of lhe  NC-5  and N C-7 med i u m  fo r l h e  growth of M. lepraemurium we re 
s t u el ie d .  For t h i s  p urpose , t he se med ia were kept at  3 7° C and 4° C for I anel 2 mon t hs .  Using 
sl i d e  c u l t u re me l hod , M. lepraemurium we re c ul t ivat e el i n  a fresh ly  prepa red med i um and l he 
p reserved  med i a .  I n  order  to see t h e  s tab i l i t i e s  o f  t he p reserved med i a ,  the m ul t i pl icat ion of M. 
lepraemurium in t h e  p rese rved med i u m  was compared lO t h a l  in a fresh l y  p re pa red one . The 
resu l t s  o b l a i n ed sh o w  that t h e  b ac i l l i  I l l u l t ip l ied  eq ual ly in bot h fres hly prepa red anel p rese rved 
me elia i n  lhe case o f  NC-5 meel i u m ,  and  l h a t , i n  t he NC-7 meel i um  t he dominant  g rowl h was 
obse rveel in  lhe meel i u m  which  was ke p l fo r I mon lh  aI 3 7° C, and t he i n fe r i o r  growth was seen 
in lhe  meel i u m  p rese rved fo r 2 mo n t hs a I  37° C.  There fo re ,  i t  cou lel  be concl ueled I h al  l he N C- 5  
med i u m  woulel be ve ry s l a b le fo r use . " 

i i i .  " The e x pe r ime n l s  of l he fac t o rs in fl ue ncing lh e g rowl h of M. lepraemurium smea red on 
sl i des  and c u l l ivated in NC-5 med i u m  were carr i e d  o ul as fol lowing :  

" I .  Sl ide - t ransfe r  grou p :  lhe group in which a smea red s l ide was t rans fe r red to a fresh ly 
prepared me d i u m  at a defin i tc  in te rva l . 

"2 .  Air-expos u re gro u p :  the group in which a s l iele was j ust t aken out  anel p u t  again in lhe 
same mediu m  at a defini te  i n t e rv al .  

"3 .  S l Oppe r-ope n i n g  group : th e gro up i n  which a rubber  s topper  was j u s t  taken o u t  and 
seal eel again a t  a defini te  i n t e rval . 

"4 .  Contro l : no t re a t m e n t  gro u p .  
" T h e  gro w l h s  o f  baci l l i  t rea l ed wi lh  the  fou r p rocedu res we re com pareel .  T h e  most 

re markable gro w t h  w as observeel i n  the  case o f  lhe air-expos u re gro u p ,  anel t he i n fer ior  grow t h  
was o b t a i n e d  i n  con tro l  gro u p .  F r o m  the  resu l t s ,  i t  could  be presumed t h a t  perioelical  exchange 
of a ir  in sealed c u l t u re medium migh t be necessary fo r t h e  growth o f b ac i l l i . 

" I n  t h e  ex pe r imen ts of baci l lary cu l t i vat i on , t h e  suspensions of baci l l i  were inocu la ted  and 
cu l t ivateel i n  50 ml of NC-5 med i u m , which were d i s t r ib u te el  to a 50  ml-flask 1 00 ml-flask,  and 
200 ml-flask,  respec t ive l y .  A fter  two months' cu l t ivation at 30° C, bacte rial cel ls were collected 
by cen t ri fugation and the wet weights of  sediments were measured. The best yield of  bacteri al 
cells was obtained when the bacil l i  were cult ivated in a 50 ml-flask,  and the poor yield was 
obse rved in the case of a 200 mI -flask . The refo re , it wo u ld be presumed  that M. lepraemurium 
migh t  m u l t i ply  under a s l igh t ly a n ae rob ic condi t io n ,  ral her than aerobic o n e .  

" From the  results  o f  two expe ri me nts mentio ned ab ove , i t  cou ld  be em ph a si zed t h a t  the 
growth o f  M. lepraemurium would une xpecled ly depend u pon lhe in fluen ce o f ai r ." 

[See Trop. Dis. Buli. , 1 97 5 ,  v .  72,  abstr _  1 1 2 6 . ]  

4 .  PETERS, J .  H . ,  GORDON,  G .  R . ,  MURRAY, J .  F . ,  J r ,  F I E LDSTEEL, A .  H .  & LEVY, L. 
Minimal inhibitory concentration of dapsone for Mycobacterium leprae in rals . A n timicrob. 
Agents Chemother. ,  1 97 5 , V. 8, No .  5 ,  5 5 1 -5 57 .  

"To define the minimal inhibi tory concen t ration (M IC) o f  dapsone (DOS) for Mycobacterium 
leprae in rats,  we determined the re lationship between dietary and plasma leveis of DOS i n  
uninfected male  and fe male Lewis rats. This knowledge was applied to  the design o f  
e xperiments using rats inoc ulated in the footpads wit h M. leprae. The M I C  for DOS i n  male and 
female rats , respectively , was 1 .5 to 4 .0 ng and 1 .8 to 3 .0 ng of  DOS/ nu of  pl asma ,  even though 
the sexes exhibited markedly diffe ren t  concent rat ions of DOS when receiving the same diet a ry 
levei of DOS. These values fo r the MIC o f  DOS for M. leprae in rats are nearly ident ical to t he 
previously dete rmined MIC of DOS for M. leprae in mice ."  
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5 .  YOSH I I ,  Z .  & N A K A M U R A ,  M .  Growth features o f  Mycobacterium lepraemurium cult ivated 
in  NC-5 meel ium.  Kumme Med. J. , 1 9 7 5 ,  v .  2 2 ,  No. 1 , 3 5 -5 6 .  

" M o rphologi c a l  fea t u res of  Mycobac/erium lepraemurium cu l t ivated o n  a s l ide g1ass i n  a 
cc l l - frcc  l i qu id mcd i u m ,  NC-5 , were prec ise ly  observed by a scan n i ng  e l ec t ron mic roscope .  As 
p re viou sly de mons t ra ted , e l on ga t i on of b ac te r i a l  eel l  was noted in the seeond weeks o f  
c u l t iva t ion , and  t h e re a ft e r  sep t u m  fo rmat ion , d i vis ion , b u d d i n g  an d b ran ch i n g fol l owe d .  I t  was  
obvious t h a t  t h e  growth grade of baci l l i  depen cle cl upon t h e  n u m b e r  o f  b ac i l l i  p resen ted on the  
s l ide gl ass ; when a smal l n llmber  o f  b a c i l l i  w a s  i n ocll l a ted on the  s l i d e  g1 ass ,  a m i c ro-col ony was 
formed i n  1 0  week s'  cll l t i vat ion , but fu rther  development  did not oceur even i f  e u l tivat ion was 
con t i nued ."  

6.  K ATO,  L.  & I SHAQUE ,  M '
- Separation of  Mycobacterium lepraemurium from the 

subcutaneous tissues of the rat .  In/. J. Lepr . . 1 9 7 5 ,  V .  43, No. I ,  1 6 -20. 

A tcchn ica l ly s im p Ie method is descri becl fo r the  sepa rat ion o f  Mycobacterium /epraemurium or  
M. leprae wi t h  a degree o f  p u r i t y  s u ffjc i en t  fo r use i n  spec t ro ph ot ome t ri c  t ud ies . Thc 
recove ry ra te  fo r bac i l l i  is h igh . The or i gi n a l paper  shoulcl  be con s l l l ted for a desc r ipt ion o f  the 
mC l h od . 

D. S. R id/ey 

7 .  K I R CH H E I M E R ,  W. F . ,  P R A B H A K A R A N ,  K . ,  HA R R I S , E .  B . ,  SANC H E Z ,  R .  M .  & 
SHA NNON ,  E .  J .  Preparation of prote in from Mycobac/erium leprae anel skin-test responses of 
vaccinateel armael i l los .  Lepr. India, 1 97 5 , V. 47 , N o .  3 ,  1 42 - 1 50 .  

T h i s  pape r descr ibes d e t a i l s  of t h e  met h od b y  w h i c h  1 .6 m g  of  pll ri  f1ecl Mycobacteril lm /eprae 
prote in  was ex t racted from 62 g l iver of a heavily i n fe c tecl a rm adi l l o .  This prote in was used as a 
skin tes t  an t i ge n  in gro u ps of 5 armad i l l os e i ther  n ot vaccinated or vaccinated 8 m o n t h s  
p revious ly with  hea t -k i l l ed  a rmad i l lo  t i ssue-derivecl lep rosy b a c i l l i  in F r e u n d ' s  incomp lete  
adj llvan t .  [The last  paragraph on p .  1 45 is m udd led wi th  regard to con t rols- pe rhaps a sentence 
has been o mi t t ed? ) Previously vaccin a t e d  armadi l los  elevel oped e ry th ematous areas 4-8 mm in  
diamete r  24 hou rs a fter  sk i n  test i ng. These were fad ing by 48 hours .  Skin t e s t  react ions e l ic i ted 
1 2  mon ths a ft e r  vaccin ation persistecl up  to  72 h ou rs . These reactions we re taken to indicate 
delayed hy pe rse n si t ivity to M. leprae prote in . [ The presence o r  absence o f  i m med iat e ( 1 0  
m in utes) and Arthus (4 hour) sensitivity is not commen ted u pon , nor  the his tol ogy o f  the  sk i n  
test response . The spc c i f1c i ty of t h e  respon se i s  n o t  described al th ough allu ded to  i n  t h e  
discussion . ) 

A. D. M. Brycesorr 

2. l M M U NO LOGY A N D  P ATHOLOGY 

8 .  R I D LEY, D. S .  Histological c1assification and the immunological spectrum of leprosy . Buli. 
Wld Hlth Org. , \ 974 ,  v. 5 \ ,  No. 5 , 45 1 465 . 

This wel l  il lustrated accoun t of the histological c1assification of leprosy is a record of the 
system used by the author which has been found to be applicable to alI ethnic groups studied to 
date ,  as well  as to experime ntal leprosy in mice , and includes a numbe r  of new concepts 
result ing from a re-evaluation of immunological c ri te ria . 

[ This valuable paper does not lend itse l f  to abst raction and should be studied in the 
original . )  

W. H. Jopling 
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9. D AT E , A. & JO HNY , K. V. Glomerular subepithelial deposits in lepromatous leprosy . A m. J. 
Trap. Med. Hyg. , 1 97 5 ,  v .  24 .  No . 5 , 8 5 3 -8 5 6 .  

SlIb-epi t hel ia l  hl l mps in  t h e  glomerll l i  were seen o n  e lect ron mic roscopy in  a pat ie n t  w i t h  
lepromato lls l ep rosy a n d  erythema nodos ll m  lep rosll m ( E N L) .  The hl lmps were of  the  sort 
k nown to ocem in  immllne eomplcx nephri t i s ,  and ,  sin ce therc was no evidenee of  recen t  
s t reptococcal in fect ion , t he  assu mpt ion is l ha t  the rena l  condit ion was  dlle t o  EN L.  The  pat ien t  
had microscopie haematuria and on ly  t race pro te in llr ia . The  tota l  complement  and C3 leveis 
werc normal,  possib ly  dlle  to  low eomplement  cOl1SlI mption . 

D. S. Rid/ey 

1 0 . S R I V ASTAVA, L. M . ,  AG A RW A L, D. P . ,  B EN K M AN N ,  H .  G .  & GOEDDE,  H .  W. 
Biochemica l ,  immunological and genetic studies in leprosy . 1 1 1 .  Genetie polymorphism of C3 
and immwlOglobulin profile in leprosy patients, healthy family members and controls. 
Tropenmed. Parasit. , 1 9 7 5 ,  v. 26, No. 4 ,  426430.  

"One hund red and fOll r ty-eight members from 30 fami l ies  ( 64 ehi ldren) from E th iop ia ,  where 
one or more pe rsons were affeeted wi t h  leprosy , we re investigated for genet ie  polymorphism of 
C3 ,  serum eonce n t ra t ion of  � I C/� I A-glob u l in  and immlln oglobll l ins A ,  G and M lIs ing high 
voltage agarose elect rophoresis ,  im m llnoelect roassay and single rad ial im mll n odiffll sion 
techniqlles respective ly .  The res lll t s  are compared with re lated hea l thy con t ro l s .  No association 
between  C3 phen otypes and  le prosy cOll ld  be establ ished t h rough fami ly s t lld ies .  C3 
concen t rat ion was , howeve r ,  lower in leprosy patients .  Diff1c ll l t ies and d rawbacks of  slleh 
st lldies with smal l  famil ies are  discllssed." 

[See Trap. Dis. Bull. , ( 1 9 7 5 ,  v .  72,  abst rs 26 1 8 , 2 6 1 9 . ]  

1 1 . K R EI S LER ,  J .  M . , A R N A I Z ,  A . ,  PEREZ,  B .  & BOOTE LLO ,  A .  Lymphocytotoxins in 
leprosy . Jnt. J. Lepr. , 1 97 5 ,  v .  43, No . 2, 9 1 -94 .  

"Occll r rence of co ld  Iymphocytotoxins has  been observed in 59 leprosy se ra .  I n 46% o f  the 
patients ,  cold Iymphocytotoxins were present  whereas in  heal thy cont rols only 1 3% showed 
s llch an t ibodies .  The highest in cidence of  a l loan tibodies was detected in lepromat oll s  leprosy . 
leveIs o f  all toantibodies,  immllnoglobll l ins  and C3 were tested in parallel wit hout finding any 
sign i fican t eorrelat ions ."  

1 2 . F L l E S ,  E .  L. ,  BACHM AN N ,  A .  E . ,  SASIA I N ,  M. DEL C .  & A RES, B .  R.  Exploración 
inmunologiea en pacientes con lepra indeterminada . [ Immunological studies in patients with 
indeterminate leprosy . ]  R evta A sac. A rgent. Micrabia/. , 1.97 5 ,  v .  7, No . 3, 8 1 -8 5 .  

The English sum mary appended to the paper i s  a s  fol lows : -
"The immunological competence of 1 1  pat ients with indeterminate leprosy was compared 
with tha! of 10 normal vol un teers of the same age and sex dist ribution : these con t rols 
have not had previous eon tact with leprosy . 

"The following parameters were studies in peripheraI blood cel l s :  I )  percentage of 
lymphocy te bearing surface immunoglob ul ins ,  as revealed by immunofl ourescence ; 2) per­
cen tage of Iymphocyte bearing complement  receptors ,  as s tudied by  an tibody an d complement 
coated erithrocyte rosett ing;  3) percentage of  T cel l s ,  as revealed by  spontaneous  sheep 
erithrocyte rose t te s ;  4)  b lastogenic and mytoge nic response of cultured Iymphocytes to  PHA, 
and 5 )  cell migrati on inhibi t ion test using lepromin (80 x 1 06 bacil l i/ml) as antigen . Skin 
reactions to lepromin were also assayed . In the 6 lepromin -posit ive patien ts  with indete rminate 
leprosy , no  majo r  immunological alterations could be detected . On the con t rary , the 5 
lepromin -negative patients  showed important al terations which could well  be eonsidered as 
precursors of lepromatous leprosy ."  
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1 3 . KAUB,  5 . ,  M I NOCI -I A ,  Y .  c. , SENC UPTA,  U .  & N A I K ,  S .  A comparative eval uation of 
bacteriologic and morphologic indices of Mycobacterium leprae in ski n ,  Iymph node , bone 
marrow , nerve and muscle . /nt .l. Lepr. , 1 97 5 ,  v .  4 3 ,  No. 1 , 5 5 -57 . 

A comparative cval uat ion of bacte riol ogi cal and morphological ind ices ( B I  and M I )  for lep rosy 
bacil l i  was madc in  b iopsies of  ski n ,  Iymph node , su ral nerve and quadriccps muscle an d in  
marrow aspirates .  There were 1 5  pat i ents  with u n t rea t eel bacÍl l a ry posi t ive lep rosy , inc l lld ing 5 
wi th e ry thema  nodosu m leprosum (EN L) an el 2 with eli morpholls react ions .  Al though there 
were individual  varia t ions ,  ne i ther  B I  nor MI was gen e ral ly lowe r  i n  skin than i n  any of the  
other  tissues, with the  importan t  except ion of the pat ients  in  react ion . I n  these pat ients  the M I  
was often much higher in Iymph nodes than i n  skin , and i n  a few pat ients  th is  was also true of  
the B I .  The B I  of nerve and musc le  was  gcn era l ly lowe r than in ski n ,  except in one  case o f  ENL 
and another  o f  d imorph ous reac tion . The  M I  of m uscle was  zero in a l i  biopsies . 

[This paper br ings ou t  wel l  lhe poin l  lha l  one reason for the  find i ng  of viab le baci l l i  at si tes 
other than skin migh t be that baci l l i  in skin (and nerve) a re more subjec l  lo react ions . ]  

D. S. R idley 

1 4 . Mc LEOD, J .  C . ,  HARCRAVE,  J .  C . ,  WALSH , J .  c . ,  BOOTH , C .  C . ,  CYE , R .  S .  & 
BARRON,  A .  Nerve cond uction st udies in leprosy . /n t  . .I. Lepr. , 1 9 7 5 ,  v. 43 ,  No .  1 , 2 1 -3 1 .  

Motor and sensory nerve conduct ion studies were performed on 93  Ab origines from the 
Northe rn  Territory of Australia ; 30 were control subjects ,  36  we re leprosy patien l s , and 27 had 
no  abn ormali ties apart from one or  more cl inical ly en larged nerves of u nkn own aetiol ogy . In 
the l eprosy group  impairment of coneluction was demonstrated in lhe vast majo rity of  cl inical ly 
abnormal ne rves anel also in many ne rves which were consiele red normal on c l inicaI 
examination . FlIrt he rmore , it  was foun d possib le  to locate the segm ents of ne rves i n  which 
damage was maxi mal . In the third group of subjects ,  abnormal con duction was demonstrated in 
nearly 50% o f  the cl inical ly enlarged nerves,  and later i t  was es tablished that lep rosy was the 
cause of  the conduction defect in the majority of  cases. 

The au thors conclllde that observations on nerve con du ction are of considerable value  in the 
diagn osis an d man agement of leprosy . 

W. H. Jopling 

1 5 . JOB,  C. K. & VERG HESE,  R. Schwan n cel l  changes in lepromatous leprosy -an 
electron microscope study . lndian 1. Med. R es. , 1 9 7 5 ,  v. 6 3 ,  No . 7, 897-90 1 .  

" Biopsies from radial cutaneous nerves of  4 unt reated lepromatous patients we re studied using 
the e lectron microscope . l t  was fo und that M. leprae engul fed by Schwann cel l s  grew, and 
multipl ied ,  b ui lding up  protect ive responses against the dest ructive action of  the cel l  by losing  
the i r  phagosomal membrane an d by producing an iner t  e lectron t ransparent substance around 
the m .  Howeve r ,  once the organisms were dead they were digested inside phago lysosomes . The 
electron t ransparent  substance p roduced by the cell-bacil l i  in teraction might remain inside the 
cell for a long time giving i t  a foamy appearance ." 

1 6 . UM, S.  D. ,  K ISZKISS,  D .  F . ,  J ACO BSON , R .  R. ,  C HO I ,  Y .  S .  & COOD, R .  A.  
Thymus-dependent Iymphocytes of peripheral blood in leprosy patients . Infection & Immunity, 
1 974,  v. 9, No . 2, 394-39 9 .  

"Study of  the  number of thymus-derived Iymphocytes by the  rosette assay (T-RFC) in patients 
with leprosy reveals that lower than norm al nu mbers of T-RFC are regu larly seen in those 
patien ts with the active lepromatous form of  this disease . Essential ly normal numbers of T-RFC 
we re found in  inactive lepromatous ,  borderl ine,  and indeterminate types of leprosy .  The lowest 
percentages and lowest absolute numbers of  T-RFC 'were encounte red  in patients with 
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l epromatous  le prosy re s istan t to chemot herapy . Pa t i e n t s  w i t h  l e p r o m a t o u s  l e p rosy compl ica t eel 
by e r y t h e m a  noel os u m  leprosum show n u m b e rs o f  T-R FC t h a t  a re m o rc n e a r l y  n o r m a l  th an the  
n u m be rs of  T- RFC in  pa t i e n t s  w i t h  u n c o m p l icateel l e p ro m a t o lls  l e p ros y .  T hese fi n el i n gs are  
el iscll sseel with respect  to  t h e  pat h ogenesis  o f  lepromatolls lep rosy anel t h e  T·RFC ele li c iency 
el c m onst rateel in  t h i s  el isease . The possib i l i t y  t h a t  t rans icnt  ele fec ts  in  T- R FC n ll m bers  or  
fll n c t ion  m ay pre eli spose to lep romatous l eprosy i s  propose el . "  

1 7 . JOHN,  T. J . ,  V lJ AYARATHNAM , P . ,  VERC H ES E ,  R .  & KR ISHNAM U RTY, S .  
Ly mphoblast transformation in leprosy . lndian J. Med. R es. , 1 9 74 , v .  62 ,  No .  5 , 696-698 .  

"Phytohac m aggl l l t i n i n - M  i nd llced I y m phob l ast  t ransformat ion of pe r iphera l l y m phocytes i n  ccl l  
c ll l t ll re s  was s t ud ied i n  2 1  l epromatous  and 7 tl lbercu l oid l e prosy pati e n t s  anel i n  9 con t rol  
subjec t s . There was n o  a ppreciab l c  e l i  ffe re n ce i n  t h e  range or  mean o f  t h e  proport ion o f  b l as t s  
i n  the  c u l t u res  among th e  3 groll ps . T h i s  ind icates  t h a t  t h y m ll s  depen d e n t  I y m p h oc y t es a rc 
basi c a l l y  n o r m a l  in n ll m be r  and  fll n c t i on in lepromat ol ls  l e p rosy in o u r  10caJ i t y . " 

1 8 . CONVIT ,  J . ,  P INA R D I ,  M .  E . ,  ROD R íC UEZ OCHOA, C . ,  U L R I C H ,  M . ,  AVI LA, J .  L. & 
C O fH M AN,  M .  Eli mination of Mycobacterium leprae subsequent to local in villo activation of 
macrophages in lepromatous leprosy by other mycobacteria. Clin. Exp. Immul1 01. , 1 974,  v. 1 7 ,  
No . 2 ,  2 6 1 -2 6 5 .  

"This investigation studied t h e  possib ility of  activating lepromatous macrophages b y  a l ocal 'in 
vivo ' test. 

" Lepromato us macrophages have an evident  i n capac i t y  fo r clea r ing M. leprae. T h is is 
demonstrated by injecting lepromato us patien t s  with an antigen con taining M. /eprae fro m 
h llman tissue at a concen t ration of 640 x 1 06 bacteria pe r ml . This prod uces a nodule which , at 
30-day bio psy , sh ows a macrophagic gran uloma with nu me ro us bac teria inside the 
macrophages,  p ro ving that these cell s a re unable to re m o ve M. leprae. This incapac i ty i s  speci fic 
fo r M. leprae, and ali othe r  mycobacteria p rodllce a diffe rent  react ion . 

" Local 'in vivo ' st imlllation of the le pro mato lls mac rophage was obtained by inject ing M. 
leprae in the same concentration as above but mixed with other mycobacteria  (M. 
lepraemurium or  BCC). 

"The mixed an tigens produced a t llbe rc ul oid grao uloma with abundant Iymphoid cel ls . 
Fite-Faraco stains showed al most no acid -fast bacteria .  There fore , our  mi xtu re of antigens had 
act ivated the macrophages 10caUy and made them competent  fo r c\ea ring M. leprae. " 

1 9 .  BA RNETSON , R. S. C . ,  B JUNE ,  C . ,  PEARSON , J .  M .  H. & K RO NVAAL, C .  Antigenic 
heterogeneity in patients with reactions in borderline leprosy . Br. Med. J. , 1 97 5 ,  Nov. 2 2 ,  
435-437 . 

" Fifteen patients with borderline leprosy who deve loped ' reversal '  reactions were stll died from 
the inception of treatment .  Thirteen showed ao appreciable increase in lymphocyte 
transformation ( LT) when preparations of  Mycobacterium leprae were used as antige n .  The LT 
responses to either 'whole' or 'sonicated' p reparations of the bacil l lls in these 1 5  patients  and i n  
9 others also in reaction correlated with the  clinical presentati on . Those with sk in  disease 
predominat ing in the reaction showed ao appreciable increase in LT when whole M. leprae was 
used as ant igen . Those with nerve d isease predominat ing sh owed an increase with sonicated M. 
leprae. (n those with both skin and nerve d isease there was an i ncrease with both ant igen 
preparat ions.  The ratios of the LT test results (whole to sonicated M. lepra e) showed highly 
sign ificant d iffe rences between the three groups." 
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20. N E LSO N ,  D .  S . ,  P E N ROSE ,  J . M . , WAT E R S ,  M .  F .  R . ,  PEA RSON , J .  M .  H .  & N E LSON , M .  
Depressive effeet o f  seru m from patients with leprosy o n  mixed Iymphoeyte reaetions.  C/ill. 
éxp. Immunol. , 1 97 5 ,  v.  22 ,  No . 3 ,  385 -392 . . 

" Mixed le ucocyte c u l t ures ,  fro m  2 n o r m a l  d o n o rs , were se t up i n  m e d i a  con t a i n i n g  h u man 
se r u m  from one of  t h e  fol lowing  source s :  ( a) a pool  of  n o r m al grol lp  A B  d on o r s ;  ( b ) C h i ncse , 
Malay OI" I n di a n  pat ic n ts w i t h  l In t re a t e d  leprosy ; ( c )  t he samc pa t ien l s  a ft c r  effe c t i ve 
a n t i - I e p rosy l re a t me n t ;  ( d )  con l rol  Chinese , M a l a y  or I nd i a n  sl lbj e c t s .  T r an sformat ion was 
est i m at e d  by measur ing  t h e  incorpora t i on o f  t ri t i a ted  t h y m i d i n e  in the last  24 h o f  a 7-day 
c u l t u re pe riod . Transfo r m a t i on was i m paired i n  sera from u n t reated  l epromatous  pat ie n t s ,  b u t  
w a s  less im paired o r  n o t  i m p a i red a t  a l i  in  se ra fro m  t rea ted  l e p romatous  p a t ie n l s .  T h e  loss o f  
de pre ssive a c t i vi t y  a ft e r  t re a l mcn t w a s  more marked i n  C h i nese an d I nd i a n  t h an i n  Ma lay 
p a t i e nt s .  Transfo r m a t ion was a lso impa i red , t ho u gh t o  a lesse r e x te n t ,  in se ra from pa t ien t s  w i t h  
u n t rea ted  t u be r c u l o i d  I c p rosy ; i t  w a s  s t i l l  i m pai red  i n  se ra from t rea ted  t llbercl l l oi d  p a t i e n l s .  
There was n o  eviden ce o f  spe c i fic i t y  in i m pa i rmen t of mixed I y m p h o c y t e  re ac t i vi l Y  a n d  
I y m ph ocy t o t o xic  a n t i bodics  a p pc a rcd t o  p lay n o  ro l e .  T h e  in cid encc  o f  h c pa t i t is B an l i gen anel 
a n t ibody anel of an t i - n u c l e a r  fac t o r  we re not  n o t a b l y  h i gh ." 

2 1 .  YOUNGCHAIY UD, U. ,  PANPATANA,  P . ,  J AT I K AVAN I J ,  V .  T HONGC H A RO EN ,  P .  & 
V I B H ATAVAN I J A ,  T .  N .  Serum i mmunogl obulin determ i nations in le prosy patients .  1. Med. 
A ss. Thailand, 1 97 5 ,  v. 5 8 ,  No . 6 ,  304-307 . 

"The ser u m  i mm unogl ob u l i ns were de termined by the  s ingle rad i a l  di ffl ls ion method i n  1 47 
case s  of leprosy ,  49 cases w i t h  le prom atou s  a n d  98 cases w i t h  t u b e rc u l o i d  t y p e .  The cases were 
d ivided into 3 grou ps correspondi n g  t o  l h e  d u ra t i on of el isease . No sign i ficant  al terat ion of 
se r u m  i m m un oglob u l in G ,  A ,  M levei  was demon s t rated in a l i  o f  t he t u be rc u loid pa l ien t s  a n d  in 
lepro matous  cases with t he d isease t h an 5 years ,  but  a sl i gh t r ise  i n  J gA levei was fo u n d  i n  this 
gro u p .  There was a s ign i fican t i n c re ase in a l i  o f t he  3 classes o f  i m m u n oglob u l i n  i n  l eprom a t o u s  
p a t i e n t s  who h a d  h a d  the  d i sease m o r e  than 5 y e a r s .  This  finding  sl lggested t ha t  t h e  d u rat ion of  
the el isease may b e  o n e  o f  t h e  fac tors a ffe c t in g  the variat ion in  se r u m  im m u noglobu l i n  levei i n  
le p ro mat ous patien ts ."  

3 .  C L l N ICAL ASPECTS 

22. M A LlK ,  R . ,  A HUJ A ,  P .  & C HANDRA , K. Leprosy of the larynx .  fnl. J. Lepr. , 1 97 5 , v .  43 ,  
No.  2 , 1 1 4- 1 1 5 . 

" Five instances of lepromat o lls leprosy in vo lv ing lesions of the lary nx were encounte red among 
a ser ies o f  280 laryngeal lesions .  These a re br ie n y  described as i nvo lving lhe ep ig lo t t i s  i n  al i  
cases, vocal  cords in 2 ,  and extension in to the py r i fo rm fossa in I instance." 

23.  ANTlA,  N .  H. ,  M ETHA, L. ,  SHETTY , V .  & l RANJ ,  P .  F .  ClinicaI , electrophy siologieal,  
quantitative , histologic and ultrastructural studies of the index braneh of the radial cutaneous 
nerve in leprosy . 1. Preliminary report . fn l. J. Lepr. , 1 9 7 5 ,  V. 43, No . 2 , 1 06- 1 1 3 . 

"The index b ranch of the radial cutaneous nerve has been demonstrated as a cons tan t ne rve 
which c an be read ily biopsied under local anesthesia and yields a nerve which is of  suitable size 
for quant i tat ive and qual itative studies both by Iight and electron mic roscopy . It supplies a 
Iimited but  constan t area whe re the sensory loss does not d isturb the  patien ! .  

"Definite u l t rastrllc tural changes  have been demonst rated in  t h e  c l in ically normal ne rves o f  
leprosy patients .  These nerves have also revealed a loss in  t h e  smal! myelinated and 
unmyelinated fibers, which correlated with the common cl inicai findings of the absence of  
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swea t i ng  and  el issocia l ed sensory loss in t h is eliscase. G ross elam age has been cncoun l c re el in 
ncrves which showeel on ly ea r ly  s ign s o( c l i n ica I  damage even wi l h  re fi neel mel hoels of  sensory 
tes t i ng .  Thcse ne rves woulel have passeei as normal  on rou t i n e  tes t i ng  by No . 5 ny lon .  
Regene rat i on o f  sma J l  fibe rs was nO leel  fo l l ow ing  l oss o f  la rge si ze fibers . 

"Nerve con eluc l ion  ve loci ty  I l lay be a u sc fu l loo l  in ca rl y  d iagnos is . " 

4 .  T H ERAPY 

24. R USSE LL, D. A . ,  WORTH , R .  M . , J ANO,  B . ,  F ASA L, P. & SHEPA R D ,  C. C. Preven tion of 
leprosy by acedapsone. r Corresponelence .  J Lancet, 1 97 5 , Ocl . 1 8 , 7 7 1 . 

The aceel apsone prophy lax is . l rea t men l program ll le in t h e  Ponape Dis t r i c t  of M ic rones ia 
con t i n u es lo provi ele useful  d a t a .  The fou r th  ann ua l  post · t reatme n l  su rvey he re reporteel 
i n elicales  l h a l t he ear l ier  i n t ens ive campaign  has resu l leel in a decl i n i ng i nc idence of  new cases of  
l eprosy . Howeve r ,  l apses from regu l a r i ly  of  l rea t men ! and l h e  emergencc of su l phone res i s lance 
have com p l i cated lhe issue . A few new i n fec l ions  have occu r reel  from these cases . 

Howeve r , lhe  Illa in  thes is  of lhe  exerc ise has been con fi rmeel , t h a l  is , t hat  s uscep t ib l e  
i n el i vielua l s  exposeel to  i n fec t ion from pal i en l s  suffe r i ng  from mu l t i bac i l l a ry for l l l s  o f  l e prosy 
I l lay be prolec led by 1 5  i njec t ions o f  acedapsone given over  a pe r iod o f  3 years .  

[ See a l so Trop. Dis. Bull. , 1 974 ,  v .  7 1 ,  abst r .  1 03 6 . J  
s. G .  BrolVne 

5. EPI D E M IO LOGY ,  P R EV EN T I O N  A N D  CONTROL 

25 .  K U R I AN ,  P .  V. , V ICTO R,  V.  & DEVAN BU, D .  School survey a s  an effective method for 
leprosy control in rural areas. Lepr. Jndia, 1 97 5 ,  v. 47 , N o .  2 ,  7 5 -7 8 .  

"Dur ing t h e  school year J une 1 97 3  t o  Apri l 1 974,  85% of  the pupi l s  a t t end ing  3 8 0  schools in 
G ud iyat ham Taluk o f  Ta mil Nadu were examined for evidence of leprosy . Among l he  7689 1 
chi ld ren examined , 2 1 7  new cases of le prosy we re detected . There was n o  case of lepromatous 
leprosy in this group.  Ali except two borderl ine cases were ei ther indete rminate or tuberculoid . 
I n  endemic areas repeated an nual examinalion of the school going population wil l  help 
considerably in lhe cont rol of  the disease and i n  educating the people . The results of school 
surveys carried out i n  some I ndian cit ies are also included for comparison ." 

26 .  AM B LA RD ,  P. , AM BROISE-THOM AS, P . ,  DESI RE,  C . ,  GOUT ,  M . ,  MONROSE,  M. & 
SC HNEIDER,  R .  Aspects actuels de la lepre à la Martin ique . [ Some aspeets of leprosy in 
Mart inique today . ]  Buli. Soco Path. Exot. , 1 9 7 5 , v .  68, No. 2 , 1 64- 1 7 1 .  English summary (7 
l ines).  

Probably  in t roduced into the island by African slaves ,  leprosy today is prevale nt in ali districts 
of  Mart in ique ,  affect ing 5 . 1  males per 1 0 ,000 and 2 .4 5  females. 

The authors analyse [rather superficial ly ] the main findings in the records of 844 patients . 
They report that in 60% the d isease showed itse l f  before the age of 30 years, that mul t iple cases 
(25 1 )  occu rred in 1 09 families , and that no instance of  conj ugal l eprosy was discove red .  They 
do not pre tend that their figures are complete , a large proportion of  patients admitt ing that 
they had had the disease for ove r 5 years befQre seeking t reatmen t .  Forty-seven per  cent of 
pat ients are said to have lepromatous leprosy , but  leprous rhinit is  is quite rare . The standard 
treatment for three-quarte rs of the patients is dapsone ;  the remainder are given a sulphonamide. 

S. G. Browne 
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27 .  NOO RDEEN,  S. K .  Evoll1tion of t llbercllloid leprosy in a commlln ity.  Lepr. fndia, 1 9 7 5 ,  
v .  47 , No . 2 ,  85 -93 .  

" T h e  paper i s  based o n  a lon gi t udina l  s tudy of  a geographical ly l imited rura l  communi ty highly 
endemic for leprosy .  The en t i re populat ion in the communi ty  n llmber ing ab out  8000 was 
o l lowed up eve ry year for ove r 6 years, inc luding cases of lep rosy that occurred.  Mean 
incidence of tuberculoid leprosy was fou nd to be 1 0 .6  per 1 000 per yea r .  I n tensive fol l ow-u p of 
newly detected cases reve aled t hat re gression of disease among tuberculoid leprosy cases was a 
very com m on feat u re ,  the mean inact ivat ion rate being 1 0 .9% per yea r .  I nact ivat ion rates we re 
not  i nOuenced by ei ther age or se x o  I nactivat ion rates were comparative ly  l ow when more than 
one part of the body was affected,  o� when the pal ient had more than two patches,  o r  when he 
had involvemen t  ar  ne rve trunks .  I nactivation rates were not in fl uenced by t rea t ment , t he bulk 
of inact iva t ion being spon taneous .  The epidemiological  s ign i ficance of  l he  findings with re gard 
to l eprosy con t ro l  is reviewed . 

-

28 .  B ROWN E ,  S. G .  The training and deployment of medicai auxiliaries in the leprosy 
campaign .  A nl1. Trop. Med. Parasit. , 1 97 5 ,  V .  69 , No. 4 , 4 1 3 -4 1 6 . 

Afre r describ ing the d ifferent  types of medica] auxi l iary carryi ng out  essen t ial  work in the 
an ti- I eprosy cam paigns  in the t ropics and subt ropics, the author  d raws on his expe rience in the 
fo rmer Belgian Congo in the t raining and deploymen t of  the most  val uable of them a1 1-t he 
polyco m petent  auxil iary-an d gives a detai led accoun t  of the cur ricu lum and of the type of  
service such  a qualified auxi l iary can  rende r .  

W. H. Jopling 

6 .  R EH A B I LlTATIO N A N D  SOCIA L  ASPECTS 

29.  RAMU,  G., DWIV EDI , M. P .  & IY E R ,  C .  G. S.  Social reaction to leprosy in a rural 
population i n  Chinglepllt District (Tamil Nad ll ) .  Lepr. fndia. 1 97 5 ,  V. 47 ,  No .  3, 1 56- 1 69 .  

The authors examin e the social reactions to  leprosy elicited i n  a group of  4 0  patients from a 
rural area in Tamil Nadu ,  I ndia ,  and attempt to draw general conc\usions  from the i r  data .  

I n  sp i te  of  the low degree of  physical disabili ty  in the group ,  social rejection , marriage 
d ifficul ties and economic handicap were quite marked . The prevai l ing at t i tudes to the disease 
i tse lf and to i t s  vict ims provi de a usefu l  background to the study of the actu a l  ex periences of  
suffe rers themselves .  The  st igma of leprosy and  social reject ion a re more evi dent  in  the  
educate d and the  more a fOuen t  c lasses o f  society . Physicians a s  we l l  as social agencies could do  
m uch to b reak down  the  wal ls  of  p rejud ice and ignorance tha t  sti l l  surround leprosy in  the rural 
a reas of a cOlln t ry l ike I nd ia .  

S. G.  Browne 

Thanks are due to  t he Director , Bureau of  Hygiene and Tropical Diseases for permission to 
reprint  Abst racts from Tropical Diseases Bulletin February-April J 976 .  
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