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Editorial 

THE USE OF CORTICOSTER OIDS IN LEPR OSY 

Cort isone was first use d  in me dicine at about the same t ime t hat dapso ne was 
int roduce d  for t he t re at me nt of le prosy , and pre dnisone (t he first of t he le ss 
salt re taining synt het ic cort icoste roids) was int roduce d  a fe w ye ars late r,  in 
about 1 9 5 6 .  The first re port of t he ir use in le prosy appe ars t o  be t hat of 
Lowe . 1 He re porte d that 5- day course s  gave imme diate be ne fit in acute 
manife st at io ns of le prosy , warne d  t hat t he y  might re cur (somet ime s  more 
se ve re ly) on stopping t re at me nt , and warne d  also of  t he possibilit y  of aggra
vat ion of t he unde rlying dise ase . He advise d  the m  unre se rve dly for drug alle rgy 
and (as local applicat ions which are de void of syste mic t oxicity) for e ye 
complicat ions.  

In 1 9 5 3  the re port of t he 6th Inte rnational Le prosy Congre ss2 confirme d  
t he dramat ic e ffe ct of the cort icoste roids in re lle ving t he acute manife st ations 
of le prosy , but comme nte d t hat t he re we re wide diffe re nce s of opinion on t he 
late re sults, part icularly in the t re at me nt of  re curre nt re actions.  The risk of 
de te riorat ion of t he unde rlying dise ase was me nt ione d , but t he use of cort ico
ste roids for drug alle rg y and e ye complicat ions was supporte d . 

By 1 95 7  Jopling and Co chrane 3 we re able t o  make ge ne ral re comme n
dat io ns for the use of cort icoste roids .  The y  advise d  corti sone 1 00-200 mg 
daily as t he init ial dose ,  t o  be t ape re d  off as a course last ing 5 - 1 0  days. Such 
courses were to be repeated as necessary. They advocated intraneural injections 

of hydrocort isone (wit h  procaine and hyaluronidase )  for ne uritis , and note d 
t hat tre atme nt for a ye ar or more might be re quire d  in case s  of e rythe ma 
nodosum le prosum (ENL). 

At t he 7t h Inte rnat io nal Le prosy Congre ss in 1 95 8 ,4 almost all  t hose 
part icipat ing in t he ' Se ct ion of The rapy' use d  and re comme nde d cortico
ste roids for re act ions: the re port ,  howe ve r , make s lit tle me ntion of the dosage 
or duration of t re atme nt .  

B y  1 9 64 t he indications of  t he ir use had bee n we ll worked out . Jopling'sS 
re comme ndat ions have a mode rn flavour to t he m, and re main t he basis of 
curre nt t re at me nt . The y  can be summarize d  as follows :  

In  ' re ve rsal' re act ions (Type 1 le pra re act io n ,  RR) cort icoste roids  should be 
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avoided in the absence of neuritis or ulceration of skin lesions. If used, the 
initial dosage should be cortisone 200 mg daily (equivalent to prednisone 
40 mg daily) till improvement starts, then slow reduction of dosage. A course 
should last at least 10 days. 

In ENL (Type 2 lepra reaction) corticosteroids should be avoided except in 

severe cases, when the dosage advised was cortisone 100 mg daily (equivalent to 
prednisone 20 mg daily) reducing rapidly and stopping after 5 days. The dosage 
should be sufficient to control the worst features of the reaction, but no 
attempt should be made to suppress it completely, and the patient should be 
warned that such attacks would continue to occur, and might require repeated 
courses of treatment. In neuritis (dealt with by Cochrane in a separate chapter6) 
it was suggested that in tuberculoid and borderline cases treatment with 
cortisone (initially 100-200 mg daily) should continue in reducing dosage for 
1-5 weeks and sometimes longer. 

These recommendations were supported in general by Browne 7 in 1964. 

In RR he advised that corticosteroids should be used only for acute reaction 

and particularly neuritis, and recommended a 1 D-day course, tapering the 
dosage from cortisone 75 mg daily initially. Longer treatment, however, would 
be required if the reaction continued, and he emphasized that, if used at all, 

'enough for long enough' must be prescribed. He also pointed out the need for 
the early use of corticosteroids in reaction involving the face if permanent 
nerve damage was to be prevented. In ENL cortisone should be used only 
if there was severe systemic illness, severe ulcerating skin lesions, general 
oedema, eye involvement, or neuritis. The dosage was the same as for RR. 
Browne also pointed out the value of corticosteroids for less severe but 
prolonged (over 2 weeks) attacks of ENL. 

Since 1964 few papers on the use of corticosteroids in leprosy have been 
published; this might imply general acceptance of their value and of the 
indications for their use. Nevertheless, teaching the practical use of these drugs 
very often provokes interesting, stimulating and controversial discussion, indi
cating that this remains one of the uncertain areas of leprosy therapy. Certainly 
wide differences of practice exist, even between those who agree on the 
theoretical indications for the use of corticosteroids. 

Non-steroid drugs are available to treat reactions. In particular c10fazimine 
and thalidomide have proved effective in the management of ENL. Thus, in 
1973 Karat and Ramanujam8 suggested that corticosteroids were only indicated 
for treatment of the Lucio phenomenon, for severe toxic states in reaction, 
for acute eye complications that threatened vision, for acute neurological 
catastrophes, and for the initial 2-4 weeks period when clofazimine was being 
used to treat ENL. However, the cost of c10fazimine (and its pigmentation, 
often unacceptable to pale skinned out-patients) and the limited availability 
of thalidomide make this advice unrealistic, even for the treatment of 
ENL. Moreover, c10fazimine and thalidomide are of little or no value in the 
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manage me nt of RR . In  most le prosy programme s ,  and for most pat ie nt s, t he 
cort icoste roids must be t he b ackbone of  ant i- re act ion t he rapy : t he y  must 
t he re fore be use d  in such a way t hat t he y  e xe rt maximum be ne fit while 
producing t he minimum of harmful e ffe ct s. 

The obvious proble m in t he use of cort icoste roids is t he ir t oxicit y . A 
short list of t he ir t oxic e ffe ct s include s  hype rte nsion ,  d iabete s me ll it us ,  pe pt ic 
ul ce rat ion , o ste oporosis , psychosis , e xace rbat io n  of  infe ct ions such as t ube r
culosis , and adre nal suppre ssion .  The risk of  short course s  ( 1 -2 wee ks) is slight , 

e ve n  if high dosage is e mploye d ;  but t he risks incre ase gre atl y wit h  prol o nge d  
t re at me nt at dosage le vel s highe r  t han 10-15 mg pre dnisone daily . Cle arly 
cort icoste roid s  are pote nt ial ly dange rous.  

The re are , howe ve r , t wo ot he r, le ss obvious proble ms in t he use of  cort ico
ste roids t o  t re at re actions. The first is t he variable clinical patte rn of  le prosy 
re act ions. Se ve re ENL ofte n has such a fluct uat ing and unpre dict able course 

t hat it is not e asy t o  de cide whet he r clinical improve me nt is t he re sult of t re at 
me nt or me re ly due t o  t he nat ural hist ory of t he condit ion" ; RR has a diffe re nt ,  
more pre dict able course . The rat io nal u se of  cort icoste roids t he re fore de mands 
knowle dge of t he nat ural hist ory of t he re act ion t hat is be ing t re ate d .  

The se cond proble m  conce rns t he re sult s o f  t re at me nt .  The met hods  use d  
in le prosy cont rol programme s t o  asse ss t he improve me nt or dete rioration of 
ne urit is (t he most common indicat io n  for cort icoste roid t he rapy) are ge ne rally 
so crude as t o  be of litt le or no value . Comparison of groups of pat ie nt s re ce iving 
def ine d  course s  of cort icoste roids wit h  t hose re ce iving non- ste roid drugs has 
hardly bee n atte mpte d .  The re fore , t he hazards of cort icoste roid t re at me nt are 
we ll known , but t he pe nalt ie s  t he pat ie nt s  must pay whe n  cort icoste roids are 
wit hhe ld or pre scribe d 't oo litt le , t oo short or t oo late ' are not cle arly see n .  
The rat ional use of t he se drugs re quire s  t he int roduct io n  of more accurate ways 
of  me asuring t he re sult s of t re at me nt , bot h  short te rm and long te rm .9 

Inte re st ingly , t he nat ural hist ory of re act ions has se ldom bee n in doubt . 
Eve n  be fore t he immunological me chanisms of re act ions be gan t o  be unde r
st ood ,  t he re was ge ne ral agree me ntlO t hat ENL re act io n  in le promat ous le prosy 
usually consisted of short episodes with symptom-free intervals which often 

cont inue d  for a ye ar or longe r. The re ve rsal re act ion in non-le promat ous 
le pro sy , on t he ot he r  hand , was se ldom re curre nt (e xce pt in unt re ate d case s , 
whe n  re curre nt re act ions marke d  t he progre ss of t he dise ase )  and laste d for 
wee ks or somet ime s  mont hs cont inuousl y . Thus,  whe n  cort icoste roids we re 

f irst int roduce d ,  t he use of short re pe ate d course s  t o  t re at ENL re act ions was 
logical , but t he ge ne ral avoidance of longe r  course s  for RR was le ss logical . 

The immunological me chanisms of ENL have bee n much st udie d  but are as 
yet unde fine d . By cont rast , t he immunological basis of re ve rsal re act ions is 
bette r unde rst oodY The re is a t ransie nt incre ase in t he ce ll me diate d immune 
re sponse to ant ige ns of Mycobacterium leprae; t his incre ase pe rsist s  for wee ks 
or mont hs,  but gradual ly de cline s . It may be sufficie nt t o  cause t issue damage , 
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particularly in ne rve s (whe re the bacillary conce ntration te nds to be highe r  
than e lse whe re ) . This ne uritis is the re fore logically tre ate d by immuno
suppre ssion during the pe riod of the incre ase d  immune re sponse .  

Naafs12 was the first to apply this knowle dge to the tre atme nt of RR . He 
use d  continuous ste roid s  and adjuste d the dosage and duration of tre atme nt 
according to the clinical re sponse , me asure d  by fre que nt se nsory , motor, and 
conduction ve locity te sts of the affe cte d ne rve s. He found that most patie nts  
with BT le prosy re quire d  tre atme nt for 6 months or  le ss (most of the time with 
pre dnisolone 1 5 mg daily or le ss) . Patie nts with BL le prosy nee de d longe r, 
usually about 9 months , but a fe w de ve lope d  pe rsiste nt se ve re ne uritis which 
took 1 2- 1 8  months to subside . He de monstrate d  ve ry accurate ly the ne uro
logical improve me nt achie ve d  by his tre atme nt and (by a limite d re trospe ctive 
comparison) showe d  that the re sults o f  short- course tre atme nt we re not so 
good . Fe w patie nts de ve lope d  ste roid toxicity .  His re sults are probably the be st 
that can be obtaine d  by the use of corticoste roids  on a large ly out-patie nt basis . 

The principle s  of  the use of corticoste roid s to tre at re actio n  can the re fore 
be de fine d  as: 

R eversal reac tion: The re is a transie nt incre ase in the immune re sponse ,  
which starts  sudde nly but fade s away slowly ove r  wee ks or months. Cortico
ste roid s  should the re fore be e mploye d  in initial high dosage (such as pre d
nisolone 30 mg daily) gradually tape ring off, the course lasting for wee ks or 
months continuously . 

Ery thema nodosum leprosum: The re action usually take s  the form of 
acute e pisode s lasting about 2 wee ks with re action free pe riods be twee n the m . 
Corticoste roids  should the re fore be e mploye d  in re pe ate d  c ourse s  of about 2 
wee ks ,  e ach course be ing ve ry rapidly tape re d  off (from ,  say pre dnisolone 
20-30 mg daily) ; indee d tape ring may not be re quire d . 

Neuritis: In  the abse nce of skin re action ,  ne uritis should be conside re d  as a 
manifestation of reaction in the nerve, and treated as for the appropriate skin 

re action .  The longe r  ste roid tre atme nt for ne uritis is de laye d , the le ss satis
factory is the re sult like ly to be . 

Patie nts with ENL who re quire fre que nt ,  almost continuous course s  of 
corticoste roids for pe riods of  months should re ce ive continuous clofazimine 
and/or thalidomide . The se drugs will make it possible to re duce or discontinue 
the use of corticoste roid s. 

In both RR and ENL the dosage of corticoste roids  should be adj uste d to 
the se ve rity of the re action.  The re is, howe ve r, nee d to de fine standardize d  
course s  of tre atme nt which , while rea sonably e ffe ctive , have a low risk of 
to xicity and are the re fore suite d for fie ld use .  Individual (and possibly ge o
graphical) variations in the duration and se ve rity of re action,  howe ve r, make it 
unlike ly that any comple te ly standardize d  re gime ns can be e volve d . 

The proble m  of ste roid toxicity is linke d with that of ' ste roid addiction ' .  
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The re are pat ie nt s  who , afte r t aking cort ico ste ro ids  for some mont hs,  find it 
almost impossible t o  st o p ,  e ve n  if t he ir re act ion has subside d . The y  fre que nt ly 
de ve lop ste roid t oxicit y . In many case s  t he se pat ie nt s purchase cort icoste roid 
drugs t he mse lve s  fo llowing init ial me dical pre script ion and e xpe rie nce of t he ir 
be ne fit . It is not ice able t hat such case s  are se ldom see n  by doct ors who , while 
pre scrib ing ste roids rat he r free ly , do so according t o  t he prope r  indicat ions. 
' Ste roid addict ion'  is more commonly found by doct ors pre scribing cort ico
ste roids for insuff icie nt indicat ion or e lse in t oo low dosage t o  be e ffe ct ive 
whe n  t he y  are badly nee de d ,  so t hat t he pat ie nt e xpe rie nce s only inte r
mitte nt re lie f of his sympt oms on t he pre scribe d me dicat ion .  This sugge st s  

t hat a combinat ion of  he alt h  e ducat ion (on t he risks of cort icoste roids) and 
pre script ion of ade quate dosage soon e nough and for long e nough offe rs t he 
be st hope of pre ve nt ing ' ste roid addict ion' . 

In addit ion t o  t he ir syste mic use , cort icoste roids can be use d  as t opical 
applicat ions in t he t re at me nt of irit is ,  iridocyclit is and scle rit is .  Syste mic 

t oxicit y  is not e ncounte re d , t hough t he re is risk of uncont rolle d  viral and 
b acte rial e ye infe ct ions.  De pot inje ct ions,  which can be administe re d  sub
conjunct ivally , are also available . This use of cort icoste roids in  t he t re at 
me nt of e ye complicat ions,  howe ve r, re quire s  more space t han is available 
he re . 

A furt he r , curre nt ly ne gle cte d use of cort icoste roid s  is by local inje ct ion 
around infl ame d ne rve s. Such inje ct ions usually t ake t he form of a lo cal 
anae st het ic/hyaluronidase /hydro cort isone mixt ure and may be re pe ate d 
daily if ne ce ssary . The y  may be part icularly valuable in t he manage me nt 
of se ve re monone urit is ,  but no re port s  of long-te rm funct ional re sult s are 
availab le . 

Pe rhaps t he major proble ms conce rning t he use of  cort icoste roids in 
le prosy are administ rat ive . Most le prosy pat ie nt s do not atte nd hospit al clinics 
and are not see n by doct ors. The y  atte nd small village clinics, and are see n by 
parame dical worke rs ;  incre asing numbe rs of pat ie nt s  atte nd inte grated clinics 
and are liable t o  be see n by st aff who have litt le t raining , e xpe rie nce or inte re st 
in lepr osy . De fining e mpirical cort icoste roi d  re gime ns for t re at ing re act ion may 
be fairly simple . Ensuring t hat t he nee d for cort icoste roid t re at me nt is re cog
nize d  and t hat t he drug is act ually available is ce rt ainly d ifficult . Defi ning a 
chain of  rapid re fe ral t o  a ce nt re wit h  st aff qualifie d  t o  pre scribe cort ico
ste roids and able t o  supe rvise t re at me nt will be ve ry hard indee d .  But cort ico
ste roid s  are st ill t he normal drugs t o  t re at se ve re re act ions and ne urit is .  If t he se 

t asks are avoide d , pat ie nt s  will cont inue t o  be come unne ce ssarily anae st het ic,  
de forme d ,  and blind during t he course of  t re at me nt . 

J M H Pe arson 
Dhoo/pet L eprosy R esearch Centre, 
Karwan ,  Hyderabad 500 006 , India 
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Errata 

Please note the following corrections to the paper by G A ELLARD, Editorial. 
Drug compliance in the treatm ent of leprosy, Lepr Rev ( 1 9 8 1 )  5 2 , 20 1 -2 1 3 , for which 
we apologize .  

page 206 ,  fourth paragraph,  first lin e ,  for page 125 read page 215. 
page 2 0 8 ,  fourth paragraph,  last line , for page 147 read page 237. 
page 2 0 9 ,  reference 3 ,  for 147-53 read 237-43. 

reference 5 ,  for 125-30 read 215-20. 
page 2 1 0 , reference 6 ,  for 131-38 read 221-28. 

reference 7 ,  for 139-45 read 229·-35. 
Editor 
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A brief review of experiences with 

short-term clinical trials monitored 

by mouse-foot-pad inoculation* 

C C S H E P AR D  
Leprosy and Rickettsia Branch , Virology Division ,  Centre for 
Infectious Diseases, Centres for Disease Con trol, Departmen t 
of Health and Human Services, A tlan ta , Georgia, 30333, USA 

R eceived for publication 8 April 1 9 8 1  

Sum mary Beginning in 1 9 6 4  we used mouse-foot-pad inoculations to 
monitor the loss in numbers of viable Mycobacterium leprae that occurs 
when the patient begins antileprosy therapy . Our studies eventually involved 
patients at the US Public Health Service Hospital in San Francisco and the 
Leonard Wood Memorial facilities in Cebu, Philippines and mouse-foot-pad 
laboratories in San Francisco and Cebu, as well as Atlanta. We found that to 
monitor short-term therapeutic trials, the mouse-foot-pad method was the 
most efficient one available , in the sense that it required the smallest number 
of patients.  All the results are compiled here in a standard form of presen
tation to facilitate comparisons between trials and regimens. A table is 
provided for statistical consideration of results such as these . 

Most of th e result s t o  be present ed h ave alread y  been publish ed, but th eir 
co llect ion in one place in a standard form may b e  helpful.  Beginning in 1 9 64 
Levy and I, in collaboration with Fasal, (Levy and Fasal were then at the US 
Public Health Service Hospital in San Francisco)  began to employ mouse-foot
pad ino culat ions to monitor the decrease in numb ers of viable Mycobacterium 
leprae that occur when the patient begins antileprosy therapy . We already knew 
from the earliest mouse-foot-pad days that the bacilli from untreated patients 
were regularly infective for mice and that t hose from patients who had been 

*Originally presented at the October 1 9 8 0  meeting of the THELEP Scientific Working 
Group in Geneva , at which it was agreed to submit papers for publication in both L eprosy 
R eview and In ternational Journal of L eprosy. It is our understanding that similar publications 
will be printed in the December 1 9 8 1  issue of IlL. Editor 
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treated with sulphones for months or years were not, and we were curious 
about the timing of the loss of detectable viability . All of the work could have 
been carried out in San Francisco, but by doing the ino culations i n  Atlanta we 
could ensure a collaboration that we correctly sensed would be productive . 

Eventually we found that with mouse-foot-pad inoculations the early loss 
in viability of M. leprae could be fo llowed much more satisfactorily than with 
existing methods.  True, 1 2  months had to pass before a negative result could be 
registered, but we were measuring the solid ratios (morphological ind ices, MIs) 
of  the M. leprae in the specimens at the same time anyhow . With measurements 
of the solid ratios we could monitor a decrease in number of viable M. leprae 
by about 90% (conveniently expressed as a loss of one 'log' because the 
logarithm to the base of 1 0  of the number of viable M. leprae is reduced by 
one) . With mouse inoculation we would monitor two or three logs of loss and 
could do so with more accuracy near the end point . Thus, it seemed clear that 
this was the most efficient available method of monitoring sho rt-term trials in 
man.  Later, under the United States-Japan C ooperative Medical S cience 
Program, it became possible to start clinical trials in collaboration with Leonard 
Wood Memorial personnel in C ebu, Philippines, and a mouse-foot-pad facility 
was developed there . These trials started in 1 969 and continued until admini
strative difficulties led to their loss in 1 97 4 .  

Materials and Methods 

Skin-punch biopsy specimens (5-6 mm) were removed at appropriate intervals, 
a tissue suspension prepared, and the bacilli counted . Usually, 20 mice were 
inoculated . The inoculum was diluted, if necessary, to contain not more than 
5 x 1 03 M. leprae. C FW mice were used in Atlanta, BALB/ c in San Francisco, 
and usually CBA in Cebu. Systematic comparisons failed to show differences 

between C FW and BALB/c, or between BALB/c and C BA .  Biopsy specimens 
from San Francisco patients were shipped by air to Atlanta, and those from 
C ebu patients were divided in two for parallel ino culation in San Francisco and 
C ebu in the beginning . Later, only a sample of the C ebu specimens were 
shipped to San Francisco . Fro m  3 through 1 2  months after inoculation, a 
mouse was taken each month for histological sections. When a section con
tained acid- fast bacteria (AFB), four mice were taken for counts of AFB in 
their pooled foot-pad tissues. In San Francisco and C ebu, additional harvests 
were frequently carried out at about 1 2  months if all the sections were negative . 

With these data, one can calculate the incubation period and generation 
time and construct an M. leprae k illing curve for the drug in each patient . Of 
course, the lepromatous patient has  a total o f  1 011 or 1 012 viable M. leprae in 
his tissues and we are following o nly the initial two or three logs of the killing 
in this type of short-term trial .  The mo st important point of this M. Zeprae 
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killing curve is the lowest point we can detect ; that is, the time when the 
number of viable M. leprae decreases to subdetectable numbers. C onsequently, 
the mo st important feature of the response in each patient can be shown by 
two points, the time of the last positive specimen and the time of the next 
negat ive specimen.  In  the figures each line represents a patient and the two 
symbols on each line represent these two critical times. Results are not shown 
when the ino culum contained less than 1 x 1 03 AFB, or when the pretreatment 
specimen gave weak or negative results in the mice . 

For the statistical analysis in the later trials where the specimens were taken 
at regular times aft er treatment, the comparisons could be made between the 
number of specimens positive or negative at particular tim es. In the early trials, 
however, when the optimum times for collection were not yet known, the 
patients were counted as positive any time before the last positive specimen 
and as negative any t ime after that (even though the next negative specimen 
had not yet been taken) . When a negative specimen was never obtained 
(marked with question marks at the end of  a patient's  line), the patient was 
included in the analysis only for the t imes before the last positive specimen. 
The times selected for analysis were determined by the speed of response to a 
regimen.  For example, in Figure 1 the results were analysed at 5 0, 1 00 and 
1 5 0 days . For all trials the differences between regimens were analysed by 
Fisher's exact test , specifically, for the time of treatment to be  analysed a 
fourfold table was constructed to show the number of  posit ive and negative 
patients for the two regimens. The P values given are for a one-tailed test .  Of 
course, when the patients are not assigned to regimen by random selection 
there is an increased risk that factors other than differences in drug regimen 
are responsible for the observed d ifferences between groups. Nevertheless, the 
analysis determines what the probabilities are that the difference observed 
would o ccur by chance alone. 

Results 

The early results in San Francisco!' 2, 3 are presented in Figure 1 .  The B663 
and the  ethionamide patients had received earlier sulphone therapy and were 
in relapse.  The others were new patients. There was no attempt to randomize 
the assignment of patients to regimen.  The d ifferences between regimens were 
analysed statistically at 5 0, 1 00 and 1 5 0 days. All of the differences between 
groups could be  explained as statistical variation except those between DDS 
and DADDS at 1 00 and 1 5 0 days.  

We then turned to rifampicin in a series of trials, start ing in 1 970. ( Figure 2) 
The first was a randomized trial comparing 600 mg rifampicin with 5 0  mg DDS 
daily .4, 5  The DDS patients are included in  Figure 1 .  Note that the time scale 
in Figure 2 is changed . Rifampicin killed M. leprae so rapidly that the difference 
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Figure 1 .  Results of mouse-foot-pad inoculation of M. Zeprae from serial skin-punch biopsy 
specimens taken from lepromatous patients in San Francisco.1, 2, 3 Each line represents a 
patient and the two symbols represent only the last positive specimen (last specimen with M. 
Zeprae infective for mice) and the next negative specimen.  Parentheses indicate a weakly 
positive result ; that is, either the monthly histological section or the harvest ( count of AFB 
in a pool of usually four mice) was negative . A single parenthesis indicates a harvest less than 
1 x 1 05 . A question mark indicates that the last specimen taken was still positive . D D S  = 
dapsone ,  DADDS = acedapsone, B 6 6 3  = c1ofazimine ,  ETH = ethionamide .  x, D D S  to 
50 mg/d; 0, DADDS,  2 2 5  mg/ 7 7  d ;  D, B 6 6 3 , 200 mg/d ;"', ETH, 2 5 9  mg tid . 

was dramatic, with no overlap between th e rifampic in and DDS results at 1 4  
days. Th e P value h ere is �O .OO 1 .  

Th e sec ond rifampic in trial in San Franc isc o  was a trial of a single dose of 
1,5 00 mgS, 6 (Figure 2). Ac tually th e regimen inc luded 1 0  mg DDS daily, but 
it seems very unlikely th at th e DDS h ad detec table effec t  by 3-5 days, th e 
time th e sec ond spec imen was taken . 

Nex t th ere was a c omparison of single doses of 600, 900 and 1,200 mg 
rifampic in with randomized assignment of patients to treatment group. 7 Th e 
differenc es between th e groups were not signific ant, but in view of th e previous 
ex perienc e  with larger intakes, it is probably important th at one of th e patients 
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rec eiving 600 mg h ad a weakly positive result at 4 days (positive sec tion but 
negative h arvest, wh ich indic ated th at th e inoc ulum c ontained very few viable 
bac illi) . 

Finally, in an attempt to reach th e end point for rifampic in, we tried 
300 mg a day .7 Here 5 of 1 7  patients h ad positive spec imens after th e start of 
treatment, so th at th ese patients h ad rec eived a total of 300- 1 ,800 mg 
rifampic in before th e last positive spec imen was c ollec ted . Comparisons with 
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Figure 3 .  Results with B663  trial in Cebu.8 B663  I I  trial : x, 200 mg, 6 times per week ; 
0, 1 00 mg 6 times per week ; 0, 3 00 mg once a week ;6,  600 mg, once every 2 weeks; e, 600 mg, 
2 consecutive days Q 4 weeks. 

th e 600 mg/day group are d iffic ult bec ause of differenc es in th e timing of th e 
c ollec tion of spec imens. A c omp arison with th e single dose 600 mg group is 
possible ,  b ut th e d ifferenc es are not statistic ally signific ant . 

Th e results of th e f irst trial in Cebu monitored in th is wayS are sh own in 
Figure 3 .  Regimen I was 200 mg B663 6 days a week and th e oth ers involved 
4-week totals of 1 ,200 mg , spac ed at various intervals. By inspec tion ,  Regimen 
I appears to be more effec tive th an th e oth ers, and th e differenc es among 
Regimens II, III , IV and V appear to be small . Bec ause th e patients were 
randomly assigned to th e f ive regimens, we may be more c onfi d ent about th e 
meaning of statistic ally signific ant differenc es.  At 5 0  days, th e results with 
Regimen I are signific antly d ifferent from th ose with oth er groups (for I vs II, 

P = 0 .0 35 ) ,  but th e differenc es among II, III, IV and V are far from signific ant . 
At 1 00 days,  th e only signif ic ant differenc es are between I and IV (P < 0 .0 1 9) 
and II and IV (P < 0 .047 ) .  Th e differenc es between th e c ombined II and III 

and c ombined IV and V are not signific ant at eith er interval. 
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Figure 4. Results with Rifampin I trial in Cebu.9 

The next use in Cebu was the Rifam pin trial9 (F igure 4), which com pared 
the daily adm inistration of rifam picin to DDS, with patients assigned to 
regim en on a random ized basis. As o ne would expect, the difference was 
m arked (P � 0. 00 1 ). 

The f inal use in Cebu under the US-Japan Cooperative M edical S cience 
Program was the Rifam pin II trial (unpublished results) (F igure 5 ), in which 
there were three group s :  DADDS alone, DADDS + 1,5 00 m g  rifam picin at the 
tim e  of the DADDS injection, and 600 m g  daily rifam picin. There were no 
detectable d ifferences b etween the second and third groups, but as expected, 
the differences between the first group and the other two were m arked (for 1 
vs 2,P � 0. 00 1 ; for 1 vs 3,P � 0. 00 1 ). 

The reader m ight wonder why the Rifam pin I and I I  trials were so large 
when they were com paring regim ens whose efficacy had already bee n  studied 
in short-term trials .  In fact, the Rifam pin I and II trials were desi gned to supply 
pat ient s  for trials of m aintenance regim ens by long-t erm followup. The long
term m aintenance regim ens involved com parisons b etween DADDS and DDS, 
with visits to the clinic every 1 2  weeks. Rifam pin I started in early 1 9 7 1  and 
Rifam pin II  in late 1 9 7 1, so if the trials had not been lost (because of adm ini
strative diff iculties) they would now be supplying inform ation of  critical value 
to leprosy care. 

Discussion 

This has been a brief review of short-term leprosy trials m onitored by m ouse
foot-pad inoculations. A sim plified m ethod for presenting the data was used 
to facilitate com parisons of all the trials to date. 

In exam ining the results obtained with a single regim en, one is struck by 
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Figure 5 .  Results with Rifampin II trial in Cebu (Collaborative effort , unpublished).  

176 
?? ?' 

the large differences in rate of response between different patients. These 
differences do not appear to be caused by differences in the determ ined sen
sitivity of the patient's M. leprae to drug. Thus, in the DADDS trial in San 
Francisco the M. leprae from the last positive specim en from the slowest 
responding patients were shown to be fully sensit ive to DDS (0. 000 1 %  in the 

m ouse diet), and in the Rifam pin II trial som e  of the isolates from the patients 
responding m ost slowly to DADDS were found sensitive to 0. 00003% and 
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Table 1 .  Criticala P values b y  Fisher's e xact test i n  fourfold tablesb. 

a+b c+d a c P a + b  c+d a c P 

3 3 0 3 0 . 0 5 0  1 0  1 0  0 1 0  0 .000005 
4 4 0 4 0 . 0 1 4  1 1 0  0 .00006 

2 1 0  0 .0004 
5 5 0 5 0 .004 3 1 0  0 .00 1 

0 4 0 . 0 24 4 1 0  0 .005  
6 6 0 6 0 .00 1 5 1 0  0 . 0 1 6  

5 0 .008  6 1 0  0 . 043 
0 9 0 . 00006 
1 9 0 .005  
2 9 0 .003  

1 5 0 .040 3 9 0 .0 1 0  
0 4 0 . 0 3 0  4 9 0 .029  

0 8 0 .0004 
7 7 0 7 0 .0003  1 8 0 .003  

1 7 0 .002  2 8 0 .0 1 2  
0 6 0 .002  3 8 0 .03 5 

0 7 0 .002  
1 6 O .o I 5  1 7 0 .0 1 0  
0 5 0 .0 1 0  2 7 0 .03 5 

8 8 0 8 0 .00008 0 6 0 .005  
0 7 0 . 0007 1 6 0 .029  
1 7 0 .005  0 5 0 .0 1 6  
2 7 0 .020  0 4 0 .043 
0 6 0 .003  
1 6 0 .020 
0 5 0 .0 1 3  
0 4 0 . 0 3 8  

a Includes all instances where P � 0 . 0 5  by one-tailed test .  
bTables constructed as follows : 

PositiveC NegativeC 

Regimen 1 a b a+b 

Regimen 2 c d c+d 

C Interchange positive and negative column s if ne cessary to p rovide fit to the table. 

0. 0000 1 %  DDS, dosages producing about 3 and 1 ng of DDS, respectively, in 
the plasma of the mice . Because of these unaccountable variations between 
patients, statistical analysis needs to be applied to the data. The method we 
have used here is simple . The calculations involve factorials, but tables are 
widely available, for example, in older editions of the Handbook of Chemistry 
and Physics and some, even inexpensive, hand calculators have a key for 
factorials . Moreover, the formula can be programmed into certain, moderately 
priced, hand calculators. 

Table 1 is provided for result s with (equal) group sizes of 3- 1 0 . The use of 
the table is given in it s footnote. As an e xample, we might consider a com
parison of two groups of 1 0  patients in which, at a particular interval, ' regimen 
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l '  gave 0 positive and 1 0  negative results and 'regim en 2' gave 6 positive and 
4 negative results .  In the fourfold table shown, there would be the following 
entries :  for a, 0 ;  b, 1 0 ;  a + b, 1 0 ;  c, 6 ;  d, 4 ;  c + d, 1 0 .  The one- tailed test m ay 
be used when the difference is in the expected direction ; in this exam ple, P 
would be < 0 .043 . The two- tailed test m ust be used when one cannot predict 
whic h  drug will be m ore effective ; here P would be twice the value shown in 
the table, or < 0. 0 8 6 .  

Of the available procedures for short- term trials, the foot- pad m ethod is the 
m ost eff icient, in the sense that it needs the fewest patients .  The num ber of 
patients required for a test of a new drug cannot be set without knowing the 
activity of the drug, and when the drug is new, the inform ation m ay be lim ited 
to results from studies in m ice, for exam ple, by the kinetic m ethod or the 
proportional bactericidal m etho d .  The group size needed can be estim ated with 
the aid of Table 1. With two drugs that have as different short- term activity as 
DDS and rifam picin, only two groups of three patients are needed to discrim i
nate with a P value of < 0 .0 5 .  If there is apt to be som e  overlap between the 
results with the two drugs, and it is im portant to detect a statistically signifi
cant difference between the drugs, and group sizes need to be at least 6- 1 0 . 

The tim ing of the specim ens varies with the drugs.  F or rifam picin, we 
learned from kinetic m ethod results in m ice that the second specim en could be 
taken as early as 2-3 days.  F or drugs with a short- term killing rate sim ilar to 
that of  DDS, a schedule of  0, 4, 8 and 1 2  weeks would probably be suitable . 
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Summary Serum lactate dehydrogenase isoenzyme patterns were studied in 
polyacrylamide gel disc electrophoresis in 72 cases of leprosy to define cor
relation with clinical varieties and presence of specific pattern. The cases 
were classified on the basis of history , clinical examination, bacterial and 
morphological indices ,  lepromin test and biopsy according to Ridley and 
Jopling into lepromatous 4 1 :  1 5  active , 23 regressing and 3 ENL, borderline 
lepromatous 5 cases ,  borderline tuberculoid seven cases ,  tuberculoid 1 8  and 
indeterminate , 1 case . Serum LDH zymograms showed a diversity of 
patterns but there was no correlation with the clinical form of the disease . 
The commonest abnormalities affected isozymes 4 and 5 .  Thus in 28 cases 
both isozymes were depressed or absent and in a further 1 8  cases one or 
other of these isozymes were depressed or absent . 4 cases showed other 
abnormalities and in 1 1  cases each the LDH zymogram was normal or 
showed a generalized increase in density of all 5 LDH bands. In 25 healthy 
controls , 23 showed a normal isozyme pattern and in 3 LDH 5 was absent . 

T he t erm isoenzym e  was coi ned to describe m ultim olecular form s  of enzym es 
showing electrophoretic het erogeneity but having the sam e  biological cat alyt ic 
function . 1 Electrophoretic separations using starch or polyacrylam ide gels 
becam e  routine for the characterization of isoenzym es and the m ethods have 
found fr equent application in diagnost ic laboratories .  Lact ate dehydrogenases 
are perhaps the best studied .  LDH catalyses the interconversion of pyruvic 
and lactic acids and is an essential enzym e  in both anaerobic and aerobic 
glycolysis .2 Human serum LDH shows 5 isoenzym es.  T hese were designated 
by the num bers 1 -5 in term s  of decreasing electrophoretic m obility, 1 being 
the fastest m oving in European system .2 Hum an LDH consists of H or M 
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polypeptide chains in varying ratio s the individual isoenzym es being as follows :  
( 1 )  H4, (2)  H3 Ml' (3)  Hz Mz, (4)  H 1 M3 and (5 ) M4 . The H unit typifies the 
cardiac variety and M the m uscle though all tissues contain m ost of the LDH 
isozym es albeit in varying proportions. Q ualitative and quantitative studies of 
LDH isoenzym es have been useful in diagnosing necrotic parenchym al 
diseases of the heart (raised 1 & 2) and liver and m uscle

z 
(raised 4 & 5 ) .  

A careful survey of the literature d isclosed only two studies o f  serum LDH 
isoenzym es in lepro sy .  3, 4 Isozym es 1 and 2 are prom inent in well-oxygenated 
tissues and 4 and 5 in tissues capable of anaerobic m etabolism .  Leprosy is a 
unique exam ple of host parasite interactions in which host imm une reactions 
rather than parasite attributes determ ine the clinical spectrum of the disease. 
Moreover, in leprom atous lepro sy the bacillary load is unique and enorm ous. 
We describe here a study of the serum LDH isoenzym e  patterns in patients of 
lepro sy . 

Materials and methods 

C A S E S  

Seventy-two cases o f  leprosy attending the Sir J .  J .  Group of hospitals, Bom bay, 
were each studied as follows: a detailed history and clinical exam ination were 
recorded ; the bacterial (BI) and m orphological (MI) indices determ ined ;5 a 
leprom in test with arm adillo leprom in carried out ; and, a biopsy of  a cutaneous 
lesion studied for structural changes and for acid fast organism s. Cases were 
then carefully classif ied according to the schem a  of Ridley and Jopling .  6 
Leprom atous lepro sy (LL) was subdivided into active, regressing, and erythem a  
nodosum leprosum (ENL) on the basis of clinical features, MI and therapeutic 
hist ory . 

C O N T R O L S  

Sera from 2 5 norm al healthy adult s served as the control .  

Q U A L IT A T IV E  A S S A Y  O F  S E R U M  L A C T A T E  D E H Y D R O G E N A S E  ( L D H )  

I S O  E N Z Y M E S  

T his was carried out in polyacrylam ide gel disc electrophoresis 7 in a m iniaturized 
system using gels cast in glass tubing with an internal diam eter of 2 mm . 8  
Briefl y  t h e  details were a s  follows: a 5 %  m onomer was the spacer gel and 7 %  
the separator gel . T he buffer was tris-glycine (pH 8 .5 ,  0 . 1 M) .  A trace o f  1 %  
aqueous brom ophenol blue was added to the serum sam ple and 5 J..L L o f  t he 
coloured serum with an equal am ount of 40% sucrose was layered on the spacer 
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gel. Electrophoresis was at a constant current of 1 rn A  per tube  and this was 
continued till the album in- stained m arker had m oved to the lower end of the 
separator gel. Gels were rem oved and stained for LDH.9 The staining solution 
contained lithium lactate (sub strate) , nicotinam ide adenine dinucleotide 
(coenzym e) ,  phenazine m ethosulphate and nitro b lue tetrazolium. Gels were 
incubated in the staining solution at 37°C in the dark for 1 hour. Purple
coloured bands of form azan indicated the site of LDH isoenzym es. Patterns 
were scrutinized visually and an arbitrary judgem ent arrived at in term s  of 
norm al ,  absent , increased or reduced , and the Ef values calculated by use o f  
the conventional form ula : 

Ef of  LDH isoenzym e  = 

R E SU L T S  

Fig ure 1. 
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Figure 1 .  Lactate dehydrogenase isoenzyme separators of sera on polyacrylamide gel disc 
electrophoresis. Two sep aration s  - normal and a case o f  leprosy - are illustrated. The 5 
bands 1 - 5 in decreasing order of electrophoretic mobility are marked .  0 = origin. Note the 
diminution in LDH 4 and 5 in the serum from a case of leprosy ; this was the common 
pattern . 

C O N T R O L S  

A norm al pattern o f  LDH isoenzym es was obtained in 2 2  sam ples. The L DH 
isoenzym e  bands 1 -5 in decreasing order of electrophoretic m ob ilit ies had Ef 
values of 0 .66, 0 .5, 0 .3 7, 0 .2 2  and 0. 08 with a variat ion of  ± 0 .04.  As d escribed 
in the literature2 the relative intensity of the bands in decreasing order was 
2 > 1 > 3 > 4 and 5.  The rem aining three sam pl es showed four bands the 

m issing band always being L DH 5 .  
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C A S E S  

Sera from the patients with leprosy exhibited a diversity o f  LDH zym ogram s. 
Only 1 1  cases showed the norm al pattern. There was no correlation between 
the clinical type of disease and any particular LDH isoenzym e  pattern. How
ever, the dom inant feature of all the cases as a whole was a def iciency of the 
two cathodal LDH isoenzym es 4 and 5 in as m any as 28  cases (39%) ; in 7 
cases these bands were absent and in 2 1  they were faint (F igure 1 ). In  1 3  cases 
faint LDH 4 and 5 bands were associated with prom inent bands 1 and 2 .  
Table 1 summ arizes the results. The m iscellaneous group o f  patterns seen in 
22  cases consisted of: 1 8  cases with an isolated reductio n  or absence of either 
LDH 4 or 5 the other b eing norm al ;  one case with reduction of both LDH 1 
and 2 ;  one case with an elevation of LDH 1 and 2 ;  and 2 cases showing only a 
single band LDH 1. Eleven cases showed an isom orphic pattern characterized 
by an increased staining density of all five LDH isoenzym es, though this result 
could be the result from an inadvertant increase in the sam ple size, because it 
is difficult to pipette 5 J.Ll with absolute precision .  If the volum e  o n  occasion 
is inadvertantly greater than this, then a generalized increase in staining would 
o ccur . It m ight be reiterated that a m ajority of the cases of leprosy showed a 
reduction in LDH 4 and 5.  

Discussion 

A careful survey of the world literature has shown only 2 studies on LDH 
zym ogram s  in leprosy . Saito 3 studied these patterns in Japanese and Indian 
cases of leprom atous (LL) ( 1 0  cases) and Indian cases of tuberculoid leprosy 
( 1 3  cases) . Japanese patients with LL showed a depression of LDH 1 and 2 
with a rise of LDH 4 and 5 while Indian patients with LL had normal LDH 
1, 2 and 3 and an elevation of LDH 4 and 5 .  In contrast the Indian cases of 
T T  showed a fall or an absence of LDH isoenzym es 4 and 5 .  The changes were 
ascribed to dam age of the skin, muscle or liver or on account of faulty 
clearance of LDH from the blood stream to a d eranged reticuloendothelial 
system . The other study4 noted a norm al LDH zym ogram in 1 8  cases of 
lepro sy . 

The present study indicates m arked differences in the LDH zym ograms 
between patients with leprosy and norm al individuals. The comm o nest obser
vation was a deficiency of the two slow-m oving ( cathodal) LDH isoenzym e  
bands 4 and 5 with or without a corresponding rise in the fast-m oving (anodal) 
1 and 2 bands. Leprosy granulom as have been shown to have a depressed 
anaerobic glycolysis .lO It is therefore possible that the deficiency of LDH 4 and 
5, noted in the present study, indicates a general shift in the m etabolic pattern 
in leprosy towards  aerobic prepond erance. This m ight be reflected in an elevated 



Table 1 .  Serum LDH isoenzyme patterns in 72 cases of leprosy 

Type of 

leprosy 

ENL 
LL (active) 
LL (regressing) 
BL 
BT 
TT 
ID 

Total 

Total no.  

of cases 

3 
1 5  
23 

5 
7 

1 8  
I 

72 

Normal 
LDH 

pattern 

I 
5 
2 
0 
2 
0 

1 1  ( 1 5 ) 

Increase of 
all bands 

(isomorphic) 

1 
2 
4 
1 
3 
0 
0 

1 1  ( 1 5 ) 

* Details of these patterns are given in the text. 
Figures in brackets are percentages. 

Results of serum LDH isoenzyme analysis 

Depressed or absent LDH 4 and 5 

Normal LDH 1 and 2 Prominent 

Absent Diminished 
LDH 1 and 2 

4 and 5 4 and 5 

0 0 1 
4 

2 2 5 
0 1 0 
0 1 0 
4 3 3 
0 0 0 

Total 

1 ( 3 3 )  
6 (40) 
9 ( 3 9 )  
1 ( 20)  
1 ( 1 4) 

1 0 ( 5 6 )  
0 

28 ( 3 9 )  

Other pattern* 

(miscellaneous) 

0 
6 
5 
1 
3 
6 

22 ( 3 1 )  
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LDH 1 and 2 which was observed in som e  of the cases. The isom orphic 
(general elevation) pattern seen in 1 1  cases, if it is not a technical artefact , 
could be  due to dam age to the cleaving or degradation m echanism s  of LDH 
catabolism .  

Tissue LDH have also been studied in lepro sy . Zuravieva 1 0 analysed leprosy 
granulom as in 69 cases by histo chem ical m ethods and noted a lo ss of LDH 
activity in the lesions ; this was ascribed to a depression of anaerobic glycolysis. 
Sait o ll studied hom ogenates of tissues from 1 8  cases of leprosy by agar gel 
electrophoresis. This author found LDH 3 was increased in ENL leprosy and 
both 3 and 4 in LL. We described anom alous (additional) LDH isoenzym es in 
tissue hom ogenates of cases of leprosy .  These correlated with presence of 
viable Mycobacterium leprae in the tissues and were thought to originate from 
the parasite .  12 
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Su m mary A bioassay technique was employed to study the mediators of 
hypersensitivity reactions ( M H R) in the blood of 9 control subj ects and 
20 borderline and polar lepromatous patients including 8 patients with 
erythema nodosum leprosum (ENL) .  M H R  were isolated from blood and 
studied on virgin rat uterus following the technique originally described 
by Brocklehurst.  The contractions of uterus were recorded, compared 
with a stock bradykinin solution which was taken as the reference standard 
and the levels of M H R  were expressed as ng bradykinin equivalent I ml 
blood.  The mean level of M H R  in lepromatous patients without ENL was 
6 .69  ng bradykinin equivalent 1 ml blood,  but was significantly elevated 
in patients with ENL ( 1 8 . 09 ng bradykinin equivalent 1 ml) .  It was postu
lated that during the attack of ENL, Mycobacterium leprae or its broken 
products were released in the circulation containing high levels of anti
mycobacterial antibodies and thereby triggered the formation of circu
latory immune complexes ( CIC) ,  activation of complement, deposition of 
crc in various tissues and release of pharmacologically-active mediators 

of hypersensitivity reactions. 

A number of patients with lepromatous leprosy having high bacilliary load 
suffer from erythema nodosum leprosum (ENL) . Some authors have advanced 
evidences as to the involvement of immune complexes in the pathogenesis of 
ENL, since d eposits of immunoglobulin and complement have been identified 
in skin lesions)  and vessel walls . 2 Recently bacilli , morphologically resembling 

*Correspondence : to  Dr K Saha . 
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Mycobacterium /eprae along with IgG, IgM, IgA and C3 were detected in the 
circulatory immune complexes (CIC).  CICs were separated from the sera of 
polar and borderline lepromatous patients with or without ENL by the simpli
fied polyethylene glycol technique .3 Most immune complexes, that are formed 
in-vivo , can activate humoral enzyme systems, fix the first component of 
complement, C l, and initiate a sequence leading to the formation of anaphylo
toxin, a histamine-releasing substance, and a trimolecular complement factor, 
C5 67, which is chemotactic for polymorphonuclear leucocytes. Proteolytic 
enzymes released by the polymorphs also damage adjacent structures.4 In the 
kinin-forming system, they can form kinins by splitting its precursor, kininogen . 
T his occurs through the activation of the Hageman (XII)  factor of the coagu
lation system which initiates clot formation . s  In this preliminary communi
cation we have turned our attention to the study of the pharmacologically
active mediators of hypersensitivity reaction (MHR) in the blood of lepromatous 
patients with or without ENL and have compared their levels with normal 
subjects. 

Materi als and methods 

HU M A N  M A T E R I A L S  

T wenty polar and borderline lepromatous patients including 1 1  cases with ENL 
from a leprosy village at F aridabad near Delhi and 9 normal subjects formed 
the basis of the study.  In the patient group there were only 4 females.  T he 
diagnosis was based on clinical history, physical findings, lepromin test with 
armadillo-derived lepromin (WHO) and skin biopsy . 6  Since our leprosy patients 
were of lower socio-economi c status, our control group were also selected from 
the identical section of the society and their age and sex were matched with 
the patient group . All patients were on standard dapsone chemotherapy. 

C O L L E C T I O N  O F  B L O O D  S A M P L E S  

T he procedure described by Brocklehurst 7 was followed.  Briefly, one volume of 
blood (5  ml) was collect ed in a cold plastic syringe from the patient or control 
subj ect by venepuncture with minimum trauma and then forcibly squirted in 
a plastic vial containing 4 volumes (20 ml) of chilled ethanol with vigorous 
mixing. F ormation of large clumps was thus avoided . T hereafter the mix
tures were kept for 4 h, centrifuged, precipitates discarded and the super
natant stored at - 20DC in stoppered plastic containers for assay of the 
pharmacologically-active substances. 

PU R I F I C A  T I O N  O F  T E S T  S A M P L E S  TO R E M O V E  I N T E R F E R I N G  

SUB S T A N C E S  

T he alcohol extracts, besides kinins, also contained potassium from erythro-
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cyte s, some 5 HT from plate le ts and cate chol am ine s. To rem ove the se inte rfe ring 
substance s, the supe rnatants we re boile d  to rem ove e thanol com ple te ly, dilute 
HCl (pH 1 . 5 )  adde d, saturate d  with NaCl, e xtracte d  twice with n-butanol, 
butanol e vaporate d, shake n  with warm de lalon solution and assaye d  for the 
pharm acologically-active substance s. 7  

E S T I M A T I O N  O F  T H E  P H A R M A C O L O G I C A L L Y -A C T I V E  M E D I A T O R S  O F  
H Y P E R S E N S I T IV I T Y  R E A C T I O N S  

Stilboe strol ( 1  m g/kg body we ight) was inje cte d  subcutane ously in a virgin rat 
we ighing about 1 20 g. Afte r 24 h, the rat was sacrifice d, the ute rus was re 
m ove d, and ke pt in de lalon's solution at - 2 7 ° C-29°C. The ute rus was 
m ounte d  in a 5 -m l  tissue bath and the contractions of the ute rus we re re corde d  
first with a standard stock bradykinin solution ( 1 00 ng/m l) and the n  with the 
te st sam ple s. The contractions o f  the ute rus following the addition of the te st 
sam ple s we re com pare d  with the contraction due to the standard solution of 
bradykinin and the le ve ls of the pharm acologically-active substance s  in the 
te st sam ple s we re e xpre sse d as a ng bradykinin e quivale nt 1 m l  blood. The 
se nsitivity of the assay of bradykinin varie d from 200, 5 00 pg 1 m l. Re cove ry 

e xpe rime nts showe d  re cove ry of bradykinin of  the orde r  of  70-90%. 

Results 

The virgin rat ute rus pre paration which has bee n em ploye d  as our assay system 
is re adily stim ulate d  to contract by m any substance s  othe r  than plasm a  kinins. 8  

The blood le ve ls of  the pharm acologically-active substance s  i n  the controls 
and patie nts have bee n shown in Table 1 .  The me an le ve l in the patie nts without 
ENL was 6.69 ng bradykinin e quivale nt 1 m l, which was not significantly 
diffe re nt from that (4. 7 7  ng bradykinin e quivale nt 1 m l) in the controls. How

e ve r, the ave rage le ve l  ( 1 8.08 ng bradykinin e quivale nt 1 m l) in the patie nts 
with ENL was significantly highe r  than that in the controls as we ll as patie nts 
without ENL (Table 2 ). 

Discussion 

The virgin rat ute rus assay te chnique, em ploye d  in the pre se nt study, not only 
de te cts bradykinin, but also re sponds to 5 HT and prostaglandins (E I, E2, 
F 2 �). 8 The se substance s  would m ake the usual assay on the rat ute rus in
accurate .  Thus the re sponse s  of the rat ute rus obse rve d  by the addition of our 
te st sam ple s is m ost like ly due to the kinins and/or prostaglandins pre se nt in 
the sam ple s. Howe ve r  the sure st me thod to characte rize bradykinin in a te st 
sam ple is to inactivate the polype ptide by incubation with chym otrypsin. 

F urthe r  if the ute rine contraction is due to the polype ptide, the characte rization 
m ay be furthe r  narrowe d  by showing that it will cause re laxation of the rat 
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Table 1 .  Blood levels of the pharmacologically-active substances in normal 
subj ects and lepromatous subjects 

Levels of the pharmacologically-
active substances 

Serial No . Type of subjects ENL ng bradykinin equivalent/ml blood 

I Control 2 . 0  
2 Control 4 . 5 
3 Control 8 . 3  
4 Control 6 . 0  
5 Control 5 . 1 
6 Control 3 . 0  
7 Control 5 . 0  
8 Control < 2. 8 * 

9 Control 6 . 3  
1 0  Leprosy + 7 . 3  
1 1  Leprosy < 3 . 2 * 

1 2  Leprosy 1 1 . 9  
1 3  Leprosy + 3 2 . 3  
1 4  Leprosy + 6 . 8  
1 5  Leprosy 7 . 6  
1 6  Leprosy + 1 2 . 6  
1 7  Leprosy + 40 .0  
1 8  Leprosy < 3 . 8 * 

1 9  Leprosy + 1 6 . 2  
20 Leprosy 1 0. 9  
2 1  Leprosy + 3 6 . 8  
2 2  Leprosy + 2 8 . 6  
2 3  Leprosy + < 4 . 3 * 

24 Leprosy 6 . 8  
25  Leprosy + 1 4. 6  
26 Leprosy + 8 . 6  
27  Leprosy < 2 . 9 * 

28  Leprosy 3 . 5 
29 Leprosy + 9 . 3  

* The minimum sensitivity varied from experiment t o  experiment. 

duodenum. 8 We in our present study have not performed these 2 control 
experiments. Thus one may precisely conclude that the observed rat uterus 
contraction by the samples taken from the lepromatous patients might be  
either due  to  the  presence of kinins ,  or prostaglandins or both. 

The release of bradykinin from mast cells has recently been demonstrated . 9  
Kumar e t  al. 1 0  have demonstrated i n  leprosy patients a n  appreciable alteration 
in the morphology of mast cells and significant rises of serotonin and histamine 
as compared to the controls. However, they had not studied the bradykinin 
or prostaglandin levels during such an event .  In man ,  bradykinin causes slow, 
sustained contraction of smooth muscles, increased vascular permeability, 
increased secretion of mucous glands and stimulation of pain fibres. Thus, 
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Table 2 .  Mean levels of the pharmacologically-active substances in the blood of 
normal subj ects and leprosy patients 

Groups 

A 
B 

C 

D 

A and B 
A and C 
C and D 

Type of 
subjects 

Normal 
Lepromatous 
leprosy 
Lepromatous 
leprosy 
without ENL 
Lepromatous 
leprosy 
with ENL 

Levels of  the  pharmacologically-
active substances 

ng bradykinin equivalent/ml blood 

No Mean 

9 4 . 7 7  
20  1 3 .40 

8 6 . 69 

1 2  1 8 .09  

Statistical evaluation 
t value 
1 0. 0 3  

1 . 7 2  
2 . 8 9  

S . D .  Range 

1 . 9 8  2- 6 . 3  
1 1 . 5 8  2 . 9-40 .0  

3 . 7 1 3 . 2- 1 1 . 9 

1 2 . 8 0  4 . 3-40. 0 

p value 
< 0. 0 0 1  significant 
> 0 . 2  not significant 
< 0. 0 1  significant 

bradykinin could be responsible for the painful swelling and nodule formation 
during ENL episodes.  Prostaglandins, which on the other hand comprise a 
number of naturally o ccurring aliphatic acids with a variety of  biologic activities 
including increased permeability and dilation of capillaries, smooth muscle 
contraction and alteration in the pain threshold 1 1  could also be released 
during lepra reactions. Bioassay on gerbil colon and chick rectum and radio
immunoassay of polypeptides may distinguish between kinins and prosta
glandins . 8 
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Sum mary In an attempt to classify skin-test responsiveness of leprosy 
patients according to the groups of antigens, rather than the individual 
mycobacterial species to which they respond , we have tested patients 
and staff members at Anandaban leprosy hospital in Nepal with Burulin 
( made from Mycobacteria ulcerans) and 3 specially mixed reagents. Ability 

to make a positive response to group i, common mycobacterial antigens, 
was almost absent and to group ii, antigens associated with slow growers, 
was markedly impaired in the patient groups. However, positive responses 
to group iv, species specific, antigens of slowly growing species were re
tained.  Non-specific skin-test unresponsiveness (Category 2)  due either 
to sequestration of the relevant cells outside the circulation or to circulating 
suppressor factors was present in 2 out of 27 staff members , 9 out of 24 
TT/BT patients , 1 1  out of 1 8  BL patients and 1 0  out of 22 LL patients. 
Evidence of a suppressor mechanism possibly triggered by group iv antigens 
of fast growers and operative on positive responses to slow growers, was 
demonstrable in 3 out of 1 2  staff members , 8 out of 1 4  TT /BT patients,  
7 out of 7 BL patients and 6 out of 1 2  LL patients. 

It cannot at the moment be  proved whether these observations are 
related to susceptibility to the disease , or are consequences of it. However, 
the presence of the same,  or similar, suppressory phenomena amongst 
staff members argues against the latter. 

The soluble antigens present in sonicate preparations of mycobacteria which 
are d emonstrable in immunodiffusion analysis with hyperimmune rabbit anti-
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sera can b e  divided into 4 groups . l  Group i consists of antigens common to all 
species of mycobacteria and no cardiae .  Group ii antigens are shared by slowly 
growing species and absent from rapid growers . Group iii antigens are shared 
by most rapidly growing species and absent from slow growers.  Group iv con
sists of those antigens limited to individual species .  We have prepared 4 reagents 
with which to attempt to assess the part these groups of antigens may play in 
skin-test reactivity in leprosy patients. The results of a preliminary investigation 
of their use are presented . 

Materials and methods 

R E A G E N T S  

These were prepared from the stock concentrates o f  our New Tuberculins :  2 

1 .  Pooled slow grower reagent (SG) . Equal volumes of filter sterilized sonicate 
preparation of 1 2  different slowly growing mycobacteria were pooled . 
Each reagent used contained 1 mg of protein/ml . 

2 .  Pooled fast grower reagent (FG) . This was produced as described above 
from sonicates of 1 2  fast growers , again each at a concentrate of 1 mg 
protein/mI .  

3 .  Fast grower/slow grower mixtures (F/S) .  This was prepared b y  mixing equal 
volumes of SG and FG (see Table 1 ) . 

For use each reagent was diluted in borate buffer at pH 8 . 0  (Na2 B407 • 

1 0 H2 0, 3 .3 6 g ;  H3 B03 , 5 .2 5 g ;  NaCl , 6 . l 9 g ; Tween 80,  0 .0005%, distilled 
water to 1 litre) to a concentration of 2 f.1g protein/ml , and dispensed into 
5 ml tuberculin vials through a sterile 0 . 2 f.1m membrane filter. 

4. Burulin (B) .  This was our standard new tuberculin preparation from M. 
ulcerans, 3 dispensed as described above at a concentration of 2 f.1g 
protein/ml .  

Table 1 .  Contents of t h e  reagents mixtures 

FG 

Chitin 
Diernhoferin 
Duvalin 
Flavescin 
Gilvin 
Neoaurumin 
Nonchromogenicin R 5 0 7 R  
Nonchromogenicin R8 1 2 R 
Ranin 
Rhodesin 
Vaccin R8 5 9 R  
Vaccin R8 7 7 R  

SG 

Aviumin A 
Aviumin B 
Aviumin C 
A* -in 
Burulin 
Gordonin 
Kansasin 8 
Kansasin 1 1 29 
Marinin 
Scrofulin 
'Talwin' 
Xenopin 
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0 . 1 ml volumes of the 4 reagents were inj e cted simultaneously , 2 on each 
forearm , on groups of staff memb ers and patients at Anandaban leprosy 
hospital in Nepal .  Diameters of induration were measured after 72 hours, a 
mean diameter of induration of 2 mm or more was taken as positive . Twenty
seven staff members and 64 patients agreed to take part . 

Results 

Percentages of positive responses to each reagent and mean positive reaction 
sizes in each of the groups tested are shown in Table 2. Within each of the 
patient groups responses were fewer and , in general , smaller than in the staff 
group. Six staff members , 1 BT,  4 B L  and 2 LL patients had BCG vaccination 
scars , b ut these persons did not seem to have any particular pattern of response . 

Table 2. Numbers tested in each study group , numbers and percentages of persons producing 
positive responses within each group , and mean positive reaction sizes 

No. and % positive Mean positive reaction size 

No.  FG SG F/S B FG SG F/S  B 

Staff 27 1 3  24 22 23 1 1 . 7 mm 1 4 . S  mm 1 4 . 7  mm 1 1 . 7 mm 
48% 89% 8 1 . 5 %  8 S %  

Patients 
TT & BT 24 4 I S  9 S 7 .0 mm 1 2 . 1  mm 1 1 . 3 mm 1 1 . 2 mm 

1 6 .7% 6 2 . S %  3 7 . S %  2 1 %  

B L  1 8  2 7 0 I I . S mm 1 2 .0  mm 3 . S mm 
1 1 % 39% S . S %  

LL 22  1 0  6 2 3 . S mm 1 1 . 3 mm 1 0. S  mm 1 2 .0  mm 
4 . S %  4 S . S% 27% 9% 

Thirteen (48%) of the staff members responded positively to all 4 reagents 
with a mean response size of  1 3 . 3  mm (range 3 . 5 -2 5  mm) and 2 (7 .4%) of the 
staff were negative to all reagents . Amongst tuberculoid (TT) and borderline 
tuberculoid (BT) patients one (4 .2%) was positive to all reagents and 9 (37 . 5 %) 
were negative to all reagents. Of  the borderline lepromatous (BL) and lepro
matous (LL) patients none were positive to all 4 reagents and 1 1  (6 1 %) and 
1 0  (45 . 5%) ,  respectively , were negative to all reagents.  The results for those 
individuals who responded positively to 1 or more , but not all , reagents are 
shown in Table 3 .  

Discussion 

Previous studies4 have shown that multiple skin-testing divides any population 
into three categories.  Category 1 persons respond to all new tuberculins even 
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Table 3 .  Individual skin test responses expressed as mean diameters of induration in mm in 
persons of Category 3 

Individual Individual 
No. FG SG FjS B No . FG SG FjS B 

Staff 3 0 1 2  20  0 B L  2 0 8 0 0 
5 0 1 6  1 5  1 2  3 0 1 7  0 0 
8 0 26  1 9  1 6  4 0 9 0 0 
9 0 1 5  0 1 4  6 0 9 0 0 

1 1  0 8 0 9 1 2  1 3  1 3  0 0* 

1 2  0 0 1 6  0 * 1 6  8 1 8  0 0 * 

1 3  0 1 5  1 0  8 1 8  0 8 4 0 
1 5  0 1 3  0 1 1  
3 1  0 1 3  1 3  1 5  
34 0 1 7  1 4  1 3  LL 3 0 0 0 1 2 * 

3 5  0 1 2  1 4  4 5 0 1 5  8 0 
3 6  0 1 2  1 1  9 6 0 1 4  0 0 

7 0 1 5  0 0 
1 6  0 5 0 0 

BT 1 0 9 0 0 1 7  0 1 1  0 0 
6 4 1 3  7 0 1 9  0 1 6  1 4  0 
7 0 1 0  1 5  0 20 0 1 3  9 1 2  
8 0 9 0 0 22  0 1 0  0 0 
9 0 1 2  0 0 2 3  0 7 9 0 

1 4  0 8 1 0  9 24 0 0 1 1  0* 

1 5  1 0  1 2  1 4  0 2 5  4 8 9 0 
1 8  0 8 0 0 
27  0 1 1  0 4 
2 8  0 1 4  0 0 
3 0  4 1 1  5 0 

TT 2 0 20  6 0 
4 0 1 1  1 6  0 
6 0 1 7  1 2  1 8  

those prepared from species unlikely to have been met . For example,  Myco-
bacterium teprae in Great Britain and M. ulcerans in Nepal .  Thus these in-
dividuals are responding to common (probably group i) antigens or combinations 
of these and species specific (group iv) antigens of those species that have b een 
met. Category 2 persons fail to respond to the normal test dose (0 . 2  pg protein) 
of any of the new tuberculins even though many of the species used to prepare 
them will have b een met and perhaps transitorily responded to in the past . For 
example , such persons are usually temporarily positive responders to Tuberculin 
after BCG vaccination .  Category 2 individuals either have sequestration of 
competent lymphocytes outside of the free circulation, perhaps in the spleen 
or lymph nodes, or have a cell mediated suppressor mechanism triggered by 
group i antigen or a circulating blo cking substance, perhaps an antibody.  The 
third and largest category is of persons responding positively to some new 
tuberculins and not to others . Such persons respond to group iv antigens of 
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the species they have met in most cases and perhaps sometimes t o  group ii 
antigen . 

Reagent SG in this study contains the normal concentrations of groups i 
and ii and twelvefold d ilutions of each of the group iv antigens of the organisms 
included . Similarly the FG reagent contains normal concentrations of groups i 
and iii antigen and a twelvefold dilution of the group iv antigens of the fast 
growing organisms . The combin ed reagent F IS contains the normal concen
tration of group i antigen , half concentrations of groups ii and iii antigen and 
twenty-fourfold dilutions of all the group iv antigens . The single reagent 
Burulin contains approximately normal concentrations of groups i and ii 
antigen plus the group iv antigens of M. ulcerans that none of our study group 
should have met. It should be  pointed out as a rough rule of thumb, that ten
fold changes in reagent concentration produce approximately twofold changes 
in diameters of induration in positive responses .  

Figure I shows the apportionment to the different categories of  responders 
achieved in our study groups. Except for one person out o f  2 4  in the TT/BT 
group , none of the patients b elong to Category I ;  thus it can be concluded 
that the ability to produce a positive response to group i antigen is almost 

% 

1 0 0  2 

8 0  
3 , '. 

6 0  

2 

( . '  .� ," 
, .  

S t af f  TT /BT 

2 
2 

BL LL 

Figure 1 .  Division of the study groups into the categories of skin test responsiveness. 

completely suppressed or absent in leprosy patients.4 Conversely , Category 
2 is markedly expanded in each of the disease categories ,  in principle sup
porting previous observations . s  This non-specific unresponsiveness to myco
bacterial antigens in patients with a mycobacteriosis has to be due to either 
active suppression or the absence of circulating clones of relevant lymphocytes.  

The expansion of  Category 3 to show the responses of each individual in 
Table 3 allows further insight into the mechanisms operating. It  is significant 
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that of the 4 5  individuals listed,  6 responded to FG and 42 responded to SG, but 
only 25 responded to F I S .  This demonstrates active suppression of some re
sponse to SG by the addition of FG. This suppression is not always complete 
and halving of the response to SG in response to F /S  can also be  taken as 
evidence of fast grower triggered suppression . This phenomenon appears in 3 
out of 1 2  staff members ,  9 out of 1 4  TT /BT patients , 7 out of 7 BL patients 
and 5 out of 1 2  LL patients . The mechanism of this suppression might be due 
to suppressor cells or suppressor complexes in which the antigens involved 
might be the group iii or the group iv antigens of fast growers . Our previous 
studies showing an almost normal distribution in responses of leprosy patients 
to some fast growing species6 containing group iii antigen shows that in most 
cases at least , this suppression must be triggered by the group iv (species 
specific) antigens of particular species ,  or by a unique presentation of group i 
antigens.  

Responses to Burulin indicate recognition of groups i and/or ii  antigens. 
These are strik ingly missing from all patient groups , only 5 out of 33  patients 
responding, compared with 1 0  out of 1 2  staff members .  This means that the 
responses shown by most leprosy patients to SG are directed against the group 
iv antigens of those slowly growing species that they have met . 

Table 3 also gives results of  five individuals (one staff member and four 
BL/LL patients) , that we cannot yet explain with any confidence .  These are 
mark ed in the table with asterisks .  

In  summary the majority o f leprosy patients appear incapable of  producing a 
positive skin-test response to groups i and ii antigen . They recognize slow growing 
species by response to their group iv (species specific) antigens and have sup
pressor mechanisms triggered by the group iv antigens of particular fast growing 
species.  These phenomena are present in all the parts of the leprosy spectrum 
studied , although there is some variation between them. Whether the observed 
phenomena are a prerequisite for the development of disease ,  or a consequence 
of it , is difficult to answer. However, it may be of significance that some staff 
memb ers also display the same phenomena. One tentative conclusion might be 
that ability to re cognize group i antigen is  crucial to the early detection and 
successful limitation of infectious challenge with the leprosy bacillus . 
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a clinical and histopathological evaluation 
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Sum mary The gross appearances and microscopic features of Kveim tests 
were studied in 2 1  North Indian leprosy patients .  Of 6 patients with tuber
culoid leprosy , 2 showed positive reactions and a close correlation between 
nodule formation and granulomatous histology . Of 1 5  patients with lepro
matous leprosy , only 1 patient (who showed no evidence of a papule or 
induration at the Kveim test site)  yielded a positive response microscopi
cally . These findings suggest the occurrence of a low level of Kveim reac
tivity in North Indian leprosy patients. However, it is suggested that further 
studies with proper controls should be carried out to eliminate the possi
bilities of chance inclusion of subclinical leprotic skin lesion at the site of 
Kveim antigen injection and needle trauma in triggering or accelerating 
granulomatous inflammation .  

The specificity o f  Kveim test in sarcoidosis has been debated and challenged 
for years . 1 -9 More recently , a number of publications have strongly supported 
its specificity in sarcoidosis . 1 0- 1 3 However, using validated Kveim preparations, 
it has been concluded that positive Kveim reactions do occur in all varieties 
of  leprosy but are infrequent , except in Chinese and Japanese patients who 
show a higher frequency of positive tests . 1 4- 1 8  This study was undertaken 
to test validated Kveim antigen C R-I l l  in North Indian leprosy patients. 

Material and methods 

Twenty-one patients of  different types of leprosy 1 9  attending the leprosy 
clinic of the Nehru Hospital attached to the Postgraduate Institute of Medical 
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Education and Research , Chandigarh , India, were tested with validated Kveim 
antigen CR-I .  0 . 1 5  ml of the test material was injected on the forearm . The 
exact site was identified by measuring the predetermined distance from the 
India ink spot tattoed in the forearm skin . All of the patients had been tested 
with 1 unit of PPD (Serum Institute , Copenhagen) ,  and only negative reactors 
were included in the study . The patients were thoroughly screened for evidence 
of  active tuberculosis, sarcoidosis, or any other chronic disease .  

Lepromin test was carried out with 0 . 1 5  ml of  standard lepromin (having 
1 60-200 million bacilli/ml) on all the patients and was read after 4 weeks, and 
if negative , after 6 weeks. The" test was considered negative if there was less 
than 4 mm induration .  

Age , sex , duration of the disease , and treatment were n o t  taken into 
consideration. None of the patients had received any steroid, immunosup
pressive or other anti-inflammatory drugs within the past 3 months. 

Biopsy specimens from Kveim antigen sites, irrespective of the induration , 
were taken after 40 ± 2 days and were stained with haematoxylin and eosin 
stains,  and Fite-Faraco stain for the demonstration of acid-fast bacilli . The 
biopsies were graded as positive , equivocal, or negative according to the criteria 
of Siltzbach and Ehrlich20 and those of Mitchell . 2 1 Biopsy specimens were 
separately screened by 2 different pathologists who were not aware of the 
type of  study . 

Results 

Out of the 2 1  patients studied, 4 were polar tuberculoid (TT) , 2 were border

line (BT), 1 0  belonged to the borderline lepromatous (BL) group , and 5 were 
of the polar lepr9matous (LL) type .  For purposes of discussion , BT patients 
have been included in the TT group and BL in the LL group , as shown in 
Table 1 . Duration of the disease was more than 3 years in all patients , and 
each patient had taken the treatment for over 2 years. 

Lepromin reaction was positive (induration of  4 . 5 mm or more) in all the 
TT and BT patients , and negative in all BL and LL patients . 

The Kveim test was positive in 3 patients , 2 in the TT group (Figure 1 ) 
and 1 in the LL group (Figure 2) .  In the TT group both patients showed a 
nodule formation and positive histology , whereas in the LL group the positive 
histology was seen in the absence of any detectable induration (Table 1 ) . In 
addition, the biopsies in 1 patient in the TT group and 2 in the LL group 
showed moderate chronic inflammatory cellular response with no specific 
granuloma formation. 
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Table 1 .  The age , sex , type of leprosy , positive reactions, and histopathology 

Grouping of Histo-
Name/ Age/Sex/Type of Reaction to patients for pathological 

Leprosy/Duration of disease Kveim Antigen study findings 

L/40/M/BT/4 yrs + TT 

RSS/3 5 /.M/TT/3 yrs TT ± 
D/25 /M/TT/5 yrs + TT + 

RN/3 5 /M/BT/3 yrs TT 
SK/3 5 / F/TT/5 yrs TT + 

AK/4 5 / F/ 5 5 /4 yrs + TT 
AR/45 /M/BL/8 yrs LL 
S L/40/M/BL/3 yrs + LL 
MPN/5 0/M/BL/6 yrs LL 

RD/45 /M/B L/4 yrs LL 
J S/ 5 5/M/BL/3 yrs LL 
S/20/F /BL/4 yrs LL 
SS/5 0/M/BL/4 yrs LL 
K/3 5/F/ B L/ 5  yrs LL ± 
BS/60/M/BL/ l 0 yrs LL ± 
L/20/F /B L/4 yrs LL + 

H/3 5/M/ LL/ 5 yrs LL 
KD/45/F/LL/5 yrs LL 
LB/20/M/ LL/5 yrs LL 
RR/30/M/LL/5 yrs LL 

B R/40/M/ LL/ l 0 yrs LL 

Borderline tuberculoid . LL Polar lepromatous. 

Borderline lepromatous. TT Polar Tuberculoid . 

Negative + Induration up to 5 mm.  

Histopathological changes : 
None to mild .  Nonspecific inflammation.  

± Equivocal. Moderate inflammation with no classical granuloma formation. 
+ Positive. Classical epithelioid granuloma with or without giant cells. 

Discussion 

Since the first use of  test  mat�rial reported by Williams and Nickerson , 22 
subsequently named Kveim antigen ,23 co�flicting reports appeared in the 
literature regarding the specificity of Kveim test . While some authors accepted 
false positive K veim test rate in the range of < or = 3%6 , 24 , 25 others claimed 
much higher positive rates in a variety of  diseases other than sarcoido
SiS . 4 , 14 , 1 5 , 24 , 26-29 The lack of specificity of Kveim test was, in most part , 
attributed to unvalidated Kveim preparations . 3o Further, careful testing of  
Kveim antigens prepared from different sarcoidosis tissues have shown that 
less than half of these Kveim preparations may turn out to be specific enough 
as to warrant its use as a diagnostic reagent . I 7  Although a number of recent 
publications strongly support the specificity of  Kveim test, 10- 1 3  the response 
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Figure 1 .  Typical granuloma in a tuberculoid case. 

Figure 2.  Typical granuloma with giant cells in a lepromatous case . 
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o f  leprosy patients t o  intradennal injection o f  Kveim antigen i s  a special 
matter because in an international study 6 . 7  in which a validated Kveim mat
erial was used , it showed a high frequency of positive Kveim test reactions 
among Japanese . Similar results were reported by Pearson et al. 14 and Rees lS  
in  Japanese and Malay patients with lepromatous leprosy , and by Hurley 
et al. 31 in lepromatous leprosy and ENL. In contrast ,  Pearson et al. ,  14 Rees l S  
and Hopper and Stuettgen , 32 using validated Kveim material, found no positive 
reactions among European , and Mendes et al. 27 in the Brazilian leprosy patients. 

In the present study, 2 of the 6 tuberculoid patients (33%) gave positive 
histopathological response and I gave an equivocal result ,  whereas in the 
lepromatous group only I patient out of 1 5  (6 .6%) gave positive reaction 
and the result was equivocal in 2. In the only study available from India, 
Krishnamurthy et al. 1 8  found p ositive rates of 3 6%' among tuberculoid patients 
and 2 5 %  among lepromatous patients . Thus, our results show lower frequency 
of positive Kveim tests than those in Japanese 6 . 14 . I S 

-
and South Indians.  1 8  

There i s  no clear explanation for the positive Kveim test reported in  leprosy 
patients.  It will be interesting to note that Bedi et al. 33 examined skin biopsies 
from clinically nonnal looking skin of the scalp , axillae and groins in 20 treated 
lepromatous leprosy patients and found that up to 2 5 %  of the patients had 
well-formed foam cell granulomas . Further, Klokke et al. 34 performed skin 
tests similar to Kveim tests on 7 patients with tuberculoid leprosy with a 
suspension of non-sarcoid human spleen and found that 3 of these patients 
had histologic evidence of granulomatous inflammation at the test site . 

It appears that positive Kveim tests in leprosy patients could very well 
be due to the presence of occult granulomas present in the nonnal looking 
skin of these patients . The needle trauma could also be triggering or acceler
ating the granulomatous inflammation . It is suggested that further studies be 
carried out with inactivated Kveim antigen and nonnal saline as controls to 
finally settle the controversy of positive Kveim tests in leprosy . 
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Summary After a general profile of the country ,  information is given con
cerning the history of  leprosy in the Cape  Verde Islan ds, with data related  
to the control activities of  the  years 1 9 5 0 - 7 7 .  Finally the authors present 
the data collected during the first 2 years of  activities under the new 
National Leprosy Control Project .  

General infonnation 

The Cape Verde Islands are located in the Atlantic Ocear. ) ' �45 km off the coast 
of Senegal . Ten islands and 5 islets,  between 1 7° 1 2 ' 5  & 1 4° 1 8 '  N. an d 22°44'  & 
2 5 ° 2 2 '  W. , they are divided into 2 groups : Barlavento ,  North, 6 islan ds ,  and 
Sotavento , South , 4 islands .  Total area is 4 . 0 3 3  km2 • 

Three of the islan ds ,  closer to the African continent ,  are sandy and flat.  
The others , of  volcanic origin , are characterized by very high cliffs and ridges 
and deep , narrow valleys .  The highest peak of the archipelago is that of the 
volcano of Fogo (active , last eruption 1 9 5 2) ,  reaching 2 . 829  m above the sea. 

Climate is hot and dry .  Temperature oscillates between 1 7°C and 34°C . 
Average rainfall is 3 00 mm/year,  concentrated in 1 - 1 3  days ,  between August 
and October .  

Drought i s  a permanent problem in  the islands ; still , albeit poor, rainfall 
contributes heavily to soil erosion.  

Total population ,  according to June 1 980 National Census,  1 is  296,093 . 
The majority o f  the p opulation is of mulatto stock, of  mixed West African and 
European (Portuguese) descent .  

The population lives in 2 maj or towns (about 40,000 inhabitants each) , 
in several smaller centres and in isolated homesteads. Nine of the islands 

0 3 0 5 - 7 5 1 8 /8 1 /0 5 2 3 3 7  + 1 2  $ 0 1 .00 © British Leprosy Relief Association 3 3 7  
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are inhabite d ;  population density varies ,  from 5 .47 hab/km 2 ( Boa Vista) to 
1 8 4 . 1 0  (S.  Vicente) .  

Eighty per  cent  of the people live by agriculture.  This fact,  coupled with 
the climatic conditions, easily explains the strong and persistent trend to 
emigrate . 

There are strong Capoverdean communities abroad : in the USA 200,000 ; 
Portugal , 40,000 ; Angola , 3 5 ,000 ; Senegal ,  2 5 , 000 ; S .  Tome & Principe , 
8 ,000 ; Italy , 8 ,000 ; France ,  7 , 000 ; Hollan d ,  7 ,000 ; Brasil , 3 , 000 ; Lux emburg, 
3 ,5 0 0 ;  Argentina, 2 ,000.  There are other communities in Sweden , Norway, 
Switzerland ,  Mozambique , Gabon and Ivory Coast. From 1 900 to  1 973 the 
total number of official emigrants was 2 6 7 ,3 6 3 . 2  One of the many results of 
this phenomenon is an M/F ratio of  0 . 8 6 .  

There i s  no great difference i n  housing and living conditions from island 
to island .  The majority of the families (average 6 members) ,  live in stonebuilt 
houses ,  1 -2 rooms , 1 5 - 3 0  m2 . Hygiene standards are naturally low , due to 
lack of water, while nutrition is a top priority problem in the country . 

Discovered by the Portuguese in 1 460 ,  the Cape Verde Islands were popu
lated by European settlers but, mostly ,  by West African slaves.  The islands 
remained for some time a breeding station on the slave trade route.  

The population has been periodically ravaged by epidemics and famines : 
in 1 7 73 , 5 0% of the population died  of starvation ; in 1 8 3 1 , 20% ; in 1 8 6 3 , 40% ; 
in 1 900-4, 2 5 % ;  in 1 92 2 , 20% ; in 1 94 2 , 1 3% ;  in 1 947-9 , 1 6%, in 1 9 5 2 , 1 0% ; 
in 1 9 5 9 , 5 %. 2  

A Portuguese colony for 5 0 0  years , Cape Verde obtained  independence on 
5 July 1 975 . 

Leprosy in Cape Verde 

Leprosy seems to have arrived in the Cape Verde Islan ds with the first in
habitants. 3 The first official reference to the disease appears in a letter by the 
King of Portugal , appointing ' Francisco de Arauj o , accountant . . .  caretaker of 
orphan s, hospitals , chapels, monasteries an d leprosaria ( 'gafarias' in the tex t) 
of the Islands of Cabo Verde' on 3 1  January 1 5 3 1 .4 Fifty years later , in 1 5 8 7 ,  
another similar appointment was issued.  There are eighteenth-century refer
ences, and still possible ruins,  of a leprosarium then standing on an islet in the 
H arbour of Praia . 

In 1 9 1 3  a special law established a leprosarium in the island of S .  AntflO, 
an d ordered a census of the leprosy patients living in the islands . 5 Famines, in 
1 94 1 -9 ,  seemingly claimed many victims among the leprosy patients. 

Prom in was introduced into Cape Verde in 1 95 0 ;  prior to that date treat
ment was based on hydnocarpus oil .  Free , government supplied treatment 
(DDS,  by fortnightly inj ections) was established in 1 95 2 .  
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I n  1 95 4  Teixeira d e  Sousa published data collected the previous year in 
Fogo : 1 3 1  patients (prevalence 7 .27% 0 ) : of these , 49 L, 5 T, 7 7 1 ( ' Indiferen
ciada ou Indeterminada' ) .  Fourteen cases' were less than 1 2  years old ,  2 1  be
tween 1 3  an d 20 years , 96 were older. M ale/female ratio was 5 9/ 7 2 . 6  

I n  1 95 7  the local health services7 announced 3 5 6  registered patients in 
the islands : 8 in S. Vicente , 1 76 in Fogo , 1 63 in S. AntflO , 2 in Brava .  In 1 95 9  
two new leprosaria were opened ,  in S .  AntflO and in Fogo. In that same year 
the WHO Bureau in Brazzaville had a figure of 1 3  leprosy cases in Cape Verde . 8  

I n  1 96 1  Pinto examined ,  mostly b y  mass survey,  a fair share o f  the whole 
population ( 2 5 %  in Fogo , 1 0% in Santiago, 23% in S .  Nicolau , 3 8 %  in Sal, 46% 
in M aio ,  1 ,5 0 2  people in Brava,  5 ,8 2 3  in S. Antao ; in S .  Vicente only contact 
survey) 247 patients were observed (92  in Fogo, 1 4  in Brava , 80 in S. Antao, 
30 in S. Vicente , 2 1  in Santiago) ; among the fin dings , the high proportion of 
L form ( 3 5 %  in Fogo, 40% in S. Antao) .  Prevalences were estimated for Fogo ,  
Brava and S .  Antao : 1 8 , 1 . 99  an d 7 . 04%0 respectively . The  report stresse d the 
inexistence of treatment records , while suggesting measures for the control of 
the disease . 9  

The following year official dispositions for a 'Campaign of Eradication (of 
leprosy) in Cape Verde' were issued ( 1 962) .  The total numb er of patients was 
then estimated at about 800- 8 5 0 .  Rules were set for the definition of clinical 
inactivity and for the length of treatmen t .  Chemoprofilaxis - DDS 5 mg/kg/Wk -
was advised for the patients'  household contacts, and standard doses were 
fixed for DDS treatment, with gradually in creasing induction of therapy . 5 

In 1 964 in S .  Antao there were 1 6 0 patients treated 'irregularly ' ,  10 of these 
27 . 5 %  L, 7 7 . 06% I ,  3 .66% T. In the same year the 2 leprosaria were closed ,  
and the local health services reported 2 7  cases in  Santiago, 8 in  S .  Vicente, 403 
in Fogo , 1 3  in Brava and 340 in S. Antao . 7 

In 1 96 5  the same source 7 reported 27  patients in Santiago , 403 in Fogo , 
20 in S. Vicente , 1 40 in S .  Antao : total 5 9 0 .  Data concerning the same year, 
published in 1 966 in In t J Lepr and quoted by Be chelli and Dominguez , I I  

give a total of 625 cases. 
The situation in 1 968  was : 5 5 6  cases, distributed in Boa Vista (2) ,  S. 

Nicolau ( 1 ) ,  S .  Vicente (42) ,  Brava ( 20) , Santiago ( 70) ,  S .  Antao ( 1 3 2 ) ,  Fogo 
(289) . 7 

In 1 97 0  the local missionaries unofficially re-opened the leprosarium in 
Fogo. In 1 97 1  Pina1 2 reported 293  patients registered and treated in Fogo . 

In 1 972  and 1 9 73 , Leite and SobraP in two visits to the islands, observed 
303 patients ,  suspending treatment ( 'Alta Provisoria' ) for 1 94 of them . They 
found the following proportions : L, 1 1 5 cases ; I, 1 5 4  cases ; T,  24 cases .  ' Inci
dence ' ,  calculated out of 2 5 0 ,000 inhabitants - but the authors probably 
me ant prevalence - was 1 .2 1 % 0 . In the same year Cambournac reports l 3 
62 6 leprosy cases in the Cape Verde Islands.  

In 1 97 5  WHO gave a figure of 3 03 cases . 14 
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In 1 97 7  the Ministry of  Health and Social Affairs of the new Republic of 
Cape Verde ,  estimated 600 cases of leprosy , distributed among Fogo , Brava, 
S .  Vicente and S .  Antao . 1 S  

I n  the same year Silva Picoto1 6  examined 1 5 9 patients among those regis
tered .  Findings : 1 9% T,  49 .3% L, 24 .7% I ,  3 . 2% D, 3 .8% NC. Invalidity Rate 
6 1 .9% ; patients regularly tre ated 66 .9% ( Lepromatous regularly treated 6 1 .7%) .  

I n  February 1 9 7 8 ,  o n  a fact-finding visit prior to the start o f  the present 
National Leprosy Control Programme ,  3 5 5  of the registered patients were 
examined , together with 1 .090 contacts , among whom 2 7 new cases were 
found.  Of the patients observed,  L form accounts for 5 7 . 7% ; 5 0% of the 
patients were found to be clinically active , Invalidity Rate was calculated 
around 60% . 14 

TIle new Leprosy Control Programme 

The new Leprosy Control Programme is fully integrated within the National 
Health Services .  It is oriented by a leprologist and staffed with 3 PMWs : 1 
with laboratory practice and 2 charged with the running of the small specific 
centre in Fogo ( 3 2  beds) . 

M aterials and meth ods 

In order to assess the prevalence of leprosy in the islands and thus set con
ditions for control ,  case-finding activities were conducted during 1 97 8  and 
1 9 7 9 :  contact survey , selected survey and,  in a few areas , mass examination 
of the population . These activities were accompanied by health education 
and updating courses for health professionals. Few vestigia were found of the 
old local registers , and none of the central one . So a central and local register 
were established anew of all cases : these registers n ow keep records of cases 
detected between 1 95 1  and 1 97 9 ,  and are periodically updated by medical 
examination . For the Central Register the OMS LEP recording system was 
adopted . 1 8  The ages shown in the tables are those of the last examination . 

To tal number of cases . Coverage rates 

The total number of registered cases on 3 1  December 1979 was 78 1 .  Of these , 
5 47 had been detected and treated before 1 978  (average age 47 . 94) ; 1 3 6 have 
been detected in 1 97 8 ,  and 98 in 1 97 9  (average age of the new cases 2 9 . 3 9 ) .  

Of the 7 8 1 registered cases,  695 are under treatmen t. 
Field activities developed in four campaigns, covering 7 of the 9 inhabited 
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islands . In the islands of M aio and S .  Nicolau no case has been notified  so far ;  
the case registered in S .  Nicolau in 1 968 having left the island in 1 970 .  

Between February 1 9 7 8  and December 1 97 9 ,  69 .8% of the contacts of 
the registered patients have been examined at least once . 

School surveys covered 2 2 , 3 9 5  students ,  that is 4 1 . 46% of the national 
school population (7- 1 6  years) ; other selected survey - barracks , prisons 
etc .  - included roughly 1 ,000 people ; mass surveys covered about 2 ,800 .  

Altogether during these 2 years 2 9 , 1 5 1  people have been examined , once 
or m ore : 1 0 .47% of the population of the 7 islands submitted to the control. 

Types of leprosy 

The distribution of cases according to types appears in Tables 1 and 2. Lepro
matous form accounts for 3 6 . 1 % of cases ,  I for 1 1 . 26%,  T for 2 5 .99% and 
Dimorphous for 25 .48 % .  The proportion of L cases is mu ch higher than found 
along the neighbouring African coast ,  and rather brings to  mind European or 
Latin American figures. Lepromatous rate in the total population is 0 .97%0 ,  

The absence of active case finding prior t o  1 978 can explain the low propor
tion of indeterminate forms : of the 8 8  I cases ,  7 5  have been detected during 
the last 2 years . 

Table 1 .  Distribution of registere d cases at 3 1  Dece mber 1 9 7 9  according to type and sex 

Type M ale % Female % To tal % 

4 9  1 1 .06 3 9  1 1 . 5 3  8 8  1 1 . 26 

T 1 08 24 . 3 7  9 5  2 8 . 1 0  203 2 5 . 9 9  

D 1 1 6 2 6 . 1 8  83  24 . 5 5  1 9 9 2 5 .48  

L 1 64 3 7 . 02 1 1 8  3 4 . 9 1 282 3 6 . 1 0  

Not classified 6 1 . 3 5  3 0 . 8 8  9 1 . 1 5  

Total 443 1 0 0% 3 3 8  1 00% 7 8 1 1 00% 

Table 2. Distribution of registere d cases at  3 1  December 1 9 7 9  according to type and age 

0- 1 4  years 1 5  y ears or more 

Type Male Female Total % Male Female Total % 

23  2 1  44 5 0 .00  26 1 8  44 5 0 . 0 0  
T 1 2  1 1  23 1 1 .3 3  96 84 1 80 8 8 . 6 6  
D 1 4 5 2 . 5 1 1 1 5 7 9  1 94 9 7 .48  
L 4 2 6 2 . 1 2  1 60 1 1 6 276  9 7 . 8 7  

Not 
classifie d 6 3 9 1 00 . 0  

Total 40 3 8  7 8  9 . 9 8 %  4 0 3  3 0 0  7 03 9 0. 0 1 %  
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Leprosy and sex 

Looking at the total of the registered patients , leprosy seems to  affect more 
males than females (443 M ,  3 38 F) ; the ratio though is inverted among new 
cases ( I l l  M v .  1 2 3 F) .  

Distribution of  forms does not vary greatly with sex : there is  a slight 
prevalence of T forms among females and of D and L forms among males. 

Leprosy and age 

90 .0 1 %  of the registered cases belong to the over- l 4 group.  There is though an 
even distribution, 1 / 1 ,  of I form between the under 1 4  and the over 1 4  group. 

The analysis of  the new cases (Table 3 )  which have been divided into 
groups of age roughly according to different periods of social hfe ,  shows an im
portant concentration of cases in the first group (0- 1 4 :  3 8 .46% of the new 
cases) ,  while the other groups hold respectively 25 . 64% ( I S  -29) , 1 5 .8 1  % (30-
49) ,  20 .08% (50 and beyond) of the total 234 new cases . In the 1 st ,  2nd and 
3rd group the M/F ratio keeps approximately 1 / 1 , while it shifts clearly in the 
4th group ( 1 8  M v. 29 F) .  

Prevalence and geographical distribution (see Figure 1 and Table 4 )  

The general prevalence o f  leprosy i n  the Cape Verde Islands i s  2 . 63%0 . As 
seen elsewhere in analogous geographical situations, 1 9  the distribution of 
the diseases varies greatly from one island to another:  2 islands appear to be 
untouched,  while others present severe prevalence rates.  Fogo, for instance,  
has a prevalence of  1 0 . 7 6%0 . In the affected islands leprosy is not evenly 
distributed , and some areas can present very high rates : Relva, in Fogo , counts 
42 patien ts among its 700 inhabitants ; Tarrafal and Monte Trigo,  in S. AnEw ,  
have a prevalen ce o f  1 2 . 3 3 %0 .  

Within a given area,  leprosy presents a clear intrafamiliar character . For 
7 1 . 05 %  of the new cases it  has been possible to recognize at least another 
patien t, known or unknown , within the household. 

Case finding activities 

Contact survey have given 5 9 .4% o f  the new cases detected in 1 97 8 -9 : 64% of 
the first age group , 40% of the second , 1 4% of the third and 2 1  % of the fourth . 

Selected survey have given 7 .6% of the new cases : 1 8  cases total ,  1 7  in the 
fi rst group and 1 in the second . 

Notifications have given 1 3 .67% of the new cases : 3 2  cases, 2 in the first 
group,  8 in the second , 9 in the third , and 1 3  in the fourth . 



Table 3. New cases, 1 9 78 and 1 9 79 .  Distribution according to type , sex and age group 

0- 1 4  1 5-29 30-49 50 or  more Total 

Combined 
Male Female Male Female Male Female Male Female Male Female total 

1 9 78 
I 1 6  1 9  5 5 1 2 1  2 5  4 6  
T 6 6 1 0  1 0  5 7 3 1 0  24 3 3  5 7  
D 3 2 2 2 2 6 6 1 2  
L 4 3 3 6 9 1 1  20  
NC 1 

Total 24 26 22 20 8 1 1  7 1 8 6 1  7 5  
Combined 

Total 50 42 1 9  25  1 36 

1 979 

1 1  1 1  4 1 2 1 7  1 2  2 9  I:"-< 
T 8 6 3 8 4 2 4 4 1 9  20 3 9  ("\) '!::l 
D 3 4 2 4 6 1 0  1 6 C5 
L 3 2 3 2 8 5 1 3  � 
NC 

- . ;::: 
Total 2 1  1 9  8 1 0  1 0  8 1 1  1 1  50 48 g 
Combined 

'!::l ("\) 
Total 40 1 8  1 8  22 98 � � ("\) 

w +>-w 
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Figure 1 .  Distribution of leprosy i n  the Republic of Cape Verde . 

o 

Voluntary presentations account for 1 5 .8 1 %  of the new cases : 3 7  cases, 
6 in the first group , 9 in the second , l O in the third , 1 2  in the fourth . 

Mass survey have given 3 .4% of the new cases : 1 case in the first group , 
2 in the second,  4 in the third , 1 in the fourth . 

Remarkably , notifications and volunteers together account for only 3 of 
the new indeterminate cases .  In our opinion , with lack of staff and moderate 
prevalence rates,  the only case-finding activity of objective value is confirmed 
to be the contact survey , integrated by health education and training and in
formation of general health , to increase the voluntary presentation and the 
notification quotas. 

Clinical status 

Table 5 shows the distribution of patients by type,  age and clinical status.  For 
the definition of Active, In active under treatment, Inactive under observation , 
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Table 4 .  Geographical distribution .  Registered leprosy cases on 3 1  Decemb er 1 97 9  

Population 
Registered cases 

Island ( 1 9 80) T D L NC Total Prevalence/ 1 000 

Santiago 1 4 5 ,9 2 3  I I  1 9  2 1  2 8  4 7 9  0 . 5 4  

Fogo 3 1 , 1 1 5  3 9  1 1 0 7 6  1 07 3 3 3 5  1 0 . 7 6  

Brava 6 ,984  2 5 1 1  1 6  34  4 .86  

Maio 4 , 1 03 
( Sotavento 1 8 8 , 1 2 5 5 2  1 34 1 08 1 5 0 7 4 5 2  2 .40)  

S .  Vicente 4 1 ,792  1 5  1 4  1 5  40 84  2 . 0 1 

S. Antao 4 3 , 1 9 8  2 5  5 4  7 1  8 7  2 2 3 9  5 . 5 3  

S .  Nicolau 1 3 ,5 7 5  
Sal 6 ,006 2 2 0 . 3 3  

Boa Vista 3 ,3 9 7  1 3 4 1 . 1 7  
(Barlavento 1 07 ,9 6 8  4 0  69 88 1 3 0 2 3 2 9  3 . 04) 
Cape Verde 2 9 6 ,0 9 3  92  2 0 3  1 9 6 2 8 0  9 7 8 1 2 . 6 3  

we referred to  the standards expressed by the  WHO Expert Committee on 
Leprosy in  1 9 70 . 'Unknown ' means a patient , whose clinical conditions have 
not b een assessed during the last 1 2  months . 

The follow-up of the new cases 1 97 8 - 9  shows that 1 3  indeterminate 
patients, 6 T,  and 1 D got inactive . In the same period 1 3  I passed to T, 1 to D 
and 1 to L .  Eight tuberculoid downgraded to D and 1 D upgraded to T. It 
needs to be stressed here that classification was done on clinical and only 
partially bacteriological b asis . 

Deformity rate (Table 6) is quite high compared to that currently found 
in literature . Understandably ,  in the order, D, L, and T forms appear to 
be affected differently . Out of 43 1 cases affected by deformities , only 1 is 
under 1 4 . Deformity rate among the new cases is 2 0 .94%. 

Among possible causes of  the phenomenon are distortion due to emigration, 
the geophysical character of  the islands and general working conditions. It can 
be assumed that there are a number of patients not yet affected by deformities 
and at present undetected . 

Treatment 

At present 695 patients are under treatment ( mostly monotherapy, DDS 5 0  
o r  1 0 0  mg/ die) . Treatment is distributed fortnightly b y  general health staff, 
at health posts or by mobile units (in Fogo only) . 

Supervised , combined treatment is available only for patients admitted 
to the specific center of Fogo . 

Treatment attendance rates are far from satisfactory : 6 5 . 6 1 %  of patients 
are regularly treated . Practical measures are being studied to improve the 
situation ( see Table 7 ) .  



Table 5 .  Registered cases. Clinical status on 3 1  December 1 97 9  

0- 1 4  

Inactive under Inactive under 
Active treatment Unknown observation 

3 5  8 
T 1 6  6 
D 5 
L 5 
NC 

Total 6 1  1 5  2 

Active 

22  
59  
84 

1 5 0 

3 1 5  

1 5  or more 

Inactive under 
treatment Unknown 

1 3  2 
6 8  7 
84 8 

1 09 5 
4 2 

278 24 

Inactive under 
observation 

7 
46 
1 8  
1 2  

3 

86  
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Table 6 .  Distribution of disabilities according to type ,  age group , s e x  ( Grade 2 a n d  3 W HO) 

Total 
0- 1 4  1 5  or more 

Total 

cases Male Female M ale Female disabilities Type (%) 

8 8  
T 203 5 4  45  1 00 4 9 . 2 6  

D 1 9 9 9 1  7 3  1 64 8 2 . 4 1 

L 2 8 2  1 0 1  63  1 64 5 8 . 1 5  

NC 9 2 1 3 3 3 . 3 3  

Total 7 8 1  248 1 5 2  4 3 1 5 5 . 1 8  

Table 7 .  Patients under treatment at 3 1  D ecember 1 9 7 9 .  Attendance rates 

0- 1 4  1 5  or more 

Treated Reg. Irr.  Reg. (%) Treated Reg. Irr. Reg. (%) 

I 44 3 3  9 7 5 .00  37  20 1 4  5 4 . 06 
T 23  1 6  7 6 9 . 5 6  1 34 6 8  5 6  5 0 . 7  
D 5 3 2 6 0 . 0 0  1 7 6 1 29 40 7 3 . 2  
L 6 6 1 00 .00  264  1 8 0 7 1  6 8 . 1 

Not classified 6 2 1 6 . 6  

Total 7 8  5 8  1 8  7 4 . 3 5% 6 1 7  3 9 8  1 83 64 . 5  

There are cases suspected o f  DD S-resistance : 4 at least have been con
firmed by BI and MI under supervised treatment with DDS 1 00 mg/die . 

Discussion 

Leprosy seems to have b een present in the Cape Verde Islands since the be
ginning of their colonization ,  5 20 years ago . Leprosy can be considered a major 
health problem in 3 of the islands .  I t  is still seen to be  a health hazard , although 
it has lower prevalence rates ,  in 2 major urban centres , where internal migration 
concentrates . 

The situation is made worse by the high lepromatous rate and by the 
generally deficient conditions of treatment.  The latter has been lasting now for 
about 3 0  years , and sets a good b ackground for DD S-resistance . 

Deficient standards of control undoubtedly contribute to the high invalidity 
rate . In our opinion,  emigration is equally important in shaping the profile 
of leprosy in Cape Verde ,  probably setting a filter only for the patients af
fected by the most obvious signs of disease . We lack information concerning 
leprosy among the numerous and considerable Capoverdian communities 
abroad . 
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The geographical setting of  the country may help in limit ing the spread 
of the disease, but raises serious operational problems for leprosy control .  
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Since its first meeting in April 1 97 7 ,  the Scientific Working Group ( SWG) on Chemotherapy 
of Leprosy (THELEP) of the UNDP/World Bank/WHO Special Programme for Research and 
Training in Tropical Diseases has promoted activities in 5 major areas : ( 1 )  field studies ; 
( 2 )  controlled clinical trials ; ( 3 )  laboratory studies ; (4 )  drug develop ment studies ;  and ( 5 )  
biological studies. 

In addition, the decision was taken at the second meeting of the THELEP SWG , in 
March 1 9 7 9 ,  to embark on large-scale field trials of chemotherapy of lepromatous leprosy . 

The third meeting of the THELI;:P SWG was convened,  20-22  October 1 98 0  in Geneva, to 
consider progress made in these areas. In addition , the SWG reconsidered the subject of 
trials in non-lepromatous leprosy . 

Prevalence surveys of dapsone resistance 

The first cases of  proven dapsone resistance , represented by relapse after many years of 
clinical improvement under supervised dapsone monotherapy ,  and despite continued therapy, 
were reported in 1 964 .  Subsequently , dapsone resistance has been reported from many 
parts of the world .  Country-wide surveys in Costa Rica and Israel reported prevalences of, 
respectively , 7 f1 00 and 4/ I 00 patients at risk.  More than 200 proven cases have been re
cognized in Malaysia. And an annual in cidence of 3 I I  00 was reported from one centre in 
Ethiopia . Thus, the situation as the THELEP programme was organized was one of concern . 
If the situation in Ethiopia were representative of large parts of the world , we faced the 
alarming prospect of being required to control leprosy without dapsone . If, on the other 
hand,  the situation in Costa Rica, Israel and Malaysia (where a prevalence slightly in excess 

of 2/ 1 00 was calculated) were more representative,  there was cause for concern but no 
emergency . To clarify the situation, THE LEP embarked on a programme of prevalence 
surveys of dapsone resistance . A standard protocol for prevalence surveys of secondary 
(acquired)  dapsone resistance was prepared ,  and formal surveys were initiated in Burma, 
two districts in South India and Upper Volta .  In addition, a survey of primary resistance 
was initiated  in the Philippines. 

* In addition to this report , a further p ap er presented at the October 1 98 0  meeting of 
the THELEP Scientific Working Group appears in this issue of Leprosy Review. It  is our 
understanding that this report , together with other papers presented at the meeting, will 
appear in the December 1 98 1  issue of In ternational Journal of Leprosy.  Editor 
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The incomplete results were reported of a prevalence survey of secondary dapsone 
resistance in Gudiyatham Taluk, South India ,  where a leprosy control programme em
ploying dapsone in full dosage and enjoying 8 0% attendance has been in place for 1 6  years. 
Of a total of 1 , 5 80 known patients with lepromatous leprosy , 1 ,43 1 were re-examined, of 
whom 46 were found to have clinical and bacteriologic evidence of relapse. Of 26 biopsied 
for mouse inoculation,  24 were found to harbour dap sone-resistant Mycobacterium leprae ; 
adding 9 cases of dapsone resistance previously found in this population, the minimal 
estimate of prevalence is 2 . 3 % .  

The results were reported of a prevalence survey o f  primary dapsone resistance in 
Cebu , Philippines, in which consecutive patients with apparently untreated,  multibacillary 
leprosy were biopsied and mice inoculated.  Of the first 5 0  patients, the specimens of 47  
contained organisms infective for mice ; the  organisms were fully susceptible to dapsone 
in 46 of the 47  cases, low-grade resistance having been demonstrated in a single instance, 
yielding a prevalence of 2 . 1  %. 

In discussion, it was reported that primary dapsone resistance has been recognized 
among patients with previously untreated multibacillary leprosy in San Francisco and 
Carville (USA),  Burma, Malaysia , Mali and South India. 

Controlled clinical trials 

The results of short-term trials of a variety of single-drug regimens were reviewed . Patients' 
organisms were rendered non-infective for mice after treatment for 1 00 days with dapsone 
in full dosage ; 1 5 0 days with clofazimine in a dosage of 200 mg daily ; about the same with 
clofazimine 1 00 mg 3 times weekly but somewhat longer with clofazimine in dosages of 
3 00 mg weekly , 600 mg every 2 weeks, and 600 mg on 2 consecutive days every 4 weeks ; 
about 3 0  days on the average in 3 patients with ethionamide 2 5 0  mg 3 times daily ; and 3 or 
4 days with rifampicin in a variety of regimens, including 600 ,  900 ,  1 , 200 and 1 , 500  mg in 
a single dose and 300  or 600 mg daily . 

Also reviewed were the results of clinical trials in which demonstration of persisting 
M. leprae by inoculation of immunosuppressed mice was attempted.  In the first persister 
study , small numbers of viable , dapsone-susceptible M. leprae were detected by inoculation 

of normal or immunosuppressed mice in at least 1 tissue (skin, nerve , skeletal muscle or 
dartos) of 7 of 1 2  patients who had been treated with dapsone in supervised ,  full dosage 
for a minimum of 1 0  years. Subsequent trials revealed evidence of persisting M. leprae in 
patients treated for from 6 months to 5 years with rifampicin 600 mg daily , clofazimine 
1 00 mg daily or rifampicin 600 mg daily plus dapsone 1 00 mg daily . 

At the time that the THELEP programme began , it was already clear that even a single 
dose of rifampicin was maximally effective as measured in short-term trial with inoculation 
of intact mice , whereas the combination of dapsone and rifampicin , each drug adminis
tered daily in full dosage , was inadequate to eradicate the persisting M. leprae, detected by 
inoculation of immunosuppressed mice with large numbers of M. leprae. Recognizing the 
need to employ drug combinations including some dosage of rifampicin , THELEP em
barked on 2 controlled clinical trials among previously untreated patients with multibacil
lary leprosy , in which thymectomized-irradiated mice are inoculated with as many as l OS 

M. leprae per foot pad after 3 ,  1 2  and 24 months of treatment. 
The regimens employed are at the Central Leprosy Teaching and Research Institute, 

Chingleput, South India : 
A l dapsone 1 00 mg daily , rifampicin 600 mg daily and clofazimine 1 00 mg daily ; 
C dapsone 1 00 mg daily plus rifampicin in a single initial dose of 1 , 500 mg;  

D I dapsone 1 00 mg daily plus rifampicin in a single initial dose of 1 ,500 mg plus 
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clofazimine in an initial 3 -month course of 1 00 mg daily ; 
and at the Institut M archoux , Bamako , M ali : 

A2 dapsone 1 00 mg daily , rifampicin 600 mg daily and prothionamide 500  mg daily ; 
C as for Chingleput ; 
E2 dapsone 1 00 mg daily plus initial 3 -month courses of rifampicin 900 mg weekly and 

prothionamide 5 0 0  mg daily . 
About 4 8  patients have been recruited into the trial at Chingleput, which began recruiting 
patients in August 1 97 8 .  

One patient was found t o  have low-grade dapsone resistance i n  the pretreatment biopsy 
specimen, and another patient's organisms failed to infect mice pretreatment . The treatment 
regimens have been well-tolerated ; clinical and bacteriological improvement has been grati
fying ; the results of inoculation of immunosuppressed mice are as yet too fragmentary to 
permit analysis. 

Thirty-one patients have been admitted into the trial at Bamako since November 1 97 8 .  
Organisms from the pretreatment specimen o f  1 patient did not infect mice , and those 
from the pretreatment specimens of 5 patients exhibited low-grade resistance to dapsone. 
The results of inoculation of immunosuppressed mice were too fragmentary to permit 
analysis. 

Work with immunosuppressed rodents 

The papers in this segment of the meeting were devoted to a review of work in progress 
on immunosuppressed rodents, with particular reference to the detection of persisting 
M. leprae. Originally , thymectomy of mice was performed at a few weeks of age ; a few 
weeks later, the animals were subjected to whole-body irradiation with 900R,  followed 
immediately by bone marrow replacement. This animal permitted multiplication of M. 
leprae well above the ceiling in normal mice of about 1 06 organisms per foot pad ; in ad
dition, systemic spread of the infection and grossly-evident lesions were common . More 
recently , decreased survival of these 'T900R'  mice has required a change of procedure ; 
mice are now thymectomized as before , and subsequently subjected to 200R 5 times at 
intervals of 2 weeks ( ,T200 x 5 R ' ) .  This animal does not require bone marrow replace
ment, but its immunity is not suppressed to the same degree as is that of the T900 R mouse. 
This animal has been useful in attempts to detect persisting M. leprae in biopsy specimens 
obtained from patients under treatment, and is currently being applied to the ongoing 
THELEP controlled clinical trials in Bamako and Chingleput. 

The results were received of work with neonatally-thymectomized rats (NTR), which 
are thymectomized within 1 6  hours of birth and either inoculated intravenously with large 
numbers of M. leprae, to be used subsequently in chemotherapeutic experiments, or for the 
detection of persisters , either in p atients or in M. leprae-infected NTR undergoing chemo
therapy.  

The objective of the chemotherapeutic experiments has been to reproduce in NTR 
the state of microbial persistence encountered in patients with lepromatous leprosy , and to 
devise drug regimens that are active against these persisting M. leprae. It has been found 
that 1 0  daily doses of rifampicin , each 1 0  mg/kg body weight ,  administered on a back
ground of dapsone administered continuously in a concentration in the diet of 1 0-5 g%, 
the minimal effective dose, produces a situation comparable to that seen in patients : sub
inoculation of small numbers of M. leprae to normal mice fails to result in multiplication 
of the organisms, whereas subinoculation of larger numbers to NTR results in multipli
cation.  

The incomplete results were presented of a clinical trial in which 2 regimens are being 
compared : daily dapsone p lus rifampicin either in a single initial 1 , 500 mg dose or in a 
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once-weekly 900 mg dose . Skin biopsy specimens are obtained 3 or 4 days, and 1 ,  2 and 
4 weeks after the start of treatment.  Normal mice are inoculated with 5 ,000 AFB per foot 
pad, and NTR are inoculated with l Os - 1  07 AFB p er foot pad .  The results appear to con
firm the usefulness of the NTR in detecting the presence of persisting M. Zeprae. 

Early work was described with the congenitally athymic rat , which is more effectively 
and more uniformly immunosuppressed than is the NTR. Although the athymic rat appears 
to possess active non-T-cell mediated mechanisms that account for its ability to survive 
under conventional conditions of husbandary , it nevertheless appears to permit multipli
cation and dissemination of M. Zeprae from large inocula . 

The results were reviewed of work in which gnotobiotic nude (hairless, congenitally
athymic) mice are infected with M. Zeprae. Intravenous, intraperitoneal and subcutaneous 
(in the foot pad) inoculation of the organisms appears to result in disseminated infection, 
and animals inoculated in the foot pad exhibit some swelling of the feet some months 
later. A comparison of nude, T200 x 5 R, and normal mice inoculated with 1 02 fresh M. 
Zeprae diluted by large numbers of irradiated organisms established the superiority of the 
nude mouse over both of the others, in terms of permitting multiplication of the viable 
organisms. 

Studies of patient compliance 

The background was reviewed of our concern with the compliance of patients with chemo
therapy-particularly chemotherapy with dapsone, which is traditionally self-administered .  
Studies carried out  in several parts of the world have demonstrated that compliance of  
leprosy patients with self-administered dapsone as monotherapy ranged from very poor to 
poor. The focus of THELEP has been the development of simpler, more specific means of 
monitoring compliance under field conditions. 

The Bratton-Marshall colorimetric method applied to urine has been most widely used. 
Simultaneous assay of urinary creatinine makes the test more precise , but there remains an 
important element of lack of specificity for dapsone.  An alternative is the addition to 
dapsone tablets of a readily-detected marker. Such a marker is a small quantity (6 mg) 
of isoniazid , which can be detected by a simple and specific test. Use of an isoniazid marker 
would permit recognition of dapsone ingested within the 1 6  hours preceding the urine 
collection. Most desired ,  however, is a specific test that will detect dapsone ingestion during 
the preceding 5 - 1 0  days. After 5 consecutive missed daily 1 00 mg doses of dapsone, the 
plasma dapsone concentration has fallen below that required to inhibit multiplication of 
low-resistant M. Zeprae; after 1 0  consecutive missed daily doses, the plasma dapsone con
centration is insufficient to inhibit multiplication of M. Zeprae fully susceptible to dapsone.  

The results of work based on two 'ELISA' techniques were described.  Both techniques 
are capable of detecting dapsone in ng/ml concentrations. The less sensitive technique is 
capable of recognizing dapsone in the urine as late as 8 days after a single 1 00 mg dose ; 
the more sensitive technique can detect dapsone in a finger-prick blood specimen as late 
as 5 days  after a dose . These techniques have been made available as 'kits ' ,  and have been 
employed by leprosy workers in endemic areas. 

Drug development 

Work in progress on clofazimine analogues in 3 laboratories was reviewed.  A mass of data 
has been generated on structural requirements for activity against Myco bacterium sp . 6 0 7 ,  
acute toxicity i n  t h e  mouse , a n d  mutagenesis ; these have been submitted for analysis o f  the 
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quantitative structure-activity relationships (QSAR) .  The 3 major pigmented metabolites 
in human urine have been separated and identified ; these were found not to be mutagenic. 

The results of work with cell-free preparations of folate-synthesizing enzymes of My co
bacteriu m lulu and M. leprae were reviewe d .  The action of dapsone in these systems appears 
to be qualitatively as well as quantitatively different from that in the comparable Escherichia 
coli system.  Dapsone is much more potent in the 2 mycobacterial systems. Also, dapsone is 
incorporated  in the E. coli system into an analogue of the product of the reaction between 
dihydropteridine alcohol and p-aminobenzoic acid,  whereas no analogue is formed in either 
mycobacterial system. 

Work was described on 2 systems that involve the uptake by M. leprae in short-term 
culture (in macrophages or in vitro ) of various radioisotope-labelled substrates. These sys
tems show promise of usefulness in screening drugs for activity against M. leprae, and in 
testing the drug-susceptibility of M. leprae. 

Trials of chemotherapy of non-lepromatous leprosy 

Trials of chemotherapy of non-lepromatous leprosy have been an objective of high priority 
since the THELEP Programme was first established.  Yet, no such trials have been under
taken, because of the difficulties inherent in measuring the response to therapy of non
lepromatous leprosy , in which M. leprae are too few to permit animal inoculation, and also 
because it appeared more urgent to develop better methods for the control of lepromatous 
leprosy , the more infectious form of the disease . Because it appeared important to recon
sider the priority of  these trials within the framework of THELEP activities, a segment of 
the meeting was devoted to reviews of the importance of non-lepromatous leprosy in leprosy 
control programmes, and of the methods that have been employed in several trials in the 
past. 

The deformities that characterize non-lepromatous leprosy , which accounts for two
thirds of the world 's leprosy patients, have an enormous economic impact . In addition, 
it cannot be stated that these patients are non-infectious ; the attack rate among household 
contacts to non-lepromatous patients was 3 . 7 times that among non-contacts in South India, 
and 1 .6 times that among non-contacts in Burma.  Finally , a study in Burma revealed that 
nearly half of the lepromatous borderline cases had evolved from 'paucibacillary ' forms 
of the disease . On the basis of this evidence, control of non-lepromatous leprosy with more 
effective, short-course regimens appeared to make sense in the framework of leprosy control 
programmes. Merely preventing deformity and permitting much earlier 'release from control' 
would free enormous resources that could then be applied to the detection and treatment of 
patients with lepromatous leprosy . 

The results of past trials were then reviewed.  The most useful measurement appeared 
to be that of relapse after initial response and subsequent cessation of therapy.  Several 
short-course regimens of dapsone plus rifampicin appeared undoubtedly to have been 
effective . And it was noted with considerable interest that , in at least 1 trial of a short
course regimen, clinical improvement continued even after cessation of treatment.  

Recommendations and conclusions 

The SWG felt that it was important to prevent the emergence of strains of M. leprae resistant 
to rifampicin and the thioamides as well as to dapsone . For this reason, every newly-dis
covered patient with multibacillary leprosy should be treated with com bined chemotherapy, 
and additional drug(s) should be employed in the case of such patients already receiving 
dapsone as monotherapy.  
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It was recommended that THELEP conduct field trials of combined drug regimens 
designed to prevent drug resistance. In addition , THELEP should abandon its programme 
of formal surveys of the prevalence of secondary dapsone resistance , because those in 
progress appear already to have accomplished THELEP's purpose-namely , to demonstrate 
the widespread nature of this problem . In place of the programme of formal surveys, 
THELEP should promote the establishment of mouse-foot-pad laboratories around the 
world ,  and encourage them to monitor primary resistance within leprosy control program
mes. 

Work in immunosuppressed rodents 

The SWG was of the opinion that the nude mouse and the immunosuppressed rat are un
likely to replace the thymectomized-irradiated mouse as a means of detecting M. leprae. 
On the other hand,  these other immunosuppressed animals should prove extremely valuable 
as models of the lepromatous patient for chemotherapeutic studies .  

Drug development 

The SWG recommended that efforts be continued to improve the existing drugs, in terms 
of potency. , selectivity , convenience (supervisability ) and cost . In addition, THELEP should 
press forward in its attempts to develop screening systems other than that of the mouse 
foot pad. M. lulu has already proved so useful as a model of M. leprae for studies of drugs 
acting on folate-synthesizing enzymes as to suggest the usefulness of other model organ
isms that might be employed in studies of other drug classes. 

Chemotherapy of non-lepromatous leprosy 

The SWG felt the issue to be of  sufficient urgency to require that the next step be taken
namely, development of a protocol for chemotherapy trials in non-lepromatous leprosy . 
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Editorial Note. For nearly 1 0  years, first i n  Oxford , later i n  Birmingham and Edinburgh , 
and later still for all medical schools in the United Kingdom,  the British Leprosy Relief 
Association ( LEPRA) has sponsored prize essay competitions. These have recently been 

extended to Zambia and India. We present here an abbreviated version of a prize-winning 
essay in 1 9 7 9 ,  from a student in one of the London Hospitals. Following a general intro
duction to the immunopathology of leprosy , including sections dealing with the nature 
of the immunological defect and the resp onse of the immune system to Myco bacterium 
leprae, the author proceeds as follows. 

Nerve damage in leprosy 

Often many of the clinical features of a disease are due to local tissue damage as a result 
of the host 's attempts to eliminate the organism . Mycobacterium leprae requires eMI for its 
elimination and this can also cause extensive tissue damage leading to the clinical mani
festations of the disease . Interaction between humoral antibody and antigen derived from 
the organism can cause tissue damage even though the antibody is unable to eliminate the 
organism . 

Nerve damage in leprosy is recognized more easily histologically than functionally ; 
since, due to receptive field overlap , 3 0% of the fibres in a nerve must be destroyed before 
decreased sensation in the area sub served can be recognized .  Damage occurs more readily 
in tuberculoid leprosy than lepromatous leprosy . In the former it is a feature early on where
as in the latter damage and partial loss of sensation is a feature of the advanced disease . 
It occurs either as part of the natural history of the disease or due to reactions. 

The peripheral nerves are something of  an immunological backwater. The perineurium 
forms an effective barrier and the endothelial cells of the intraneural capillaries have tight 
junctions and hence are less p ermeable than elsewhere in the body.  The Schwann cells, 

which protect and support the axon, have a very long life span and anything which is taken 
into their cytoplasm may not be exposed to the extracellular environment for years. Soluble 
antigens may leak out but even so infection in this sheltered zone can escape recognition.  
Extraneural bacilli are phagocytosed by histiocytes, which have a life span of a few weeks. 
Again soluble antigens are exposed all the time but when the host cell dies the whole bacilli 
will be exposed . 

M. leprae is the only organism known to parasitize S chwann cells and it is important to 

understand how it gets  there . Possible mechanisms are : 
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( 1 )  Phagocytosis by Schwann cells in the upper layers of the dermis and once engulfed the 
bacteria travel centrally through contiguous Schwann cells or possibly within the axon 
itself. However there is little evidence that bacilli ever lie free in the dermis and histo
logically nerves in the middle and deeper layers of the dermis are involved to a greater 
extent than terminal nerve fibres. Bacilli are seldom seen in axons and when they are 
seen there the possibility that they are not in the tongues of Schwann-cell cytoplasm 
invaginating the axon has not been excluded. l 

( 2 )  By penetration of the perineurium with the inflammatory cells . However when the 
inflammatory cells enter, the Schwann cells are already laden with bacilli and hence 
bacillation is a cause rather than a consequence of inflammatory cell entry . 

( 3 )  Via the endoneural blood vessels. Bacteraemia is a normal finding in untreated lepro
matous patients and histologically , in early nerve involvement, bacilli tend to be close 
to the endoneural blood vessels .  

Much is still unknown, for instance whether the bacteria enter the nerve within macro
phages or free,  however once inside ultimate phagocytosis by Schwann cells is inevitable. 

The predilection of M. leprae for nerves is as yet not satisfactorily explained.  Other 

mycobacteria are not seen to enter nerves .  It is p ossible that it represents an immunological 
phenomenon in that elsewhere in the body M. leprae is destroyed whereas since the nerve 

is an immunological backwater it is able to proliferate there . In lepromatous patients ,  in 
whom the immune response to M. leprae is generally depressed ,  bacteraemia is a normal 

finding and the visceral organs are often involved with granuloma formation. Studies of 

liver and kidney biopsies from LL patients show that the bacteria are grossly fragmented 

as opposed to the intact bacteria seen in skin and nerves. 2 

Other theories are that the peripheral nerves and skin are cooler and it is possible that 
M. leprae multiplies more rapidly here or that these sites are subjected to constant minor 

trauma leading to minor inflammation with consequent increased capillary stickiness and 

bacillary or monocyte adherence.  If  the latter is true it is at variance with the hypothesis 

that the nerve is an immunological backwater. 
In the initial stages of the infection Schwann cells are colonized but little affected.  

However after some time they may be destroyed by either the bulk of organisms or com
petition with metabolic processes . Job and Verghese3 found increased numbers of mito
chondria , ribosomes and increased endoplasmic reticulum in infected cells . With cell de

struction the bacilli are released and may be taken up by neighbouring Schwann cells, 
hence moving along the nerve , or by intraneural histiocytes, which could transport them 
via endoneural blood vessels along the nerve . In tuberculoid leprosy the bacilli are far more 
concentrated in the nerves than elsewhere and this is probably the major route of dissemi
nation in this form of the disease . 

The mechanism of tissue damage is different in the different forms of the disease 
and this will now be discussed .  

( 1 )  Tu berculoid leprosy .  In this form of the disease CMI against M. leprae i s  high and 
the evidence that this is responsible for tissue damage and the clinical presentation is : 

(a)  Histological. 
(b) The intensity of inflammatory changes is correlated with the strength of delayed hyper

sensitivity reactions as measured by L TT and LMIT responses to M. leprae. Clinical 
severity of the disease is also related  to the spread of M. leprae. 

(c) Mice made lepromatous develop tuberculoid-type lesions with nerve damage when 
injected with syngeneic lymphoid cells or thymus transplants .  

(d)  The localized nature of the  lesions makes i t  unlikely that they are caused by auto
immune responses precipitated by M. leprae infection . However involvement of re
sponses to host cell antigens altered by M. leprae parasitism cannot be excluded.  
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The precise nature o f  tissue damage is uncertain ; for instance the exact role of T cell 

cytotoxicity or cytotoxic mediators remains unknown. Mere infiltration and distortion of 
the tissues by the inflammatory cells with intra and extracellular oedema may explain most 

of the features of the lesion .  Its chronic nature is probably related to the extremely slow 
degradation and elimination of M. leprae. 

·
The overall picture is of  a wave of bacillation spreading slowly through dermal nerves 

pursued but never quite overtaken by the inflammatory response. Once all the nerve is 
destroyed the bacilli are finally destroyed with it and resolution by fibrosis occurs leading 
to the clear centre of  the tuberculous lesion .  

( 2 )  Lepromatous leprosy. In this form of t h e  disease CMI directed against M. leprae is 
depressed and some other mechanism of nerve damage must be sought .  

Hastings4 states that the concentration of bacilli in perineural cells is  as great as or more 
than that in Schwann cells and that both sites may be damaged but that perineural damage 
is the more important . The perineurium plays an important part in stabilizing the intra
neural environment, so important for the normal function of the nerve . Bacillary multi
plication is thought to initiate perineural breakdown, by some unknown mechanism, leading 
to perineural incompetence . Because of this ECF can enter the nerve ; impairment will be 
reversible which would account for the improvement in lepromatous leprosy upon treat
ment. Similarly the nerve is more vulnerable to the entry of  inflammatory cells . The histo
logical picture does not support either of  these views. Lepromatous lesions are characterized 
by the lack of inflammatory cells and there are structural alterations in the nerve which do 
not concur with the view that impairment of nerve activity is purely functional due to 
alterations in the extraneural environment. If this were true it would be  expected that all 
the axons in the nerve trunk would be similarily affected since they share the same extra 
axonal environment. This is not so.  

Alternatively the structural abnormalities may be due to defective attempts at repairing 
the damaged perineurium .  Experimentally Morris et al. 5 found that Schwann cells are 
involved in p erineural repair by putting out pseudopodia, which plug gaps in the p erineu
rium,  forming a pseudoperineurium ,  which becomes organized and indistinguished from 
the normal. J ob6 found in electronmicrograph studies of radial cutaneous nerve biopsies 
from 5 untreate d  LL patients that Schwann cells are hypertrophied and have papillary 
processes resembling p seudopodia .  In the intraneural blood vessels endothelial swelling and 
hypertrophy leading to narrowed or obstructed lumina was seen. In some cases there was 
proliferation of  perineural cells forming several layers and the number of myelinated nerve 
fibres was decreased .  In others, axons surrounded by bacilli laden Schwann cells looked 
normal ; in between these extremes there was a graduation of degenerative change.  

Schwann cells, perineural cells, endothelial cells and macrophages were all  bacillated 
and showed foamy degeneration .  Schwann cell bacillation may lead to defective patching 
of perineural damage and hence it continues unchecked leading to the multilayered p eri
neural appearance .  

Loss of function in  the  axons i s  probably due  to loss of function in  the  supporting 
Schwann cells because of bacillary competition for metabolites etc . This will be exacerbated 
by blood vessel obstruction and perineural incompetence . Nerve damage in lepromatous 
leprosy is therefore a secondary phenomenon. 

( 3 )  Reversal reactions. The clinical presentation varies widely but it can be divided 
basically into 3 groups :  

( a )  Those with predominantly skin hypersensitivity . 
(b)  Those with predominantly nerve hypersensitivity . 
(c)  Those with both. 

Barnetson et al? investigated the mechanisms underlying these 3 groups.  In all reactions 
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it  was found that there was an increase in L TT but that nerve and skin involvement are 
associated with different antigens. Whole washed bacilli failed to elicit high responses in 
nerve reactions suggesting that cytoplasmic antigens play an important role in this con

dition, whereas in the skin case , the increased response is chiefly directed at whole washed 
bacilli and therefore surface antigens are more important. In BT, BB and BL patients, who 
are reasonably immunologically competent, many bacilli may be present in the nerve but 
fewer are present in the skin . Cell surface antigens are rarely exposed and soluble cyto
plasmic antigens are more likely to be exposed but are released slowly . In reactions there 
is a sudden increase in release , due to an unknown trigger mechanism, with subsequent 
destruction of Schwann cells and exposure of bacillary surface antigens. In the skin case 
LTT results indicated that there may be an increased exposure of surface antigens. In re
actions there is a rise in IgG , IgM and IgA levels but this is probably a non-specific effect 
rather than a cause . 

Godal et al. 8 studied reversal reactions in 1 0  BT patients and found that although they 
showed clinical deterioration, this coincided with a very strong immune response to M. 
Zeprae. That the reaction is due to an increase in CMI has been confirmed in experiments 
by Gaugas e t  al. 9 in which implantation of isogeneic thymus tissue ca�sed changes in 
infected mice similar to those seen in humans. 

Also Rees and Wedell 10 took thymectomized ,  irradiated mice and injected them intra
peritoneally with lymphocytes equivalent to those present in the normal mouse 1 0  months 
after the injection of M. /eprae, when macroscopic lesions had already developed in the 
foot pad . Six to 1 0  days later, the areas of skin in which M. leprae were present became 
red and swollen. Bacteriological examination showed that the bacilli degenerate and the 
yield of organisms drops enormously . Histologically there was evidence of increased lympho
cytic infiltration. This is similar to what is seen in the lepromatous patient undergoing a 
reversal reaction.  

Factors precipitating reversal reactions remain uncertain though antileprosy drugs 
and BCG have been implicated ; whatever they are the primary feature is increased CMI 
against M. Zeprae with oedema which is responsible for the early stages of the lesions. Further 
epithelioid cell formation leads to total tissue destruction .  

Reversal reactions represent a serious therapeutic problem. Immunosuppressive drugs 
may be necessary to control them and prevent extensive nerve damage . Attempts to in
crease CMI  to eliminate the organisms should be carried out very carefully indeed since 
they may precipitate a reaction.  

(4)  ENL. The nerves are painful and tender for prolonged periods and still show only 
mild loss of function .  The pain is probably chemically induced by release of active sub
stances, e .g .  polypeptides from damaged cells in the vicinity of the nerves.  

The lesions occur in areas of high bacillary concentration,  i .e .  perineural cells,  and thus 
surviving Schwann cells are less liable to be damaged .  This explains the unexpectedly slight 
damage cause d .  However Job6 says that bacilli are less common in perineural cells than 
Sch wann cells. 

ENL is not associated with a shift in cellular immune status ana is probably associated 
with humoral immune mechanisms.  There is a decrease in the number of bacilli, which 
undergo considerable degeneration undoubtedly with release of antigenic material into the 
circulation . 

However direct evidence that ENL is caused by immune complexes is still lacking and 
it must be explained why one third of patients with evidence of circulating complexes 
do not develop ENL. Also why do most patients have only a few attacks while others 
have repeated attacks over a long p eriod? It could be due to variations in the amount of 
bacilli being killed off by residual CMI ,  determined by varying host/parasite relationships. 
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It can b e  seen that the understanding o f  the immunopathology of leprosy is far from clear. 
In an attempt to bring all the evidence and arguments together I will postulate a hypo
thesis, which seems to fit the evidence . Any theory must explain several important features 
of the disease : 

(a)  how the infection becomes established and what determines the subsequent course of 
the disease ; 

(b)  why the bacteria shows a predilection for nerves and skin ; 
(c)  how tissue damage is brought about? 

In the race between the immune system 's attempt at elimination and bacterial pro
liferation the crucial question is who wins and by how much? Due to the complexity and 
enormous variations in the disease it is doubtful that any one factor will determine this. 
It is likely that a number of factors make different contributions in different cases. 

To establish an infection in experimental mice it was necessary to immunosuppress 
them which suggests that normally the immune system is able to cope with infection . 
Specific and non-sp ecific factors are imp ortant and anything which decreases the effective
ness of either of these could prove to be important in the establishment and subsequent 
course of the disease . Non-specific factors include : diet ,  climate, concurrent infection , 
general socioeconomic conditions, age , sex , genetic factors ,  etc .  

On the specific side tolerance has been m entioned and it  is  possible that the frequency , 
route and inoculum size of infecting organisms as well as the state of the host immune 
system are very important .  For a long time it was thought that prolonged exposure was 
necessary for infection to occur however this is not compatible with the finding of ex
plosive spread of leprosy when introduced into non-endemic areas. From the study by 
Godal and Negassi l l  it appears that subclinical infection is the most common outcome 
of exposure to M. leprae and that supraexposure may lead to depression of the host re
sp onse and establishment of the infection. 

In terms of antigen predosage there is high and low zone tolerance . Between these 
there is stimulation of  active immunity.  The spectrum is continuous, hence interaction 
between the immune system and the organism will give a response lying somewhere on 
this curve and its position will determine subsequent events. Sensitization will result in 
subclinical infection .  Tolerance , depending upon its degree ,  will lead to clinical infection ; 
where tolerance nearly equals sensitization reactivity is more likely to be regained and hence 
the disease will be towards the tuberculoid pole . When tolerance is much more firmly 
established lepromatous leprosy will be the outcome .  Tolerance depends upon the con
tinued presence of antigen for its maintainance and it may be that in tuberculoid leprosy 
M. leprae gets hidden away inside nerves and fails to render newly produced lymphocytes 
tolerant .  This primary response would explain the slow time course of damage in tuberculoid 
leprosy . In reactions, damage occurs much more rapidly by the same mechanism and this 
could represent a change to 'sensitization' . 

The pattern of exposure to the immune system could be determined by non-specific 
immune (e .g . BCG) and non-immune ( e .g .  drugs) factors and hence varied by changes in 
these leading to shifts on the leprosy spectrum.  

The inability of  lepromatous macrophages to lyse M. leprae i s  a property of live bacilli 
and suggests that it is resistant to lysis, however the experiments of Convit et al. ,  1 2 in which 
lepromatous macrophages could lyse M. leprae when other mycobacteria were admini
stered concurrently , suggests that the macrophage itself is in some way deficient .  In granulo
mata in other tissues the bacteria are fragmented whereas those in nerves are whole. M. leprae 
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is known to be very fastidious in its growth requirements and it may be that Schwann 
cells are its first choice home but the organism can survive in other tissues, but considerably 
less well . By this mechanism bacterial proliferation is decreased in extraneural tissue and 
the immune response is here able to tip the balance in favour of elimination ;  this explains 

the fragmentation of bacilli in liver and kidney granulomata seen in LL leprosy . Similarly , 
lysis of dead but not live bacteria , intraneurally , is explained in this way . 

The activation of macrophages .by administration of other mycobacterial antigens 

probably represents a non-specific affect tipping the balance in favour of elimination. The 
picture is further complicated by the thesis that the nerve is an immunological backwater. 
The immune response may be sufficient to eliminate bacteria elsewhere but is unable to 
completely overcome the barriers where the nerve is involved. In lepromatous leprosy the 
immune response is not even sufficient to  eliminate extraneural bacteria . Reversal reactions 
represent a situation where the balance is tipped strongly in favour of elimination and 
massive cell-mediated destruction of tissue occurs wherever bacteria are exposed as op
posed to the gradual destruction in tuberculoid leprosy where the difference between 
elimination and proliferation is much less. 

Whatever the mechanism of predilection the bacilli become established in the Schwann 
cells. In lepromatous leprosy they proliferate rapidly and competition for metabolites etc.  
leads to decreased Schwann-cell function with consequent axon demyelination and, due to 
inefficient repair of the damaged p erineurium,  the characteristic histological picture of 
lepromatous nerves. Decreased Schwann-cell function may lead to defective antigen pre
sentation to T cells making things even worse . The T cells and macrophages probably affect 
each other reciprocally . Decreased T cell function affecting the macrophage adversely and 
vice versa. In tuberculoid leprosy the bacilli are much fewer and the host in attempting to 
destroy the bacilli destroys the Schwann cells with secondary demyelination .  However 
bacillary multiplication outstrip s this and the picture is one of a wave of bacillation followed 
down the nerve by a wave of tissue destruction . 

The time after infection that the bacteria enters the nerve is very difficult to ascertain 
because of the long incubation period of  the disease , which is commonly believed to be in 
the order of 2 - 5  years.  In view of all that has been said it is likely that its length is deter
mined by the relative excess of proliferation over elimination .  It is likely , if the endoneural 
environment is the most favourable for growth and if the infection is to be established,  
that M. Zeprae colonizes these cells very early on.  Subclinical infection represents the situ
ation where the host is sensitized and M. leprae is eliminated  before it is able to reach the 
Schwann cells . 

Initially the presence or absence of lymphocyte tolerance to M. leprae will determine 
whether the bacteria reaches the Schwann cells, and indeed other cells of the body, but if 
it becomes established here this further contributes to the immunological defect by de
creased macrophage function.  

Leprosy can therefore be seen to be a disease in which the immune system plays a 
major part in the disease process. 
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Leprosy and the community 

ILEP : THE INTERNATIONAL FEDERATION OF ANTI-LEPROSY ASSOCIATIONS :  
234 BLYTHE ROAD , LONDON W 1 4  OHJ 

Recently , the Coordinating Bureau have kindly sent a number of items of  information : 

( 1 )  ILEP FLA SH. Printed in French and English. No 8 1 /2  of July 1 9 8 1  includes sec
tions on : an appeal for the eradication of  leprosy by Mrs Indira Gandhi at the 34th World 
Health Assembly (Geneva , 6 May 1 9 8 1 ) ; the beatification of  Father Damien ; 7 5 th Anni
versary of American Leprosy Missions ; LEPRA's ring fun d ;  a new manager for the German 
Leprosy Relief Association ,  Mr Wilhelm Dewald ; OCCGE Technical Conference in Bamako , 
April 1 9 8 1 ; the ILEP Calendar ; and finally a p age of recent publications. 

(2) 36th Meeting of th e Medical Com m ission in Copenhagen, June 1 981 . Some of 
the important matters discussed included : combined chemotherapy regimens, ILEP Guide

lines for the Campaign against Leprosy , careers in leprosy , post-graduate training leprosy 
for doctors with p articular reference to nationals of endemic countries in Africa, a tech
nical guide for smear examination in leprosy by direct microscopy, teaching materials, a 
reference centre for teaching material and documents in Amsterdam, I LEP strategy , re
search , and the International Leprosy Congress to be held in Delhi, 1 98 3 .  

( 3 )  A t  its recent meeting in Copenhagen ,  the International Federation o f  Anti-leprosy 
Associations ( I LEP) elected  'Secours aux Lepreux '  (Canada) a full member of the Feder
ation.  

(4)  A revised atlas of leprosy distribution in the world has been prepared by the Damien 
Foundation,  Belgium.  

(5)  ILEP is  collaborating with the International Leprosy Association in the planning 
and financing of the International Leprosy Congress to be held in New Delhi in November 
1 9 83 . 

( 6 )  The Leprosy Documenta tion Service, A msterdam. ILEP has issued an appeal for 
copies of all teaching material to be sent to this centre in Amsterdam ; we publish the full 
text of this important request on p age 3 7 5  of this issue .  

THELEP : REPORT OF T H E  EIGHTH MEETING OF T H E  STEERING COMMITTEE 
OF THE SCIENTIFIC WORKING GROUP ON THE CHEMOTHERAPY OF LEPROSY 
(THELEP), GENEVA, 23-24 OCTOB ER 1 980 

Because it  appeared that the widespread nature of the problem of dapsone resistance had 
been conclusively demonstrated ,  the decision was taken not to undertake formal surveys 
of the prevalence of secondary dapsone resistance in addition to those already in progress . 
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Rather, THELEP will promote the establishment of regional and national mouse-foot-pad 
laboratories, and encourage continuing surveillance of primary drug resistance in leprosy 
control programmes.  Two large-scale field trials of chemotherapy of lepromatous leprosy 
are to be undertaken, employing one multi-drug regimen. A revised draft protocol for 
short-term trials of chemotherapy of lepromatous leprosy was adopted,  and a search for a 
suitable trial site launched.  Preparation of a protocol for trials of chemotherapy of non
lepromatous leprosy was commissione d .  Fifteen applications for research support were 
reviewed ; 4 were new, and 1 1  were for continued support . Twelve were approved for a 
total of US$ 2 5 6 026 .  

THELEP: REPORT OF THE NINTH MEETING OF THE STEERING COMMITTEE OF 
THE SCIENTIFIC WORKING GROUP ON THE CHEMOTHERAPY OF LEPROSY 
(THELEP}. GENEVA 8-1 0APRIL 1 9 8 1  

Progress in 3 ongoing prevalence surveys o f  dapsone resistance was reviewed , and a new 
survey in Cuba was approved .  The THELEP Field Trial regimen was reconsidered,  and 
once again found to be cost-effective .  Progress in the 1 2  formal controlled clinical trials 
was again reviewed , and investigation of cases of jaundice at one of the treatment centres 
was initiated . Prop osals for 2 short-term trials of ethionamide and prothionamide were 
approved .  A search for new compounds possibly active against My cobacterium leprae 
was initiated ,  and a workshop on the Ridley-Jopling classification of leprosy was re-schedu
led . Twenty-one applications for research support were reviewed ; 20 were approved,  for a 
total of US$ 3 2 6 3 5 3 .  Finally , plans were made for the next SC meeting , to be held in 
Rangoon in Novem ber 1 98 1 ,  in conjunction with a Scientific meeting to be jointly co
sponsored by the Southeast Asia ( SEARO) and Western Pacific (WPRO) Regional Offices 
of WHO and IMM LEP. 

TD R :  SPECIAL PROGRAMME FOR RESEARCH AND TRAINING IN TROPICAL DIS
EASES 

We gratefully acknowledge receipt of the following documents : 
( I )  Report of the IMMLEP Subcommittee Meeting on the Planning of Leprosy Vaccine 

Trials .  TDR/IMMLEP ( SUB-TRIALS)/80 . 3 .  
( 2 )  Methods used for testing potency o f  vaccine against M. Zeprae in mice a t  the WHO 

Collaborating Centre for reference and research on M. /eprae by Charles C Shepard , Centre 
for Disease Control, Atlanta, Georgia 3 03 3 3 ,  USA.  TD R/LEP/PRT/80 . 1 .  
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Field Workers' Forum 

ALL AFRIC A LEPROSY & REHABILITATION T RAINING CENTRE (ALERT) 
INTERNATIONAL COURSES PROGRAMME 1 982 

Dr J Warndorff, Director of  Training ,  has  supplied the following details : 

Monday 1 1  J anuary- Saturday 1 3  March : 
Course for Senior Rural Area Supervisors on Clinical Leprosy and Leprosy Control. 
The course will include 2 weeks of  field work . 

Monday 1 2  April- Saturday 8 May : 
Course for Me dical Officers with emphasis on Clinical Leprosy and Teaching of 
Leprosy . 

Monday 1 0  May- Saturday 2 9  May : 
Course on Dermatology in the Tropics for Medical Officers , Medical Assistants ,  Nurses. 

Monday 1 3  September- Saturday 30 October : 
Course for Physiotherapists in conjunction with the : 

Monday 2 7  September- Saturday 3 0  October : 
Course for Medical Officers with emphasis on Clinical Leprosy and Leprosy Control. 
The course will include 1 week of field work. 

Apply to ALERT, P .O .  Box 1 6 5 ,  Addis Ababa, Ethiopia. 

SASAKAWA MEMORIAL HEALTH FOUNDATION,  JAPAN . REFERENCE AND 
HEALTH LEARNING MATERIALS FOR LEPROSY. MAY, 1 9 8 1  

D r  Y o  Yuasa,  Executive Director of SMHF,  has kin dly supplied information about the 
following list of materials , some of which may be available free of charge to bona fide 
applicants from individuals and institutions in East and Sou th east A sian coun tries with which 
SMHF has working rela tionsh ips - namely Korea, Taiwan, Philippines, Indonesia, Malaysia, 
Thailand, Burma and Nepal. It is important to note the geographic restriction of this offer. 
Applicants in the countries listed should apply to the Executive Director, Sasakawa 
Memorial Health Foundation,  Sabokaikan Building,  2-7-5 Hirakawa-Cho,  Chiyoda-Ku, 
Tokyo 1 0 2 ,  Japan, for full details . 

R EFERENCE MA TERIAL S. (Available free from Sasakawa Memorial Health Foundation) 

Periodicals : 

P- l In ternational Journal of L eprosy, International Leprosy Association . Quarterly 
P-2 L eprosy in India , Indian Leprosy Association .  Quarterly 
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P-3 Excerp ta Medica: Leprosy and R elated Subjects. Excerpta Medica on behalf of the 
Leprosy Documentation Service .  1 0  issues/year 

P-4 Leprosy R eview,  British Leprosy Relief Association . Quarterly 
P-5 WHO Chronicle , WHO, Geneva . Monthly 

WHO Publicatio ns (except periodicals) :  

WH0- 1  A Gu ide t o  Leprosy Con trol, WHO/Geneva , 1 9 8 0 ,  pp.  9 6 ,  Sw.fr 1 5 .00  
WHO-2 Leprosy in  Ch ildren , WHO/Geneva, 1 97 6 ,  pp .  2 8 ,  Sw.fr 9 .00 

WHO-3 WHO Expert Com m ittee on Leprosy ,  WHO/Geneva , 1 97 7 ,  pp. 4 8 ,  Sw.fr 6 .00  

A UDIO VISUA L MA TERIA L S. (Available from Sasakawa Memorial Health Foundation) 

Health Edu ca tion Films 

HEF-1  

HEF-2 

HEF-3 

HEF-4 
H EF-5 
HEF-6 
HEF-7 

HEF-8 

HEF-9 

HEF- I O  

The Net ,  The Leprosy Mission,  2 5  min , colour, location India, (English) £ 1 70 
(approx . )  

Leprosy,  Lepra (British Leprosy Relief Association) ,  3 6  min ,  colour, (English) 
£ 3 3 0  (approx . )  

Morbus Hansen, NSL (Netherlands Leprosy Relief Association) , 2 5  min ,  colour, 
location Indonesia and Kenya, ( English) HFL2 , 1  00 (approx . )  

Kusta , NSL,  27  min , colour, location In donesia, (English) HFL2 , 1 00 (approx . )  
Karibu ,  N S L ,  3 1  min , colour, location Kenya, (English) HFL2 1 , 1 00 (approx . )  
Siku Moja , NSL,  2 7  min , colour, location Kenya, ( Swahili) HFL2 , 1  0 0  (approx . )  

Helping Hands, NSL,  3 0  min , colour, location Ethiopia , (English) HFL2 , 1 00 
(appro x . )  

Sarva Mangalam , NSL,  2 8  min , colour, location Nepal, ( English) HFL2 , l 00 
(approx . )  

A rmauer Hansen - Discoverer of the  Leprosy Bacillus,  Svekon Film , 40 min, 
colour, (English) US$6 8 0  (approx . )  

Toward Eradication of Hansen 's Disease , Sasakawa Memorial Health Foundation, 
36 min , colour, location Philippines,  Thailand, Korea, ( English & Japanese ) 

Scien tific Films 

SCF-1  L eprosy ,  Science Service Berlin , 3 0  min , colour, location Ethiopia etc . ,  (English, 
German, French ,  Spanish) DM2 ,200 (approx . )  

SCF-2 L eprosy - Therapy , Science Service Berlin , 24 min , colour, location Ethiopia etc, 
(English , German , French, Spanish) DM 1 ,6 5 0  (approx . )  

SCF-3 Leprosy - Rehabilita tion,  Science Service Berlin , 2 4  min , colour, ( English, 
German, French , Spanish) DM 1 , 6 5 0  (approx . )  

HEALTH EDUCATION IN LEPROSY THROUGH THE MEDIUM OF WRITTEN PERSON
ALIZED NARRATIVES. ROBIN GRIGGS. THE UNIVERSITY OF LONDON 

Mr David Morley of  the Institute of  Child Health in London has drawn attention to this 
stu dy which uses a story ,  based on real life situations in Burma, as a medium for teaching 
health care in leprosy . His complete manuscript,  which formed the basis of a curriculum 
option on education through the medium of a second language in the Institute of Education 
in the Universtiy of  London, in cludes an introduction outlining the rationale of such an 
approach , which the author considers might be adapted for film , radio , travelling shows/ 
plays comic strips and traditional b ooks. Further details from Mr R Griggs at 'Blakes ' ,  Toot 
Hill , Near Ongar, Essex , U .K .  
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News and Notes 

HIND KUSHT NIVARAN SANGH AND A M  G INTERNATIONAL.  SOUVENIR CUM 
PROC EEDINGS OF THE 2ND SEMINAR ON LEPROSY, SEPTEMBER, 1 980 ,  AT 
HYDE RABAD , INDIA 

We acknowledge with thanks receipt of this l 3 3-page account of an important seminar, the 
main subject headings being : bacteriological examination, blood groups, chemoprophylaxis , 
clinical features, dapsone resistance,  deformities ,  differential diagnosis , discharge from 
control, health education,  immunology , integration of leprosy work, leprosy in children , 
leprosy control and prevention,  leprosy and law, leprosy in medical curriculum,  national 
leprosy control programme,  nerve in leprosy, poly therapy in leprosy , reactions,  rehabili
tation, supervision, surgery , transmission, treatment,  types of leprosy, urban leprosy work 

and WHO. 
(The address of HKNS is Andhra Pradesh , 3 -4-760 ,  Barkatpura, Hyderabad-500 0 2 7 )  

LEPR OSY IN CHILDREN BY D R  F M NOUSSITOU ; NOW AVAILABLE IN ARABIC & 
PORTUGUESE 

Dr H Sansarricq, Chief Medical Officer, Leprosy , Division of Communicable Diseases, WHO,  
1 2 1 1 Geneva, 2 7 ,  Switzerland ,  has kindly drawn our attention to the  issue of this excellent 
book in Arabic . It is available from the Distribution and Sales Service of WHO , as above . 

Through Amici dei Lebbrosi, 4 Via Borselli, 1 40 1 3 5 ,  Bologna, Italy , it is now also 
available in Portuguese, under the title A L epra na Crianca . 

JOINT ACTION 

Published by the Public Relations Division ; the G erman Leprosy Relief Association, India, 
quarterly ; annual subscription 4 0  p aise . 

We are late in congratulating those concerned with this publication , which will carry 
'news and views on leprosy for the information of the public' .  Volume 1 , number I , 
January-March 1 9 80 carried messages from Dr Sansarricq in Geneva, the Minister of Educa
tion and Culture in New Delhi and Herr Kober, the Executive Director of the German 
Leprosy Relief Association .  
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ALERT AND AHRI ; ADDIS ABABA , ETHIOPIA ; REQUEST FOR BOOKS AND 
JOURNALS 

Mr Bernt Johannessen , Executive Director of ALERT, has written to say that the joint 
AHRI library would greatly appreciate any of the following :  

( 1 )  Standard textbooks on leprosy for the library ; previous editions of older books may be 
m ore than acceptable . 

( 2 )  Old issues (back numbers) of  the In ternational Journal of L eprosy and L eprosy 
Review (pre-I  970) .  

( 3 )  Any teaching slides with instructional text .  
(4)  New books on leprosy , recently produced or published.  

(It  is clearly important to check with Mr J ohannessen before dispatching any of the above , 
since some items may by now have been submitted .  Within reason,  heavier material might be 
taken to ALERT by members of the Medical Committee on their yearly or twice yearly 
visits, from either Oxford, Oslo, USA or Amsterdam ; details from this Office . Editor) 

MEDICA L TEA CHER . VOLUME 3, NUMBER 3, JULY 1 9 8 1  

This is a journal for educators i n  the health sciences, published quarterly b y  Update Publica
tions Ltd ,  3 3 /34 Alfred Place , London WC 1 E 7DP.  This issue contains valuable contribu
tions on the teaching of nurses, the enhancement of teaching skills in medical schools, and 
the availability of aadiovisual material from a centre in the University of Newcastle-upon
Tyne in the U .K .  

AFRICA HEA L TH. VOLUME 3 ,  NUMBER 10 ,  JULY 1 9 8 1  

A recent issue carried a n  excellent article o n  leprosy . The current one includes sections on 
leishmaniasis and the establishment of a health centre laboratory for a rural p opulation. 
Although aimed mainly at readers who are concerned with the importation, specification 
or purchase of medical and hospital supplies and services, this journal carries a great deal of 
information on medical subjects in Africa generally and is circulated free of charge to 
qualified readers in a number of African countries.  Apply to Africa Health ; Enquiry Service , 

, 429  Brighton Road , South Croydon, Surrey CR2 9PS ,  U . K .  

PROGRAMME NATIONAL DE LUTTE CONTRE LA LEPRE. RAPPORT ANNUEL, 1 980 

We acknowledge with pleasure receipt of this excellent account of activities in the leprosy 
control programme of Togo for the year 1 9 8 0 .  This 24 page document is introduced by Dr 
A A Edorh, Chief Medical Officer of the National Service for Infectious Diseases and 
Endemic Diseases .  There is also a statistical annex with detailed figures on all aspects of 
leprosy in Togo. 
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AHRI ; THE ARMAUER HANSEN RESEARCH INSTITUTE , ADDIS ABABA , ETHIOPIA ;  
ANNUAL REPORT FOR 1 980 

This 34-page report gives a full account of activities in  1 9 8 0  under the following headings : 
Armauer Hansen Research Institute ( origin and development) ; personnel ; research activi
ties ; publications ; conference ; training ; meetings ; library ; animal house AHRI property ; 
finance . 

PRIMARY HEALTH CARE ; NATIONAL COUNCI L FOR INTERNATIONAL HEALTH ; 
CONFERENCE ON THE TRAINING AND SUPPORT OF PRIMARY HEALTH CARE 
WORKE RS ,  WASHINGTON DC, JUNE 1 9 8 1  

Central themes included : ( 1 )  training and support o f  primary health care workers ; ( 2 )  imple
menting PHCWs training in times of  economic restraint ; ( 3 )  the practical aspects of training 
policies and priorities ;  (4)  technical management and supervision of PHCWs ; ( 5 )  the 
challenge of adapting programme support to local realities ; and (6 ) the Year 2000 ; how will 
we feel? 

THE HEISER PROGRAM FOR RESEARCH IN LEPROSY , 1 982 

We have received details of  the  usual awards which are  available from this Program in  the 
USA ; they include Post-doctoral Research Fellowship s, Research Grants and Visiting Re
search Awards.  Information may be obtained from :  The Heiser Program for Research in 
Leprosy , 4 5 0  East 6 3rd Street ,  New York, New York 1 002 1 ,  USA.  
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Book Reviews 

Mycobacterial Diseases, by John M Grange . 
No.  1 of Current Topics in Infection , 1 98 0 .  
London : Edward Arnold Ltd .  Price £9 . 7 5 .  

After a general description o f  the genus 
Mycobacteriu m,  with special reference to 
the species which are pathogenic to man 
and/or animals, Dr Granger goes on to 
describe the immunology of mycobacterial 
diseases,  including the immune spectrum in 
tuberculosis and leprosy . He rightly stresses 
the importance of gaining a full under
standing of the immune mechanisms in 
leprosy if an effective vaccine against the 
disease is to be developed for, as he says,  
'any inappropriate interference with the 
immune response could be disastrous' .  
However, the statement that 'leprosy i s  a 
disease of low infectivity ' is not strictly 
correct in the light of the high incidence of 
subclinical infection among leprosy contacts ; 
it would b e  more appropriate to say that the 
rate of transmission of M. leprae is very 
significantly higher than the disease attack 
rate .  

Clinical manifestations of  tuberculosis 
and leprosy are described,  together with 
their bacteriology , histology and treatment, 
and a chapter is devoted to other myco
bacterial diseases and their therapy , including 
M. ulcerans infection (Buruli ulcer) and M. 
marinum infection ( swimming-pool granu
loma) . 

This very readable book of 1 1 5 pages 
contains a wealth of information and will 
prove of particular value to students, general 
physicians and research workers . It is illus
trated by a dozen black-and-white photo
graphs, and a well-chosen bibliography is 
provided for those who may wish to delve 

more deeply into specific aspects of this 
complex and challenging subject .  

WH JOPLING 

Laboratory Services at Primary Health Care 
Level. WHO. LAB/79 . 1 

This WHO publication begins with the fol
lowing paragraphs: 

'This document follows a World Health 
Assembly Resolution (WHA29.74)  adopted 
in 1 976  which requested  WHO to . . .  "develop 
a programme of health technology relating 
to primary health care and rural develop
ment as part of the overall primary health 
care programme . . .  ". This technology also 
refers to applied laboratory science which 
should be appropriate ,  inexpensive , accept
able and easily handled by the laboratory 
personnel working at the peripheral level and 
in certain cases some of the tests could be 
carried out by other members of the health 
team. The laboratories will provide technical 
support for the preventive , curative and pro
motive services for both the community and 
the individual, shaped around the life 
pattern of the population .  

In many developing countries ,  four 
echelons might be considered in the organiz
ation and structure of primary health care 
and rural development . In some countries, 
certain echelons might be combined ( par
ticularly 2 and 3 )  or simply do not exist : 

( 1 )  At village level, health care is carried out 
by a village health worker, often under 
the monitoring of a village health com
mittee and technically supported by the 
next echelons of the village services 
system, aimed at the total well-being of 
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the community . This includes the recog
nition, control and treatment , where 
possible, of important communicable 
diseases ,  child and maternal welfare , 
nutrition and hygiene .  

( 2 )  Health work i n  a dispensary o r  sub
health centre, health post or clinic, 
which may serve several villages and be 
staffed by a small team of 2 or 3 health 
workers . 

( 3 )  A health centre which provides support 
services and is part of the referral for 
the village and dispensary health workers .  
The health centre could serve a popu
lation of 5 ,000 to 1 0 ,000,  though in 
some countries it covers a larger number 
of people . The staff could be 4 or more 
working closely together as a team to 
promote health development in the area 
served. 

(4) The primary level hospital, acts as the 
next place of referral. I t  receives patients 
requiring medical attention including 
minor surgery and at risk obstetrical 
cases and provides technical and logistic 
support to the health centre team . The 
primary level hospital may also provide 
training facilities for health-centre teams 
and village workers . I n  certain countries ,  
this hospital is more developed and 
therefore not considered at primary-care 
level but at intermediate level . '  

I t  goes o n  to describe the organization 

Book R eviews 3 7 1  

of a laboratory in a health centre and to list 
the essential tests and methods to be used at 
this level .  This is followed by a similar de
scription of laboratory services at a primary 
level hospital, again with lists of appropriate 
tests and methods. The final sections deal 
with collection and dispatch of laboratory 
specimens and the training of laboratory 
workers for primary health-care level. There 
are detailed annexes on equipment, supple
mentary tests and reagents. The latter in
clude one or two surprising chemicals, at 
least to workers in the United Kingdom. 
Thus o-tolidine (pp. 14 and 1 8) and I-naph
thylamine ( p .  1 8) are both known car
cinogens ; basic fuchsin (pp.  1 4  and 1 8) ,  and 
gentian violet (pp .  1 4  and 1 8) are both 
suspect carcinogens ; potassium cyanide (pp. 
1 4  and 1 8) ,  and sodium arsenite (p .  1 8) are 
both schedule 1 poisons, whilst O-toluidine , 
phenol, phenyl mercuric acetate, sodium 
azide ,  sodium nitroprusside ( all on p. 1 8) and 
thiosemicarbazide (p. 1 9) are all poisonous 
in some degree and should be used carefully. 
The inclusion in this list of O-toluidine is 
particularly surprising,  especially as the 
method advised on page 8 for the examin
ation of occult blood recommends amino
pyrine.  Although this document loses no 
opportunity to stress the importance of 
training and supervision, the inclusion of 
some of the above chemicals, under the 
conditions described, is open to criticism.  

AC MCDOUGALL 
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Abstracts 

The following are reproduced with our grate

ful acknowledgement to the Bureau of 
Hygiene and Tropical Medicine ,  Keppel 
Street ,  London WC l E 7HT. 

4.  Therapy 

23 .  PATTYN S R ,  BOURALDN J ,  WARN
DORFF J ,  CAP A, SAEREN S  E J  ( 1 979)  
Short course two months' treatment of  
paucibacillary leprosy with rifampicin . 
Preliminary results. A n nales de la Societe 
Belge de Medecine Tropicale 59 ( 1 ) , 7 9 -
8 5 .  

'The possibility o f  treating paucibacillary 
leprosy by a short course rifampicin regimen 
was investigated in a pilot trial in Bujumbura 
and a controlled trial in Addis Ababa. 
Rifampicin was administered once weekly 
in a dose of 900 mg during 8 weeks . 

'Clinical im provement continued after 
the administration of RMP was stopped 
and no systematic adverse effects associated 
with the intermittent RMP administration 
were observed .  

The follow-up period was one year .  
The clinical observation and examination 
of biopsies give the impression that this 
short course RMP treatment is not as good 
as standard dapsone therapy.  

Three patients in the RMP group de
veloped neuritis ,  this was not significantly 
different when compared with the dapsone 
group and the neuritis developed after 
the RMP treatment had been stopped.  
Continuing observation of the patients is  
necessary . 

[ This in an interesting report on a subject 
of the utmost importance to all  engaged 
in leprosy control , since it is now abun-

dantly clear, from most parts of the world 
where leprosy is endemic , that patients 
do not attend for the periods  of treatment ,  
many of them extending over several years,  
which are advised by expert bodies .  Short 
courses of chemotherapy ,  followed either 
by stopping drugs altogether plus intensive 
observation and follow-up , or by mainten
ance thereafter with dapsone in the order 
of 50 to 1 00 mg daily (similarly followed 
by close observation) ,  are thus of  vital 
interest . In the absence of an in vitro culture 
for the leprosy bacillus and of readily 
available animal models,  including foot
pad inoculation , the assessment of these 
short courses must lean heavily on long
continued clinical observation , slit-skin 
smears , and the histopathological examin
ation of  biopsies .  Although this trial was 
originally intended to have a follow-up 
period of 3 years , the authors stress that 
circumstances beyond their control (pre
sumably continued fighting in Ethiopia) 
have led them to report preliminary results ; 
the maximum follow-up for patients in 
Bujumbura was 69  weeks , and for patients 
in Addis Ababa, 64 weeks . There is a minor, 
but unfortunate misprint in Table 1 and 
paragraph 3 on page 8 1 ,  where LI (meaning 
indefinite lepromatous , synonym subpolar 
lepromatous) should read Idt ,  meaning 
Indeterminate . Although this report is 
neither complete as yet , nor entirely con
vincing in the matter of clinical assessment , 
the authors are almost certainly right in 
one of their main conclusions ,  namely 
that ' . . .  other short course drug regimens 
may be imagined which, if successful , 
could dramatically change the strategy of .  
leprosy treatment ' ] . 

A C McDougall 
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24. VENKATENSAN K, BHARADWAJ VP, 
G I RDHAR BK ( 1 979)  Effect of ascorbic 
acid on blood levels of DDS . L eprosy in 
India 5 1  (4 ) , 5 1 1 - 1 4 .  

' A  study was undertaken t o  probe into 
the influence of ascorbic acid on the 
absorption and metabolism of administered 
DDS in leprosy patients.  Vit 'C'  supplemen
tation did not generally exhibit any effect 
on blood levels DDS except in cases of BB 
and LL where only 8 hrs DDS values showed 
a statistically significant increase . '  

25 . GODOH M ,  SAKAM OTO Y ,  TSUTSUMI  
S ,  FUNAZU T,  KOIDE S ,  NARITA M 
( 1 979)  [Trials for chemoprophylaxis of 
leprosy by DDS ; fundamental studies on 
an artificial DDS-rice] Japanese Journal 
of L eprosy 48 ( 1 ) , 1 -6 [ In Japanese ] 

'Thinking about a past trial for the improve
ment of malnutrition by vitamins annexed 
to rice grains, the artificial rice grains 
adsorbing DDS and coating with zein palm
itic acid were prepared .  

The fundamental studies o n  the artificial 
rice grains were performed by employing 
14C_DDS and 35 S-D D S .  The coating effect 
to prevent the flowing out of  D D S  during 
washing of grains was noticed and the 
flowing was also not marked in case of 
lipoluble [ liposoluble? ] medicament . 

The metabolism of DDS annexed to rice 
grains was compared with that of DDS 
by  rats and man .  The result showed the 
probable absorption of D D S  from stomach 
wall if it is annexed to rice grains .  

In the same time,  the  distribution of 
DDS to the embryos of  rats was examined .  

The suitable usage of the artificial DDS
rice was discussed . '  

26 . GUPTE MD ( 1 9 7 9 )  Dapsone treatment 
and deformities-a retrospective study . 
L eprosy in India 5 1  ( 2 ) ,  2 1 8 - 2 3 5  

This paper describes the findings i n  2608  
patients with various types of leprosy , seen 
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in the Gandhi Memorial Leprosy Foun
dation , Maharashtra , India, during the years 
1 96 3 - 7 2 .  

There are 1 4  tables which attempt t o  
correlate regularity of attendance with 
deformity rates ,  as also the incidence of 
reactions and deformities in patients who 
were originally undeformed.  The main 
conclusions are as follows : 

( 1 )  Patients having problems like neuritis 
and deformities and of the types lepro
matous and borderline were the ones who 
tended to be regular clinic attenders . 

( 2 )  Lepromatous and Borderline and 
Polyneuritic types and N3 group were prone 
to develop deformities .  

(3 )  There seemed to be association 
between reaction and causation of de
formities. 

(4) Because of  the neurotoxic effect 
and ability to concentrate in the affected 
nerves,  dapsone might enhance the risk of 
deformities.  

(5) Low deformity rates in Nl and N2 
types of nerve involvement reaffirmed the 
necessity of  early diagnosis of  leprosy . 

[ Few would doubt that adverse reactions,  
whether of cell-mediated or humoral type, 
may cause nerve damage , especially if 
not diagnosed early and treated with steroids 
or other appropriate drugs . Conclusion 
(4) above , however, and the main paragraph 
in the Discussion,  imply that the author 
believes dapsone may have a direct neuro
toxic effect on nerves , causing a peripheral 
neuropathy . He lists most of the publications 
in the literature where this neuropathic 
effect has been observed , following the use 
of dapsone in various conditions other 
than leprosy. But in fact ,  the total number 
of cases is remarkably small and it is a 
striking fact that of the many thousands 
of people who have received dapsone for 
the treatment of dermatitis herpetiformis ,  
often in  doses much higher than those 
used for the treatment of leprosy , and 
over a period of many years, few have 
been recorded as developing a neuropathy 
attributable to the drug. ] 

A C McDougall 
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2 7 .  GIDOH M ,  TSUTSUMI S ,  FUNAZU T ,  
K O I D E  S ,  NARITA M ( 1 9 7 9 )  On charac
teristic antiinflammatory effects of several 
antileprosy drugs. Japanese Journal of 
Leprosy 48 ( 1 ) , 7 - 1 8  

The authors made use of several procedures 
now available in an attempt to determine 
and in some cases to quantify the anti
inflammatory action -long-suspected but 
not demonstrated precisely -of several drugs 
used in the treatment of leprosy , including 
drugs used empirically for their alleged anti
inflammatory action.  In addition to the 
carrageen-induced acute oedema observed 
in rats, they employed such investigations 
as: Pontamine Sky Blue skin diffusion ,  
the carboxymethyl cellulose pouch, adjuvant
induced arthritis etc .  

By comparing and contrasting the diverse 
results obtained with these various methods 
of assessing the anti-inflammatory action of  
several standard drugs used in leprosy , 
the authors were able to demonstrate a 
strong action in the case of dapsone in 
some tests, but weak in other test s ;  similarly , 
with clofazimine and thalidomide,  the 
anti-inflammatory effect seemed to vary 
with the method used for the investigation.  

Obviously , more work needs to be done 
on the suspected anti-inflammatory action 
of anti leprosy drugs, since the mechanisms 

may vary from drug to drug, and no single 
test will show positive results with all 
drugs having somewhat similar clinical 
results .  

S G Bro wne 

2 8 .  MEHTA 1M , NIMBALKAR ST, 

THALA Y AN, K ( 1 9 7 9 )  A new approach 

in the relief of pain of leprous neuritis. 

Leprosy in India 5 1  (4 ) , 4 5 9 -464 

'Transcutaneous Nerve Stimulation (TNS) 
has  been known since the last several 
decades to relieve pain in many conditions .  
For the first time it  was used in the treat
ment of the severe and agonizing pain caused 
by leprous neuritis with highly beneficial 
results without producing any side effects.  

This study was made on 40 patients,  and in 
the majority of the cases there was total 
relief of pain with one application of a few 
hours ' duration. This encouraging result 
has led the authors to the conclusion that 
TNS could be a useful tool in a hospital 
where leprosy patients are treated . '  

29 .  NIGAM P ,  SIDDIQUE M IA ,  PANDEY 
NR, AWASTHI KN, SRIWASTAVA RN 
( 1 9 7 9 )  Irregularity of treatment in leprosy 
patients : its magnitude and causes. Leprosy 
in India 5 1  (4) , 5 2 1 - 5 3 2  

'Irregularity o f  treatment has been proved 
to be a general problem and there is scanty 
information about the reasons for the 
irregularity .  1 9 70 patients were studied 
to determine the reasons for irregularity 
by regularity in attending the clinic as well 
as by dapsone/creatinine ratio in urine.  
5 2% of the patients were regularly attending 
the clinic and thereby can be said to be 
regular in treatment whereas dapsone/ 
creatinine ratio in urine showed that only 
4 7 .7% were actually regular in taking the 
drugs . Therefore, regularity of  attendance 
is no guarantee of  regularity of dosage. 
The patients who were irregular in treatment 
were interviewed to find out the reasons 
behind their irregularity .  It was noticed 
that most of them ( 6 0 . 6% )  attended the 
clinic for dapsone treatment but could 
not come regularly for valid reasons e .g . ,  
economic reasons (29 .9%) ,  no time to attend 
clinic ( 1 2 . 5% ) ,  ignorance (22 .9%) , social 
stigma etc .  ( 1 .2%) .  

' Irregularity in treatment can possibly 
be avoided by providing them extra amount 
of drug when need arises, means to contact 
patients and creating faith in them towards 
the treatment , educative talks and providing 
jobs in sheltered workshop till they can be 
rehabilitated in the society . '  

5. Epidemiology 

3 0 .  ABREU A, WERTHEIN LJ,  RUIZ DE 
D E  ZARATE S ( 1 9 7 8 )  Doce aiios de  



vacunacion BCG y lepra infantil en Cuba. 

[ 1 2-year vaccination with BCG vaccine 
and infantile leprosy in Cuba] R e vista 
Cu bana de Higiene y Epidem ioiogia 1 6  
( 1  ) ,  6 3  - 7 2  English summary 

The authors review the effects of BCG 
vaccination on the incidence of child leprosy 
in Cuba during the 1 2-year period 1 96 5  
t o  1 9 7 6 .  Since 1 96 3  every infant born i n  an 
institution has been vaccinated with BCG 
vaccine and revaccinated at 5 y ears until 
1 9 70 but thereafter at approximately 
1 0  years after the first vaccination.  1 3 3 
( 7 3 .9%) of the 1 80 cases of leprosy occurr
ing in children aged under 1 5  years during 
the duodecennium were studied .  60 (45 . 1 %) 
of these children had been vaccinated 
while 7 3  ( 5 4 .9%) were unvaccinated .  6 6  
m embers o f  the group were males and 
67 were females.  Bacteriological examin
ation was positive in 3 1  patients ( 2 3 .3%)  
but  negative in  the  remaining 1 02 ( 7 6 .7%) 
of  those found clinically positive . Anaesthetic 
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patches were observed in 1 02 cases and 
cutaneous nodules in 1 4  cases . 95 children 
( 7 1 .4%) had been in contact with leprosy 
patients but in 3 8  others ( 2 8 .6%) no contact 
was traceable .  There were 2 8  cases of 
lepromatous leprosy (2 1 .0%),  4 cases of 
dimorphous leprosy (3 .0%),  56 cases of 
indeterminate leprosy (42 . 1 %) and 45 
cases of  tuberculoid leprosy (3 3 .9%) .  24 
of the cases of  lepromatous disease ( 8 5 .7%) 
were among unvaccinated children,  but  
there were only 4 in the vaccinated group , 
which is interpreted as being due to the 
effect of  the BCG vaccination.  

Notified cases of tuberculosis in children 
aged under 1 5  years diminished during the 
period in question from 4 9 2  in 1 96 5  to 
3 7  in 1 9 7 5 .  No new case of leprosy has 
been reported in children born since 1 9 70 .  
Studies continue. 

There are 7 tables, 3 histograms  and 3 
sector diagrams.  

J M Wa tson 

Leprosy Documentation Service, Amsterdam 

I LEP and its Medical Commission are very concerned about the shortage of teaching material 
of all kin ds appropriate for the use of health personnel in the Third World .  

Many I LEP Member-Associations are devoting substantial funds to the publication of 
teaching booklets on leprosy , t o  the provision o f  aUdio-visual equipment and material and to 
regular subsidies to  the various leprosy journals. Probably , however, other teaching material 
is being produced outside I LEP and ,  in order to provide information about what is available 
in various languages world-wide,  a leprosy documentation service has been established in 
Amsterdam. 

At its recent Meeting in Copenhagen , on 1 2  June 1 9 8 1 , the I LEP Medical Commission 
requested that copies of all teaching material in whatever language should be sent to this 
Centre . The address is : 

The Leprosy Documentation Service 
Royal Tropical Institute 
63  Mauritskade 
1092  AD AMSTERDAM. 
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