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Al though th e in t roduction of  dapsone mad e possible th e eff ectiv e che�oth crapy of leprosy, w e  have 
req ui r ed m ore than 30 years to learn how to use the d rug proper ly .  From th e b egi nn ing, dapson e 
was used as monoth erapy in a vari ety of dosag es,  a l though, by the t ime th e dru g  was in use 
worldwide, it had a l ready b een establ ish ed that cavi tary pulmonary tuberculosis could not b e  cur ed 
by monoth erapy wi th any ant i tub erculosis drug.  As a r esu l t ,  drug r esistanc e in l eprosy has b ecome a 
s erious probl em,  and d emands imm ediate act ion .  

Dapsone resistance was  first proved!. 2 soon aft er mul tipl ication of Mycobacterium leprae i n  the  
mouse foot -pad had been described . 3.4 I t  was  est imated that ,  during the  period 1 964-66,  the 
pr evalence of dapsone resi stance was only 2 p er 1 000. 5 Howev er, the s i tuat ion had changed by 1 976 
by which t ime it was apparen t that  dapsone r esistance was a l r eady a significant problem.6  Since th e 
establ ishment in 1 977 of the Scien t ific  Working Group on Ch emoth erapy o f  L eprosy (TH E L E P) o f  
t h e  U N DP/World Bank/WHO Special Programme for R es earch a n d  Tra in ing in  Tropical 
Diseases , formal surveys of dapsone resi stanc e, both s econdary and primary,  ha ve been conduct ed 
i n  a number of leprosy-endemic a reas to assess the t rue magn i tude of the threat to leprosy-control  
act ivi t ies . 7 Simi lar studies hav e also b een carri ed out  outs id e TH E L E P. As a resu l t  of  th es e  studi es ,  
not  only i s  secondary dapson e resi stanc e understood to b e  distr ibut ed worldwide,  wi th  rapidly 

i ncreasing preva lence rates and a larming annua l  incidence rates in  some areas;8 also, pr imary 
dapsone r esistance has b een det ected wi th un exp ect ed ly  high pr eva l ence rates 9 .10 I n  addi t ion,  
secondary resistance to bactericidal d rugs other than dapsone, i . e .  ri fampicin ( R-M P) I 1-13.50, 
ethionamide (ETH) 14-16, and c10faz imine (CLO)11, has also been reported, and some strains  resistant 
to two bactericidal drugs, i .e .  doubly resi stant strai ns,  have a lso been detected . II 13. 17. 50 

Basic knowledge and speculation regarding drug resistance in leprosy 

DEF I N I T I O N  OF DRUG RES I STANCE 

Epidemiological ly ,  th ere ar e two typ es of  drug resistance. S econdary or acqui r ed resi stanc e, a resu l t  
of i nadequate chemotherapy, i s  usua l l y  accompanied by a c lassic his tory ,  i .e .  in i t ia l  improvement ,  
fol lowed by deteriorat ion despite continued treatment . 18 The other type i s  primary resi stance, which 
occurs in  patients who have not received chemotherapy, and resu l ts  probably from infect ion with 
drug-resistant organisms that originated from another pat ient who had relapsed with secondary 
resistance. 
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ETIOLOGY OF DRUG RESISTANCE 

M. leprae t i l l  canot be cu l t ivated in vitro, and M. leprae- infection of the foot-pad of the 
immuno logical ly normal mouse does not develop bacterial populat ions la rge enough to contain 
drug-resista nt mutants .  Th us, our knowledge of how drug resi stant M. leprae develop i s  only 
fragmentary.  However, drug resistance of M. tuberculosis has been extensively studied . The 
fo l lowing observations on M. tuberculosis might be useful  in understanding the et iology of drug 
resi stance in leprosy . 

( i )  Resistant  baci l l i  are presen t  in wi ld strains,  i . e .  bacteria l  populat ions that  have never been 
exposed to an ant i tuberculosis drug.  This  phenomenon was fi rst demonst rated a fter the discovery of 
streptomycin ,  and was later found to be characteri st ic of  other ant i tubercu losis drugs as wel l .  These 
resis tant baci l l i  occur  spontaneously as  the resu l t  of m utat ional  events .  The freq uency and degree of 
resistance of these m utants in a wi ld strain depend on many factors, such as the origin of  the strain ,  
t he  drug, i t s  concentrat ion, and  t he  size of  t he bacterial populat ion . The  mutat ion freq uency, which 
is  c lose ly rela ted to the degree of resistance, is  1 0-6 to 1 0-7 for low-,  and 1 0-8 to 1 0-9 for high -degree 
resistance. Therefore, among 1 09 M. tuberculosis, one may expect to find 1 00- 1 000 na t ural ly  
occurring low-resi stant mutants ,  1 0- 1 00 moderately resi stant mutants ,  and 1 - 1 0  h igh ly  resistant 
mutants against  any drug to which resistance occurs i n  step-wise ra ther than single-step fashion .19 23 

( i i )  The development of drug resi stance during t reatment is probably the resul t  of a select ive 
process. Whereas a majority of suscept ible organisms are k i l lcd by the drug, the resi stant  mutants 
survive and m ult ip ly .  Final ly ,  they replace the suscepti ble organisms in  the populat ion .  Drug 
resi stance i s  not the resu l t  of  a progressive adaptation of susceptible organisms to the drug to which 
they are exposed ; no homogenously res istant strai n has ever reverted to suscept ib i l i ty .19 21 

I f  these observat ions can be appl ied by ana logy to M. leprae, drug resistance during 
monotherapy i s  more l ike ly to occur  i n  m ul t i  bac i l lary ( LL ,  B L  and BB)  leprosy. Only 1 08 M. 

tuberculosis are commonly found in  pulmonary cavit ies before chemotherapy. 2o By conserva t ive 
estimate, an untreated mul ti baci l lary patien t has a total of 1 0" organisms, 1 0% of which are 

viable . 24 Assuming the freq uency of the spontaneously resistant mutants of M. leprae to be of the 
same order as for M. tuberculosis, one would expect the fol lowing outcomes: 

(i) when the t reatment i s  regular and in  ful l  dosage, only the h ighly resi stant mutants are l ikely to 
survive after a period of favoura ble response; 
( i i) when the t reatment is  only i n  a low dosage of the d rug, even the low-resi stant muta-nts wi l l  

survive;  
( i i i )  i f  the compliance with t reatment is  poor,  unfortunately a frequent occurrence, 25 (he resi s tan t  
mutants wi l l  survive, because drug concentrat ions i n  blood or tissues cannot  a lways be  maintained 
above certain crit ical leve ls .  It is  possible that ,  in i t ia l ly ,  there may exist on ly  mutants with low
degree resistance, and that the mutants  with h igher degree resi stance arise only as the resu l t  of 
further m utat ions . 2J. 26 

Once the surviving resistant mutants mu lt iply to a certain leve l ,  c l in ical signs of relapse occur .  
Should the pat ient  receive regular treatment i n  ful l  dosage, relapse occurs q ui te late and main ly  wi th 
high-degree resistance. On the other  hand, should the patient receive treatment in  low dosage or 
irregularly ,  relapse occurs ear l ier  and main ly  wi th low- or in termediate-degree resistance, as shown 
by the studies in  M alaysia and Ethiopia . s. 6. 8. 1 8. 27. 28 

I f  these assumptions are true, treatment fai l u re caused by drug resi stance m ust be expected in  
every mul t ibaci l lary patient under monotherapy.  Thus  far, however, no da ta  have demonstrated a 
prevalence rate of secondary dapsone resistance greater than 30% in  any area in which dapsone has 
been used as monotherapy for more than 30 years ( see Table I ) . This means that at  least 50% of 
mul t i  bac i l lary patients do not develop drug resistance. I t  may be argued that ,  because of the 
exquis i te susceptibi l i ty of M. leprae to dapsone, and a lso beca use of the very long generation t ime of 
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Table I. Results of surveys of secondary dapsone resistance 

M inimal 
Number prevalence Incidence Degree of 

Country at risk * (% per year) (% per year) resistance Reference 

Burundi 925 37 majority high (29) 
Costa R ica 200 68 1 · 0 majority high (30) 
China majority high ( 3 1 ) 

(J iangsu) 236 5 1  or in termediate 
(Shanghai)  777 86 majority high (32) 

Ethiopia 1 500 l OOt 3 · 0 mostly in termediate ( 5 ,  1 8) 
or low 

I ndia 
( Karigir i)  1 580 95 majority h igh ( 33-35)  
(Chingleput)  660 29 majority high (unpubl ished 

data) 
I srael 1 00 37  inte rmediate (36)  
M alaysia 

( 1 964-66) 5000 2 0 · 1 h igh (2 ,  5)  
( 1 973)  5000 25 0 · 3 majority h igh (37 )  

M al i  1 05 57 3 · 0 in termediate (38 ,  39) 
or  high 

Upper Volta 355  70  majority h igh (40) 

* All mu lti baci l lary patients who began dapsone monotherapy at  least 5 years ago and 
were sti l l  l iv ing dur ing the survey.7 

t About one-th ird of the resistance confirmed by mouse foot-pad test .  

M. /eprae, cl i nical s igns of resistance wi l l  take many years to appear .  However, i t  can hardly be 
imagined that the majority of them wi l l  ever re lapse . The explanation for th i s  is not evident .  On the 
other hand, there i s  no i ndication that monotherapy can prevent the development  of  drug 

resistance; therefore, that not all patients treated wi th  monotherapy re lapse wi th drug resistance 
does not j usti fy treatment  of patients wi th monotherapy. 

Proof of drug resistance 

Drug resistance should be suspected in a mul t ibaci l lary patien t  who has re lapsed, e i ther under 
treatment or after he has stopped treatment, or whose cl inical response is less favourable than 
expected, or i n  a new patient who may have had an  i nt imate contact with a secondary resistant case .  

Two methods have been used to prove drug resistance .  

CLINICAL TRIAL 

This method, which can be easi ly carried out  anywhere,23 has been used mai n ly  for patients with 

prima facie evidence of secondary d rug resistance .18. 23. 27. 28 After the patient has been ful ly  assessed 
cl in ical ly ,  h istopathological ly ,  and bacteriologica l ly ,  he is  given the tested drug i n  fu l l  dosage .  The 
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fu l l  dosage of dapsone is 300--400 mg twice weekly by injection or 100 mg dai ly by mouth ,  ei ther 
under supervis ion or whi le moni tori ng the urine to confi rm the presence of  su l phone. Cl i nical 
assessmen t, sk in smears and skin biopsy a re repea ted regular ly during the tria l .  If his s trai n of M. 

leprae i s  fu l l y  susceptible to t he drug, t he pat ient  w i l l  respond to t reatment at  the same rate as other 
previously untreated and sensit ive pa t ients .  In drug-resistant cases, several d ifferen t patterns of 
response may be seen . Pa t ients who have previously been on regular, fu l l  dosage treatment wi l l  show 
no, or on ly  partia l ,  response for a brief period , and then deteriorate .  In other pat ients ,  espec ia l ly  
those previously on low or irregular dosage, the in i t ia l  response to the t rea tment wi l l  resemble that  
of drug-sens i t ive pa t ients .  H owever, after a time new,  h i stopatho logica l ly  active les ions appear wi th 
elevated M I ,  and old les ions become react ivated. Proof of resistance by c l in ica l  tr ia l  may req uire 
from 3 months to more than 5 years. 27 

Cl in ical t ria l  is sui table on ly  for those patients who relapse with acti ve, new lesions with high B I  
a n d  M I .  H owever, i n  field surveys, employing t h e  suscept ib i l i ty  test i n  t h e  mouse foot-pad, resi s tant  
strains have been isolated even from patients wi thout  c l inical re lapse .  The c l in ical tr ia l  pays more 
at tent ion to the change of c l in ical signs and MT. The former indicator seems to be too subject ive,  
and the la t ter too difficult  to standardize.  More im portant ly ,  pat ients wi th low-degree resista nce 
may req uire as long as 5 years for confirmation of resi stance, lJ. 28 thus delaying combi ned therapy . 
For these reasons, c l in ical  tr ia l  has genera l ly  been giv

"
en up as a method of confirming drug 

resistance .8 

DRUG SUSC EPT IBILI T Y  TEST IN THE MOUSE FOOT-PA D 

Beca use mouse i noculat ion is not possible un less sufficient organisms are recovered from skin 
biopsy specimens, such tests  can be carried out  on ly  among mul t i  baci l lary pat ients  with a B I  � 3 in  
a t  leas t  one sk in lesion .  The pat ient  can be sta rted on combi ned therapy immediately after the 
biopsy specimen, without await ing the resu l ts  of the study.  Moreover, susceptibi l i ty of the M. leprae 

to a series of drugs can be tested s imul taneously by th i s  method . 
Immunologica l l y  normal mice are inocula ted wi th  5-1 OJ or 104 M. leprae in to one or bot h h ind 

foot -pads, and divided in to  several groups. One group is kept as un t reated controls and fed normal 
diet; the rest  are divided in to  drug-treated groups and fed special  d iets ,  in to which have been 
incorporated d ifferent concentrat ions of  drug.  For example, 3 treated groups are fed diets 
conta in ing 0'0001%, 0'001% or 0·01% dapsone. Usual ly 6-12 months a fter inoculat ion ,  mice are 
sacrificed and the acid-fast baci l l i  are harvested from the foot-pad t issue.  I f  no mUl t ip l icat ion of M. 

leprae is observed i n  the control group, t he test is considered to have fai led , possibly because the 
proport ion of viable baci l l i  i n  the i noculum was too low.  I f  mu l t ipl icat ion of  M. leprae i s  observed 
on ly in the control  group, and not  in the drug-treated groups, the strain i s  considered suscept ible to 
the drug tested . If mu l tip l icat ion of M.leprae is observed in some or a l l  drug-treated mice, the strain 
is resi s tant ,  and the degree of resi stance is reflected by the h ighest concentrat ion of drug i n  t he diet 
that  permi ts  mu l t ip l icat ion of M. leprae. 

Drug suscept ib i l i ty  test ing by the mouse foot-pad technique is qu i te rel iable .  H owever, the test 
is  avai lable in on ly  a l imi ted number of laboratories, and the majori ty of leprosy-contro l  
programmes and leprosaria d o  n o t  have access to mouse foot-pad faci l i t ies .  Therefore, sett ing u p  
regiona l  o r  nat ional  reference laboratories may be desirable. 

Regarding drug-suscept ibi l i ty  testing by this techn ique,  the fol lowing aspects need to be 
discussed, and some of t hem requ i re further study.  

The critical concentration of drug, and the critical proportion of resistant organisms as criteria of drug 
resistance 

The only sat isfactory defini t ion of resi stance is based on the behaviour of wi ld strains .4 1 I n  
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tubercu losis ,  a crit ical concentrat ion of drug and a crit ical proport ion of resistant organisms had 
been set up as criteria of drug resistance. 19. 2 1 

The crit ical concentrations of drugs for the diagnosis of resi stance i n  the mousc foot-pad test 
are the concentrations of drug in the mouse diet ,  these being 0 ·000 I % dapsone, 0 ·000 I %-0 ·00 I % 
CLO, 0 ·003% R M P, and 0 '0 1 %  ETH or prothionamide (PTH ).  

The more important problems appear to be in  relat ion to bactericidal drugs other than 
dapsone. The numbers of  wi ld stra ins fu l l y  t i trated agai nst these drugs have been smal l ,  and the 
criteria for the crit ical concentrations of these drugs are not rel iable .  Therefore, many more wi ld 
stra ins of  M. leprae should be t i trated for suscept ib i l i ty  to  R M P, C LO, and ETH/PTH . These drugs 
have not yet been used in  severa l endemic areas, so there remain good opportuni ties to carry out 
these crucia l  studies. 

To determi ne whether a populat ion of M. tuberculosis i s  drug resi stant  or not,  i t  is not enough 
to establi sh  the presence of  resistant baci l l i; al l  large baci l lary populations contain some. Therefore, 
i t  i s  necessary to determine whether the proportion of resistant baci l l i  i s  abnormal ly  large . 1 9. 2 1 So 
far, there are no data regarding the proportion of resi stant M. leprae in a baci l l ary populat ion .  I t  
m a y  b e  assumed that when t h e  populat ion of a wi ld stra in of M. leprae i s  no l a rger than 1 06, i t  wi l l  
behave as a homogeneous populat ion . As soon as the populat ion becomes large, e .g .  1 010 or more, it 
is  no longer homogeneous for any drug, and has become a m ixed populat ion, beca use of the 
spontaneous occurrence of  resistant m utants .  However, the inocu lum for t he mouse foot-pad is 
usua l l y  of  the order of  1 04 organisms, the majority of  which are dead.  As the frequency of  the 
spontaneous drug-resi stant mutants is very low, probably no la rger than 1 0-6, there is  no possi b i l i ty 
of detect ing t hese resi stant m utants before t reatment .  After severa l months'  treatment with dapsone 
or several days' t reatment with R M P, the majority of  the viable d rug-susceptible baci l l i  have been 
k i l led . But because the total  number of baci l l i  does not change significant ly ,  the proport ion of viable 
baci l l i  decreases to such a level that their capacity to i n fect mice i s  lost .42 

The resistant mu tants cannot be isolated unless they have mu l t ipl ied to a certa in  leve l .  By th is  
t ime,  the v iab le  bacteria l  populat ion has again become v irtua l ly  homogeneous, because the number 
of susceptible baci l l i  has decreased to a low level  as 'persisters ' .  Therefore, at no t ime does i t  appear 
possible to isolate in the mouse a mixed (drug-suscept ible and drug-re istant)  populat ion of M. 

leprae. The isolat ion of drug-resi stant baci l l i  i ndicates that the resistant mutants have mu l t ip l ied , 
and that the patient is a resi stant case. 

Nevertheless, in some drug-susceptibi l i ty tests in  mice, only a small proport ion, e.g. 1 f I  0 or 
even 1 /20, of animals  t reated wi th the lowest concentrat ion (0 ·000 I %) of dapsone demonstrate 
mul t ipl icat ion of M. leprae, whereas the majority of  animals  in the control  group show 
mu lt ipl icat ion.  One explanation of such resu l ts  i s  that the populat ion of M. leprae i s  mixed, with the 
maj ority susceptible to 0 '000 1 %  dapsone, and a mi nority resi stant .  There are a l ternat ive 
explanat ions .  

To test  the possib i l i ty  that the pat ient 's  populat ion of M. leprae is mixed, and,  more 
important ly, to eva luate the relat ionship �etween a resistant stra in  and a resistant patient, the 
fol lowing experiment is  proposed . From those tests i n  which only a small proport ion of animals  fed 
0 ·000 I % dapsone demonstrate mUlt ip l ication of M. leprae, baci l l i  should be recovered from drug
treated m ice, and designated inocu lum A .  Baci l l i  should also be recovered from control an imals  and 
designated i noculum B.  The baci l l i  should be passaged to groups of control mice and to animals  
admin istered 0 ·000 1 % dapsone i n  diet .  I f, at harvest,  a majority of the treated animals  inoculated 
with i noculum A and a smal l  proport ion of the treated animals  inoculated with inoculum B 
demonstrate mu l t ipl icat ion of M. leprae, then there is a mixed populat ion . I f, on the other hand,  a 
majority of an imals  from both t reated groups show mu l tip l icat ion, the populat ion is homogeneous, 
and probably there was some technical error i n  the origina l  experiment .  Final ly ,  i f  both i nocula 
behave s imi lar ly i n  both control  and treated mice,  reproducing the resu l ts noted in  the origina l  test, 
one should consider the possib i l i ty  of phenotypic variat ion of suscept ib i l ity to dapsone among 
members of  a s ingle clone of M. leprae. 
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Standardization of the drug-suscept ibility test in the mouse foot-pad 

Al t hough the mouse foot-pad tech nique has been basica l ly  standardized through workshops and 
some documents ,4J the fol lowing aspects of  t he suscept ib i l i ty  test a lso req u ire standardizing. 

Criteria of multiplication of M .  leprae. The smal lest number of M. leprae detected by present 
co unt ing methods is  ra ther large. I t  can hardly be concluded that  mu l t ipl icat ion of M .  leprue has 
occurred i f  2 x 104 AFB per foot-pad are harvested a fter inoculation of 5 x 10J or 1 04 A F B; a count 
of 2 x 1 04 A F B  per foot-pad indica tes that only 2 or 3 AFB were observed during counting, and 
these could be merely the inoculated baci l l i .  I t  would be bet ter to define 105 A FB per foot-pad as the 
criterion of mul t ipl icat ion of M. leprae. 

Mouse diet .  The drug-conta in ing mouse diets should be analysed regular ly by standard 
methods, to ensure that  the proper concentrat ions of drugs are in the diets .  Some drugs, such as 
R M P  and other rifamycin derivatives, are unstable,  especial ly after t hey have been i ncorporated 
into the mouse diet . Also, the procedures for preparing and preserving the d iets should be 
standardized . 

Minimal number of animals per group. I n  some biopsy specimens, the proport ion of viable 
baci l l i  is q u i te Jaw.  The more animals inocula ted and harvested , the greater t he possibi l i ty of  
detect ing mul t ipl icat ion of M .  leprae . A fter mu lt ipl icat ion of M .  leprae has been confi rmed in  the 
control group, each treated group should have at least 4 mice. When manpower is avai lable, 
harvest ing of  mice should be done individ ual ly .  I f mul t i pl icat ion of M. leprae has occurred in only a 
smal l  proportion of mice, it may be masked by pool ing the foot-pad t issues from severa l mice. 

Main observations on drug resistance in leprosy .. 

RES I STANCE TO D APSON E 

With respect to drug resistance, dapsone is the most important of the ant i lcprosy drugs, apparent ly 
because i t  has been widely used as  monotherapy for more than 30 years. I t  i s  s t i l l  the only dru g  
avai lable for most leprosy patients in  developing countries .  

Dapsone is  extremely effect ive i n  inh ib i t ing the mul t ipl icat ion of M. leprae . This has been 
confirmed both in experimental studies in the mouse44 46 and in smal l  sca le cl i nical tr ia ls . 47 Dapsone
resis tance i s  identified when baci l l i  obtained from patients mul t ip ly in  mice receiving 0·000 I % or 
more dapsone i n  the d iet .  The degree of resistance is defined as low, i n termediate or h igh,  depending 
upon the strain's  abi l i ty to m ult ip ly i n  mice administered 0·0001%, 0·001%, or 0'01% dapsone.8 
Because the degree of resistance varies remarkably among s tra ins ,  and because the risk of 
emergence of  dapsone-resistant i n fection d iffers between patients t rea ted in i t ia l ly  with low dose 
su I  phone and those treated in i t ia l ly  with dapsone in  fu l l  dose,J7 the mutat ion that  prod uces dapsone 
res istance has been ident ified as 'step-wise' rather than 'single-step' . 

Secondary dapsone resistance 

At  the moment, secondary dapsone resi stance has been detected in more than 25 countries . 8 Pearson 
reviewed the avai lable data on secondary resi stance to dapsone in 1981.5 Since then ,  sporadic 
instances of secondary dapsone resistance proved in  the mouse foot-pad have also been reported 
from G uadeloupe, iJ Mart in ique,iJ I ndonesia,48 Nepal49 and New Caledonia.50 

The resul ts  of surveys for secondary dapsone resistance are summarized in Table I .  M ost of the 
recent  surveys have fol lowed the THELEP ProtocoJ.7 Four studies fo l lowed-up the same 
populat ion for varying durat ions and, therefore, were able to estimate the i ncidence rates .  
Current ly ,  2 more formal surveys a re being carried out  in  Burma and in  Ind ia .  Resistant cases have 
been detected in a l l  these areas, but the data are i ncomplete. Based on cl i nical examinat ions ,  the 
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prevalence and incidence ra tes in Burma appear to be the highes t-of the order of 200 per 1 000 and 
30 per 1 000 per yearSI respect ively .  

Based on the  avai lable data, i t  i s  c lear tha t  secondary dapsone resi stance is  now a worldwide 
phenomenon .  A majority of the resi stant s trai ns of M. /eprae a re of in termedia te- or high -degree 
resistance. Genera l ly  speaki ng, some st udy areas l i sted in Table I have qu i te effect ive leprosy 
cont rol  programmes.  For example, in  Malaysia, many patients have been trea ted for many years as 
i n -pat ients .  Their treatment has been reasonably regular and wel l  supervi sed . In most cases, 
dapsone had been used in  fu l l  dosage .  Therefore, the Ma laysian figures for prevalence and incidence 
of dapsone-resistant leprosy can be taken as the best resu l t s  that  can be ach ieved by dapsone 
monotherapy.s The poorer the q ua l i ty  of the control  programme, the more l i kely is the occurrence 
of dapsone resistance and i ts  rapid i ncrease . Recent ly ,  t he a larming figure of a 3% annual  i ncidence 
rate has been reported from both Ethiopia 18 and Ma l i , 39 and th i s  is probably a lso true in Burma . 51 
This is a clear i ndicat ion of the seriousness of the s i tuation . 

Among the dapsone-resistant pat ients ,  the duration of t reatment before relapse is much longer 
than in  drug resistance in  tuberculosis, perhaps because of the very long generat ion t ime of M. 

/eprae. This durat ion varies remarkably,  ranging from 218 to 24 years,17 and appears to correlate 
with the dosage of  dapsone and regularity of treatmen t .  I f  resistance develops among the pa t ients 
receiving low dose dapsone or i rregular treatment ,  i t  usual ly  develops wi th in fewer than 10 years of  
treatment, and freq uent ly  with low or i n termediate levels of resistance. 23. 27 

Primary dapsone resis tance 

Five primary dapsone-resistant  patients,  a l l  proved in  the mouse foot-pad, were reported in  1 977 .9 
Subseq uent ly, several surveys were carried out .  The avai lable data are summarized in Table 2 .  I n  

Table 2. Resul ts  o f  surveys o f  primary dapsone resistance 

Number of patients 
Preva lence Degree of 

Country Total Resistant (per 1 000) resistance Reference 

China 20 1 0  500 low or (Ji et at. 
i n termediate unpubl ished 

data) 
Ethiopia 29 1 6  550 majority low (9) 
I ndia 

(Chingleput) 56 2 1  375  majority low ( 1 0) 
(Karigir i)  1 2  5 420 low or high (52) 

Korea 1 8  4 222 majority low (56) 
M al i  40 1 4  350 majority low ( 1 0) 
Nepal 1 5  1 3  870 most ly high ( 53 )  
Phi l ippines 55 2 36 low or (57)  

i n termediate 
Malaysia 22 6 270 majority high (5 )  
Mart inique & 1 7  1 2  700 low or  ( 54) 

Guadeloupe i ntermediate 
USA 

(Carvi l le)  93 1 8  1 90 majority low ( 1 6) 
(San Francisco) 54 1 8  low ( 55 )  
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add i t ion, sporadic cases have also been reported from Burundi,29 I ndia69 and I ndonesia .48 Al though 
the available data are sti l l  l imi ted, primary dapsone resistance appears to have become ubiqui tous .  

Un t i l  now, i t  has gone un recognized in many  places, perhaps because it ha s  not been sought .  
I n  tuberculosis, i t  is not  easy to  different iate between primary resi stance and undiscovered 

secondary resi stance. The term ' in i tial drug resistance' has been used for resistance among newly 
discovered patien ts, when it is impossible to obtain a rel iable history. 22 One may quest ion whether 
or not the o-cal led primary dapsone-resi tant patient had in  fact received prior dapsone 
treatment .  Of course, this possi bi l i ty m ust be kept constant ly  in  mind. In certa in a reas wi th poor 
registrat ion systems, some undiscovered secondary dapsone-resistant cases might be included as 
primary resistant  patien ts; however, suc� a possibi l i ty should be m uch less l ike ly in  leprosy than in 
tuberculosis .  I n  most developing coun tries, leprosy patients can receive t reatment only from certain 
c l in ics, and usual ly their records are kept i n  these cl in ics .  I n  addi t ion, relapsed cases usual ly have 
some old lesions, and might be dist inguished c l in ical ly  from the new patients .  The data on primary 
resistance from India and Mali, shown in Table 2, were obtai ned from T H ELEP con trolled cl in ical 
trials.'o Considerable efforts, including urine analysis for dapsone, were undertaken to ascertain 
that the patients admit ted to these trials had not been previously treated . The preva lence rates of 
primary resistance in  I ndia and Mali  are not significant ly lower than the figures obtai ned elsewhere. 

If one compares the data in Tables I and 2, one may see that, with the exception of the 
Phi l ippi nes, the prevalence rate of primary dapsone resistance i s  m uch higher than that for 
secondary resistance. Sueh a resul t, a l though unexpected, may be explained . The ca lculations for 
prevalance rates of secondary and primary dapsone resistance are ent i rely d ifferen t .  The 

denominator for secondary resis tance is  the total number of  patients at risk, regardless of  their sk in
smear s tatus .  But  most  of these patients have been negative .  The denominator for primary 
resistance is  the total number of tested patients, al l  of whom are untreated mul t ibaci l lary patients 
having les ions with B I  � 3 .  I n  Shanghai ,  for i nstance, 12 the number of patients at  risk of secondary 
resistance was 777; of these, 92 ( 1 1 ' 8% of the tota l )  were sk in-smear posi t ive, and most l i kely the 
main  sources of i nfect ion in  the communi ty .  S ixty-seven of these 92 pat ients, represent ing 73% of 
the sk in-smear posi t ive group, had at least one lesion with BI � 3, and the proportion found to have 
resistance by mouse foot-pad was no smaller than 62%. Even ignoring the i n fect ivi ty of pat ients 
with BI < 3 ,  the proportion of patients with resi stance among the main sources of  i n fect ion ,  i .e .  al l  
sk in -smear posi t ive mul t i  baci l lary patients, should be greater than 45% (62% x 73%) .  This could 
explain the high rate of prevalence of primary dapsone resistance. 

By defini t ion, primary dapsone-resistant  pat ients are those i n fected with organisms from 
resistan t  patients .  Therefore, i t  must  be assumed that primary resistance, un l ike t he secondary 
resis tance, occurs in a t  least as high a proport ion of paucibaci l lary as t hat  of mu l t i  baci l lary pat ients .  
One cannot demonstrate that such patients have resistance by inoculation of mice, because too few 
organisms can be recovered from the sk in-biopsy specimens .  I f  the primary dapsone-resi stant  
paucibaci l lary patients are t reated wi th dapsone monotherapy, some of them may undergo serious 
deteriorat ion, and even downgrade towards the lepromatous end of the spectrum . 

Because drug resistance is an inheri ted tra i t, the mutants  i solated from the primary resistant  
pat ients should have the same degree of resistance as the source of infect ion, i .e .  secondary resi stant  
pat ients .  I n  tuberculosis, reversion of resistant  strains  of M. tuberculosis to susceptible has  never 
been observed . 1 9-2 1 Very few data regarding the stabi l i ty of resistance of M. leprae can be found i n  
the l i terature, b u t  there are a few resi stant strains which remained dapsone-resistant  for several 
years after the patients had changed their drugs . 23 The reason that most s trains of M. leprae isolated 
from primary dapsone-resistant patients were of low-degree resistance, whereas the majority of 
stra ins  i solated from secondary dapsone resi stan t  patients have shown i n termediate- or high-degree 
resistance, is  s t i l l  unknown . Perhaps the explanation lies in the long incubation period of 
mul t ibaci l lary leprosy. M ost pat ients recognized wi th  primary resistance today were i nfected 1 0  
years ago o r  more, a t  which t ime the characteristics o f  s trains from secondary resistant  patients may 

have been d ifferent  from those of today. Because of the low degree of resi stance, the majority of 
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primary dapsone-resistant pat ients may be expected to respond to treatment wi th dapsone in fu l l  
dosage. However, dapsone must be  combined wi th  o ther  d rugs; otherwise the patients a re very 
l ikely  to relapse wi th high -degree resistance in  the course of t ime .  

RESISTANCE T O  OTHER BACTERICIDAL DRUGS 
Not much data on resistance to other bactericidal d rugs  can be found in the l i tera ture beca use these 
drugs have not been used as widely as dapsone and because resistance to them has not been 
systematica l ly  sough t .  However, du ring the past 1 0  years, a number of patients have been t rea ted 
with these other drugs, arter they have relapsed under dapsone monotherapy. Unfortunately, many 
patients had either been kept on monotherapy, or were given i n  addi t ion such bacteriostatic drugs 
as th iambutosine ( OPT) .  Because of high cost (of R M P) and side-effects (pigmentat ion in  the case 
of CLO, poor tolerance in  the case of ETH /PTH ), the regu lar i ty of t reatment with these other 
bactericidal d rugs may have been even poorer than that  with dapsone.  One may ant icipate that 
leprosy patients resistant  to these drugs wi l l  appear i n  the near future, un less they are changed to 
combi ned therapy.  

R MP 

R M P  k i l l s  M. leprae with except ional  speed, as proved in both experimenta l  st udies and c l i nical 
t r ia ls . 58 60 With in a few days arter a single dose of 600 or 1 500 mg R M  P, 99 '9% of M. leprae from an 
untreated pat ient  have been shown to be k i l led . 61 Such a rapid bactericida l  effect has deeply 
impressed both the c l i nicians and the pat ients .  Therefore, si nce the mid 1 970s, R M P  has been 
i ncreasingly used despite its high cost .  One might have expected that ,  arter the experience of 
dapsone monotherapy, medical personnel would have rejected the use of R M P  as monotherapy . 
Unfortunately,  th is  has not been the case. As early as 1 976, two R M P-resi s tant  pat ients had been 
reported . II So far, 4 of 1 6  patients, who had been t reated wi th  RM P monotherapy in a dosage of  
e i ther  300 mg or  600 mg da i ly ,  have  developed resistance wi th in  3-5 years.16 This indicates tha t ,  
despite i ts rapid bactericidal effect ,  the development of  secondary resistance' to R M  P, used as 
monotherapy, occurs earl ier than in  the case of dapsone monotherapy . Recent ly ,  9 more resi stant  
stra ins  have been reported . I). 5 0  H owever, th is  regrettable s i tuat ion does  not deny the effect iveness of  
RMP.  I t  i s  s t i l l  the most  powerfu l  weapon we have .  Even without any new powerfu l  d rugs, one 
might sti l l  expect that leprosy can be completely t reated by regimens contain ing R M P, provided 
R M P  is  a lways combined with other ant i leprosy drugs capable of  prevent ing the development of 
resistance to i t .  

CLO 

The bactericidal effect of CLO to M. leprae has been confirmed in the mouse62 as wel l  as in c l in ical  
tria 1 . 6) Because of i ts  ant i - inflammatory effect ,  i t  can a lso be used to prevent or control lepra 
react ions .  The drug was in t roduced into the t reatment of leprosy in the 1 960s, but it was not unt i l  
1 982 that the firs t  CLO-resistant leprosy patient was reported 17 [ th is  s t ra in  has si nce been found 
susceptible to 0 ·00 1 % CLO, and resistant to 0 ·000 1 % CLO in  another laboratory (L Levy, personal  
communication)], despite many pat ients  having been t reated with CLO monotherapy during the 
in tervening years .  The repository character of the drug appears to have delayed the appearance of 
resistance, as had been observed before with regular ,  ful l  dosage dapsone monotherapy. 'One way' 
cross-resistance between CLO and R M P  had been demonstrated in  Mycobacterium sp.  607 by 

M orrison, i .e .  the R M P-resistant strain was ful ly  susceptible to CLO, but the CLO-resistant strain 
was also resistant to R MP .64 The presence of th is  phenomenon should be tested i n  M. leprae as soon 
as possible .  
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E TH alld PTH 

Prima/aci e evidence of ETH-resistance was reported'4 in 7 of 1 02 pa t ients  t reated wi th 500 mg ETH 
as monotherapy; 4 of  these were la ter confirmed as resi s tant  by mouse foot-pad tes t .  I S  In addi t ion, 
one of the th ree pa tients t rea ted wi th  ETH 500 mg dai ly as monot herapy in Carvi l l e  developed 
ETH -resi stance .'6 

In leprosy, the poteRt ia l  of cross-resistance between th ioamides and th iacetazone (TB I) as wel l  
as  OPT is a serious concern.  A l l  of these compounds have in common the group -CH-N H2 . 
Cross-resi stance between T B I  and OPT in M. leprae has been demonst rated, a l though not in every 
st ra i n6s. 66 (Ji et al . ,  unpub l i shed data) .  Cross- resi stance between TB I and ETH in  M. tuberculosis 

has a lso been reported . 21 Cross-resistance between ETH and PTH is to be expected, beca use the 
parts of the molecules responsible for an t ibacteria l  act ivity a re identical; this has been confirmed in 
M .  leprae . 66 The problem is  that  both TBI and OPT were q uite widely used duri ng the 1 960s, and 
TBI i s  st i l l  being  used as a component of  combined therapy . Therefore, some leprosy patients must  
be harbour ing mutants  resi s tant  to these 2 d rugs. I f  cross- resista nce between the th ioamides and 
TB I as wel l  as  OPT exis ts  in M. leprae, not only wi l l  th i s  decrease the effecti veness of the th ioam ides, 
but it will a l so seriously th reaten the effect iveness of mu l t idrug regimens which con ta in th ioamides.  
Pat tyn and Colston reported that :2 ETH-resistant s tra ins were a l so resi s tant  to TBI and OPT, but 
that  3 O PT-res is tant  s tra ins were suscepti ble to PTH.66 A l though this resu l t  is  reassuring, the 
number of strains s tudied for cross-resi stance is insufficien t ,  and no TB I -resi s tant  strain was 
incl uded in the reported study. Therefore, there is urgent need for fu rther eva l uat ion of cross
resi stance among T B I ,  OPT and ETH or PTH .  Un t i l  the si t ua tion has been cla ri fied, i t  would be 
preferable not to t reat with mu l t idrug regimens con ta in ing PTH pa t ients  who previous ly had been 
t reated wi th e i ther TB[ or OPT for more than 2 years. 

[n  conc lusion,  i t  seems unnecessary to conduct add i t iona l  su rveys for secondary dapsone
resi s tant  leprosy, but it i s  necessary to col lect more data with respect to resi stance to RM P, CLO and 
PTH ,  in  an  a t tempt to est imate the magn i t ude of the t h reat to the prospects of combi ned therapy. 

Prevention and treatment of drug resistance 

Prevent ion of resistance is  more important than t reatment from the epidemiological poi nt  of view, 
and i s  a l so less expensive than t rea tment of  drug-resi s tant  pa t ients .  As ment ioned previous ly ,  many 
patients w i l l  relapse wi th  d rug res istance i f  they a re t reated wi th bactericidal ant i leprosy drugs as  
monotherapy. 

By analogy wi th the t reatment of t uberculosis, to prevent  the development of drug resistance, 

every mu l t ibaci l l a ry leprosy patient should be given combi ned therapy from the very fi rst  day of 

t reatment .  The spontaneous m utants  resistant  to any one drug should be fu l l y  suscept ible to the 

other drugs. When t he proport ions of  m utants  resis tant  to any 2 of  the d rugs a re 10-01 and IO-n 
respectively, the proport ion of doubly res is tant  m utants  in a previously untreated bacteria l  

populat ion wi l l  be  1O-(m+n).21 Assuming that  the tota l  number of organisms in an un t reated 

mul t i  baci l l a ry leprosy pat ient i s  1 0", and that  I 0% of them are viable, the populat ion must consist 

of 3 fract ions :  the la rgest fract ion, more or  less I 010 , i s  composed of the organisms suscept i ble to  

both  dapsone a nd a second bactericidal  d rug, e .g .  R M P; a second fract ion incl udes about  1 04 

mutants  resis tant  to dapsone; and the th i rd fract ion incl udes the same number of  mutants  resistan t  

to R M P. Because the proportion of  m utants  res is tant  to e i ther dapsone or RMP is  1 0-6, the  

frequency of a doub ly  resi s tant  m u tant  i s  10- 1 2, and the possi b i l i ty  offinding an ind iv idua l  organ ism 

res is tant to both dapsone and R M P  is practica l ly  n i l .  I f  the patient is t reated wi th  dapsone p lus  

R M P, R M P  wi l l  k i l l  the m utants  resis tant  to dapsone, and,  reciproca l ly ,  dapsone wi l l  k i l l  the 
m utants  resi s tant  to R M P. Thus ,  drug res istance i s  preven ted . 

However, i t  should be emphasized that  th i s  descri pt ion is val id only i f  the bacteria l  populat ion 
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is normally susceptible to these 2 drugs, and t reatment wi th the 2 d rugs is sta rted s imu l taneous ly .  I f  
the pat ient i s  t reated wi th dapsone monotherapy for a certain period, and then R M P  i s  added, the 
si tuat ion is no longer the same as  that  j ust  described . Because of the period of dapsone 
monotherapy, the proport ion of dapsone-resistan t  mutants might have increased by select ion .  Once 
the dapsone-resi s tant  mutants have mul t ipl ied to a certa in extent ,  e .g .  to ;::, 1 06 ,  a certa in number of 
R M P-resi s tant ,  i .e .  doubly resis tant-mutants  wi l l  have appeared among the dapsone-resi stan t 
m utants ,  leading thereby to fai l u re of combined therapy. Moreover, as mentioned earl ier (p .  272),  
primary dapsone resistance is  now qu i te common among unt reated patients ;  t herefore, the M. 
/eprae of an untreated patient may no longer be fu l ly suscept ib le to dapsone. Because the proportion 
of dapsone-resis tant  mutants  i s  large even before t reatmen t ,  and because the abso lute  number of the 
dapsone-resi s tant  m utants i s  large enough to i ncl ude a few R M P-resi s tant m utants ,  combined 
chemotherapy with dapsone plus R M P, even i f started s imultaneously, may fai l ,  as R M P cannot k i l l  

the doubly resi s tant  mutants .  In  order to preven t  mu lt ipl icat ion of t he doubly  resis tant  mutants ,  a 
th i rd bactericidal drug m us t  be i nc luded i n  t he mu l tidrug regimen.  This is the reason for 
recommending, at th i s  stage ,  that  a l l  mu l t i  baci l l a ry patients be t reated with a combi ned regimen 
inc luding 3 bactericidal  drugs 8 

Unt i l  now, most secondary-dapsone resis tant  pat ients have been t reated wi th  C LO or R M P,67. 68 
usual l y  as monotherapy or combi ned wi th  a bacteriostat ic drug .  Al though the presence of dapsone 
resistance has not a l tered the rate of in i t ia l  response to the other drug, i t  i s  s t i l l  possible for resistance 
to the second drug to develop, as if t hat drug had been given as monot herapy for a long period . 
Thus,  the organisms become doubly resi stan t .  I n  tuberculos is ,  double resista nce is freq uently 
observed after successive monot herapy. 2 1 At  least 1 2  doubly resi s tant  strai ns of M. /eprae have been 

reported- I I  strains res is tant to dapsone and R M P, I I  1 3 . 50 and I s t rai n to dapsone and C LO . 1 7 

Because only 4 bactericidal ant i  leprosy d rugs wi th  d ifferent mechanisms are current ly available, the 
patient cannot receive proper t reatment once a doubly resis tant  s train develops; moreover, he wil l  
a lso become a most dangerous source of infect ion .  Therefore, prevent ion of such mutants i s  
extremely importan t .  

There have been a certa in number of dapsone-res is tant  pat ients who had earl ier been 
sk in-smear negat ive for varying periods under dapsone monotherapy and had subseq uently 
relapsed . 1 8 . 23 . 27. 28 In order to prevent relapse caused by drug resistance, smear-negative 
mul t i  baci l lary patients never previously t reated with a mul t id rug regimen should also be ret reated 
wi th mu l t idrug regimens for fixed periods .  

In short ,  a l l  categories of  mu l ti baci l lary leprosy patients should receive combined t herapy wi th  
bactericidal drugs. The regimen recommended for t reatment of mul t ibaci l lary leprosy by t he WHO 
Study Group on  Chemotherapy of Leprosy for Control Programmes8 has been designed to be 
effective in such pat ients .  
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Summary This paper describes the viabi l i ty o f  Mycobacterium leprae within the 
gut of  mosqui toes after they have bi t ten baci l l i ferous lepromatous patients .  In the 
test experiments prestarved female A edes aegypti were al lowed to feed on 
baci l l i ferous leprosy patients, while i n  the con trol experiments mosqui toes were 
fed on a glucose-water-lepromin mix ture contain ing dead M. leprae. The insects 
were sacrified for 7 consecut ive days, their guts were dissected out and excreta 
were col lected . These preparat ions were mounted and examined for acid-fast 
bacil l i  (AFB) by:  I ,  fluorescent stain ing technique; 2, by a l ight microscope using 
acid-fast sta in ing technique; and 3 ,  also by scanning as  well  as  transmission 
electron microscopes . AFB were found i n  the gut and a lso i n  excreta but more 
abundant ly i n  the earl ier days after blood meal . 

The fluorescent  s ta in ing techniq ue showed that  AFB wi th in the gut of  
mosqui toes became non-viable ( red s ta in)  after 4 days  of  blood meals .  I t  also 
demonstra ted m ult ipl icat ion of the viable baci l l i  (green stain) during early days .  I t  
was further observed that  most o f  the sol id baci l l i  quickly became granular and 
non-viable ( red stain) .  U l t rastructural  studies confirmed these findings and 
demonstrated membrane bound dividing bacteria within the gut of the insects 
mostly wi th in 72 h after a blood meal . No such cel l -divis ion was found in  the gut 
of mosqui toes art ificia l ly fed on the glucose-water- lepromin mixture .  

These data together wi th  l ight m icroscopic findings lend support to the 
transient mul t ipl icat ion of viable M. leprae within the gut of the mosqui toes after 
the baci l l i  were taken up from the c irculat ion of lepromatous patients at  least 
during the early period ' fol lowing a blood mea l .  However the possib i l i ty  of 
transmission of the i l lness in to h umans by mosquito bites seemed to be remote, 
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Introduction 

because of the short viable t ime, quick fragmentat ion and e l imination of the 

ingested bacteria from the gut of thc insect s .  

Acid-fast baci l laemia has been demonstrated in  untreated borderl ine or leproma
tous leprosy patients . '  Laboratory bred mosquitoes (Culex fatigens), previously 
a l lowed to feed on lepromatous leprosy patients, often contain leprosy baci l l i , 2  
which was transmitted into mouse foot-pad3 and some remained viable up to 48 h 
after the blood meal .4  Thus i n  some parts of  the world these arthropods might 
play a significant role in  at least a mechanical transport of M. leprae . However, 
there i s  a paucity of data regarding the alterat ions in  the morphology that might 
take place in  M. leprae within their gut . Also their exact survival period within the 
insect ' s  intest ine remains  to be determined . The present work is an at tempt to fi nd 
out :  1 ,  whether there is  any mult ipl icat ion of the ingested bacteria ;  2 ,  to determine 
their survival t ime within the gut of  the mosq uitoes; and 3 ,  also to document the 
ultrastructural changes occurring in  M. /eprae within their gut t i l l  they are 
excreted . These results have been compared with control experiments in  which the 
mosquitoes were a l lowed to feed on a mixture of glucose, water and lepromin 
(containing non-viable M. leprae) i n  a proper proport ion . 

M aterials and methods 

A B R E E D I N G  OF M O SQ U I TO E S  I N  S T E R I L E C O N D I T I O N * 

Adult  female A edes aegypti mosquitoes were obtained from a laboratory bred 
mosq uito colony, kept at the M alaria Research Centre, I ndian Counci l of  
Medical Research, Delhi . 

B H U M A N  M A T E R I A L  

Ten ( 9  males and I female) leprosy patients including 9 L L  and 1 maculo
anaesthetic case volunteered for the feeding experiments .  Their age varied from 
20 to 42 years. The duration of their i I l nesses ranged from 1 to 7 years .  Diagnosis 
was based on  cl in ical  examinations and histological c1assificat ion . 5  Al l  cases 
except one 22-year-old patient with maculo-anaesthetic (MA) type of leprosy 

* F i l ter paper containing desiccated mosquito eggs was kept in alcohol for aJew minutes, and 
thereafter floated in 0·5 I of sterile dist i l led water, covered with a steri le net and kept at  28°C in  a 
sterile chamber.  The eggs were hatched next day; 50 units of neomycin sulphate and 50 units of  
polymyxin B sulphate were added . Every a l ternate day autoclaved dog biscuit and yeast were given 
as food.  pH was maintained at  6 · 5  by changing water every th i rd day. Fresh ant ibiotics were added 
when the water was changed . Pupa and adul t  mosqui toes were formed . 
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were on ant i leprosy treatment at  the t ime of  the study.  Baci l lary index was 
est imated, which varied from + 2 to + 4 . One of  the authors ( K S) volunteered for 
the feeding experiment .  He  was taken as a control . 

C F E E D I N G  E X P E R I M E N T S  P E R F O R M E D  O N  B A C I L LI F E R O U S  

L E P R O M A TO U S  P A T I E N T S O R  H E A L T H Y  V O L U N T E E R S  

( I )  A cage ( 8 "  x 8"  x 8" )  made of  i ron w i  res was covered on a l l  sides b y  mosquito 
net cloth . In a typical  experiment 40-50 prestarved female mosquitoes were 
taken . There was an opening through which the volunteers introduced their 
hands . The mosquitoes were starved for 1 2-24 h and then al lowed to bite on the 
hands for 5 to 1 0  min during the day-t ime . 

(2) The bit ing experiment was also performed with the apparatus described in  
Figure 1 .  The ad·vantage of th i s  apparatus i s  tha t  the  mosqui toes could be  a l lowed 
to feed on a particular skin lesion . 

After the blood meal mosq uitoes were kept i n  the cage with proper humidity .  
A sugar source ( rais ins soaked in water or cotton wool soaked in gl ucose-wa ter) 
was o ffered to the insects .  

( d ) 

( e )  

Figure I .  A plast ic cyl inder (d)  had wire nett ing at one end (e) and a s l id ing stage wi th  one opening at  
the other end (a ) .  The mosq uitoes were in.t rod uced through the opening (b )  and t hereafter i t  i s  
closed . Before the bi t ing experiments, the  eylinder w a s  put on the exposed sk in of the volunteer,  wi th  
the net (e) touehing the sk in .  The mosq uitoes b i te  the volun teers through the net  (e) .  A fter b i t ing the 
mosquitoes are taken ou t  through (e)  for d issect ion .  

D F E E D I N G  O F  M O SQ U I TO E S  O N  A G L U CO S E - W A  T E R - L E P R O M I N  M I X T U R E  

Two volumes o f  5 %  glucose solut ion were mixed with I .  vol ume o f  armadi l lo 
derived lepromin (World Health Organization) containing 4 x 1 07 baci l l ijm l .  This  
mixture was soaked i n  cotton wool and was kept on  the mosq uito cage net  for 1 -2 
h and thereafter replaced by a pla in pad containing glucose water. Sterile 
precaut ions were taken in  the preparation of the mixture as far as possible . 
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E C O L L E C T I O N  O F  E X C R E T A  F R O M  M O S Q U I T O E S  

The excreta was collected from the  gl ucose-water pad ,  mounted in  a drop of  
phosphate buffer and stained for A F B .  

F D I S S E C T I O N  O F  T H E  G U T  O F  T H E  M O S Q U I T O A N D  P R E P A R A T I O N  O F  

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

Dissection o f  midguts was done according t o  the method described by 
Vanderberg & Gwadz6 and they were examined for normal bacterial  flora . * 

Two to four  fed mosquitoes were etherized at 24-h in tervals and thereafter up 
to 7 days . The proboscii was cut and the guts were dissected out  under an ordinary 
dissecting microscope by using 2 needles, in a drop of normal sal ine on a 
microscopic sl ide.  The samples thus obtained were processed for l ight and 
electron microscopy . Excreta were col lected from the water pad and were 
smeared either on microscopic s l ides or on grids for e lectron microscopy . 

G S T U D Y  O F  T H E  V I A B I LI T Y O F  M Y C O B A C T E R I A L  C E L L S  B Y  

F L U O R E S C E N T  S T A I N I N G P R O C E D U R E  

The method described by Kvach & Veras7 was fol lowed . I n  brief, 5 m g  fluorescein 
diacetate (FDA) (Sigma) per ml  acetone was prepared . 2 mg ethidium bromide 
(EB) (Sigma, USA) was dissolved in  1 ml Hanks '  balanced salt solution ( H BSS), 
pH 7 -4, containing 0 ·05% Tween-80.  A fresh working solut ion of FDA/EB was 
prepared by di l ut ing the above FDA solution tenfold in acetone.  A 0 ·02 ml 
volume of the d i lu ted FDA was. added to 5 ml H BSS containing 0 ·05% Tween-80.  
A 0 ·0 1 ml  of  EB stock solut ion was added to 5 ml H BSS containing FDA. The 
fixed smears of  mosquito guts were stained with FDA/E B, i ncubated at room 
temperature for 1 0  min, wet mounted, sealed and seen under a Leitz microscope 
with filer BP-390 at  the excitat ion and filter 2 at the barrier .  Green cel l s  were 
considered to be viable and the red stained bacteria were considered to  be dead.  

H L I G H T  M I C R O S C O P Y  

The gut a n d  excreta smears were stained by Zieh l-Neelsen stain ,  examined under 
an  oil immersion objective of  a Leitz l ight microscope and documented 
photogra phically . 

* Mosqui toes were etherized , guts were dissected with sterile needles under a d issecting 
microscope in  an i noculation chamber. These t i ssues were teased out  in  a drop of steri le sal ine, 

smeared on glass s l ides and stai ned with Gram stain.  Part of the t issue suspension was cu l tured on 
blood agar and McConkey plates. No Gram posi tive or Gram negat ive baci l l i  were seen or grown. 
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( I )  Scanning electron microscopy. The intact guts from control -unfed , 
control-fed, patient-fed mosquitoes were son icated in  alcohol at 30 kHz  
freq uency for 30-45 s .  The  sonication t ime was standardized by  sonica t ing the  gu t  
t issues for different t ime  durat ions ( 1 5 , 30, 45 and  75  s ) .  Sonicat ion for a longer 
t ime completely smashed the gut as well as  the bacteria .  

The i ntact sonicated as  well as  teased guts of mosquitoes fed on patients and a 
control were mounted on polish.ed a luminium discs wi th  a very fine layer of 
qu ickfix, examined under a JSM 3 5  scanning electron microscope with a 
resolut ion power of  60 A and the resul ts  were documented . 

(2) Transmission electron microscopy. Blood was taken from the gut of the 
mosquito,  at  24 h intervals for 96 h ,  d i luted I : 4  i n  phosphate buffer (pH 7 ·0) on 
microscopic slides. Formvar-coated grid (300 mesh) was floated upside down on 
blood-buffer mixture and the grid was placed on a moist fil ter paper and a drop of 
freshly prepared solution of I % uranyl acetate was placed on i t  to s ta in  the 
bacteria negatively. The method has been described earlier . )  

S imi lar grids were also prepared from the blood in  the gut of mosquitoes fed 
on control volunteers . 

Transmission electron microscopy was also performed with mosq uitoes fed 
artificial ly on  a glucose-water- Iepromin  mixture. Guts  and excreta were mounted 
on coated grids at regular in tervals  after feeding and stained with I % uranyl 
acetate. 

Results 

A F L U O R E S C E N T  M I C R O S CO P Y :  A F E E D I N G  E X P E R I M E N T  O N  

L E P R O M A TO U S  P A T I E N T S  

Table I describes the viabi l i ty of the ingested M. leprae b y  A .  aegypti after bit ing 
baci l l i ferous lepromatous patients .  The percen tage of green sol id bacteria on the 
I st day was 36%; it i ncreased sl ightly (48%) on the 3 rd day and thereafter i t  
dec�eased to 26% on the 4th day.  After the 4th day no green coloured sol id 
bacteria was seen .  The percentage of red coloured solid bacteria increased 
steadily from the 3rd day onwards .  The s l ight i ncrease of  green coloured solid 
bacteria on the 3 rd day might be due to transient bacterial mult iplication ,  which 
had been confirmed by transmission electron microscopy (Figure 4(d) and (e)) .  
Table I further showed tha t  the  ingested baci l l i  quickly became fragmented . M ost 
i nterestingly the beaded bacil l i  took red coloured stain .  

B L I G H T  M I C R O S C O P Y  

( l )  Feeding experiment on lepromatous patients. A total  number o f  8 1  
prestarved female A .  aegypti were taken and divided into 2 groups for 2 
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Table 1. Studies on viability and morphology of M. /eprae within the gut of the A. aegypli after they 

bit on bacilliferous lepromatous patients 

Total 

Total number Total number number 

Days of bite of solid Total number and and (%) of of bead edt No. beaded 

on which green and (%) of green red coloured bacilli (red bacilli x 100 

mosquitoes red coloured coloured bacilli bacilli coloured) 

were sacrificed bacilli counted (viable) (non-viable) counted No. solid bacilli 

1st 80* 27 (35,75) 53 (64'25) 1·25 

3rd 46* 22 (47'82)§ 24 (52'18) 5 10·87 

4th 69* 18 (26,08) 51 (73-91) 27 39·13 

5th 8t 0 8t (100) 16t 200 

6th 36* 0 36t (100) 125t 347·22 

* Randomly counted in 3 experiments consisting of 3 mosquitoes. 

t Randomly counted in only I experiment, consisting of I mosquito. The low bacterial count 

might be due to the fact that this mosquito did not suck blood well. 

t All ingested M. /eprae were dead on the 5th day of bite. 

§ This rise in the percentage of green coloured bacilli might be due to the bacterial 

multiplication within 48 h of bite (Figure 4(d) and (e». Alternatively this initial increase of the 

percentage of viable bacteria might be also due to a declumping effect as a result of surface changes 

in the dying mycobacteria. I I 

experiments. In the I st experiment, 51 mosquitoes were allowed to bite 2 LL 
patients and, in the 2nd experiment, 30 mosquitoes were fed on 3 LL volunteers. 

The blood was found in the gut up to 48 h and thereafter it was absorbed. The 
incidence of AFB in the gut of mosquitoes was studied 2 h after the bit� and 
thereafter followed daily up to 7 days. Four mosquitoes were sacrified every 24 h, 
and gut from each insect was dissected separately, smeared and stained for acid
fast bacilli. Thus from the 2 experiments 8 slides were prepared every day. The 
incidence of positivity was very high initially. Sixty-two per cent of the total 
number of slides screened showed AFB up to 48 h after feeding (Figure 2(a)) .. 
Thereafter not only the incidence of AFB positivity per slide became less but also 
the bacilli were less in number. However, solidly stained AFB were seen in the gut 
of mosquitoes up to 120 h following blood meals and thereafter mostly beaded 
AFB were seen. 

(2) Artificial feeding experiments on glucose-water-Iepromin mixture. In a 
control experiment, 60 prestarved female adult A. aegypti mosquitoes were 
allowed to feed on the glucose-water-lepromin mixture. Their guts were dissected 
every 24 h for 5 days and processed for demonstration of AFB by light as well as 
by electron microscopes. 

The number of AFB found in the gut of mosquitoes thus fed artificially were 
much larger than observed in the gut of mosquitoes fed on leprosy patients. Large 
globi of AFB, solidly stained, were seen 24 h after feeding. This was probably due 



Figure 2. (a)  Shows mostly sol id acid-fast baci l l i  and few fragmented M. leprae in the gut of one 
female adult A .  aegypti, 48 h a fter bit ing a lepromatous patien t .  This is the 2nd feed ing experiment 
i n  which 30 mosqui toes were al lowed to bite 3 lepromatous pa t ients .  

( b) Shows large numbers of sol id ly sta ined M. leprae. These are obtai ned from the gut of a 
female A edes aegypri  fed on gl ucose-water-Icpromin mixture .  The sample was taken 24 h after 
artificial feeding on  lepromi n .  

(c) Shows fragmented acid-fast baci l l i  i n  the excreta of female A edes aegypri 2 4  h after feeding on  
gl ucose-water-Iepromin mix ture .  

to the high concentrat ion of sol id bacteria in the lepromin suspension . Unl ike the 
AFB seen in the gut of mosq ui toes fed on leprosy patients, practical ly no 
fragmented baci l l i  were seen in this experiment .  Even when these mosq uitoes were 
sacrificed 72 h after art ificial feeding, the contents of the gut showed globi of 
solidly stained M. /eprae and some fragmented baci l l i  (Figure 2(b)) . 

Figure 3. Shows a scann ing  electron m icrograph of an  acid-fast baci l lus  after 3 guts from 3 female 

A edes aegypti were sonicated . These mosqui toes were a l lowed to feed on  a maculo-anaesthetic 
leprosy patient who had a baci l lary i ndex of + 2 .  M osqui toes were sacrificed 48 h after bit ing. The 
left upper part of  the figure shows the col lapsed gut  membrane .  One AFB i s  seen in dividing stage .  
( x  2000) .  
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The excreta col lected in  t h i s  experiment ,  24  and  96 h a fter feeding,  however, 
demonstrated most ly beaded acid-fast baci l l i ,  but the number of  baci l l i  gradual ly  
decreased ( Figure 2(c)) . This experiment was terminated 4 days after art ificial 
feeding .  

( 3 )  Control experimen ts. (a ) Control unfed mosquito group .  Twenty control 
unfed female A .  aegypti were included i n  this  experiment .  N one showed any acid
fas t  bac i l l i  e i ther in  the gut or excreta . (b) Con trol-fed mosquito group .  Twenty
five control  female A .  aegypti  fed on a normal vo l unteer were fol lowed every 24 h 

Figure 4. (a)  Shows a characteri st ic u l trastructure of M. leprae with in  the gut of a female A edes 

aegypli after 24 h of feed ing on a maculo-anaesthetic patien t .  Electron dense areas are vis ible .  

( x  55 ,000) . 
( b) Shows the u l trastruct ures of M. /eprae with in  the gut of a mosq uito 24 h after feed ing  on a LL 

patient .  Outer membrane of bacteria is not  i n tact . ( x  33 ,000) .  
(c )  Shows the u l t rastructures of M . leprae i n  the gut ofa  mosq uito 72 h a fter b i t ing a L L  patien t .  

The  particle shows mesosomal structures at the  poles .  Dist inct band structures are v is ible, w hich 
show divis ion of bacteria . ( x  42,000) .  

(d) Shows a d iv id ing mycobacter ium wi th in  the gut of a mosq uito 72 h after feeding  on  a LL 
pat ient .  Outer  double  layered cel l  membrane i s  dist inct ly seen .  One of the daughter cel l s  shows 
budding .  ( x 42,000) .  

(e) Shows d iv id ing M .  leprae i n  the gut of  a mosq uito 48-72 h a fter bi t ing  a L L  patient .  P i l l i  l ike 
structures are vis ible on both the daughter cel l s .  ( x  27,000) .  

( f )  Shows an  electronmicrograph of M. leprae within the gut of a mosquito art ificia l ly fed on 
lepromi n .  
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for 7 days .  No acid-fast baci l l i  could be demonstrated in  the gut or excreta of these 
mosqui toes . 

C E L E C T R O N  M I C R O S C O P Y  

Demonstration of the ultrastructures of acid-fast bacilli in the gut of mosquitoes fed 

on leprosy patients .  ( i )  Scanning electron microscopy: Seventy female A .  aegypli 

were al lowed to bi te a maculoanaesthetic patient. Two to three mosqu itoes were 
sacrified every 24 h. Figure 3 i l lustrates a typical scanning electron micrograph of 
a dividing acid-fast bacil l us within the gut of the mosquito 48 h after feeding .  
( i i )  Transmission electron microscopy: Figure 4 (a) i l lust rates an electron 
micrograph of an acid-fast bacil l us within the gut of a female mosquito fed on a 
maculo-anaesthetic patient .  The picture was taken 24 h after bi t ing .  Figure 4(b) 
and 4(c) show the ultrastructure of  M. leprae i n  the gut of  the mosquito 24 and 72 

Figure 5. Control elec tron micrographs of M. /eprae in  lepromin and alterations i n  t he 
u l trastructures of acid-fast bac i l l i  wi th in the gut of mosqui toes fed on a gl ucose-water-lepromin 
mixture .  

( a )  a n d  ( b )  Electron micrograph of a pure suspension of M .  /eprae in  armadi l lo-derived 
lepromin .  M esosomal structures are vis ible in (a) ( x  20,000) . 

(c) A lterat ion of the u l t rastructures of M. /eprae with in the gut of a mosquito 72 h after feeding 

on a mixture of g lu.cose-water-lepromin .  Double membranes are part ia l ly  vis ible .  M iddle portion of 
the bacteria i s  partia l ly  digested ( x 42,000) .  

(d) ,  (e) and (f )  Al teration of the u l trastruct ures of M. /eprae with in the gut  of a mosq ui to 96 h 
after feeding on a mixture of gl ucose-water-lepromin .  Vaculat ions with in the bacteria are seen i n  (d)  
and (f ) .  M usculature of the gut of mosq u i to is  a l so v is ib le  in  (d)  and (f) ( x  27,000) .  
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h after b i t ing the LL patient .  Figure 4(d) and (e)  clearly depict dividing acid-fast 
baci l l i  i n  the gut of mosqui toes after 72 h of biting a LL patient .  Figure 4(d) 
demonstrates a symmetrical membrane st ructure .  

Results of electron microscopy of the guts  obtained from mosq uitoes fed 
artificial ly on the gl ucose-water- Iepromin mixture were similar to that observed 
in insects fed on leprosy patients ( Figure 5) .  The number of AFB within the gut 
gradual ly decreased after art i ficial feeding .  Many A F B  were observed up to 96 h 
after feeding; thereafter occasional A F B  were seen .  After 4 days of feeding, lysis 
of  AFB started (Figure 5(f)) and by 1 68 h lysis was almost complete . An 
electronmicrograph of M. leprae in  the excreta of mosqui toes fed on the glucose
water-lepromin mixture after 72 h of artificial feeding showed fragmented and 
disrupted bacteria .  

When the guts of  mosquitoes fed on healthy volunteers were examined under 
a transmission electron microscope, digest ion of erythrocytes and monocytes was 
seen after 24 h of bit ing.  M usculature of the mosq uito gut as wel l  as virus- l ike 
particles was also vis ible inside the gut .  

Discussion 

The work of Narayanan et al. 9 aroused the interest of leprologists in the 
possib i l i ty of transmission of leprosy by arthropods .  They suggested that for 
successful  transmission, 3 essential  req uirements are necessary : I ,  acq uis i t ion of 
sufficient number of l iving baci l l i ;  2 ,  sustenance of the acqu ired baci l l i  in  viable 
form unt i l  they are transmitted in new hosts; and 3, the abi l i ty of  parasites to 
mult iply in the vector.  

To demonstrate the viabi l i ty of M. leprae in the intestines of mosquitoes we 
have used the fluorescent staining procedure : 7  The staining method incorporated 
FDA and E B  mixture .  FDA entered the l ive cel ls ,  enzymatically hydrolysed by 
acetylesterase, rapidly accumulat� in  the cytoplasm and appeared green under 
u ltraviolet l ight indicating viabi l i ty .  EB entered dead cel ls ,  combined with DNA 
and appeared red . Thus viabi l i ty of the ingested green coloured bacteria was 
correlated with the presence of native acetylesterase within M. /eprae. After the 
4th day of bite no green coloured bacteria were seen within the mosquito gut 
i ndicat ing thereby the destruct ion of the enzyme of M. /eprae . 

I n  order to demonstrate the abi l i ty of M. /eprae to  multiply in  mosquitoes, 
arthropods were a l lowed to bite baci l l i ferous  leprosy patients . In a control 
experiment, they were also al lowed to suck a mixture of glucose-water and 
armadi l lo-derived lepromin containing dead M. /eprae . 

The earlier i nvestigators studied the transmission of M. /eprae by mosquitoes 
by light microscopy, which had not al lowed them to study any alteration in the 
ul trastructures of M. /eprae in  the adverse environment of the gut of the insects .  
We therefore decided to s tudy this  aspect of t ransmission of leprosy by mosqui to .  

As observed by previous workers, we also found that the number of M. leprae 
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in the gut of mosqui toes was larger ini t ia l ly and became scanty i n  the later part  of  
the  week after blood mea ls  as well as after ar t i ficial feed ing of  lepromi n .  Elect ron
dense materials (negative staining) have been visible (Figure 4a) .  S imi lar electron
dense substances have recently been described by Hirata in longitudinal serial 
sections of M. leprae. 1 o  Mesosomal structures and nuclear apparatus have also 
been seen in  a dividing bacterium ( Figure 4(c)) .  M ost interestingly both 
transmission (Figure 4( d) and (e)) as well as scanning electron microscopy ( Figure 
3 )  and also fluorescent technique could demonstrate bacteria l  ce l l  divis ion in the 
gut of mosquitoes within 72 h afte� bi t ing .  Another interesting finding is that sol id 
A F B  found in  the excreta of the mosquitoes were not only smal l  in number but 
they were also disrupted and fragmented . No M. leprae were found in  dividing 
stage i n  the gut of mosquitoes which sucked lepromin (Figure 5) .  The most 
striking finding i s  a symmetrical membrane profile ( Figure 4(d)) .  This is 
characteristic of M. leprae and is not shared by other cul tivable species of 
mycobacteria . 8  However i t  cannot be taken as a definitive identification of M. 

leprae, since during fixation with 1 % uranyl acetate, we had not used divalent 
cations l ike calcium or magnesium,8 which might have affected the ul trastructure 
of M. leprae . 

We are thus tempted to postulate from the s imi larity of electron micrographs 
of the bacteria within the gut of mosqui toes fed on patients (Figure 4) and 
lepromin-glucose-water mixture ( Figure 5)  that binary division of M. leprae 
within the gut of A .  aegypti was possible at least in the early days after blood 
meals .  This view is  further substantiated by the observed increase of the 
percentage of green stained baci l l i  from 36% to 48% on the 3 rd day of bite (Table 
1 ) . S ince the number of green stained M. leprae rapidly decreased in the gut of  the 
mosquitoes after 96 h and since red stained beaded baci l l i  increased rapidly in 
number after the 4th day of bite (Table 1 )  and further since the excreta showed 
fragmented and disrupted AFB,  it is possible that digest ive enzymes of the gut of  
the  vectors might have affected the  u ltrastructures of M. leprae and probably have 
k illed the parasites. However, detai led enzyme studies are necessary to substan
tiate our hypothesis .  

Our findings of binary division of M. leprae in  the  gu t  of mosquito within 72 h 
after bit ing leprosy patients ( Figure 4(d) and (e)) is contr

�
ary to the exist ing notion 

that propagation time of M. leprae i s  sufficiently long and the l i fespan of the 
arthropods i s  relatively short .  Thus substantial multipl ication of M. leprae, if  at 
al l ,  could have not been possible wi�hin the gut of the mosquitoes. Therefore the 
observed transient multiplication of M. leprae within the gut of mosquito under 
an electron microscope might have 2 explanations:  

( 1 )  i t  i s  possible that under the gut environmental condit ions,  such as the 
contaminated water offered to the insects, saprophytic mycobacteria might have 
mult ipl ied in  the gut. But had it been so, the percentage of the green stained A F B  
should have been progressively increased during a l l  the days of o u r  experiment 
fol lowing blood meals .  One might also argue that the staining technique would 
not differentiate between AFB and any bacteria l  flora in the gut of mosquito,  such 
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as E.  coli, so  often present  i n  i t .  We  had demonstrated tha t  the  in testines of  
mosq ui toes bred under steri le condi t ions were free from Gram posi t ive and Gram 
negat ive bacteria .  Furthermore the guts of control unfed mosq ui toes and those of 
mosq ui toes fed on normal volunteers showed no A F B  l ike baci l l i  by E M .  Even if 
the guts of our mosqui toes contained bacteria other than M. /eprae, then the ra t io 
of  the numbers of green to red baci l l i  should be equal  during a l l  periods instead of 
the observed progressive decrease o f  green and rapid rise of  red bacteria (Table I ) . 
Furthermore the symmetric geometry of the ou ter and inner membranes of  the 
mycobacteria as observed in  the el,ectron micrograph in  our study ( Figure 4(d)) as 
wel l as the s imi larity of the electron micrographs of M. /eprae in the gut of 
lepromin fed insects ( Figures 4 and 5) rule out this possibi l i ty . 8  

(2)  Alternatively binary fission of the M. /eprae ( Figure 4(d) )  and 4(e)) which 
might have started in  the circulat ion of the patient a t  the t ime of blood meal was 
seen wi th in 72 h of the feed ing experimen t .  H owever, under the adverse 
environment of the gut  of the arthropod, M. /eprae became q uickly non-viable 
(red stai ned) and e l iminated . Further experiments are necessary to substant iate 
this posulate .  
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Summary Lymphokine prod uction t o  PHA and Mycobacterium /eprae was 
measured using the leucocyte migrat ion inh ibi t ion test before and after lepromin 
sk in  test ing in 7 hea l thy contacts of  leprosy pat ients .  There was suppression of  
responses to  M. /eprae fol lowing lepromin  i nject ion,  bu t  the responses to PHA 
were unaffected : th i s  may indicate the presence of  protect i ve immuni ty  to leprosy 
in these subjects .  

Leprosy is  a very chronic d isease . I n fect ious cases are l i ke ly to excrete M. leprae 
for months or years prior to d iagnosis ,  and for weeks or months after the 
commencement  of t reatment ,  thus exposing their household contacts to pro
longed bombardment with antigenic materia l .  The normal response of exposed 
subjects is the development of protective immuni ty ;  few acqu i re progressive 
d isease . However, the prolonged exposure suggests a specia l  need for a 
mechanism to avoid the development of an  overactive immune response which 
could be harmful  to the subject. 

A possibly su i table contro l  mechanism has been demonstrated in vitro .  
Regulat ion of the immune response i s  a funct ion of suppressor cel ls ,  and 
mycobacteria l  ant igens have been shown to induce suppressor cel ls which exerted 
ant igen-specific suppress ion in lymphocyte cu l tures .  The subjects were healthy 

t Correspondence: Dr J M H Pearson ,  Dhoolpet Leprosy Research Cent re, Karwan, 

H yderabad 500 006, Ind ia .  
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individ uals who were probably immunized against leprosy by prolonged 
expos ure l l or against  tuberculosis by BCG vaccinat ion .4  Simi larly another s t udy9 
demonstra tes M. /eprae ind uced suppression of Con A responses of mononuclear 
cel ls  from armadi l los which appeared to be resistant to infect ion with M. /eprae. 

This rather consistent pattern of resul ts  contrasts with the highly varied resul ts  of 
s imi lar st udies in which cell cu l tures from leprosy patients were used . I , 3 , 6  It has 
been suggested I I  that th is  ant igen specific suppression regulates (and thus  
indicates the presence of) protective immuni ty  in leprosy . 

H i therto studies of M. feprae ind uced immune suppression in  man have been 
'2 stage' experiments .  Suppressor cel ls  have been generated by exposure of cell 
cu l tures to ant igens of M. feprae: their effect has been measured by incorporat ing 
the cel ls  into a second cu l ture .  I n  the present  study we re-exposed healthy leprosy 
contacts to M. feprae in  standard dosage by M i tsuda lepromin test ing them, and 
assessed the resul t ing immune suppression by using the leucocyte migrat ion 
inhibit ion test  (LM IT) before and after lepromin test ing to measure cel l  mediated 
responses to M. feprae antigens .  

Materials and methods 

Seven healthy members of the scient ific and technical staff of Dhoolpet Leprosy 
Research Centre, Hyderabad, I ndia,  who had been working in close contact with 
leprosy patients for more than 3 years, were skin tested with Mi tsuda lepromin 
(armadi l lo-derived, containing 4 x 1 07 baci l l i  per ml) ,  and the late reaction (2 1 

day) was recorded . Blood was drawn from these subjects twice to measure their 
LM IT responses, once before performing the skin test and again when the 2 1  day 
reaction was read . 

The L M I T  was performed exactly as described earlier . 8  This method is a 
modificat ion of the original method described by Soborg & Bendixen .  1 0  Briefly, 7 
ml  of the anti-coagulated blood was added to 3 ml  of 3% gelat in (Sigma 
Chemicals, USA) in saline i n  a culture tube.  A fter thorough mixing it was kept at 
3 7°C in  an i ncubator for 45 min .  The leucocyte-rich plasma was then aspirated to 
pellet the cel l s  by centrifugation and subsequently for washing thrice. The cell 
pellet was resuspended in  Min imum Essential  M edium (M E M )  (Bios, Bombay, 
I ndia) .  Leucocyte concentration was adj usted to 3 x 1 07 cells/ml and the cell  
viabi l i ty was checked with 0·25% Trypan B lue .  The capil laries (Arthur Thomas 
Co . ,  USA) were loaded with the leucocyte suspension and centr ifuged at 1 000 

rpm for 5 min in a swing-out  rotor centrifuge . Then,  the capil laries were cut  at the 
cel l -medium i nterface and kept in polystyrene chambers which were fi lled with 
M E M  containing 20% foetal calf serum (Microlab, Bombay, India) wi th or 
without antigen or mitogen and were sealed with cover-sl ips.  Each test  was run in 
triplicate. After 1 8  h of  incubation at 3 7°C,  the areas of migration were measured 
with planimetry. 
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The M igratory I ndex ( M I )  was ca lculated as fol lows:  

M l = Average area of migrat ion with ant igen 
Average area of migrat ion without ant igen 

The st imulants  used were the mi togen, Phytohaemagglut in in-P ( PHA-P) 
obtained from Difco, U SA which was used at  10 ),Lg/m l .  ( I n  the dose-response 
study, th is  concentrat ion gave optimal responses wi thout  aggl ut inat ion of  
leucocytes . At l ower concentrat ions ( i . e .  1 , 2  and  5 j,Lg/ml )  the  LM I responses were 
weak whi le  at h igher concentrat ions ( i . e .  20 j,Lg and 25 j,Lg/ml )  agglut inat ion of  
leucocytes was observed i n  the migrat ion chambers . )  M. /eprae antigens, whole 
baci l l i  (M L W) and sonicated preparat ion (M LS) of the same batch ( Batch No .  
AB 5 1 )  were k indly supplied by Dr R J W Rees, N I M R, London . They were u sed 
at 2 · 5  x 1 07 baci l l i/ml concentrat ion (or equivalent concentration in the case of 
M LS) which were previously shown to be opt imal for this  system .s  

Students ' t '  tes t  was used for stat istical analys is .  

Results 

The responses of each subject ,  before and after lepromin test ing, to PH A, M LS 
and M L  W are shown i n  Table I .  The responses to PHA were remarkably stable,  
and the means before and after lepromin test ing were a lmost identica l .  The M LS 
responses were variable (4 showed l i t t le  change, 3 suppression) ;  they suggested 

Table 1. I ndividual migratory indices of 7 hea l thy  contacts before and 
after lepromin skin test ing and their lepromi n  react ion 

P H A  M LS M LW Lepromin 
Subject react ion 
number Before After Before After Before A fter ( mm) 

I 0 · 70 0 · 79 0 · 8 8  0 ·94 0 ·67 0 · 82  7 
2 0 ·79 0 · 80 1 ·08 1 ·05 0 ·63 1 ·0 1  1 0  
3 o ·n 0 ·68 '0 ·84 0 · 75  0 · 8 1  0 · 83  7 
4 0 · 7 1 0 ·58  0 ·66 0 ·84 0 ·60 1 ·02 6 
5 0 ·56 0 · 76 0 · 57  J '09 0 ·79 0 ·95 6 
6 0 ·86 0 · 79 0 ·66 0 ·98 0 · 74 J ·02 J O  
7 J · 22 J · J 9 0 ' 9 J  0 ·95  0 ·90 1 ·09 3 

M ean = 0 ·79 0 ·8 1 0 · 80 0·94 0 · 73*  *0·96 7 

± ± ± ± ± ± ± ± 

SE = 0·09 0 ·06 0·06 0 ·04 0 ·04 0 ·04 0 ·9  

* I ndicates significant ( P < O 'O I )  difference i n  mean values.  
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post- lepromin suppress ion,  bu t  the d ifference was  no t  s ignificant .  H owever, the 
M L W responses were suppressed ( i . e .  the M igratory I nd ices were clearly 
elevated) i n  all subjects except one a fter lepromin tes t ing,  the mean figures 
showing a s ignificant  d ifference (P < 0·0 I ) . When M LS and M LW resu l t s  were 
pooled there was s t i l l  suppression  which was s ignificant  at P < 0 ·0  I level . 

There was no correlat ion between the amount of  suppress ion detected and the 
size of  lepromin reaction .  

Discussion 

This prel iminary study d iffers i n  2 major  ways from others which have 
demonstrated antigen specific immune suppression i n  man . First ly, suppression 
was induceo in vivo, suggest ing that the previous studies were not s imply detecting 
an in  vitro artefact . Secondly, a different detection system, the L M IT, was used . 
This techn ical ly s imple test measures Iymphokine prod uction ,  but can be much 
influenced by other effects .  H owever, measurements of I ymphok ine prod uction 
may be potential ly more specific i ndicators of  immune responses than are tests 
involv ing Iymphoproliferat ion such as the L TT. It has been reported5 that ,  
compared with the LTT, the LM IT showed less cross-react iv i ty between leprosy 
and tuberculosis infect ions .  In the present  study the more marked M L  W 
responses suggest that our  subjects responded preferent ial ly to surface ant igens of  
the M. leprae preparat ions they received; but d i rect Iymphokine assays wi l l  be  
needed to prove such discriminat ion between d ifferent ant igens of M. leprae . The 
stabi l i ty of  the PHA responses indicates that the a l tered responses to M. /eprae 

were specific and induced by the lepromin inject ion .  
This  s tudy has demonstrated ant igen specific immune suppression in  subjects 

probably immunized against M. /eprae by exposure, support ing the view of 
Stoner et al. l l  that such a phenomenon might be part of  a normal,  nat iv� 
protective response against  i nfect ion .  The possibi l i ty that th i s  phenomenon could 
be used to ind icate the presence of  protect ive immunity deserves further 
explorat ion,  particularly as i t  might be applied as part of  the short term 
evaluat ion of potential ant i - leprosy vaccines .  In view of the demonstrated defect 
in ant igen-specific lymphokine production by lepromatous leprosy patients ,2, 7 
tests that  measure lymphokine production may be more su i table than the 
standard L TT for this purpose. 
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Summary Thal idomide enhances de novo I g M  ant i body synthesis in  mice t o  DN P
Fico l l .  The immunocompetent cel l s  responsive to thymic i ndependent ant igens l i ke 
DN P-Ficol l  are macrophages and the B lymphocytes . Enhancement of immunores
ponsiveness to DN P-Ficol l  seems to be due to augmentat ion of macrophage 
funct ion by thal idomide.  

Since 1 965 ,  thal idomide has been used in  a l leviat ing the signs and symptoms of a 
major  medical complicat ion of lepromatous leprosy, erythema nodosum lepro
sum (EN L) . I H istologically, the hal lmarks of E N L  lesions are vascul i t i s  or 
vascular necrosis ,  oedema and inflammation with infil trates of  neutrophi l s  
affect ing the entire dermis  and subcutaneous fat . 2  The factor or factors that 
trigger the influx of neutrophi ls  i s  unknown . For thal idomide to be effect ive in 
ENL, i t  m ust  in terfere with one or more of the essent ia l  s teps in  the pathogenesis 
of  this  syndrome. 

Since i t  has been suggested that EN L is  an immune complex mediated 
disease,3 , 4 we have investigated the effect of thal idomide on h umoral  immunolo
gical responses . Thalidomide significantly i nhibits an IgM but · not  an I gG 
response in  mice to the T-cel l -dependent antigen, sheep erythrocytes; it also 
selectively decreases serum IgM concentrat ions among leprosy patients being 
treated for their ENL.  5 These observations have prompted us to speculate that a 
c l in ical ly relevant site of action for thal idomide in  ENL is on the synthesis of IgM 
antibody.  I f  thal idomide acts on immunocompetent cel ls ,  the  cell target of the 
drug must be among the macrophage, IgM antibody forming B cell and helper or 
suppressor lymphocytes . 
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To  excl ude T cel l  interact ion and to  determine the effect of  tha l idomide on ce l l  
in teractions of the macrophage and B cel l  type, we investiga ted the effect of  
tha l idomide on  IgM responsi veness of  mice to DN P- Ficol l .  B cel l responsiveness 
to this n i trophenol conjugated polysaccharide i s  not dependent on T cel l help but 
has been shown to req u i re ' a  phagocyt ic accessory and B cell interact ion . 6  The 
accessory cel ls  are adherent ,  phagocytic and must be viable .  

Materials and methods 

Animals .  Local ly  bred female Swiss-Webster mice 8- 1 2  weeks of age were 
used . Thal idomide (Grunenthal  G M B H ,  5 1 90 Stolberg/Rh Ld . , Federal Republ ic 
of  Germany) was incorpora ted in a 0 ·03% w/w basis in  powdered Rodent Lab 
Chow (Ra lston Purina Co . ,  St Louis ,  M O) .  

DNp4o-AEC M - Ficoll ( Biosearch,  San  Rafael , CA)  was  resuspended in steri le 
sal ine and injected intravenously into mice. Picrylsulphonic acid, 2,4,6-t ri n i tro
benzinesu lphonic acid (TN BS) was purchased from Sigma Chemical Co . ,  St 
Louis ,  M O, and conj ugated to sheep erythrocytes (SR BC) ( M icrobiologica l 
Associates, Bethesda, M D) to produce tr in i trophenol (TN P) subst i t u ted cel l s  as  
described in  an  earlier s tudy . 7  

Enumeration of plaque-forming cells ( PFC) . TNP subst i tu ted sheep erythro
cytes were plated with mouse spleen cel l s  as described previously,  for enume
rat ion of S RBC-plaque-forming cel l s  (PFC) . 5  Plaques were corrected for 
background PFC to S R BC and the contribut ion of my eloper oxidase posit ive cel l s  
(monocytes-macrophages) .  Resul ts  are expressed as PFC/mi l l ion peroxidase 
negat ive cel l s .  Statist ical ana lysis was done using a Student ' s  I-tes t .  

Results 

A prel iminary experiment was to determine the dose of D N p4o-Ficol l  i n  mice 
which would resu l t  in 50% of the maximum PFC response to TN P substi tu ted 
S R BC.  Classica l ly at  the median effective dose (ED50), a dose response curve is 
steepest ,  and this  i s  therefore the area at which inhibi t ion or enhancing 
phenomena resul t ing from a drug t reatment would be most readi ly demonstrable .  
The ED50 for DNp4o-Ficol l  induction of a 4 day d irect PFC response was 
in terpolated to be 1 03 ' 5  ng (Figure 1 ) . To assess the effect of  thal idomide on the 
responsiveness of  m ice to DNp4o-Ficol l ,  mice were fed thalidomide a t  0 ·03% w/w 
in  powdered rodent chow for 7 days. Control mice received no thal idomide.  
(Thalidomide fed a t  th is  concentrat ion for 3 days achieves a mean blood level of  
in tact drug in  mice of  0 ·84 ).lg/mI5 ,  and th is  i s  essential ly equivalent to that  of  0 ·9  
).lg/ml achieved in  humans  fol lowing 1 00 mg ora l  doses . )8 After 7 days, both 
groups of  mice were i njected with an  ED50 dose of  1 03 ' 5 ng of D N p4o-Fico l l .  Four  
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Figure 2. The effect of thal idomide on 4 day PFC (mean ± SO) of mice to an E050 dose ( 1 03 5  ng) of 
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days later, spleens from both groups of mice were enumerated for their PFC to  
TN P subst i tu ted S R BC.  As may  be  seen in Figure 2, tha l idomide enhanced the 
PFC responsiveness of mice to DN p4o-Ficol 1 .  

Discussion 

The pathogenesis of EN L may be viewed as an imm unological puzzle . I f  the 
mechanism of act ion of thal idomide in  inh ibi t ing imm unological and inflamma
tory events were known, i t  would faci l i tate an understanding of the immunopath
ology of EN L .  We, 5 and others,9 have shown thal idomide to be effective in 
suppressing a primary humora l  response to sheep erythrocytes. The development 
of optimal ant ibody responses to T-cel l -dependent ant igens like S R BC req ui res 
the participat ion of and interact ions among at least 3 dist inct types of cel ls in the 
immune response: macrophages;  thym us-derived cel l s  (T cel l s ) ;  and precursors of 
ant ibody-producing cel l s  (B ce l l s ) .  

M acrophages have the  critical funct ion of present ing antigen in  a highly 
immunogenic form to T and B cel l s  to in i t iate the immune response.  1 0  As tested by 
ret iculoendothelial system clearance of col loidal carbon in  mice, thal idomide 
does not decrease macrophage phagocytic capabi l i ty . 5  On the contrary, a 
s ignificant ly enhanced phagocytic index over controls was observed in  animals 
fed 0 '03% w/w thal idomide for 7 days .  In this  study, mice were fed thal idomide 
under similar condit ions of t ime and dose .  The immunoreact ive cel l s  in  focus 
using the T-independent ant igen D N p4o-Fico l l ,  are the macrophage and the B 
cel l .  S ince immunoresponsiveness was enhanced , the function of either the 
macrophage or B cel l  (or both) was enhanced by thal idomide.  In view of 
thal idomide's increasing RES clearance of col loidal carbon i n  mice,  and i ts  
reported enhancement  of monocyte funct ion i n  a lepromatous pat ient ,  I I  an 
augmentation of macrophage funct ion by thal idomide could be an explanation 
for the enhanced PFC response to D N p4o-Fico l l  and the reduced PFC responses 
to S R BC .  Thal idomide has been shown to stabi l ize the membranes of h uman and 
rat l iver lysosomes . 1 2  By stabi l izing membranes, the drug could retard the release 
of ant igens from phago lysosomes. Retent ion of ant igen with in phagolysosomes 
could resu l t  in enhanced enzymatic degradation . Antigens, especia l ly proteins on 
S R BC, cou ld be degraded to less immunogenic moieties . Polysaccharide carrier 
conj ugates l ike DNp4o-Ficol l  which are more difficult  to degrade could be more 
efficient ly processed and presented to B cell s .  

The  enhanced IgM ant ibody responsiveness to DNp4o-Ficol l  would seem to  
exclude the  B lymphocytes as a target s i te for thal idomide's effect on the  humoral 
immune responses .  The target site for thal idomide among the macrophages and T 
lymphocytes remains to be elucidated . Thal idomide has been shown to decrease T 
helper cel l s  in  the peripheral blood of healthy males . 1 3 Thus thal idomide could 
i nhibi t  IgM antibody responses to T helper cell dependent ant igens l ike S R BC or 
possibly M. leprae by inhibi t ing T helper cel l  act iv i ty .  
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Summary This study is  o n  2 groups o f  leprosy pa t ients using the M i tsuda lepromin 
test . The first group of 37  pat ients  received O ·  I m l  of both human ( Lepromin -H)  
and  Armad i l lo  lepromin ( Lepromin-A)  i n  concentrat ions of 40  m i l l i on  baci l l i  per 
m l .  The average readings for Lepromin-A and -H were 4 ·  7 mm and 2 ·  I m m  
respect ively . Using Nested analys is of  variance, t h e  Lepromin-A readi ngs were 
found stat ist ica l ly  s igni ficant ly  ( 2 · 2  t imes) h igher than the Lepromin-H readings. 
The second group of 60 patients received 40 M baci l l i  per m l  of Lepromin-A and 
1 00 M baci l l i  per m l  of Lepromin- H .  The average readi ngs for Lepromin-A and 
- H  were 6 ·9  mm and 6·3 mm respect ively .  This  study suggests that with the paucity 
i n  supply of Lepromin -H ,  Lepromin-A can be used as a good subst i tute i n  
concentrat ions of 4 0  M baci l l i  per m l  i n  comparison w i t h  t h e  Lepromin-H using 
1 00 M baci l l i  per m l .  

The M i tsuda lepromin reaction is  an important  i ndicator of the  abi l i ty of the host 
to mount a cel l  mediated immune response to Mycobacterium leprae. The 
lepromin  test was described by Hayashi I and M itsuda.2  The standard M i tsuda 
lepromin reaction is read after 3--4 weeks .  A reading of more than 5 mm is  taken 
as posit ive. The preparat ion of lepromin has been standardized by WHO. 3  
Studies4• s have suggested that the  lepromin test was one  of the  most usefu l  
indicators to determine the  risk of relapse in  patients treated with Dapsone 
monotherapy. 

It is  becoming i ncreasingly difficult to obtain human lepromatous leprosy 
tissue to prepare Mi tsuda lepromin .  However, lepromin prepared from armadi l lo 
t issue i s  now becoming more easi ly avai lable .6  I f  lepromin  i s  to be used as a 
criterion to determine the t reatment and release from control of patients, then 
armadi l lo lepromin will have to be used . This study compares the M i tsuda 
lepromin reactions using armadi l lo (Lepromin-A,  40 M baci l l i  per ml)  and human 
lepromin (Lepromin-H ,  40 and 1 00 M baci l l i  per ml) .  

0305-75 1 8/85/056303 + 06 SO LOO © Brit ish Leprosy Relief Associat ion 303 



304 K Jesudasan et a l .  

Materials and methods 

This present study is on 2 groups of leprosy patients of a l l  c lassificat ions . The first 
group of 37  patients received both human and armadi l lo  lepromin in concentra
t ions of  40 M baci l l i  per m l .  The second group of 60 patients were given 40 M 
baci l l i  per ml of  Lepromin-A and 1 00 M baci l l i  per ml of  Lepromi n-H . 

Three of  the larger cl i nic sub-centres of  the Schieffel in Leprosy Research and 
Training Centre in Karigiri ,  G udiyatham Taluk  were chosen for the study. This 
area has been previous ly described . 7  Patients of  a l l  classificat ions were randomly 
chosen for the study.  

H uman lepromin ( Lepromin- H )  inject ions of  0 · 1 ml  and armadi l lo  lepromin 
( Lepromin-A) were given intradermal ly .  The inject ions were randomized to one 
or other arm by use of ca lculator generated random numbers.  Each patient 
received both human and armadi l lo  lepromin,  either in  the left or right arm .  The 
lepromin readings were taken 4 weeks later by a minimum of 2,  up to a maximum 
of 6 observers accord ing to avai labi l i ty .  The observers were a l l  paramedical s taff 
or medical officers belonging to the leprosy control  uni t  who had had previous  
experience and training in the reading of the lepromin tes t .  

Neither the  patients nor the  observers knew which arm had been given 
Lepromin-A or Lepromin-H . One arm was read at  a time and the readings noted 
by the chief investigator or the senior paramedica l worker who assisted in the 
study.  The observers were not  a l lowed to compare the reading of both arms 
before recording their resu l t s .  

Lepromin-H containing 40 M baci l l i  per  ml  was obtained from the National  
Inst i tute of  M edical Research Laboratories, Mi l l  Hi l l ,  London,  U K .  Lepromin-A 
of the same strength ,  40 M baci l l i  per ml ,  was obtained from WHO Headquarters, 
Geneva . Lepromin-H of concentration 1 00 M baci l l i  per ml, was prepared a t  the 
Laboratories of the Schieffel in Leprosy Research and Training Centre, according 
to standard protocol suggested by the World Health Organization . 3  

Results 

S T U D Y  1 

The age, sex and type of leprosy in  the 37  patients who received 0· 1 ml of human 
and armadi l lo  lepromin of the concentrat ion 40 M baci l l i  per ml  i s  given in  Table 
I .  Their average lepromin readings according to age and type are given in Table 2. 
The average M itsuda lepromin readings using the armadi l lo  lepromin (Lepro
min-A) was consistently h igher than the human lepromin (Lepromin-H) readings 
(Table 2) .  

The results were analysed by the  technique of Nested 2-way analysis of  
variance,S  us ing the  individual readings .  There was  no significant difference in 
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Table 1 .  

Study 1 *  

0- 1 4  1 5-24 25 years and 
years years above Total 

I N D  M /F 1 / 1 1 / 1 
TT 2/3 1 / 1  4/3 7/7 
BT 4/8 4/8 
BL and LL 0/ 1 5/3 5/4 

Total 2/3 1 /2 1 4/ 1 5 1 7/20 

* Distr ibut ion- of  the 37 patients in  St udy I .  
t Distribut ion of the 60 patients i n  S tudy 2 .  

Study 2t 

0- 1 4  1 5-24 25 years and 
years years above Total 

2 I /O 0/ 1 0/2 
1 4  3/3 4/5 5/7 1 2/ 1 5  
1 2  I /O 2/2 9/4 1 2/6 
9 0/ 1 3/0 7/2 1 0/3 

37  4/4 1 0/7  2 1 / 1 4  24/26 

305 

2 
27 
1 8  
1 3  

60 

Study I :  Lepromin-A and - H ,  40 M baci l l i  per m l ;  Study 2: Lepromin-A 40 M and Lepromin-H 
1 00 M baci l l i  per  m t .  

I N D, I ndetermi nate; TT, Tuberculoid;  BT, Borderl ine Tuberculoid,  B L ;  L L ,  Borderl ine 
Lepromatous and Lepromatous;  M/F, N umber of males/females . 

reading between the sexes or ages _  The Lepromin-A readings however were 
statistica l ly s ignificantly higher ( P < O -OO I )  than the Lepromin-H readings .  The 
overal l  average lepromin  reading using Lepromin-A was 4 · 7  mm and Lepromin
H 2 - 1  mm.  

S T U D Y  2 

A s imi lar  method of analysis as for Study I was used . Table I gives the age, sex 
and type of leprosy in the 60 patients who received 0 · 1 ml of Lepromin-H of 
concentration 1 00 M baci l l i  per ml and 0 · 1 ml of Lepromin-A, concentrat ion of 
40 M baci l l i  per m! .  The average lepromin  readings of the 60 patients, by age and 
type are given i n  Table 2 .  This table shows that the lepromin  readings using 
Lepromin-A and - H  were very s imi lar .  There was no s ignificant d ifference in  the 
readings when the ages and sexes were compared _ When the lepromin readings 
us ing Lepromin-A and -H  were analysed as in  Study 1 ,  there was no significant 
d ifference i n  the readings .  The overal l  average M itsuda lepromin reading us ing 
Lepromin-A was 6 ·9  mm and the average lepromin reading us ing Lepromin-H 
was 6 - 3  mm.  

Discussion 

One s tudy9 us ing s imi lar concentrations of Lepromin-A ( 1 75 M baci l l i  per ml )  
and Lepromin-H ( 1 60 M baci l l i  per  ml) ,  reported an exaggerated response in  
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Table 2. Average lepromin reading by age and type (mm) 
'" s:: 
§-'" t:) 

25 years ;::s 
('l) 

0- 1 4  years 1 5-24 years and above Total � 
No.  of No.  of No. of No. of 

tI:> 

Study Lepromin Type patients * A  * H  patients *A * H  patients *A * H  patients *A * H  

I N O  2 6 · 8  3 · 5  2 6 ·8  3 · 5  
A and H 4 0  M IT 5 5 · 7  3 · 1 2 7 · 5  3 ·9  7 7 ·6  2 ·9  1 4  6 ·9 3 · 1 
baci l l i  per m l .  BT I I  4 ·9 2 · 1 I I  4 ·9 2 · 1 

BL + LL I 0·0 0·0 9 1 ·0 0·4 1 0  0 ·9 0 ·3 

Tota l  No.  5 3 29 37 4 ·7  2 · l t  

I N O  I 5 · 8  5 · 8  4 ·7  7 · 3  2 5 · 3  6 ·6 
2 A 40 M IT 6 8 ·6  7 · 3  9 1 0 · 8  1 0 · 7  1 2  9 · 7  8 -4  27 9 ·8 8 ·9 

baci l l i  per m l .  BT 8 -4  5 · 6  4 7 · 3  6 · 5  1 3  6 -4 5 · 7  1 8  6 ·3  5 ·8  
H 1 00 M baci l l i  
per  ml .  B L + LL I 0·4 0 ·0 3 0 ·0 0 ·7  9 2 · 5  1 ·9 1 3  1 · 8 1 · 5 

Total No.  8 1 7  3 5 60 6 ·9 6 ·3t 

INO, I ndeterminate; IT, Tuberculoid; BT, Borderl ine Tuberculoid;  BL + LL, Borderl ine Lepromatous and Lepromatous.  
* Average lepromin readi ngs (mm);  t Overal l  average of readings .  
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patient s  receiving Lepromin-A . Using the same concentration of Lepromin-A 
and -H ( 1 60 M baci l l i  per ml)  another study l O  a l so obtai ned an exaggerated resu l t  
i n  individuals  receiving Lepromin-A . 

Three double bl ind trials I I  were carried out to determine the late reactivity of 
1 03 leprosy patients and unaffected persons to di fferent concentrations of human 
and armadi l lo  lepromin .  They suggested that a concentrat ion of armadi l lo  
lepromin of I M baci l l i  per ml would be best for rout ine work in  comparison with 
the human lepromin .  A studl reviewing the work of comparat ive stud ies of 
h uman and armadi l lo lepromin, states that severa l workers have shown 
concordance of Mi tsuda reaction evoked by Lepromin-A and Lepromin-H .  

A study l 2  of 4 1  leprosy patients us ing Lepromin-H i n  concentration of 80 M 
baci l l i per ml  and Lepromin-A 40 M baci l l i  per ml ,  found that  the Mi tsuda 
lepromin reading was significant ly higher using Lepromin- H .  

I n  the present study the Mi tsuda lepromin readings using 40 M baci l l i  per ml 
of Lepromin-A and - H ,  were significant ly  different .  The average reading of 
Lepromin-H and -A were 4 ·7  and 2 ' 1 ,  respectively.  H owever, the lepromin 
readings using Lepromin-A,  40 M baci l l i  ml and Lepromin-H 1 00 M baci l l i  per ml 
were s imi lar (6 ·90 versus  6 ·3 mm),  and not stat istica l ly different .  

This  s tudy suggests that  for obtain ing comparative readings in  human and 
armadi l lo  lepromin ,  a concentrat ion of 40 M baci l l i  per  m l ,  of Lepromin-A 
compares favourably with 1 00 M baci l l i  per ml  of Lepromin -H . Thus,  for rout ine 
use of the lepromin  test ,  the above strengths are recommended . 

Previous  s tudies at  Karigiri4 i ndicated that  lepromin  react ion is one 
'
of the 

most important criteria for determining the risk of relapse i n  paucibaci l lary 
leprosy.  I t  was also suggested that lepromi n  posit ivity could be used as a criterion 
to determine chemotherape utic regimens .  The important constrain t  however was 
the u navai labi l i ty of Lepromin- H .  This study provides rationale for the possible 
subst i tut ion of Lepromin-A in  the concentrat ion of  40 M bacil l i  per ml ,  instead of 
Lepromin-H concentrat ion 1 00 M baci l l i  per m! .  Field s tudies are planned to 
evalua te this possibi l i ty .  
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Summary The diagnostic efficiency of 9 paramed ica l workers trained i n  leprosy 
was assessed with regard to the misdiagnoses and wrong diagnoses made by them 
during their involvement in a recen t  leprosy case detect ion (survey) programme.  
The workers missed (misdiagnosed) 1 0 · 5 leprosy cases per thousand persons 
exami ned by them during the survey.  Of the 3 1 6  new cases detected by workers, 55  
( 1 7  -4%) were wrongly diagnosed as leprosy, most ly  non-leproma tous (N)  type. 
Amongst t he correct ly diagnosed cases, 98% N-type cases were correct ly classified 
by them; 3 out o f 9  ( 3 3%) borderl ine-tuberculoid ( BT) cases were over-diagnosed 
as borderl ine lepromatous (BL )  type. The c l in ical act iv i ty status of 39 ( 1 6 ' 3%) out  
of  240 leprosy cases, a l l  N -type, was  either over-assessed as active ( 1 1 ' 7%) or 
under-assessed as i nactive (4 '6%). 

The implications, and suggestions to improve the technical ski l ls of workers to 
achieve optimal efficiency in their work,  are d iscussed . 

Since leprosy case detection depends on the diagnostic efficiency of paramedical 
workers (PMWs) employed in the programme, thei r training and technical sk i l l s  
should be kept  up-to-date for effect ive leprosy contro l .  One s tudy '  has assessed 
the d iagnostic efficiency of t ra ined PM Ws engaged in the 7th total  populat ion 
survey (Jan 1 98 1 -June 1 982) i n  a part of Chingleput District ,  of Tamil Nadu ,  
I ndia ,  and  extended suggest ions to improve thei r diagnostic efficiency . This 
operat ional  research project was carried over to the next populat ion survey, ie the 
8th total (J u ly  1 982-Ju ly  1 983 ) ,  of the same area, to study: 1 ,  the quantum of 
leprosy patients being missed (misdiagnosis) by PMWs during the survey; and 2,  , 
their efficiency in  d iagnosis and classificat ion of leprosy cases newly detected by 
them d uring the survey. 

Materials and methods 

Nine trained and experienced ( 5-20 years) PM Ws examined about 94% of 85 ,000 
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persons during the  total populat ion su rvey (J uly 1 982-J u ly 1 98 3 )  of 52 vi l lages in  
Chingleput District . M ost of these vi l lages are thickly populated and well 
connected with roads .  During the last 7 surveys of this area by these workers, a 
very good rapport has been established with the communi ty .  

A total  of 630 new cases were recorded during the 8 t h  survey period of  that  
area . Of these 630 new cases, only 3 1 6  untreated patients could be re-examined 
and confirmed by an experienced medical officer within 3-4 months of  their 
detect ion by workers .  The remaining 3 1 4 cases were not  incl uded in  the presen t  
study on  account of 1 ,  their non-avai labi l i ty for confirmation (69) ;  2 ,  diagnosis by 
another medical officer in a mobile t reatment un i t  on their voluntary reporting 
(30) ;  and 3 ,  inclusion of cases i n  a chemotherapeutic tr ia l  after confirmation by 
other doctors (2 1 5) .  Presuming the diagnosis of the Medical Officer to be correct, 
the diagnostic efficiency of PMWs was thus assessed on those 3 1 6  cases newly 
detected by them and confirmed by the same M edical Officer. 

For est imating the number of leprosy cases being missed (misdiagnosed ) by 
workers during the survey, a l l  the persons reported free from leprosy (heal thy) by 
9 PMWs d uring 1 3  days' (randomly selected) survey of  their respective areas on 
different dates were re-examined with in 2-3 days by an experienced medical 
officer (MO) .  Of the total 879 persons examined by PWM s  (67 personsjPM W  / 
day), 809 were reported to be free from leprosy (healthy) . Out of these 809 healthy 
persons ,  only 667 could be re-examined by the medical officer as others were not  
avai lable .  The miss ing case rate (MCR)  was thus  estimated on these 667 persons 
with the help of the fol lowing formula :  

No .  of leprosy cases detected by medical officer 
M C R  = x 1 00 

No .  of  persons reported free from leprosy by PM Ws 
and re-examined by medical officer 

Results 

M I S D I A G N O S I S  OF L E P R O S Y  B Y  P M W S  

O n  re-examinat ion of 667 persons reported free from leprosy b y  PMWs, the 
Medical Officer on cl inical evidence diagnosed (detected) 7 active cases of leprosy 
(Table I )  thereby indicat ing a M C R  of 1 ·05%, i . e .  1 0 · 5  cases missed per thousand 
persons  examined by workers. It could be said that these 7 cases were overlooked 
by workers during the survey . 

P M W S
' 

E F F I C I E N C Y  I N  D I A G N O S I S  A N D  C LA S S I F I C A T I O N  O F  L E P R O S Y  

Of the  total of  3 1 6  new cases detected by  PMWs,  55  ( 1 7 -4%) were wrongly 
diagnosed as leprosy, mostly non- lepromatous (N) type (Table 2) .  Wrong 
diagnosis was most common in chi ldren . Al l  these 55 wrongly diagnosed cases, 
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Table I .  Leprosy cases misdiagnosed by PMWs 

S l .  Age (yr) Type of 
No. and sex leprosy Si te of  lesion Remarks 

37  Male  PN LP nerve ( left )  ( i )  A l l  cases of  pure neurit ic leprosy had 
2 20 M ale PN LP nerve ( left) and left mi ld to moderate th ickened and tender LP 

3 1 8  M ale 
4 39 M ale 
5 32 Female 

6 24 Female 
7 3 M ale -

PN 

post .  and an t .  t ib ia l  nerves with below k nee area of anaesthesia ,  
nerves 
LP nerve ( right )  
Scapular region  ( left) 
Right l umbar region 
(back) 
Right cheek 
Left la t .  abdomen 

for durat ion of 0 1 -03 years .  

( i i )  Al l  cases of i ndeterminate l eprosy showed 
impa i rment of fine touch and pinprick pain 
sensat ions on t heir single patch ( 1 - 1 ' 5 cm 
diameter) of  4-5 months durat ion .  

PN,  pure neuri t ic ;  I ,  ear ly indeterminate; L P, la teral popl i teal nerve 

Table 2. PM Ws' efficiency in leprosy diagnosis 

Diagnosis by PMWs N N?L Total 

Correct d iagnosis 246 9 255 

( 80 ' 39%) (90 '00%) (80 ' 70%) 
Wrong diagnosis as leprosy 54 I 55  

( 1 7 '65%) ( 1 0 '00%) ( I  HO%) 

Suspected by MO as 6 6 
having leprosy ( 1 ,96%) ( 1 ,90%) 

Total 306 1 0  3 1 6  

Note . Al l  the above N?L cases were borderl i ne-tuberculoid ( BT) type, 
and there was no case of lepromatous ( L) type. 

mostly chi ldren ( >  60%), had fungal ,  malnutrit ional and skin lesions other than 
leprosy . 

Of the 246 non-lepromatous cases correctly diagnosed by workers, 240 
(97 - 6%) were also correctly classified; however, 3 out  of 9 ( 33 , 3%) N?L ( BT) cases 
were over-diagnosed as borderl ine-lepromatous ( B L) type (Table 3(a) ) .  The 
bacteriological examination by slit skin smear technique was carried out on all the 
N?L cases on the day of their detection by the workers themselves . Al l  these cases 
showed bacteria l  negativity, which was not made known to the Medical Officer 
who re-examined these cases . 

Although the activity status of  a l l  N?L type lesions was assessed correctly by 
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Table 3(a). PMWs' efficiency in  classi ficat ion ( types) o f  leprosy 
lesions 

Classi ficat ion by PMWs N N?L Total 

Correct 240 6 246 

(97 ' 56%) (66 '67%) (96 ,47%) 

Over-diagnosis 3 3 

( 3 3 , 33%) ( 1 , 1 8%) 
Wrong* 

Under-diagnosis 6 6 

(2 -44%) (2 - 3 5%) 

Total 246 9 255  

* Over-di agnosis, m i ld type  being  c lassified as severe type . 
Under-d iagnosis, severe type being classified as mi ld  type. 

Table 3(b). PMWs' efficiency in  classi ficat ion (act iv i ty status)  of leprosy 
lesions 

Activi ty status by PMWs N N?L Total 

Correct 1 97 04 20 1 

( 83 -47%) ( 1 00%) ( 8 3 , 75%) 

Over-assessment 28 28 
( 1 1 ' 86%) ( 1 1 , 67%) 

Wrong* 
U nder-assessment I I  I I  

(4 '66%) (04 ' 58%) 

Total 236 04 240 

Note . Since no i n rormati�n on act iv i ty status was provided by PMWs 
on I O N and 5 N?L ( total  1 5  cases) ,  t hey were excluded . 

* Over-assessment,  i nactive lesions assessed as act ive ,  and under
assessment,  active lesions assessed as i nactive. 
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PM Ws, 39 out of 236 ( 1 6 ' 52%) N-type lesions were ei ther over-assessed as active 
( 1 1 , 86%) or under-assessed as inactive (4, 66%) (Table 3( b ) ) .  

The above cross-sect ional  observat ions are almost s imi lar  t o  our  experiences 
reported earl ier .  ) 

Discussion 

The misdiagnosis of leprosy was most common in young ad u l t  males, perhaps due 
to hurry and lack of in terest and motivation amongst both the PMWs and 
persons (patients) result ing in improper c l in ical examinat ion by the worker(s) 
ignoring standard methods and cri teria .  On the other hand, the wrong diagnosis 
was more frequent in chi ldren, possibly due to the workers' i nsufficient 
knowledge, tra in ing and skil ls to d ifferent iate other common skin lesions from 
early leprosy . The extra- leprosy-consciousness while work ing in  a high endemic 
area could also lead to wrong/over diagnosis by workers, as  experienced earlier, ) 
that out of the total of 2 1 5  persons suspected of having leprosy by workers, only 
75  ( 3 5%)  were found to be suffering from leprosy and the remainder had no 
evidence of disease when re-examined by a medical officer.  M oreover, the 
inadeq uate qual i tat ive supervis ion and assessment of PMWs' work could 
adversely influence their efficiency .  I t  i s  needless to point out  that poor diagnost ic 
efficiency of workers has considerable implicat ions on patients for their 
trea tment, the community for transmission of disease, and on the leprosy 
programme as such.  

As  emphasized in  another st udy ) the diagnostic efficiency of workers can be 
appreciably improved by constant good q ual i ty of tra in ing, supervis ion,  and 
evaluat ion of  thei r work by motivated and experienced medical officers .  It  i s  fel t  
necessary that the workers should be equipped with a suitably designed manual 

highl ighting the policy and operat ional  methodology guidelines to carry out their 
work un iformly, efficient ly and effect ively .  In order to quant ify the misdiagnosis 
and wrong diagnosis of leprosy by workers, about 5- 1 0% of the surveyed 
populat ion should be regularly counter-checked by the non-medical supervisors 
concerned; and also by the medical officer(s)  during their supervisory vis i ts  to the 
area . Al l  the cases detected by the workers should be concurrently confirmed by 
experienced medical officers in  their respective units ,  then only a list of the known 
cases should be prepared and reported to higher levels for meaningful planning 
and eva luat ion of the leprosy situation and control programme. The delayed case 
confirmation may sl ight ly i nflate the figure of wrong diagnosis by PMWs as a 
proportion of early leprosy lesions may self-heal i n  the course of t ime.  

Another importan t  relevan t  point which needs to be mentioned i s  that  
a l though the PMWs form the pi l lars of our National  Leprosy Programme(s), 
their i nvolvement i n  planning and decis ion making has been quite passive and 
opportuni t ies for their better prospects while in  jobs have been l imited . I n  
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addit ion to vario us administrat ive and  social aspects ,  the above factors are to a 
large extent responsible for thei r red ucing interes t ,  motivation and efficiency in 
leprosy work . To look into vario us problems of workers and to ga ther and ut i l ize 
thei r va l uable field experiences for p lanning, as wel l  as to a l low them to benefit  
from each other's knowledge and experience; the  active involvement of peripheral 
workers in local/state/national level workshops should be of paramount 
importance to improve the overa l l  efficiency and effecti veness of the leprosy 
programme. Likewise to sustain thei r interest in leprosy work , their job prospects 
cou ld be enhanced by opening a t ·  least 3 promotional avenues, i . e .  N on-medical 
Supervisor, Assistant and Deputy Leprosy Control U nit Officers, with appro
priate tra in ing before each promotion to the deserving candidates .  Now is  the 
time to consider these aspects when we are aiming to eradicate leprosy by the end 
of this century .  
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Summary Hypersens i t iv i ty react ion t o  the most commonly used ant i  leprosy drug, 
dapsonc, i s  becoming an  increas ingly important problem in  the field of  leprosy 
t reatment .  This undesi red react ion to da psone is  more common than was thought 
previous ly .  In this art ic le 4 cases seen at  the Nonsombun Leprosy H ospita l  du ring 
the years 1 982-83 are reported . The 4 leprosy pat ients (2 cases of  BL, I case of  BT 
and I case of  TT) presen ted with cutaneous and systemic man ifesta t ions o f  
hypersensi t iv i ty  to dapsone. The diagnosis w a s  confirmed b y  t ria l  dose in 3 cases. 

Dapsone is  st i l l  the drug of choice in  treating leprosy in  most countries . It i s  also 
being used in  many other skin diseases . We have the impression that we are seeing 
hypersensit ivity and other side effects to this d ru g  more commonly than before .  

Hypersensit ivity i s  confined to t he  first 6 weeks of treatment .  The skin 
manifestat ions of hypersensit ivity react ion to dapsone are exanthematous 
eruptions, exfol iative dermatit is ,  toxic epidermal necrolysis and Stevens-Johnson 
syndrome (erythema mu l ti forme bu l losum) .  The systemic manifestat ions include 
fever, eosinophi l ia ,  mononucleosis ,  lymphadenopathy, hepatit is ,  etc. A fatal  
hypersensitivity reaction known as ' DDS Syndrome' was described by leprolo
gists in  the early years of i ts  use .  

Case Reports 

No . 1 .  A 50-year-old female patient (weight 3 5-40 kg), with active B L  leprosy, 
was registered in  the OPD clinic in  1 982 and was started on ant i leprosy drugs 
i ncluding dapsone (50 mg dai ly) clofazimine and rifampicin (according to the 
nat ional  regime) . She came back in  the fourth week with reddish i tchy papular 
rashes which were more marked on the sun  exposed areas, namely,  the face, neck,  
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upper chest and forearms .  There were rashes on the trunk too. The patient 
complained of fever and weakness and there was associa ted redness of eyes and 
general ized lymphadenopathy. A few bli sters and smal l  u lcers were seen on the 
lower l ip. The original  leprosy lesions were obscured d ue to the rash. 

She was admitted and a l l  d rugs were stopped temporari ly .  Only ant ihistamines 
and topical lotions 'were given . A fter 2 weeks when the skin was clean she was 
given a trial  dose of dapsone 50 mg and kept under close cl inical observation .  
Wi th in  4 hours she  complained of feel ing 'hot '  and developed itching and burning 
associated with erythematous papular rashes mainly on the face and upper 
extremit ies .  The conj u nctivae were congested too. A l l  symptoms subsided 
fol lowing ant ih istamines.  N ow she is on al ternative t rea tment for leprosy . 

No. 2 .  A 24-year-old female patient (weight 52 kg) with active B L  leprosy was 
started on t reatment with a l l  3 drugs in the OPD cl in ic in 1 983 .  After about a 
month she was bro ught back with jaundice and sk in rashes. On examinat ion the 
patient was qui te weak ,  febrile and moderately jaundiced . There was genera l ized 
lymphadenopathy and conj unct iv i t i s .  The l iver was enlarged and tender. The sk in 
rashes were mi l iari form and mainly over the face, t ru n k  and upper extremi ties, 
and associated with itching and burning. The l ips were bli stered . The leprosy 
lesions were not visible except the few papu les and nodules .  

The patient was admitted, a l l  ant i leprosy drugs were stopped and she was 
treated with predniso lone and topical  lot ions only .  After about 2 months she was 
fit  for discharge and was sent out  on c1ofazimine.  She was not  chal lenged with 
dapsone since i t  was thought very r isky,  considering the severity  of her ini t ia l  
i l lness . 

During the course in the hospi tal  and whi le sti l l  on smal l  doses of 
prednisolone, she had developed repeated rashes with i tching mainly on her face 
and forearms whenever she went out  in the sun .  

No. 3 .  A 35 -year-old male  patient (weight - 60 kg)  presented at  the  OPD 
clinic i n  1 983  with general ized erythroderma and exfol iative dermatit is .  On 
further quest ioning he showed a packet of dapsone 1 00 mg tablets which he had 
received from a local hea l th centre and had been taking for over one month.  He 
had a lso brought supplies of antihistamines as wel l  as prednisolone tablets which 
had been given by 3 different private doctors over the past 3 weeks .  But none of 
them had instructed him to stop dapsone-probably he did not volunteer to tel l  
them that he was taking dapsone. It was stopped on admission here. 

The patient complained of i tching and burning al l  over the body, as well  as 
fever and weakness.  On examination he had general ized lymphadenopathy.  The 
leprosy patches were not clearly visible but  there were fai rly  large is lands of 
normal looking skin on both legs. The patient claimed that those were the si tes of 
hypopigmented patches earlier, for which he wr. s given dapsone by the hea l th  
centre. The is lands were dry and anaesthetic, not itchy and there was  no redness 
or  exfol iat ion on them. One lateral popl i t ia l  nerve was thickened . He was 
cl inica l ly  classified as BT leprosy. 
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The dermat i t i s  clea red in  6 weeks on trea tment with prednisolone and topical 
applicat ions .  He too developed mild rash on face and forearms when exposed to 
the sun after prednisolone was stopped , but  req uired only ant ih istamines. Later 
when al l  lesions were cleared he was given a tr ial  dose of dapsone 50 mg. After 
about 2 hours he complained of feel ing feverish and burning over the face . This 
was soon fol lowed by erythema, i tching and papu lar  rashes over face , trunk and 
upper extremit ies .  The face was s l ight ly puffy and the eyes were congested . All  
symptoms subsided with ant ih istamines .  He  was d ischarged after another week 
with no specific t reatment ,  but with the instruction to ret urn after 2 months for re
exami nat ion for act iv i ty of leprosy and alternative t reatment if needed . But  he 
never retu rned . 

No. 4 .  A 45-year-old female patient (weight 59 kg) was brought to the OPD in  
1 983  w i th  severe exfol iat ive dermat i t i s  fol lowing 3 weeks of dapsone 1 00 mg dai ly ,  
g iven at  the local hea l th  centre. The face was oedematous and the l ips were 
bl is tered and u lcera ted . There were u lcers even on the ora l  mucosa . The patient 
was febri le and had general ized lymphadenopathy and conj u nct iv i t i s .  

The pat ient was admitted, dapsone was stopped and the dermat i t i s  was 
trea ted with prednisolone and topical applicat ions .  After about 6 weeks when al l  
les ions had cleared and when she was off prednisolone she was given a trial dose of 
dapsone 50 mg under close c l in ical observat ion .  Within 3-4 hours she developed 
symptoms such as fever, i tching and burn ing over the face with exanthematous  
rashes on the  face, t runk  and upper extremit ies .  Symptoms subsided with 
ant ih istamines .  Later she was examined for leprosy. There was only a smal l  area 
of anaesthesia on the right elbow, with no nerve thickening.  The patient said that 

Table I .  Summary of the main manifesta t ions in  the 4 patients 

Cases 

No .  I 
F 50 yr 
BL 

No . 2 
F 24 yr  
BL 

No . 3 
M 3 5  yr  
BT 

No . 4 
F 45 yr  
TT 

Cutaneous manifestations 

I tching,  burning, exanthematous rash 

I tching, burning, exanthematous rash,  
recurrence of rash on exposure to sun 

I tching, burning,  ery throderma, 
exfol iat ion,  recurrence of  rash on 
exposure to sun,  leprosy lesions free 
of i nvolvement 

Itching, burning, exfol iat ive 
dermat i t i s  

Systemic manifestat ions 

Fever, weakness, lymphadenopathy,  
congest ion of  eyes, u lcers and 
blisters on l ip 

Fever, weakness, conjunct ivi t is ,  hepat i t i s ,  
lymphadenopathy 

Fever, weakness, lymphadenopathy 

Fever,  weak ness, swel l ing of  face, 
lymphadenopathy,  conjunct iv i t is ,  
u lcers of mouth 
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she had a patch over the same site .  So she was classified as a case ofTT leprosy , the 
activ i ty of which was to be decided later . She was not given any treatment on 
d ischarge, but was instructed to come back after 2 months for re-assessment .  She 
did not return in 1 983 ,  but presented again in  J uly,  1 984 with severe exfo liat ive 
dermati t i s  and a packet of  dapsone 50 mg tablets !  The tablets were forced on her 
by the local health worker when he found out  that  she was not taking dapsone. 
She admitted taking j ust  a s ingle tablet, after which she developed the dermatit is  
and reported here . 

I n  a l l  these 4 patients dapsone hypersensit iv i ty was c l inical ly d iagnosed and 
th is  was supported by the fact that  symptoms subsided when dapsone was 
s topped and a l l  4 were treated with prednisolone/antihistamines . In the third 
patient ,  though he was treated wi th  prednisolone and ant ihistamines along with 
dapsone, h is  symptoms and signs did not  improve unt i l  the offending drug,  
dapsone, was stopped . I n  al l  but  one pat ient the diagnosis  was confirmed by 
reprod ucing the signs and symptoms when a si ngle t rial dose was given . No 
significant mental d is turbance occurred in  any of the  4 patients . Summary of the 
main manifestations i n  the 4 patients is  shown i n  Table I .  

Discussion 

The cutaneous and systemic manifestat ions presented by a l l  4 patients were 
compatible with those of dapsone hypersensi t iv i ty l o  as wel l  as the DADPS 
Syndrome described earl ier .2  A l l  patients fu lfi l led most of the criteria for 
hypersensit iv i ty react ion,  namely the symptoms occurred within 6 weeks of 
s tart ing dapsone, and the manifestations included most of the fol lowing:  fever, 
lymphadenopathy, hepat i t i s  and exanthematous sk in rash .4 Two patients had 
severe sk in  manifestat ion in  the form of exfol iat ive dermati t is .  Due to lack of 
laboratory faci l i t ies a complete blood count was not done to look for eosinophi l ia 
or mononucleosis .  The sequence of syndrome usual ly i s  dermati t is ,  hepat i t is ,  
lymphadenopathy and mononucleosis of which dermati t i s  is  a lways present 
though the others may or may not be present . 2  Such cases may even prove fatal  if 
not diagnosed and t reated in  t ime and/or manifest i n  the form of more severe 
dermatological emergencies such as toxic epidermal necrolysis5 and Stevens
Johnson syndrome (erythema mult i  forme bul losum) . 1 

Such cutaneous and systemic complicat ions of dapsone in  the field of leprosy 
had been encountered by leprologists even earlier. 7, 8 The author had come across 
s imilar cases while a medical officer at  the Schieffel in Leprosy Research and 
Training Centre, Karigiri , I ndia . 9  But in  some of  those cases the manifestat ions 
were more of an al lergic nature (symptoms appearing even after a s ingle dose) 
rather than hypersensit iv i ty .  

Hypersensit ivity i s  not  dose related 1 0  as  i n  the case of  toxici ty and therefore 
giving the drug in  gradual ly  increasing smal l  doses may not  be of  help. 3 I n  a 
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previous ly sensit ized person even a sma l l  dose may be dangerous .  With the 
avai labi l i ty  of al terna tive and effective ant i leprosy d rugs, i t  is not necessa ry to 
desensi t ize these patients present ly .  M oreover, this pract ice may predispose to 
dapsone resistance . But  i t  should be remembered that  such pat ients with proved 
hypersensit ivi ty should be given a l ternative t reatment as severe hypersensi t iv i ty 
can be fa ta l .  

One of  the purposes of  th is  paper is to poi nt ou t  that  the BT leprosy lesions 
were not involved in  the hypersensit ivi ty manifestat ion .  The lesions were free of 
symptoms or  signs .  A s imi lar  featu re was noticed by the au thor in the pat ients  in  
I ndia ,  but  to  the a uthor's  knowledge such a featu re has not been documented in  
earl ier reports .  The possible explanat ion i s  that  in  BT (and TT) lesions due to the 
complete damage of the sympathetic nerve fibres, there is absence of axon reflex 
which is responsi ble for the his tamine response to the offending a l lergen,  lead ing 
to the cutaneous manifesta t ions seen .  This fact is supported by the fi nding of no 
such fea tu re in B L  lesions where there i s  no complete damage to the nerve fi bres in 
ea rly stages. 

The reason for 2 of the patients developing fresh skin rashes on exposure to 
sun when no fresh dose of the drug was taken could be that  in  highly sensit ized 
subjects even smal l  doses of the o ffending drug, when combined with u l t raviolet  
l ight are s ufficient to t rigger the hypersens i t ive reaction .  I t  i s  reasonable to assume 
that i n  previously involved and damaged sk in there may be prolonged retent ion 
of small  amo unts of  the photoal lergic bacteriostatic agent .  

I t  i s  important  to remember that hypersensi t iv i ty react ions may not be  as 
uncommon as was previous ly thought . 6  Dapsone is usual ly given under field 
cond i t ions by paramedical workers and patients who receive dapsone a lone do 
not get  such close supervision as those on ri fampicin or lamprene .  Such patients,  
when they develop dermati t i s ,  hepat i t i s ,  etc, a re usually referred to the general 
hospitals and thus may not even come to the notice of  leprologists .  So the actua l  
number of  such  cases cou ld  be  even more than  those so far documented . 
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Summary The migra tory a n d  prol i ferat ive act iv i t ies of Schwann cel ls  affected wi th 
leprosy were st udied in  explant  cu l tures of leprous nerves mainta i ned for 4 weeks 
in vitro . In these cu l tures, i t  was observed tha t  Schwann cel l s  harbouring 
Mycobacterium /eprae fai led to migrate from the explan t ,  a t tach to  the cu l t ure 
surface and prol i fera te .  These cel l s ,  t herefore, were e i ther sloughed off or s t i l l  
loca l ized to the explant region at the end of the cu l t ure period . Hence, no 
outgrowths of Schwann cel ls  were obtained from highly baci l l i ferous lepromatous 
nerve cultures.  This was a d irect inh ibitory effect of the intracel lu lar organism on 
the host .  There was no evidence of the effect being mediated through the release of 
any soluble product .  Unparasitized Schwann cel ls ,  however, exhibited normal 
migration,  attachment to cul ture surface and prol iferation . Therefore, a good 
outgrowth of Schwann cel l s  comparable to that from normal nerve was obtained 
from tuberculoid nerve cu l tures .  Fewer Schwalm cel ls migrated from the 
bacteriologica l ly negat ive lepromatous nerve explan t ,  which displayed a normal 
prol ifera t ive act iv i ty .  From the borderl ine t uberculoid nerves, there was migra

tion and pro l i feration only of unparasit ized cell s .  
Th i s  study, thus ,  demonstrates tha t  M. /eprae i nhibits migratory and 

pro l i ferative activity of the host Schwann cel l s .  

Leprosy i s  primarily a disease of the peripheral nerve and i ts  Schwann cel l s .  1 . 2  In 
the lepromatous form of the disease, the Schwann cel ls  harbour Mycobacterium 
leprae . 3  While i n  the tuberculoid form, which shows i nfiltration by the 
immunocompetent cell s ,  it does not harbour the causative organism . 1 , 4  This 
study was undertaken to observe the alteration, i f  any, in the functional status of 
the Schwann cells in these 2 forms of the disease . 

Util izing the in vitro nerve culture technique, the migratory and prol i ferative 
capacity of the leprosy affected Schwann cell s  were assessed , as these activit ies 
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precede the interaction and associat ion of Schwann ce l l s  with the axons during 
the process of regenerat ion and remyel inat ion of the nerve . 5, 6 

Materials and methods 

N E R  VE B I O P S I E S  

Leprosy patients undergoing routine nerve biopsy for diagnostic purposes were 
used in this study. A part of the biopsy was collected under sterile condit ions i n  
minimal essential  medium containing crystal l ine penici l l in  ( 1 00 I U) .  Under the 
d issection microscope, the nerve was cleaned , the perineuri um freely i ncised and 
the i nterfunicular connective t i ssue removed . Each fun icle was then cut  into 1 to 2 
mm squares . Twenty explant cul tures were set from each biopsy. 

C U L T U R E  T E C H N I Q U E  

The funicular pieces were briefly trypsinized (0 ,25% in  phosphate buffered sal ine) 
and explanted on glass coversl ips coated with collagen by the method of 
Bornstei n . 7  The coversl ips were then transferred to sterile plastic Petri d ishes 
(Falcon ,  USA),  and fed with a growth medium consist ing of  75% Dulbecco's 
modified essent ia l  medium, 20% foetal calf serum (Gibco) and 5% chick embryo 
extract (50% EE), 600 mg% gl ucose and ant ibiotics made up of 1 00 iu of 
crystal l ine penici l l in ,  200 f1g streptomycin and 50 iu of mycostat in .  Cul tures were 
incubated at  36°C in  1 00% humidity .  On the th ird day, cytosine arabinoside at a 
concentration of 1 0 - 5  M was added to these cultu res for 48 h to inh ib i t  the 
excessive growth of fibroblasts,8 after which the growth medium was renewed 
twice a week . 

M I G R A T I O N  A N D  A T T A C H M E N T  

Cultures were viewed regularly under the  phase contrast optics of an  inverted 
microscope (IM 35 Carl Zeiss) .  Observat ions were made on the migration from 
the explant  and the at tachment to the culture surface of the outgrowing cel l s .  The 
drained growth medium was collected and checked for the sloughing of  the cel l s  
by centr ifuging the medium at  800 rev/min .  I n  the event of  a cel l  pel let ,  smears 
were prepared on the microscope slides, fixed in 3% formaldehyde for 1 5  min and 
stained using Ziehl-Neelsen's  method . 

P R O  L I F E R  A T I O N  

The prol iferative capacity of the  cultured cel ls  was  assessed by  their abi l i ty to  
synthesize DNA.  For  th i s  1 f1c/ml of 3H-thymidine (specific activity 1 5 ,200 MC/ 
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mmol)  was  added to the cu l ture for 24 h .  Then the  covers l ips were washed wi th  
balanced sa l t  so lu t ion ,  fixed in  acid-alcohol and coated with l l ford K 5  emuls ion 
d i lu ted 1 : 1 i n  dis t i l led water .  The emuls ion was a i r  d ried and the covers l ips were 
stored at 4°C in l ight-proof boxes. After 7 days, the covers l ips were developed , 
fixed and stained using Ziehl-Neelsen' s  method . 

L I G H T  M I C R O S C O P Y  

Cul tures were fixed for Sudan black staining and  l i gh t  microscopic ana lysis in  3% 
glutaraldehyde i n  0 · 1 M sodium phosphate buffer, pH 7 '2 ,  overnight at 4°C .  They 
were rinsed, post-fixed in 2% osmium tetroxide in 0 · 1 M buffer pH 7 ·2  for I h at 
room temperature, rinsed several times, dehydrated to 70% ethanol and stained 
with 0 · 5% SudalJ Black in 70% ethanol . Then, the cu l tures were rehydrated and 
mounted in glycerine je l ly .  Repl icate cu l tures were sta ined for acid-fast  organisms 
by the Zieh l-Nee1sen method and for non-specific esterase accord ing to the 
method described by Bancroft . 9  Al l  the explant  cul tu res were scanned under the 
l ight microscope for the type of the cel l s  in the explant mass and in the cu l ture 
outgrowth .  

Results 

Nerve biopsies were obtained from 1 2  patients from the radia l  cutaneous,  sural or 
u lnar nerves . The pat ients were classified c l in ical ly ,  bacterio logica l ly and 
histologica l ly  as tuberculoid,  borderl i ne and lepromatous according to the 
Ridley-Jopl ing classificat ion .  IO Two normal nerve biopsies were taken from 
volunteers. Relevant c l in ical data of the biopsied nerves i s  presented i n  Table I .  

I n  both the normal and the leprous nerve explant cu l tures, 2 types of cel ls were 
ident ifiable, the Schwann cel l s  and fibroblasts .  The Schwann cel l s  were identified 
under phase-contrast optics by their long spindle shape, denser cytoplasm and 
narrow elongated nuc leus .  These cel l s  were posi t ively stained with Sudan Black 
and non-specific esterase and exhibi ted slow prol iferat ion .  Fibroblasts were 
recognized by their broad flattened morphology, weak staining with Sudan Black 
and non-specific esterase and formation of underlying carpet layer to Schwann 
cells (Figure I ) .  The proportion of these 2 cell types varied depending upon the 
type of leprous nerve explant culture .  The proportion of Schwann cel ls in the 
culture outgrowth of different types of leprous nerve explant cultures is depicted 
in Table 2 and their prol iferative activity is compared in Table 3 .  

T U B E R C U LO I D  N E R V E  

Within 3-4 days o f  culture, the migration o f  cells from the explant became 
evident. The light microscopic picture of the outgrowth from a tuberculoid nerve 
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Table I .  Cli nical detai ls  of patients from whom nerves were biopsied 

Durat ion of 
leprosy Treatment 

Pa tient No. Age Sex Diagnosis (years) (years) Nerve 

FM R 36/82 1 7  F Normal Digi ta l  nerve 
FM R 1 5/83 1 3  M Normal  Sural 
FM R 1 1 /83 1 8  F Lepromatous + ve" 2 Untreated I ndex branch radia l  

cu taneous 
FM R 2/83 25 F Lepromatous + ve 1 2  2 months I ndex branch radia l  

cutaneous 
FM R 20/83  35  F Leproma tous + ve 7 months Ni l  U lnar (dorsa l )  

branch 
FM R 1 2/8 1 35  M Lepromatous - ve" 1 2  1 2  U lnar  
FM R 44/82 M Lepromatous - ve 32 32 I ndex branch 

radia l  cutaneous 
FM R 25/82 1 4  M Border l ine t uberculoid I U l nar 
FM R 30/82 1 9  M Borderl ine t uberculo id 3 2 I ndex branch rad ia l  
FM R 4/83 1 4  M Tubercu loid 6 months Cutaneous branch 

u lnar  
FM R 2 1 /82 34 M Tubercu loid 5 4 Radial  cutaneous 
FM R 1 6/83  2 1  M Tuberculoid U lnar 

" Bacteriological s tatus of  the sk in smear 

Table 2. Outgrowth characteristics of leprous nerve explant cultures. Comparisons made between 
20-day-old cul tures 

Proportion of cell types 
Explant in  the outgrowth" 

Number Cel l ular Schwann Fibroblasts 
Nerve of cul tu'res outgrowth (%) cel l s  (%) (%) 

Normal 40 85 ·0  89 ·3 ± 6·4 1 0 ' 7 ± 2 ' 1  
Lepromatous - ve 40 75 ·0  2 1 · 3 ± 4·8 78 ' 5 ± 1 0 ·2  
Lepromatous + ve 1 60 0 ·0 
Borderl ine tuberculoidt 60 80·0 53 · 1 ± 8 ·2  46·9 ± 9-4 
Tuberculoid 1 20 87 · 5  82 '0 ± 1 0 · 2  1 8 ·0 ± 3 ·2  

.. Results represent mean ± standard deviat ion .  Cel l s  were counted from several fields of each 
cul ture under x 63 oil immersion objective of standard WL microscope (Carl Zeiss) .  

t Outgrowth only of  cel ls not harbouring baci l l i .  
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(a)  

(b) 

Figure 1.  Relationship of Schwann cel l s  and fibroblasts in  tuberculoid nerve explant culture. 
Schwann cel l s  (S)  lying over the fibroblasts ( F) :  (a) Ziehl-Neelsen stain ( x  1 025) ;  ( b) Non-specific 
esterase ( x 1 200).  

Table 3. Proportion of Schwann cells cu l tured from 

leprous nerves i ncorporated with 3H -thymidine 

Nerve 

Normal 

Lepromatous - ve 
Lepromatous + ve 
Borderl ine tuberculoid 
Tuberculoid 

Schwann cel l s  label led (%) 

49 · 2 ± 5 · 3  
3 3 · \ ± 4·2  

40'0 ± 3 ' 2  
48 · 2 ± 6A 

Results represent mean ± standard deviation of 

10 cultures .  Cell s  were counted from several fields of 
each cu l ture under x 63 oi l  immersion objective. 

, 
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Figure 2. A representat ive l ight microscopic picture of a portion of tuberculoid nerve explant 
cult ure. Note large number of Schwann cel l s  and a few fibroblasts .  Sudan Black B stain ( x  350) .  

Figure 3. A port ion of autoradiogram of 2 1 -day-old tuberculoid nerve explan t  cu l ture .  Schwann cel l 
nuclei are heavi ly label led with 3H -thymidine ( x  1 200). 

explant i s  shown in Figure 2 .  The culture outgrowth is dense and is made 
primarily of Schwann cel ls .  On quantitation ,  the Schwann cells formed 82%, 
while fibroblasts formed 1 8% of the outgrowth (Table 2) .  The rich outgrowth of 
Schwann cel ls in  these cultures was due both to the good migration from explant 
as w-ell  as active proliferation of the Schwann cells  in vitro . At the end of 3 weeks in 
culture, 48 ·2% of the Schwann cells were synthesizing DNA (Figure 3 and Table 
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( b )  

Figure 4(a). Bacteriologica l ly positive lepromatous nerve explant contain ing cel l s  (C) .  No evidence 
of cel lu lar  outgrowth from explant even after 3 weeks of incubation in vitro ( x  52) .  

Figure 4(b). A utoradiogram of  teased nerve fibres of  bacteriological ly posit ive lepromatous nerve 
main tained for 7 days in vitro . Note the in t racel l ular baci l l i  (arrow) and non-incorporation of 3H _  
thymidine by the  cel l s .  N = N ucleus ( x  850) .  

3). The cellular outgrowth from the tuberculoid nerve explant was comparable to 
that from the normal human nerve explants with respect to density and 
proportion of cell types (Table 2) .  

BO R D E R L I N E  T U B E R C U LO I D  N E R V E  

Outgrowth from the borderl ine tuberculoid explants contained predominantly 
Schwann cells not harbouring M. leprae even though the explan t  region 
contained a mixed populat ion of  cel ls ,  both M. leprae harbo uring and non
harbouring. Schwann cel l s  formed 57% of the cel lu lar  outgrowth .  These cel ls  
showed proliferative activity (Table 3 ) .  

B A C T E R I O L O G I C A L L Y  P OS I T I V E  L E P R O M A T O U S  N E R V E 

There was no migrat ion of cel l s  from the explant of highly baci l l i ferous nerve and 
hence no outgrowth of cell s  from these nerves, a l though the explant region 
contained viable looking cel ls loaded wi th  M. leprae (Figure 4(a) and (b) ) .  Some 
of these nerves were teased and maintained in vitro . The Schwann cel ls  contained 
baci l l i  in clumps and globi ,  and did not incorporate 3H-thymidine .  Therefore in  
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these cu l tures there was no act iv i ty of  migrat ion ,  at tachment and pro l i ferat ion of  
the ce l l s  throughout the cu l ture period . From time to t ime there was s lo ughing of  
the  cel ls ,  wh ich when smeared and stai ned us ing  Ziehl-Neelsen 's  method, 
revea led cel l s  to be loaded with acid-fast organisms .  At  t imes, there was evidence 
of attempted extension or migrat ion of cel l s  from the edge of the explant ,  which 
when followed, were found to be floating i n  the medium suggest ing their inabi l i ty 
to attach to the cu lture surface . 

The lack of migratory and proliferative activity of M. leprae-harbouring 
Schwann cel ls  was a d i rect effect  of  the organism on the host cel l s  as the 
supernatant from the bacterio logica l ly  posi t ive lepromatous nerve cu l tures had 
no effect on the outgrowth of cel ls  from normal and bacterio logica l ly  negat ive 
lepromatous explan t  cu l tures, thus ru l ing out  the possibi l i ty of the effect being 
media ted through any sol uble prod uct .  

B A C T E R I O L O G I C A L L Y  N E G A T I V E  L E P R O M A T O U S  N E R V E  

I n  these cu l tures, there was predominant  outgrowth o f  fibroblasts, Schwann cel l s  
forming on ly  2 1 ' 5% of the cel lu lar  outgrowth, a va lue much lower compared to 
that  of  normal or tuberculoid explant  cu l tures .  The low proport ion of Schwann 
cel l s  i n  these cu l tures was d ue to migrat ion of fewer cel ls from the explant .  A good 
proport ion of migra ted cel ls  synthesized DNA (Table 3 ) .  

Discussion 

The nerves of leprosy patients were cu l tured in vitro in order to study the 
migratory and prol i ferat ive funct ion of Schwann cel l s  in th is  d i sease. The resu l ts 
demonstrate that intracellular M. leprae inhibit  the migratory and prol iferative 
functions of the host Schwann cel ls without affecting the neighbouring unparasit
ized Schwann  cel l s .  Cell s  not harbouring baci l l i  exhibi ted normal migrat ion,  
attachment to the cul ture surface and pro l i ferat ion . I n  these cu l tures Schwann 
cel l s  were identified by their characteristic bipolar spindle shape, a criterion also 
uti l ized by others . I l - l 3 The l ight microscopic picture of these leprous Schwann 
cells cultured in this manner were identical to that described in  another study l l in 
cul tures of  normal nerves . These observat ions demonstrate that the l ight 
microscopic morphology of unparasitized Schwan n  cel l s  i s  not a ltered i n  th is  
d isease . These cel l s  also s ta in with Sudan B lack B and non-specific esterase more 
in tensely than the fibroblast .  The specific stain ing effect of  Sudan Black B and 
non-specific esterase has also been reported . 1 2  

The proportion o f  Schwann cells i n  the outgrowth o f  the leprous nerve 
cultures was determined by the proportion of M. /eprae not harbouring Schwann 
cells in the explant which in turn was determined by the types of leprosy the nerve 
was affected by. Therefore, maximum outgrowth of Schwann cells was observed 
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i n  the tuberculoid nerve explant  cu l ture .  H owever, these resu l ts  do not suggest 
that the Schwann cel l s  are not affected in the tubercu loid form of the disease, but  
demonstrate that  a large proport ion of the Schwann cel l s  present i n  the nerve i n  
th i s  form of the  d isease have normal prol i ferative and  migratory act iv i ty .  

The inh ibi tory effect of M. leprae on the pro l i ferat ive and migratory act iv i ty 
of  Schwann cel l s  observed i n  th is  study supports our  earl ier observat ions on 
organized nerve cul ture i n  which we reported that  the in tracel lu lar  M. /eprae 

i nh ibi ted the prol i ferative act iv i ty ,  as wel l as the a l ignment and associat ion with 
the axons of host Schwann cel l s .  1 4. 1 5  The mechanism by which M. leprae alters the 
funct ional  status of the parasi t ized host cel l i s  not  yet understood and is  under 
study.  These organisms are not toxic and the protein synthesis of the host i s  
unaffected . 1 5  But  physical occupat ion of  the host cytoplasm by these organ isms 
may a l ter the organizat ion as wel l  as the content of  the cytoskeletal element ,  
which determines the pro l i ferat ive as  wel l  as  the migratory act iv i ty of  the ce l l s  in  
general .  1 6. 1 7  

Since there i s  extensive col lagenizat ion of  the nerve i n  chronic lepromatous 
leprosy , 1 8  i t  could be postu lated that the cel l s  harbouring M. leprae could not 
migrate out of the explant because of entrapment by the col lagen matrix .  That 
th is  i s  not  so was shown by the abi l i ty of  the cel l s  from the eq ual ly  highly 
col lagenized bacteriologically negative nerves l 9  to migrate out of  the explant. 
Further, i n  borderl ine tuberculoid leprosy where there was a fair ly even 
distr ibut ion of cel l s  containing M. leprae and those not contain ing these 
organisms, the abil ity of only the cells not containing M. leprae to migrate also 
confirms that this is a defect induced in the host cel l s  by M. leprae. 

The properties of migrat ion,  a ttachment and pro l i ferat ion of Schwann cel l s  i n  
the peripheral nerve are important for t he associat ion a n d  in teract ion with axons 
as wel l  as  for the organizat ion of  the nerve during development . 20. 2 1  In the adult  
th is  process operates d uring the regenerat ion of  the nerve .22• 23 Our observat ions 
i ndicate that the cel l s  harbouring M. leprae may not  be able to  participate i n  such 
regenerative processes of  the nerve . H owever, with prolonged chemotherapy, i f  
the i ntracel l u lar baci l l i  are cleared, these properties may b e  restored as observed 
in the bacteriological ly negat ive lepromatous nerve explant cul tures .  Poor 
regenerat ion seen in the t uberculoid. spectrum of the d isease may be d ue to the 
degenerat ion of the axons as wel l ,  possibly induced by the infi ltrat ing granu
loma,24. 2s since these Schwann cel ls  in  vitro display normal pro l i ferat ion and 
migrat ion .  

This  study also demonstrates that i t  i s  possible to cu l t ivate Schwan n  ce l l s  in 

vitro from the leprous nerve, thus  providing possibi l i ties for the study of the cel l at  
the membrane and molecular level  in this  d i sease. 
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Summary A large number of plasma cells were identified b y  d irect immunoperoxi
dase stain ing in  caseous nerve abscesses of a l l  14 borderl ine, borderl i ne 
tuberculoid and polar tuberculoid leprosy patients .  The specifici ty of the secreted 
ant ibody appeared to be di rected against  mycobacterial an tigenic determinants .  
This h i therto unreported observat ion st resses the role of local humoral immune 
mechanisms i n  the pathogenesis of the t uberculoid form of leprosy . 

Caseous nerve abscesses in  earlier reports i were mainly associated with the 
resistant tuberculoid form of leprosy, or primary neurit is ;  both groups being 
classically associated with active epithelioid cel l granulomas surrounded by a cuff 
of lymphocytes and a marked absence of acid-fast baci l l i .  In such a state, hU!TIoral 
immunity was understood to play an i nsignificant role in  the ki l l ing or  expression 
of DTH reactions to Mycobacterium leprae, a bel ief having many adherents even 
today. 

Since 1 980, caseous nerve abscesses were observed by us in  14 leprosy patients 
exhibit ing polar tuberculoid, borderl ine tuberculoid,  or  borderl ine form of the 
disease but with no c l in ical signs of lepra reactions .  We report here on the general 
morphology and inflammatory cell pattern in  caseated nerve abscesses, stressing 
particularly our consistent observation of a large num ber of plasma cel ls  in  al l  of 
the 14 patients exhibit ing caseous nerve abscesses .  

Methods 

The treatment status of the 1 4  patients  varied from untreated to a duration of 6 
years .  The nerves from which the biopsies were obtained i ncluded 6 ulnar nerves, 
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2 index branches of the radial cutaneous  nerves,  2 greater auricular and median 
nerves and I each of sural and intercostal nerves . 

The biopsies were obtained during surgery for treatment and evacuation of  
abscess(es) .  A fine  wedge-shaped biopsy was  taken from the wall of the abscess 
before evacuation, fixed in  Formol-Zenker and processed routinely for l ight 
microscopy . The sections were stained by the routine Trichrome Fite-Farraco 
(TRI FF) and Fite methods, the latter being imperative for visualization of 
acid-fast baci l l i .  

The presence of plasma cel ls  was  demonstrated by direct application of  
anti-human IgG or IgM ( I : 20)  conj ugated to peroxidase (DAKOPATTS) .  The 
reaction was developed using 3 , 3 'diaminobenzidene tetrahydrochloride 
(SIGMA), with Harris' haematoxylin as a counter stain .  

Attempts t o  demonstrate mycobacterial sub-cel lu lar antigen fractions were 
made using anti-BeG ( I  : 50, DAKOPATTS) in the peroxidase-anti peroxidase 
(PAP) system . 2  

A portion of the  biopsy from 3 BT patients was  teased and chopped . Both 
tissues as well as extracted cel l s  were cul tured in M EM for a period of 48 hr .  The 
supernatants were col lected and used for running against standard human 
immunoglobul in preparation ( IgG + IgM + IgA, WHO) in a standard con
t inuous buffer SDS-PAGE (concentration of separating gel 1 0%) to assure the 
presence of secreted antibody . 

The supernatants were also applied in  the troughs in  a standard immunoelec
trophoretic assay and run against  homogenized nerve extracts of two normal 
Swiss white mouse sciatic nerves or M. leprae sonicates placed in  the wel l s .  

Observations 

The abscesses were observed chiefly in the major nerve trunks but  they also 
occurred i n  cutaneous nerves, lying within the nerve itself or breaking through the 
epineurium to form a collar-stud extension .  The abscesses were visualized as a 
series of one or more nodular swell ings i n  the nerve which on longitudinal 
epineurotomy were seen general ly to l ie in  a l inear fashion along one or two nerve 
fascicles . 

A typical histological picture of the abscess wal l  is demonstrated in  Figures I 
and 2 .  The lesions were generally restricted to one or two funicles that were 
grossly enlarged and showed dense deposits of col lagen in the interfunicular 
region, i n  the perineuri um and i n  the sub-perineurial endoneurial area . Except for 
the thickened perineurium, there was total destruction of the normal structure of 
the funicle . 

The centre of the amorphous caseous  mass consisted largely of degenerating 
pyknotic n uclei without a defined cel l  wal l .  Just immediate to the caseous materia l  
was a layer of large mononuclear cel ls  of the epitheliod variety often fusing to 
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Figure 1 .  T .S .  o f  greater auricular nerve of B T  patient showing central necrotic mass ( N )  surrounded 
by a dense col lar of inflammatory cells ( I )  ( x  372) .  
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Figure 2. T.S .  of greater auricular nerve of the same BT patient .  A magnified view of inflammatory 
cell col lar demonstrating abundance of plasma cell s  ( -» . These were identified by localizatio n  of 
peroxidase conj ugated ant i -human IgGjM . Counter stain H arris haematoxyl in  ( x  948). 

form giant cel ls .  These cells seemed positive for collagenase activity. The inner 
wall of this i ntermediate layer appeared synonymous with the outer wall  of the 
caseous mass and showed the transit ion of cells from the normal to the 
degenerated state . 

Towards the wall of the caseous funicle, these cell s  were joined by a large 
number of plasma cells ,  mainly i n  clusters, generally restricted to the cel lular layer 
but sometimes within the necrotic mass. The plasma cells extended as far as the 
perineurial cell layers in association with epitheliod cells and moderate n umbers 
of lymphocytes . This sub-perineurial  zone also displayed enhanced vascularity 
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and it was possible to observe migrat ion of plasma cel l s  and very occasional ly 
polymorphonuclear cel l s  through these blood vesse ls .  Very few P M N s  if any,  
were noted in the cel lu lar  layers .  The perineurium was thickened and showed the 
presence of active perineurial  cel l s .  It was interrupted at places by epithel iod cel ls ,  
plasma cel l s  and moderate numbers of lymphocytes . No acid-fast baci l l i  could be 
demonstrated withirl or around the caseous mass .  

The repeated presence of plasma cel l s  was confi rmed by their  typical 
morphology during routine staining and by di rect applicat ion of H RP conj ugated 
ant i -human I gG or IgM (Figure 2). Dense Ig staining was obtained intracel l u larly 
in  and around the caseous mass . The plasma cel l s  around the caseous mass were 
seen to secrete predominantly I gG and. IgM . However, the caseous mass i tsel f  
stained on ly  for IgM , a feature consistent wi th  caseous lymph nodes in  
tuberculosis ( Ridley, personal  communication) .  

Precipit ing l ines were consistently observed when these supernatants were run 
against  sonicated M. leprae i n  an  immunoelectrophoretic system. No  reaction 
was noted against homogenized mouse sciatic nerve . This feature  correla ted with 
the finding of granular  antigen deposit within epithel iod-l ike cel ls  in  the 
subperineurial zone i n  these nerves as detected by ant i - BCG ant ibody via the PAP 
system . Therefore despite the striking absence of detectable integra l acid-fast 
baci l l i  i n  these biopsies, the locally synthesized ant ibody appeared to be directed 
against bacteria l  antigens .  

Discussion 

The singular feature h i therto unreported is the repeated presence of a large 
number of Ig secreting plasma cel l s  in the caseous necrotic mass .  Such a lesion is  
not,  as  previously thought,  restricted to polar tuberculoid leprosy, and can occur,  
as  shown here i n  the borderline groups of pat ients also with no cl in ical symptoms 
of lepra reactions .  The inflammatory cel l  pattern is  not  of the classical CMI  
granuloma, i s  more compatible with a borderl ine type of response and  unl ike the 
l iquefied abscesses of  ENL les ions is  devoid of PMN's  as wel l  as  acid fast baci l l i . 3  
The formation of such a lesion probably has i t s  basis i n  a critical proportion of 
antigen, antibody and CM I .4 

The specificity of these antibodies secreted i n  the caseous mass, l i ke those 
synthesized i n  M. /eprae infected skins , 5  are d i rected against  bacterial deter
minants .  Whether these antigens have been l iberated because of an  init ia l  
cel l -mediated immune reaction remains speculative but there i s  some evidence to 
state that plasma cel l s  could predispose to caseous necrosis ,  s ince in two patients, 
these cells were noted in l arge numbers in the precaseous stage . 

We postulate on the basis of  observations made i n  cutaneous leishmaniasis ,  
that caseous necrosis may be associated with the ki l l ing (or clearance) of M. 

leprae at  l ocalized sites. Leishmania amastigotes were seen to be most rapidly 
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el iminated by  focal necrosis as opposed to compact granulomatous formations 
that paradoxically enhanced bacterial growth . 6  

In summation this  report underlines the s trong associat ion between local 
humoral immune mechanisms and the paucibaci l lary form of leprosy . 
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Summary A patient with borderl ine-tuberculoid leprosy w h o  developed nerve 
abscesses along the line of cutaneous nerves i s  described . The treatment of choice 
is surgical removal of  the abscess together with combination chemotherapy. 

A nerve abscess i s  a relatively rare complicat ion of leprosy. Because i t  i s  not 
frequent ly encountered and Mycobacterium leprae does not  grow on artificial 
cu l ture media,  the diagnosis may be missed unless the cl inical picture is 
recognized . A patient with borderline tuberculoid leprosy, who developed such 
nerve abscesses, i s  described . 

Case report 

A 25-year-old Surinam-Javanese male noticed a hypo pigmented hypaesthetic 
area above the right knee and subsequently a diagnosis of leprosy was made in  
Surinam. He received diamino-diphenyl su I  phone (DDS)-monotherapy for It  
years. He left Surinam and  migrated to the Netherlands but  d id  no t  have any 
therapy in  the 2t years before presenting at  the Department of Dermatology, 
University H ospital ,  Leiden . His right leg showed a markedly depigmented, 
hypaesthetic macule j ust above the right knee. In addit ion there was a 
longitudinal swelling of rubbery consistency, starting from the depigrnented area 
and running upwards for a distance of 10 cm (Figure 1 ) . 

A skin biopsy from the hypaesthetic macule showed a marked , partly 
granulomatous infiltrate with epithelioid cells ,  macrophages, and lymphocytes, 
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Figure I .  Abscesses due t o  leprosy a long anterior cutaneous branches of  t h e  femoral nerve in  the 
upper leg. 

local ized in  the upper dermis, surrounding sweat glands and nerves . The Ziehl
N eelsen stain did not  show acid-fast baci l l i .  Ear lobe and nose scrapings revea led 
no acid -fast baci l l i .  The lepromin react ion after 4 weeks was 8 mm in d iameter; 
the PPD was nega t ive.  Cu l tures for M. tuberculosis, atypical mycobacteria,  
aerobic and anaerobic bacteria and fungi remained negative, as  well as a mouse 
foot-pad test for M. leprae . Physical and laboratory examinat ion and roentgeno
grams of  chest ,  thoraco- Iuml?ar  spine and upper legs did not show abnormal 
findings .  There was no evidence of calcificat ion in  the affected leg.  As the 
diagnosis of  borderl ine tuberculo id leprosy was confirmed, the patient was 
trea ted with the combinat ion of 1 00 mg DDS and 600 mg rifampicin dai ly .  I n  
spite o f  t reatment the rubbery swel l ing grad ual ly progressed and a second, 
s imi lar,  swel l ing developed media l ly  to  the first one .  After severa l months the 
swel l ing became fluctuat ing and pus was aspi rated . M icroscopica l examin�t ion 
showed scanty acid-fast  baci l l i  wi th  granular  forms .  

As both abscesses were located i n  t he  course of  t he  anterior cutaneous 
branches of  the femoral  nerve, the most l ikely diagnosis was an  abscess of these 
nerves . The affected nerves were surgica l ly  removed in tala .  There were no 
complicat ions .  The hypaesthetic a rea did not enlarge. His tological examinat ion 
of  the surgical specimen showed necrosis surrounded by epithel ioid cel l s .  Some 
remnants of  nerve endings were found .  There were no acid-fast baci l l i .  The 
combinat ion therapy of  dapsone and r ifampicin was cont inued and in the fol low
up period of  over I year,  no further abscesses were observed and the skin lesions 
d id not show signs of  act iv i ty .  

Discussion 

This patient had borderl ine tuberculoid leprosy . Nerve abscesses a re uncommon 
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and they are mainly found in  patients wi th non-lepromatous leprosy . I 4 A few 
cases have been described in  patients wi th lepromatous leprosy . S  8 

Nerve abscesses d ue to  leprosy have been reported from India and less 
commonly from Africa and America . I , 2 , 4  

The reaction t o  M. leprae that i s  responsible for the clinical form o f  the disease 
is said to be H LA-linked,9 but environmental factors or  concomitant infections 
with other mycobacteria may also infl uence the c l in ical pict ure of  leprosy . I O  The 
pathogenesis of  nerve abscesses is st i l l  specu lat ive .  An increase in cel l u lar  
immunity against dead M. /eprae may be responsible for the abscess formation .  
Depending on  the presence of  viable baci l l i  or  their antigenic remnants in  nerves 
and in skin , the nerves may become reactive , whi le the skin lesions may remain 
una ltered as happened i n  t he pat ient described in  this  art icle . 

The s low development of abscesses i n  the absence of const i tut ional  symp
toms, in  associat ion with an unchanging hypopigmented macule,  excluded 
erythema nodosum leprosum.  

Al though nerve abscesses a re an uncommon complicat ion of leprosy, t he 
typical local izat ion along the course of cutaneous nerves, as in  this  case, should 
lead to a correct diagnosis .  Other causes of cu taneous abscesses, such as a typical 
mycobacteria, should be ru led ou t .  The t reatment of  choice is surgica l removal of 
the abscess, together with combi nat ion chemotherapy . 
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Summary A patient k nown t o  have lepromatous leprosy developed mu l ticent ric 
hist iocytosis X from which he died . I n i t ia l  mis interpretat ion of the histological 
findings resu l ted in  delay i n  diagnosis and inst i tut ion of treatment .  The cl in ical 
impl ications are discussed . 

Foamy hist iocytes (Virchow cel l s) are characteristic of the granu lomatous lesions 
of m ult i  baci l lary leprosy . H ist iocytosis X is  another condit ion in which large 
numbers of hist iocytes are a typical finding on microscopy.  The s imi lari ty 
between the histopathological features in  the two condit ions presents a possible 
pi tfa l l ,  and was responsible for delay in  diagnosis in  the case described . 

Case report 

A 4 I -year-old M elanesian  male presented to Port M oresby Genera l H ospital in  
Ju ly 1 983 with a ten-month history of  swel l ing of the left knee, and swel l ing of the 
right e lbow for 3 months .  Leprosy had been diagnosed in 1 969 and his subsequent 
course had been uncomplicated . At  the t ime of  admission he was taking 1 00 mg 
per day each of dapsone and c1ofazimine.  

On examinat ion he was febri le and the left knee and right elbow were warm, 

t Present address a n d  correspondence: U n i t  of Clinical Epidemiology, Department o f  
Medicine, M Block, Queen Elizabeth I I  Medical Centre, Nedlands, WA 6009, A ustralia .  

§ Present address: 47 Church Road, Wheatley, Oxon OX9 I LZ, England. 
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firm, tender and  swollen . There was l ocal bony tenderness adjacent to  both jo ints .  
The range of  movement of the e lbow was from 20 to  90 degrees, and of  the knee 
from 0 to 90 degrees . The left quadriceps was wasted but there was no effusion in  
the knee. His leprosy was cl inically quiescent, and there was no hepatosplenome
ga ly .  Haemoglobin was 1 2 · 3 g/dL ,  white cel l  count  6000/cu mm (neutrophi l s  79%, 
lymphocytes 1 0%, eosinophi ls  1 0% and monocytes 1 %), and the ESR 29 mm/hr .  
Rheumatoid factor was negat ive .  Radiographica l ly  there was patchy ra refaction 
of the bone ends around both affected jo in ts ;  a chest radiograph was norma l .  The 
principal working diagnosis was of a chronic i nfective process . 

Arthrotomy of the left knee revealed a str iking profusion of  whit ish cheese
l ike t issue encroaching onto the art icu lar surfaces, and apparent ly  i nfiltrat ing the 
synovia l  membrane and periosteum.  The bone of  the dista l  femur  was very 
friable .  B iopsies of  the abnormal t issue ( Figure I )  contained col lect ions of  
hist iocyt ic cel l s  and  were tho ught to be  consistent w i th  lepromatous leprosy . 
B iopsies from the femur  revealed on ly  necrotic lamel l a r  bone and plent i fu l  
leucocytes. Bacterial  cu l tures of  both t i ssues were nega tive.  

Ten days postopera t ively tha l idomide ( 1 00 mg/day) was commenced for a 
type I I  leprosy react ion ,  and rifampicin (600 mg monthly)  was added for i ts 
mycobactericida l  effect ,  i n  view of a possible diagnosis-despite the sites-of 
leprous osteit i s .  

Both jo ints remained stiff and painfu l ,  and over the next  1 0  weeks the swel l ing 
and tenderness i n  the left knee progressively i ncreased . A firm, tender left inguinal  
lymph node appeared and 2 cent imetres of  hepatomegaly  developed . The serum 
calc ium was normal .  Aspirat ion of  the knee prod uced turbid fluid,  and a second 

Figure 1 .  Init ia l  synovial biopsy, showing plentiful histiocytic cel ls (haematoxylin and eosin ,  x 40). 
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arthrotomy three-and-a-ha lf  months after admission revea led that the synovium 
was now a lmost completely replaced by la rge amounts  of  soft yel lowish-white 
material  which bled freely when inci sed . Biopsies were taken from th is  t i ssue and 
from the distal  fem ur, and also from a mass of la rge friable left inguinal  nodes, 
some apparently replaced by the same abnormal tissue as found in the knee . 

H i stopathology of the specimens from the knee showed infi l t rat ion of the 
bone (Figure 2), synovi um and subcutaneous connect ive t issue by masses of i l l 
defined cel l s  w i th  pale eosinophi l ic cytoplasm and i rregu lar  nuclei wi th a dis t inct 
nuclear membrane and a nucleo lus .  Some mitoses were present ,  and no acid-fast  
baci l l i  were seen .  The lymph-nodes "( Figure 3 )  showed replacement by a mixture 
of  plasma cel l s  and t he abnormal cel l s  seen dista l ly .  Four  pathologists ,  I i n  Port 
M oresby, 2 i n  Brisbane, and I i n  Oxford, independently agreed on a diagnosis of 
h istiocytosis, probably h is t iocytosis X .  

Postoperat ively the pat ient developed a deep wound infect ion with Strepto
coccus pyogenes, with associa ted hepatomega ly,  jaundice and hypoa lbuminae
mia .  H is condit ion set t led on in travenous penici l l in  therapy.  Four months after 
admiss ion his  haemoglobin had fa l len to 6 -4  g/d L, with a white cell count of 3900/ 
cu mm (neutrophi ls  67%, lymphocytes 1 3%, eosinophi ls  1 9%, monocytes 1 %) .  
Bone marrow examinat ion showed general ized hyperplasia w i th  erythroblastic 
predominance, but  no evidence of mal ignancy . 

Over the next 2 weeks the left knee began to enlarge further rapidly, with the 
development of satel l i te nodules in the proximal thigh . A smooth,  ci rcumscribed 
bal lot table mass was palpable in the right paraumbi l ical region,  separate from the 
l iver, and not moving wi th  respi rat ion . I n t ravenous pyelography gave no further 

Figure 2. Bone from second biopsy, showing infiltration by abnormal cel ls  with  eosi nophilic 
cytoplasm and irregular nuclei (haematoxylin and eosin, x 20). 
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Figure 3 .  Lymph node containing plasma cel ls  and infiltration o f  abnormal cel ls as in Figure 2 
(haematoxylin and eosin, x 40) . 

helpfu l  information .  Chemotherapy was commenced with in termittent intrave
nous vinblastine, with continuous a l lopurinol cover and prednisolone 40 mg 
dai ly .  Within 2 weeks there was an obvious reduction in  the size of  both the knee 
and the abdominal  mass, but the arthrotomy wound then broke down completely 
and bled freely ,  necessi tat ing transfusion, and despite further doses of vinblastine 
the patient 's  general condition deteriorated and he died 7 months after admission .  
Permission for autopsy was wi thheld . 

Discussion 

When a resident of a t ropical country presents with subacute symptoms referable 
to mu ltiple bones or joints  a chronic infect ive process such as tuberculosis is 
among the leading differential  di agnoses . In the case described, after exclusion of 
the commoner infective causes, we were left with a histological picture apparently 
consistent with leprous ostei t is ,  a lbeit  in  an unusual s i te .  I t  was only when the 
patient's condition continued to deteriorate despite mycobactericidal  chemo
therapy that the findings were reviewed and further i nvestigat ions were 
undertaken leading to the definitive diagnosis .  

Many patients with leprosy u l t imately develop secondary bony changes, but  
true invasion of the skeleton by Mycobacterium /eprae i s  responsible for less than 
1 0% of such cases,  occurring in  2-3% of a l l  leprosy patients .  The great majority of 
radiological ly  apparent bone abnormal i ties in  leprosy are due to 'aseptic necrosis'  
in  anaesthetic l imbs, with or without superadded pyogenic infect ion introduced 
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through u lcers or  burns. One s tudy ! post u la tes that  episodes of  leprous ostei t i s  or  
the development of leprous osteomata may be provoked by lepra react ions 
ca using act ivat ion of macrophages a l ready conta in ing leprosy baci l l i .  I n  their  
experience i t  i s  usual ly  the sma l l  bones of the hands and feet which are affected , 
and they describe a lmost complete replacement of the bone marrow by la rge 
h is t iocytes, some wit l:! 'p ink granu lar  cytoplasm' ,  together with some lympho
cytes and plasma cel l s .  

Exact ly the same cel ls  are present in the lesions of the h is t iocytosis X complex 
(eosinophi l ic  granu loma, Hand-Sch u l ler-Ch rist ian disease, and Letterer-S iwe 
d isease), where again the h is t iocytes have been described as conta in ing 'abundant 
eosinophi l ic  cytoplasm ' . 2  I ndeed , one st udy3 contends that th is  d isease probably 
represents a react ion of macrophages to an  as-yet unident ified infect ive or  toxic 
agent . 

Another study4 points ou t  that  histoid leprosy, a rare form of  lepromatous 
leprosy occurring in  long-stand ing patients t reated wi th  su lphones, closely 
resembles fibrous h is t iocytoma, both grossly and microscopica l ly .  It has been 
suggested that the lesions occur as a resu l t  of the emergence of sulphone-resistant 
baci l l i ,  which can be demonstrated in tracel lu larly with specia l  sta ins .  

H ist iocytosis X i s  a rare condi t ion ,  usual ly  affect ing the flat bones of  chi ldren2 
with an  est imated annual  incidence in  the Un i ted K ingdom of 0 · 5  per mi l l ion . 5  I n  
Papua New Guinea, with a populat ion of 3 mil l ion ,  a tota l  of 4 cases were 
reported to the Tumour Registry over the 5 years to 1 983  (unpubl ished data) .  The 
natural  h is tory of the d isease is unpredictable, though the course i s  commonly 
self- l imi t ing .  Affected jo ints a re permanently damaged . Recent reviews2.3 .6 have 
pointed out that study of  the c l in ical syndromes characterized by the develop
ment of eosinophi l ic  granulomatous lesions i s  made very difficult  by the ir  relat ive 
rari ty,  by mU l t iple systems of class ificat ion based on quest ionable criteria ,  and by 
the inab i l i ty to predict the outcome from the histopathological findings .  The 
patient reported here was certain ly older than the average, and his  d isease 
fol lowed an uncharacterist ica l ly  aggressive course, despi te t reatment wi th 
v inblast ine which i s  general ly he ld to be the most effect ive single agent for the 
management of such cases . 

The est imated prevalence for leprosy i n  Papua New Guinea i s  280 per 1 00,000 

(Department of Heal th ,  unpubl ished data) .  A l though 'common th ings occur  
commonly' i s  an ax iom which should guide m uch c l in ical pract ice i n  a sma l l  
developing country where d iagnostic and t reatment faci l i t ies of a l l  k inds a re in  
short  supply ,  th is  i s  not  a lways the case . 
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Summary The present s i tuat ion with regard t o  leprosy control i n  the Yemen A rab 
Republic (North Yemen) i s  briefly reviewed . I t  i s  bel ieved that  there are currently 
about 1 800 registered cases, of whom 1 200 have active d isease. The authors 
estimate that there are between 6000 and 8000 cases i n  the country.  There is a 1 30-
bed hospital in Taiz, cal led the City of Light,  which acts as a central leprosar ium. 
Faci l i t ies for diagnosis  and treatment are also avai lable i n  other parts  of N orth 
Yemen, but  the overal l  s i tuat ion with regard to the competence of health staff, 
laboratory faci l i t ies, chemotherapy, reactions, eye complicat ions,  deformities and 
rehabi l i tat ion is  far from sati sfactory . A plea i s  made for the appointment of a 
leprosy special is t  and the urgent  development of a nat ional leprosy control 
programme, including the appropriate train ing of personnel .  

The Yemen Arab Republ ic (North Yemen) is  located on the south-west edge of the Arabian 
Peninsu la and has a populat ion of about 8 ·6 mil l ion .  I t  is bordered on the north by Saudi Arabia, on 
t h e  west by the Red Sea, on t h e  south a n d  south-east by People's Democratic Republic of Yemen, 
(South Yemen), and the east by the Great Arabian desert. I t  encompasses about 200,000 km.2 

Geographical ly , North Yemen can be conveniently divided into 4 divis ions,  each having i t s  
own characteristic a l t i tude, c limate, and vegetat ion .  These divis ions are :  ( I )  the coaslal lowlands of 
Tihama which stretch along the Red Sea from Saudi A rabia i n  the north to Bab-el Mandab in  the 
south. H odiedah, with a population of 1 20,000, i s  the capital of  this region;  (2) the foothills and 

middle heights, at an al t i tude of 200- 1 500 m and s i tuated between the Tihama and the central 
highlands; (3) the central highlands which exceed 1 500 m in elevation and i nclude Nabi Shu 'ayb 

(3760 m), the highest mountain in  North Yemen, Sana'a (population about 280,000), the capital of 
North Yemen, Taiz (population about 1 20,000), the second largest city in  the country, and Ibb 
(population about 34,000), are a l l  s i tuated i n  the central highlands; (4) the eastern semi-desert 
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plateau s lopes gent ly eastward and drops to an elevation of 1 000 m and borders the Empty Quartar, 
El- Rub El -Khal i .  

AboUl  1 -4 mi l l ion of the populat ion l ive  and work outside the country .  M uch of what they earn 

i s  sen t  to their fami lies i n  North Yemen and serves as a major source of income for the populat ion 
there .  U nl ike Saudi Arabia to the north, there are no petroleum reserves i n  the Yemen Arab 
Republic.  I n  1 980, the average annual per capita i ncome was 2039 Rial (4' 8  Rials less than $ 1 ·00 
US) .  

The individual income of North Yemen is  negat ively affected by the widespread habit  of 
chewing khat ( Catha edulis), a green leaf p lant  cu l tivated on the mounta in slopes. The socia l  act ivity 
of chewing khat ,  the exhaust ion fol lowing i t s  use, and the cost of purchasing i t ,  a l l  serve to reduce 
the usefu l  i ncome of the populat ion,  especia l ly as the coffee plant i s  no longer cu l t ivated for export. 

Magnitude of the problem of leprosy in North Yemen 

Although progress in the care of patients with leprosy in North Yemen was at first s low, it has 
started to accelerate. Recent ly ,  the problem was eva l uated by one of  us  ( S K N )  who visi ted North 
Yemen i n  the Spring of  1 983 on  beha lf  of the World Health Organizat ion (WHO) .  

I n  the years from 1 940 to 1 960, patients were isolated and offered l ittle medical care. I n  1 964, a 
sanatorium was built for leprosy patients, who were either hospitalized or given medication in the 
home. In the 1 970s the sanatori um was improved, new wards were added, and it was named the City 
of Light .  This faci l i ty i s  located in  Taiz and i s  run by the M i ssionaries of Charity,  a Cathol ic 
organizat ion founded by M other M .  Teresa of Calcutta, I nd ia .  There is  a l 30-bed hospi tal and 
homes for pat ients and their fami lies who have been rejected by their community .  Pat ients who are 
j udged non- infect ious are encouraged to return to thei r homes and occupations, but i f  they are 

rejected by their communities, they are allowed to l ive in the sanatorium where they are engaged in 
various occupations, including sewing for women, and farming, carpentry, stone cutting, building, 
and taxi-driving for men . There i s  a small dispensary which was used by one of us  ( H BO) for out
pat ient  ophthalmic surgery, but general surgery or intra-ocular surgery i s  provided for the patients 
at the general hospita l . Medical care i s  given by one of us (Y A-Q), who at tends the sanatori um twice 
weekly .  

Al though WHO recorded a figure of 850 registered cases in  1 975 ,  I i nformation obtained from 
th is  v is i t  suggested that a figure of 1 800 is more accurate, wi th about 1 200 suffering from active 
disease. I t  has recently been suggested2 that  there may be as many as 1 8 ,000 cases of leprosy in the 
Yemen, but by reasonable est imates, admi t tedly  based on  l imi ted data, our  belief i s  that a total of 
6000-8000 i s  more l ikely. Unfortunately , there i s  marked socia l  stigma against the d isease . About 
one-half of the relatively high endemic governorates i nclude Damar and Sana'a located in  the 
central highlands, and Hodeidah, located in  the coastal lowland of Tihama. The disease is  relatively 
uncommon among children . 

Faci l i t ies for t reatment are avai lable. i n  A l -H udahdah and in Jeblah ( in  the central highlands) 
and in  Damar. The treatment offered i n  these areas,  however, i s  not well  organized and only 
minimal faci l i ties for sk in-smear examination and treatment of complicat ions are avai lable .  This  is 
also true for the sanatorium .  Furthermore,  there are no mobi le teams for the early detection and 
treatment o f  the disease. There are no q ual ified physiotherapists, nor is  there physiotherapy 
equ ipment for the treatment of the handicapped patients, a l though min imal  in ternational 
col laboration for patient care and research work i s  now avai lable .  

Conclusions and recommendations 

There i s  an important need for an i ndividual i nterested in leprosy to be appointed at the M inistry of  
Hea l th  to ensure ful l  teamwork in  the problem . U nder th is  person ' s  d irect ion , a nat ional plan for the 
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control of  leprosy should be prepared . The plan should incl ude means of early identificat ion and 
early treatment of patients, fol low-up on t reatment,  prevent ion of deformi t ies, and the rehabi l i 
tation of pat ients with deformi ties. Mobile teams for case detect ion which would work first in the 
highly endemic areas, and later in  the other a reas, should be mobil ized . Members of t he comm unity 
should be educated so that they can help i n  the early detect ion and assist in  prevent ing social  
reject ion . Personnel should be trained in  physiotherapy for preven tion of deformit ies and the 
rehabi l i tat ion of patients with deformities .  Laboratory personnel should be trained in  the 
preparation and examinat ion of smears for the ident ification of  acid-fast organisms .  The 
sanatorium at Taiz ( the City of Light) should be upgraded to serve as the national hospi tal  trai n ing 
centre for the medical and paramedical personnel .  ( I n i t ia l ly ,  the train ing of personnel who would 

work at  the City of Light could be a rranged' at the Al l  Africa Leprosy and Rehabi l i tat ion Tra in ing 
Cent re (ALERT) i n  Addis  Ababa . )  Leprosy should be part  of the curricu lum of the new medical 
school being bui l t  at Sana'a and i n  the Health M anpower School at Sana'a .  I n ternational 
col laboration and consultat ion should be sought to help i n  tra in ing personnel ,  research ,  and for 
financial support of these programmes. 

To accomplish these goals ,  an in ternational consultant(s)  should be sought to help ensure 
sound policies and to help implement the programmes. Financial support for eq uipment ,  personnel ,  

and patient care should be obtained from i nternational organizations.  The mobile teams which are 
formed should be attached to regional hospitals where adeq uate faci l i ties for diagnosis ,  laboratory 
examinat ion,  and the t reatment of complications can be handled . Combined chemotherapy, as 
recommended by the WHO study group on  Chemotherapy of Leprosy for Control Programmes, 3 

should be implemented as soon as reasonably possible .  I n  order that  th i s  can be accomplished safely 
and effectively, a high priority m ust  now be given to leprosy work general ly, both i n  the training of 
health personnel and laboratory technicians,  i n  upgrading the City of Light and i n  the development 
of physiotherapy for the prevent ion of deformity and the care of the deformed . 
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Many of the devastating health problems of the developing world could be prevented b y  adeq uate 
heal th educat ion about sanitat ion, diet, l iv ing condit ions and seek ing early medical advice .  The 
people most i n  need of this  educat ion presen t a major communication problem as the majority of 
them are i l l i terate. H ealth educators are increasingly using pictures to give i nformation to these 
i l l i terate vi l lage people.  Recent cross-cu l tura l  research l . Z  suggests, however, that the type of 
information that can be delivered through pictures needs carefu l  examinat ion .  There is a great 
danger in assuming that pictures and symbols which convey certain i nformation in the developed 
world wi l l  convey a s imi lar message in a Third World setting .  Comm unicat ing with pictures i s  not 
independent of the people they are a imed for and ethnocentricity must be avoided at a l l  costs. 

Photographic teaching aids for health education about leprosy were made for use in 
Anandaban Leprosy Mi ssion H ospi tal ,  12 mi les south of Kathmandu,  the capital of Nepa l .  The 
effective treatment of leprosy requ i res considerable education of medical staff, the generaf publ ic 
and patients .  The major educat ional needs are the recognit ion of the early les ions by medical  staff 
al lowing early t reatment and the education of the patient with the disease . By these means the 
m uti lat ing deformities can be avoided . In Nepal I % of the populat ion suffer from leprosy, 
frequently with appal l ing physical, social and economic consequences. The fact that patients suffer 
severe deformity represents i n  part a fai l u re of communication by medical  personnel .  

There a re considerable barriers to the communication of heal th i nformation in  Nepa l .  The 1 5  
mi l l ion populat ion are scattered among the formidable H imalayan mountains in  a country that has 
never been colonized and unti l  the middle of this  century was cut  off from outside infl uences. The 
vast majority of  the population are subs istence level farmers, with an  average annual i ncome per 
capita of less than $ I DO/year and only 1 0--20% of the populat ion are l i terate . Unt i l  effective 
vaccinat ion against  Mycobacterium /eprae i s  developed educators wil l have to cont inue to battle 
against  the terra in ,  widespread i l l i teracy, under-development and poverty of Nepa l .  

The  projects i nvolved producing a ids  for leprosy hea l th  education us ing  photographs. This 
made us  aware of the great difficulty i n  producing appropriate teaching mater ia ls  i n  the developing 
world. Photography offers an  accurate representat ion of a subject which can either be used for 
recognit ion or imparting information.  

350 

The function function of recognit ion was  used i n  taking cl i nical photographs to  help educate 
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medica l s taff to recogn ize leprosy in i t s  early stages. A ra taeus in A D  94 said of leprosy tha t  'The 
physician ,  from inattent ion or ignorance of the pat ient 's  a i lment ,  does not  apply h is  art to the 
commencement when the d isease is  very feeble . '  Today early diagnosis is more important  beca use 
advances in  drug therapy mean the disease is  rapidly control lable .  

To give informat ion using photographs is  more d i fficu l t .  The a im of the second project was to 
prod uce a set  of teaching aids to help inform a pat ient  on how to look after h i s  anaesthetic feet, 
which i s  a major cause of deformity in leprosy. The series of teaching aids was assessed by staff at  the 
hospital and by experienced heal th educators attending a conference at  the hospita l .  They made 

many valid construct ive crit icisms of  the teaching aids and considered that photographic teach ing 
aids were more su i table for medical s taff than pat ients .  This  i l l us trates the di fficu l ty  i n  trying to 
create communicat ion aids for a d ifferent cu l tural  group than your own and the importance of a 
pre-test wi th an educat ional  a id .  

Project t :  Colour clinical photographs 

A I M  

Anandaban H ospital i s  i nvolved i n  teaching a l l  levels  o f  medical person nel from senior doctors to 
trainee basic level health workers. The best way of learning about leprosy is to see patients and be 
actively involved i n  their management .  There is ,  however, a ro le for photographs to rei nforce and 
supplement  th i s  pract ical experience especia l ly  when t ime is l imi ted . One problem in  Nepal i s  the 
display of photographs :  bright sun l ight  and l imi ted elect rici ty make i t  difficult to use sl ide 
projectors . Our aim was to take colour transparencies that would then be used to produce 20" x 30" 
prints  that would be mounted in  plast ic coats to improve their durabi l i ty .  

M E T H O D  

Consent ing in-patients and  out-patients at c l in ics w i t h  su i table lesions were photographed using a 
Pentax M E  Super 35 mm camera . A standard 50 mm lens was used for most of the photographs,  
with a 2 x close-up lens stopped at  f8-f I I  for close-up shots .  To ensure  sufficient deta i l  i n  the final 
prints  K odachrome 25  transparency fi lm was used . I t  was found that freq uent ly  the shade offered 
the best l ight for photographs avoiding the very i n tense shadow of d irect sunl ight .  A neutral 
background was achieved by stretching a large l ight blue sheet over a 6 ft x 6 ft screen .  I t  was 
i n tended to produce a clear, sharply focussed , picture of the particu lar lesion in  fron t  of the blue 
screen which was i tsel f out  of focus .  

R E S U L TS 

About 1 50 photographs were taken of which about 80 were technical ly good . Of these, 30 were 
made i nto postcard-sized prints and sent to Anandaban H ospital so they could choose which,  i f  any,  
they wanted copies of. The superintendent requested copies of  a l l  30 and thought they would be of 
use in the health education of staff. These were produced using money provided by Lepra . 

Project 2: Pro<lucing teaching aids to help with health education and the care of anaesthetic feet in 

leprosy patients 

A I M  

M any  o f  the horrific deformities o f  the hands and feet o f  leprosy patients could be prevented i f  
adequate precautions were taken by the  patient .  Teaching patients to look after the i r  anaesthetic 
feet and hands is  one of the greatest chal lenges of health  educat ion i n  leprosy . 

The danger of anaesthesia is qu i te a difficult  topic to understand.  The recently diagnosed 
leprosy patient who has normal- looking but i nsensi t ive feet,  causing h im no problem, may see no 
reason for time-consuming foot care .  Even patients wi th severe ulceration of their  pain less feet may 
only seek medical help because of the smell of rott ing flesh !  
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Anandaban H ospi tal  is a referral cen tre for u lcer care and so has a large n umber of patients 
wi th foot u lcers and i s  very actively involved wi th hea l th  educa tion about foot ca re .  Prototype 
teach ing aids were prod uced using photographs. The a im of these was to help communicate to 
pat ients the important points  of anaesthetic foot care,  support ing the ta lks and pract ical  
demonstrat ions wi th a visual  input .  I t  was hoped that accurate representat ion by photographs 
would help people to understand difficu l t  concepts such as how neglect of foot  care would lead to 
deformi ty .  

Teaching a ids  a re a fashionable area of health educat ion .  There i s  a tendency to produce them 
without evidence that they are helpfu l  or needed, often assuming that high qual i ty glossy pictures 
must be advantageous .  For this reason i t  was decided to prod uce prototypes and assess them before 
mak ing the final  version .  

M E T H O D  

Time was  spent helping treat patients on t he  ulcer wards, seeing at first hand  the  problems of  
anaesthetic feet .  S t aff  and  pat ients were asked wha t  they considered to be  t he  most important 
problems before deciding what i n formation to communicate wi th  the teaching aids .  

Each teaching aid was 1 8" x 1 6" and consisted of between 2 and 6 mounted black and whi te 
photographs .  Black and white had the advantage that we were able to develop the prints ourselves. 
This reduced the cost and a l so a l lowed considerable manipulat ion of the size and composi t ion of the 
final prin ts .  

To get  feedback on the teach ing aids 9 were displayed and comments were req uested from 
members of staff of the hospi ta l .  Special  at tent ion was given to the answers of  paramedical workers 
who would be l i kely to use them . Further comments were obtained from q uest ionnaires completed 
by people attending a conference held at the hospital ent i t led 'The tra in ing of middle level hea l th  
workers i n  Nepa l ' .  M any attending th is  conference had considerable experience of hea lth educa t ion 
in  Nepal .  

The photographs were only accompanied by one- or two-word t i t les .  I t  was hoped that  
avoiding detai led capt ions al lowed the best assessment of how effect ive the pictures were i n  
conveyi ng the  message. I t  was  in tended, however, tha t  the teach ing a ids  wou ld  always be 
accompanied with an oral explanat ion by staff. 

The teaching aids were modified according to the comments made on them and mounted in a 
large a lbum, as th is  offered both protect ion and portabi l i ty .  The final  assessment of their value wi l l  
come from long term use by patients and staff. 

R E S U L  TS 

The teaching aids were enth usiastically received a t  the hospi ta l ,  20 out  of 25  quest ionnaires 
completed and many valid and const ructive points made: 

( i) Value of teaching aids. Eighteen people repl ied that  they considered the teach ing aids to be 
usefu l  and said they would use them themselves if they were teaching about anaesthetic feet .  

( i i )  Usefulfor patients or medical staff? People were asked whom they considered the teaching 
aids were su i table for .  The resul ts  are shown below: 

M iddle Basic 

Doctors Nurses Health worker Health worker Patients 

1 0  1 2  1 0  I I  7 
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( i i i )  Comments on the teaching aids. There was an in i t ia l  reluctance t o  discuss o r  wri te down the 
problems of the teaching aids .  When i t  was real ized that crit icism was genuinely wanted many 
people produced many constructive comments on the photographs, the teaching aids and the use of 
photographic teaching aids in  genera l .  

(a )  Photographs. There were many favourable comments about  the  photographs. However, 
some were mis interpreted : many people thought the pict ure of sweat ing looked l ike bl i sters rather 
than sweat .  Photographs showing only part of a person or part of a foot were considered l ikely to be 
misunderstood by patients .  

(b)  Teaching aids .  The teaching  a ids  with only 2 pictures and a min imum of symbols were 
preferred . As expected the teaching aids were not considered adeq uate on their own;  many 
respondents requested writ ten or oral explanat ion . 

(c) Concept of teaching aids .  I t  was q uestioned whether photographs were su i table for use with 
v i l lage people who were not  u sed to photographic represen ta t ion .  Al ternative approaches of 
educat ion were suggested including puppets, clay models and drama .  

Discussion 

The 2 projects were both photographic but had very d ifferen t  aims in what and to whom they 
comm unicated . They met with varying degrees of success which reflected the val ue of photographs 
and teaching aids i n  the different s i tuat ions .  

The c l in ical photographs were rapidly accepted by the staff of Anandaban H ospi tal . 
Photographs can be an excel lent way to accurately convey the appearance ofa subject if the viewer i s  
accustomed to pictorial a n d  photographic representat ion .  The a i m  o f  such ' id�ntificat ion'  
photography is s imply to provide a c lear picture of the subject against  a featureless background .  
With modern photographic equipment and at tent ion to deta i l  th is  i s  a simple task . 

The teaching aids were more ambit ious,  a iming to convey information to patients who were 
not used to pictures and photographs .  When produci ng teach ing aids it is vital to pre-test them . 
Hospita l  staff and other people involved in hea l th  educat ion in Nepal were used for th is .  This was 
not a good sample as they represented the educated minority of the Nepalese population rather than 
the i l l i terate majori ty .  Despite th is ,  their considerable experience of giving heal th ed ucat ion to 
Nepali v i l lagers did mean that they were able to poin t  out  many problems wi th the teaching aids .  
This enabled a l terat ions to be made before a further tr ia l  with patients was done.  

The teaching aids were considered to be more useful for staff than patients. The unsuitability of 
the aids for use with patients reflects the fact that they are based on western ideas of picture 

interpretation .  Studies in Nepal and elsewhere ! '  2 have shown that the rural vil lager in Third World 
countries interprets pictures in a very different way. This difference is principally attributable to 

reduced exposure to pictures.  Educated members of Third World countries, such as the staff of the 
hospital,  are exposed to more pictures and are more likely to interpret them in a western fashion . 

To understand fu l ly what a picture represents requires i n terpretat ion of certa in visual cl ues. 
Many vi l lagers in  Third World countries have difficult ies with depth perception in pictures .  
H udson's classical work on Black South Africans) showed that  pictorial  depth clues of  object size, 
object superimposit ion and perspective were often not correct ly i n terpreted . Quest ions on re lat ive 
distances between objects were answered i n  terms of two-dimensional proximity only .  The inabi l i ty  
to i nterpret a picture t hree-dimensional ly greatly a l ters a person's perception of what a picture 
represents .  Example of th i s  are: Nepalese v i l lagers on seeing a l i ne drawing ofa  cube showing 3 faces 
considered there to be 3 cubes'  and over one-th ird of them when showed a picture of a man from 
behind stepping up on to a box considered that the rai sed leg was abnormally short . 

Fai lure to see a picture as symbolic representat ion resul ts  in very l i teral interpretat ions .  This 
can prove a great problem to hea l th  educators. A heal th worker i n  rural  I ndia used a 2 ft x 3 ft 
picture of a fly to i l l ustrate a talk on the need for hygiene and the covering of food because of insect 
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transmitted contaminat ion .  When obta in ing feedback about his ta lk the v i l lagers said i t  was an 
interesting story but fortunately they did not have flies that big! Similarly H udson4 found that 
posters not showing the w hole person were misinterpreted as showing people with missing l imbs. 
Many of the leprosy teaching aids prod uced showed only part of a person and so were likely to be 
misunderstood . 

Teaching aids not only requ i re an understanding of what the picture represents but also 
comprehension of the meaning of the pic t ure . I n  a western society we are used to deriv ing meaning 
from a picture but th is  is not the case for the Nepali v i l lager who rarely sees pictures. Even with 
posters i n  which v i l lagers accurately recognized the indiv idual  components of a picture they did not 
l ink them together .  L ink ing pict ures together by arrows to suggest a causal relat ionship is 
unsuccessful as an arrow has an arbi t rary symbolic meaning which is  not  understood . 2  

Analysing t he  substantial  difficulties i n  communicating w i th  pictures to v i l lagers i n  Nepal ,  
Fussel & H aaland concluded that  pictures could not  be used to convey information on t heir  own but 
did have a role i n  support ing other means of communicat ion . 

What role, if any, do the teachi ng aids have in communicat ing ed ucat ion about l i vi ng with 
anaesthetic feet? The response to the questionnaires and subseq uent review of the l i terature shows 
that there were· many shortcomings of the original  teaching aids (e.g. m u ltiple photographs,  
showing parts of people or l imbs,  l inked by arrows, etc . ) .  Considerable modifications were made 
and they are now being tested in the ed ucation of staff and patients. It is l ikely that they will be 

helpful  for staff who are used to interpreting pict ures and photographs. For patients, their role is far 
less certain .  They do not have a role on their own, but they may form a useful addition to the 
educators' armoury of talks and demonstrations.  Only long term use will decide this .  

Whatever others learn from the c l in ical photographs and teaching aids, a great deal was learnt 
producing and test ing them . A photograph i s  an accurate two-dimensional representat ion of a 
subject, but this does not mean it wil l  necessarily be recognized and comm unicate information to the 

viewer.  The vast problems of communicating to rural vi l lagers i n  Third World countries are not 
simply overcome by western technology but will need continued assessment and modification of the 
teachi ng materials used . 
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Obituaries 

JAMES CECIL PEDLEY, MRCS, LRCP 
1 905-1 985 

Ceci l  Ped ley died on I I  February 1 985 .  Beyond the inevitable sadness and sense of loss ,  we thank 
God for a long l i fe of devoted and constructive service. Ceci l  Pedley was a committed Christ ian who 
spent most of his adult  l ife as a medical missionary, much of i t  in  demanding and pioneeri ng 
s i tuat ions .  

Born in 1 905 ,  he q ual ified as a M RCS, L RCP, at  the M iddlesex H ospital ,  London, in  1 93 1 ,  and 
from 1 935  to 1 944 served in  Lanchow, N W  China,  where he fi rst met and treated leprosy sufferers. 
From 1 949 to 1 955  he worked in  Kashmir ,  Simla,  and the Ku lu  Valley, sett ing up 2 rural hospitals, 
including I near the Tibetan border. He also organized basic health care del ivery in  areas which 
i nvolved isolation and strenuous trekking .  

I n  1 956 he joined The Leprosy M ission (then The M ission to Lepers), and served in  I ndia 
before secondment to Nepa l .  During his 1 6  years there he was associated with the development of 
the A nandaban Leprosy H ospita l ,  and with the U nited M i ss ion to Nepa l .  I t  was during this  t ime 
that he completed his important study of several years on the major role of nasal secret ion in the 
transmission of leprosy. 

He  a l so undertook leprosy surveys in Afghanistan and, at the age of 69, when most people are 
wel l into reti rement,  he accepted an invitat ion from The Leprosy M ission to share in establ ishing a 
new in tegrated general medical and leprosy hospital in Bhutan,  and an associa ted leprosy control 
programme. A t  the end of 1 974 he final ly returned to England, where he cont in ued in general 
practice unt i l  his death .  

Behind the recitation of dates and places, we see the dedicated and courageous spirit of a great 
man .  L ike  a l l  the truly great ,  he showed a deep and true h umi l i ty ,  never seeking publicity, content to 
work hard and quietly, and a wi l l ingness constantly to accept new chal lenges. His contribut ion in 
the field of leprosy was a deeply professional and compassionate care for h is  patients, and his  abi l i ty 
to look beyond the recei ved wisdom and to undertake studies,  a t  grass roots level ,  which have 
contributed significant ly to our u nderstanding of the transmission of leprosy. Throughout h i s  l i fe he 
was sustained by his  fa i th ,  and by h is  wife, Betty .  Our lov ing sympathy and prayers are offered to her  
and the fami ly .  

EDD I E  ASKEW 

Long before I met  Ceci l Pedley, I had the opportun i ty to examine sl ides from biopsies he sent from 
Nepal to the Leprosy Study Centre in Wimpole Street, London, and to read the voluminous and 
fascinat ing letters and reports which passed between him and Douglas H arman over a period of 
years. I soon real ized that the materia l  submitted, whether of sk in ,  peripheral nerve or other t issues, 
was of extremely high q ual i ty as  were his notes on cl inical findings and t reatment .  Ceci l Pedley 

recognized the importance of the nose and nasal mucus in  the transmission of leprosy long before the 
subject was ' revived' by workers in  th is  country and elsewhere and I also have a letter from h im
which I greatly t reasu re---<iescribing counts which he made i n  Tansen on the numbers of leprosy 
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baci l l i  i n  one drop of breast mi lk from a pa tient with untreated lepromatous leprosy . Al though he 
was modest about h is  own observat ions and impressions ,  he derived great pleasure from the 
publication of a series of papers in the leprosy journals  on aspects of leprosy which were always of  
great practical importance and I was  privi leged to assist in some of those concerned with 
neuropathology. 

We have lost a colleague whose contribution to the study of leprosy has in  some ways st i l l  to be 
fu l ly recognized but i ts  qua l i ty wi l l  surely stand the test of t ime. Shortly after h i s  fina l  ret i rement to 
this  country ,  I met him i n  a bl inding gale above Hart land Quay and we soon came to share a 
common love of the North Devon coast .  

CHARLES C SHEPARD, MD 
1 9 1 4- 1 985 

A COL I N  McDOUGA L L  

D r  Charles C Shepard, Chief o f  the Leprosy Sect ion a t  the Centers for Di sease Control i n  At lanta,  
Georgia ,  U SA for over 30 years and internat ional ly renowned as the first person to obtai n 
reprod ucible mul tipl ication of Mycobalerium /eprae in an animal  model, the foot-pads of mice, d ied 
unexpected ly of heart fai lure on 1 8  February 1 985  at the age of 70. H i s  death occurred at a t ime i n  
h i s  long career when, as  he would have undoubtedly wished i t ,  h e  remained at h i s  peak in intel lect ual  
prod uct iv i ty .  

His mouse foot-pad inoculat ion proced ure revolut ionized research in  leprosy, creat ing the 
whole field of study of experimental infect ions in  the disease and moving leprosy research in to the 
mainstream of laboratory i nvestigat ion .  Rarely has any field benefitted so great ly from a single 
d iscovery . 

While best known to leprologists for h is  work i n  th is  disease, he made significant early 
contribut ions to the diagnosis, natural history, and epidemiology of Rocky M ountain spotted 
fever, Q-fever, and typhus.  Despite fu ll  commitments to leprosy, he was the co-discoverer of the 
Legionnaires' disease bacterium (Legionella pneumophilia) fol lowing the well-known outbreak of 
pneumonia due to th is  organism in Phi ladelphia in 1 976. 

Charles Carter Shepard was born i n  Ord, Nebraska,  on 1 8  December 1 9 1 4 . After atte)'lding 
Stanford U niversity from 1 932 to 1 935 ,  he transferred to Northwestern University i n  Chicago 
where he received his bachelor's,  master's, and medical degrees. In 1 94 1  he became a commissioned 
officer i n  the US  Public Health Service and served in  that capacity unt i l  reaching mandatory 
ret i rement age in 1 978,  when he transferred to the US Civil Service. He worked at the Nat ional  
I nstitutes of Health (NIH) from 1 942 to 1 948 where he developed techniques which allowed the 
serologic differentiation of epidemic and murine typhus.  In 1 948-49, he spent a year studying in the 

laboratory of A rne Tiselius in Uppsala, Sweden, learning the then newly discovered electrophoresis 
and physical separation techniques which would revolut ion ize protein chemistry and, in turn ,  the 
fields of imm unology and biochemistry .  After another year at the N T H ,  Dr Shepard joined the 
Rocky Mountain Laboratory i n  H ami l ton,  M ontana in 1 950, where he remained until 1 953 
studying the ecology and epidemiology of Rocky M o unta in spotted fever and Q-fever .  He  then 
joined the Centers for Disease Control i n  At lanta ,  where he cont inued h i s  outstanding work with 
rickettsiae and began his  i ncredibly productive career with the leprosy baci l lus .  

Dr  Shepard received many awards i n  recognit ion of  h i s  o utstanding contribut ions to  
microbiology i n  general as we l l  as leprosy, inc lud ing the Gorgas M edal ( 1 962), the  Kimble 
Methodology Award ( 1 962), the Phi l ip R Edwards Award ( 1 946), the World Leprosy Day Award 

( 1 970), the Centers for Disease Control M edal of Excellence ( 1 977), the US Public Health Service 
Meritorious Service Medal ( 1 964) and Distinguished Service Medal ( 1 978), the Raoul Fol lereau 
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Award ( 1 978),  and the Richard and H ilda Rosenthal Award ( 1 979) . H e  belonged t o  numerous 
scientific and professional societ ies and served on the WHO Steering Committees on the 
Immunology of Leprosy ( I M M LEP) and Therapy of Leprosy (TH E LEP), the WHO Advisory 
Panel on Leprosy, The Heiser Program for Research in Leprosy, was chairman of the N ational 
H ansen's Disease Center Research Advisory Committee, and for many years served as the 

chairman of the US Leprosy Panel of the U S-Japan Cooperative Medical Science Program of the 

National I nstitute of A llergy and Infectious Diseases. H e  was a devoted member and supporter of 
the I nternational Leprosy Association, serving as a Counci l lor for the Americas and as a member of 
the Board of Directors of the International Journal of Leprosy at the time of his death .  

Although he had authored 1 79 publications and a number of others were in  press or in 
preparation a t  the t ime of his  death ,  'Shep'  ' s  productivi ty and contribut ions to science i n  genera l ,  
and to leprosy i n  particular ,  cannot  be  measured . H i s  love of m usic, ar t ,  nature ,  and of l i fe i tse lf  set 
him apart . H i s  quiet logic, gen t le guidance, and calm wisdom as wel l  as an  immense store of 
scientific knowledge pervaded any meeting with h im .  H i s  infl uence extended far beyond h is  
publi shed works-to the people who learned from him about  science, about leprosy, and about l i fe .  
The world of leprosy i s  a better place because of Charles C Shepard . He  leaves a r i ch  legacy to us and 
a deep responsibi l i ty to cont inue the  work . 

ROBERT C. HAST I NGS 
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Domiciliary ·and Field Work 

Pedabarograph to measure the pattern of foot pressure 
The fol lowing is extracted from Hospital Doctor, 25 Apri l  1 98 5 :  ' D r  Janet H ughes of The Department of 
Rehabi l i tat ion,  Nort hwick Park Hospital ,  Harrow, M iddlesex, U K , has used the pedaba rograph (first  descri bed 
by E lftmann in 1 934) to study foot  pressure.  The apparatus  measures the pattern of foot  pressure on the ground 
using a thick sheet of glass which has a l ight source on ei ther side and a layer of thin metal on top.  

When the patient steps on i t s  surface , l ight i s  reflected i n  proport ion to the pressure applied . 
H igh pressure 'hot  spots' can be looked at objectively and instant ly ,  and records of pre- and post-opera t ive 

patterns kept using a polaroid camera. 
This mea ns that com parisons can be made between different surgica l proced ures appl ied to each problem . 
Various i nsole materials can also be compared and t he most appropriate can be suppl ied to t he individ u a l .  
H owever, the latest adva nces h a v e  been made with  the 'dynamic' recording of patients walking across t h e  

pedoba rogra ph .  
A computer-based image processing system, devised at  the Royal  H a l lamshire H ospital ,  Sheffield, and now 

suppl ied to Northwick Pa rk ,  al lows the i n formation recorded on videotape to be  ana lysed . 
The data can be presented as pressure versus t ime plots for any given a rea of the foot ,  or as ' isopressure 

contour plots'-rather l ike  the weather map.  
U sing the technique, surgeons can decide on the most sui table operat ion .  

Teaching and Learning Material;  Leprosy Documentation Service, Amsterdam, 1 985 
The Leprosy Documentat ion service ( I N FOLEP) in Amsterdam has produced a compendium of teaching and 
learning material  i n  leprosy i n  a r ing binder, which includes detai led i n formation on what  has been prod uced 
from many different  parts of the world . The i n t roductory pages i nclude an account of the I LA Workshop on 
teaching and training in New Del h i ,  1 984. The language headings i nclude-Amharic, A rabic, Chinese, Dutch, 
English,  French, German ,  Hausa,  Hindi,  I locano,  I ta l ian,  Ja panese, K orea n,  M a rath i ,  Nepal i ,  Portuguese, 
Russian, Samoan, Sesotho, Spanish, Swahili ,  Tagalog, Tamil, Telegu, Thai . Enquiries to Leprosy Documen
tation service (INFOLEP), at their new address: Wibautstraat 1 3 5 ,  1 097 ON Amsterdam, the Netherlands. 

Manual for Multiple Drug Therapy from Ethiopia; ALERT, 1 985 
We a re most gratefu l  to Dr M a rij ke Becx-Bleumink,  Director of  A L E RT Leprosy Control ,  PO Box 1 65,  Addis 
A baba, Ethiopia,  for sending the latest edi t ion of th is  excel lent manual .  The Foreword explains that  this  
developed from t he origina l  version prepared i n  late 1 98 3 ,  i n  associat ion wi th  senior staff of  t he Nat ional  
Leprosy Control  Programme and a short-term WHO consul tant .  From the experience gai ned in  the 1 12  leprosy 
t reatment cent res during the period N ovember 1 983-N ovember 1 984, certain amendments were made and t hese 
are now included in the edit ion dated January 1 98 5 .  The chapter headings include i n formation and instruction 
on categories of  patients;  release from t reatment before M DT is i n t roduced; criteria for release from t reatment 
of patients who have a l ready been t reated for many years;  diagnosis and classificat ion of new patients;  
registrat ion of new and old patients for M DT; the m u lt iple drug regimens;  procedures during treatment ; s l i t -skin 
smears; side-effects of  the d rugs and complications;  d u rat ion o f  t reatment;  fo l low-up a fter release from 
treatment;  re- t reatment;  reporting and evaluat ion of the completion of M DT.  The whole work is  extremely 
practical and has been very well thought out.  This  m ust be one of the best manuals for the i m plementation of 
M DT so far prepared and other control programmes could learn a great deal from i t .  

OXFAM: Guidelines for Tuberculosis Control Programmes in Developing Countries 
This is  an OXFAM Memorandum in their Practical Guide series, produced by the OXFAM Health Unit and 
written by Dr Pau l  Shears. It is a s trongly bound paperback of 59 pages . The cost is £ 1 . 50 and it is obtainable 
from O X F A M ,  274 Banbury Road, Oxford OX2 7DZ. Fifteen chapters cover all aspects o f  tuberculosis control 
and t here a re 7 appendices deal ing wi th  t ubercul in  surveys, sputum microscopy, drug dosages, drug adverse 
effects, drug resistance, measuring drug compliance. There is  also a list of useful addresses and l iterature . This is 
an up-to-date and extremely valuable booklet with a great deal of practical information based on actual 
experience. It  deserves a wide circulation . 
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Expanding cards for clinical features and multiple drug therapy in leprosy ( India) 
We a re most gratefu l  for 2 'expanding cards,'  both from I ndia and of very similar format,  which wi l l  
undoubted ly be of great va lue for diagnosis,  classification and treatment of leprosy . The first  on 'Cl in ical  
Feat u res i n  Leprosy' i s  a diagnostic card, published by H i nd K usht  N i va ra n  Sangh, I ,  Red Cross Road, N ew 
Delh i ,  I ndia 1 1 000 1 ,  w hich gives a wri t ten description of those forms of leprosy grou ped by W H O  as 
paucibaci l l a ry and mul t ibaci l lary,  together with colour prints  to i l l ustrate each type of leprosy, from 
I ndeterminate,  through the spectrum to Leproma tous.  The second on ' M ult i - Drug Therapy for Leprosy' is 
published by the I ndian Associat ion of Leprologists ,  Central  J A L M A  I nst i tute for Leprosy, Agra, U P, I ndia ,  
and has s imi lar  expand ing cards showing the sk in  les ions and the chemotherapy for both pauci- and 
mult i  baci l lary leprosy.  Pure neurit ic leprosy is grouped with  paucibaci l lary for th is  purpose. This ca rd on M DT 
emphasises the 2 important di fferences wi th  regard to M DT in India ,  as recommended by this  Associat ion,  ( I )  in  
contrast  to the st rict W H O  recommendations ( Chemolherapy oj leprosy Jor cOll lral programmes, Technical 
Report Series 675,  WHO, Geneva, 1 982 )-namely that fo r multi baci l lary cases, the 3 drugs, dapsone, 
clofazimine and r ifampicin are given a t  the outset a s  in tensive therapy for 2 1  days, under supervis ion,  and (2) 
that in  the case of paucibacillary leprosy, the dual  therapy with dapsone and rifampicin is  contin ued for 6 
months, or 'unti l  clinical inactivity' . 

These 2 exce l lent fo lding cards a re a lmost completely com plementary and could well be in the hands of a l l  
s t a ff  who h a v e  responsibi l i ty for M DT i n  I nd i a .  They w i l l  b e  usefu l  not only for heal th  person nel  b u t  a l s o  for 
hea lth education of patients a nd they both deserve a very wide distr ibut ion.  

Orientation in Leprosy for Doctors: HKNS, I ndia 
This excel lent booklet o f  28 pp has been written by Dr and M rs Thangaraj and Dr K C Das in  India  and is  
published by H i nd K usht N ivaran Sangh,  I ,  Red Cross Road, New Delhi 1 1 000 1 ,  I nd i a .  I t s  aim i s  ' . . .  to give 
short orientation in leprosy to all medica l doctors a nd to ensure their  involvement in the Nat ional  Leprosy 
Eradication Programme. '  Fol lowing a n  introduct ion,  there are sect ions on nerves a ffected by leprosy; c l in ical  
fea t u res of pauci- and multi  baci l lary leprosy; d ifferential  diagnosis;  reactions;  neurit is ;  ca re of the feet and 
hands. The more in tensive involvement of doctors and medical st udents  i n  leprosy i n  I ndia might well have an 
enormously beneficia l  effect i n  current a t tempts to find and t reat the est imated 4 mi l l ion cases in  that country 
and we wish th is  booklet  every possible success. 

Leprosy can be cured; a challenge for el BA-GEIGY 
T h i s  company h a v e  k i n d l y  s e n t  th is  booklet of 32 pp produced i n  Basle, May 1 98 5  and available from C I BA
G E I G Y  Ltd,  Pharma Division,  PH9,  C H-4002, Basle, Switzerland . I t  describes t heir past, present  and intended 
future contribution to leprosy, including the prod uct ion of dapsone, rifampicin and clofazimine and plans which 
are current ly being made for the presentat ion of t hese 3 drugs i n  a ' bubble' or 'calendar' pack for the t reatment of 
mul t i  baci l lary forms of leprosy. There i s  a l i fe-size i l l ustration of the prototype of th i s  pack on page 26, clearly 
showing the tablets and capsules to be administered under supervision monthly ,  and at  home on a daily basis.  
The back cover carries a n  important message from Dr S K Noordeen, Chief Medical Officer, Leprosy, W H O :  

' Through muilidrug Iherapy ( M D T) a s  recommended b y  WHO i l  i s  noll '  possible 10 eJJeclively deal wilh nOI only 
Ihe ever increasing problem oj drug resistance to dapsone but also to reduce the period oj chemotherapy, thus 
encouraging patielll compliance 10 treatmell l .  There is every reason to hope that wilh Ihe wider applica lion oj M D T  
Ihe control oj leprosy in the world could be grea tly accelera led. ' 

Teaching and Learning Materials from the Leprosy Mission in I ndia 
Particularly for readers working in I ndia ,  we d raw at tention to the avai labi l i ty of teaching and lea rning materials 
in leprosy from The Leprosy M ission (Southern Asia),  CN I Bhavan,  3 rd Floor, 1 6  Pandit  Pa nt M a rg, N ew 
Delhi 1 1 000 I ,  I ndia ( Dr/M rs E S Thangaraj) .  The l ist  is very s imi lar  to that  which has been in use by T L M I i n  
London for several years, but  i t  should b e  noted t h a t  charges ( i n  rupees) are made for every i tem.  T h e  many 
valuable i tems available are numbered on the front page i ndica t ing their  suitabi l i ty  for hea l t h  progra mme 
planners, health educators, shoe workshop managers, j unior  hea l t h  workers ,  supervisors, mul t i -purpose 
workers, laboratory technicians,  physiotherapy technicians,  medical st udents, surgeons .  Apply to TLM in I ndia 
at the address above. 

Queensland Department of Health, Visiting Medical Specialist-Leprosy 
A medical practitioner registered in Queensland or eligible for such registration wi th  special ist  training in 
leprosy ( H a n sen's Disease) i s  required for two consecutive months annual ly to provide consultative services to 
the Health Department, visit other parts of Queensland in  connection with the treatment o f  H ansen's  Disease, 
conduct a weekly clinic at The Princess Alexandra Hospital ,  and provide train ing for medical staff in H ansen's 
Disease. Al ternative arrangements for sessional work can be negotiated . 58 1 . 3 5-5 1 1 7 .90 per 3 hour session 
(depending on year of registration). 

Please forward application to: The Director, Division of Special ized Health Services, Health and Welfare 
Building, 63-79 George Street, B risbane, Australia,  or telephone (07) 224 5665 and make an appointment to see 
D r  A . M .  Patel . 
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Submission of material to ' Reports, News and Notes' or to ' Domiciliary and Field Work' in  Leprosy 

Review; an appeal from the Editor 

During the past 1 0  years or so we have prin ted many h undreds of i tems of i n formation under these, 
or s imi lar  headings ,  and a l though we may be changing  the t i t les of t hese sect ions aga in  s l ight ly in 
1 986, the type of material i ncl uded will remain essen t ia l ly  the same. We are always look ing for 
informat ion,  news, notices or comments  in these pages of the Journal ,  which are of practica/ value to  
those work ing in  leprosy contro l .  H igh on the l i s t  of  priorit ies comes anyth ing to do wi th  teaching, 
learn ing or train

·
ing .  I n  th is  context,  we wish to record our  gra t i tude to t hose many individuals and 

centres i n  d ifferent  parts of  the world who have suppl ied information about materia ls  and tra in ing 
co urses through the years. I t  is however now becoming clear that we cannot  by any means keep up 
with the fu l l  range of activi ties and prod uctions, worldwide, even through the excel lent channels 
establ ished by I LEP. We therefore appeal to our readers to submit material for these sect ions of the 
Journal and to keep us  i n formed, repeated ly, about train ing courses and the development of new 
teaching or learning materia l .  We greatly prefer brief communications, with specific detai ls of  
names and addresses to contact for further i n formation .  Sui table materia l  of  th is  k i nd wi l l  be 
acknowledged from this  Office-and publ ished-without delay. Editor. 

Mycobacterium /eprae monoclonal antibodies and recombinant DNA from M. /ep" ae 
I M M L E P  have established a Bank of such m onoclona l ant ibodies and expect soon to set up a Bank of 
recombinant  D N A  clones. These wi l l  be avai lable to qual i fied investigators .  Enquiries/req uests, with brief 
out l ine of project , should be sent  to Dr S K Noordeen,  Secretary, I M M  LEP Steering Commit tee, World Health 
Organizat ion,  1 2 1 1 Geneva 27,  Switzerland.  

Heiser Program for Research in Leprosy, 1 986 
The brochure for 1 986 in trod uces the Program as fol lows:  Dr Heiser set up his  fund in The New York 
Community  Trust and st ipulated that  i ncome generated be used not to treat patients but to try to find a cure or 
preventat ive for leprosy. The New York Comm unity Trust ,  a public fo undation designed to  carry out  the 
charitable purposes of donors,  met with medical experts and scient is ts  t o  determine t he best approach.  It  was 
decided that  t he 3 most important objectives should be : to at tract t he brightest, most highly motivated young 
biomedical scient ists  to train i n  resea rch fields related to leprosy; to support the t rain ing efforts of  laboratories 
and senior investigators who are experienced in  leprosy resea rch; and to  promote col laborative research studies 
of leprosy and encourage international sharing of  scientific i n format ion .  

I n  considering research on leprosy, t he . fields selected as among the most  releva nt  for the study of  this  
d isease a re :  

Cultivation oj Mycobacterium leprae ( Hansen 's bacilli) 
Immunology oj mycobacterial injection 
Experimental transmissioll oj leprosy 
Pharmacology oj an ti·leprosy drugs 
The fol lowing awards have been established and a re available-Postdoctoral Research Fel lowships; 

Research Grants;  Vis i t ing Research Awards.  Apply t o  the Heiser Program for Research i n  Leprosy, 450 East 
63rd Street ,  New York,  New York 1 002 1 ,  U S A .  

New leprosy vaccine trial 
From the Lancet, 20 July 1 985 :  

Leprosy carries wi th  i t  a unique s t igma,  though only a small  proport ion of  those i n fected eventual ly  su ffer 
the gross d is figurement and deformity commonly associated wi th  the disease. Dapsone has remained t he best 
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t rea tment ,  but  it must  be taken for a long t ime,  it may not be well  t olera ted,  i t  may not be act ive aga ins t  bacteria 
i n  the res t ing  stage, and i t  may provoke res is ta nce to i ts ea rl ier benefi ts .  I t  has proved i m possible to c u l t i va t e  
Mycobacterium /eprae i n  v i tro ,  so development of a vaccine h a s  been s l o w .  [ t  h a d ,  however, been o bserved t h a t  
B C G  conferred some protect ion against  leprosy wi th  varying degrees of efficacy around the worl d .  W h e n  k i l led 
M. /eprae deri ved from the i n fected ni ne-ba nded a rmadi l lo  beca me avai lable .  it was decided to combine 
orga n i sms from this  source w i t h  BCG i n  an a t tempt to  ind uce ce l lu lar  i m m u n i t y .  A randomized control led tr ial  
of about  90,000 people i s  to  be carried o u t  i n  K a ronga,  M a lawi ,  to  compare the protec t i ve efficacy of t h i s  
com binat ion w i t h  a s i ngle standard d o s e  o f  BCG and to compare s i n g l e  BCG vacci nat ion wi th  repea ted BCG o r  
wi th  the com binat ion .  T h e  t r i a l  i s  to b e  funded b y  members of  [ L E P  ( I nternat ional  Federa t ion  o f  A n t i - Leprosy 
Associat ions) ,  including the Br i t ish Leprosy Relief A ssociat ion ( L E P R A ) .  This t ria l  i s  the second such t ria l  
(s ucceeding another large tr ial  of over  60,000 people i n  Venezuela )  and could begi n ,  wi th  the col laborat ion  of  t he 
London School of H ygiene and Tropical Medicine,  L E P R A ,  the M a lawian hea l t h  a u thor i t ies, the World H e a l t h  
Organizat ion,  the World B a n k ,  and the U n i ted Nat ions  Development Project, i n  a few months .  I t  wi l l  take 
about  1 0  years for resu l ts  to emerge. 

A rmadillos for leprosy research from Mississippi, USA 
We have recei ved a letter from Dr B J Gormus,  Resea rch Scien t is t  at  Tulane U n i versi ty ,  Delta Regional  Primate 
Resea rch Center, Covington, Lousiana 70433,  USA, i n forming us that  a rmadi l los a re ava i l a ble for shipment for 
leprosy research from the State of M i ss iss ippi .  Furt her deta i l s  are avai lable from Mr Sal Cefa l u ,  1 000 Ma nson 
Avenue, M e t a i rie,  Louis iana 7000 1 ,  U S A .  

Technical Guide for Smear Examination for Leprosy b y  Direct Microscopy 
This 34-page guide,  prod uced by the Leprosy Documentat ion service ( I N FO L E P )  in Amsterd a m ,  was f irst  
iss ued i n  1 983  ( English only) .  Five thousand copies were prin ted and they have been d is tribu ted mainly to 
members o f  the I n ternational Federat ion of Ant i - Leprosy Associat ions ( I L E P);  t o  the Heal th  Unit  o f O X F A M  
i n  Oxford for inclusion i n  t h e  OX F A M-L E P R A  pack of teach ing materials  on leprosy, and to T h e  Leprosy 
M ission I n ternational i n  London for distr ibut ion as  part of t heir  Teaching and Learning M a terials  service. A 
second edi t ion,  with minor corrections,  is u nder discussi o n .  A Spanish ed i t ion is a l ready avai lable .  Dr Corroller 
of the Association Fran�aise des Foundations Raoul Follereau has very kindly translated the guide into French 
and this is  now being p repared for the press. WHO has a rranged for translation i n to A ra bic, and offers have been 
recei ved for Thai ,  I ndonesian ,  Chi nese and Portuguese. I t  i s  hoped that i t  w i l l  i n  the near fut u re be possible to 
send several  thousand copies to the Voluntary Hea l t h  Associat ion of I nd i a ,  for d is tr ibut ion from Del h i .  Plans 
a re also being made for a much wider and more pos i t ive d is tr ibut ion of  th i s  guide to a l l  leprosy-endemic a reas 
from 1 98 5  onwards.  

Epidemiology of leprosy in relation to control; W HO, 1 985 
This report of a W H O  St udy Group i s  publ ished in their  Technical Report Series as  N umber 7 1 6, from W H O ,  
Geneva, Switzerland,  1 98 5 .  I t  deals w i t h :  current k n owledge of the epidemiology of leprosy; the measurement of 
leprosy and its  control ;  proposals for fut u re researc h .  There a re 4 annexes o n  terminology, epidemiological and 
operational  indicators in  leprosy control ,  OMSLEP individual  pat ients  form and WHO disabi l i ty gradi n g  scale .  
Particularly for those who are responsible for M ult iple Drug Therapy ( M DT) and field work , the definit ions on 
page 53, including those of 'adeq uate treatmen t '  and ' regular  t reatment '  and the i ndicators i n  A n nex 2 are of 
considerable interes t .  

H andbook of the Association of Medical Research Charities, UK,  1 984-85 
This handbook of 4 1  pages is avai lable from the A ssociat ion of M edical Research Char i t ies, The Development 
Trust for the Young Disabled, Royal Hospital  and H ome for I ncurables, West Hil l ,  P utney, London, SW I 5  
3SW.  The I n t roduction opens: 'The A ssociat ion o f  M edical  Research Chari t ies was fo unded i n  1 972 and 
provides a forum for the chief execut ives of major medical  research charit ies to meet  on a regular basis .  The 
meetings give members an opportunity to d i scuss stra tegy and organizat ion and to hear from vis i t ing spea kers 
about trends and developments of significance for medical research . The Associat ion has  played a key role i n  
improving personal contact between members a n d  h a s  t h u s  provided a basis for collaboration o n  major projects 
and has preven ted unnecessary dupl icat ion o f  effort .  The object of this booklet i s  to assist  applicants for funds by 
providing essent ia l  information on each of the member charit ies . '  The l ist  of members i ncludes L E P R A ,  
together with  m a n y  organizat ions i n  the U K  dea l ing  wi th  cancer, leukaemia,  heart d isease, m u l t i ple sclerosis,  
asthma, arthrit is,  mental heal th  and muscular dystrophy. The annual i ncome of the 3 5  member chari t ies i n  1 983  
amounted to U K  £ 1 28 mi l l ion,  for medical care  and resea rch of which no less  than £77 mi l l ion  was spent  purely 
on resea rc h .  
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A L E RT, Addis Ababa; Nineteenth Annual General Meeting, March 1 985 
The A l l  Africa Leprosy and Reha bi l i ta t ion Tra i n i n g  Cen t re ( A L E R T ) ,  founded on I I  Decem ber 1 965 held i t s  
A n n ua l  General M eet ing i n  Addis Ababa,  22 M a rch 1 98 5 ,  a n d  w a s  attended b y  delegates fro m  sponsori ng 
o rganizat ions ,  as well  as represen t a t i ves of a n u m ber of em bassies i n  Addis Ababa.  The meet ing was presided 
over by the President o f  A L E RT, Dr G izaw Tseha i ,  the M i n ister o f  H ea l t h  of Eth iopia . The Directors o f  t he 
various depa rtments of A L ERT and the Execut ive Di rector gave brief reports on t he activit ies d u ring 1 984.  Of 
special  i n terest a n d  importa nce w a s  t h e  con t i n uat ion and extension of M ul t idrllg Therapy ( M  DT ) which w a s  
started i n  A L E RT's control area i n  Jan uary 1 98 3 .  The M DT progra mme w a s  ex tended to t h e  capi t a l ,  Addis 
A baba,  and surrounding dist ricts .  Total  number of pat ients  under M DT a t  the end of the year was 2868, 448 
pallcibaci l lary and 2420 m u l t i baci l lary pat ients .  In the yea r under review 4367 patients were relea sed from 
trea tment ,  3032 after dapsone monot herapy and 1 3 3 5  a fter M DT. A l l  pat ients  released a fter M DT were 
pauci baci l l a ry pat ients ,  as the m u l t ibaci l lary pa t ients  have not yet fi n i shed their  trea tment peri od o f 2  years.  The 
Director of A L E RT's Leprosy Control ,  Dr M B'ecx- Bleumink i n formed the assem bly that the M DT progra mme 
wi l l  be extended to new districts in  1 98 5 .  

T h e  Director of Tra in ing,  Dr  J Warndorff gave a n  o u t l i ne of t h e  t ra i n ing act iv i t ies in  1 984.  A L E RT h a d  7 3  
participants  o n  t h e  I n ternational  courses, and 220 participants on t h e  National  co u rses. A t o t a l  of 5 5  students 
had in-service training d uring the year .  

Dr Warndorff a lso gave the encouraging i n formation that out  of a tota l  of 1 7  part icipa nts  at  the W H O  
Workshop on Reorientat ion of Leprosy Control for Engl ish Speaking Countries, which t o o k  place in  Banj u l ,  
Gambia in  J u l y  1 984 , 1 3  h a d  received t h e i r  tra in ing at  A L E RT. T h i s  f igure is  evidence of A L E RT's dominant  
ro le  in  the training of leprosy starr i n  a nglophone Africa . The Director of H ospita l  Services, Dr Taye Tadesse 
info rmed the assembly that the H ospita l  Services had been fu rther im proved in  1 984, i n  spite of the fact  that the 
H ospital  was short of medica l staff d u ring most of the yea r .  A L E RT is  operat ing a hospi tal  of 207 beds, shared 
a mongst medicine, s urgery and ophtha lmology wi th  1 04, 90 and 1 3  beds respect ively.  A L E RT is  a l so rendering 
extensive services to out-patients,  especia l ly  i n  the field of dermatology. 

Dr J Warndorff, who is  the Di rector o f  Tra in ing  since 1 980 wil l  terminate  h is  service i n  1 98 5 .  M r B 
Johan nessen,  the Exec u t i ve Director since 1 979 wi l l  a l so leave A LERT in 1 98 5 .  

T h e  assembly recorded i ts  appreciat ion to t he o u t going d i rectors fo r their  excel lent  a n d  hard work d u ring 
their  a ppoin t ment periods, a nd for their  con tr ibut ions to the development of A L E RT.  

Leprosy; a medical film from Science Service, Berlin 
I n  co-operation w i t h  the German Leprosy Relief Associat ion ,  Science Serv ice, Berl i n  has produced a training 
fi l m  o n  leprosy, which has now been up-da ted and extended i n  order to incl ude la test resu l t s  of scien t ific research 
and i n forma tion on m u l t i ple drug therapy . The film i s  16 mm, Eastman Color Kodak,  lasts 26 min utes and costs 
O M  2 1 00 for optical sound trac k ,  o r  O M  2200 for magnetic sound. Enqui ries to Science Service Berl i n ,  
A udiovis ion GmbH,  Thamasisstrasse 1 1 - 1 000, Berl i n .  

T A L M I LEP; ILEP Steering Committee on Teaching a n d  Learning Materials 
A t  the recen t  meeting of the I nternat ional  Federation of A n ( i - Leprosy A ssocia tions;  I L E P  (234 B l ythe Road, 
London W I 4 OHJ) i n  Luxembo u rg, fu rther meet ings and discussions took place to define the status and 
functions o f TA L M I LEP which was formed as a sub-group of Ad H oc Working Group No. 5 (Tra i n i ng)  i n  J u ne 
1 98 3 .  

TA LM I LEP h a s  u ndertaken to s t imulate, fac i l i tate a n d  co-ord i nate efforts to  provide a n d  distr ibute 
teaching and lea rning materia ls  in  leprosy, worldwide,  and to dev i se the most appropriate mechanisms for 
achieving th is  wi th in  I LEP.  I t s  main aims are as fol lows:  
To co-ordinate efforts for provid ing a l l  categories of leprosy workers,  worldwide,  wi th  teaching and learning 
mater ia ls ;  to promote the development of high qual i ty  materials by I L EP member associat ions,  adeq uately 
covering a l l  relevant subject aspects, and avoiding u nnecessary d upl icat ion of work; to set u p  active distr ibut ion 
networks and t h u s  ensure worldwide avai labi l i t y  o f  materials ;  to make i n formation about teaching and learning 
mater ia ls  genera l ly  avai lable .  

Event u a l l y ,  i t  should be possible for TA L M I L E P  to assist I LE P  member associat ions i n  answering such 
q uestions as :  how many copies of a particular booklet are needed for a particular  category of leprosy workers, i n  
w h i c h  languages, and i n  w h i c h  countries?; w h i c h  resource persons can b e  cal led u p o n  to translate,  a d a p t ,  o r  
i l l ustrate materi a l ,  for example from English in to  Vietnamese?; w here can material  b e  printed a t  low cost?; h o w  
c a n  a n e w  p ublication b e  fi e l d  tested?; how can material  b e  actively and effectively distr ibuted i n  a pa rt icular 
region?; which materials a re best  sui ted of the needs of,  for example, leprosy field workers i n  Gha na?; what  
mater ia l  is  current ly  avai lable  in ,  for example,  Portuguese? 

Six I LEP member organizations are current l y  i nvolved i n  TA L M I LEP,  the participants  are: 

D A H W : 
TLM I :  

M s  K Rossler, acts a s  secretary and co-ordinates print ing and publicat ion .  
M s  J Nevi l le ,  co-ordinates d is tr ibut ion i n  the Engl i sh  language . 



A L M : 
N S L : 

F F F : 
D F :  
I LE P  Cl B :  
W H O : 

Dr W F Ross, co-ordina tes assessment  activit ies .  
Dr D L Leiker,  acts as chairma n .  
M s  I K a l f, co-ordi nates survey activit ies .  
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Dr Ie Corol ler, co-ordinates distr ibut ion of  material  in  the French language. 
Mr L de Meersman,  co-ordinates t he preparation and prod uct i o n  of materi a l .  
M s  S Lacey, assists wi th  survey activit ies wi th in  I L EP.  
Dr S K Noordeen,  maintains contacts with t he Global  Hea l t h  Lea rning M a terials Progra mme of 

WHO. 
M ost of the work of T A L M I L EP is  done by correspondence .  I n  addit ion,  the group meet s 4 t i mes a yea r:  

working meet i ngs a re held i n  Apri l  and September ( in  Europe ) .  M eet ings a re also held during I L EP Working 
Sessions i n  J une and December and t hese a re open to  a l l  delegates.  

The agenda cent res a round a l is t  of ' i tems in  progress ' .  I n  rela t ion to each individual  i tem, survey, 
assessmen t ,  prod uction and distr ibut ion aspects are discussed . 

For fu rther information please contact :  The Secretary TA L M I LEP,  M s  K R ossler. Germa n Leprosy Relief 
Associat ion,  PO Box 348, D-8700 Wurzburg, West Germany .  

Recent ideas and progress in the treatment of leprosy; Erwin Stindl Memorial Oration, ] 985, I ndia 
We a re grateful  to the Project Director o f  the G reater Calcutta Leprosy Treatment and Health Educat ion 
Scheme, 3 5/ I /A ,  Old Bal lygunge 1 st Lane, Calcutta-700-0 1 9, I ndia,  for sending th is  40-page booklet  which 
records the oration given by Dr B K Girdhar ( Centra l  Jalma I nst i tute for Leprosy, Agra ) i n  memory of M r  
Erwin St ind l .  D r  Girdhar covers the recent history o f  the development o f  chemotherapy for leprosy, notably 
wi th  mul t iple d rugs, as we know i t  today and goes on to consider the properties of dapsone, rifampicin .  
c1ofazimine, t h e  th ioamides, th iacetazone and other drugs i n  considerable detai l .  There are no fewer than 1 6 1  
references to th i s  masterly review of the chemotherapy o f  leprosy . The booklet is  available from t h e  above 
add ress at a cost o f  R s  1 5 . Considerable emphasis i s  given to the Jalma fi nding that  6 months of dual  therapy of 
paucibaci l lary cases with  dapsone and r ifampicin is ' . . .  too short a t ime for pa t ients  to show object ive and even 
subjective improvemen t  . .  . ' .  They recommend con t i n uat ion of t rea tment in  pauci baci l lary cases up to the point  
of  disease i nactiv i ty .  The concl uding paragraph of th is  Oration cal ls  for quotat ion i n  ful l :  

' T o  s u m  up,  I w i l l  say w e  have t h e  avai labi l i ty  a n d  knowledge about more potent anti leprosy drugs b u t  the 
outcome is  going to be determined by the sinceri ty  and zeal wi th  which we do the work i n  the field, in 
programmes l ike case detection,  case holding, defa u l ter retrieval and drug del ivery.  I t  i s  not the the in i t iat ion of 
the chemotherapeutic programme which i s  important but  the continued maintenance of the in i t ia l  vigour which 
is  more important for s uccess of chemotherapy in  control and eradication of this  d isease in  the years to come . '  

Chinese Journal of Dermatology, Number 1 8, 1 985 
We have a con t inuing exchange wi th  various  j ournals  in the People's Republic of China,  which incl udes The 
Chinese Journal of Dermatology, c/o I ns t i tu te  of Dermatology, Chi nese Academy of M edical Sciences, 1 00, 
J iangwangmiao Taipingmen, N anj ing,  J iangsu,  People's Republic of  China. It  i s  perhaps not  rea l ized that t h i s  
dermatology j o u r n a l ,  and some o t h e r  journals  from C h i n a ,  freq uen t ly  carry art icles of considerable importa nce 
on leprosy. For instance, the one referred to a bove has an important con t ri but ion by Dr J i  Baohong ( Secretary, 
Steering Commit tee of the Scientific Working Group on the Chemotherapy o f  Leprosy, WHO) ent i t led 
'Observation on bactericidal  act iv i ty of several d rugs against M. leprae by proport ional  bactericidal  tes t . ' 
Abstracts are in English;  text in Chinese. 

Thalidomide; Chemie Grunenthal stops production and distribution 
Among many important matters discussed a t  the  44th M eeting of the M edical Commission at  the recent I LE P  
meet ing i n  Luxembourg, w a s  t h e  decis ion b y  Chemie Grunenthal  i n  Germany t o  s t o p  prod uction a n d  sale o f  
thal idomide. A few months prior to t h i s  meeting i t  w a s  understood t h a t  they might b e  handing over a l l  
remaining stocks to W H O  in Geneva a n d  a t  o n e  t ime i t  w a s  proposed t h a t  W H O  might t a k e  responsibi l i ty  for 
distr ibut ion.  H owever at the a bove M edical Commission meeting,  Dr S K N oordeen reported that  a more recent  
decis ion by W H O  had decided against t h i s .  A d iscussion then took place on possi bre mechanisms for 
maintaining supplies of thalidomide for responsible leprosy workers ( fo r  t he t reatment of type 2 reactions i n  
lepromatous leprosy) .  Meanwhi le  i t  w a s  reported t h a t  the  o n l y  compa ny k nown to prod uce a n d  export 
tha l idomide is  I n terbras, Petrobras, Comercio I n ternat ional SA,  Rua de Rosario 90, Rio de Janeiro RJ, CEP 
2004 1 ,  Brazi l .  [From correspondence with D r  D V A Opromol la ,  we have i n  fact a l so received the name and 
address of another source of thal idomide i n  Brazi l ;  Fundacao Ezequiel  Dias ( F U N E D), Rua Conde Pereira 
Carneiro N o  90, Gameleira, CEP 30,000 Belo H o rizonte, M inas Gerais, Brazi l .  Further information can be 
obtained from Dr Aguinaldo Goncales, Di rector da Divisao N acional de Dermatologia Sanitaria,  M i nisterio de 
Saude, sala 809 80 andar, Esplanada dos M i nisterios, B loco I I , 70,000, Brasi l ia ,  B razi l .  In recording th i s  
information,  we emphasize that  i t  i s  the personal  responsibi l i ty of any who contact these agencies to  clarify 
formulat ion,  chemical content and dosage. Editor . )  
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H E PATIC, R E N A L  AND OTH E R  SYSTEM A BN O R M A LI T I ES I N  PATI ENTS W I T H  

LEPROM ATOUS LEPROSY I N  N I G E R I A  

Sir, 
We recent ly investigated 68 patients with lepromatous ( L L)  leprosy in  the Leprosy Teaching 

and Train ing Centre and the Ahmad u Be l lo  Un iversity Teaching Hospital  in  Zar ia ,  mainly in order 
to assess their hepat ic and renal fu nct ion .  Forty-six male and 22 female pat ients were incl uded ; their 
ages ranged from 16 to 60 years and the dura t ion of their leprosy from I to  40 years . Forty out  of  the 
total of 68 had su ffered from leprosy for more than 10 years .  A l l  had received varying periods of 
ant i leprosy treatment ,  main ly  wi th  dapsone monotherapy in  a dose of 50- 1 00 mg dai ly .  

A l l  68 showed c lear  c l in ical evidence of  act ive or inact ive lepromatous leprosy and v ir tua l ly  al l  
pat ients had bi lateral inguinal  lymphadenopathy (which may also have been due to lepromatous 
leprosy) .  Our specific findi ngs in the hepat ic and renal systems are as yet incomplete and wi l l  be the 
subject of  further st udy, but the main poi nt of  th i s  let ter i s  to draw attent ion to a wide range of 
condi t ions other than leprosy which we recorded i n  th i s  group .  Fi fteen had mild to moderate 
oedema of the feet ,  3 hypertension,  I jaundice and 3 had a haemoglobin of less than 1 0  g/ I OO ml .  
Sixteen out of 40 patients whose stools were examined for hookworm were posit ive. From 40 

patients whose urine was examined, 32 had abnormal i t ies in the form of a lb in uria, wi th  or without 
red or white cel ls ,  4- 1 0  per high power field . One pat ient  had cervical tuberculous lymphadeno
pathy ,  proven on biopsy . A variety of  l iver funct ion abnormali ties were discovered in  60 out of  a 
total of 68 patients ,  and of 2 biopsied , I showed mixed nodular cirrhosis and schistosoma I parasites 
and the other, a granulomatous react ion .  

From th i s  l imi ted s tudy ,  i t  i s  clear that  some findings, such as the granu loma in  one of the l iver 
biopsies and the bi lateral inguinal  lymphadenopathy i n  many cases,  may wel l  have been due to 
leprosy . I t  i s ,  however, our impression that condit ions other than leprosy accounted for most of the 
abnormali t ies noted. Viral ,  parasi t ic ,  nu t ri tional  and other factors, including alcohol ism, have to be 
considered . 

I f  confirmed, th i s  seems to us to be an important observat ion,  which has not  always been 
acknowledged in  s imi lar studies in  the l i tera ture, notably from I ndia .  At least in th is  part of  the 

world, i t  has to be accepted that many cl i nical and laboratory abnormali t ies in leprosy patients may 
be due to a wide range of other condi t ions .  

S R B H U SN U R MATH, N B B R E DDY, Y M FAK U N tE, 

P C SUVA RNABAI,  F I ANJO R I N  & T S R E E N I VASAN 

Departments of Human Pathology, 
Medicine and Chemical Pathology, 

A hmadu Bello University , Zaria , 

and Leprosy Central Training and Research Centre , 

Zaria , Nigeria 
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FAILURE O F  PASSI V ELY TRANS F E R R E D  LEPROSY LYM PHOCYTES T O  

DEMYELINATE PER I P H E R A L  NERVE 

Sir ,  
Recent  studies on the in teraction between Mycobacterium leprae and cel l s  of  the immune 

system have rai sed the question whether peripheral nerve damage i n  l eprosy is (a )  inciden ta l  to the 
cel l -mediated immune response to the baci l l i  i n  a neural mil ieu, J . 2  ( b) t he resu l t  of specific h umoral 
and cel lu lar mechanisms d irected against neura l components/ 4 or (c) a combination of the 2 
factors.  We passive ly transferred human leprosy lymphocytes in t raneura l ly  to peripheral nerves of 
guinea-pigs and l ooked for cel l -associated demyel inat ion .  

The donors of circulat ing lymphocytes were 8 patients wi th  BT leprosy ( 2  of them undergoing 
Type I react ion) and 4 normal  indiv idua l s .  Fifty microl i t res of the lymphocyte cel l  suspension in 
RPM I 1 640 (conta in ing 3 ' 7 5-9 x 1 06 cel ls) ,  or  RPM I 1 640 alone were i njected into the sciat ic nerves 
of gui nea-pigs. (Cel l  separat ion,  count ing and viabi l i ty  test ing were k ind ly  performed for us  by Dr 
Sita Naik and col leagues at the K . E . M . H ospital Bombay . )  The animals  were sacrificed on day 4 
and the nerves · col lected for l ight microscopy . ( I n  an analogous study i n  Gu i l la in- Barre 

polyneuropathy, Feasby et a[. 5 found no evidence of host reject ion of i ntraneural ly i njected 
heterologous ( human) lymphocytes up to 4 days post- i nject ion . )  The histopathologic features were 
rated semi-quant i tat ive ly .  

Normal endoneurial contents with a few or moderate numbers of lymphocytes in  or outside the 
perineuri um . . .  I 

Local ized demyel inat ion wi thout  cel l s  (a t tr ibuted to i njection damage) . . .  2 
Normal endoneurial contents i n  the presence of lymphocytes . . . 3 
Demyel inat ion i n  the presence of lymphocytes . . .  4 
Statist ical comparison between the rat ings awarded to nerves i njected with leprosy lympho

cytes and normal l ymphocytes and RPM l 1 640 alone showed no evidence that demyel i nat ion was 
significant ly  correlated with the presence of leprosy cel l s .  These observat ions are compatible with 
the reported in vitro absence i n  leprosy of c ircu lat ing T lymphocytes specifica l ly  responsive to 
peripheral nerve myel in .  Neither has there been evidence of ant i -myel in ant ibodies i n  leprosy . 3 . 4  
Specific ant i -axonal ant ibody h a s  been detected i n  t h e  sera of some lepromatous a n d  tuberculoid 

leprosy pat ients but there was no correlat ion wi th the degree of nerve damage, and hence no 
pathogenetic s ignificance.4 The probabi l i ty that the ' by-stander' effect causes major nerve fibre 
damage i n  non-lepromatous leprosy appears strong. 

S S PANDYA & S S N A I K  
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AN A P P R A I SAL OF M A LI GNANT PLANTAR ULCER 

Sir ,  
There are few reported cases of mal ignant change i n  plantar u lcer i n  leprosy. The number 

dwindles i f  lesions not commencing on the so le  are excluded . I t  is  suggested that the remarkably low 
i ncidence of mal ignant change in  these u lcers is due to the fact that the p lantar  surface of the foot i s  
minimal ly exposed to  sun l ight .  Publ i shed case reports support th i s  not ion .  

Reports in Engl ish of mal ignant change i n  plantar u lcer i n  leprosy are remarkably few .  This  
may be beca use the condit ion i s  truly rare, because i t  i s  unrecognized, or because it appears to have 
no part icular features warrant ing publicat ion,  or indeed for a l l  3 reasons.  

In Papua Ne
·
w Guinea squamous carcinoma aris ing in old tropical ulcer scars i s  very common,  

and the principal function of  the Artifical Limb Factory is  to provide prostheses for patients whose 

amputations were for 'S .c .c.  leg' . Against this  background the regular appearance of mal ignant 
change in  plantar ulcers in my own practice has not seemed remarkable, and a score or  more of cases 
seen since 1 965 remain inadeq uately documented. We have even had 2 in the ward at  the same t ime. 

H owever, when every surgical uni t  on our  coast has cases of 'S .c .c .  leg' in the ward nearly a l l  
the t ime,  so that s tudents pass them by i n  search of something more interest ing,  I or 2 mal ignant 
plantar u lcers a year seem a very smal l  yield given the large number of chronic ulcers presumably at 

ri sk .  
The  scars from tropical ulcer, and  from burns,  which become malignant ,  are those which have 

healed by gran ulat ion so that the eventual  scar i s  an area of i ntense local a lbin ism . Examination of 
the malignancies ar is ing in  such scars almost always clearly revea ls their or ig in in  the most 
depigmented area . 

For th is  reason it was long ago suggested that sun light was an important aetiological factor. I 
This should not be surprising, given the photobiological axiom that keratoses and epitheliomata 
may be regarded as normal processes that occur  in  white skin i f  exposure to sunl ight i s  continued for 
long enough . 2 J t  seems un l ikely that mal ignancy aris ing in chronic ulcers or scars on the front of the 
leg and those a few cen timetres lower, on the sole, should have differing aet iology. 

An  examination of publ ished case reports gives some support to this suggest ion .  Job & RiedeP 
reported 4 cases. Their case I seems not to have been a plantar ulcer in  the anatomical sense, having 
occurred on the lateral side of a varus foot ,  i n  an area obviously exposed to sun l ight .  

Their case 2, of which they publ ish a photograph, shows an ulcer on  the lateral side of the heel 
and lower leg, once again exposed to sunl ight .  Their other 2 cases were true plantar ulcers, but a re 
not  i l l ustrated . 

Riedel4 subsequently publ i shed detai ls of another case i n  which the u lcer was on the plantar 
aspect of the heel  and was connected to the lateral malleol us by a s inus .  In the absence of  more 

information it is not  possible to specu late on the extent to which the depigmented scar was exposed 
to the sun in this case. 

Srin ivasan & Desikans  described 1 3  cases of caul iflower growths,  on ly 3 of which were frank ly  
mal ignant ,  a l l  low grade.  The other  10  were reported to show pseudo-epi thel iomatous hyperplasia, 
and their good response to local excision confirms th is  diagnosis .  

This condit ion i s  occasional ly seen i n  the mouths of betel-nut  chewers, and sometimes at the 
site of an  old tropical u lcer, but has not been identified on the sole in  my patients .  

The fact that Sr in ivasans was able to col lect only 3 mal ignant plantar u lcers i n  many years of 
very busy practice i n  leprosy suggests that mal ignant change is fa ir ly rare i n  plantar u lcer in  I ndia .  
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Andersen6 recent ly reported 2 cases of  cutaneous squamous carci noma in  leprosy, on ly  one  of  
which was  on the  sole.  He provides a photograph of the  case, showing wide depigmentat ion around 
the lesion .  The similar scar on the ins tep suggests that the foot was burnt at  some t ime. 

Discussion 

The base of a chronic ulcer, certain ly of plantar ulcer in leprosy, is made of granulat ion t i ssue, wi th 
no epithel i um .  Carcinoma i s  by defini t ion mal ignant change in  epi thel i um.  Granulat ion t i ssue a lone 
therefore cannot give ri se to squamous <;arcinoma. I t  m ust arise in  the surrounding sq uamous 
epithel ium,  or i n  the scar of a healed ulcer. 

The report by Srin ivasan and Desi kan5 does not provide detai l about depigmentat ion,  but 2 of 
the other 3 papers describe and/or i l l ustrate mal ignant change in  scarred depigmented areas. The 
only publ i shed photograph of a truly mal ignant ,  truly plantar ,  u lcer i n  which the immediately 
surrounding skin i s  vis ible i s  A ndersen's ,  and in  this case depigmentat ion i s  very obvious.  

I n tense depigmentat ion such as fol lows tropical u lcer or ful l - th ickness burns i s  far from the rule 
in  plantar ulcer. Ulcers of many years duration freq uently have virtual ly normally pigmented sk in  
r ight  up to the edges . 

Therefore i t  is suggested that mal ignant plantar u lcer is rare because the lesion is comparatively 
protected from d i rect sunl ight and because in  general the surrounding epithel ium i s  i nsufficiently 
depigmented to be at serious ri sk .  Chronic sepsi s ,  per se, i s  not the cause of malignant change in 
plantar u lcer. 

Goroka Base Hospital 

Box 392 
Goroka 
Papua New Guinea 
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A Note from the Editor 
to . Contributors of Leprosy Review 

During the past year w e  have occasional ly had problems with the receipt,  ack nowledgement ,  
post ing and preparation of man uscripts, and we take this opportunity to draw attent ion to a few 
points which may ease the editorial 'process' . 

I Envelopes and packaging. Quite a number of manuscripts have been received with the 
envelope frayed, or even open along the edges . A strong envelope is essen tial and the use of plastic 
'grips' or spines to hold pages together should be avoided, since they cut through the paper. 

2 Originals and copies. We need a clear ( black)  original and an equal ly clear copy. We usual ly 
have to make at least two addit ional  copies and this  i s  impossible from a fain t  or poor qual i ty 
origina l .  Good qual i ty photostat copies are preferable to carbon copies . Artwork, especia l ly 
lettering, should be sufficient ly c lear to stand a reduction of about 60%. 

3 Return oJmanuscripts to authors . The cu�rent costs of correspondence and air mail postage 
incurred by this Journal are already considerable.  We regret that i t  i s  not possi ble, except under 
except ional circumstances, to return manuscripts, photographs or artwork to authors .  If a paper 
has not been found sui table for publ icat ion,  we reta in i t  here for reference for a period of I year, 
after which i t  is d iscarded . 

4 A ddressing. Al l  matters to do with manuscripts, publishing, printing and the editorial 

'process ' should be addressed to the Editor or Editorial Assistant at the Slade H ospital ,  
H eadi ngton, Oxford OX 3 7J H ,  England.  Al l  matters to do with subscriptions to the Journal, postage 

and distribution, should be referred to L E PRA,  Fai rfax House, Causton Road, Colchester 
CO I I PU, England.  On several occasions, authors have changed address without letting us know.  
Please indicate your address for reply or any l i kely change of address i n  the near future .  

5 Titles. Both for the purposes of our own indexing of this  Journal ,  but even more 
importantly for general indexing and abstract ing systems, it is important in most instances to get 
' leprosy' (or some related word) into the t it le as a general guide to the subject matter. 

6 Summaries . Authors, especial ly those working in  pure or basic science, are asked to keep in 
mind that this  Journal has a wide-ranging readersh ip .  Many subscribers do not appreciate the 
significance of scient ific data per se and i t  would be of great help i f  authors could i nclude in  their 
summaries a brief note expla in ing why the study was undertaken and what the results mean , in terms 
which are l ikely to be comprehensible to the reader whose background is  not scient ific .  

Thank you, 
EDITO R  
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