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Sum mary The relations hip between delayed hypers ens itivity and granuloma­
tous hypers ens itivity to hos t  res is tance in mycobacter� al infections has 
been dis cuss ed .  The grounds for a diss ociation between allergic reactions 
and res is tance to infections is reviewed firs tly in tuberculos is and then in 
lepros y .  Evidence from clinical obs ervations is compared with data from 
animal experiments ,  particularly in mice infected with My coba cterium 
lepraemurium . Further comparis o n  is made of the us e o f  s onicated bacterial 
extracts vers us autoclaved whole organis ms .  The relevance of this dis cuss ion 
to the ass ess ment of the efficacy of the various 'lepros y  vaccines ' ,  now 
being tes ted ,  is considered . 

Since the development of  tuberculin! and its introduction as a skin testing 
reagent ,  there has been considerable controversy as to the role of allergic or 
hypersensitivity reactions in acquired resistance in mycobacterial infections .  
Thirty years ago this was reviewed extensively by Rich,2 who identified the 
earliest work on this subject. 3  In this study it was shown that hypersensitivity 
produced markedly destructive effects  in the tissues and this was related to the 
level of organisms present .  The hypothesis was therefore put forward that 
acquired resistance in tub erculosis is effected by the accelerated inflammatory 
reaction caused by local hypersensitivity . The basis of this view was 
that inflammation is a known protective mechanism in bacterial infections.  
Inflammation can wall off and prevent the spread of bacteria . In addition,  
inflammatory exudates are usually strongly bactericidal. Hypersensitivity 
reactions are among the strongest causes of local inflammation. This view 
was strengthened by the statement that hypersensitivity as shown by the 
tuberculin reaction parallels immunity so closely that they must represent 
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manifestations of the same phenomenon . Experimentally, guinea-pigs infected 
with M. tuberculosis develop acquired resistance and tub erculin sensitivity in 
parallel .  Neither can be transferred passively with serum, but both can be 
transferred with lymphoid cell suspensions. Both are therefore manifestations 
of cell-mediated immunity produced by T-Iymphocyte-antigen interaction 
resulting in the release of lymphokines and macrophage activation. This mech­
anism of resistance is important as mycobacteria are facultative intracellular 
parasites capable of multiplying within macrophages , as are other bacteria such 
as Listeria and Brucella and c'e rtain fungi .  

This view was questioned ,2 re- enunciated4 and questioned againS in  the 
case of tuberculosis . However, it is now important to question the subject 
again as this view has arisen once more in connection with current work on 
the production of a leprosy vaccine . It  is important that the evidence for 
parallelism between skin hypersensitivity and host resistance be studied as 
closely in this infection as in tuberculosis . 

Delayed hypersensitivity and cell-mediated immunity in tuberculosis 

Delayed hypersensitivity reactions in the skin are erythematous indurated 
reactions reaching maximum intensity 24-7 2 h after contact with antigenic 
material . Two types of delayed hypersensitivity reactions may be observed ; 
the tuberculin-type reaction and the Jones-Mote type of reaction.  In  the 
tuberculin reaction the skin reaction persists for up to 96 h,  and is highly 
indurated . The Jones-Mote reaction may be observed maximally only 24 h 
after skin test . Jones-Mote reactions are highly regulated by suppressor cells 
and are characterized by large numbers of  basophils in a subepidermal position 
as a result of which they are often referred to as cutaneous basophil hyper­
sensitivity (CBH) reactions. Both these reactions have been shown to be 
T-Iymphocyte mediated reactions . A number of other phenomena have been 
shown to be similarly T- cell mediated . These include contact sensitivity , skin 
allograft rej ection,  organ specific autoimmune processes , tumour immunity, 
granuloma formation and cellular immunity.  Two in vitro tests for cell­
mediated immunity were introduced . These are the lymphocyte transformation 
test (LTT) and the leucocyte migration inhibition test (LMIT) . All these 
phenomena have been grouped under the heading cell-mediated immunity 
(CM!) . It  therefore appeared natural to consider that they measure the same 
biological reaction . Numerous attempts have been made to correlate delayed 
hypersensitivity reactions, LTT and, LMIT,  both with each other and resistance 
to infection . One such study in the field of tuberculosis6 defines three types 
of skin test reactions to tuberculin : (a) typical Mantoux reactio n ;  (b) Jones­
Mote hypersensitivity ;  ( c) mixed reaction .  

Patients with localized lesions and a prompt response to chemotherapy 
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showed typical Mantoux reactions and consistently positive results in the 
LMIT .  Patients with chronic disease with surrounding fibrosis showed Jones­
Mote or mixed reactions and negative LMIT .  Patients with rapidly dissemin­
ating lesions showed absent skin reactions and LMIT .  

However i t  i s  stated2 that a high degree of  hypersensitivity may be associ­
ated either with rapidly progressive tuberculosis or with lesions that are being 
successfully resisted : and a low degree of  hypersensitivity is compatible either 
with lesions that are being well resisted or with devastating ones . 

The d issociation between allergy and immunity in tuberculosis in man 
has also been highlighted in the results of the Medical Research Council trial 
of tuberculosis vaccine .7 In this study there was no correlation between 
tuberculin sensitivity and protection from tuberculosis in subj ects immunized 
with BCG vaccine. Moreover, one of the sub-strains of  the vole bacillus M. 
microti conferred good protection against tuberculosis and poor levels of  
post-vaccination tuberculin sensitivity . 

In a classical study in the guinea-pig, Rothschild et  al.8 in Rich's labora­
tory , showed that immunized hypersensitive guinea-pigs could be desensitized 
with tuberculin so that they no longer reacted hypersensitively with accelerated 
and exaggerated inflammation and necrosis to the local injection of large 
amounts of virulent tubercle bacilli or tub erculin . These desensitized guinea­
pigs remained as highly resistant to the proliferation and invasion of the bacilli 
as were the normal immunized hypersensitive controls . These studies were 
confirmed in a large number of centres in subsequent years . 2  The converse 
was shown9 by injecting guinea-pigs with tuberculoprotein and Wax D, so that 
they became highly tuberculin sensitive but showed no increased resistance 
to infection . Similar experiments were performed 1o which produced tuberculin 
sensitivity in guinea-pigs with an extract of BCG. This hypersensitivity was 
not accompanied by any increase in resistance when the animals were chal­
lenged aerogenically with small numbers of virulent tubercle bacilli . A further 
disso ciation between resistance to infection and hypersensitivity in tubercu-
10sis 1 1  was demonstrated in inbred guinea-pigs . It was shown that the strain 
which showed the most marked hypersensitivity reactions following infection 
was that which showed the least resistance . In a study12  of the resistance of 
inbred rabbits the conclusion that tuberculin reactivity bore no relation to 
resistance was reached . 

Despite the demonstration,  in, man, that allergic reactions may not result 
in immunity , there is the observation that immunity and delayed hypersensi­
tivity develop at the same time in experimental animals . This was shown 
convincingly for tuberculosis in rabbits13 and for Listeria infections in mice ,14 
and led to the view that immunity to tuberculosis was j ust another manifes­
tation of tuberculin hypersensitivity in which one stable immunogen was 
involved that was present in killed as well as viable attenuated mycobacteria . 
It was implied , moreover, that viable mycobacteria immunized better than 
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dead organisms because of their ability to multiply in vivo . This produced 
more antigen and a more sustained immune response. This view,  which held 
considerable attention , was challenged in a series of studies bOy Youmans and 
Youmans .  15 These workers were able to prepare a highly immunogenic fraction 
from attenuated M. tuberculosis H37Ra by disrupting the cells carefully in the 
cold .  Fractionation of the material revealed that the antigen which would 
confer protection to mice was in a preparation that contained RNA precipitated 
by ethanol from a ribosomal fraction . No DNA or polysaccharide could be 
detected but there were significant amounts of protein . Despite producing 
immunity , neither the bacterial ribosomal fraction nor the RNA produced 
tuberculin hypersensitivity . Thus immunity to tuberculous infection and 
tuberculin hypersensitivity would appear to be separate responses of the host 
to different components of the bacterial cell . Both are mediated by a specific 
T-Iymphocyte response and probably involve macrophage activation . How­
ever, as different antigens are involved , the responses can be dissociated 
although more frequently they run in parallel .  It  is likely that the granuloma­
tous response is a manifestation of the response to the antigen which produces 
the allergic reaction , rather than being associated with the basic mechanism 
involved in host resistance to infection . 

Leprosy and Related Animal Models 

Various preparations have been used to assess skin reactivity in man to 
M. leprae . The most frequently used is  a preparation of autoclaved whole 
organism - Mitsuda lepromin . Another reagent commonly used is Dharmendra 
lepromin in which the organisms are treated with chloroform and ether to 
remove lipids .  A third is  a sonicated preparation known as leprosin . Lepromin 
reactions occur in two phases ; there is an early delayed hypersensitivity 
reaction read at 24 and 48 h and a later nodular reaction read at 3 weeks. 

Leprosin reactions are generally read at 48 h .  All these reagents may be derived 
from human skin containing M. leprae or from infected armadillo tissue. 
Reagents are best standardized by a bacillary count of the starting material 
and reagents containing material from 1 07 organisms/ml give the best results 
for the Dharmendra antigen.16•17 The presence of intact bacilli in the reagent , 
whether Mitsuda or Dharm endra , is necessary for the development of  the 
late nodular component.  Soluble or ultrasonicated reagents produced enhanced 
24-48 h reactions and poor late 3-week Mitsuda react ions .  It has been found 
that the late 3-week nodular reaction was the best correlate of  the clinical 
status of  the individual tested . Patients with lepromatous leprosy (LL) in which 
there is a specific defect in host resistance to M. leprae are inevitably Mitsuda 
negative , that is they are unable to manifest 3-week nodular reactions, whereas 
patients at the tuberculoid pole (TT-polar tuberculoid or BT borderline 



Allergy and immunity in mycobacterial infections 5 

tuberculoid) who show a high host resistance to the organism are usually 
Mitsuda positive . The histology of the 3-week Mitsuda reaction is that of a 
typical epithelioid cell granuloma,  very similar to the lesions in the skin found 
in IT and BT leprosy . In  addition to  the lepromin test , cell-mediated immunity 
may be assessed by the lymphocyte transformation test (LTT) and the leuco­
cyte migration inhibition test (LMIT) .  Impaired host resistance to M. leprae 
at the lepromatous pole is associated with a failure of cell-mediated immune 
response in the L TT and LMIT to specific M. leprae antigens as well as a 
negative Mitsuda reaction .  

I t  has been found 18 that circulating lymphocytes from patients with 
lepromatous leprosy failed to be transformed in vitro by whole M. Zeprae 
in the LTT . There was a similar failure of M. leprae to produce a positive 
LMIT.  This defect decreased across the leprosy spectrum. Patients at the 
tuberculoid end showed strong reactivity in both these tests .  Although LL 
lymphocytes could not be transformed by M. leprae in many cases they could 
be transformed by BCG . Although this indicated a strong correlation between 
the LTT with specific antigen and host resistance,  it has been suggested 19 that 
the correlation was not necessarily with the ability of the host to eliminate 
the infecting organism, but with the strength of the allergic reaction shown 
by the patient . LTT tests were frequently stronger in actively inflamed BT 
than in TT. In patients with BT leprosy with silent skin lesions there were 
fairly low L TT responses . Similarly , BL patients with inflamed lesions will 
react quite strongly in the LTT, and the response may be stronger than in 
BT patients in whom there is no evidence of inflammation . These observations 
indicated that the LTT response was related to the state of hypersensitivity 
of the patient rather than to his resistance to  infection.  Moreover, the response 
in the lymphocyte transformation test may vary depending on the nature of 
the antigenic preparation .2o Borderline patients with active nerve damage 
may show a stronger response using sonicated antigen rather than whole 
bacilli . Patients with predominantly cutaneous lesions,  however, react better 
with whole b acilli than with sonicated preparations.  

I t  is extremely difficult to  compare allergic reactions with host resistance 
to M. Zeprae in experimental models.  The limited growth of M. Zeprae in con­
ventional experimental animals precludes such an approach despite the fact 
that M. Zeprae induces a strong state of delayed hypersensitivity in guinea-pigs . 
However, comparison o f  infection with M. lepraemurium in high resistance 
and low resistance strains of mice provides a useful model for comparing 
such reactions.21 In these studies C 5 7 Bl and BALB/c mice were infected 
sub cutaneously with M. lepraemurium . C 57 Bl  mice are a high resistance in 
that they are able to limit local multiplication of the organism, whereas 
BALB/c mice are a low resistance strain in which there is rapid multiplication 
of the organism and centrifugal spread to the draining lymph node. In spite 
of this difference in local immunity the delayed allergic response induced in 
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the contralateral footpad and the in vitro proliferative response of draining 
lymph node cells to sonicated organisms , were similar in the two strains of 
mice . 

The footpad inj ection of  autoclaved whole M. Zepraemurium into infected 
C 57Bl mice gave a prolonged footpad reaction lasting for 4 weeks.22 This 
reaction , which could not be elicited in infected BALB/c mice , was considered 
to be analogous to the Mitsuda reaction in man and showed infiltration with 
cells of the mononuclear-phagocyte series as well as lymphocytes.  

C 57Bl  and BALB/c mice were also infected with BCG vaccine .  Both 
strains were equally resistant to the organismsY Footpad testing with soni­
cated BCG produced a Jones-Mote type of reaction (transient at 24 h) in 
BALB/c mice and a tuberculin type of reaction (persisting up to 72 h and 
beyond) in C 57 Bl mice during the first 2 1  days after infection.  There was , 
no relationship .• "bet�een the antigen specific lymphocyte transformation 
test using, prainin�;ly'{l1pb node cells and the footpad react ion.  H would also 
appear that the nJlture�Qf the delayed hypersensitivity test bore little relation 
to host resistance in this model.  

Certain conclusions can therefore be drawn from these studies. Firstly , 
that delayed hypersensitivity reactions to sonicated mycobacterial preparations 
may bear little relation to the lymphocyte response to specific antigen in vitro . 
Secondly , these reactions do not appear to be a good monitor of host resistance 
to mycobacteria during the development of  infection in inbred strains of mice . 
A Mitsuda-type of reaction to autoclaved whole mycobacteria would appear 
to be a better test and shows strong parallelism with host resistance . However, 
even this is only a true measure of granulomatous hypersensitivity and there 
is no evidence that it is a real reflection of host resistance . 

Skin reactions and in vitro Tests to Assess the Efficacy of Leprosy Vaccines 

There are a number of  preparations that have been or are about to be tested 
for use as a leprosy vaccine . These include the use of Cobalt irradiated or 
autoclaved M. Zeprae with or without the addition of BeG vaccine2 4 (and in 
IMMLEP trials) , the ICRC b acillus from Bombay2S and Mycobacterium W 
from Delhi (P . Talwar, personal communication) . A full trial of a vaccine 
for increasing host resistance against M. Zeprae in a particular population 
takes many years to perform . There is therefore pressure to use these vaccines 
for immunotherapy in lepromatous patients,  particularly those with DDS 
resistance. It is tempting to look for a simple skin test or an in vitro test that 
would indicate that an individual has regained host resistance . One should 
therefore ask whether the development of a positive allergic skin test reaction 
is a true monitor of increased host resistance . There is no doubt  that positive 
delayed hypersensitivity or lymphocyte transformation tests with sonicated 
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mycobacteria are no more than reflections of  allergic reactivity and need bear 
no relation to host resistance as has been shown in the mouse models . The 
main question is what is the significance of a positive granulomatous reaction 
of the Mitsuda type . There is no doub t  again that this is a true allergic reaction, 
no different from the type of epithelioid cell granuloma produced by metals 
such as beryllium and zirconium, where there is no question of a relation to 
host resistance . The animal model shows a strong link with high host resistance, 
but can a positive granulomatous hypersensitivity response exist in the absence 
of an increase in host resistance? In the clinical situation can one find cases 
of a movement across the hypersensitivity spectrum of leprosy towards the 
tuberculoid pole while the patient remains highly bacilliferous? Can one 
have a reversal reaction without an increase in host resistance? A rare clinical 
picture of Lazarine leprosy is describ ed26 in which borderline patients develop 
a tuberculoid clinical picture , but remain a pronounced bacillary population.  
In this reaction the prognosis as far as nerve involvement is concerned,  is poor, 
as many nerve trunks may be involved and pronounced paralysis may super­
vene . Thus, there is a risk that the development of a positive Mitsuda reaction 
in vaccinated leprosy patients might herald the onset of a far more severe 
neuritis than that seen in the reversal reactions following sulphone therapy . 
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Summary A previous study in Nepal involving skin-testing simultaneously 
with four different mycobacterial reagents  (three o f  them mixtures) re­
vealed that the addition, in the same skin-test site , of pooled reagents from 
fast-g rowing mycobacteria locally suppressed the response to pooled slow­
growers. This finding has b een confirmed in B ombay . It has also b een shown 
that the addition of reagents prepared from certain fast-growing species to 
that prepared from slow-g rowers in one skin-test site will suppress the re­
sponse to the same slow-grower reagent inj ected alone in the other arm . 
This type of suppression probably requires recognition o f  species-specific 
antigens of the fast-growing species concerned. The importance of the 
observations in relation to leprosy and possible mechanisms underlying 
them are d i scussed . 

In a preliminary investigation of responsiveness to shared and species-specific 
mycobacterial antigens carried out in a Nepalese leprosy hospital ! it was 
shown that patients had a markedly reduced response to both groups i and ii 
antigens as defined previously . 2 It was also demonstrated that a proportion of  
people exhibited suppression of their responses to the group iv  antigens of 
slowly growing species when injected as a mixture with the antigens of rapidly 
growing species. This suppression appeared to be specifically triggered by the 
group iv antigens of some of the rapidly growing species .  
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The present study employs three of the skin-test reagents used in the 
prelim inary work , together with a variable fourth reagent as described below.  
The purposes of  this study were to  determine whether the suppressor phenom­
enon found in Nepal was present in Bombay and to discover which of the 
rapidly growing species induced it . 

Materials and methods 

One hundred and ninety people were studie d ,  in cluding leprosy patients and 
healthy persons living in Bombay in the Kopri leprosy colony. Thirty-eight of 
the 1 90 had received BCG, although this made no appreciable difference to 
the results . 

Each person received 4 sip1Ultaneous intraderm al test,s of 0 . 1 ml volume 
containing 0 . 2  J..lg protein , two,pn each forearm . Tests we,re ,read at 7 2  h and 
recorde d as  the mean of two diameters of  the area of induration . Reactions 
of  2 mm or more were taken as positive . 3  

The following reagents were tested on every individual: 
( 1 )  A pool of equal volumes of sonicate preparations of 1 2  different slowly 
growing mycobacteria , each at a concentration of 1 mg protein/ml (reagent 
SG) .  
(2)  A similar pool of  1 2  preparations o f  rapidly growing mycobacteria (reagent 
FG) . 
(3) An equal mixture of the above two reagents (reagent F/S) .  

These three reagents ,  which were the same as  those used in  the preliminary 
study, !  were diluted with a tween containing borate buffer (pH 8.0)  to 2J..lg 
protein/ml for use . 

At the fourth test site , 1 0  different reagents were tested ,  each on groups 
of approximately 20 people . These reagents consisted of equal volumes o f  
reagent SG at 2J..lg protein/ml and one of the follo wing reagents also a t  2J..lg 
protein/ml.  

Chitin 
Diernhoferin 
Duvalin 
Flavescin 
Gilvin 

Neoaurumin 
Nonchromogenicin R507R 
Ranin 
Rhodesin 
Vaccin R887 R 

These are the constituents of  FG, which contained in addition the duplicate 
preparations of Nonchromogenicin (R8 1 2R) and Vaccin (R859R) . Reagents 
SG and FG were administered on the right forearm and F /S and the 4th re­
agen ts on the le ft forearm . 
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The overall percentage positivity and mean positive reaction size to each 
reagent are shown in Table 1 .  They are arranged according to the contents 
of  the 4th reagents .  It  can be  seen from these results that both parameters 
of resp onse to SG alone are dependent upon the content of the fourth reagent . 
When this contains Chitin , Diernhoferin , Rhodesin or Vaccin the mean per­
centage positivity to SG is 37% and the mean positive reaction size 8 . 1 ± 
S .4mm.  When the fourth reagent includes Duvalin , Flavescin , Gilvin, Neoau­
rumin , Nonchromogenicin or Ranin , the mean percentage positivity to SG is 
89% and the mean positive reaction size is 1 6 .6 ± 8 .9 mm.  In the further 
&palyses ,  reagents accompanying low responsiveness to SG are called grpup A 
a!ld those with high responsiveness group B .  The same effect is,.�een on the 
response to FG, but to a much lesser extent .  Group A accompanies a 47% 

Table 1. Percentage positive responders and mean positive reaction si zes for each of the ten 
different reagents used at the fourth skin-test site 

Constituents of 4th SG FG FjS N o .  i n  
4th reagent reagent group 

Group A 

SG + Chitin 8 5% 3 0% 3 0% 60% 
1 0 .4 mm 7 .6 mm 4.4 mm 1 1 . 5 mm 20  

2 SG + Di ernhoferin 94% 39% 5 6% 94% 
1 1 .6 mm 6 .lmm 8 .7 mm 1 1 .0 mm 1 8  

3 SG + Rhodesin 1 00% 2 1 %  47% 84% 
1 3 .8 mm 5 . 5 mm 9 .8 mm 1 2 .2 mm 1 9  

4 SG + Vaccin 89% 5 8% 5 3 %  6 3 %  
1 4 .0 mm 1 O .6 mm 9 . 8 mm 1 6 .2 mm 1 9  

Group A mean 94% 37% 47% 7 5% 
1 2 .5 mm 8 . 1 mm 8 .6 mm 1 2 . 5 mm 

Group B 

5 SG + DuvaIin 8 5 %  80% 5 5% 60% 
13 .4mm 19 .0mm 12 .4mm 11 .5mm 20 

6 SG + Flavescin 89% 84% 5 8% 7 9% 
1 3 .7 mm 1 9 .8 mm 1 1 .l mm 1 2 .2 mm 1 9  

7 S G  + Gilvin 85% 9 5% 60% 80% 
1 5 . 5 mm 1 5 .2 mm 7 . 5 mm 1 1 . 8 mm 20 

8 SG + Neoaurumin 82% 88% 47% 7 1 %  
1 0 .9 mm 1 5 .0 mm 7 . 3 mm 1 5 . 2 mm 1 7  

9 SG + Nonchromo- 83% 89% 6 1 % 83% 
genicin 1 2 .3 mm 1 5 . 1 mm 1 1 .5 mm 1 2 .7 mm 1 8  

1 0  SG + Ranin 9 5% 9 5% 74% 5 8 %  
1 4 .4 mm 1 6 . 2 mm 1 O . 5 mm 1 4 .3 mm 1 9  

Group B mean 87% 89% 6 0% 7 2% 
1 3 . 5 mm 1 6 .6 mm 1 0 .0 mm 1 2 .8 mm 
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Table 2. The effect of leprosy on the overall results 

Reagent Contacts TT BT BBjB L LL 

Group A 

SG 35% 45% 3 8% 3 6% 1 4% 
6 .9 mm 8 .4 mm 8 . 8 mm 7 .0 mm 1 4 .5 mm 

FG 60% 3 2% 44% 55% 43% 
8 . 7 mm 8 .7 mm 5 .0mm 1 2 .0 mm 9 .0 mm 

FjS 70% 59% 8 8% 9 1 % 86% 
1 2 .9 mm 1 1 .3 mm 1 2 .0 mm 1 4 .7 mm 1 2 . 1  mm 

4th 1 00% 86% 8 8% 9 1 % 1 00% 
1 2 . 3 mm 1 0 .3 mm 15 .5 m m  1 1 .6 mm 1 4 .5 mm 

Group B 

SG 93% 79% 8 8% 94% 8 8% 
1 6 .3 mm 1 3 .3 mm 2 1 .2 mm 1 7 . 1  mm 1 6 . 1 mm 

FG 7 3% 63% 63% 65% 49% 
8 . 1 mm 8 . 1 mm 9 . 6 mm 1 1 .4 mm 1 1 .0 mm 

FjS 7 3% 74% 75% 8 1 %  63% 
1 5 .0 mm 1 2 .8 mm 1 2 .3 mm 1 2 .4 mm 1 2 .5mm 

4th 9 3% 7 9% 8 8% 94% 8 3% 
1 4. 0 m m  1 1 .6 mm 1 4 .4mm 1 4 . 0 mm 1 3 . 1  mm 

positivity to FG and a mean reaction size of  8 . 6  ± 4 . 2 mm ,  whereas group 
B accompanies a 60% positivity to FG and a mean reaction size of 1 0 .0 ± 
5 . 1 mm.  The inclusion of groups A and B reagents do not seem to have any 
effect on responsiveness to F /S and only marginally affect the mean positive 
reaction sizes to the 4 th reagents.  

Table 2 shows the results obtained with groups A and B reagents  according 
to whether those tested were healthy contacts or had leprosy.  Reduced respon­
siveness to both SG and FG in the presence of group A, as compared with 
group B, is seen in all classes of persons tested .  This is particularly the case 
amongst lepromatous patients of whom only l out of 7 ( 1 4%) respond to SG 
in  the presence of  group A and 34 out of 4 1  (88%) respond to  SG in  the 
presence of group B. Disease status has little effect in the presence of group 
B reagents excepting small reductions of  responsiveness to FG and F /S in 
lepromatous patients .  

Discussion 

At first sight the results from Bombay appear to bear little relationship to those 
from Nepal , l  doubtless due to the different environmental effects of the two 
places. The system of categorization used for the Nepal data is not readily 
applicable because the combination of reagents tested does not allow identifi­
cation of individuals responding to the common antigens, and causes a false 
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expansion of category 1 (positive to all four reagents) . Nevertheless individuals 
failing to respond to one or more of the reagents can be taken as category 
3 responders and for easier comparison with Nepal the individual results for 
these are shown in Table 3a and b .  Table 3a is of persons tested with group 
A reagents and Table 3b is of persons tested with group B reagents .  There is 
a striking similarity between the results shown in Table 3b and those in Table 3 
of the Nepal study .  Some of these points of similarity are shown in Table 4, 
as are points of difference with the results for recipients of group A reagents.  

The kind of suppression discovered in Nepal in which the fast grower 
reagent FG is able to suppress locally the response to the slow grower reagent 
SG when mixed with it as reagent F/S is equally present in Bombay amongst 
the recipients of group B reagents (halving the dose of a new tuberculin makes 
little difference to the response size4 ) .  

However , amongst the individuals showing suppression o f  F/S (Table 3b) 
only a minority show suppression of response to the 4th reagents. Thus it 
would not be correct to say that the species in the group B reagents,  Myco­
bacterium duvalii, M. !lavescens, M. fortuitum, M. gilvum, M. neoaurum and 
M. nonchromogenicum, are especially associated with the phenomenon.  
Amongst the results for the 55 persons receiving group B reagents and respond­
ing to all four tests 1 2  showed suppression of response to F /S to half or less 
of the response to SG and thus also exhibit the phenomenon. 

Included in Table 3 of the Nepal data were five individuals , indicated by 
an asterisk , for whose responses no explanation could be offered . One of these 
responded only to Burulin4 and is therefore irrelevant to the Bombay study . 
Two others were B L  patients responding to FG and SG, but not F IS .  These 
individuals and similar ones in the present study marked with asterisks in 
Table 3b indicate that the addition of FG to SG can be suppressive whether 
or not there is a positive response to FG alone . 

As in the Nepal study , this suppressory phenomenon is shown to a greater 
extent in leprosy patients than in their healthy contacts and therefore may be 
associated with disease . However, it must be borne in mind that in neither 
study was any attempt made to match by age , sex ,  race , etc . ,  any of the groups 
studied ,  although this may become necessary in subsequent investigations.  

Also marked with asterisks in Table 3 of the Nepal data were a lepromatous 
patient and a staff member responding to the F/S mixture alone . Two individuals 
marked with double asterisks (one BT patient and one LL patient) in Table 3b 
responded only to F/S and the 4th reagents .  However, in Table 3a there are 
1 8  such persons (4/ 1 7 contacts, 8/2 7 TT /BT patients , 3/7 BB/BL p atients and 
3/6 LL patients) . Nevertheless we still have no explanation of this effect . 

The most striking feature of Table 3a and shown in Tables 1 and 4 is the 
dramatic reduction of responsiveness to SG, when the 4th reagents included 
the group A species , M. chitae, M. diernhoferi , M. rhodesiae or M. vaccae . Not 
shown in Table 3a were the 1 5  persons receiving group A reagents and respon-
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Table 3 (a) (and  (b) opposite) .  Individual skin test responses expressed as mean diameters of 
induration (mm) in persons of  Category 3 receiving group A reagents ( a) and group B 
reagents (b)  

Individual Individual 
No . FG SG FjS 4th No . FG SG FjS  4th 

Contacts 1 7  0 0 0 8 BT 4 0 1 4  1 4  1 2  
2 3  1 0  0 1 9  1 5  6 0 0 1 5  1 3 * *  
2 8  1 0  ( 2 )  1 4  1 8  1 6  ( 2) 0 9 8 
30  8 8 0 1 0 * 2 2  5 0 2 7  1 7  
33  0 0 0 9 2 6  0 3 1 2  1 5  
3 7  0 1 0  0 ( 2 )  1 66 0 0 1 8  3 3 * *  
3 8  9 1 9  0 1 1 * 1 67 0 0 1 1  1 3 * *  

1 64 1 3  0 1 8  1 4  1 87 5 0 8 3 
1 7 2 0 0 8 8 * *  1 9 2 0 0 20 1 9 * *  
1 73 0 0 8 8 * *  1 93 5 0 8 9 
1 7 6 9 0 24  2 2  1 9 6 0 4 4 1 5  
1 7 7 0 0 0 1 4  
1 79 4 0 1 3  1 8  
1 82 0 0 1 2  8 * *  
1 89 1 1  0 1 4  1 5  
1 98 1 1  0 1 3  1 7  
200 0 0 1 2  1 0 * *  BBjBL 5 0 0 1 3  6 * *  

2 1  2 0  0 2 6  1 2  
25 0 0 3 2  1 5* *  

1 7 8 6 0 1 2  1 5  
1 80 0 3 1 4  1 2  

TT 2 0 1 0  1 5  8 1 8 3 0 0 8 9 * *  
3 0 0 20 2 2 * *  1 8 8 9 0 1 0  1 3  
7 0 0 0 1 0  
8 3 ( 2 )  1 4  1 2  

1 0  3 0 0 1 1  
1 1  0 0 8 9 * *  
1 3  0 0 0 7 
15 0 0 3 4* *  LL 27 0 0 23 24** 

20 8 0 11 1 3  162 1 3  0 12 9 
24 0 1 9  2 1  1 9  1 70 8 0 1 0  2 1  
3 1  0 1 6  0 1 2  1 7 1  0 0 0 9 
34  0 9 5 5 1 7 4 0 0 1 2  1 9 * *  
3 6  1 0  0 0 0 1 7 5  0 0 6 8* * 

1 69 0 0 0 6 
1 94 0 8 1 0  8 
1 97 0 0 8 4 * *  

* and * * , see text for explanation . 
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Individual 
No . FG 

Contacts  4 1  7 
1 05 8 
1 1 5 0 
1 38 0 
152  0 

TT 42 1 3  
44 7 
94 0 

1 37 0 
1 40 0 
1 50 0 
1 60 3 

BT 1 08 1 1  
1 30 0 
1 35 0 
157 0 
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Individual 
SG F/S 4th No . FG SG F/S 4th 

1 2  0 1 1 *  BB/B L 47 24 0 0 1 0  

1 1  0 1 7 *  49 1 4  1 7  0 1 2  

20 0 1 0  54 0 27  1 2  1 4  

2 1  1 3  1 8  58 0 1 2  1 1  8 

1 5  1 4  1 4  6 0  0 30 20 0 
76  0 1 3  1 0  1 0  
7 7  0 1 3  1 1  1 0  

1 1 0 1 0  1 5  0 1 4 *  
1 1 3 0 1 4  8 1 2  

1 3  0 1 4* 1 33 0 34  1 2  3 3  

0 1 0  1 4  1 46 0 1 7  0 1 0  

9 3 7 1 48 0 1 8  0 3 

9 8 1 3  153  0 1 2  1 3  1 1  
1 5  8 9 
1 0  1 3  0 
1 2  0 1 5* 

LL 45 0 27  0 1 6  
46 0 0 3 8 * *  
5 1  0 23 0 1 4  

1 1  0 1 8 * 52 1 4  1 2  0 1 1 *  
1 4  1 1  1 5  5 7  0 1 0  6 20  
1 0  0 0 59 0 30 20 0 

0 8 6* * 63 0 1 8  1 4  1 4  
66 0 20 0 1 2  
7 1  0 0 0 9 
7 8  0 3 9  32  27  
80 0 1 2  1 0  1 1  
96  0 1 7  1 2  1 1  

1 00 0 1 2  7 1 6  
1 0 1  0 8 0 1 7  
1 03 0 8 0 8 

114 0 0 0 6 

1 1 8  5 1 4  0 0 *  
1 2 1  0 1 4  1 0  1 4  
1 22 1 8  2 0 0 *  
1 29 5 0 0 0 
1 3 9 0 1 1  0 1 0  
1 43 0 1 0  0 0 
1 54 0 1 4  1 3  6 

84 0 6 0 0 

* and * * , see text for explanation .  
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Table 4. Similarities and differences b etween results for Nepal and Bombay according to 
the 4th reagent groups. 

Numbers in category 3 
responding to 

FG SG F/S 

Staff Nepal 0/ 1 2  1 1 / 1 2  9fl2 
Contacts Bombay B 2/5 5/5 2 /5 

A 9fl7 4fl7 1 1 / 1 7 

TT/BT Nepal 3/ 1 4  1 4/ 1 4  8/ 1 4  
Bombay B 4/ 1 1  9/ 1 1  7 fll 

A 8/2 7 9/27  2 1 /27  

B L  Nepal 2/7 7/7 1 /7 
BB/BL Bombay B 3fl3 1 2/ 1 3  8/ 1 3  

A 3/7 1 /7 7/7  

LL Nepal 1 / 1 2  I Ofl2 7/ 1 2  
Bombay B 4/24 20/24 1 0/24 

A 2/6 0/6 5/6 

Total Nepal 6/45 42/45 25/45 
Bombay B 1 3 /53 48/53 27/53 

A 2 2/57 1 4/57 44/57 

Numbers in categories I 
and 3 showing suppression 

of responses to 

F/S 

3/25 } 
4fl4 1 8% 

3/2 1 1 4% 

9fl 5 } 
8/24 44% 

3/34 9% 

7/7 } 
1 2/30 5 1 % 

OflO 0% 

5fl2} 
1 6/40 

40% 

0/7 0% 

24/59 4 1 % 
40fl08 3 7% 

6/7 2 8% 

SG 

1 /25 } 
Ofl4 

3% 

1 4/2 1 67% 

Ofl5 } 
3/24 8% 

1 8/34 53% 

0/7 } 
0/30 0% 

7flO 70% 

1 / 1 2  } 
2/40 6% 

5/7 7 1 %  

2/59 3% 
5/ 1 08 5% 

44/72  6 1 % 

ding to all four tests . Six of these had SG responses which were half or less of 
those to F IS .  These individuals can be taken as showing the same phenomenon .  
I t  i s  striking, however, that as with group B reagents responses t o  the 4th 
reagents themselves are only suppressed in a minority of cases. 

This use of reagent mixtures has demonstrated two distinct types of 
suppressor mechanism . The first acts locally , and does not affect other skin-test 
sites.  The second mechanism is associated with group A, but not group B 
reagents . Thus it seems that when the antigens of slow growers are presented 
together with antigens of the group A species in one arm , a suppressor mechan­
ism results in failure to respond to the same slow-grower antigens given alone in 
the other arm . That this mechanism should be operative within 72 h makes it 
much more probable that an existing system has been triggered than that a new 
system has been induced . The most likely mechanism would seem to be trigger­
ing by the fast grower of some form of suppressor cellS perhaps resulting in 
release of soluble suppressor factors .6  These could either recognize the antigens 
of slow growers ,  or specifically block a particular kind of response . Since the 
response blocked is exclusively that to SG and slightly predominates in BB to 
LL rather than TT/BT patients, it seems likely that the effect is against Koch­
type responses. 7-9 

On the other hand , the suppression of response to F /S seen in Nepal and in 
the presence of group B reagents in Bombay , appears to be antigen directed 
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rather than response type directed and is greatest in the patient groups (57/ 
1 28 , 45%) rather than staff/contact individuals (7/39, 1 8%) . 

The question arises whether these phenomena are consequences o f  particu­
lar types of leprosy or prerequisites for them . 

Many other important questions about these suppressor phenomena remain 
unanswered. Amongst the most pressing is the question of sensitization by the 
fast growers . One interpretation of the group B results would be that the 
species concerned do not exert any effect because their species-specific 
(group iv) antigens are not recognized and therefore the responses to the 
4th reagents approximate to those to SG alone . On this basis the response 
to group A 4th reagents might be to the species-specific antigens of the fast 
growers themselves and therefore of Listeria type .7, 8 

If this is true then the effect of each species will depend upon the pattern 
of sensitization of the persons tested and this would explain why not everyone 
shows the suppressor phenomena. Similarly , different species will behave as 
groups A and B in different parts of the world . One species we can be sure 
of in the presence of active leprosy patients the world over is M. leprae and 
its effects will be investigated in future studies .  

Work in progress in  our laboratory and elsewhere (C Brown, I .  Brown and 
M J Shield ,  unpublished observations) suggests that such suppressor phenomena 
may be primed by oral intake of mycobacteria . Large numbers of mycobacteria 
are known to be present in water supplies in Bombay.  (J .  Kazda, personal 
communication) just as they were in nineteenth century Norway.10 The implied 
importance of these phenomena in relation to the development of leprosy 
requires further investigation .  

In conclusion ,  two types of suppression have been demonstrated in our 
quadruple skin-testing system in Bombay. One of these is similar to that 
already demonstrated in Nepal .  The second type, which suppresses skin-test 
responses at distant sites ,  appears to be  associated with recognition of species­
specific antigens of 4 of the 1 0  fast-growing species investigated . 
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Further results on dapsone-resistant 

leprosy in Bamako (Mali) 

G B A Q U I L L O N* , C F E R R AC C I* , G VA N L O O+ & 
S R P A T T Y N+ 
* Institut Marchoux, BP 251 , Bamako, Mali; + Institu te for Trop­
ical Medecine, Nationalestraat 1 55, B 2000 A ntwerpen, Belgium 

Received for publication 6 July 1 9 8 2  

Summary Between 1 9 7 9  and 1 9 8 1  a yearly survey of dapsone resistance 
was performed among two groups of  leprosy patients in Bamako . In a first 
group of patients the yearly incidence was 5 .7%,  3 % and 4 . 1 %, with a mean 
o f  4 . 1  % per year. In the second group the yearly incidence was 3 .4 ,  0 . 8  
and 2 .8% with a mean of  2 .3 %. Our results confirm research carried out in 
Addis Ababa ( Ethiopia) , where a yearly incidence of 3% was found . 

The need for the use of  combined therapy including bactericidal 
drugs is emphasized . 

In a previous publication 1 the results were presented on the prevalence of  
dapsone-resistant leprosy among a population of 1 0 5 originally multibacillary 
patients discharged over the years from the Institut Marchoux and living in 
a village near the Institute.  

In  1 9 80 and 1 98 1  the same population was re-examined and biopsies 
inoculated into mouse foot pads for detection of  dapsone resistance. From 
1 9 79 another population of leprosy patients living in and around the city ,  
and treated by the 'Service des Grandes Endemies' , the traditional diagnostic 
and treatment service for the endemic diseases ,  was also investigated .  These 
results allow us to arrive at an estimate of  the yearly incidence of  dapsone 
resistance . 

Materials and methods 

These were as described previously . 1 A yearly b acteriological examination was 

0305- 7 5 1 8/83/0540 1 9  + 03 $ 0 1 .00 © British Leprosy Relief Association 
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performed and from those patients showing a BI � 2 ,  a biopsy on ice was sent 
by air to Antwerp . 

Results 

Thirty-nine biopsies were taken . Bacilli from 1 0  patients did not multiply in 
mice, 4 strains were fully sensitive to dapsone , again illustrating that some 
patients had not been taking their drug recently. 

As shown in Table 1 the yearly incidence of  dapsone resistance during 1 980 
and 1 98 1  was 3% and 4 . 1 % respectively among the Institut Marchoux village 
population and 0 .8  and 2 . 8% among the Grandes Endemies population , leading 
to a mean of 4 .3% per year and 2 .3% per year respectively. 

Degree of dapsone resistance was generally less important among the 
latter population, as shown in Table 2 .  As previously found ! there were again 
cases of mixed populations of sensitive and resistant organisms versus the 
different concentrations of dapsone tested .  

Discussion 

Secondary dapsone-resistant leprosy has now been found in all countries 
where it has been sought3 and cases of primary dapsone resistance, multi­
bacillary as well as paucibacillary , are being diagnosed . 

Data on the incidence of dapsone resistance are scarce . The first data from 
Addis Ababa2 found an alarming 3% per year leading to an overall prevalence 
of 30% within a decade .  

Table 1 .  Yearly inciden ce of dapsone resistance o f  t h e  t wo populations studied 

I. Marchoux Village 

1 979  6/ 1 0 5( *) 
1 9 80 3/99 
1 9 8 1  4/96 

1 3/300 

( *)as previously published 

Table 2. Degrees of dapsone resistance 

Resists DDS 1 0  - 2 g% in diet 
Resist s DDS 1 O - 3 g% in diet 
Resists DDS 1 0  - 4 g% in diet 

% 
5 .7 
3 
4 . 1  

4 .3/y 

I .  Marchoux Village 

6 

Grandes Endemies 

9/2 5 8  
2/249 
7/247 

1 8/ 7 5 4  

% 
3 .4 
0 . 8  
2 . 8  

2 . 3 /y 

Grandes Endemies 

6 
6 
6 
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Our results confirm the data ,2 since we found a yearly incidence of 4.3% 
and 2 .3% respectively in two different populations of Bamako , with a mean 
of 3% per year. The difference in incidence between the two populations 
studied is statistically significant (0 .0 2 5  < p < 0 . 0 5 ) .  What the reasons for this 
differen ce are remain unknown . 

As shown in Table 2, 7 /25  strains are of  low-grade and 6/ 2 5  of median­
grade dapsone resistace , meaning that at least for some time the strains might 
be inhibited by full dapsone dosage in man . The overall situation, however, 
clearly points to the necessity for combined antileprosy treatment including 
potent bactericidal drugs . 

Acknowledgements 

This study has been partially financed by the Damiaanfonds, Brussels , Belgium. 
Janssen Pharmaceutica, Beerse , Belgium, generously provided the dapsone­
containing mouse food .  Technical assistance by A Van Aerde and G Hoo ft 
is much appreciated .  

References 

1 Baquillon G, Ferracci C ,  Saint Andre P, Pattyn SR.  Dapsone resistant leprosy in a popu­
lation of Bamako ( Mali) . Lepr Rev, 1 9 80 ;  5 1 : 3 1 5 - 1 9 .  

2 Pearson JMH, Haile GS ,  Barnetson RStC, Rees RJW. Dapsone resistant leprosy in Ethi­
opia. Lepr Rev, 1 979 ; 5 0 :  1 83 -99 .  

3 Leprosy Surveillance. Primary and  secondary dapsone resistance. WHO, Weekly Epidemio­
logical Record 1 9 82 ; 5 7 :  1 8 1 -3 .  





Introduction 

Lepr Rev ( 1 983)  54 ,  23-30  

Reproducibility of sensory testing and voluntary muscle 
testing in evaluating the treatment of acute neuritis 
in leprosy patients * 
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Cen tre, No ttingham NG 7 2 UH 

Received for pUblication 7 August 1 98 1  

Summary Based on methods discussed at a 'neuritis workshop' held in 
Karigiri in South India in 1 980, this study describes attempts to standardize 
sensory testing and voluntary muscle testing in a group of 20 patients with 
tuberculoid leprosy . Patients were assessed by the same observer on two 
occasions at intervals of  2 weeks. The results confirm that accurate methods 
for assessing the treatment of neuritis in leprosy remain elusive . In this 
group of patients however, and under the conditions described ,  it appears 
that greater reliance can be placed on sensory testing, particularly fine 
touch , than on voluntary muscle testing. 

One of the most controversial problems in leprosy research is the treatment of 
acute neuritis and how best to evaluate its effectiveness. Sensory testing has 
been advocated : !  von Frey hairs of graded sizes were used , exerting pressure of 
0 . 1  g ,  0 .4 g, 1 .0 g, 2 g and 4 g. The thenar and hypothenar areas of the hand 
were touched four times with each stimulator. They recorded the numbers 
'felts' and graded the numbers 'n ot felt ' .  They found this to be a sensitive 

method in the follow-up of nerve involvement . 
Voluntary muscle testing was found to be a reliable and reproducible 

method . 2  The Medical Research Council (MRC)  scale of strength was used to 
give a score for seven muscles supplied by the ulnar nerve and nine muscles 
supplied by the median nerve . In conjunction with nerve conduction velocity 
(NCV) studies, both sensory testing and voluntary muscle testing have been used 
to evaluate the success of treatment . 3 , 4  At the Neuritis Workshop in Karigiri , 
South Indias an attempt was made to standardize these tests. The object of this 

* Study done at the Schieffelin Leprosy Research and Training Centre , Karigiri, South 
India , during a s tuden t elective period May 1 9 80. 
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study is to examine the reproducibility of sensory and voluntary muscle testing, 
using some of the methods recommended at the Workshop. 

Methods 

Twenty patients with tuberculoid leprosy, as clinically diagnosed , with estab­
lished nerve lesions were assessed by the author on two occasions , separated by 
I to 3 weeks . Both hands were examined for ulnar and median nerve function 
using sensory and voluntary muscle testing. Ulnar nerve damage was consider­
ably more common than median nerve damage. 

Sensory testing (ST) 

Four methods were used : light touch, static two-point discrimination , tuning 
fork test and pinprick test. Six areas were examined on the palmar surface 
of each hand (Fig . I ). Ulnar nerve supplied : I ,  distal phalanx - little finger ; 
2 ,  proximal phalanx - little finger ; 3, hypothenar eminance . Median nerve 
supplied : I ,  distal phalanx - index finger ; 2 ,  proximal phalanx - index finger ; 
3, distal pulp - thumb . 

Ligh t touch 

Four stimulators were constructed from nylon hairs which bent at a pressure of 
0 . 5  g, 3 . 5  g, 5 . 5 g, 30 g. 

Figure 1 .  

Areas suppl ied by 
U I  nar  Nerve 

��reas suppl ied by .- �r., N"� 

\ 

3 
'-
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The finest hair that was felt in each area was recorded and scored as : 
0 . 5 g = 4 ;  3 . 5 g = 3 ; 5 . 5 g = 2 ; 30 g =  1 ;  not felt = O . Thus the maximum 
possible score for one nerve was 1 2  points . 

Static two-poin t discrimination 

Three paper- clips were used , with the legs bent at 3 m m ,  6 mm and 1 2  mm 
apart.  The six areas were used as before and the shortest distance felt as two 
separate stimuli was noted and scored for each site as : 3 mm = 3 ;  6 mm = 2 ;  
1 2  mm = 1 ;  not felt or felt as one = O.  Thus the maximum score for a single 
nerve was 9 points . 

Tuning fork test 

The vibrating arm of a 2 5 6  Hz tuning fork was touched lightly in each area and 
a point awarded if the patient could feel the vibration . Thus the maximum 
score for a single nerve was 3 points. 

Pinprick test 

The patient was asked to state whether the sensation was sharp or blunt. The 
result was recorded for each test site as : sharp = 3 ;  blunt = 0 ;  not felt = O. Thus 
the maximum score for each nerve was 9 points. The sum of the scores for each 
test gave a score out of 33 for the function of each nerve . 

It must be emphasized that even when a nerve is unaffected by leprosy, the 
score may not reach 3 3 .  Tests of two-point discrimination showed performance 
varied with age and that volar fingertips were twice as discriminating as the 
thenar and hypothenar areas .6  Farm labourers with thick skin were often 
unable to feel the finest hair on the palms of their hands when there was no 
subjective loss of sensation. Thus a 'normal score ' varied between 28 and 33. 
It is not the absolute score that was of  interest in this study but the reprodu­
cibility of the scoring methods. 

Volun tary muscle testing ( VMT) 

VMT consisted of estimation of muscle power in eight muscles in each hand , 
four supplied by the ulnar nerve and four supplied by the median nerve . The 
power was graded according to the MRC scale of strength : 
5 Full strength against resistance provided by the assessor's hand or finger. 
4 Movement against some resistance is possible . Range of movement is full . 
3 There is a full range of  move ment, not possible against resistance (but can be 

done against gravity). 
2 There is less than full range of movement. 
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A flicker of movement or muscle contraction can be feit but no actual joint 
movement .  

o No movement. 
Muscles examined were flexor carpi ulnaris , abductor digiti minimi,  first 
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Figure 2. Graph to show the reproducibility of the sensory testing method.  
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dorsal interosseus , third palmar interosseus (supplied b y  the ulnar nerve) and 
flexor carpi radialis ,  flexor pollicis longus , abductor polli cis brevis and the first 
lumbrical (supplied by the me dian nerve) .  Thus as each muscle was given a 
score of up to five points and four muscles were assessed for each nerve the 
maximum score for an intact ulnar or median nerve was 20 points . This test 
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Figure 3. Graph showing the reproducibility of  the voluntary muscle testing method.  
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required more positive cooperation from the patients and a greater opportu­
nity for observer error. It is difficult to assign five grades of strength when 
dealing with small muscles of the hand and requires practice to learn the normal 
strength in the hand of, for example , an old woman and a young man . 

Results 

The results consist of a score for ulnar and median nerve function as assessed 
on VMT and ST. The score achieved on the first visit was compared with that 
achieved on the second visit using Wilcoxon matched pairs signed ranks test 
for nonparametric data. 7 

There was found to be no significant difference between the sensory testing 
scores achieved on the first and second visit in both ulnar and median nerve 
groups , implying that the method used is reproducible and thus useful. Fine 
touch score seemed to be most sensitive of  the four sensory testing methods 
used ,  the scores (out of 12) were compared and also found not to differ signifi­
cantly. When muscle power was assessed the median nerve group showed no 
difference in score but the ulnar nerve group showed a significant difference 
(probability < 5% Z = 2 .0 1 9) .  As the patients had established nerve lesions,  
tested twice at an interval of only 1 to 3 weeks , this result suggests that this 
method of assessment is not reliably reproducible . The differences between the 
first and second scores are illustrated graphically (Figs 2 and 3) . 

These results confirm the subjective opinion of the author that sensory test­
ing, using a combination of tests described above , is a useful and reproducible 
method of assessing nerve function in leprosy patients . However, the test 
does have disadvantages - it is time consuming (each patient requiring up to 
20 minutes), requires the full concentration of both patient and assessor and 
preferably the same assessor on each occasion. However, it is a method valuable 
in the study of the treatment of neuritis . A strength grade was difficult to assess 
in the small muscles of the hand and sensory testing was more accurate and 
useful . 

Discussion 

In this study, o f  patients with nerve damage due to leprosy, it was clear that 
pinprick sensation was present when there was loss of fine touch and that two­
point discrimination was lost early. Vibration (as tested with a tuning fork 
at 256 cps) was often present in the absence of pain sensation. It has been 
reported8 when looking at recovery of  sensation in the hand following nerve 
injury due to trauma that pain sensation was the first sensory modality to 
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recover. However, it was also found that vibration at 30 cps recovered before 
vibration at 256 cps , that moving touch recovered before constant touch 
awareness (slowly adapting fibres) and that last to recover was two-point 
discrimination. 

One could speculate that the difference between these findings might be 
due to an idiosyncratic preservation of one sensory modality in leprosy neuritis 
or, more probably, the vibrating tuning fork was too diffuse a test, which 
recruited nerve endings from a larger area of the hand than that being tested. 
There may be a qualitative difference between sensory loss due to leprosy 
neuritis and that due to trauma : the 'dying back ' phenomenon has been des­
cribed .9  It seems that neural and Schwann cell activity is impaired throughout 
the whole length of a nerve affected by leprosy at any point along its course.  
Nerve regeneration and neuroma formation does not occur. The qualitative 
nature of sensory loss in leprosy neuritis warrants further investigation . From 
the results of this study it seems that VMT is an unreliable method of monitor­
ing nerve damage except in the presence of very gross changes in function.  
VMT is a difficult test, especially in patients with acute neuritis as they are in 
pain and reluctant to cooperate . 

An accurate method of assessing the treatment of neuritis remains elusive . 
The most useful parameter seems to be  a combination of VMT, NeV, ST and 
symptoms. However, this type of assessment is cumbersome and hard to stan­
dardize between different centres. 

I would recommend greater reliance on sensory testing, particularly fine 
touch and motor conduction studies , rather than voluntary muscle testing. 
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Summary A functional follow up o f  ulnar neurolysis i s  presented.  Func­
tional changes have been related to the indication for neurolysis. Motor 
function of  5 2% of the nerves was improved in the group in which neuro­
lysis was performed to facilitate nerve recovery . The rate of functional im­
provement appears also to depend on the duration of the recorded nerve 
dam age and the classification of leprosy . Functional changes in the operated 
nerve have b een compared with  the non-operated nerve in cases of bilateral 
ulnar nerve involvement . 

Prevention of recurrent neuritis or the relief of intractable nerve pain used to 
be the main indications for ulnar neurolysis in leprosy . It has been reported 1 

that the need for neurolysis for these indications has decreased considerably 
since the introduction of clofazimine and thalidomide . 

Mo st authors seem to agree that neurolysis is very helpful in the relief of 
nerve pain and that, whatever surgical te chnique is employed , neurolysis 
has no harm ful effect on nerve function .  Few authors have defined or quanti­
fied functional changes of  the ulnar nerve following neurolysis .  A nerve index2 
has been developed , using voluntary muscle testing , sensory testing and m otor 
nerve conduction velocities, to follow patients with recent nerve damage and 
to evaluate possible functional benefits of  nerve surgery . In one study 3 this 
nerve index was used to study patients who had ulnar neurolysis, comparing 
the results with the contralateral affected nerve . 

The indications and results of ulnar neurolysis in recent publications are 
summarized in Table 1 .  This present study gives the functional changes in 
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Table 1. Neurolysis in leprosy 

Classification Indication 

Author (year) Operated Ulnar Median T B L Pain relief Functional 
nerves recovery 

Callaway4 ( 1 964) 1 00 X X not given 8 1  a 
Parikh\ 1 968) 1 7  1 3  4 1 0  1 2 X X 
Vaidyanathan6 ( 1 9 68) 88  8 8  0 34 9 3 6  X X 

Said 7 ( 1 972)  38  32  6 30 6 X 

Palande8 ( 1 973)  23  23  0 8 9 6 X 

Carayon9 ( 1 974) 70 70 0 not given X 
Enna 1 ( 1 974) 1 03 1 03 0 'lepromatous' X 
Oomen1° ( 1 979) 1 6  1 6  

No tes : 
aIndication:  prevent progressive paralysis . 
b Functional loss less than 3 months. 
c Functional loss more than 3 months. 

0 4 5 

d Recovery related to type and duration of involvement . 
e Duration functional loss less than 6 months. 

5 X X 

Functional results 

Pain relief Improved Unchanged Deteriorated 

99% 3 0% 
77% 1 6% 2 7% 1 8% 
97% motor 7 1 % 29% 

sens.  50% 48% 2% 
motor 1 7% 83% 
sens. 1 4% 86% 

91 % motor 5 8% 
sens.  46% 

1 00% motor 5 7% 
sens .  1 3% 

7 1 % 29% 
5 5% 

94% 6% 

b 

c 
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motor and sensory fibre functions in patients operated upon between 1 97 2  and 
1 9 79  at the All Africa Leprosy and Rehabilitation Training Centre (ALERT) , 
Addis Ababa, Ethiopia . 

Method and material 

On 1 06 patients a total o f  1 29 ulnar neurolyses were performed . The different 
indications for neurolysis are given in Table 2 .  The number of indications is 
higher than the number of nerves operated because of 1 7  double indications. 
We were able to assess the results of  1 00 neurolyses in patients who had at 
least 1 year of post-operative folloW-Up. Ho wever , if major functional changes 
had occurred before the first year following surgery and the patient did not 
have a follow up of a year then the patient was also included . Twenty patients 
had bilateral ulnar neurolysis .  

The assessment technique used in evaluating motor function recovery 
was the voluntary muscle testing as described 1 1  for leprosy patients .  

The same grading system for muscle strength was used as reported by the 
Medical Research Council . 1 2  

The grades for abduction of the little finger and the abduction of the index 
finger were totalled . A normal function of the ulnar nerve would thus give a 
score of  l O . When the post-operative muscle score was more than 8 the sensa­
tion was reviewed from the record . In our experience sensation is not likely 
to be present when there is still considerable motor involvement .  

Surgical technique and imdings 

All cases for neurolysis in this series were re ferred from the physicians . There 
was no bias from the surgeons as to which nerve to operate upon and which 
to leave under medication alone . The majority of the operations were per­
fo nn ed without tourniquet , only to wards the end of the series were the opera­

tions performed in a bloodless field , thus allowing a detailed recording of the 
findings .  

Table 2 .  Indication for surgery related to classification 

Pain Functional Not Number of Number of 
relief improvement Abscess recorded indications Patients 

(B)T 1 1  40 5 2 5 8  4 5  
B 4 3 0 0 7 6 
(B)L 42 32 1 6 1 8  5 5  

5 7  7 5  6 8 1 46 1 06 

Note : Table gives the indications for all operated nerves. 
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In all cases the nerve was exposed from the exit of the axilla to the entry 
into the depth of the forearm . In some of the earlier cases a regular anteposi­
tion of the nerve was performed,  sacrificing the feeder vessels. In the latter 
part of the series these vessels were carefully preserved . Possible adhesions 
were freed ,  and a longitudinal epineurotomy was performed , as far as possible 
avoiding damage to the epineurial vessels. In the latter part of  the series the 
tissue surrounding the feeder vessels and the nerve was removed . The ulnar 
intermuscular septum was invariably resected ,  thus preventing any kinking 
of the nerve and allowing free play when extending or flexing the elbow . 

The epineurium was found to be of varying thickness and the fascicles 
were typically swollen and yellow. In some cases,  notably these of long-standing 
nerve damage, where functional recovery was not expected ,  fascicular structure 
could not be detected .  

In most cases the feeder vessels were of  normal calibre but ,  in  some,  parti­
cularly those of long-standing nerve damage ,  they were engorged ,  indicating a 
venous obstruction outside the nerve . The epineurial vessels were in most cases 
engorged ,  although in some cases they were thin , even invisible , indicating 
endoneurial over-pressure . 

At the end of operation both the engorged feeder vessels and epineurial 
vessels assumed normal calibre. Where the epineurial vessels were either thin 
of invisible, they usually assumed normal calib re . However, in a few cases the 
nerve became thinner during the operation . 

Results 

Motor nerve function was considered to have improved or deteriorated when 
the total muscle grading score had changed two or more points .  

Table 3 shows the relationship between the postoperative ulnar motor 
changes to the pre-operative duration of functional loss . It was not always 

possible to determine exactly the onset of motor nerve involvement from the 
records and often the history had to be relied on .  

None of the patients with a motor deficit of  more than 6 months recovered 
fully from total paralysis and the average improvement in long-standing p alsies 
was only 3 points . 

Table 4 gives the motor function changes per indication and classification . 
The data in the table suggest that greater improvement is found in (B)T nerves. 

Table 5 shows the degree of  improvement in muscle strength of the 39 
nerves that improved . It will be seen that only 2 nerves recovered their m otor 
function completely from total nerve function loss , whereas 1 0  nerves re­
covered completely from partial nerve function loss .  

Six patients, 2T ,  3BT and I B L patient had nerve abscesses . Three nerves 
remained without function postoperatively , 1 deteriorated and 2 improved . 
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Table 3.  Motor function changes related to  pre-operative duration of  muscle paresis/paralysis 

Improved Unchanged 

Duration 
(B)T (B)L (months) (B)T (B)L 

2 3 0-3 0 
8 5 4-6 0 2 
2 2 7 - 1 2 7 8 
4 5 more than 1 2  8 1 0  
4 4 not recorded I I S  

20  1 9  1 6  36  

No tes : The few patients classified 'borderline' have been included in  this table under (B) T. 
Compare with Table 4 .  Two (B)L patients that rem ained unchanged have been omitted from 
this table because there was no functional loss pre-operatively . 

Table 4 .  Changes in motor nerve function 

Improved Unchanged Deteriorated 

Indication-functional re covery 
(B)T 1 6 ( 5 5%) 1 2  (4 1 %) 1 (4%) 
B 3 ( 1 00%) 0 0 
(B)L 1 1  (42%) 1 4 ( 5 4%) 1 (4%) 

Total 30 ( 5 2%) 2 6 (45%) 2 ( 3%) 5 8  

Other indications 
(B)T I ( 1 7%) 3 ( 5 0%) 2 ( 3 3%) 
B 0 1 ( 5 0%) 1 ( 5 0%) 
(B)L 8 (24%) 24  (70%) 2 (6%) 

Total 9 ( 2 1 %) 2 8  ( 6 7%) 5 ( 1 2%) 42 

Overall totals 39  54  7 1 00 

Table 5 .  Degree of improvement in motor nerve function 

Pre-o perative 
Post-operative function 

Functio n 2 - 3  4 - 5  6 - 7  8-9 1 0  Total 

0 - 1  6 4 3 3 2 1 8  
2 -3 0 2 1 1 5 
4- 5 0 0 4 1 1 6 
6-7 0 0 0 2 5 7 
8-9 0 0 0 0 3 3 

Total 6 6 8 7 1 2  39  

There were 7 nerves that deteriorated but only in one case could the 
deterioration be attributed to the surgery . In this case there was immediate 
postoperative functional loss .  In the rem aining 6 patients other nerves also 
deteriorated .  In these cases chronic ery thema nodosum leprosum, DDS resist­
ance and discontinuation of treatment were possible contributing factors . 
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Table 6. Functional changes in operated and contralateral affected nerves 

All contralateral affected nerve s 
* 

Co mparable nerve damage contralateralt 

O perated Non-o pe rated O perated Non-o perated 

No Improved Unchanged D eteriorated No Improved Unchanged D eteriorated 

Improved 1 8  1 3  4 9 6 2 
Unchanged 23  8 1 4  1 0  3 7 
D eteriorated 2 2 1 1 

4 3  2 1  2 0  2 20 9 1 0  
* 

All nerves irrespective o f  indication for surgery and difference i n  nerve damage 
t Nerves in which functional recovery was expected. Comparable nerve damage : not more than two 

points difference on totalled VMT score 

There were 43 patients who had bilateral ulnar nerve damage and who 
only had one nerve operated upon . In Table 6 we have compared the results 
of the operated nerve with the non-operated contralateral affected nerve . 
The data on sensory changes were reviewed from the record when the post 
operative muscle score was more than 8 .  From Table 5 it will be seen that 
there were 1 9  nerves which had recovered this muscle strength. Of these 
only 5 had recovered sensation when tested with bristle no 5 .  

Pain relief  was achieved in an estimated 80-90% of the patients . 

Discussion 

Motor nerve conduction of both ulnar nerves was assessed regularly in all 
patients included in this study.  We did not analyse these results separately 
as we soon realized that muscle testing scores alone gave us comparable in­
formation . In experienced hands manual muscle testing is a very useful and 
objective test to evaluate motor nerve function.  

Our findings confirm other reports that neurolysis does not harm the nerve . 
The case notes revealed that prednisolone dependency was a problem in many 
patients,  especially in (B)L patients. We noticed that on occasions prednisolone 
was given to the patient merely for nerve pain in which the nerve function 
assessments showed that the nerve was already dead or that decreased nerve 
function had persisted for many years . This was especially so in the group where 
neurolysis was performed for pain relief. Progress notes in the patient files also 
showed that many patients had asked for prednisolone. The problem of steroid 
dependency in lepromatous leprosy patients has been previously reported . 1 3 
It suggests that prednisolone could be reduced and stopped after these patients 
were given clofazimine .  It seems from this observation that the physician 
should be very cautious in prescribing prednisolone and that he should only 
prescribe this drug when there are indications of an active neuritis .  

Unfortunately it was not possible to relate the results of  neurolysis to anti­
leprosy and antineuritis treatment. In the early 'seventies patients were still 
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taken off DDS treatment during neuritis, and when DDS treatment was initiated 
it was started with a low dose which was gradually increased to 300 mg weekly . 
As from 1 9 74 patients were given DDS I OO mg daily and DDS treatment was 
not discontinued when patients developed neuritis.  Many patients, in addition 
to DDS treatment ,  received c10fazimine for varying periods and in differing 
dosages.  In the management of neuritis the picture was the same where dif­
ferent courses with different dosages were given to all patients.  As might be 
expected improvement is greater when neurolysis is undertaken when functional 
results are anticipated and (B ) T  nerves do better than (B) L nerves .  

More careful studies are needed to determine possible functional benefits of  
nerve surgery . This study also clearly highlights the  importance of  careful 
recording . Future studies in our opinion should include details such as: (a) 
duration of nerve function loss from history or from record ; (b) presence of  
muscle atrophy as an indication of  the duration of loss of muscle function ; 
(c) classification of the disease , type of  reaction and bacteriological and mor­
phological index (BI  and MI) ; (d)  medication :  both antileprosy and immune 
suppressive drugs ; ( e) indication for surgery , surgical technique and findings 
on surgery ; and (f) quantification of  nerve function changes pre- and post­
operatively . From this study it is not possible to determine if neurolysis will 
give better results than medical treatment alone.  However, there do not seem 
to be important differences between the operated nerve and the contralateral 
affected nerve . Although the neurolyses reported in this study were not per­
formed in a controlled trial we have attempted to relate the nerve function 
changes to duration of the nerve damage,  indication for neurolysis and classifi­
cation of the leprosy . 
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Summary The present study has shown that the moulded double rocker 
plaster shoe offers a very feasible method of treatment  of the simple plantar 
ulcer under field conditions . It is effective , inexpensive , socially acceptable 
and it can be  applied , and the p atient sent home,  on the same day .  There 
are no significant complications which have b een noted either during or 
subsequent to this trial . 

A simple plantar ulcer is defined as one that involves only the skin and sub­
cutaneous tissue .  1 It  has a visible floor, no deep sinus,  no local warmth, no 
oedema or redness and minimal discharge.  If very chronic it may show clean 
punched-out edges.  

This study was carried out to determine the usefulness of  the moulded 
double rocker plaster shoe (MDRP shoe) ,  as an outpatient ambulatory treatment 
of simple plantar ulcers in leprosy patients reporting to the Outpatient Depart­
ment of the Schieffelin Leprosy Research & Training Centre , Karigiri . 

Initially the plan had been to compare this smaller plaster shoe with the 
standard below knee plaster cast , which has for many years proved its worth 
in the treatment of these ulcers . However, it was found impossible to imple­
ment the predetermined random allocation ,  b ecause the patients refused to 
have the standard plaster boot applied unless they were admitted .  The present 
design of the study therefore is based on the fact that , in most village clinics, 
the norm al treatment of simple ulcers is to give the patient some advice , 
where possible a sandal and some dressing materials for home care . 

The following questions were asked : 
1 Is the MDRP shoe effective? 
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2 Is it socially acceptable and economically feasible in the field? 
3 Are there any complications? 

Materials and methods 

Case selection:  

Forty-two patients with simple ulcers were selected from the Outpatient 
Department of the Schieffelin Centre . Those with drop feet were excluded 
from the trial. Diabetes mellitus was ruled out in all the patients .  All the 
patients were examined clinically and classified . They were fully documented 
with X-rays ,  photographs, Harris mat foot prints,2, 3 full sensory and motor 
assessment and ulcer measurements . 

They were assigned to one of two groups in accordance with a predeter­
mined randomized serial order with 2 1  patients in each of  the two groups. 
The first group had MDRP shoes applied over the magnesium sulphate glycerine 
(MSG) dressing . The other group were given MSG dressings for home use , 
and a pair of standard Y -strap sandals with microcellular sole and an arch 
support and metatarsal pad .  The same type of sandals were issued to the first 
group to be worn on the good foot initially , and on both after the healing 
of the ulcer. 

All the patients were reviewed after 4 weeks, that being the normal interval 
between clinic attendances.  Where the ulcer did not heal in the first 4 weeks 
it was re-applied and again reviewed after a 4-week interval . 

Both groups were given intensive health education in the care of their feet 
and were taught the technique of foot soaking, scraping, oil m assage and daily 
foot inspection , and how to deal with pre-ulcerative conditions such as fissures , 
corns, callouses ,  blisters and haematomata. 

At the first and subsequent visits, all were examined carefully for signs 
of inflammation such as oedema,  warmth, redness, regional lymphadenitis 
and any change in the ulcer category or size .  Repeat X-rays, Harris-mat impres­
sions and photographs were taken . All patients had another session of health 
education . 

Application of the moulded do uble rocker plaster shoe l  

Materials required : one roll of  gauze bandage ; two rolls of plaster of  Paris 
(POP) bandage (home-made) ; and one wooden footpiece with two rockers 
attached .  

A sterile mag .  sulph.  glycerine acriflavine dressing was applied over the 
ulcer .  A gauze bandage was put on over the entire foot up to the ankle j oint , 
care being taken to apply small gauze pads between the toes. 
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Figure 1 .  The double rocker used for the plaster shoe.  Note the protective rubber layer 
under the rockers . 

One layer of POP bandage is applied over the whole foot up to the ankle 
level (below the malleoli) , and then the wooden footpiece with rockers is 
held under the sole . The medial and lateral arches of the foot are filled in 
with POP bandages . The second roll of POP bandage is then applied over the 
whole foot including the toes, holding the wooden footpiece in place . 

Four hours after application the patient was allowed to walk with full 
weight bearing on the plaster shoe . This period was possible because the 
patients selected for this trial had their plaster shoes applied in the Outpatients 
Department .  One hour for drying has been tried in the field and found ade­
quate . 

Figure 2 .  A finished shoe on the foot . 
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Table 1 shows a comparison of  the features of the two groups. It will be 
seen that the groups were satisfactorily matched in age and sex ,  and only in 
classification were there some major differences. 

Table 2 shows a comparison of  the ulcers in terms of  site and size . It can 
be seen that here also the two groups were well matched . 

Table 3 shows the results of the trial at the second visit ,  and it can be seen 
that 6 5 %  of the ulcers in the trial group had healed in 4 weeks in comparison 
with 1 2 . 5% in the control group . 

Figure 3 .  A Pre- and post-treatment foot showing the healing of  an ulcer in 4 weeks. 

Table 1 .  A comparison of  the trial and control groups.  

MDRP shoe Control 
group group 

Patients 2 1  2 1  
Ulcers 2 6  24 

Age 
20-40 1 0  1 3  
4 1 -60 6 7 
Over 6 1  5 1 

Sex 
Male 1 6  1 6  
Female 5 5 

Classification 
N 1 
N?L 9 1 3  
L 1 2  7 



MDRP shoe treatmen t of plantar ulcers 43 

Table 2 .  Sites and initial size o f  ulcers 

M D RP shoe Control 
group group 

No . of  ulcers 2 6  2 4  

Site 
Base great toe 6 6 
Forefoot 1 9  1 8  
Lat . border 
Heel 

Size diameter ( cm) 
Less than 1 5 5 
1 -3 1 7  1 6  
More than 3 4 3 

Table 3 .  Follow up at the first visit - 4 weeks after joining the trial 

MD RP shoe Control 
group group 

Healed 1 7  ( 6 5%) 3 ( 1 2 . 5%) 
Not healed 9 2 1  

Total 2 6  24  

Co mplicatio ns 

The complications that we were specifically looking for were those which are 
commonly associated with any treatment involving the risk of osteoporosis 
resulting from plaster immobilization . 3  In our small series this was not seen 
at all. Also at subsequent visits no case of neuropathic disorganization of the 
foot was seen . It  is possible that the limited immobilization of the foot , below 
the ankle only , makes this risk negligible compared with the plaster boot .  

In the initial experiments there were a few cases which produced ulceration 
around the open end of the shoe at the ankle. It  also happened that some of 
the patients were able to remove their shoe by just slipping it off! However, 
with experience, both these difficulties were overcome . 

Discussion 

Effectiveness. It is clear from the results that the MDRP shoe is an effective 
form of treatment even after a minimum period of 4 weeks. 

It embodies the three accepted principles of rigidity , 4 . 5 immobilization 
of skin and bones below the ankle , and occlusion . 
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So cial acceptability. The shoe was very well accepted by the patient ; in fact ,  
some patients reporting at  the Outpatient Department specifically requested 
the MDRP shoe.  

Cost. The cost of a single MDRP shoe is  about Rs 5 /- (25p or $ 0 . 70) using 
home-made POP bandages. 

The cost of dressings is very difficult to estimate as it depends on the 
standard of dressings used . Moreover, the ineffectiveness of dressings , even 
when supplemented by chappals with an arch support and metatarsal bar is 
dem onstra ted . 

The cost of  a standard below-knee POP boot with a Bohler iron is about 
Rs 2 5/- (£ 1 . 25  or $ 3 . 5 0) using home-made bandages. 

Conclusion 

The Moulded Double Rocker Plaster Shoe offers a very feasible method of 
treatment of the simple plantar ulcer under field conditions. It is effective , 
inexpensive , socially acceptable and the patient can be  sent home on the 
day of application . There are no significant complications which have been 
noted either during or subsequent to this trial .  
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Summary I n  Zimbabwe , a s  i n  m any countries i n  Africa, leprosy i s  a n  en­
demic disease . The known incidence is appro ximately 2 cases per 1 ,000 
population and 3 5 0  new cases are seen annually . 

Many factors have influenced the spread of  the disease including the 
recent bush war but progress in control measures is being made .  

Zimbabwe covers an area of 3 9 0 ,7 5 7 km2 and is  bordered by Zambia , Mo�am­
bique, South Africa and Botswana. The country is divided into five provincial 
areas : Manicaland ,  Mashonaland , Midlands,  Matabeleland and Victoria (Fig. 1 ) . 

The last census was taken in 1 969 ,  and more recent estimates put the 
population at 6 ,625 ,000 , comprising 5 ,7 5 0 ,000 Blacks, with the remainder 
Whites , Asians or Coloureds.  The Blacks form two predominant groups ,  each 
stemming from separate ethnic origins .  The numerically superior Shona were 
the original inhabitants of the area , and the Matebele an off-shoot of the 
Zulu nation of South Africa. 

Situated between the Equator and the Tropic of Capricorn , Zimbabwe 
experiences a sub-tropical climate owing to the relatively high altitude. A dry 
season occurs between April and October, and the main rains ,  delivering a 
mean annual precipitation of  7 3 0 . 5  mm , fall between November and February . 

Politically , the country was administered by the British South Africa 
Company from 1 889 until 1 92 2 , when it became a British colony . As South­
ern Rhodesia it became a member of the ill-fated Federation of Rhodesia and 
Nyasaland from 1 9 5 3  until 1 9 63 . Assuming the name Rhodesia until 1 9 7 8 ,  
polit ical events saw the change through Zimbabwe-Rhodesia t o  Zimbabwe , 
with attainment of legal independence in April 1 9 80 .  

A bush war engulfed most of the  country between 1 9 73 and 1 9 7 9 .  During 
this perio d,  health services were severely disrupted and large numbers of the 
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Figure 1 .  Zimbabwe,  showing Provinces and sites of Mtemwa and Ngomahuru Hospitals. 

Black population migrated to urban areas or were moved to 'protected villages' . l 
Many fled as refugees to neighbouring countries . 

The major health problem is malnutrition and many diseases of  micro­
biological aetiology are present . An expanded vaccination programme is cur­
rently being undertaken which hopefully will control,  among others ,  measles 
and other childhood diseases .  Malaria , schistosomiasis and many other parasitic 
diseases are common. Tuberculosis and typhoid are frequently seen and out­
breaks of bubonic plague , cholera and anthrax have occurred . 

Leprosy - historical review 

Leprosy is endemic in Zimbabwe . The earliest authenticated reference to the 
disease is found in the report of the Ministry of Health for 1 903 , where the 
District Surgeon for Bulawayo reported 'several cases of leprosy ' .  
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Early statistics of  known cases are highly erroneous and reflect the in­
humanity of the Leprosy Repression Act of 1 9 1 9 3 ,  and the associated regula­
tions .  This required that leprosy patients be detained in asylums and also made 
provision for legal action against any person 'harbouring a leper' and patients 
who escaped from an asylum . Undoubtedly , many patients remained in hiding 
being sheltered by their families and friends.  

Two 'leper settlements' were established . One of  these , at Ngomahuru 
in the Victoria District, is now a tuberculosis hospital, and the second, at 
Mtemwa, still houses 70 welfare patients to-day . 

A total of 5 ,299  patients were admitted to these hospitals during the 
period 1 9 2 5 - 1 9 6 2 .  The number of aliens compared to indigenous cases is 
remarkable (Fig . 2) . Many of these people were part of the immigrant labour 
force employed in mines and on farms and who lost their jobs as a result of 
the disability caused by the disease . Destitution forced them to seek the 
protection offered in the settlements .  Another contributing factor to the 
high alien figure is that many were suffering from or incubating the disease 
when they left their countries of origin (Table 1 ) . 

Despite the anathema of  the policy of  enforced hospitalization, it did permit 
a statistical evaluation of the geographic distribution of the disease (Table 2) ,  
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Figure 2. Comparison of total and alien cases admitted to Mtemwa and Ngomahuru Hos­
pitals 1 92 5 - 6 2 . 
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Table 1 .  Total alien admissions and countries of origin to Mtemwa and Ngomahuru Hospitals , 
1 9 2 5 - 6 2  

1 92 5  1 93 0  1 9 3 5  1 940 1 94 5  1 9 5 0  1 9 5 5  1 960 
Country -29  -34  - 3 9  -44 -49 - 5 4  - 5 9  - 6 2  Total 

Malawi 3 40 8 8  1 1 9  1 3 1  1 5 2 3 1 3  1 80 1 ,026 
MO<j:ambique 1 8  3 3  9 7  1 89 246 30 1 1 82 1 ,066 
Zambia 2 1  46 1 07 1 5 9 1 1 4 9 3  4 8  5 8 8  
Miscellaneous 3 3 1 9  37  3 6  1 6  1 1 4 

Total 3 7 9  1 70 3 2 6  498 549 743 426 2 ,794 

Table 2 .  Geographic distribution o f  cases admitted to Mtemwa and Ngomahuru Hospitals 
1 9 25 -62 

1 92 5  1 93 0  1 9 3 5  1 940 1 945  1 9 50  1 9 5 5  1 960  
Province -29  -34 -39 -44 -49 - 5 4  - 5 9  - 6 2  Total 

Manicaland 8 4 1  6 5  5 0  7 7  1 1 1  1 1 7  5 9  5 2 8  
Mashonaland N .  3 2 6  1 1 9 1 07 86 208 1 89 1 26 864 
Mashonaland S.  1 85 266  1 8 5 1 3 6 1 72 1 9 5 1 7 1  5 5  1 , 3 6 5  
Midlands 2 7 1  89  1 30 1 6 1  1 5 3 1 00 7 8  7 8 4  
Matabeleland N. 9 6 8  5 0  66 56 99  88 43 6 
Matabeleland S .  23  44 64 66 60 4 1  3 0  3 2 8  
Victoria 1 0  1 9 1  1 06 1 4 1  1 4 5  1 86 1 48 67  994  

Total 208 627  676  6 7 8  773  969 865  503  5 ,299  

ages of onset and sex (Fig . 3)  and types of presentation ( Fig . 4) .  The latter is  
not  necessarily a true picture , as  many patients had probably suffered from the 
disease for long periods before admission and their clinical status had changed . 

Numerous forms of  treatment were used . Chaulmoogra oil ,  obtained 
from Hydnocarpus kurzii apparently showed encouraging results and the 
Forestry Department undertook experimental growth of the trees, a proj ect 
which did not reach fruition . 

Sulphetrone,  and later dapsone,  were introduced into Zimbabwe in the 
1 95 0s ,  and were spectacular in their success in the management of new and 
established cases.  In the erroneous belief that these drugs would dramatically 
reduce the numbers of cases and that leprosy was no longer a problem , the 
Ministry of Health withdrew its support from Mtemwa in 1 963 . Many patients 
were discharged with no follow-up treatment .  Other patients,  many badly 
crippled and for whom no other home existed , remained at Mtemwa under the 
care of the Department of Social Welfare and were assisted by the Friends of 
Mtemwa, which later became the Rhodesia Leprosy Association . 

A big step forward occurred in 1 966 with the abandonment o f  compulsory 
hospitalization for all leprosy patients, and the establishment of out-patient 
treatment clinics. One such facility was the Tropical Diseases Unit at Harare 
Hospital in Salisbury , which was subsequently enlarged to accommodate 2 7  
designated beds.  Ngomahuru finally closed a s  a leprosy hospital in 1 9 7 1 ,  
and the Leprosy Repression Act was repealed in 1 974.  
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Figure 3. Type of presentation of patients admitted to Mtemwa and Ngomahuru Hospitals, 
1 92 5 -6 2. 
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Table 3. New cases since 1 96 2  

Year Cases Year Cases Year Cases 

1 96 3  4 0 2  1 969  2 2 8  1 9 7 5  3 6 2  
1 964 290 1 970  4 1 1 1 9 76  3 34 
1 96 5  3 2 3  1 97 1  467 1 9 77  1 83 
1 966  233  1 97 2  5 4 7  1 9 78  240 
1 96 7  302  1 973  445  1 9 79 273 
1 96 8  3 9 7  1 974 4 5 5  

Total 5 , 8 9 2  

Leprosy - modern concepts 

The numbers of new cases seen since 1 96 2  are shown in Table 3 .  Undoubtedly, 
many more cases exist but various factors , including the bush war and failure 
to recognize symptoms, have contributed to their omission. A review2 of 
1 ,5 23 patients shows that in 3 1 . 1  % the presenting prodromal symptoms were 
not skin lesions and that in 3 5 .3% of those presenting with lesions diagnosis 
would be missed without whole-body examination .  Known cases are indexed 
at Provincial Officer of Health level and regular leprosy review clinics are held 
in the more remote areas .  

Now that the disease is  more easily managed ,  and without the insidious 
methods of control previously use d ,  many new cases come forward for treat­
ment - often encouraged by family and friends. This trend must be actively 
pursued in view of the social and geographic upheaval experienced by the 
population during the war. Unnatural overcrowding in refugee camps and 
protected villages (established to denude large areas of the country of people 
who would otherwise feed and shelter guerrilla combatants) could lead to 
an upsurge in cases in future years . 

With much of th e overseas aid given since independence b eing used to 

redevelop rural areas,  the Ministry of Health is training large numbers of 
community health workers who will play a vital role in early recognition of  
leprosy and channel patients towards treatment .  

Leprosy has  a wide geographic variation in Zimbabwe , and some areas 
produce considerably more patients than others. It is hoped that epidemio­
logical studies currently being undertaken will elucidate this problem and 
provide a basis for future control measures . 
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Summary The Andean province o f  Valle grande ( 6 ,4 1 2  km2 ; 3 3 , 5 3 2  inhabi­
tants, of which 99% are mestizos of Indian - Caucasian descent) has been 
an endemic area of leprosy for centuries .  In 1 977  the National Center 
for Tropical Diseases-CENETROP integrated the existing leprosy control 
activities in a comprehensive basic health service . The clinical status of all 
known cases was assessed ,  and an important effort at case finding was 
carried out by the basic health teams and the mobile leprosy control team. 
The overall prevalence rate on 3 1  July 1 9 80 was 9.4 per thousand . The 
leprosy problem was mainly one of adults, the prevalence rate in males 
being 60% higher than in females . The proportion of lepromatous and 
borderline forms was 47%. The epidemiological patterns of leprosy in 
Va1legrande Province are consistent with those generally found in Latin 
America . 

Leprosy is endemic in Bolivia ,  a landlocked country ( 1  ,098 ,000 km2 , 5 ,5 7 0 , 1 05 
inhabitants according to the 1 97 6  census) situated in the heart of  South 
America . The overall estimated prevalence rate is rather low :  around one 
per thousand .  In 1 97 6  there were 1 705  registered cases but 5 ,629 estimated ; 1  in 
1 97 7  1 8 3 2  registered but 3907 estimated cases.2 These differences probably 
do not reflect changes in endemicity ,  but accentuate the level of uncertainty 
in assessing the endemicity .  The cases are mainly concentrated in three areas : 
Chuquisaca Department,  Beni Department and Vallegrande Province , Santa 
Cruz Department (Fig. 1 ) . 

* Manager, with Dr B Ribera , of the Medical Team of Vallegran de,  CENETROP, which 
consisted of Drs A Talamas, J Encinas, J Salcedo ,  F Balderrama, E Valdez,  F Zenner, N Siles 
and p-y Lambert 
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Peru 

Figure 1 .  Administrative divisions and leprosy foci , Bolivia . I,  Santa Cruz Department, 
Vallegrande Province . 2, Chuquisaca Department. 3,  Beni Department. 

Vallegrande Province ( 6 ,4 1 4  km2 , 3 3 , 5 3 2  inhabitants* ) is a dry Andean 
valley ;  its altitude ranges from 460 to 2 ,9 8 9  m above sea level, with the main 
plateau at 2 ,000 m. Ninety-nine percent of the population is mestizo of  triple 
origin : Caucasian , highland Indian , and Guarani Indian . There are no blacks 
in this valley , although the name of  the former leprosarium 'Los Negros' refers 
to black slaves who lived in this area during the colonial epoch . 

The leprosy problem in Vallegrande dates back to the times of the Spanish 
colonization.  A leprosarium was created in colonial times in San Juan del 
Rosario , 1 30 km from Vallegrande City, capital of the province . 3  The first 
clinical description of leprosy in this area dates from 1 9 2 8 .4 In 1 942 the 
National Leprosy Service was created and the first survey carried out in the 
province . In 1 95 1  a leprosarium was constructed in Los Negros,  situated 
70 km from Vallegrande City . This centre was relocated at the beginning of 
the 1 97 0 's in Jorochito,  a locality situated 200 km from Vallegrande City 
(Fig .  2 ) .  

From 1 97 2  to  1 97 5  a programme of active case finding by means of a 
complete population survey was carried out in the province : 2 64 old cases 

* Estimates are for 1 980 and based on the data from the national census of 1 976  and 
on the natural growth of the population. 
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S a n t a  C r u z  de l a  S i e r r a  c i t y  ( h ead q u a r ters of C E N ETROP) 

J o r o c h ito ( l e p rosy c e n t re )  

Los Negros ( former l e prosa r i u m ) 

Va l l eg rande Prov i nce 

Figure 2. The field and supervising centres , Vallegrande Province . @ ,  areas covered by basic 
health services . x ,  Vallegrande City . = interdepartmental road Cochabamba-Santa Cruz.  

were rediscovered and 1 90 new cases diagnosed . s . 6 A control programme 
was started , but its efficacy and intensity diminished substantially once the 
project leader left the area. 

In  1 97 7 ,  CENETROP (Centro N acional de  Enfermedades Tropicales) a 
Belgian-Bolivian proj ect administered j ointly by the Ministry of  Health from 
Bolivia and the Tropical Institute from Antwerp , and situated in  Santa Cruz 
de la S ierra, 2 5 0  km from Vallegrande ,  started a comprehensive basic health 
service in this province .7 The existing leprosy programme was revitalized and 
'horizontalized ' . 8  The first task consisted of the assessment of all known 
cases, and examination of their contacts. Secondly , the control activities , 
including case finding , were integrated into the primary health care system, 
and a mobile team was created to cope with the problem of inaccessibility 
of 5 2% of the population .  This paper refers to the endemicity and the epidemi­
ologic patterns of leprosy , 3 1  July 1 980 .  

Materials and Methods 

Following the establishment of the integrated health service , the province , 
for operational reasons, was divided into two zones : Zone A includes the 
48% of the population who live no more than one hour's travelling time from 
a local health centre. In  this zone ,  all the known cases and their contacts 
have been examined by  the leprologist of the Ministry of Health, who works 
in complete co-ordination with CENETROP . All medical histories and classi­
fications have b een checked . Active case finding was carried out in some high 
risk groups (e .g .  all direct family and household contacts , schoolchildren) , 
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All new patients in the OPD of the hospital and in the health centres were 
routinely screened for leprosy .  Zone B includes the remaining 5 2% of the 
population living in areas with limited access to curative health care . They 
were visited twice a year by a team consisting of  a physician and a leprosy 
technician ; all registered cases were visited at home, all histories checked , and 
'problem cases' (those with an apparent diagnostic, therapeutic or classification 
problem) referred to the leprologist . During the visits to these remote areas, 
general consultations were held , simultaneously serving to screen for leprosy . 
Some cases continued to go for treatment at Jorochito ,  and even some new 
cases were detected there . Their registration was checked in order to have a 
complete centralized record . 

With reference to the old cases a critical assessment of  the diagnosis was 
made through the study of their record , the history of the evolution of the 
lesions and a b iopsy if there were still signs of lesion activity .  About 90% of 
the old cases were assessed as still needing treatment . 

The d iagnostic criteria of  new cases were : typical skin lesions, clinical 
signs of neural involvement (thickening of nerves, loss of sensitivity) , a positive 
smear and a conclusive skin biopsy . The diagnosis was made when two of 
these criteria were present .  

The patients were classified following the Madrid scheme by the leprologist ; 
the classification criteria were mainly clinical, smears and biopsies were done 
when necessary . 

The population data are estimates based on the national census of 
September 1 97 6 ,  and the population dynamics due to natality, mortality,  
and migrations. 

Statistical procedures : The 9 5% confidence intervals around the rate 
ratios were calculated by the 'test based ' method ,9 using a computer pro­
gram. 10 In order to examine differences in prevalence between Zone A and B ,  
while controlling for age and gender as variables , a log linear analysis has been 
carried out by means of a 'LOGLI N '  computer package , available at the 
Harvard School of Public Health, Boston. l l  

Results 

O V E R A L L  P R E V A L E N C E  R A T E  

O n  3 1  July 1 98 0 ,  3 1 6 cases were registered,  resulting in a n  overall prevalence 
rate of 9 .4 per thousand . 

A G E  A N D  S E X  P A T T E R N  

Ninety-six percent o f  the cases were adults (Table 1 ) , the rate ratio for those 
older than 1 5  years versus the children being 1 8 .3 . There was no difference 



Epidemiologic patterns of leprosy, Bolivia 5 5  

Table 1 .  Distribution o f  leprosy cases by age and gender 

Age (years) 
0- 1 4  

1 5  + 
Total 

Male 

7 ( 1 .0) 

1 8 7 ( 1 9 .3 )  

1 94 ( 1 1 .6) 

Female 

7 ( 1 .0)  

1 1 5 ( 1 1 .6) 

1 22 (7 .3)  

( ) = prevalence rate per  thousand population as of 3 1  July 1 980 .  

Total 

1 4  ( 1 .0) 

302 ( 1 5 .4) 

3 1 6 (9 .4) 

Table 2 .  Distribution of leprosy cases by clinical form, gender and age in Vallegrande prov­
ince 1 980 ,  compared with the endemicity of 1 97 5  

Vallegrande ,  1 980  Vallegrande,  * 1 975  

Clinical form Age (years) Male Female Total Male Female Total 

Lepromatous 0 - 1 4  0 0 0 0 1 
1 5  + 64 44 1 08 83 46 1 2 9 

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

Indeterminate 0 - 1 4  5 5 1 0  7 4 1 1  
1 5  + 42 23  65  43  34  77  

Borderline 0- 1 4  0 0 0 0 1 
1 5  + 23  1 7  40 2 2  1 9  4 1  

Total all ages 1 94 1 2 2 3 1 6  2 1 7  1 4 5 3 6 2  

* Data.6 

in prevalence amongst girls and boys,  while the adult male rates were 60% 
higher than the adult female ones . 

C L I N I C A L P A T T E R N  

Thirty-four percent o f  the cases were lepromatous, 1 3% borderline , 29% 
tuberculoid and 24% indeterminate (Table 2) . The multibacillary ( lepromatous 
and borderline) cases were limited to adults, and the rate ratio of males versus 
females showed a consistent male predominance in nearly all clinical types 
(Table 3 ) .  

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

A N D  Z O N E S  

There were marked differences in the prevalence among the villages , the highest 
endemicity figures were observed in La Higuera ( 6 5 . 5  per thousand) and 
El Penon (3 6 . 1 per thousand) . 

Ninety-eight cases were living in Zone A (prevalence rate 6 . 1  per thousand) 
and 2 1 8  in Zone B (prevalence rate 1 2 . 5  per thousand) .  The difference between 
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Table 3 .  Prevalence rates* of the different clinical forms in the adult male and female 
population, the rate ratio (male rates versus female ones) and the 95% confidence intervals 
around the rate ratios 

P .R .  Lepromatous Tuberculoid Indeterminate Borderline Total 

Male 6 .6  6 .0  4 . 3  2 .4 1 9 .3  
Female 4 .4 3 . 1  2 .3 1 . 7 1 1 .6 

Both sexes 5 . 5  4 . 5  3 .3 2 .0 1 5 .4 

Rate ratio 1 . 5 1 . 9 1 .9 1 .3 1 . 7 
95% c i .  (1) 1 .02  1 .2 5  1 . 1 4  0 . 79  1 . 34  
9 5% c i .  (u)  2 . 2 1  2 . 90 3 . 1 7 2 . 1 5 2 . 1 5 

1: lower bound of the 95% confidence interval . 
u :  upper bound of the 9 5% confidence interval. 
* :  prevalence rate per thousand (P .R. ) . 

the rates in these two zones is highly significant (X tl df) = 3 7 ,  P � 0 .00 l ) . 
The problem of the rate difference, while controlling for age and sex, has 
been examined by fitting a loglinear model to the lepromatous data . The 
most parsimonious model that fits the data is the one with the following 
interaction terms : zone * lepromatous prevalence ; gender * lepromatous 
prevalence ; age * lepromatous prevalence . The G 2  with 5 df (degrees of free­
dom) was 1 0 .6 1 , resulting in a p-value of 0 .060.  The contribution of the 
zone parameter was highly significant : the conditional G 2  ( 1  dO was 1 8 .6 ,  
with a p-value of < 0 . 00 1 .  

Discussion 

Leprosy is practically hyperendemic in Vallegrande ,  with the overall prevalence 
rate remaining nearly constant since the survey of 1 9 7 2 - 1 9 7 5 . 5  Given that 
for the determination of the 1 980 rates all cases were considered , regardless 
of the activity of the lesions and the duration of the treatment ,  an increase 
was expected.  Two reasons might explain the lack of an increase of the endem­
icity.  The first is emigration , which is a serious problem in Vallegrande,  and 
results in a slightly negative growth rate for the population. Emigration seems 
to be non-selective as regards leprosy in general or clinical forms in particular. 
A second reason could be an under reporting of new cases . Although the 
principle of 'horizontalization' was introduced as a panacea for the case detec­
tion and case-holding deficiencies of the existing vertical programme,  it seems 
evident now that case detection has not come up to expectations,  despite  a 
reasonable effort by all team members .  The magnitude of the under reporting 
is unknown, although we estimate it to be small. 

The leprosy problem in Vallegrande was very small among the children 
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and not even found in the under-fives. There was n o  difference in the preva­
lence rates between boys and girls. This is a common Latin American pattern , 1 2 

other examples o f  which were reported in Cub a1 3 and Argentina. 14  In order 
to determine whether there was under reporting of cases in children , a school 
survey was carried out.  Of the 3 , 5 24 children examined by our leprologist,  
no single new case was detected although 1 case , previously treated but sub­
sequently lost to follow-up, was observed . 

I n  Latin America, the multibacillary forms are prominent,  and are more 
common in the adult male group . l S  The sex index for the lepromatous forms 
is estimated 12 as 200 ; in Vallegrande our figure was 1 45 . The overall pro­
portion of the multibacillary forms was 47%, a percentage identical to the 
other one observed ;12 similar percentages are reported in Brazil ( 5 1 %) 1 6 and 
Argentina ( 5 6%). 17 This seems to  be the order of magnitude generally found 
in Latin America . 1  , 18 

In Vallegrande the distribution of the leprosy endemicity is not homo­
geneous. But could biases explain the rate differences between zones A and 
B ?  Selection bias : if any , should presumably produce an under reporting in 
the inaccessible area (zone B ) ,  thus fortifying the observed association b etween 
area and prevalence rate.  Observation bias : although the whole team was 
under the supervision of one and the same leprologist , who herself examined 
all cases of zone A and checked at least all the records of the patients of 
zone B, observation b ias is possible . Under the assumption that the assess­
ment of the lepromatous cases is less prone to observer subj ectivity, the log 
linear analysis was limited to this group . The difference b etween zone A 
and B remained highly significant , consequently serious observatio n  bias is 
unlikely . Confounding biases : the asso ciation b etween area and prevalence 
rate is quite strong ; it seems therefore unlikely that the observed association 
could be explained by uncontrolled variables .  

The proximity to a health centre ( characteristic of zone A) i s  thus o nly a 
'proxy' for factors that determine the prevalence.  Given that the difference 
in endemicity b etween zones A and B was the result of the analysis and not 
the confirmation o f a prior hypothesis, a new study is indicated to confirm 

this difference and to investigate the association between the disease and 
causal factors like crowding, level of hygiene , skin contact , nutritional st atus , 
genetic factors , temperature , poverty, humidity , exposure to tub erculosis . 1 9 - 21 
Recently epidemiologists have observed that the case- control methods,  largely 
and successfully applied to chronic diseases, deserve to be used in causal 
research in leprosy .2 1 , 24 Therefore this new study should compare the preva­
lent cases of the moderate (zone A) and high endemic area (zone B) regarding 
their exposure to those potential causal factors, by case- control techniques . 
The control o f  variables and the study of risk factors and o f  interactions should 
be carried out by multivariate statistical modelling . 

Prevalence rates and patterns are import ant tools for the d escription o f  a 
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lepro sy problem , but for the analysis of the evolution o f  endemicity in a 
given community , incidence data are preferable ,22 (Meade, 1 97 1 ) . The latter 
type of data has been noted to be sparse in the different endemic areas.2 3 We 
had hoped that our project would produce incidence data. Our field team 
found it impossible however to continually update the vital statistics o f  births, 
deaths and migrations, without diverting time and effort from the main task . 
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Sum mary I n  a mass survey of  leprosy i n  Bichena District , Ethiopia, where a 
total of 8 1 4  new cases were detected ,  2 cases of borderline-tuberculoid 
(BT) leprosy were discovered in children aged 1 8  months. Although incu­
bation p eriods of less than 2 years are generally considered extremely rare, 
this finding emphasizes that young children under 2 years of age should 
not be excluded from leprosy surveys in endemic regions. 

A report on leprosy in children ! states that the average incubation period (or 
interval b etween exposure to infection and the first recognizable symptoms) 
is 2 - 5  years , and leprosy cases in children below 2 years are exceedingly rare . 
In studies2 on the life history o f  4 6 2  children born at Kalaupapa Settlement 
on M olokai and living under a variety of conditions o f  early exposure to 
leprosy , it was concluded that living continuously with an untreated lepro­
matous parent results in leprous infection in about 40% of such children , with 
onset of symptoms b etween 5 and 1 4  years of  age.  

Objectives 

One of the main objectives of the mass survey which was conducted between 
1 February and 1 4  May 1 9 8 1  in Bichena District ,  Gojjam Administrative 
Region ,  Ethiopia , was to find leprosy cases as early as possible and put them 
under regular treatment. 

0305 -75 1 8/83/05406 1 + 03 $ 1 . 00 © British Leprosy Relief Association 
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Patients and methods 

Leprosy case detection was carried out in 23 1 localities of Bichena District 
with a total population estimate o f  2 3 5 ,700.  

A population count was conducted by focal point survey where all the 
individuals in the community were gathered at a central place for systematic 
physical check up . The focal point  survey was supplemented by a house-to­
house survey . 

Results 

Eight hundred and fourteen new cases were detected during the survey, 1 6 8 
(2 1 %) falling in the 5 - 1 4  age group and 1 2  0 .5 %) in the 1 -4 age group . 
Among the 1 2  cases two children o f  1 8  months were found to have border­
line-tu berculoid (BT) leprosy . 

The first child , a female , had a mother who had been diagnosed 7 months 
previously as suffering from borderline leprosy and had been treated with 
dapsone 1 00 mg daily . The child had never visited a clinic before the date o f  
t h e  survey , 20 February 1 9 8 1 .  Her father was healthy . The parents stated 
that the child 's skin lesions had been present for 5 months , and examination 
revealed a number of hypopigmented macules on the back, arms and buttocks. 
A biopsy was taken from an active lesion , and the report from ALERT, Addis 
Ababa,  stated : 'There are multiple small collections of epithelioid cells , lym­
phocytes , plus a few Langhans type giant cells, throughout the mid-dermis. 
No AFB seen.  Opinion :  BT leprosy . '  

The second child , a b o y ,  also 1 8  months old , had a lepromatous father who 
had been on treatment with dapsone during the previous 1 0  years, but the 
mother was healthy . The oldest child in the family , a girl of 1 0  years , was 
found at the time of the survey to have tuberculoid (TT) leprosy. The fact 
that the mother had no leprosy excluded any question of intra-uterine trans­
mission . Examination of the boy revealed hypopigmented macules on both 
upper arms,  buttocks and legs.  He was sent to ALERT for further investigation 
where a diagn osis of borderline-tuberculoid (BT) leprosy was confirmed . 

Discussion 

In spite of the generally held view that in leprosy an incubation period of less 
than 2 years is extremely rare , we were able to find two children of 1 8  months 
suffering from leprosy out of a total of 8 1 4  patients diagnosed in the survey , 
an incidence of 0 . 2 4%. This finding emphasizes that young children under 
2 years o f  age should not be excluded from leprosy surveys in endemic regions. 
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Domiciliary and Field Work 

TEACHING F OOT C ARE 

E P Fritschi, Schieffelin Leprosy Research & Training Centre ,  Karigiri, North Arcot District ,  
Tamil Nadu, S India . 

Summary. A new approach is being made to the teaching of foot care . 
The learning of the group is in the context of the t eam involved . The emphasis is o n  

a practical and participative approach . 

Introduction 

The care of the foot is not the work of any one person in the leprosy health delivery service . 
It is essentially a team responsibility .  The doctor is required to understand the basic factors 
which bring about plantar ulceration and to recognize the different types and their treat­
ment . He must be  able to prescrib e appropriate preventive footwear intelligently and also to 
operate on feet that require simple surgical intervention .  The physiotherapy technician also 
needs to understand the factors causing ulcers and prevention .  He should be  able to treat 
uncomplicated ulcers and is normally the person in the team who gives soaks, makes assess­
ments and applies plaster-o f-Paris casts .  The third essential member of  the team is the 
shoemaker ,  often somewhat disparagingly referred to as the 'cobbler'. An intelligent under­
stand ing of his role is a very strong motivating factor in his work . 

However, the care of the foot is still probably the most neglected aspect in the treat­
ment of the leprosy patient . It has no obvious scientific attraction ,  it is not important from 
a public health angle and its aesthetic and cultural appeal is not great . 

Nevertheless, the plantar ulcer probably contributes more than any other lesion of 
neglected leprosy to a patient's mental suffering and social instability . 

In the last 2 years we have been involved in teaching the care of feet in several centres 
throughout the country . This article sets forth the pattern of teaching which has evolved . 

The learning teams 

It is difficult for a single person to introduce new activities to a programme already estab­
lished . New ideas meet with resistance on the part of  other members of one's institution.  
The plan was therefore conceived ,  of training not one member of the team, but all three at  
the same time. 

Thus from the outset participants are invited in teams. Six centres were each asked to 
send a shoemaker, a physiotherapy technician (or a paramedical worker willing to care for 
ulcers) and a doctor . 

0305 -75 1 8/83/054065 + 04 $ 1 .00 © British Leprosy Relief Association 
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As far as possible the aim is for teams to learn together, separating only to study in 
greater depth each member's particular role , for example the doctor to operate , the physio­
therapist to assess, to treat the foot and to apply plasters, and the shoemaker to produce the 
prescribed shoes. 

The teaching team 

The care of  the foot is essentially a matter of skills and for a doctor to think that he can 
teach a shoemaker to make shoes is the height of presumption.  So the logical decision was 
to involve a teacher for each topic being taught . 

This was easy when the first 2 courses were conducted in our o wn centre . We then 
experimented in other centres to which we were invited , and took to each centre a t eaching 
team ,  which consisted of a physiotherapist who was an experienced teacher, a shoemaker 
who was skilled and with teaching experience , and a surgeon.  The proposed host centre 
had been briefed in advance and supplied the necessary materials. 

All the members of the course are resident in the host centre and have their meals 
together. This serves to increase the team spirit , and to cement a relationship between 
members from the sam e centre . 

I N T R O D U C T I O N  

The first session is introductory , with each member introducing himself and stating his 
designation . 

The team leaders are asked to report on the activities in the area of foot care in their 
own institution .  The members of the teams are then asked to state their problems frankly . 
This session is conducted bilingually to encourage the shoemakers as they usually do not 
understand English . Interesting problems have emerged ,  problems of role interaction,  dif­
ficultie s in working arrangements, too many repairs, shortage of supplies ,  lack of patient 
compliance, dissatisfaction with slipper patterns offered . In some cases members of the 
same team were not aware of each others difficulties .  

S E T T I N G  O F  O B J E C T IV E S  

Course objectives are then set by the members. The following is a typical set of obj ectives 
compiled from the 5 courses so far conducted .  

I Sh oemakers should b e  able t o  (a) make 3 pairs o f  simple 'Y ' strap chappals per day ; (b) 
give instruction to patients in shoe maintenance and foot care ; and ( c) change the pattern 
of the uppers . 

2 Physiotechnicians should be able to (a) give comprehensive instruction to patients in 
routine foot care, soaks , scraping and oil massage and the home treatment of any pre­
ulcerative conditions encountered during inspection o f ' the foot ; (b) apply an average o f  
6 plaster-of-Paris boots or shoes per week;  and ( c) demonstrate for 6 patients per day the 
te chnique of  foot soaks, scrapes and oil massage . 

3 Do ctors should be able to (a) diagnose and classify all foot ulcers ; (b)  be able to perform 
the simple operation required for complicated ulcers ; ( c) correctly prescribe the appropriate 
footwear in each case ; (d)  aim at a target of an average of 45  days for the complete healing 
of all ulcers ; (e)  ensure an adequate and regular supply of materials to the shoemaker ; and 
( f) maintain statistics of the prevalence of foot ulcers in the field service so as to be able to 
evaluate the effect of a greater emphasis on foot care . 
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C O N S T R U C T I O N O F  T H E  R E C O M M E N D E D  F O O T W E A R  

In the afternoon of the first day all memb ers of the course watch while the shoemaker o f  
t h e  teaching team demonstrates o n  a selected patient t h e  full process o f  t h e  construction 
of a sandal, from measurement to assembly , fitting and fixing . 

During this time ,  informal conversation is held on the properties o f  the materials ,  
recommending their costs and availability and possible alternatives .  The attention o f  the 
group is drawn to technical points ,  and the principles of  ulcer preventive footwear, reasons 
for recommending the particular pattern chosen ,  and the essential and non-essential features. 
Many of the doctors had never seen a slipper being made and were very interested . 

D A Y S  2 ,  3 A N D  4 

These follow a standard p attern, differing slightly in timing according to the convenience 
of the host centre . 

T H E  F O O T  C L IN IC 

Here a selection of  about 1 5 -20  patients are examined by  the  doctor o f  the  teaching team 
with the whole group in attendance . (The shoemakers are only asked to attend the first 
clinic , so that they can see the procedure . Thereafter they concentrate on making shoes .)  

The emphasis is on method of  examination ,  diagnosis of  ulcer type and the treatment 
recommended , and examination of the other foot to reveal possible pre-ulcerative conditions 
such as cracks, callouses ,  blisters, 'hot spots' etc . 

From these clinics c ases are selected for demonstration of foot care techniques and 
for operations later in the day. 

L E C T U R E S  

After the clinic the physiotherapy technicians and doctors meet together. The subjects 
dealt with during the course are : 

1 .  Causes o f  foot ulceration, predisposing and direct causes,  and pre-ulcerative conditions.  
Acute neuritis and the place o f  surgical d ecompression.  

2 .  Types of ulcer and their treatment . The features of the full plaster-of-Paris boot, and 
the below ankle plaster-of-Paris double-rocker shoe,  and the indications and contra­
indications of both . 

3 .  Health education,  i .e .  teaching the patient how to care for his feet at home .  
4. Principles and features of  ulcer preventive footwear, and  indications for the  various 

ty pes. 

D E M O N S T R A  T I O N  

Each day one aspect o f  foot care is demonstrated t o  the group . The first d emonstration is 
the taking of a Harris Mat footprint . The shoemakers are included in this since it is primarily 
a test to monitor the effectiveness of the footwear. 

Other demonstrations on the following days include : technique of foot soaks, scraping 
and foot inspection ; applications of the moulded double-rocker shoe ; and motor and 
sensory assessment of the foot.  

On each day , in the afternoon , the physiotherapy technicians practise the particular 
technique that has been demonstrated in the morning . The doctors participate in the opera­
tions on the septic feet that have b een seen in the morning clinic . The shoemakers complete 
a pair of slippers for each of the two patients that have been allotted to each of them. 
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The operations demonstrated are minor, common procedures requrrmg a minimum 
of surgical skill and ritual .  They include :  Excision of ulcer and dorsal drainage,  with or 
without metatarsal joint excision ; skin grafting of  ulcers ; and exploration and laying open 
of sinus and curettage. 

During the week, as far as possible , each doctor is asked to do 2 operations.  

E V A L U A T I O N  A N D  P L A N N I N G  

O n  the last day the group reassembles . The , shoemakers show the patients the slipp ers that 
have b een made for them and the doctor and physiotherapy technician of his team inspect 
and check them . If alterations are to be made , such as corrections to straps or checking 
of the position of the arch support (by Harris Mat footprint technique) this is done on the 
spot .  

The final session is the planning for implementation . Each team spends 1 h together 
discussing their plan, which is then recorded and reported to the plenary session by the 
doctor in charge . 

F O L L O W -U P  

A full report of the course is prepared and sent t o  each participant and includes the plans 
which have been made at the final session. 

C O M M E N T  

The course is always enjoyed by the participants, many o f  whom have never considered the 
wide range of interest and therapeutic activity involved in foot care . 

I personally have reservations about the participation of doctors in the operating 
session .  Many young doctors have had a minimum of exposure to surgical technology and 
some could not even put on sterile gloves confidently and correctly . It would appear that 4 
operating sessions is not adequate .  The question arises ' Is  it better to give a little training 
than none at all? ' .  

Suggested reading 

Bauman JH, Brand PW. Measurement of pressure between foot and shoe .  Lan cet, 1 963 ; I: 6 2 9 .  
Bauman J H ,  Girling J P ,  Brand PW. Plantar pressures and trophic ulceration - a n  evaluation 

of footwear. J Bone Jt. Surg, 45B : 654 .  
Brand PW. Insensitive Feet.  Revised ed . The Leprosy Mission ,  1 9 7 7 .  London .  
Fritschi EP .  Ulcers of  the  foot in  Leprosy. Chapter XI Re constructive Surgery in  Leprosy -

Frits chi. John Wright & Sons, Ltd ,  1 97 1 ; 1 5 6 .  
Fritschi EP. The scope o f  corrective surgery in Leprosy . A Windo w o n  Leprosy E d .  Chatter­

j ee BR,  GML Foundation,  Wardha, 1 97 8 ;  270 .  
Fritschi EP , Chapter 1 5 .  Care of the  feet . Footwear for anaesthetic feet (Chapter 1 6) in  

'A Man ual of Leprosy ' Ed Thangaraj RH .  1 9 80 : The Leprosy Mission . 
Guilb ert JJ ,  Educational Handbook for Health Personnel. WHO, Offset pUblication No 3 5 ,  

1 9 7 7 :  Geneva. 
Neville PJ, 1 97 7 .  A Footwear Man ual for Leprosy Con trol Programme I & II, ALERT,  

German Leprosy Relief Association . 
Ross WF,  Aetiology and treatment of plantar ulcers . Lepr Rev 1 962a ;  3 3 :  2 5 .  
Ross WF, Footwear and prevention o f  plantar ulcers. Lepr Rev 1 962b ; 3 3 :  202 . 
Ross WF,  Maclean H. Surgery and prevention of plantar ulcers . Lepr Rev  1 9 64 ; 3 5 :  2 1 3 . 
Sreenivasan H. Trophic ulcers in leprosy . Lep India 1 963 ; 25 : 1 1 9 . 
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Reports, News and Notes 

I LEP;  Guidelines for the Campaign against Leprosy (2nd edition) 

The XIVth General Assembly of I LEP in Amsterdam adopted the English version of the 
final text o f  the Guidelines . The French version will be submitted to the Working Session 
in December 1 98 2 .  These guidelines have been drawn up by the ILEP Me dical Commission, 
in agreement with Member-Associations and various Ad Ho c Working Groups.  They are 
for the use of ILEP Member-Associations, both for the assistance of their own staff and 
for distribution, if Associations so wish, to  those with whom they are working in the field 
- whether governments, other voluntary agencies or project managers - in order to facili tate 
mutual understanding. ( Source : I LEP Co-ordinating Bureau, 234 Blythe Road,  London 
W I 4 0HI .) 

Leprosy Relief Work Emmaus-Suisse and P AHO ; project in 1 1  Caribbean countries 

Leprosy Relief Work Emmaus-Suisse and the Pan American Health Organization recently 
signed an agreement t otalling US $ 2 7 5 ,4 8 9  to assist I I  Caribbean countries to organize a 
leprosy control program. Those involved in the 3-year project include Anguilla ,  Antigua 
and Barbuda, Bahamas, Barbados, Dominica ,  Grenada, Montserrat , St Kitts/Nevis,  St Lucia , 
St Vincent and the Grenadines, and Turks and Caicos I slands.  

The long-term objectives of the project are : 
I .  To achieve control of leprosy so as t o  protect the healthy population and reduce 

the prejudices against the disease in the general population and in those affected.  
2 .  To prevent or reduce deformities , and to  detect early at least 90% of non-infect ious 

cases . 
3 .  To ensure that 1 00% of the registered infectious cases receive regular treat ment ,  

under supervision. 
4 .  To ensure that no less than 80% of the registered noninfectious cases receive regular 

treatment . 
5 .  To review patients regularly and to 'release from control ' (d ischarge) all those who 

qualify , excluding infectious cases .  
6 .  To provide each year services and facilities for rehabilitation of  approximately 5 0% 

of the cases found in that year. 
7 .  To provide short-term hospital care for patients with the acute complications of 

leprosy , who may represent about 1 0% of registered cases annually ,  and facilities 
for reconstructive surgery as necessary and feasible. 

8. To ensure the provision of appropriate instruction in leprosy control for all trainees 
in health-teaching institutions. 

0305-75 1 8/83/054069 + 03 $ 1 .00 © British Leprosy Relief Association 
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Plans for 1 98 2  include visits to each of the participating countries to assess and review 
the leprosy control programs with the national designated Leprosy Control Officer. Standard 
patient record forms (approved by the Standing Committee on Leprosy Control in the 
Caribbean) recently printed at CAREC* are being distributed to countries in order to 
facilitate both individual patient supervision and the collection of data for national pro­
gramme assessment. 

OMSLEP; recording and reporting system for leprosy patients 

This system has now been published in English and French from the Epidemiology unit 
of the Catholic University of Louvain , Brussels , with the sponsorship of the World Health 
Organization. The authors are MF Lechat , CB Misson and J Walter. The summary reads as 
follows : 
I. The OMSLEP system involves recording leprosy patients on an individual patient 

form . The information recorded summarizes the patient 's condition on detection and 
following each year of treatment . 

2 .  Two statistics forms summarize the data for all the patients detected or registered 
each year and can be  used to  evaluate a leprosy control programme . It  is possible 
to use only the statistics forms if  an individual patient form containing the required 
information is already in use .  

3 .  B y  this system i t  i s  a simple matter to calculate operational indices a t  the time o f  
detection and after detection, together with epidemiological indices,  in order to evaluate 
the performance and effectiveness of  leprosy control programmes.  The meaning of  the 
various indices is explained . It is possible to process the data by computer if so desired .  

Carville ; International Seminar on Hansen 's Diseases , September 1982 

The programme for this 7- day seminar covered clinical aspects, treatment, history and 
development of the Center at Carville ,  reactions and their treatment, pathology, micro­
biology, rehabilitation, psycho-social aspects, skin smear techniques , vocational rehabili­
tation in the field ,  occupational therapy,  orthotics,  recent progress in biomedical research, 
training and education and prospects for the next decade .  Thirty-five participants were 
listed from India , Brazil , Mexico ,  Africa , Haiti, Nepal, Pakistan,  Trinidad,  Virgin Islands, _  
Taiwan, Egypt , England and China. 

Brazil ; College of Hansenology founded 

Dr Celio Paula Motta has kindly drawn our attention to the founding of this College which 
is open to workers in the fields of medicine , biology, chemistry, psychology, anthropology , 
history, social sciences, nursing,  health education, communication - and others who wish 
to cooperate .  Apply to Rua Nascimento Silva , 1 6 /20 1 -IPANEMA-Rio de Janeiro/RJ , 
Brazil, CEP 2 2 .42 1 .  

Resignation of Dr Gordon Ellard from the Editorial Board of  Leprosy Review 

We record with regret Dr Ellard's resignation from the Editorial Board of this journal . 
His numerous contributions not only to Leprosy R e view ,  but also to a wide range of other 

* CAREC Surveillan ce Report 8 ( 1 ) :  January 1 9 82 .  
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journals , are well known to all who work in leprosy and for many years this Board has 
benefited from his immense experience, particularly in the field of chemotherapy and 
compliance to prescribed drugs. We record our sincere thanks for his many years of service ,  
not only a s  a contributor, but also in  the expert assessment of articles submitted for 
publication. 

EDITOR 

Bureau of Hygiene and Tropical Diseases , photocopy service 

The Bureau is introducing for a trial perio d a photocopy service for its readers .  Photo­
copies of most items abstract ed in the two journals , Tropical Diseases Bulle tin and A b stra cts 
on Hygiene  and Communicable Diseases , except entire pUblications (e .g. complete books) , 
can be supplied ,  provided that a copyright declaration form is completed and signed .  The 
charges for photocopies are 20 pence per page for delivery in the UK and 25 pence 
(US $ 0 .60 cents) per page elsewhere ( inclusive of delivery by air mail) . The minimum charge 
is £2 .00 (US $ 5 .00) per order. Orders should be prepaid to avoid delay . 

For the necessary form please write to : Bureau of Hygiene and Tropical Diseases ,  
Keppel Street, London we I E 7HT, England .  

Correction 

We are grateful to Drs Titia Warndorff and Wilhelm Beaumont of ALERT in Addis Ababa 
for drawing our attention to errors in the figures of the Editorial on 'Drug compliance in 
the treatment of leprosy ' and the article by Ellard et al. on 'The self-administration of 
dapsone by leprosy patients in Ethiopia' in L epr Rev  5 2 ,  Number 3 ,  1 9 8 1 .  The correct 
number of outpatients studied was 3 5 8  and the numbers quoted in the Editorial ( 3 6 8) and 
in the summary of the paper ( 2 9 5 )  are unfortunate errors .  Editor. 
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Letters to the Editor 

LEPROSY SURVEYS IN URBAN SLUMS - POSSIBILITIES FOR 

EPIDEMIOLOGICAL INVESTIGATIONS 

Sir, 

The problems and difficulties of undertaking effective surveys in densely populated 
urban areas have always intrigued me. Whilst working in Ghana the low number of leprosy 
cases registered for treatment at the Accra ( capital city) clinic caused concern to the Ghana 
Leprosy Service and considerable thought was given to the possibility of undertaking an 
urban survey in that city .  Unfortunately at the time there was neither the money or trained 
staff to mount an effective survey where a near 1 00% coverage could be assured .  

It was  with interest , therefore , that I read the  article on the leprosy survey undertaken 
in part of  Bombay and published under the above title .  Unfortunately the authors did 
not elaborate on how they obtained the 8 1  % coverage . Materials and methods were given 
only a few short lines ; whilst the whole project is summe d up in the sentence 'This study 
also shows that the slums could be surveyed , with minimum coverage of 80%, with proper 
planning and employing trained paramedical teams . '  

What would be of great interest to all engaged in  leprosy work i s  a detailed account of  
how the  teams set about their work . The planning of such a complex operation would take 
considerable time and answers to the following questions would be most useful : 

How many medical and paramedical staff were employed surveying the 8 areas? 
What census data was available to the teams? areas , districts ,  streets, houses? 
What precautions were taken to ensure that there was no duplication of examinations and 

how many examinations were undertaken by 1 team in a day? 
Was the clinical examination of those seen a full examination,  i.e. the whole body and, if 

so, how was this arranged? Were they examined in their own homes or at a central point? 
Was any attempt made to examine the missing 1 9% ?  
Was treatment already available to  the leprosy patients in  the 8 areas and how were the new 

cases channelled to the treatment points? 
Were other diseases noted? 

I am sure that a paper on this subject in the 'Domiciliary and Field Work ' section of Leprosy 
R e view would provide a good deal of interest to many of the readers . 

30 Danes Croft, 
Bridlington ,  
Yorkshire, 
Y0 1 6 5PZ 

03 0 5 -7 5 1 8/83/054072 + 06 $ 1 .00 © British Leprosy Relief Association 
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REPLY. LEPROSY SURVEYS IN URBAN SLUMS - POSSIBILITIES FOR 

EPIDEMIOLOGICAL INVESTIGATIONS 

Sir, 
Greater Bombay (district place) is a very heterogenous complex urban area ( deserving 

to be called super urban) housing a population of 8 . 2  million ( 1 98 1  Indian Census) .  About 
40% of population is believed to be  living in 840 officially known slum pockets ,  spread in 
different municipal wards. The 8 slums included in this study are situated in 2 different 
municipal wards.  No statistical sampling technique was employed .  One of the wards (part 
of H ward) has been adopted by this project for intensive leprosy control programme. The 
accurate data on population living in these 8 slums were not available from any census 
source.  The approximate size of the population was judged by contacting local lead ers or 
social organizations of each slum . Each slum was surveyed in the quickest time possible 
so as to obtain fairly valid data. Four to 5 teams were deployed ,  consisting of at least 1 male 
and female trained paramedical worker , for house-to-house surveys .  The clinical examination 
was carried out on the doorstep . Children were stripped completely , adults to  the maximum 
extent possible . Satisfactory examination of female population could be done as female 
workers were employed . Such surveys were always preceded by discussing the importance 
of case detection with local leaders and by health education programmes, like film and slide 
shows on leprosy . And even during survey coloured folders on leprosy were shown and 
facts about leprosy were explained to them . This approach induces awareness about the 
disease and encourages community participation leading to good co- operation for exam­
ination .  On average each worker could examine about 40 subjects thoroughly in about 4 h 
of actual survey period in the field . 

In spite of good co-operation from the community only about 60% of the population 
could be examined during the first visit as the male adult population were at work. However 
a minimum of 80% examination is aimed at and always could be achieved by undertaking 
absentee visits (examination of missing population) starting at a different time and even 
on holidays ; in spite of such an approach the remaining 20% of the population, mostly 
adult s ,  cannot be examined . As soon as a person was examined the date was recorded 
against his/her name and entered in a family survey form which avoids duplicate exam­
ination. 

It is interesting t o  observe that even during and after the survey, suspected cases 
reported voluntarily to the clinics . Medical teams were posted for case confirmation but 
not for initial survey programmes. Such surveys have to  be planned exclusively with trained 
paramedical workers as there is acute shortage of medical manpower for leprosy work 
and medical personnel may not be  required for routine survey. 

Once the survey was started ,  the detected leprosy cases were called to the nearest 
skin clinic established by this project right in the midst of groups of slums or a single slum . 
About 20% of cases were under treatment in different leprosy centres or at private doct ors 
in Bombay prior to their detection.  The common skin conditions like scabies , pyoderma 
and tinea etc .  which were detected during population surveys were also referred to our 
clinics for simple treatment .  In survey forms common skin diseases were alone noted,  other 
complicated medical as well as dermatological conditions were referred to nearby general 
hospitals where we run our clinics . 

With proper planning and approach with a sufficient health education programme, 
paramedical workers , including untrained workers with sufficient knowledge of leprosy , 
one can easily survey an urban slum population though certain difficulties are encountered .  
This study was undertaken only to find out leprosy endemicity in different slum pockets. 
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S i m i l a  r1y t he p o p u l a t i o n  l iving in high income flats als o could be surveyed satisfactorily 

a n d  d a t a  on t h is wi l l  form a future communicatio n .  

B O / l l h ay /, eprosy Project 

6/2 7 A mar Bh u van 

Sio /l Hast 

Bo m b ay 400 002 India 

ERYTHEMA NODOSUM LEPROSUM 

Sir, 

C R REVANKAR 

We were  interested to  read the  hypothesis by Dr Mshana, l b ut his contention that 

ENL is d ue to an imbalance o f  lymphocy te subsets is based on some statements which 

appear not to  be  well founded . 

I. 'The hallmark o f  the lesions is perivasculi tis ' .  The authors whom he quotes make 

it clear that the hallmark o f  an ENL lesion is p oly morph infiltration of  a lepromatous 

ma crophage granuloma.  Vasculitis is conspicuous in only half the lesion s ( minor involvement 

of blood vessels is a universal feature o f  inflammatory lesions) . 

2 .  'Three patients with tuberculoid leprosy . . .  d eveloped the Lucio phenomenon ' .  

This occurrence is quite exceptional and in need o f  confirmation .  

3 .  'Uveitis as  a complication of  leprosy . . .  o ccurs only during EN L ' .  Yes ,  b ut bacilli ,  

sometimes clinically silent ,  are a frequent finding. I t  i s  j ust such s mall masses of bacilli , 

or their antigenic remnant ,  whether in skin, nerve , muscle , testis , iris or else where , that 

are almost certainly p resent  at the site of ENL lesions.  However,  there is a need for further 

biopsy reports on this poin t .  

4 .  'EN L-like lesions d o  n o t  develop i n  leishmaniasis ' .  I n  cut ane ous leishmaniasis necro­

tizing reactions with polymorph in filtration are a common event ,  and as in ENL perhaps ,  

their  initiation is d ependent on a moderate parasite load , neither too high or  too low. 2 

Evidence o f  the regular p resence of extravascular immune comple xes at the site of  

ENL lesions awaits publication . But why d o  many immunologists pay so li ttle attention 

to histology? And why do they o ften appear to neglect the over-riding importance of  anti­

genic load and antigen-antibody ratios? The significance of  the latter in the d etermination 
of necrosis in mycobacterial immune comple x  granulomas is the subject in another recent 
stud y .3 

D S RIDLEY, MA RIAN J RID LEY 

Hospital  for Tropica l Diseases 

St Pancras Way, London N W I  OPE 
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The points raised b y  Drs D S  Ridley , Marian J Ridley are important, they are not in my 
view sufficient to disqualify the hypothesis . 

Perivasculitis may or may not be conspicuous in ENL lesions, but the argument is centred 
on the presence of polymorph infiltration in an otherwise chronic inflammation. So far the 
theories for this have been based on immune complexes and Arthus reaction. Immuno­
logically , however,  the ENL syndrome does not seem to be precipitated by an Arthus 
phenomenon and this is the hypothesis . 

The role of antigenic load and antigen -antibody ratios is difficult to assess but must 
be seen in the context of all the immunological disturbances seen during ENL. Once this 
is done deposition of complexes or activation of the complement cascade in situ , secondary 
to a delayed type hypersensitivity ,  b ecomes a real possibility. The complexes can then 
regulate the local reaction and thus perpetuate a pathology initiated by a different mech­
anism . Immune complexes, therefore, have a role to play in ENL, but the argument put 
forward in the hypothesis is that these complexes are not the initiating factor. 

Incidentally , while not offering direct evidence for the hypothesis , we have recently 
found that together with other immunological disturbances , there is an increased level of 
Natural Killer (NK) cell act ivity during ENL (Converse P ,  Humber DP,  Mshana RN , 
Belehu A, in preparation). These NK cells are known to be stimulated by Interferon (IFN).  
While the role of  these cells in the pathogenesis of  ENL is not yet clear, it is  of interest 
to note that IFN has recently been reported to abrogate Suppressor T cell response of 
delayed type hypersensitivity in animals . 1 If this is true also for human beings it is quite 
possible that the increase in NK cell activity in ENL is mediated by an increase in IFN 
which at the same time reduces suppressor cell activity . We are in the process of assaying 
IFN levels in the evolution of ENL. 

Taken as a whole , ENL can only be explained in full by evoking an initiation phase 
which is most likely to be a cell mediated response , and a secondary perpetuation phase 
which might involve immune complexes . 

A rmauer Hansen R esearch Institute 
P. O. Box 1 005 A ddis A baba 
Ethiopia 

Reference 
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RELAPSED LEPROMATOUS LEPROSY IN KOREA; OCCURENCE OF MULTIPLE 

SMALL 'UMBILICATED ' LESIONS OF BORDERLINE TYPE 

Sir, 

During the past 2 years a total of 20 lepromatous cases in relapse have been seen in this 
Institute. All had received dapsone as monotherapy in the past , the total period of treatment 
varying from 7 to 30 years with a mean of 1 8  years . On mouse footpad t esting , 6 cases have 
been confirmed as resistant to dapsone : at levels of  0 . 0 1  % in 2 cases , at 0 .00 1 % in 1 case and 
at 0 .000 1 % in 3 cases .  According to the patients '  account no anti-leprosy drug other than 
dapsone had ever been taken . The other 1 4  cases await the results of mouse footpad testing . 

Figure. Mult iple,  bilaterally , symmetrical lesions : raised ,  red or pink, with central 'dimpling' 
or umbilication. The area photographed includes the upper left butto ck together with part 
o f  the loin and lumbar region.  

In 5 cases ( 2 5%) the clinical maifestations on the skin were unusual, not only for relapse 
cases  in this country but for any pattern of leprosy , treated or untreated ,  as seen here. The 
skin lesions ( Figure) consisted of multiple , bilaterally symmetrical lesions of  approxim ately 

1 - 2 cm diameter,  raised ,  red or pink, and with central 'dimpling' or umbilication. Whilst 
appreciating that som e  of these resemble lesions with the 'punched-out' centres of mid­
borderline (BB)  leprosy on the Ridley-Jopling scale ,  their large number, small size and 
bilateral symmetrical d istribution are unusual and do not correspond to published accounts 
of  patients with lepromatous leprosy who are known to relapse with features of borderline 
leprosy . 

The purp ose of this letter is to draw attention to yet another form of  leprosy , as seen in 
Korea, which appears to be associated  with dapsone resistance and relapse . Perhaps similar 
findings will be encountered in other countries and ethnic groups.  

Institute for Leprosy Research 
Korean Leprosy Asso ciation 
A nyang P. O. Box 2 7  
Kyeo nggi-do 
Republic  of Korea 

DO-IL KIM 
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PRIMARY DAPSONE-RESISTANT PAUCIBACILLARY LEPROSY I N  ZAIRE 

Sir, 
Primary dapsone-resistant leprosy has been documented 1 in a case of BT leprosy regres­

sing into a BL form of the disease, when My cobacterium leprae could be isolated in mouse 
foot pads and dapsone resistance proven. In view of the increasing prevalence of secondary 
dapsone resistance, more cases of primary dapsone resistance can be expected .  Where 
secondary dapsone-resistant leprosy develops only in multibacillary forms of the disease , 
primary dapsone-resistant leprosy may be expected to occur in all forms of the clinical 
spectrum of the disease . 

We observed 2 cases of primary resistant paucibacillary leprosy in Zaire . 
The first patient is a boy, 8 years old , who had BT leprosy since the age of 5 and was 

treated with DDS 1 00 mgjweek.  New lesions continued to appear under this treatment.  
In January 1 9 80 supervised treatment was commenced with a single dose of rifampicin 
30 mgjkg and clofazimine 200 mgjweek, given for 5 months. Later on the patient was given 
dapsone again by a nurse, without our knowledge. During the following months, the disease 
progressed .  The patient was hospitalized ,  a skin biopsy confirmed the diagnosis , and then 
received a supervised course of dapsone , 50 mgjday for 3 months without any regression of 
the lesions. He was then treated with 8 weekly supervised doses of rifampicin , 22 mgjkg. 
During the next months there was steady improvement of the lesions. The boy lived with his 
mother, a known lepromatous patient ,  clinically suspected of secondary dapsone resistance . 

The second case is a girl , now 1 3  years old .  Because her mother had lepromatous leprosy 
the child was given dapsone prophylaxis, 1 00 mgjweek at age 6 .  A year later she developed 
BT lesions on her back and dapsone dosage was increased to 200 mgjweek. The disease 
progressed . Thiambutasine 3 X 2 5 0  mgjday was added for 1 8  months with only slight 
improvement. The girl was hospitalized ,  a skin biopsy confirmed the diagnosis, while she was 
given a supervised course of dapsone 50 mgjday for 4 months. No clinical improvement 
resulted .  Eight weekly supervised doses of rifampicin , 1 7  mgjkg, were administered ,  resulting 
in a spectacular change in the lesions which nearly disappeared within 2 months. In this 
second case , the patient's mother also has clinically secondary dapsone-resistant lepromatous 
leprosy . 

The practical importance of primary dapsone-resistant paucibacillary leprosy is the 
difficulty of diagnosis . Isolation of the bacilli cannot be performed and only lack of improve­
ment under supervised sulphone treatment and quick regression of the lesions after adminis­
tration of the bactericidal drug rifampicin2 allows to make a diagnosis. 

Hopital Museniene, 
B.P. 306, 
Bute mbo, Zaire 
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Book Reviews 

T he following translation from the original publi­
c ation in German was made by a medical stu d ent 
from Muenster during a period of clinical training 
in Oxford ,  September 1 9 8 2 . Editor 

D as M y ko b akterium Leprae Und D ie M e senchym ­
reaktion D e s  Integumentes B e i  Lepra Lepromatosa 
Und Interpolarer Lep ra ( M y cobacterium leprae -
M e se n ch y mal Reaction of the Skin in Lepromatous 
and D imorphous Leprosy) , b y  M Bierther,  E M  
L e m m e l ,  KF S ch aller , D Schran z .  Ernst-Roden­
waldt I nstit u t e ,  Koblenz.  I n  coo p eration with the 
German Leprosy Relief Asso ciatio n .  4 1 -p age 
monograp h ,  p aperb a c k ,  illustrated wit h  7 2  electron 
micrographs, 1 9 7 8 .  

T his stu d y  aim s t o  c orrelate d ifferent st ructural 
appearance s  of Mycobacterium leprae wit h the 
clearly d istinguishable m ese n chymal reactions of 
the skin in le pro m atous and d imorph ous le prosy by 
e lectron microsco p y .  Additionally , the authors 
discuss the morphologically distinctive basic mech­
anisms of the anti-infectious response . 
T h e  m ain head ing s are as follows : 1 .  S it e s  and fine 
stru cture of leprosy b a cilli ,  and 2. M ese nchymal 
reaction of the skin : in the e x udative phase ; in the 
phase of bacterial phagocytosis and digestion ; in 
the phase of circu mscrib e d  granulomatous reaction. 

T h e  wor k is based on the electron micro­
sc o pical examin ation of skin b io psies taken from 6 
untreated p atients wit h lepromatous leprosy and 3 
untreated patients wit h dimorphous leprosy. D iag­
nosis was c onfirmed b y  clinical examination and 
hist opatholog y .  

The bio psies were p re -fixed for 4- 1 2  h 
wit h  5% gluta rald ehyde in 0. 1 M phosphate or 
cacodylate b uffer ( p H  7 .2) ; sent to Koblenz in the 
b uffer ; fixed wit h  2 % O s0 4 and 1 %  K2 C 2 0 7 solu­
tion ; d e hy d rated in alcohol and then embedded in 
d u rcupan after 1 2 -2 3  days.  B e cause this method 
renders the nucleus-equivalents o f  the bacilli 
invisib le , the biopsies of 3 p atients were fixed in 
1 % OS0 4 so lution plus 1 M CaC 2 immediately after 
taking . 

D u ring the following d e hy dration in the 
increasing alcohol series the uranyl contrast 
methods of Wohlfarth- Bottermann in 70% alcohol 
was used . The fin dings can be summariz e d  as 
follows : 

1 .  Sites and fine struc ture of dividing and resting 
leprosy bacilli 

M. leprae was dete cted on the skin surface in 2 
cases, in 1 c ase it could be found in the orifice o f  
a skin a p p endage a n d  i n  all c ase s i t  was p resent in 
the corium, intra - as well as extr acellularl y .  

I n  lepromatous le prosy the b acilli were 
predo minantly rod-shaped , whereas in dimorphous 
leprosy m ainly bigger forms wit h invaginations o f  
the cytoplasmic membrane, vacuoles a n d  m e m brane 
b o dies in the cytoplasm could b e  see n .  The nucleus 
equivalents show a reticular pattern o f  the DNA, 
which lies in an electron-dense nu cleo pl asm . The 
nucleo plasm is conne cted wit h the cyto plasmic 
membrane t hrough the cytoplasm b y  numerous 
channels. 

2.  Mesenchymal reaction of the skin 

Morphological changes of capillaries and their 
in volvement in the cellu lar defense against the 
leprosy infection. The endot helial cells show an 
increase in volum e ,  enlargement of their nucleus 
and d isint egration of the cellular asso ciatio n .  T he y  
can p rotrude into the vessel a n d  obstruct i t s  lume n .  
T heir c y to plasm cont ains numerous morphologi­
cally d ifferent vacuoles containing leprosy b acilli, 
which appear to b e  struc turally unch ange d .  Some 
biopsie s show rupture of the cyto plasmic mem­
b rane and release of M leprae int o  t h e  cap illary . 

Similar changes can be se en in the adventi­
tial and smooth m uscle cells of the vessels. This 
p ro cess leads to d estruction of th ese st ructures ; 
finally only remains of endot helial and smooth 
muscle c ells are fou n d .  In the periphery, fibroblasts 
produce amorphic b ase -substance and collagen 
fibrils which p u sh forward towards the former 
vessel centre . 

Morphology, activity and phagocy tic capacity of 
macrophages and their failure to digest M . leprae 
in the exudative phase. Big macrophages with the 
t yp ical morph ological signs o f  increasing activation 
(in crease in number of lysosomes,  ergast oplasm 
profiles) are the p redo m in ant cell t y p e .  T heir 
caryoplasm shows c h aracteristic spherical inclusions 
which might reflect the functional changes o f  the 
nucleus due to the presence of leprosy bacilli . 
Pre condition for the endocytosis of M. leprae is a 
close contact b etween the b a cillus and the m acro­
phag e  which c a n  o ccur o n  the whole surface.  T h e  
mycobacterium g e t s  surrounded b y  a n  ingestion 
vacuo le which is subsequ ently taken into the 
cytoplasm. T he b a cilli a p p ear to be complet ely 
unalte red , they are even able to multiply them­
selves and get into the interstit ial space after 
destruction of the macrophage. The d igestion of 
M. leprae is accomp anied by a m arked change in 
the cellular p icture. 

A ppearance of lymphoid cells-phase of increased 
phagocytosis and digestion. S mall lymphocytes 
which were ab sent d uring the exudative ph ase 
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can easily be detected.  T hey se e m  to leave t h e  
capillarie s t rans-e ndot helially . T he y  t a k e  u p  appo­
sit ional contact with t h e  m acroph ages, indenta­
t ions can actually be see n .  At t his st age t h e  m a cr o­
phages are charact eri zed by inte nsive d igest ive 
processes. Primarily the cell wall remains intact 
whereas the cyto pl asm shows m arked fea t u res of 
destruction (osmioph ilia) . Finall y ,  b a cterial cell 
wall rest s can be found in the vacuoles. In t h e  
meantime laminated memb rane convolutions indi­
cat e macrop h age degeneratio n .  

These proce sse s p o int out a mu tual d epen­
d ence ; the direction of flow o f  information how­
eve r ,  cannot be det ected . 

Appearance of mast-cells, amyloid depositions and 
giant cells. Apart from macrophages, some mast 
cells can be d etecte d ,  especially near vessels close 
to the epidermis. C haracterist ic featu res are lyso­
some-like inclusions which can b e  stained wit h 
Pb -citrate and therefore are easily distinguishable 
from m acrophages. Add itio nally they do not 
contain b acilli.  C lo sely under the e p idermis lie s  a 
homogenou s  hy aline substance,  presumably amy ­
lo id . It may be the product of p ermanent exposi­
tion of antigen p roducts of leprosy b acilli to 
imm une competent plasma cells.  

Finall y ,  a few giant cells which c an b e  poly­
nuclear and show bacterial in clusions were detected _ 
Th eir number seems to correlat e wit h the inte nsity 
o f  the in fection. 

Epithelioid- and gian t-cells as a fea ture of the phase 
of circumscribed granulomatous formation in 
dimorph ous leprosy. Ma crophages are again the 
predominent t y p e  of cell.  Addit io nally to the 
p reviously describ ed mesench y m al reactio n s ,  how­
ever, areas of macro p h ages forming a granu loma 
can b e  see n .  T he granuloma is surrounded b y  a 
macroph agic infiltrat e .  T h e  macro phages lie along 
t h e  collagen fib res of the connective tissu e which 
is slightly oed ematous. They contain le prosy 
bacilli and brea kdown products and surround nerve 
fib res, lymph- and b loo d -vessels. 

In the granuloma no p h agocy tosis could b e  
d emonst r at e d .  The membranes o f  adjacent m acro­
ph ages show indentations. I nsid e the granuloma 
lie b ig epit h elioid cells which still  show close 
relationship to macrophages. O n  the other hand 
they have a differently structured chromatin­
patt ern of the nucleus and a remarkably high 
number of mito chondriae , which is a n  obvio us sign 
of inten sive metabo lism . Ad d itionally , m a ny 
organelles wit h  a secret ory fun ction are present 
which could b e  invo lved in a synthetic process. T h e  

authors sugge st that foreign subst ances, which a r e  
produced b y  the chro ni c  st imulu s, could b e  taken 
up from the interst it ial space , metaboli z ed and 
detoxifie d  and released as less toxic products 
which wo uld imply a protective fun ction. 

In summary. The stu d y  confirms that the killin� of 
bacilli depends o n  cellular d efence mech anisms. 
However, it does not explain t he initial reactions 
caused b y  M. leprae. Although it d e scribes the 
m y cobacterium in different p h ases, a coherent 
description of the structu ral changes of M. leprae 
is st ill missing. N evertheless ,  this st ud y covers t h e  
morphological c hanges a n d  reactions o f  the s k i n  in 
lepromatous and d imorphous l e prosy at electron 
microsco pe leve l in det ail and it should b e  of great 
value as a work of reference to researchers in t his 
field . 

M W A HENT Z E  

Tuberculosis i n  Children b y  F.J. W .  Miller, Pu blished 
by Churchill Livingstone 1 982. Price £8. 00, 2 9 4  p p  

This is a paperback,  1 4  b y  2 1  c m ,  and includes an 
extensive index. It is produced in the series 
" M e dicine in the Tropics ". Part I is devoted to 
Basic Facts - 1 Evolution of the primary infection 
with Mycobacterium tuberculosis, 2 Tuberculin 
sensitivity and the tuberculin test , 3 Epidemiology 
of tuberculosis, 4 B C G  vaccination , a n d  5 Control 
of t u berculosis . Part II describes Clinical Manifes­
tations under the following hea dings - 6 The 
recognition , diagnosis and treatment of tuberculosis 
in children ,  7 Intrathoracic tuberculosis and 
miliary sprea d ,  8 Oral and alimentary tuberculosis , 
9 Tuberculosis of the skin, 1 0  Tuberculosis of e y e  
and conjunctiva , 1 1  Superficial tuberculous 
l y m p ha denitis , 12 Tuberculosis of the central 
nervous system , 1 3  Tuberculosis of bones and 
joints , 14 Tuberculosis of genital tract a n d  breast , 
1 5  Tuberculosis of the renal tract,  1 6  Tuberculosis 
of liver , spleen,  haem opoietic system and adrenals, 
1 7  Congenital tuberculosis and infection early in 
infant life , 1 8  Tuberculosis in immigrant children 
in the United Kin gdom , 1 9  Non-tuberculous myco­
bacterial infections, 2 0  Tuberculosis in animals. 
The a p p e ndices include information on the 
examination of gastric contents for AFB, laryngeal 
swa bs, staining of M. tuberculosis a n d  other acid­
fast bacilli ( Ziehl-Neelsen method), and the exam­
ination of c.s .f. for A F B .  There are many pages of 
referen c es and a very full i n d e x .  This  boo k i s  
superb value a n d  should b e  on the shelves of all 
dealing with tuberculosis in children and adults.  
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SEGGIE J & GELFAND M ( 1 982)  Renal 

amyloidosis, a complication of tuberculoid 

leprosy and plasma cell dyscrasia : case 

reports of three patients .  The Cen tral African 
Journal of Medicine 28 ( 5 ) , 1 05 - 1 1 0  

The authors d escrib e 3 major categories of 
amyloidosis , the first associated with im­
munocytic dyscrasias,  the second compli­
cating chronic infections and certain neo­
plasms, and the third occurring as a heredo­
familial disorder .  Renal amyloidosis may 
occur in all 3 .  Case histories are given of  
3 adult African males presenting with 
classical features of nephrotic syndrome 
secondary to renal amyloidosis. 

The first patient had been diagnosed 
as a case of tuberculoid leprosy 7 years 
previously , and initially had received treat­
ment with dapsone. On admission he had 
gross signs of neglected leprosy - damaged 
cranial nerves ( 5th and 7th), bilateral inter­
stitial keratitis , anaesthesia and severe 
clawing of all 4 fingers of both hands, and 
ex tensive neuropathic ulceration of both 
feet . Stool examination revealed ova of  S. 
mansoni. The second patient had Bence­
Jones proteinuria, and bone marrow biopsy 
confirmed a plasma cell dyscrasia . A rectal 
snip contained ova of  S. manso ni and S. 
htiemato bium. The third patient also had 

Bence-Jones proteinuria but the cause of 
the renal amyloido sis was not established . 
An immunocytic dyscrasia was suspected . 

The authors question the view that 
amyloidosis is a singularly rare disease in 
Africans, for in their experience it accounts 
for 3 % of  adult African patients with nephro­
tic syndrome compared with a figure of 7% 
in  the UK. They comment that amyloidosis 
is not known to complicate tuberculoid 
leprosy but has an incidence of 6 - 8% in the 
lepromatous type.  Reviewer 's Co mments. In 
describing the first patient in this series 
there is a statement that 'the ravages o f  
tuberculoid leprosy were all t o o  readily 
apparent ' .  However, a diagnosis of tuber­
culoid leprosy cannot be sustained on the 
evidence , for deposition of  leprosy bacilli 
in both comeae and widespread fibrotic 
damage to nerves supplying face, hands and 
feet , are pathognomonic of late-stage lepro­
matous leprosy .  My conclusion is that this 
patient 's leprosy was borderline-tuberculoid 
(BT) when he was seen 7 y ears previously , 
and in the absence of  adequate treatment , 
or because o f  dapsone resistance, his disease 
downgraded to subpolar lepromatous ( LLs). 
Hence, contrary to the title of  this paper, 
renal amyloidosis occurred as a complication 
of lepromatous leprosy . 

W H JOPLING 
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