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Editorial 

PRIMUM NON NO CERE,I T H E  ETH I C S  OF T R I A L S  
O F  L E P R O S Y  C H E M O T H E RAPY 

I t  has always been m y  view that the de-mand that the physician does no harm applies t o  the 
chemotherapy of leprosy as to every other area. This communication has been stimulated 
by two recent events. In response to a paper2 describing a trial of combined 
chemotherapy, in which one of the regimens included pyrazinamide, a drug previously 
shown3 to be without effect against Mycobacterium leprae-infection of mice, I discussed,4 
' the injunction [emphasis added] against the use in patients of drugs not already shown 
effective in mice . . .  '. My discussion elicited a response,s  in which the writer, who had not 
been involved in the original paper, objected strongly to my use of the word 'injunction' . 
After permitting me to defend my choice of words,6 the editor declared the issue closed . 

The second event that moved me to produce this communication was my participation 
in a recent international meeting, at which mention was made of two ongoing clinical 
trials: one in which an inhibitor of dihydrofolate reductase, which had previously been 
shown to be ineffective in M. leprae-infected mice, was administered both alone and in 
combination with dapsone or dapsone + rifampicin; and the second involving rifampicin 
and isoniazid, a drug previously shown3 to be ineffective in mice, together with a 
commercially available combination of a long-acting sulphonamide with a dihydrofolate 
reductase inhibitor. The ethics of these trials were not discussed. 

According to my understanding, developed when serving on several committees 
concerned with the ethical aspects of clinical research, the ethics of experimental 
chemotherapy in man revolve about two primary considerations: the freely given and 
informed consent of the subjects; and a judgement with respect to the relative weights of 
potential risks to the subjects participating in the study, and potential benefits to the 
individual and to society. Although the requirement to obtain the subject's informed 
consent has been dealt wtih extensively elsewhere,? much remains to be said with respect 
to the issue of risk vs benefit. 

Administration of any drug imposes risks of toxicity and other side-effects, known or 
unexpected .  Of this, everyone is aware, and all acceptable clinical trial protocols contain 
provisions for periodic interviews, clinical examinations, and laboratory procedures that 
are intended to obtain evidence of any undesirable effects of the drug before these have 
become clinically apparent. Perhaps a less obvious risk is that inherent in withholding 
established treatment. Once the efficacy of dapsone in the chemotherapy of leprosy, or of 
isoniazid in the chemotherapy of tuberculosis, had become established, it was no longer 
ethical to include in clinical trials groups of subjects to whom only placebos were 
administered. Similarly, because of the striking efficacy of rifampicin,  the THELEP 
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Scientific Working Group recognized that it would be unethical, in the trials of combined 
chemotherapy then being planned, 8 to include a control regimen of dapsone monotherapy. 

Obviously, risks are relative, and must be carefully weighed against the benefits 
expected . The patient with leprosy may certainly expect to benefit from participating in a 
clinical trial, and, therefore, may ethically be exposed to the risks inherent in the trial of 
any new drug, including that resulting from the withholding of drugs of proven efficacy, 
should this be required . At the same time, it is incumbent upon those responsible for the 
trial both to minimize these risks and to maximize expected benefits . These requirements 
require elaboration. 

The risks of exposure to a new drug and the withholding of established treatment may 
be reduced by minimizing the numbers of patients involved in the trial, the duration of the 
exposure to the new drug, and the period during which the proven drugs are to be 
withheld . To measure the efficacy of a new bactericidal drug, it may be deemed necessary 
to administer it as monotherapy to patients with previously untreated multibacillary 
leprosy. In such a case, the risks to patients may be minimized by recruiting the minimal 
number of patients-approximately I O--required to yield a reasonably precise measure 
of the rate at which M. leprae are initially killed, and by minimizing the duration of the 
monotherapy. If, for example, the drug is expected to exhibit bactericidal activity similar 
to that of rifampicin, it need be administered for no longer than I month, measuring the 
proportion of viable organisms within several days of the first dose, and at weekly 
intervals thereafter. 

To place patients at risk in a clinical trial so inappropriately designed that no possible 
benefit can result is clearly unethical; unavoidable risks must be balanced by certain 
benefit. Yet, it is debatable how often the capability of a given trial-design to yield 
meaningful results is considered as a component of the benefit to be expected . Take, as an 
example, a field trial of a new regimen, in which the endpoint is to be relapse or failure to 
relapse. In designing the THELEP field trials at Karigiri and Polambakkam, the numbers 
of patients to be recruited were determined only after decisions had been taken with 
respect to the rate of relapse expected and the degree of precision desired . It became clear 
that a minimum of 400 patients was required per regimen, if we wished to be able to 
distinguish between relapse rates of I % and 2% per year, with an alpha error of 0·05 and a 
beta error of 0·20. Clearly, to have allocated fewer patients per regimen, in order to test 
more regimens among a limited number of patients, might have resulted in an 
inconclusive trial, i .e ,  the patientg would have been placed at risk without the possibility of 
benefit. 

A similar case was that of the disposition of the patients who had been recruited into 
the THELEP controlled clinical trials at Bamako and Chingleput, once the 2 years of 
treatment had been completed .8 At that time, there was considerable interest in observing 
these patients during an additional period without treatment. Regretfully, however, the 
Steering Committee decided that, on ethical grounds, it could not support such an 
additional study. Although it felt that it might be acceptable to follow, without additional 
treatment, those patients who had been treated by I of the 2 'maximal' regimens­
rifampicin + dapsone + clofazimine or prothionamide administered daily for 2 years, the 
same could not be held to be true for those patients who had been treated by the 'minimal' 
regimen-a single large initial dose of rifampicin followed by daily dapsone for 2 years . 
Even more important, however, was the recognition that, because the endpoint was to be 
relapse, the numbers of patients involved (2 1 5  patients distributed among 6 regimens) 
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were so small that the follow-up study was unlikely to yield information of any value . 
Thus, no benefit could be expected that would justify the expected risk , particularly to 
those patients who had not been treated by a maximal regimen . 

The injunction against the use in man of drugs not already shown to be effective 
against M. leprae in mice should be understood in this context. More than once in the 
recent past, considerable effort has been invested to justify clinical trial of a drug that was 
shown not to be effective against M. leprae in mice. The arguments advanced in favour of 
trying the drug, despite the lack of activity in M. leprae-infected mice, have included the 
compelling need for new drugs, and the logic of employing a drug with a given mechanism 
of action. 

Whenever a new antimicrobial is to be tried, especially if it is to be administered alone, 
not only must the toxic potential of the drug be considered, but also the possibility that the 
drug will prove not to be effective, at the same time that established therapy is withheld.  
That a drug wil l  prove not to be effective in the chemotherapy of leprosy appears 
particularly likely in those cases in which the drug has been demonstrated to be without 
effect against M. leprae in the mouse. 

That the drug was shown to be inactive in mice has been attributed to shortcomings of 
the M. leprae-infected mouse as a test system. That the mouse footpad system possesses 
shortcomings is without question. However, these may not simply be assumed, but must 
be demonstrated in the case of a drug which ought logically to be active against M. leprae, 
but is found inactive . In any event, for the reasons noted above, and in the absence of a 
widely accepted substitute for the M. leprae-infected mouse, proceeding to clinical trial in 
the absence of evidence that a drug is active in the mouse cannot be considered ethical .  
The interested investigator could better, and more ethically, employ his skil ls in the search 
for an explanation of the unexpected failure of a drug to be active . In fact, such a search 
may itself yield important information. 

Department of Dermatology 
Hadassah University Hospital 
Jerusalem, Israel 
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Editorial 

MANA G E M ENT OF P LANTA R U L C E R S­
T H E O R Y  O R  P R A C T I C E? 

Introduction 

Nerve damage and its complications are the major causes of stigma in leprosy, caused by 
reaction against Mycobacterium leprae in the nerves. I -3 Solid staining bacilli can be found 
in trunk nerves long after completed leprosy treatment.4 Reactions cause reversible or 
irreversible, partial or total nerve damage.3,5 

Damage in trunk nerves of the extremities causes impairment of sensory, motor and 
sudomotor function of the hands and feet. Loss of sensation deprives the extremities of 
protection against injuries, causing ulcers and septic conditions that lead to deterioration 
of the limbs, and result in severe physical and social disability. 1 ,3 

Neuritis and its consequences are preventable but, in spite of this, leprosy patients are 
still suffering from ulcers . There are programmes where 50% or more of all new patients 
are reporting with a WHO disability grade of I or more.6-8 

Ulcers and ulcer care constitute a large problem in the management of leprosy. In 
leprosy hospitals the maj ority of beds in surgical units are occupied by ulcer cases. Beds 
utilized for preventive surgery are comparatively few. 

During the courses in ulcer management at ALERT (All  Africa Leprosy and 
Rehabilitation Training Centre), we teach that if we know why, how and when ulcers are 
formed, how ulcers heal and what prevents some ulcers from healing, we can know how to 
prevent and treat them. 

The prevalence of ulcers in leprosy programmes evokes some questions: 

Do the workers in leprosy management have enough knowledge about the pathome­
chanisms of ulcer formation to prevent and treat ulcers? 

2 Has recent research contributed essential knowledge to our understanding of 
prevention and treatment? 

3 Are present treatment programmes adequate? 

Why are ulcers formed? 

It is well understood that loss of sensation of a sole of the foot allows various types of 
trauma to attack the foot unnoticed . I 

Sensory testing helps leprosy workers to identify cases at risk of suffering ulcers .9- 1 1  

188 0305-7518/93/064188 +  I I  $01.00 © Lepra 
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Such tests have to be performed in the field, where the patients are. Consequently they 
have to be simple and repeatable .  

Threshold values for light touch are  measured with nylon filaments calibrated to bend 
at specific weights. 1 2 Patients not responding to a l O-g filament are more likely to get 
ulcers . 1 3, 1 4 Some normal feet are not able to feel the l O-g filament, especially in the heel 
area. 1 5 

The qualities of sensations that are needed to protect a foot from injuries are not fully 
understood. Vibration perception threshold studies, using fixed frequency and varying 
amplitudes, have shown that patients with disintegration of the tarsal bones have more 
severe impairment of vibration sense in affected feet than in the contralateral unaffected 
feet. 1 4, 1 6  In some ongoing studies of the restoration of plantar sensation, patients are 
reporting returning sensation as an awareness of the ground they are stepping on, 
qualities of sensation for which it  seems to be difficult to design a simple and repeatable 
assessment. 1 7, 1 8  

How are ulcers formed? 

Mechanical factors cause ulcers on hands and feet .  In the absence of a protective 
sensation patients injure themselves .  A range of mechanical forces from approximately 50 
g/cm2, closing the capillaries and causing ischaemic ulcers, to above 80 kg/cm2, causing 
penetration of the skin, is in action.  I 

The most common force is the repetitive moderate stress caused by normal walking, 
which ranges from 2 to 5 kg/cm2. Occasionally, the mechanical stress may reach peak 
pressures above 5 kg/cm2, especially when feet are unprotected and deformed. During 
normal walking a foot experiences about 725 impacts per km. 1 9 A person who has 
sensation will immediately react with discomfort and pain on overload and alter his/her 
pattern of walking or take a rest .  If that person or people around him are unaware of and 
do not look for physical signs of overload, damage may happen unnoticed. Consequently, 
awareness and physical examination must compensate for loss of sensation.  It seems 
difficult to create this understanding and make a patient practice what he should have 
learnt. 8,20 

Penetrating objects and burns are examples of direct trauma. I Classical examples are 
stones in a shoe or penetrating thorns . Exposure to low heat over a long time can cause 
severe burns. Walking barefoot on hot stones or riding in a lorry, with the feet on top of 
the gear box, are typical causes .  Blisters, the size of the whole sole, may be the result .  

Ischemic ulcers are mainly caused by tight shoes, shoestraps or bandages. I Al l  that is 
needed to cause damage is  very low pressure over a long time. New footwear and wrongly 
applied bandages and splints are typical causes .  

Leprosy patients may not feel pain when they step on infected ulcers . I Infection is 
spread to deeper tissues causing the involvement of bones, joints and tendon sheaths, loss 
of tissue and mobility . 

Where are ulcers formed? 

The distribution of ulcers depends on mechanical factors . 1 ,2 1 A leprosy worker 
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understanding this will be able to identify risk factors and give proper advice to patients at 
risk . 

Fortunately three out of four ulcers occur on the forefoot. Ulcers on the lateral part of 
the sole and under the fifth metatarsal base and on the heel have a high risk of severe 
complications. 

Several methods are available that evaluate the pressure points under the sole, but 
only the Harris mat is usable under field conditions.22 The rubber mat, with ridges of 
different heights, gives a footprint on a piece of paper, where higher pressure is registered 
as a deeper colour. The Harris mat can be applied on top of differing walking surfaces and 
be cut to fit the inside of shoes. The equipment, consisting of the mat, a rubber roller, 
stamp, ink and some paper for printing, is easy to carry in the field . 

Dynamic and static foot pressure has been studied in insensitive, neuropathic feet, 
using pressure transducers, barographic images, and image-processing systems which are 
sometimes microprocessor-controlled . 23-3o Some authors27 claim that the measurement of 
vibration perception threshold alone (considered a bedside method) may be useful in 
identifying patients who are at risk of suffering from ulcers . Foot pressure studies are used 
to determine the specific areas that are at risk of developing ulcers . Unfortunately these 
methods are not usable in the field. 

Modern computerized methods that produce graphic displays of position and 
magnitude of pressure under the sole as well as the position in and proportion of the 
stance phase are now available. They increase our understanding of dynamic forces 
during walking. Some authors claim that such investigations provide information about 
structural changes, e.g. in the metatarsal heads or tarsal bones, and can be helpful in 
guiding orthopaedic surgeons to sui table early corrective action. 23,24 Peak pressure studies 
give valuable information in the design of protective footwear .24,25,28 

Studies that give us a deeper understanding of the dynamic forces causing tarsal 
disintegration and allow us to identify risk factors or very early signs of deterioration are 
welcome. 1 6,30 Our present experience is that once the process of deterioration has started it 
is difficult to stop. Tarsal disintegration condemns a leprosy patient to wear special 
footwear for life .  Such patients often have to have amputations.62 

How do ulcers heal? 

Tissue damage heals by scar formation. Primary healing leaves a minimum of scar. 
Secondary healing leaves a bulky and hard fibrotic lump of a scar. Tissue from the sole of 
the foot, the palm of the hand, the pulp of the fingers and toes is unique and difficult to 
replace. Loss of tissue in the heel is serious. The forefoot has some wider margin for tissue 
loss. Tissue loss must be kept to a minimum . 1 ,2 1 , 3 1 -33 

Factors preventing healing are infection, sequestra, insufficient immobilization, poor 
circulation, tension in tissues due to atrophy and scars, and foreign bodies. Such factors 
also influence the quality of scar. To our knowledge, the healing ability in leprosy patients 
is not impaired .33 Can healing be accelerated? Electrostimulation has been tried for many 
years . Studies indicate that high voltage stimulation and low intensity direct current 
stimulation of decubitus ulcers does accelerate healing.34,35 

Many 'healing agents' have been suggested, but it causes confusion among leprosy 
workers to claim superiority of a specific agent and deflects them from the essentials in 
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ulcer care-i .e .  keeping ulcers clean and immobilizing the ulcerated feet. One author33 
emphasizes that special topical agents add nothing essential to ulcer care . Ulcers usually 
fail to heal for lack of attention, not for lack of a specific topical agent. 

Antibiotics are overused . Many of the strains found in ulcers are resistant to our 
common antibiotics . 36-39 Widespread and indiscriminate use of antibiotics only adds to 
the number of resistant strains and very little to the treatment. Very few cases really need 
antibiotics. Antibiotics are necessary only in cases who show general signs of a septic 
condition. Antibiotics should never be a substitute for surgery or general basic care. 

The majority of patients with plantar ulcers are not hospitalized but in their own 
homes . Consequently the time and money currently being spent on developing more or 
less fancy remedies should be spent on developing and teaching home care . 8-I O 

How can ulcers be prevented? 

Prevention of ulcers begins with early case detection, a team work that involves everyone 
from the leprosy control manager to the health worker, the physiotherapist and the 
surgeon.  

A formula that emphasizes that the prevention of disability is a concern and 
responsibility of every health worker could look like this: 

LM=LC + POD + PRS 

(LM = Leprosy Management, LC = Leprosy Control, POD = Prevention Of Disability, 
PRS = Preventive and Rehabilitative Surgery) . 

Leprosy management is incomplete without disability prevention .40 
2 Prevention of disability must not only be a concern of the physiotherapy, occupational 

therapy, orthopaedic workshop and health education staff in their own clinics. It must 
also be an integral part of leprosy management. 8,9 

3 It must be emphasized that surgery should be used not only to salvage definite disasters 
but also to prevent disability . 3  

4 To achieve this, leprosy control staff, POD staff and surgeons must all work together. 

What a surgeon finally discovers in his operating theatre depends on the efficiency of 
disability prevention, treatment and case selection in the field . The surgeon should: 

I participate in training, 
2 pay visits to the field to establish and develop routines for patient selection, 
3 develop surgical treatment in the field, and 
4 integrate basic surgical activities into peripheral hospitals and clinics. 

The leprosy surgeon is an underutilized resource in leprosy management .  This may be 
the fault of the surgeon . The demands in the operating theatre may deflect the surgeon 
into problem-solving too late . Problems start in the field where the patients are, but 
surgeons tend to be involved only when problems are large and irreversible, i .e .  patients 
who have major septic conditons or major disabilities in need of extensive surgical 
intervention. 

Early nerve lesions are reversible, but it must be admitted that we stil l  have not 
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mastered the treatment of neuritis in spite of years of research.62 Patients deteriorate 
during and after neuritis treatment. Many leprosy surgeons believe that nerve decompres­
sion, mainly of the ulnar and posterior tibial nerves, combined with corticosteroid 
treatment, helps in minimizing nerve damage.42-45 The timing of surgery is important, and 
the surgeon is often brought in too late. Great responsibility rests on field staff in 

. identifying and selecting cases early enough. Well-trained field staff and well-developed 
policies for the treatment of neuritis are essential for success. Neuritis is best treated by a 
team. 

There has been no miracle remedy discovered that keeps dry skin moist or removes 
excess dry skin other than soaking in water, oiling and rubbing with a stone (pumice, 
ceramics or any stone cut to obtain a flat surface) .46 Most dry and cracked feet will become 
soft and smooth after 1 week of daily treatment.  

Insensitive feet must be protected with footwear with a soft insole that evenly 
distributes pressure and a hard undersole that protects against any penetration of sharp 
objects. Different types of rocking devices are also essential to further neutralize pressure 
points . Moulds are a necessary but controversial aid, because ill-fitting moulds do more 
harm than good. I ,47 

Patient acceptability of protective footwear is a problem in many programmes, 
because most leprosy shoes look different from ordinary footwear. Since this creates a 
new stigma they are often not accepted, but few acceptable alternatives are available.47-49 

One publication does describe a plastic sandal which can be mass produced at a low 
cost,48 which seems to be well accepted by the population. It has a controlledTigidity and a 
certain rocking effect, a hard-wearing plastic sole and a soft insole which can be changed 
when worn out. The shoe is durable and can easily be repaired either by a local shoemaker 
in the sf teet or by the patient. 

Trials are under way with commercially made shoes that are high enough to allow a 
protecting soft sole to be inserted . M ore sophisticated methods of analysing the dynamics 
of different footwear can facilitate the design of protective shoes acceptable to the 
patients.23-25,58 Local shoe factories can modify commercial models . Simple studies 
measuring the effect of such arrangements would be welcomed. 

How can ulcers be cured and prevented from recurring? 

Much of the recent literature on ulcer care is concerned with advanced ulcer treatment 
and high technology assessment methods. More studies at field level would be welcomed. 
Has the enthusiasm for MDT and the large reduction of patients in our programmes 
lessened our interest in the numbers of leprosy patients who are at risk of developing 
disabilities? There are publications indicating that the incidence rate of disability may be 
higher after treatment than during treatment.7 Are the at-risk patients caught early 
enough? Is the identification of at-risk patients being delegated? To the community? To 
the patients themselves? It may very well be that in the future the responsibility for 
prevention of disability and caring for the disabled should be that of the general health 
care services or the community,40 but until this responsibility has been so delegated it 
remains with the leprosy control programme. 

Ulcer prevention and treatment is  basically a management problem. It is a matter of 
applying simple basic principles: 1,46,47 



-Soak and oil the dry skin. 
-Inspect the soles of feet. 
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-Use protective footwear. Change the walking pattern . Rest whenever there are signs of 
tissue trauma. 

-Clean, trim, immobilize and cover ulcers . 
-For deep ulcers, apply appropriate surgical measures. 
-After ulcers have healed, re-evaluate the foot for further preventive measures. Is 

preventive or corrective surgery needed? Is there a need for prescribing another type of 
footwear? 

It is  amazing how much time and effort is spent in looking for Jata morgana, ' the healing 
shoe', ' the healing ointment' that should be spent in the training of staff and the 
development of proper routines for the prevention and treatment of ulcers . 

Treatment starts with the field workers identifying and diagnosing the cases .50 Today 
ulcer cases in many programmes are either sent to a central hospital for treatment, or not 
treated at all .  In some field programmes the ulcer care offered ends with a symbolic 
soaking, superficial trimming and bandaging once every 4 weeks; patients believe in the 
ritual as performed in the field clinic but do not understand it and make no effort to copy 
or repeat it  at home. 

While studying the treatment of ulcers in many programmes and the patients' 
behaviour, 'classical' health education does not seem to have been very effective .20 Self­
examination and self-care must be taught, and practised where the patients normally live. 
Teaching situations where patients share experience with other patients are recom­
mended. 10 

In many institutions the average stay for ulcer patients is as high as 3 months. Patients 
tend to get dependent on their hospital beds.  They show confidence in the nicely-smelling 
solutions and beautifully coloured dressings, and do not believe that anything essential 
that is done could be repeated in their homes. Leprosy field workers complain that 
patients who are discharged from hospitals and treated in the field feel deprived of the 
special medicines and material used in hospitals and show a lack of confidence in the 
treatment in the field clinics. 

Treatment of simple ulcers 

To effectively reach all patients in need it is necessary that: 

Ulcer care should be decentralized to the lowest possible level, and given as close to the 
patient's home as is possible by: 

(a) Developing and teaching home care. Since most patients are at home and many 
institutions are sited far away, relatives or village health workers should treat 
ulcers . The advantage of this would be quicker treatment, the patients remaining in 
their homes and developing a better understanding and commitment to the process 
of care . 

(b) Encouraging minor procedures to be performed in peripheral leprosy or general 
clinics either by leprosy control staff or by trained general health staff. 

(c) Engaging and training staff in peripheral general hospitals to help with the basic 
surgical management of ulcers and septic conditions. 
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. 2 Leprosy workers should be taught to differentiate between ulcers suitable for treatment 
in the field and those which need to be referred to a hospital for possible surgery . 

Physical examination has to be taught and practised . Probing is an excellent way of 
differentiating between superficial and deep ulcers.38, 5 1  A simple probe can be  made 
from an unfolded paperclip, sterilized by the flame of the spiritlamp that is  used for 
skin-smear taking, which is normally carried on field trips . 

3 Methods of immobilization should be developed and implemented that allow the 
patients a certain level of mobility but still immobilize the ulcers. 

Encouragingly enough there are a number of publications describing different casting 
techniques, carrying out clinical trials on ulcer healing51-53 and studies on pressure 
reduction . 54-57 

The moulded double-rocker plaster shoe is a cheap and simple device which patients 
accept.  It is reasonably effective compared to the classical below knee close contact plaster 
cast . 58-6 1 Both methods are useful in the ambulatory treatment of ulcers . 

Several different new materials that have been tested are more durable than 
conventional plaster (POP), but POP is easier to apply. Self-setting materials like pu­
resin-impregnated bandages have better mechanical and physical properties but are 
significantly more expensive and potentially more hazardous than POP. 54 

Treatment of complicated ulcers 

First, the patient must be prevented from walking on the ulcer, and second it must be 
decided where the patient should be treated . 

Most of the cases will need surgical intervention, and depending on the resources and 
levels of staff training, many patients can be treated in peripheral clinics . We are dealing 
with simple surgical procedures all aiming at eliminating infection, by drainage and 
removal of infected tissue, and restoring the plantar surface. 

Cases suffering from serious septic conditions or from tarsal disintegration or high 
risk ulcers need to be treated by a worker who has had training in leprosy surgery .63,64 

Grossly deformed feet may need extensive surgical correction and special footwear to 
prevent further ulcers . This treatment is very time-consuming, and means that the 
surgeon is occupied a long time treating a small number of patients. 38,65 

Procedures involving the bone require a lengthy healing time, but this may be 
necessary in order to prevent the ulcers recurring. Replacement of lost plantar skin is 
difficult and controversial since the skin outside the plantar surface is inferior to plantar 
skin .67-69 

The damaged heal is the most difficult disability to treat, since it is almost impossible 
to make a shoe for a foot with a destroyed heel. There are a few publications that 
recommend a flexor digitorum brevis myocutaneous flap or a fasciocutaneous island flap 
from the instep of the sole for covering the heel . The reported results are good, but the 
procedures are time consuming and require training and experience . It is  rewarding for 
the workers involved to observe how well the skin from the instep integrates with the heel 
skin.7 1 ,72 

A number of flap techniques that have been reported take skin not only from the 
surroundings but also from further away on the body.73-75 Free flaps have been used with 
success. Since, generally speaking, flap techniques are difficult and time consuming 
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because microvascular procedures are involved, very few centres will have the skills and· 
resources to perform them. It should also be noted that flaps are insensitive and have a 
lower threshold for bearing weight than the original skin of the foot, and therefore can 
easily ulcerate . 

After surgery, when healing has started, immobilization in a plaster cast, e .g .  a 
window cast,58 and/or with a pair of crutches, may be sufficient .  This allows the patient to 
remain mobile during the period of aftercare. 

After the healing of major septic surgery it is important to protect the foot.  The patient 
should not be allowed to put any weight on his/her foot before proper footwear is 
available. At this stage pressure registration to help design the shoe can be of value. 38,66 

Malignant degeneration occasionally occurs in plantar ulcers . It has been pointed out 
that a high proportion of the malignant looking ulcers have been grades of pseudo­
epitheliomatous hyperplasia (or epithelioma cuniculatum), which can be treated by local 
excision.  Malignancies are usually of a fairly low grade and can be treated by conservative 
resections and amputations.76-78 

Some feet do not allow any weight bearing. Different devices for taking the weight off 
the foot have been designed, such as cuff bearing and patella tendon bearing (PTB) 
devices . They are all difficult to make, and difficult for the patients to wear. Often the only 
remaining solution is an amputation.  Many patients are definitely much more mobile and 
do better after amputation and limb-fitting.79 

Programmes for artificial limbs require good material and worker skills . The period 
between an amputation and the application of the prosthesis can be long and frustrating 
for the patient. In the ALERT programme there has been a positive reaction to a 
temporary prosthesis given shortly after amputation.  At first the acceptance of the 
temporary prosthesis was poor but this has gradually improved. The construction of 
this temporary prosthesis is simple, cheap, and easy to produce . It consists of a plastazote­
lined PTB-shell with a wooden peg, with rubber on its end. It is intended to be worn for 
6 months, when it can be easily adjusted as required . When the time comes to have the 
permanent prosthesis fitted, the patient's stump is conditioned and his/her walking 
training easier. 

Ideally the best preventive measure would be to restore sensation to the sole of the 
foot.  Previous attempts to restore sensation in the foot have not been very successful,8o 
because, for a start, proper material for nerve grafting has not been available . With the 
introduction of the freeze-thawed muscle graft, grafting has now become possible. 
Ongoing clinical trials have shown some interesting and promising results. Sensory 
qualities are returning after resection and grafting of part of the posterior tibial and 
median nerves. 17, 18 

Conclusion 

In theory it is known why, how, and where ulcers form, and there is experience in basic 
ulcer management, methods which are simple to understand, cheap and easy to perform 
and which have been tested and practised for many years . It is recognized that the 
implementation of such knowledge for the benefit of the patient in need of ulcer 
prevention and ulcer care is a management problem, and also that many leprosy control 
units do not have fully-developed programmes for ulcer management. It  is a matter of 



1 96 R. O. Kazen 

teamwork, in which leprosy control, POD and PRS staff must participate in a well­
planned and integrated manner. 

The necessary infrastructure is basically present in most leprosy control programmes. 
The implementation, or upgrading, of such an integrated programme is a matter of 
training of and co-operation with existing staff. In future leprosy institutions should 
function as training centres for POD and PRS. Integration with general health care 
services should be promoted. Leprosy surgeons should participate in these developments 
as trainers. 8 1 

Recent research seems to have concentrated on refining and deepening our 
understanding of the pathomechanisms for ulcer formation. Unfortunately, treatment 
research has concentrated mainly on models suitable for the more-developed countries, 
where the majority of leprosy patients do not live . In a period where the prevention of 
disability and ulcer management seem to be living in the shadow of multidrug therapy, 
research projects studying the problems of disability prevention and ulcer management 
should be promoted . Research aiming at preserving sensation should also be given 
priority. 

It is unlikely that any new leprosy hospitals of the traditional model will be built in the 
future. New programmes will have to solve their need for hospital beds in other ways. 
Decentralized ulcer management requires only a modest amount of not very expensive 
equipment . Existing resources in general health care could be mobilized. In a 
decentralized model more patients, now without access to ulcer care, can be helped at an 
earlier stage, thereby preventing complete destruction. 

ALER T  
POB165 
Addis Ababa 
Ethiopia 
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Summary Immunological responses to a panel of antigens were evaluated in 27 
patients with lepromatous and 20 patients with tuberculoid leprosy and compared 
with 24 pulmonary tuberculosis patients, 25 systemic lupus erythematosus 
patients and 41 healthy blood donors. Some autoantibody specificities were 
extensively studied for the first time in mycobacterial infections. Striking 
immunoserological abnormalities were found in patients with lepromatous 
leprosy, particularly in those presenting with relapse . 

Inhibition assays were performed, providing a tool for further analysis of the 
binding range of specific anti-N.D .O .  BSA antibodies and strengthening the 
suggestion of molecular mimicry reactions between cytoskeletal proteins, host 
stress proteins and Mycobacterium leprae antigens or stress proteins .  A significant 
serological overlap between lepromatous leprosy and autoimmune diseases is 
indicated. 

The presence of antibodies (Abs) against nucleic acids and nucleoproteins is considered to 
be the hallmark of systemic lupus erythematosus (SLE) . Antibodies which react against 
several determinants have been reported, however, in a broad spectrum of autoimmune 
disorders and infectious diseases.  H In the present study, we investigated immunoserolo­
gical responses to other than specific M. leprae antigens in patients with leprosy and re-
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analysed autoantibody specificities, in an attempt to clarify the mechanisms involved in 
the autoantibody production and the clinical significance of these Abs. 

Special interest was given in the comparison of the autoantibody profile of leprosy 
with that of tuberculosis (TBC), since causative infectious agents are considered similar in 
structure and morphology and similar host defence mechanisms are involved, although 
their clinical course differs . Patients with SLE served as a control group, since SLE, a 
model for the study of autoimmune responses, offers the opportunity to study similar 
immune aberrations in chronic mycobacterial infections and autoimmune diseases. 

Materials and methods 

P A T I E N T S  

Sera from 47 hansenians (23 men/24 women) were examined. The disease classification 
was: 20 with lepromatous, 1 4  with tuberculoid, 7 with borderline-lepromatous and 6 with 
borderline-tuberculoid form. For the presentation of our results, however, lepromatous 
and borderline-lepromatous groups are given with the term 'LL', whereas all other 
subgroups with 'TT'. The mean age was 60 years and the average disease and treatment 
duration 27 and 1 8  years, respectively. The Bacteriological (0-6 +)  and Morphological 
Index (0- 1 00%) were caiculated.4 A division in active or inactive disease followed, in 
accordance with clinical, histological and bacteriological data. 

Control sera were obtained from (i) 24 patients with active, cavitary pulmonary TBC 
(mean age-54 years), whose diagnosis was based on clinical, radiological and 
bacteriological data; (ii) 25  SLE patients who met the revised criteria of the American 
Rheumatism Association;5 and (iii) 41 healthy blood donors (C) . 

A N T I G E N - A N T I B O D I E S  

Native double-stranded DNA (dsDNA) from calf thymus, cardiolipin (cl) from bovine 
heart, human IgG, Sm/RNP, bovine actin (act) and myosin (mys), s l -nuclease, goat 
peroxidase-conjugated antibody specific to human f-l- and y-chain were purchased from 
Sigma Co.  Bovine serum albumin was purchased from Serva Co.  Single-stranded DNA 
(ssDNA) was prepared after boiling dsDNA for 1 0  min at 1 00°C and chilling in ice for 5 
min . N.D.O.  BSA solution was kindly provided by Dr P. Brennan and D .  Chatterjee, 
Department of Microbiology, University of Colorado (USA). 

E N Z Y M E - L I N K ED I M M U N O S O R B E N T  A S S A Y S  

Previous methods with minor modifications were followed. Polystyrene flat bottomed 
plates were coated with the following antigens :  (a) dsDNA, 50 f-lg/ml in tris-buffered saline 
(TBS), pH=7·4; (b) ssDNA, 5 f-lg/ml in TBS; (c) Sm/RNP, 20 ,Ltg/ml in borrate buffer, 
pH = 8 ·6 ;  (d) cl, 50 ,Ltg/ml in absolute ethanol; (e) act, mys, 1 0  ,Ltg/ml in carbonate­
bicarbonate buffer (CBC), pH = 9 ·6; (f) human IgG, 50 ,Ltg/ml in phosphate-buffered 
saline (PBS); (g) N.D.O.  BSA, 1 :  1 000 in CBC. 

For anti-dsDNA especially, a step with s l -nuclease (50 IU/ml in PBS) followed . 
Afterwards, the patient's serum which had been diluted was added ( I : 600 for N.D.O.  
BSA,  I :  200 for Sm/RNP, 1 :  1 00 for c l ,  act, mys, human IgG and 1 :  50 for ssDNA, 
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dsDNA) . Finally, plates were incubated for 1 · 5  hr at 37°C with peroxidase labelled goat 
anti-human IgG or IgM antibody ( 1  : 2000 for Sm/RNP, ssDNA, act, mys, human IgG, 
1 :  1 000 for cl, dsDNA, N.D.O.  BSA) . Pooled serum was used as the normal reference 
serum. Optical density (OD) readings of control wells were subtracted from test values.  
The value of human pool plus 3 standard deviations was estimated as the normal cut-off 
point . 

C O M P E T I T I V E  I M MU N O E N Z Y M E  A S S A Y S  

Inhibition fluid phase assays were performed to  study the binding range of specific anti­
N.D.O.  BSA Abs . A dilution giving 50% of maximal binding for anti-N.D.O.  BSA Abs 
was chosen for these assays and the test antibody was mixed with various dilutions of the 
inhibitor heterologous antigen (3-300 Itg/ml) for ] hr at 37°e.  Single- and double­
stranded DNA, Sm/RNP, actin, myosin, and cardiolipin served as inhibitors (Figures 2-
4) . The mixture was allowed to react with the immobilized antigens on the plates for 1 hr 
at 37°e. Finally, mono specific anti-It or anti-y peroxidase labelled antibody was added at 
] Itg/m!. Results were expressed as percent inhibition of anti-N.D.O.  BSA activity : 

Results 

01 I h ·b · · = 
( 1 - OD with Inhibitor - Background ) 

1 00 10 n I ItIon 
OD · h I h ·b · B k d x Wit out n I Itor - ac groun 

Frequencies of Abs against single-stranded DNA, cardiolipin, human IgG, actin, and 
myosin in the groups studied are shown in Table I .  High levels of anti-ssDNA (IgG) Abs 
were found in LL (37 ·03 %)  and TBC (33 · 30%),  but were significantly lower, however, 
than in SLE (80 % ,  Figure 1 ) .  Anti-cl (lgM) Abs in LL (29 ·60%) showed a trend to 
difference with TBe. SLE sera, however, contained high levels of anti-cl Abs of both 
isotypes (lgG 60· ] 0 % ,  IgM 36%) .  Antibodies against human IgG (lgM isotype) were 
elevated in LL (25 ·92%) and detected in the sera of all hansenians with relapse at the time 
of the study. 

Antibodies against cytoskeletal proteins were detected in remarkably higher levels in 
LL than other groups. Anti-act (lgG) Abs in LL (57 · 1 0%)  showed difference with other 

Table 1 .  Autoantibody frequencies (01.» ) in the groups studied 

Groups 

Antibodies LL IT TBC SLE C 

Anti-ssDNA (IgG) 37 ·03 20·00 33 · 33  80·00 7 · 3 1 
Anti-ssDNA (lgM) 7 ·40 1 0·00 8 · 3 3  44·00 4 ·87  
Anti-cl (lgG) 14 · 8 1 0 8 · 3 3  60·00 4:87 
Anti-cl (lgM) 29 ·62 1 0·00 8 · 3 3  36 ·00 2·43 
Anti-IgG (lgM) 25 ·92 1 0·00 8 · 33  20·00 2·43 
Anti-ACT (lgG) 57 · 1 4  1 0·00 8 · 33  36 ·00 7 · 3 1 
Anti-ACT (IgM) 38 ·09 1 0·00 1 6· 66 24·00 2-43 
Anti-mys (IgG) 47 · 6 1  0 8 · 33  24·00 4 ·87  
Anti-mys (IgM) 7 1 -42 1 0·00 1 6·66 4·00 2-43 
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Figure 1. Significant differences (p < 0·05) among groups (Fisher's exact test). 
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Figure 3. Inhibition of anti-N .D.O.  BSA (IgM) activity of an LL serum with high anti-N.D.O.  BSA (lgM) and 
moderate levels of anti-act (IgM) and anti-mys (IgM). 

groups besides SLE (Figure I )  whereas anti-act (IgM) Abs in LL (38 '09%) presented a 
difference only with TT. Anti-mys (IgG) Abs in LL (47 ,60%) showed a difference with TT, 
TBC, and C, whereas anti-mys (IgM) Abs in LL were detected in notably high frequency, 
higher than all other groups. Anti-act (IgM) and anti-mys (IgM) were strongly correlated 
with anti-N.D.O.  BSA (IgM) Abs (p = 0·039 and 0'00 1 7, respectively, Fisher's exact test) . 

Anti-N.D.O.  BSA (IgM) Abs proved to be specific for LL (62 ·90%) in accordance 
with previous reports,6 whereas anti-N.D.O.  BSA (IgG) were detected in both LL (8 5%)  
and TT (66%) .  Anti-dsDNA Abs  (IgG and IgM) were specific for SLE (64% and 28%) as 
well as anti-Sm/RNP (44% and 24%) .  Differences between LL and C resulted for all Abs, 
besides anti-ssDNA (IgM) and anti-cl (IgG) (Figure 1 ) .  The lepromatous leprosy group 
and TBC differed in the prevalence of anti-act (IgG) and anti-mys (IgG and IgM) Abs. No 
differences were verified between TT and TBC as well as between TT and C (not included 
in Figure I ) . Differences between multibacillary and paucibacillary leprosy resulted only 
for Abs against cytoskeletal proteins (p  = 0'040) . In all, 2 lepromatous leprosy sera and I 
borderline-lepromatous leprosy serum were selected for inhibition assays . Inhibition by 
single-stranded DNA, cardiolipin, actin ,  and myosin was only partial, but higher by actin 
and myosin.  No inhibition resulted by characteristic lupus autoantigens (dsDNA, Sm/ 
RNP) (Figures 2-4) . 

Discussion 

Infection with M. leprae induces considerable changes in the humoral immune system, 
which involve aberrant responses, often associated with autoimmune syndromes . ?  
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Figure 4. I nhibition of anti-N.D.O. BSA (lgG) activity of BL serum with moderate anti-N.D.O.  BSA (JgG) and 

high levels of anti-ssDNA (IgG), anti-act (lgG), anti-mys (lgG) and anti-c l (IgG). 

Autoantibodies in mycobacterial infections have been previously reported,7-9 but their 
origin and clinical significance have not been clarified . This stimulated us to examine a 
broad profile of Abs, in an attempt to further clarify the mechanisms involved in their 
production and their clinical associations. 

Idiotypic similarities between leprosy and SLE have been hypothesized, since 
Mackworth-Young et al. l O  have produced monoclonal Abs with highly conserved 
idiotypes for SLE and leprosy . Several mechanisms may account for the broad 
autoantibody profile in lepromatous leprosy, such as polyclonal B-cell activation, 
suppressor T-cell deficiency and molecular mimicry reactions between microbial and host 
agents, which may lead to cross-reactions, resulting in autoimmune phenomena .  I I  

In this study, we compared the autoantibody profile of LL and TT with that of TBC 
and SLE. Our findings first indicate the detection of anti-ssDNA (IgG) Abs besides SLE 
in LL and TBC, as previously reported .2,3, I O Some authors have suggested cross-reactions 
with mycobacterial DNA 2,3,8 and others l O  that anti-ssDNA might arise by expansion of a 
pool of precursors in the normal antibody repertoire, in state of polyclonal B-ce11 
activation. The inability to detect SLE characteristic Abs probably indicates that 
autoimmunity is expressed in a structured fashion that cannot be attributed to a random 
escape from absolute control and the inducing stimuli or cellular defects in SLE are 
probably disease specific. 2 High levels of Abs against cytoskeletal proteins were found in 
LL patients. There is a striking lack of information, however, concerning Abs against 
cytoskeletal proteins in mycobacterial infections. The prevalence of anti-act (IgG) Abs 
was higher in LL (57 ' 1 0%) than all other groups-besides SLE-whereas for anti-act 
(IgM) Abs, difference was shown only in comparison with TT and C (Table 1 ,  Figure 1 ) .  
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Anti-act (IgM) were positively correlated with anti-N.D.O.  BSA (IgM) Abs ( p = 0 ·0039), 
a correlation which was further strengthened by inhibition of anti-N.D.O.  BSA (IgM) 
activity by actin (60-70%)  (Figures 2-4) . Anti-mys Abs were detected in significantly 
higher prevalence in LL (47% IgG, 7 1 -40% IgM) than in other groups (Figure I ) .  Anti­
mys (IgM) were also correlated with anti-N.D.O.  BSA (IgM) Abs and a partial inhibition 
of anti-N.D.O.  BSA (IgM) Abs by myosin was recorded. 

The investigation of antigens involved in the immune response against tuberculosis and 
leprosy bacilli led to the observation that a variety of heat shock or stress proteins (HSP 
60, HSP 70) which are expressed in host cells under stress conditions, present great 
sequence homology with mycobacterial stress proteins l 3  which are considered among the 
immunodominant targets of both antibody and T-cell responses. 1 4, 15 Moreover, some 
stress proteins are known to modulate the action of cytoskeletal proteins and other 
protein complexes l 6 and this functional association may result in parallel recognition, as 
stress proteins are strong immunogens and are expressed in active disease. This is 
strengthened also by the results of the present study, as Abs against cytoskeletal proteins 
were mainly detected in active disease . 

Differences beween multi bacillary and paucibacillary disease were found only for Abs 
against cytoskeletal proteins, further increasing the probability that cytoskeletaI proteins, 
this group of highly conserved proteins, are involved in molecular mimicry reactions with 
M. leprae antigens or stress proteins, another group of conserved proteins. A network of 
parallel recognitions or even successive cross-reactions between host stress proteins, 
cytoskeletal proteins and M. leprae antigens or stress proteins could therefore be 
suggested . 

This hypothesis becomes more intriguing in the light of recent findings, that stress 
proteins may be expressed on cellular membranes, near MHC II antigens,  during the 
antigen recognition process . 16, 1 7 Similarities between host stress proteins and M. leprae 
antigens or stress proteins, could aid the survival of M. leprae in avoiding the host immune 
response . We are a long way, however, from ascertaining this suggestion as well as the 
hypothesis of some authors, 1 8 that recognition of sequences unique in mycobacterial 
stress proteins could lead to immunity, whereas recognition of common sequences in 
human and mycobacterial stress proteins could trigger autoimmunity. 

From the comparison of the autoantibody profile in the groups studied, we found that 
LL differs significantly from TT and TBC, mainly as regards Abs against cytoskeletal 
proteins, while it possesses an intermediate position between TT, TBC and SLE, as 
regards other autoantibodies. Previous suggestions8, that generalized humoral immuno­
serological abnormalities in LL are only remote sequellae of the disease, due to its chronic 
nature, are in dispute, since (a) striking differences in the autoantibody profile between LL 
and TT, TBC were shown, although minor divergences in mean disease duration and 
patient age were recorded; (b) autoantibody levels were correlated neither with disease 
and treatment duration nor with patient age; and (c) some responses were associated with 
active LL, assuming in this way clinical significance. Further studies will have to be done 
to verify the role of heat shock proteins in mycobacterial infections. 
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Evaluation de la reponse auto-immune dans la lepre 
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G .  A N A S T A S I A D I S ,  H. K R O U B O U Z O U , A .  P A N T E L E O S  E T  A .  T O S C A  
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Resume Les reponses immunologiques a une serie d'antigenes ont ete evaluees dans 27 cas de Iepre 
lepromateuse et 20 de lepre tuberculoide et comparees a 24 cas de tuberculose pulmonaire, 25 cas de lupus 
erythemateux systemique et aux reponses de 41 donneurs de sang sains. Certaines de ces specificites auto­
anticorps etaient etudiees extensivement pour la premiere fois dans les infections mycobacteriennes. Nous avons 
observe des anomalies immuno-serologiques frappantes chez des patients atteints de lepre lepromateuse, en 
particulier chez ceux qui ont rechute. 

Des tests d'inhibition ont ete effectues, qui faciliteront I 'analyse plus poussee du spectre de reactivite des 
anticorps specifiques anti-N .D.O.  ASB et aideront a prouver la suggestion de I'existence de reactions de 
mimetisme moleculaire entre les proteines cyto-squelettiques, les proteines de stress de l'hote et les antigenes de 
Mycobacterium /eprae ou les proteines de stress. On a observe un chevauchement serologique significatif entre la 
lepre lepromateuse et les maladies auto-immunes. 

Evaluaci6n de la respuesta autoinmuna en la lepra 

G. K RO U M P o u z o u s ,  A .  V A R E L T Z I D I S ,  M .  K ON S T A D O U L A K I S ,  G .  A V GE R I N O U ,  

G .  A N A S T A S IA D I S ,  H. K R O U B O U Z O U , A .  P A N T E L E O S  Y A .  T O S C A  

Resumen En 27 pacientes c o n  lepra lepromatosa y 2 0  c o n  lepra tuberculoide, s e  evaluaron l a s  respuestas 
inmunol6gicas a una selecci6n de antigenos, y se compararon con 24 pacientes con tuberculosis pulmonar, 25 
con lupus eritematoso sistemico y 41 donantes de sangre sanos. Se estudiaron extensamente algunas de las 
especificidades de autoanticuerpo por primera vez en las infecciones micobacterianas. Se descubrieron 
anormalidades inmunoserol6gicas impresionantes en los pacientes con lepra lepromatosa, especialmente en los 
casos de recaida. 

Se realizaron ensayos de inhibici6n, resultando en una herramienta para un analisis adicional de los 
anticuerpos especificos anti-N.D.O.  BSA, reforzando la posibilidad de reacciones mimeticas moleculares entre 
las proteinas citoesqueletales, las proteinas producidas por estres en el huesped, y antigenos de Mycobacterium 
/eprae 0 proteinas del estres . Los resultados indican una coincidencia serol6gica significativa entre la lepra 
leproma to sa y las enfermedades autoinmunas. 
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Summary Phagocytic cells respond to a variety of membrane stimulants by 
producing reactive oxygen intermediates (ROI), i .e .  02" , H202 and OH · 
metabolites . Plasma membrane activation is associated with superoxide generat­
ing NADPH oxidase, thereby causing the production of these toxic species. 
Stimulation of phagocytic cells also results in activation of purine catabolism, 
which directs the metabolic flux through xanthine oxidase to produce the 
superoxide anion. We previously observed that B L/LL macro phages (M</» 
exhibited a premature inability to undergo tuftsin stimulated phagocytosis and 
microbicidal activity. The present study was undertaken to measure ROI levels in 
the absence and presence of , tufts in' pulsing as a function of in vitro culture age 
and also correlated these levels with adenosine deaminase (ADA) activity. The 
latter is  known to be a contributor of 02" generation and is  also involved in the 

, maturation of the monocyte/macrophage system. The behaviour of normal and 
tuberculoid monocytes/macrophages were more or less the same, either in the 
presence or absence of tuftsin, i .e .  they showed a progressive increase in ROI 
production until day 3 ,  then tapered off in older cultures by day 7 .  In contrast, 
after day I ,  the lepromatous macrophages were unable to undergo tuftsin 
mediated stimulation for the production of ROI and ADA activity. These 
findings indicate a defective M</> function in lepromatous patients towards tuftsin 
pulsing, thereby supporting our earlier observations. Thus BL/LL M</> behaved as 
if they were aged after I day of in vitro culture, which may account for an inability 
to handle Mycobacterium /eprae for efficient killing. 

Mononuclear phagocytes are indispensable to both natural and acquired host immunity. 
M. /eprae is an obligate intracellular pathogen that is ingested by and proliferates within 
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the cells of the monocytes/macrophages . The inability of macrophages in lepromatous 
leprosy (LL) patients to efficiently kill M. leprae i s  a predominant feature of this form of 
leprosy and consequently the macrophages in these patients are found to be loaded with 
M. leprae. 

Phagocytic cells respond to a variety of membrane stimulants by the production and 
extracellular release of reactive oxygen intermediates (ROI), i .e .  02" , H202 and OH · 
metabolites. The production of these potentially active metabolites has been correlated 
with the intracellular killing of invading pathogens. I •2 Recent studies have shown that 
intracellular pathogen may escape killing mechanisms either by inhibiting the production 
of ROI or by neutralizing these intermediates .3  Phagocytosis or activation of plasma 
membrane enzymes by stimuli is  initiated by the rapid consumption of molecular O2 to 
form oxygen radicals by the NADPH oxidase system. Furthermore, the purine salvage 
pathway, xanthine oxidase, has also been implicated as an important contributor of 02" 
release by the phagocytic cells .4,5 In this pathway adenosine deaminase (ADA) controls 
the amount of substrate (xanthine) available to xanthine oxidase, which is also required 
for normal immune function.6 

In our previous study, the biphasic variation was observed during phagocytosis and 
the microbicidal response profile of monocytes/macrophages to 'tuftsin'  stimulation 
against Staphylococcus aureus, M. tuberculosis and M. leprae as a function of culture age, 
corresponding to that seen with normal, BT/TT and B L/LL M¢ led us to postulate 
aberrant maturation drives in BL/LL cultures (oxidative burst heterogeneity) of 
monocytes/macrophages.7,8 This is further supported by low levels of endogenous serum 
tufts in in lepromatous patients.9 

In view of the aberrant phagocytic and microbicidal functions noticed in BL/LL 
culture, the present study was undertaken to measure the ROI production as a function of 
culture age after tuftsin pulsing and to correlate the results, with ADA activity, known to 
be involved in the maturation profile of monocytes/macrophages. 

Materials and methods 

P A T I E N T S  

A total of 27 normal, 27 BT /TT and 22 BL/LL individuals, classified according t o  their 
clinical and histopathological findings, were assayed for ROI production and ADA 
activity. The patients were registered at the leprosy clinic, Department of Dermatovener­
eology, AIIMS, New Delhi . Patients received anti-Hansen's chemotherapy for less than 6 
months in few cases, while most were fresh, untreated cases. 

H U M A N  M O N O N U C L E A R  C E L L  V I A B I L I T Y  A N D  P U R I T Y  

In brief, peripheral blood mononuclear cells (PBMC) were isolated by density gradient 
separation on Ficoll-paque. The interphase cells were collected, washed with cold Hank's 
balanced salt solution (HBSS) and suspended in RPMI- 1 640 (Gibco-Biocult) medium 
containing 1 0 %  human AB serum (heat-inactivated) containing the appropriate 
antibiotics, at a concentration of 1 -2 x 1 06 cells/m!. This was then distributed equally into 
24-well plates (Linbro, Flow Labs) and incubated for 3 h at 37°C in a moist atmosphere 
containing 5 %  CO2• The non-adherent cells were removed by washing with pre-warmed 
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HBSS (37°C) and the monocyte enriched monolayers were then cultured in RPM I 1 640-
1 0% AB serum.7 The adherent cells were removed at varying time intervals ( 1 -7 days) by 
cold treatment and scraping with a rubber policeman. Before each assay, the adherent 
cells from the same individual were pooled, counted and tested for viability by tryphan 
blue exclusion. Routinely the yield of adherent cells was 1 0- 1 5 %  ofPBMC with a viability 
ranging from 95 to 97% and non-specific esterase positivity ranging from 90 to 9 5 % .  The 
number of adherent monocytes/macrophage were maintained at 0 ·4 x 1 05 cells/ 1 00 111/ 
well in 96 well flat bottom plates for all subsequent experiments. All experiments were 
done twice and each sample was taken in duplicate wells . 

S U P E R O X I D E  A N I O N  A S S A Y  

Production of the superoxide anion was based on superoxide dismutase inhibitable 
reduction of ferric cytochrome c . I O  On the appropriate day of the assay, monocytes/ 
macrophages were transferred to 96 well plates and were allowed to adhere for 2 h at 37°C 
in 5% CO2 95% air. The media was removed and cells were washed with 0 · 1 ml of pre­
warmed phenol red free HBSS to ensure uniform monocyte/macrophage monolayers on 
the bottom of the wells. The monolayers were covered with 80 III of cytochrome C (4 mg 
cytochrome Cjml of phenol red free HBSS) and pulsed with tuftsin (0 ' 22 11M and 0 · 88 
11M). PMA (32 nM) was used as a positive stimulant. A replicate assay was performed in 
the presence of 20 111 of SOD (0 ·03 mg SOD/ml of HBSS) to verify the contribution of 02' 
to the reduction of cytochrome C.  The reading was taken in an ELISA reader at 550 nm. 
Since the cells and cytochrome C solution in the plates were in no way disturbed by the 
measuring procedure, the plates were allowed to incubate for additional time intervals 
(30, 60 and 90 min) and reread . The amount of 02' produced was calculated from the 
extinction coefficient for the absorption of reduced cytochrome C, minus oxidized 
cytochrome C as read at 550 nm by the formula 2 1  x 1 03 M - I  cm - I .  In the experimental 
conditions described above, the amounts of 02' produced per well ,  was expressed as 
follows: 

absorbance at 550 nm 
nanomoles 02' per well = 

6 . 3 
x 1 00 .  

HYDROGEN P E R O X I D E  A S S A  Y 

The assay ofH202 production was based on HRPO-dependent oxidation of phenol red by 
H202 into a compound with increased absorbance at 600 nm. l o  

We added 1 00 Ill/well o f  phenol red solution (PRS) t o  the cell monolayers . The PRS 
contained 1 40 mM NaCI, 10 mM potassium phosphate buffer, pH 7,0, 5 · 5 mM dextrose, 
0 ·56  mM (0 · 2  giL) phenol red and 1 9  U/ml of HRPO. Varying concentration of stimulant 
(tufts in 0 ·22 11M and 0 ·88  11M) was added . PMA (32 nM) was used as positive control .  
Another set was kept without any stimulant.  The blank was set up by putting an assay 
(without any cells) containing phenol red solution. The plates were incubated for the 
desired time period in humidified 5% COr95% air chamber. Reaction was stopped with 
1 0  III of 1 N NaOH. The reading was taken in an ELISA reader at 600 nm. A standard 
curve for H202 was established for each plate using H202 ranging from I to 40 11M 
concentration with 1 00 III of PRS and incubating for the desired time period at 37°C. The 
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amounts of H202 liberated by monocyte cultures was calculated through the standard 
curve . 

A D E N O S I N E  D E A M I N A S E  A C T I V I T Y  

Adenosine deaminase activity was  measured essentially by  the method of Tritsch el ai. , I I  
i . e .  based on the rate of decrease i n  absorbance o f  adenosine at 265 nm. 

The monocytesjmacrophages monolayer was stimulated with tuftsin (0 ·22 11M and 
0 ·88  11M) .  Another set of cells was treated with PMA (32 nM) as positive controls .  One set 
of cells was kept without any stimulant. Cells were incubated for I hour. After the 
incubation, cells were lysed by adding 200 III of chilled O·  5% triton X- I 00. The cells were 
scraped gently .  The cell lysate was added to another tube containing 40 III I mM 
adenosine, 60 III tris buffer, 1 ·063 M, pH 7 ' 3 ,  and 1 00 III of H20, and the decrease in 
absorbance at 265 nm was recorded. A change in 1 ·0 absorbance is considered to be 
equivalent to 0 · 1 3  Ilmol of adenosine deaminated . 1 2  Results are expressed as nmole ADA 
activityjhrj I 06 cells .  

S T A T I S T I C A L  A N A L Y S I S  

All  the experiments were done in duplicate and the results were expressed as  the 
mean ± SD of the total number of patients in each group. Statistical analysis was done by 
Student's I-test. 

Results 

O2 P R O D U C TION 

The basal levels of O2 production on day I by monocytes of unstimulated cultures of 
normal and BLjLL subjects were within the same range (normal 0·57 ± 0 ·45 nmoljhrj 1 06 
cells, BLjLL 0 · 55  ± 0 ·4 1 nmoljhrj l 06 cells) while the basal level was higher in BTjTT M¢,  
i .e .  1 · 1 9 ± 0· 35  nmoljhrj l 06 cells .  When these cultures were stimulated with PMA (32 nM) 
and tuftsin (0·22 11M) they showed increased O2 production in normal and BT JTT M¢ as 
compared to unstimulated monocytes (p < 0'0 1 ) ,  whereas the BLjLL monocytes failed to 
show the response. However, PMA is able to stimulate O2 production in BLjLL 
monocytes ( 1 ·48 ± 0 ·25 nmoljhrj 1 06 cells) . At higher concentration of tuftsin (0 · 88  11M),  
normal and BT JTT M¢ fai led to show O2 release and the levels are the same as 
unstimulated cultures.  

The 3-day-old cultures showed a progressive increase in O2 production in normal as 
well as in BTjTT macrophages upon stimulation, while BLjLL M¢ almost showed the 
basal levels .  In normal individuals, the 3-day-old M¢ cultures showed a 3-fold increase in 
O2 production, by any of the stimulants (PMA 32 nM or tuftsin 0·22 11M) (Table I ) ; 3-
day-old BTjTT M¢ also showed approximately a 2-fold increase in O2 production by the 
same stimulants as compared to the unstimulated M¢ of the same culture age. The basal 
level of 02 production was higher in BTjTT M¢ as compared to normals (normal 
0 -49 ± O'22 nmoljhrj 1 06 cells, BTjTT 1 ·28 ± 0-45 nmoljhrj 1 06 cells) . 

The 7-day-old M ¢  cultures of all groups under identical conditions behaved very 
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Table 1 .  Day and dose response profile for superoxide anion production by 
normal and leprosy monocytes/macrophages 

Tuftsin 
PMA 

Unstimulated (32 nM) (0-22 11M) (0-88  11M) 

I -day-old culture 

N 0-57 ± 0-45 1 -26 ± 0-72 0-86 ± 0 -87  (A) Oo47 ± 0-35  
T 1 - 1 9 ± 0-35  1 -98 ± 0-92 1 -47 ± 0-47 (B) 1 - 1 4 ± 0-84 
L 0-55 ± Oo4 I  I o48 ± 0-25 0 -55 ± 0- 1 8  (C) Oo45 ± 0-20 

3-day-old culture 

N 0-49 ± 0-22 1 - 1 7 ± 0-89 1 - 33 ± 0-85  (D) 1 -09 ± 0-50 
T 1 -28 ± 0-45 2 -30 ± 0-60 1 -9 ± 0-80 (E) 1 - 50 ± 0-59 
L 0-79 ± 0-35  0-93 ± 0-78 0 -35 ± 0- 1 3  (F) 0 -3 1 ± 0- 1 6  

7-day-old culture 

N Oo4O ± O-27 0-62 ± Oo48 1 -07 ± 0-59 (G) 0-73 ± 0-26 
T 0-94 ± 0-30 2 - 1 3 ± 0-60 I -2 ±  0048 (H) 0-90 ± 0-59 
L 0-30 ± 0-047 0 -39 ± 0-09 0 -20 ± 0- 1 0  (I) 0 - 1 9 ± 0-05 

Results expressed (nmol/hr/ 1 06 cells) _ 
N = normal (n = 1 3) ;  T = tuberculoid (n = 1 3) ;  L-Iepromatous (n = 8) values 

expressed as mean ± SD [n as in ( )]_ 
A-B =p < O-O I ;  A-C =p = NS*, B-C =p < O-OO I ,  E-F =p < O-OO I ,  

E-H =p < 0-05; H-I =p < O-OO I .  
* N S  = not significant.  

differently_ The O2 production tapered off in all groups as the culture aged at any of the 
concentration of tuftsin_  

H202 R E L E A S E  

The H202 production was also measured in these cultures as  a function of culture age ( 1 -7 
day) _ I -day-old normal monocytes produced a basal level of 1 7 -75  ± 2- 3 nmol/hr/ l 06 cells_ 
When these cells were stimulated with PMA (32 nM), the levels of H202 rose to 
476-75  ± 36-7 nmol/hr/ 1 06 cells _  Tuftsin (0-22 JiM) stimulation caused a 3-fold increase in 
H202 production when compared to basal level of I -day-old cultures _ The basal levels of 
BT/TT and BL/LL M¢ cultures on day 1 were almost the same (8 -39 ± 4-9  nmol/hr/ 1 06 
cells and 7 - 3  ± 1 - 5 nmol/hr/ 1 06 cells, respectively) _ PMA stimulation showed higher H202 
release in both the cases, and tuftsin stimulation (0-22 JiM) showed approximately a 5-6-
fold increase in H202 production_ At a higher concentration of tuftsin (0 -88  JiM), normal 
and BT/TT M¢ of I -day-old cultures showed an inhibitory effect, whereas the levels of 
H202 produced by BL/LL M¢ were comparatively less than 0 ·22 JiM tuftsin stimulation. 
On the whole, a 3-fold increase in H202 production was observed when compared to the 
basal levels _  

The 3-day-old cultures of normal and BT /TT behaved in a similar manner in the 
production of H202 under optimal conditions, whereas BL/LL M¢ behaved differently. 
The basal production of H202 in normal and BT/TT M¢ was almost the same (24'25 ± 2 ·8  
nmol/hr/ 1 06 cells and 25 ·  3 ± 1 2-0  nmol/hr/ l 06 cells, respectively) although there is a slight 
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increment when compared t o  I -day-old cultures .  The BLjLL M ¢  showed lower levels of 
H202 production in unstimulated cultures ( 5 · 34 ± 0·65 nmoljhrj l O6 cells) . PMA stimula­
tion showed a 20-fold increase in H202 production in all the groups. Tuftsin (0·22 11M) 
showed a 3-4-fold increase in H202 production in normal and BTjTT while there was 
approximately a 6-fold increase in BLjLL M¢ cultures . At higher concentration of tufts in 
(0 · 88  11M), the normal and BTjTT M¢ showed basal levels similar to unstimulated 
cultures, while BLjLL M¢ showed a 4-fold increase compared to the unstimulated 
cultures. 

The 7-day-old cultures showed a decline in H202 production in all 3 groups when 
compared to 3-day-old cultures of unstimulated M¢,  and although there is a decrease in 
H202 production in the 7-day-cultures, the fold increase within the same group in 3-day­
and 7-day-old cultures are comparable. 

ADA A C TI V I T Y  

In I day M¢ of normal and BTjTT, after pulsing with tuftsin (0 ·22 11M),  the ADA activity 
was almost the same (normal 22 ·75  ± 7 ·02 nmoljhrj l 06 cells; BTjTT 28 ·39  ± 7 ·2  nmoljhrj 
1 06 cells) .  The unstimulated cultures of normal and lepromatous types were unable to 
show detectable ADA activity, while the tuberculoid M¢ did show this activity 
(24· 37 ± 1 · 6 nmoljhrj l 06 cells) . Surprisingly, the lepromatous cultures showed higher 
ADA activity ( 1 26 · 1 2  ± 33 ·47 nmoljhrj l O6 cells) on stimulation .  At a higher concentra­
tion of tufts in, the BTjTT and BLjLL M¢ showed almost the same ADA activity. In 3-
day-old normal cultures, tuftsin pulsing showed a 3-fold increase in ADA activity, while 
tuberculoid M¢ failed to show a similar response . The BLjLL M¢ also failed to show any 
detectable ADA activity in stimulated or unstimulated cultures. Higher tuftsin concentra­
tion (0 · 88  11M) showed less ADA activity than the unstimulated cultures .  

In 7-day-old normal cultures there is a decrease in ADA activity in stimulated cells 
when compared to 3-day-old cultures. The unstimulated cultures failed to show any 
detectable ADA activity . 

Discussion 

Tuftsin is an endogenous immunomodulator for macrophage phagocytic and microbici­
dal functions . 1 3  One of the most important mechanisms of intracellular killing of ingested 
micro-organisms or pathogens by mononuclear cells is the generation of toxic oxygen 
products l , 1 4  through NADPH oxidase or xanthine oxidase pathways . The NADPH 
oxidase is dormant in non-activated phagocytes .  It is  activated when phagocytes are 
exposed to the appropriate stimuli and thereby contributes to the microbicidal activity of 
these cells .  Infection leads to increased xanthine oxidase activity, thus also contributing to 
the release of toxic oxygen radicals .  In this study we have compared the release of 02" , 
H202, and ADA activity in response to tuftsin pulsing on monocytesjmacrophages 
derived from leprosy patients as a function of in vitro culture age . Our results show that 
0 ·22 11M tuftsin is  the optimal dose for in vitro stimulation, while higher doses of tuftsin 
(0 · 88  11M) show an inhibitory effect .  This is  in accordance with observations by others . s, l s  

The monocytesjmacrophages were pulsed with tuftsin and the time kinetics were 
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studied at 30, 60 and 90 min to determine the optimal time for the maximal release of these 
metabolites .  Maximal release was obtained at 60 min (data not shown) . The present study 
clearly demonstrates that tuftsin augments the release of ROI even in the absence of a 
phagocytic evenL 1 1 , 1 6, 1 7, I S Moreover, the release of ROI was related to the age of 
monocyte derived macrophages as well as the clinical spectrum of the disease . 

The basal values of O2 released by unstimulated macrophages of tuberculoid 
individuals was higher than that of lepromatous and healthy subjects . Though in general 
the 3-day-old macrophage cultures showed maximal levels, the age of the macrophages 
did not alter the pattern of release . Similarly, tuftsin also showed maximal effects by day 3 
on tuberculoid macrophages. In contrast, lepromatous macrophages were not stimulated 
by tuftsin .  Hydrogen peroxide release was also maximal on day 3 for tuberculoid and 
normal as compared with lepromatous M¢.  At all time points, the latter showed the 
lowest levels of H202. It was interesting to discover that tuftsin significantly improved 
H202 release of the hitherto poor lepromatous M¢ .  Tuberculoid and normal M¢ needed 
a 3-day period to reach maximal levels, while lepromatous M¢ released maximal levels on 
day I .  Lepromatous macrophages produced 50% as much H202 as that of normal 
macrophages upon stimulation with PMA or tuftsin,  supporting the observations of 
Nathan et al. 1 9  Thus this immunomodulator had a differential effect on ROI production 
as it was ineffective in improving O2 release from the lepromatous M¢ .  Interestingly, 
tuftsin in lower concentrations was a more effective stimulator than at higher 
concentrations. 

Our results show a high level of H202 release by BL/LL cultures as compared to O2 ; 
molecular O2 is reduced to O2 within the monocytes/macrophages at a site accessible to 
SOD, so that H202 is more likely to be secreted than O2 throughout the spectrum. Similar 
observations or failure to get sufficient 02 release has been noticed by other workers using 
lepromatous macrophages. 2o,2 1 ,22 Mature macrophages are known to be associated with 
high SOD activity . The high H202 levels with BL/LL M¢ observed in our study further 
support the view that they appear to be fully differentiated or matured . The level of 
differentiation and age of in vitro culture can be correlated with the production of reactive 
oxygen intermediates and biochemical enzymes associated with monocytes/macro­
phages. Tuprin et al.23 have shown that small monocytes produce increasing amounts of 
H202 with increasing culture age in vitro . In addition, these cells were stimulatory towards 
LPS and y-IFN. However, large monocytes showed decreased H202 production with 
increasing age of culture, an observation similar to our findings. It was also observed that 
peripheral blood PMNs of lepromatous patients were able to reduce Nitroblue 
tetrazolium24,25 with an enhanced endogenous SOD activity . 26 Further, since M. leprae 
contained SOD activity, it is probably able to protect itself from the effect of the 
superoxide radical by converting O2 to the less toxic H202.27 Therefore, when 
lepromatous leprosy or its like occurs, the multiplication/killing of M. leprae within the 
M¢ is inhibited by the interaction between H202 and O2 and this is important for the 
subsequent release of other toxic radicals like OH · and OV All these results led us to 
speculate that despite H202 generation in BL/LL patients another important metabolite 
like O2 is also essential to effectively kill M. leprae. The unresponsiveness of M¢ to 
modulation, and its fai lure to become sufficiently activated by tuftsin, as seen in present 
study, especially in BL/LL M¢,  could result in growth or multiplication of M. leprae 
inside the macrophages which is one of the characteristic features of lepromatous 
leprosy.2s lt also seems that the T cell activation and specific lymphokine secretion as well 
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Table 2 .  Day and I -dose response profile o f  monocytes/macrophages cultured in 
vitro ( I  day-7 day) of normal and leprosy patients for production of hydrogen 
peroxide 

Tuftsin 
PMA 

U nstim ula ted (32 nM) (0 -22 J1M) (0-88 J1M) 

I -day-old culture 
N 1 7 -75 ± 2-3  476 -75 ± 36-7  43-08 ± 1 3 -2  (A) 3 - 1 9 ± 0- 1 4 
T 8 -39 ± 4-9 297 ± 1 66 42-28 ± 1 1 - 3 (B) 2 -2 ± 0-3  
L 7 - 3 ± 1 - 5 228 ± 5 1 - 5 44-68 ± 9- 7  (C) 25 -68 ± 8 -6  

3-day-old culture 
N 24-25 ± 2-8  692 -25 ± 32 79-96 ± 8 -9 (D) 30- 3 ± 4-2  
T 25 -3 ± 1 2  507 ± 34-2 95 ± 32 -7  (E) 32 - 1 2 ±  1 3 - 5  
L 5 - 34 ± 0-65 23 1 ± 42 -8  3 1 - 5 ±  1 -62 (F) 2 1 - 1 2 ± 6- 8  

7-day-old culture 
N 7 -32 ± 2  307 -75 ± 37 30 ± 8 - 5  (G) 1 2 -79 ± 5 - 7  
T 8 - 3 ± 1 -6 249 ± 50 35 -4 ± 5 -4 (H) 20- 5 ± 5 -0  
L 2 -8 ± 1 - 7 1 55 ±  1 1 - 7  1 9 -9 ± 5 - 59 (1) 22-6 ± 2-3  

Results expressed (nmoljhrj 1 06 cells) _  
N = normal (n = 8); T = tuberculoid (n = 8); L-Iepromatous (n = 8) values 

expressed as mean ± SO [n as in ( ))_ 
A-D =p < O-OO I ;  B-E =p- < O-OO I ;  C-F =p < O-OO I ;  D-G =p < O-OO I ;  

E-H = O < O-OO I ;  F-I =p < 0-05 _  

as the unresponsiveness of macro phages for activation could also be linked to aberrant 
M¢ function in LL patients. 

Fischer et al. 6 have shown the importance of ADA for normal macrophage function 
and for the maturation of monocytes to macrophages. A hereditary deficiency of ADA 
has been shown to be associated with defective cellular and humoral immunity. 29 

In our study, except in I -day BLjLL macrophage, measurable ADA activity was not 
detected in 3-day- and 7-day-old cultures. Since no measurable ADA activity was seen 
after 60 min of tuftsin pulsing, a parallel I S-min experiment was conducted with tuftsin 
pulsing to discover if ADA activity was detectable any earlier, but measurable ADA 
activity was not detected in these cultures .  Interestingly, we found a direct relationship 
between ADA activity and O2 generation in normal and BTjTT groups. 

Our findings show that fresh monocytes (I day old) from either end of the spectrum of 
leprosy have basal production of metabolites, and after pUlsing with an optimal dose of 
tuftsin the levels of these metabolites increase progressively _  This increase was statistically 
significant ( p < O·O I )  (Tables 1 -3) .  The basal level of ROI production is consistent with 
our earlier findings that the rate of microbicidal activity by M¢ from all 3 groups did not 
appear to be impaired _8  The 3-day-old cultures of normal and BTjTT M¢ behaved 
similarly in the absence of any stimulant, but on stimulation showed a progressive rise in 
ROI production, a finding similar to that seen with human monocytes when they 
differentiate to macro phages in vitro. 27 The macrophages of BLjLL patients behaved as if 
they had prematurely aged and differentiated . In all 3 groups, the 7-day-old cultures failed 
to generate ROI production.  
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Table 3. Day and dose response of monocytes/macrophages derived from peripheral 
blood of normal and leprosy patients for adenosine deaminase activity 

Tuftsin 
PMA 

Unstimulated (32 nM) (0·22 liM) 

I -day-old culture 
N NO 44· 1 2 ± S ·32  22 ·75 ± 7 ·02 (A) 
T 24·37 ± 1 ·6 1 9 ·6S ± 1 0·88  28 ·39 ± 7·2  
L NO NO 1 26 · 1 2 ± 3H7 

3-day-old culture 
N 3 1 · 1 7 ±  I ·OS S4·00 ± 26 ·2  93 · 1 6 ± 3 1 ·9 (B) 
T 30·9 ± 6·7  37 ·3 ± 7·9  2S ·4 ± 9·2  
L NO NO NO 

7-day-old culture 
N NO 43·36 ± 22-0 49 ·40 ± S · S  (C) 
T NO NO NO 
L NO NO NO 

Results expressed (nmol/hr/ 1 06 cells). 
N = normal (n = 6); T = tuberculoid (n = 6); L-Iepromatous (n = 6). 
NO = not detectable. 
Values expressed as mean ± SO [n as in ( )] .  
A-B =p < O·OO I ;  B':"C =p < O·O I .  

(0 ·88  liM) 

1 4·0 ± 1 1 ·9 
38 · 1 7  ± 4·07 
37 ·9 1 ± 22 ·S  

22 ·7 ± 6-4 
I S · S ± 6· S  

NO 

I S ·7S ± 6·2 
NO 
NO 

The possible cause of decreased ROI production seen with older cultures could be due 
to several possibilities . These are (a) an increased activity of H202 scavengers after day 3 
of culture,27 (b) specific enzyme/enzymes defects associated with ROI production; and (c) 
the functional heterogeneity of monocytes/macrophages as suggested by Norris et al. 3o 
Therefore, the differentiation of monocytes to macro phages in vitro involves a gradual 
transition of morphologic, physiologic, and biochemical changes, and the survival of a 
given pathogen inside it may depend on toe level of differentiation of the monocyte that it 
infects. 

This is the first reported study measuring ROI intermediates and ADA activity from 
the monocytes/macrophages of leprosy patients after tuftsin pulsing as a function of the 
age of culture . It  is tempting to speculate that in addition to the protective mechanisms of 
the pathogen, biochemical factors are also involved in the defective macrophage function 
of lepromatous patients. We are currently measuring the levels of different second 
messengers like rCa + + l i ,  cyclic nucleotides and tuftsin receptor sites/affinities on the 
monocytes/macrophages derived from the leprosy individuals in the presence and absence 
of tuftsin stimulation. 
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Modulation des monocytes/macrophages derives du sang peripherique de malades 
lepreux en utilisant 'Tuftsin' pour produire des intermediaires de l'oxygene active 

S .  K H A R E ,  L .  K .  B H U T A N I  ET D .  N .  R A O  

Resume Les cellules d e  phagocytes repondent a divers stimulants d e  la membrane e n  produisant des 
intermediaires de l 'oxygene active (ROI), c'est-a-dire les metabolites O2 , H202 et OH · .  L'activation de la 
membrane plasmatique est associee a l 'opxydase NADPH genera trice de superoxyde, ce qui provoque la 
production de ces substances toxiques. La stimulation des phagocytes aboutit egalement a l 'activation du 
catabolisme de la purine, qui dirige Ie metabolisme, par la voie xanthine-oxydase, vers la production de I 'anion 
superoxyde. Nous avions observe auparavant que les macrophages BL/LL (M0) perdaient prematurement leur 
faculte de subir la phagocytose et l 'activite microbicide stimulees par la tuftsine. L'objet de cette etude etait de 
mesurer ies taux de ROI avec ou sans flux de 'tuftsine' en fonction de l 'age de la culture in vitro et aussi de 
rapporter ces taux a l 'activite adenosine-deaminase (ADA). On sait que cette derniere contribue a la production 
de O2 etr joue un role dans la maturation du systeme monocyte/macrophage . Le comportement des monocytes/ 
macrophages mormaux et tuberculo"ides etait similaire en presence ou en l 'absence de tuftsine, c'est-a-dire qu'il 
presentait un accroissement progressif de la producton de ROI jusq u'au jour 3 de culture, puis un ralentissement 
sur les cultures plus vieilles, au jour 7. Par contre, apres Ie jour I, les macrophages lepromateux n'etaient pas 
capables d'etre induits par la tuftsine a produire ROI et a activer ADA. Ces resultats mettent en evidence une 
deficience de la fonction M0 chez les patients lepromateux envers Ie flux tuftsine, ce qui confirme nos 
observations precedentes. Ainsi les macrophages BL/LL se comportent comme s'ils etaient deja vieillis apres un 
jour de culture in vitro, ce qui expliquerait leur impuissance a eradiquer efficacemnt Mycobacterium leprae. 

Modulacion de los monocitos/macrOfagos de la sangre periferica de pacientes 
leprosos, usando 'Tuftsin' para la produccion de productos intermedios de 
oxigeno reactivo 

S .  K H A R E ,  L .  K .  B H U T A N I  Y D .  N .  R A O  

Resumen Les ceculas fagocitas responden a muchos diferentes estimulantes d e  membrana mediante la 
produccion de productos intermedios de oxigeno reactivo (ROI), por ejemplo, los metabolitos 02 , H202 y OH · .  
La activacion de la membrana phismica esta asociada con oxidasa NADPH que genera superoxido, causando de 
este modo la produccion de estas especies toxicas. La estimulacion de celulas fagociticas tambien resulta en la 
activacion del catabolismo purinico que dirige el flujo metabolico a traves de la oxidasa xantinica para producir 
el anion de superoxido .  Hemos observado con anterioridad que los micrOfagos BL/LL exhiben una inhabilidad 
prematura de fagocitosis estimulado por el 'Tuftsin' ,  y de actividad microbicida. EI estudio actual fue realizado 
para medir los niveles de ROT en la ausencia y presencia de pulsacion de 'Tuftsin' ,  en funcion de la edad del 
cultivo en vitro, y tam bien correlacionar estos niveles con la actividad de deaminasa adenosinica (ADA). Se sabe 
que este es un contribuidor a la generacion de O2 , y tambien esta implicada en la maduracion del sistema 
monocito/macrofago. EI comportamiento de monocitos/macrOfagos normales y tuberculoides es mas 0 menos 
identico, sea en la presencia 0 ausencia de 'Tuftsin', es decir, hubo un aumento progresivo de la produccion de 
ROI hasta el dia numero 3, luego hubo una disminucion gradual en los cultivos mas viejos. Vuelta en cambio, 
despues del dia I, no se podian estimular los macrofagos lepromatosos mediante 'Tuftsin' para que tengan 
actividad ROI y ADA. Estos resultados indican una funcion M¢ defectuosa a la pulsacion de 'Tuftsin' por parte 
de los pacientes lepromatosos, confirmando nuestras observaciones anteriores . Asi, el M¢ BL/LL se com porto 
como si se hubiera envejecido despues de un dia en un cultivo en vitro, 10 cual puede explicar su letalidad ineficaz 
frente a Mycobacterium leprae. 
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Summary Immunotherapy with a candidate for an antileprosy vaccine, Myco­
bacterium W, was given in addition to standard multidrug therapy (MDT) to 53 
multibacillary lepromin negative patients belonging to BB, BL and LL types of 
leprosy (vaccine group) . An equal control group received M DT and injections of 
micronized starch as placebo.  Both the vaccine and placebo were administered 
intradermally every 3 months. The patients were evaluated at determined 
intervals by clinical, bacteriological and histopathological parameters and 
lepromin testing. Reactional episodes were analysed with reference to incidence, 
onset, frequency and severity during and after release from treatment (RFT) . 
Incidence of reversal reaction (RR) was marginally higher in the vaccine group 
(22 '6% vaccine group vs 1 5 %  control group) . All cases with a history of 
downgrading type I reaction developed RR during therapy. Most episodes 
occurred within the I st year of the commencement of therapy-50% developing 
within 3 months. Late reversal reaction (after RFT) were observed in 3 · 8 %  of 
cases in both groups, and 50% of the reactors in the control group and 3 3 %  in the 
vaccine group had repeated reactional episodes. Incidence of neuritis associated 
with RR as well as isolated neuritis was similar in  both groups. 

This study forms part of a large-scale immunotherapeutic clinical trial of a candidate for 
an antileprosy vaccine, Mycobacterium w (M. w) , which is currently in progress at the Dr. 
RML and the Safdarjang Hospitals of New Delhi in association with the National 
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Institute of Immunology and the Institute of Pathology (Indian Council of Medical 
Research),  New Delhi . Multibacillary leprosy patients receiving immunotherapy with 
M. w along with MDT have shown a distinctly better clinical improvement and a more 
rapid bacterial clearance than those who received MDT alone . 1 •2 There was lepromin 
conversion in all BB, 8 5 %  BL and more than 80% LL patients after 8 doses of vaccine, but 
in only 40% BB and 0% BL and LL patients under MDT alone.2 In the vaccine group, the 
percentage of BL and LL cases becoming clinically and bacteriologically inactive after 24 
pulses was 1 00% and 66·6 % ,  respectively, whereas in the control group it was only 50% 
and 1 5 % ,  respectively . 2 Histopathologically, 75% LL caSes and 85% BL cases receiving 
MDT and vaccine either showed upgrading along the spectrum or a clearance of 
granuloma from the dermis, in comparison with 50% BL and 3 3 · 3 %  LL cases in the 
control group. 3  

In this paper we have analysed the data of 1 06 cases who have completed 2 years of 
therapy with special reference to the incidence, onset, frequency and severity of reversal 
reaction (RR) observed during therapy and after RFT. 

Materials and methods 

S U B J E C T S  A N D  D E S I G N  

Phase II/III immunotherapeutic trials with M. w were started in January 1 987 .  Patients 
reporting to the Urban Leprosy Centres of 2 hospitals in Delhi were screened by clinical, 
immunological, bacteriological and histopathological criteria .  Patients with no previous 
history of anti leprosy treatment (a) falling in the BB, BL and LL spectrum of the disease 
(according to the Ridley-Jopling Scale); (b) showing the presence of bacilli in slit skin 
smears; (c) having lepromin A (armadillo derived) negativity initially and (d) having 
features of BB, BL and LL type of disease histopathologically were inducted into the 
study. Standard MDT as recommended by NLEP of India4 was given to all those 
enrolled . In addition, half of the patients received M. w vaccine and the other half received 
an injection of micronized starch as placebo. The allotment of the patients was done in a 
randomized manner according to a code supplied to the attending physician . Random 
testing of urine for the presence of dapsone was carried out in all patients before their 
induction to this study in order to confirm that they had not recently received treatment 
with dapsone. s  

The trials were single blind, in  which the Head of the Department of Dermatology, 
Venereology and Leprology knew the group to which each patient belonged, whereas 
the patients and the attending physicians, as well as the investigators carrying out the 
histopathology, BI and clinical scores, did not know whether the patient was receiving the 
vaccine or placebo.  In all, 1 06 patients participated in this study and are either taking or 
have had regular treatment for at least 24 months. 

Vaccine-dosage, administration and regimen 

The vaccine was injected intradermally in the deltoid region.  A total of 8 vaccine doses 
were given at 3 monthly intervals .  The first dose was 1 x 1 09 autoclaved bacilli in 0 · 1 ml 
physiological saline (0 · 8 5 %  NaCl) . Subsequent doses contained 5 x 1 08 killed bacill i .  
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This consisted of I g micronized starch (Sarabhai Chemicals, Baroda, India), dissolved in 
1 00 ml of distilled water and autoclaved . Dosage, administration and regimen was similar 
to that of the vaccine. 

Lepromin 

Armadillo lepromin containing 4 x 1 07 killed bacilli per ml, supplied by WHO, was used 
for the study.  

Multidrug therapy (MD T) 

This consisted of 2 weeks of intensive therapy with 600 mg rifampicin,  1 00 mg clofazimine 
and 1 00 mg of dapsone daily. Subsequently, the patients received for 2 years the WHO 
recommended regimen of 600 mg of rifampicin and 300 mg clofazimine once a month 
supervised plus 1 00 mg dapsone and 50 mg clofazimine daily, self-administered . Drug 
regularity was checked by randomly conducting a spot test for DDS in the urine5 and by 
counting the tablets. 

E V A L U A T ION 

General 

Patients were evaluated clinically by Ramu's clinical score6,7 at 6 monthly intervals. 
Bacterial indices (BIs) were calculated at 3 monthly intervals according to Ridley's 
logarithmic scale .s A 0 · 1 ml dose of lepromin A (armadillo derived) was injected every 3 
months. An induration of more than 3 mm diameter was taken as positive. Histopatholo­
gical examination of a typical skin lesion was done every 6 months. 

For Reaction 

A proforma sheet for leprosy reaction was filled in at the time of the patient's induction 
and subsequently during each reactional episode. The present and past history of 
reaction, detailed clinical findings (with special reference to exaggeration of existing skin 
lesions), appearance of fresh lesions and their density and distribution were noted . The 
presence or absence of constitutional symptoms like a rise in temperature, malaise, 
insomnia, anorexia, pain/tenderness of peripheral nerves, recent development of sensory 
and motor deformities, joint and muscle pain, eye changes, testicular tenderness and 
swelling, lymph nodes, spleen and liver enlargement were carefully recorded. The grading 
of the RR and the treatment administered was also documented . RR was graded as mild 
or severe.9  M ild reactions were managed with rest, physiotherapy and non-steroidal anti­
inflammatory drugs (NSAID) for a period of 6 weeks. Severe cases were managed with 
initial hospitalization, physiotherapy, oral steroids (for 1 2-20 weeks) along with NSAID 
whenever necessary. 

The diagnosis of reaction was made clinically. In doubtful cases skin biopsy was 
carried out to confirm the clinical diagnosis. Lepromin testing was done during each 
episode of RR.  
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Results 

Table 1. Number of cases enrolled in study 

Type of MDT + vaccine MDT + control 
leprosy (vaccine group) (control group) Total 

BB 1 4  1 4  28 
BL 14 14 28 
LL 25 25 50 

Total 53 53 1 06 

Table 2. Incidence of type I reactions previous to therapy 

Group 

Vaccine 

Control 

DG* 
type I reaction 

3/53 (2-BL, I -BB) 

3/53 (2-BL, I -BB) 

Isolated neuritis 

2/53 ( I -BB,  I -LLs) 

2/53 (2-BL) 

Figures in parentheses indicate break up according to 
type of leprosy. 

* DG = downgrading. 

Table 3. Incidence of reversal reaction (RR) during therapy 

Number of cases 

Group Reversal reaction Isolated neuritis 

Vaccine B B  BL LL BB BL LL 
4/ 1 4  5/ 1 4  3/25 I 0 I 

Total 1 2/53 (22·6%)  

Control B B  B L  L L  BB BL LL 
4f l 4 3 / 1 4  1 /25 0 I 0 

Total 8/53 ( 1 5 · 1 %) 

Table I gives the number of patients belonging to different types of leprosy who were 
inducted into the study, i .e .  1 06, with the vaccine and control group each containing 50% . 

Table 2 describes the incidence of type 1 reactions and isolated neuritis observed 
before or at the time of the patients' enrolment in this study-3 cases had downgrading 
type I reaction and 2 cases had a history of isolated neuritis in each group. 

Table 3 depicts the incidence of RR and isolated neuritis observed during the 2 years 
of therapy in both vaccine and control groups according to the spectrum of leprosy. 
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)'able 4. Time of onset of reversal reactions after initiating therapy 

Group 

Vaccine 

Control 

No. of patients 
with RR 

1 2  

8 

0-3 

5 

4 

3-6 

2 

Time of onset of RR (months) 

6- 1 2  

4 

2 

1 2-24 
or > 24 

After RFT 
(late reversal reaction) 

1 + ( 1  *) 

1 + ( 1  *) 

A patient from the vaccine group and I from the control group had had previous episode of 
RR while under M DT. 

Table 5. Frequency of reversal reactions 

No.  of patients showing 

Group 

Vaccine 

Control 

No. of patients 

1 2  

8 

I episode 

8 (66 '6)*  

4 (50) 

2 episodes 

4 (33 ,3 )  

2 (25) 

* Numbers in parentheses are percentages. 

Table 6. Severity of reversal reactions 

Group 

Vaccine 

Control 

No. of episodes 

1 6  

I S  

Mild 

9 (56'  3)*  

1 0  (66'6) 

* Numbers in parentheses are percentages. 

> 2 episodes 

Severe 

7 (43 , 7) 

5 (33 ' 3)  

2 (25) 

In the vaccine group 22 ·6% of cases developed RR in comparison to 1 5 · 1  % in the 
control group during the 2-year follow-up period. This difference is not statistically 
significant (proportion test, z = 0·993) .  In the BB group incidence of RR was the same 
(28 ' 6%)  in both groups whereas among both BL and LL patients, this was 20 · 5 %  in the 
vaccine group and 1 0 · 2% in the control group. This difference is not statistically 
significant (proportion test, Z = 1 ·255) .  All cases with a history of downgrading reaction in 
both groups developed RR after therapy . 

We observed 2 cases of isolated neuritis in the vaccine group ( 1  BB case with left ulnar 
nerve and I LL case with right ulnar nerve involvement) . These 2 cases had a previous 
history of ulnar neuritis. In the control group, out of the 2 BL cases with a previous history 
of neuritis ,  only I developed ulnar neuritis .  

As is evident in Table 4, the onset of all reversal reactions were seen within I year of the 
initiation of therapy in both groups, 50% developing reactional episodes within 3 months 
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irrespective of the type of leprosy--4 patients (3 within 6 months and 1 after 22 months of 
RFT) had late reversal reactions. All 4 patients at the time of late RR had negative BI, 
higher positivity of lepromin reaction and histopathologically non-specific infiltration, 
i .e.  a mild to moderate degree of lymphocytic infiltration in the dermis. 

In the control group, 50% of the cases with RR had 2 or more reactional episodes, 
whereas only 33 % of cases with RR in the vaccine group had multiple episodes of reaction 
(Table 5) .  

A marginally higher percentage of severe type of reactional episodes were observed in 
the vaccine group compared to the control group (43 ,7% V S .  3 3 · 3 % )  (Table 6). However, 
this difference was not statistically significant (z = 0· 595).  

In both groups (except 1 BB and 1 BL case in the control group) patients with RR had 
lepromin conversion either before or at the time of reaction . In the control group, 
lepromin conversion was transiently obser":.ed at the time of RR and subsequently there 
was a reversion to negativity . 

Discussion 

Reversal reactions commonly occur in borderline leprosy patients and are associated with 
an abrupt rise in cell mediated immune responses to mycobacterial antigens. 10 They are 
most frequently seen during the initial phases of the introduction of'chemotherapy. l o But 
this reaction is rarely observed among LL patients, possibly due to their inability to 
mount CMI responses to this pathogen. 

Following immunostimulation, a rise in the incidence of RR even in the LL group is 
easy to predict. It has been reported in 3 out of 4 LL patients given multiple injections of 
Transfer Factor by Hastings & JOb. 1 1  Convit et al. 1 2  observed a -reversal reaction 
associated with lepromin conversion in indeterminate leprosy cases .. who had been 
administered multiple injections of a vaccine containing heat killed M. leprae and BCG. 
The reaction was not seen if either M. leprae and BCG were given alone. In another study 
from Bombay, India, where killed ICRC bacilli was administered in addition to 
chemotherapy with DDS, 5 out of 96 LL cases developed reversal reaction. 1 3  

I n  our study a n  equal percentage o f  BB patients i n  the vaccine and control groups 
developed reversal reaction but among BL and LL patients a higher incidence of RE. wal:\ 
observed in the vaccine as against the control group (20-4% VS. 1 0 ,2%) .  An interestip� 
observation among the LL vaccinated patients was that 3 of them had RR episodes . Tne�e 
3 cases were highly bacilliferous (BI 6 + ,  5 + and 4 + ). After the I st dose of vaccine two 0'[ 
them developed mild RR during the 3rd month of therapy) with minimal BI fall .  The 3rd 
patient presented with a reactional episode at the 9th month with a BI fall from 5 · 8  + to 
3 · 5  + .  All of them demonstrated lepromin conversion. Therefore, in full agreement with 
Bhatki et al. , 1 3  there appears to be little relation'ship between bacillary load and 
occurrence of RR. This is also supported by the observation that more than half of the 
cases developing RR had the onset of reaction within the first 3 months of treatment 
initiation, despite minimal BI fall during this period . 

Higher incidence of RR in the vaccine group could be due to a rapid stimulation of 
cell-mediated immunity. This would explain the slightly higher incidence of a severe form 
ofRR in the vaccine group. But once the reaction is controlled with steroids, the relapse of 
reaction is less frequent among vaccinated patients . This may probably be due to a steady 
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and gradual build up of cell-mediated immunity with subsequent vaccination. Immuno­
chemotherapy with M. w along with chemotherapy possibly results in a rapid clearance of 
mycobacterial antigens and establishes a delicate balance between antigens available for 
immune reactions and host responses. 

The major problem associated with RR is that of neurological complications leading 
to deformities. In our series, 4 out of 1 6  episodes of RR in the vaccine group and 3 out of 
1 5  episodes in the control group had neuritis (right lateral popliteal nerve leading to foot 
drop ( I ) ,  left facial nerve with resultant facial paralysis ( 1 ) , unilateral ulnar neuritis (3) ,  
bilateral ulnar neuritis with claw hand ( 1 )  and unilateral ulnar neuritis with claw hand ( I ) . 
All patients with neuritis were managed with oral steroids, physiotherapy and the affected 
part of the anatomy was rested . This resulted in complete motor recovery in all but I case 
(in the vaccine group). This patient underwent reconstructive surgery for claw hand after 
RFT. Isolated neuritis was observed in 2 cases in the vaccine group and 1 case in the 
control group . .  

Thus, the ��ccine did hot precipitate any additional neurological complication-an 
important observation in the context of introducing an immunomodulator. This clinical 
finding was co�r�borat�d by the histological observation that after vaccination, no 
damage or inc�eased ihtra- or perineurial lymphocytic infiltration was seen in dermal 
nerve twigs . 3  

In conclusion, it appears that M. w, the candidate for an anti leprosy vaccine can be 
safely used as an adj unct to existing M DT, a finding based on its ability to cause rapid 
clinical and bacterio logical improvement and histological upgrading. 
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Poussees reactionnelles chez les lepruex multibacillaires a MDT avec ou sans 
immunotherapie par Mycobacterium w, un eventuel vaccin contre la lepre 

H .  K .  K A R ,  A .  K .  S H A R M A ,  R .  S .  M I SR A ,  K .  R .  B E E N A , S .  A .  Z A H E E R ,  

R .  M U K H E R J E E ,  A.  M U K HE R J E E ,  S .  K .  P A R ID A ,  R.  W A L I A ,  N .  S .  K .  N A I R  

ET G .  P .  T A M W A R  

Resume E n  plus d e  l a  therapeutique multidrogue standard (M DT), 53  lepreux multibacillaires, negatifs a la 
lepromine et appartenant aux types de lepre BB, B L  et LL (groupes de vaccination) ont recu une 
immunotherapie avec un bacille qui pourrait eventuellement devenir un vaccin contre la lepre, Mycobacterium 
w. Un groupe de temoins en nombre egal a recu M DT et des injections d'amidon micronise comme placebo. Le 
vaccin,  comme Ie placebo, etait administre en injection intradermique tous les 3 mois. Les parametres cliniques, 
bacteriologiques et histopathologiques et Ie test a la lepromine etaient eva lues a intervalles determines chez les 
malades. On a note, pour chaque episode de reaction I ' incidence, Ie debut, la frequence et la severite pendant et 
apres la cessation du traitement (RTF). L'incidence des reactions lepreuses (RR) a ete legerement plus eJevee 
dans Ie groupe vaccine (22,6°;') dans Ie groupe vaccine contre 1 5 % dans Ie groupe temoin).  Tous les cas 
presentant une histoire de reaction de declin type 1 ont presente une poussee reactionnelle pendant Ie traitement. 
Le plus grand nombre des episodes s'est produit au cours de la premiere annee de traitement, dont 50% dans les 
premiers 3 mois. Des reactions lepreuses tardives (apres RTF) ont ete observees dans 3 , 8% des cas dans les deux 
groupes, et 50°!.) des malades reagissant dans Ie groupe temoin et 3 3 %  dans Ie groupe vaccine ont eu des episodes 
reactionnels repetes. L'incidence des nevrites associees a RR, comme celie des nevrites isolees, a ete similaire 
dans les deux groupes. 

Reacci6n invertida en los pacientes leprosos multibacilares despues de tratamiento 
multidroga con y sin inmunoterapia y una posible vacuna antileprosa, Mycobac­
terium w 

H .  K .  K A R ,  A .  K .  S H A R M A ,  R .  S .  M I S R A ,  K .  R .  B E E N A , S .  A .  Z A H E E R , 

R .  M U K H E R J E E ,  A .  M UK H E R J E E ,  S .  K .  P A R I D A , R .  W A L I A ,  N .  S .  K .  N A I R  Y 

G .  P .  T A L W A R  

Resumen S e  administro una posible vacuna antileprosa, Mycobacterium IV, e n  conjunto con una terapia 
multidroga (MDT) normal, a 53  pacientes multibacilares lepromin-negativos, de los tipos BB, BL y LL de lepra 
(el grupo vacunado). Un grupo de control de igual magnitud recibio M DT e inyecciones de almidon 
micronizado como placebo . Se administro la vacuna y el placebo por via intradermica cada 3 meses. Se 
controlaron los pacientes a intervalos regulares mediante panimetros clinicos, bacteriologicos e histopatologi­
cos, y pruebas de lepromin. Se analiza ron casos de reaccion con referencia a incidencia, comienzo, frecuencia y 
severidad, durante y despues de darles de alta del tratamiento (RFT). La incidencia de reaccion invertida (RR) 
era levemente superior en el grupo vacunado (22,6% para el grupo vacunado comparado con 1 5 % del grupo de 
control). Todos los casos con antecedentes de una reaccion Tipo 1 de degradacion desarrollaron RR durante la 
terapia. La mayoria de casos ocurrieron en menos de 1 ano del comienzo de la terapia, 50% de ellos en menos de 
3 meses. Se observo reaccion invertida retardada (despues de RFT) en un 3 , 8% de casos en ambos grupos, y un 
50% de los reactores en el grupo de control y 3 3 %  del grupo vacunado tuvieron incidentes de reaccion repetidos. 
La incidencia de neuritis asociada con RR, adem as de neuritis aislada, era similar en ambos grupos. 
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Summary There has  been an average annual decline in detection rates of all 
types of leprosy in Malawi of around 1 1 · 6% between 1 977 and 1 99 1 .  There was no 
obvious acceleration or slowing down of this decline following the introduction of 
WHO/MDT in 1 983-84. Disability ratios stayed at the same level of about 1 1 %  

during the 1 5  years covered by this paper suggesting that patients did not self­
report earlier after 1 983-84 which might have masked an underlying accelerated 
decline in detection rates. Thus it is concluded that the influence of WHO/MDT 
on the pattern of leprosy over a period of time, in a country like Malawi, is so far 
not noticeably different from any influence dapsone monotherapy might have 
had . 

It is now well known that shortening anti-leprosy treatment--e.g .  by implementing the 
WHO recommended multi-drug-therapy (WHO/MDT) ! markedly decreases the number 
of patients on treatment (prevalence rates) . 2.3.4 Expectations that multi-drug-treatment 
would break chains of transmission faster than dapsone monotherapy and thus lead to a 
noticeable decline (or an acceleration in the decline) of incidence rates have so far not been 
fulfilled .5 •6•7 On the other hand, there are detection rate data which have been interpreted 
to show such an effect. 8 

Leprosy control activities in Malawi have been intensified since 1 966 with the 
assistance of the British Leprosy Relief Association (LEPRA) . Given the continuity of 
main operational methods (e .g .  passive case finding and mobile treatment) at least since 
1 973,9  we feel that a description of detection rates in Malawi covering the period before 
and after the introduction of WHO/MDT in 1 983/84 is a useful contribution to the 
ongoing discussion on the influence of multi-drug-treatment on the patterns of leprosy 
over time . 1 o  Because detection activities in Malawi were constant over time, trends in 
detection rates can be assumed to reflect trends in incidence rates .  

0307-75 1 8/93/064227 + 09 50 1 .00 © Lepra 227 
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Methods 

Methods of leprosy control work in Malawi up to 1 983  have been described in detail in a 
previous pUblication.9 WHO/MDT was introduced in the whole country between April 
1 983 and December 1 984.  The procedure adopted was to review patients on treatment at 
that time and to release those from treatment who (i) had paucibacillary leprosy (PB), had 
been treated for at least 4 years and whose lesions were inactive at the time of review or (ii) 
had multi bacillary leprosy (MB), had been treated for at least 5 years and whose slit skin 
smears had been negative for at least 5 years . All other patients were given WHO/MDT: 
6 monthly doses for PB leprosy Clnd \lntil smear negativity for MB leprosy (but for not less 
than 2 years during which period the patient had to take at least eighteen monthly doses). 
This review procedure led to a great reduction in the prevalence rate of J�prosy. The cadre 
of staff called clinic attendants was therefore made redundant. As a consequence anti­
leprosy treatment was from then on given on a monthly basis by leprosy control assistants 
(LeAs) rather than on a weekly basis by clinic attendants .  All LeAs were equipped with 
motorcycles an,d great efforts were made to keep them mobile at all times. In general, as 
before, there wa� one LeA in each administrative district in Malawi but larger districts 
continued to have two LeAs. They continued to be �upervised by assistant field officers, 
field officers and medical officers . 

Until 1 982 the taking of slit skin smears had been prompted by a clinical suspicion, of 
MB leprosy but with the introduction of WHO/MDT slit skin smears were taken from (lll 
newly registered patients. Further new operational developments which added to the 
workload of LeAs were (i) the introduction of active surveillance after cOlllpletion of 
treatment of PB leprosy patients and (ii) the intensification of care for all patients who 
were left with disabilities after compl\etion of treatment. 

In parallel with the introduction of WHO/MDT a computerized National Register 
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Figure 1. Preyalence rates of leprosy patients on treat��nt in M alawi per 1 0  t1lOusand population, 1 980-9 \ .  
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Table 1. Prevalence rates of leprosy patients on treatment in Malawi 1 980 to 1 99 1  

Year 

1 980 1 98 1  1 982 1 983  1 984 1 98 5  1 986 1 987  1 988  1 989 1 990 1 99 1  

Patients o n  treatment 
3 1  st December 1 8862 1 7925 1 5867 9042 5 1 1 6  3240 2529 2207 2024 1 895  1 773  1 438  

Population ( x 1 ,000) 6, 1 1 7 6,340 6,57 1 6,8 1 1 7 ,060 7 ,3 1 9  7,589 7,869 8 , 1 60 8,463 8,777 9, 1 05 

Prevalence ra tes 
per 10 thousand 30 ·8  28 ·3  24· 1 1 3 · 3  7 · 2  4·4 3 · 3  2 · 8  2 · 5  2 ·2  2 ·0 1 · 6 

was s<;:t up and LCAs notified the National Register of all new patients, their year of birth, 
sex, classification, slit skin smear results, disabilities and their residence at registration. 
Statistics for the period prior to 1 983  are based on manually compiled data. 

National Censuses were carried out in Malawi in 1 977 and 1 987 and all rates are based 
on figures derived and projected from the census reports. I I , 1 2 

All new patients registered for anti-leprosy treatment and thought to be Malawian 
citizens are included in the data presented . Care was taken to exclude foreigners (e.g. 
Mozambican refugees) from the calculations. 

For the purpose of this paper a patient is considered to have a disability if according to 
the 1 960 WHO disability grading system l 3  there was at least one score of 2 or higher at 
registration. 

A multibacillary patient was, until 1 982,  defined as anyone registered as a new BB, BL 
or LL case with a positive slit skin smear result (BJ > 0) or  else as a new LL case with no 
slit skin smear result but  clinical findings typical for lepromatous leprosy. From 1 983  
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Figure 2a. Detection rates of new M alawian leprosy patients per 1 0  thousand, population, 1 977-9 1 .  



Table 2. Detection rates of new Malawian leprosy patients, 1 977 to 1 99 1  

Year 

1977 1 978 1 979 1 980 1 98 1  1 982 1 983  1 984 

Pa tien ts detected 
during year 2598 2 1 79 1 8 1 8  1 672 1 60 1  1 372 1 348 1 1 97 

Population ( x 1 ,000) 5 ,499 5,697 5,903 6, 1 1 7 6,340 6,57 1 6,8 1 1  7,060 

Detection rate 
per 10 thousand 4 ·7  H 3 · 1 2 ·7  2 ·5  2 · 1 2 ·0 1 · 7 

Annual reduction/increase 
of the detection rate 
(in percen t) - 1 9 ·0 - 1 9 ·5  - 1 1 ·2 - H  - 1 7 ·3  - 5 ·2 - 1 4 ·3  

1 985  1 986 1 987 1 988 

1 1 35  1 029 1 093 907 

7,3 1 9  7,589 7,869 8 , 1 60 

1 ·6 1 04 1 ·4 1 · 1  

- 8 ·5  - 1 2·6  2A - 20·0 

1 989 1 990 
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Figure 2b. Logarithmic detection rates of new Malawian leprosy patients per 10 thousand population, 1 977-9 1 .  

onwards a M B  patient is defined as any patient with a slit skin smear result o f  a BI of 2 or 
higher. In our experience these two definitions of MB leprosy are virtually the same . 

Results 

Figure 1 and Table 1 show prevalence rates of leprosy in Malawi from 1 980 until 1 99 1 .  
Prevalence rates declined most steeply during the years 1 983 and 1 984 when WHO/MDT 
was introduced. At the end of 1 99 1  the prevalence rate had been reduced to 1 438 patients 
on treatment per 9, 1 04,600 people ( I ,  58  per 1 0,000) . 

Detection rates per 1 0,000 population from 1 977 until 1 99 1  are shown in Figure 2a 
and Table 2 .  The rate fell from 4·7 per 1 0,000 in 1 977 to 0·7 per 1 0,000 in 1 99 1 .  This 
represents an average annual reduction (geometric mean of the decline) of 1 1 ·6 % .  Table 2 
also shows (in percentage) the variation in the detection rates per year. The annual 
'reduction' varies from an increase of 2 ·4% from 1 986 to 1 987 to a reduction of 2 1 · 2% 
from 1 990 to  1 99 1 .  Figure 2b  shows detection rates after logarithmic transformation and, 
as expected from Figure 2a, demonstrates a log-linear relationship between years of 
detection and detection rates .  There is no change in the trend (decline) of detection rates at 
any time after introduction of WHO/MDT. 

Figure 3 and Table 3 show multi bacillary ratios from 1 977 to 1 99 1 .  From 1 977 to 1 982 
these ratios are based on the patients in those parts of the country which were used in an 
analysis of the epidemiology of leprosy in M alawi in a previous paper . 1 4  From 1 983 
onwards ratios are based on al l  newly registered patients in M alawi . A doubling of the 
multi bacillary ratio from about 1 0% to 20% can be observed between 1 977 and 1 985 .  
From then onwards the muItibacillary ratio appears to have remained constant. 

Disability ratios among newly registered patients are presented in Table 4 .  This ratio 
of patients with any disability score greater than one varies between 9% and 1 3 %  per year 
without any apparent underlying trend. 
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Figure 3. Proportion (%) of new M alawian leprosy patients with multibacillary leprosy, 1 977-9 1 .  

Discussion 

We have shown in this paper that the average annual decline in detection rates of all types 
of leprosy in Malawi has been around 1 2 · 5 %  

·
since 1 977 (Figures 2a, 2b and Table 2) and 

that there was no obvious acceleration or slowing down of this decline in the wake of 
introducing WHO/MDT in 1 983-84. These data argue against WHO/MDT exerting any 
influence on the patterns of leprosy over time, in a country like Malawi, other than the 
influence dapsone monotherapy might have had . 

This argument is only valid in so far as operational methods and characteristics of 
patients remained the same after the introduction of WHO/MDT. Concerning opera­
tional methods we mentioned that the number of staff (and thus opportunities for new 
leprosy patients to self-report) were reduced following the dramatic decline of prevalence 
rates by 1 985 .  However, this operational change, if i t  mattered, could only have resulted 
in an accelerated decline of detection rates-which is not seen. The operational change 
could not have masked an underlying genuine acceleration in decline and the reduction in 
staff therefore appears to be irrelevant for the point in question. 

Concerning characteristics of patients we have shown that disability ratios remained 
constant between 1 977 and 1 99 1  and that there was no noticeable change at any time after 
1 983-84 (Table 4) . This supports the suggestion that the introduction of WHO/MDT did 
not result in earlier self-reporting which again could have masked an underlying genuine 
acceleration in the decline of detection rates. (Nor did the introduction of WHO/MDT 
result in higher disability ratios because of later self-reporting which could have been the 
effect of the reduction of staff.) 

As a further characteristic of patients we describe the multibacillary ratios among 
newly registered patients (Figure 3, Table 3). It appears that the rise in multi bacillary 
ratios came to an end after the introduction of WHO/MDT and has remained constant 



Table 3. Proportion of new Malawian leprosy patients with multibacillary leprosy 

Year 

1 977 1 978 1 979 1 980 1 98 1  1 982 1 983  1 984 1 985 

Patients detected 
during year 2598 2 1 79 1 8 1 8  1 672 1 60 1  1 372 1 348 1 1 97 1 1 35  

Patients on whom the 
MB ratio is based 1 602 94 1 83 1 83 1 794 64 1 1 348 1 1 97 1 1 35  

Percentage of patients 
with MB leprosy 9·8 14 ·5  1 4·0 1 6· 1  1 5 ·0 1 9· 7  14 · 8  1 7 -4 2 1 · 1  

Table 4. Proportion o f  new Malawian leprosy patients with a disability > I 

Year 

1 977 1 978 1 979 1 980 1 9 8 1  1 982 1 983  1 984 1 985  

Patients detected 
during year 2598 2 1 79 1 8 1 8  1 672 1 60 1  1 372 1 348 1 1 97 1 1 35  

Patients on whom the 
disability ratio is based 1 602 94 1 83 1 8 3 1  794 64 1 1 348 1 1 97 1 1 35  

Percentage of patients 
with a disability > I 10 · \ 1 \ ·6  1 2 ·8  I H  9·9 1 1 · 8  9·0 1 2·9 1 2 · 5  

1 986 1 987 1 988 

1 029 1 093 907 

1 029 1 093 907 

20·7 1 7 · 7  1 9·7  

1 98 6  1 987 1 988 

1029 1 093 907 

1 029 1 093 907 

1 1 · 1  9 ·8  1 1 · 7  

1 989 1 990 

8 1 0  78 1 

8 1 0  78 1 

14 · 8  1 8 · 3  

1 989 1 990 

8 1 0  78 1 

8 1 0  78 1 

7 ·9  1 1 · 3  

1 99 1  
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638 

2 1 ·2 

1 99 1  

638 

638 

1 1 ·9 

t::::J o � 

� 
a 

� 
'-:l 
� I: 
� 
� 
� 
� 
s· 

.[ ... o 
� 
S· '"' 
� ;:: 
� ." 

tv w w 



234 Gja!t Boerrigter and Jorg M. Ponnighaus 

since 1 985 .  However, this variable is more difficult to interpret than the disability ratios 
because there were both a slight change in the definition in 1 983 and a change of practice 
which we have mentioned . In addition, it could be argued that control services including 
slit skin smear services improved during the Seventies and early Eighties and that the rise 
in the multibacillary ratio resulted from this general improvement of quality. Thus there 
are three alternative explanations for the pattern of multi bacillary ratios shown: (i) the 
rise in the multi bacillary ratio until 1 985  was merely due to operational circumstances or 
(ii) the rise was an indicator of the end phase of an epidemic l s  which declined no further in 
the late Eighties or (iii) the introduction of WHO/MDT led to earlier case finding which 
caused a break in the rise of the multibacillary ratio .  The third possible explanation is not 
supported by the patterns of detection rates and disability ratios. It therefore seems likely 
that operational circumstances and a declining epidemic shaped the pattern of 
multi bacillary ratios shown rather than the introduction of WHO/MDT. 

On the whole we therefore conclude on the basis of the experience in Malawi that a 
variety of factors (e .g .  BCG vaccination, 1 6, 1 7  socioeconomic changes, leprosy control 
efforts) led to a steady reduction in detection rates of leprosy (and a parallel trend in 
incidence rates) in the late Seventies and throughout the Eighties and that this decline has 
not been accelerated by WHO/MDT so far .  
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L'introduction de l'OMS-MDT a-t-elle eu une influence sur l'incidence de la 
lepre?-l'experience malawienne 

G J A L T  B O E R R I G T E R  ET J O R G  M .  P O N N I G H A U S  

Resume On a note une baisse moyenne annuelle d'environ 1 1 ,6% des taux d e  detection d e  tous les types de 
lepre a M alawi entre 1 977 et 1 99 1 .  II n'a pas ete observe d'acceIeration ou de ralentissement evident de cette 
baisse suite a l ' introduction de l 'OMS-MDT en 1 983-84. Les taux d'infirmite sont restes les memes, a savoir 
d'environ I I  %, durant les 1 5  annees couvertes par cet article, ce qui tend a suggerer que les patients ne sont pas 
revenus se presenter en consultation plus tot apres 1 983-84 et pourrait masquer une diminution acceleree sous­
jacente des taux de detection. On a ainsi conclu que I'influence de l 'OMS-MDT dans Ie schema de la lepre dans 
un pays tel que Ie Malawi durant cette peri ode de temps n'est jusqu'ici pas sensiblement diflhent de l ' influence 
que Ie dapsone pourrait avoir en monotherapie. 

i.lnfluencia la introduccion de WHO-MDT las tendencias en torno a la frecuencia de 
la lepra?-La experiencia adquirida en Malawi 

G J A L T  B O E R R I G T E R  y J O R G  M .  P O N N I G H A U S  

Resumen S e  h a  registrado u n a  declinacion media anual e n  l o s  porcentajes d e  deteccion d e  todos l o s  tipos de 
lepra en Malawi de aproximadamente un 1 1 ,6% entre 1 977 y 1 99 1 .  No hubo una aceleracion 0 reduccion 
manifiesta en esta declinacion a partir de la introd uccion de WHO/MDT en 1 983-84. Las relaciones de invalidez 
permanecieron al mismo nivel de aproximadamente un 1 1 °;', durante los 1 5  aiios que abarca este estudio, 
sugiriendo que los pacientes no informaron su condicion por si propios con mayor anterioridad, despues de 
1 98 3-84, 10 cual pod ria haber disimulado una declinacion acelerada subyacente en los porcentajes de deteccion.  
Asi pues,  se concluye que la influencia de WHO/MDT ejercida sobre el patron de la lepra durante cierto periodo 
de tiempo, en un pais como Malawi, no es hasta la fecha marcadamente diferente de cualquier inftuencia que 
pudiera haber ejercido una monoterapeutica a base de dapsona. 
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Summary Between January 1983 and December 1990 in Auckland, New 

Zealand, 87 patients (28 paucibacillary disease (PBD) and 59 multi bacillary 

disease (MBD)) commenced WHO multidrug therapy (MDT). 

All were immigrants from the Pacific Islands (65) or Asia (22). A total of 57 

patients had already received non-WHO regimens, some continuously, but often 

intermittently, for many years; 30 patients received WHO MDT only. By 

December 1990,50 had completed treatment, with I relapse and I late reaction, 

both in patients with PBD treated with WHO MDT only. There have been no 

relapses in those treated with WHO MDT after prior leprosy treatment. 

In those with MBD, type II leprosy reactions were less common (16%) in those 

treated only with WHO MDT than in those treated continuously before 1983 with 

older regimens (64%). Type I leprosy reactions occurred in about 20% of both 

these groups. The bacterial index fell faster in those who had had a prolonged 

prior treatment beginning WHO MDT than in those starting WHO MDT as their 
initial leprosy chemotherapy. 

Overall we found WHO MDT was well accepted and the compliance good, 
but 13 patients (15%) left Auckland before treatment was completed and 6 (7%) 

during follow up. 

Auckland, New Zealand, has the largest Polynesian population in the world. For many 
years large numbers of immigrants have entered New Zealand from the South Pacific 

islands of Western Samoa, the Cook Islands, the Tokelau Islands, Tonga and Fiji. 

Recently refugees have arrived from South-East Asia. Many of the inhabitants of these 

countries suffer from endemic leprosy, therefore people infected with Mycobacterium 

/eprae have entered New Zealand. Leprosy does not occur in people who have not lived 

outside New Zealand. 
We report here our experience of leprosy using the World Health Organization multi-
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drug therapy regimen (WHO MDT) at the Auckland Hospital infectious disea$e ynit 
from the introduction of this treatment in January 1 983 to December 1 990. 

In 1 982 WHO officially recommended that leprosy should be treated with MDT. ' This 
decision was made because of the growing incidence of both primary and secondary 
dapsone resistant lepro�y and the recognition that paucibacillary (PB) disease (PBD) 
needed shorter treatment than was then generally being used. paucibacillary disease 
includes indeterminate polar tuberculoid and porderline tllber�yloid leprosy in the 
Ridley-Jopling classification2 and in 1 982  included cases with a bacteriological index (BI) 
of 1 + aq:ording to the Ridley sC'lle. This was modified in 1 988  to include only those with 
negative baGteriology. Multibacillary disease (MaO) is all mid-borderline to lepromatous 
leprosy and from 1 988  also inch-ided any with � positive BI with particular care in the 
classification of borderline tuberculoid disease . 3  

World Health Organization MPT for PBD is P months of daily dapsone with monthly 
rifampicin;  for MBD it is daily clofazamine and dapsone with monthly rifampicjn and 
clofazamine given under supervision . It is recommended that MBD treatment continue 
until skin smears are negative or for a mipimum of 2 years . 

Methods 

Demographic, inV�stigational, treatment and outcome data (i .e .  age, sex, ethnicity, 
qyration of previflus treatment, disability, treatment, drllg side effec::ts, n;actions, 
compliance, al llnd outcome) were taken from the case IJPtes' of all patients tr:e�ted for 
leprosy lit tpe Auckland Hospital infectious disease unit from 1 983 .  All patients are 
managed as outpatients unless particular complications (e.g .  severe reaction, osteomyeli­
tis) necessitate admission, which was uncommon. 

A disability index was assessed from records of clinical examination and the ma�hn,um 
disability at any stage was recorded. Disability was graded as minor, moderate OF s,ev�r�.4 

Treatment was described as: WHO MPT, where it was absolutely as rec.omm�nd�d, 
modified WHO MDT (i .e .  WHO MDT plus extra drug or extended <hn:'atiQfl pf 
treatment) or other (i .e .  that not providing minimum MDT) . 5  

Reactions were classified as Type � or II .  We. defined long-term reaction �F��tm�nt � 
courses of prednisone or thldidomidt': (for Type II reactions) given for longer th�IJ � 
months. 

' , , . - . 

Compliance was evaluated by checking the ga�e� �:m which each monthly pulse dose 
was given. We classified � patient as compliant if lw/�he took the dose within 1 4  days of 
the due monqlly date . AU inontply dqses were �iyef) :pn.d�r supervision, either to patients 
returning to the infecriolls disease unit or by pub�ic h�,��th nurse visits at home or work. 

The BJ was measpreq yearly using the Ridley-JqpUng Classification from split skin 
smears examineq by G.c. On initial examinat�on qilateral smears from the nose, ear 
lobes, elbows, fiqgers �pd skin lesions were tested ard subsequently 4 to 6 sites were tested. 
Testing of fip'g�r dorsa was added in the mid7 l 98Qs but, because patiepts found this 
uncomfortabie, they were testeq again only tow�rd� the expected en,d of treatment. For 
the same reason, we rarely re-�valuated nas'll smears after the usual �I}t;al Tllpid clearing 
from that site . 

Statistical analysis was dope by the X2 test for univariate analysis �nP Student's (-test 
for group comparison. A logistic regression model was used with qisability as the 
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Table 1 .  Yearly patient numbers treated in Auckland5 

Year M DT began in Auckland 

1 983  1 984 1985  1 986 1 987  1 988 1 989 1 990 Total 

Cases in 
New cases 2 1 4 1 2 3 3 5 2 1  
Additional 45 6 6 6 3 9 6 6 87 

Cases out  
Early exit 1 2 1 2 0 3 2 3 1 4  
Completed 9 6 2 1  1 2 2 7 2 50 

Registered 35  33  1 7  20 2 1  25 22 23 

I .  New cases: cases newly detected in the year indicated . 
2. Additional: includes all cases whose treatment with MDT was started in Auckland in the 

year indicated . 
3. Early exit: left the Auckland area prior to finishing treatment because of emigration ( 1 3) 

or death ( 1 ) .  
4 .  Completed: treatment with M DT completed i n  the year indicated . 
5. Registered: those registered as leprosy cases and on treatment at year end. (It does not 

include those under surveillance. )  

dependent variable and sex, type of leprosy, and ethnicity as the explanatory variables . BI 
were analysed as ordinal variables using the non-parametric Wilcoxon rank sum test. 

Results 

A total of 87 patients have been registered as having leprosy between January 1 983 and 
December 1 990 (Tables 1 and 2) . 

We divided patients into 2 treatment groups; i . e .  those who had been treated before 
beginning WHO regimens (prior treatment group) and those who had not been treated 
before beginning WHO regimens (no prior treatment group) (Figure 1 ) . 

1 .  Prior treatment group (5 7 patients) (Table 3) 

These patients had received treatment of various sorts before being transferred to WHO 
MDT regimens. They were divided into 2 further sub-groups . 

(a) Uninterrupted treatment group (23 patients) . These patients had usually been 
diagnosed in Auckland after the mid- 1 970s and had remained under our care for their 
entire management. They had usually been treated with 6 to 1 2  weeks of initial dapsone 
and rifampicin with or without additional c10fazimine followed by dapsone mono­
therapy. Our own records provide reliable information about these patients-I 0 of these 
patients were from the Cook Islands, 6 from Samoa, 2 from Tonga, 3 from Cambodia and 
2 from Vietnam. 

(b) Interrupted treatment group (34 patients) . These patients were treated with 
various regimens, usually prolonged dapsone monotherapy generally started in the 
Pacific Islands before the 1 970s and subsequently continued in Auckland . In the majority 



Table 2. Table of epidemiological data 

Sex Race 

Total M F Ratio Pacific Asian 

Prior treatment 
I .  Interrupted 34 19 1 5  1 : 0'75 3 1  3 

(a) Paucibacillary 8 3 5 7 I 
(b) Multibacillary 26 16  1 0  24 2 

2. Uninterrupted 23 1 5  8 1 : 0,57 1 8  5 
(a) Paucibacillary 9 5 4 5 4 
(b) Multibacillary 1 4  10  4 1 3  I 

No prior treatment 30 1 8  1 2  1 : 0,66 1 6  1 4  
(a) Paucibacillary I I  5 6 7 4 
(b) M ultibacillary 1 9  1 3  6 9 1 0  

I .  M male, F female. 
2 .  ** 9/ 1 9  had begun WHO MDT elsewhere: mean duration of their previous WHO MDT was 3 ( ±  I) years. 

Age at diagnosis 
(mean + S.D.) 

(years) 

20 ( ±  1 0) 
14 ( ± 6) 
2 1  ( ± I O) 

27 ( ±  1 3) 
27 ( ± 1 5) 
27 ( ±  1 2) 

34 ( ± 14) 
35 ( ±  1 6) 
33 ( ±  1 2) 

Duration of treatment 
prior to WHO MDT 

(mean ± S.D.)  
(years) 

1 5  ( ±  I I ) 
5 ( ± 3) 

1 8  ( ±  I I ) 

6 ( ±  I I ) 
5 ( ± 3) 
7 ( ± 5) 

Not applicable 

** 
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Figure l. Patient summary. 

No prior treatment 

PBD 

" 

30 

MBD 

19 

treatment was further interrupted by return visits to the' ,Pacific Islands and details of 
treatment there were difficult to define accurately. In all, 15 of these patients were from 
Samoa, 13 from the Cook Islands, 3 from Fiji (1 each from native Fijian, Fiji Indian and 
Fiji Malay stock), and I each from Tonga, the Tokelau Islands and Cambodia. 

The mean IS (± II) years of prior treatment in the interrupted group is significantly 
longer than the mean 6 (± 4) years in the uninterrupted group (t = 3 ·89, df (54); p < 0'001). 

2. No prior treatment (30 patients) (Table 4) 

These patients had had no previous treatment before beginning WHO MDT-21 began 
their WHO Regimen in Auckland and 9 continued WHO MDT treatment begun 
elsewhere, mostly in refugee camps in South-East Asia; II were from Samoa,S from the 
Cook Islands, 7 from Cambodia, 3 from India and I each from Laos, Vietnam, the 
Pillippines and Pakistan. 

EPIDEMIOLOGY 

Details of sex, ethnicity, age at diagnosis and duration of previous treatment are 
summarized above and in Table 2. Patients were predominantly from Western Samoa 
(32) and the Cook Islands (28), but there was a higher proportion of South-East Asians 
(16), particularly Cambodians (11) among cases diagnosed since 1983. There was a non­
Significant trend for males to have MBD more than females (X2 =:= 3·09 p < 0'1). The 
percentage distribution of PBD and MBD amongst the two main ethnic groups (Pacific 
Islanders and Asians) was similar. There has been an increase in mean age and a decreased 
duration of disease at diagnosis over the years. 
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Table 3. Data summary for patients in prior treatment group 

Prior treatment ,group (57) 

Interrupted (34) (]�interrupte9 (23) ., 
Classification: PBD 8 26 M B D  PBD 9 1 4 r.mp 
Skin smear: - ve - ve + ve - ve - ve + ve 

8 1 5  I I  8 8 6 

Regimen: 
WHO 5 9 8 7 6 6 
Modified 3 0 0 2 0 0 
Other 0 6 3 0 2 0 

Side effects: 0 0 0 0 2 2 

Reactions: 
Type I 0 1 0 0 0 I 
Type II  0 0 6 0 1 6 

Outcome: 
Early exit I 0 4 0 I 2 
C;::ontinue 0 I 2 0 0 4 
Complete 

Lost to flup b' I 0 0 2 0 
flup () 1 3  5 9, 5 0 " 

11 
Median duration flu (months) {Z3 32 9 36 58 nil 

(range) (months) ( 1 2-36) (6-48) (5-60) ( 1 2-50) ( 1 2-84) 

flu: follow up regimen: see text for details.  

D I S A B I LITY 

Disability (Table 5) was mild in 3 7  (42%) ,  moderate in 24 (28 % )  and severe in 26 (30 % ) . 
Paucibacillary disease was associated with less disability than M BD (X2 = 1 5 , p < 0 ·000 I ) .  
There was no significant difference in disability with respect to sex, ethnicity, treatment 
woup or year of diagnosis .  

TREA TMENT REGIMENS 

1 .  Prior treatment (57 patients) (Table 3)  

(i) Uninterrupted treatment group (23 patients) 
(a) PBD (9 patients) 

In total, 7 patients received WHO M DT and 2 modified WHO MDT. These latter 
2 had 2 years MB MDT: I because of extensive clinical BT disease and 1 because 
previous long-term low dose dapsone mono therapy ( 1 00 mg/week) raised concern 
about dapsone resistance, although it  was not proved . 

(b) M BD ( 1 4  patients) 
In total, 1 2  patients received WHO MDT and 2 were given other treatment. Of the 
latter, dapsone was omitted in I because of previous haemolysis and th� other, 
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Table 4 .  Data summary for patients in group with no prior treatment 

Classification: 

Regimen: 
WHO 
Modified 
Other 

Side effects: 

Reactions during treatment: 
Type I 
Type II 

Outcome: 
Early exit 
Continue 
Complete 

Lost to fjup 
Relapse 
Late reaction 
Fjup 

Median duration fjup 

No prior treatment (30) 

PBD I I  

8 
3 
0 

0 

2 
0 

I 
3 

2 
I 
I 
4 

1 8  

1 9 MBD 

19  
o 
o 

3 
3 

5 
1 3  

o 
o 
o 
I 

1 0  

Table 5 .  Disability according t o  ethnic group, disease classification, sex and age 

Disability 

Minor Moderate Severe 
Disease 
Classification M F M F M F 

Pacific Islanders 
PBD 6 8 2 I I I 
MBD 9 4 7 8 1 3  5 

Asians 
PBD 2 4 2 I 0 0 
MBD 2 2 3 0 5 I 

Total 1 9  1 8  1 4  1 0  1 9  7 

Total 

1 9  
46 

9 
1 3  

87 

already smear negative with prolonged prior treatment, had only 1 2  months MB 
MDT because of noncompliance. 

(ii) Interrupted treatment group (34 patients) 
(a) PBD (8 patients) 

In total, 5 patients received WHO MDT and 3 modified WHO MDT. Of the latter, 
all 3 had 2 years MB MDT, for the same reasons as in the PBD group with prior 
uninterrupted treatment discussed above . 

(b) MBD (26 patients) 
In all, 1 7  patients received WHO MDT and 9 were given other treatment. Of those 
latter 9 ,  I who was already smear negative after prolonged treatment had only 6 
months M B  MDT because of noncompliance, I had had previous dapsone 
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haemolysis and 5 refused dapsone because of their concerns about its role in 
inducing reactions; 2 did not receive c1ofazimine, I because of concern about skin 
discolouration and another because of concern about other side effects. 

2 .  No prior treatment (30 patients) (Table 4) 

(a) PBD ( I I patients) 
In all, 8 received WHO MDT and 3 received modified WHO MDT. Of these latter 
3, I received 30 months PB MDT because of a persistently active single skin lesion 
and 2 received 2 years of MB MDT because of extensive BT disease. 

(b) MB ( 1 9  patients) 
All received WHO MDT. 

In al l  patients, where we omitted I drug of WHO MDT, the other components of the 
regimen were continued . We did not add alternative agents. 

SIDE EFFECTS 

1 .  Prior treatment (Table 3)  

Side effects were suffered by 4 of 57  patients (7% )  - I  man with MBD who had received 
rifampicin 1 0  years earlier developed rifampicin allergy after the 3rd monthly dose of 
WHO MDT. While on MB MDT 2 Pacific Islanders developed dapsone haemolysis, and 
I c10fazamine enteritis .  

2. No prior treatment (Table 4) 

A Cambodian man ( I  of 30 patients (3 %)) developed a side effect, dapsone haemolysis .  

Overall, dapsone haemolysis occurred in 5 of87 patients (6%) :  3 while receiving WHO 
MDT and 2 during prior treatment. 

R E A C T I O N S  

1 .  Prior treatment (Table 3)  

(a) PBD: none of 1 7  had reactions . 
(b) MBD: in total 1 4  of 40 patients (35 % )  had reactions, of whom 1 2  had positive BI .  

i .  Uninterrupted treatment group-7 of 1 4  patients (50%) had 8 reactions; 6 had 
type II  reaction and I had both type I and type II  reactions; and 6 needed long­
term treatment, 5 changing to thalidomide from prednisone; 3 had first been 
treated for reactions before the introduction of WHO MDT. 

I I .  Interrupted treatment group-7 of26 patients (27%)  had reactions; 6 had type II 
reactions and I a type I reaction; 2 of those with type II  reactions remain on 
prednisone, I needed no treatment and the remaining 3 changed to thalido­
mide; 4 had been treated for reactions before the introduction of WHO MDT. 
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Table 6. Comparative reaction rates on earlier non·WHO regimens and WHO regimens alone 

PBD 
MBD 

Total 

During prior, uninterrupted 
non-WHO treatment before 1 983  

Type I 

1 /9 ( \  l )t 
4/ 1 4  (29) 

5/23 (22) 

Type II 

0/9 
9/ 1 4  (64)* 

9/23 (39) 

* Comparison X2 = 8 ·3 , p < 0·00 1 .  
t Numbers i n  parentheses are percentages. 

Notes: 

Reactions 

During WHO treatment of group 
not previously treated, after 1 983 

Type I 

3/ 1 1 (27) 
3/ 1 9  ( \ 6) 

6/30 (20) 

Type II 

0/ 1 1  
3/ 1 9  ( \ 6)* 

3/30 ( 1 0) 

I .  Some patients had both Type I and II reactions: these figures refer to reactions, not patients. 
2.  The data in the group treated before 1 983  refers to reaction rates during that time on non-WHO regimens, 

and not to reaction rates occurring in this group while on WHO regimens after 1 983 .  

2. No prior treatment (Tables 4 and 6) 

(a) PBD: 3 of 1 1  patients (27%)  had type I reactions; 2 patients developed reactions on 
PB MDT, and needed long-term prednisone, and in 1 of them the reaction still 
continued after the completion of PB MDT, and because of clinical concern about 
a possible late relapse of disease due to steroid treatment, MB MDT was started 2 
months after finishing PB MDT, and continued for 2 years . Prednisone was 
required for 20 months of this time. The 3rd patient had 6 months PB MDT in 
1 983 ,  and at a routine review in 1 989 was discovered to have developed bilateral 
ulnar nerve palsies and local inflammatory swelling. He was then given 1 2  months 
MB MDT because skin smears were reported to show BI 4 + at 1 site, but this was 
never confirmed on repeat smears. We therefore took the view that this was a 
reaction that had been both clinically and microbiologically misdiagnosed as 
relapse and MB MDT was stopped. He had developed no further abnormalities 
after 2 years follow up. Thus 1 of 1 1  (9%)  had a late reaction. 

(b) MBD: 5 of 19 patients (26% )  had 6 reactions; 2 patients had type I reactions, 2 type 
II and 1 both; and 3 needed long-term steroid treatment.  

Detailed records were available for the treatment given before the introduction of WHO 
MDT to the uninterrupted treatment group (Table 6) . There was no difference in type I 
reaction rates between this group during earlier treatment and those treated only with 
WHO MDT: type I reactions occurred in about 20% of both. In contrast 64% (9 of 1 4) of 
our patients with MBD on uninterrupted treatment before 1 983  had type II  reactions 
compared with 1 6% (3 of 1 9) on WHO MDT (X2 = 8 · 3 ,  p < O·OO I ) . Once MBD patients 
with prior treatment changed to WHO MDT, type II  reactions were virtually limited to 
those with bacteria still present (i .e .  B l  � 1 + )  on transfer; 7 1  % ( 1 2  of 1 7) with B l  � 1 + 
had reactions subsequently compared with 4% ( 1  of 23) in those with B 1 = 0 (X2 = 1 9 ·6,  
p < O·OO I ) . 

COMPLIANCE 

Compliance was good, with the majority of doses given on time, though for some this 
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Figure 2. 

required a great deal of work by medical and district health nursing staff. Compliance 
with PBD treatment was better than for M BD treatment, with a mean 9 1  % ( ±  1 6 ·9) of 
doses compliant for PBD and a mean 87% ( ±  1 3 ·6) for MBD (t = 4· 5  df(84) p < O·OO I ) .  
There was n o  difference i n  compliance with age, ethnicity, sex or  treatment group. 

B A C I L L A R Y  INDEX IN THOSE WITH MBD 

Of 59 with M BD, 23 who had had prior treatment were smear negative at the time of 
transfer to MDT. Of the remaining 36, 28 had BI > 1 ,  6 BI = 1 ,  and 2 BI = 0 (l transferred 
from South-East Asia, already smear negative, and 1 with clinically M BD) at the start of 
the Auckland WHO MDT. In 1 5  of these patients with BI > 1 we have yearly BI available 
for 4 years while taking WHO MDT and this information is shown in Figure 2 . . While 
there was no difference in the initial BI  between groups, there was a significant difference 
between counts in the interrupted and uninterrupted groups in years 3 and 4 (p = O· O I  n 1 n2 
5 , 6 t =  1 6  in both years (Wilcoxon rank Sum test)) . The mean 1 1 · 2 ( ±  8 · 7) years of prior 
treatment in the interrupted group is longer than the mean 3 · 6  ( ±  2 ·4) years in the 
uninterrupted group though not significantly so (t = 1 · 88 ,  df(9), p < 0· 1 ) . 

OUTCOME 

By 3 1  December 1 990 50 patients had completed their treatment (35 had completed WHO 
MDT, 5 modified WHO MDT and 10 other regimens); 14 patients did not finish MDT: 1 3  
left Auckland, and I died on an unrelated cause. In all ,  2 3  were registered (i .e .  continuing 
treatment) on 3 1  December 1 990. 

We attempted a follow up of all patients for up to 5 years. Outcome according to 
treatment group is shown in Tables 3 and 4. Of those treated only with PB MDT, I patient 
has relapsed : a 20-year-old Samoan woman diagnosed with PBD in 1 983  with BI = O  but 
who had extensive clinical disease. She completed 1 0  months PB MDT with 1 00% 
compliance, but on review at I year had relapsed with extensive clinical disease and BI had 
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increased to 3 + .  MB MDT was started but she returned to Samoa after 2 months. Our 
incidence of relapse for PB disease in those with no prior treatment is thus I in I I  (9%) .  
None of the 15  patients followed up who took PB MDT after prior treatment has 
relapsed . 

So far only I patient with MBD and no prior treatment has finished WHO MDT so no 
relapse data is available for this group . None of the 23 patients fol lowed up after receiving 
WHO MDT after prior treatment has relapsed . 

Discussion 

Despite the smaller numbers, our experience in Auckland with immigrant patients 
suffering from leprosy taking WHO MDT has many similarities to reports else­
where . 3 ,6,7,8,9, l o  An increase in cases of Jeprosy reported to the Centers for Disease Control 
in the U ,S ,A.  was noted between 1 978 and 1 988 ,  due mainly to refugees suffering from 
leprosy who came from Cambodia, Vietnam and Laos .6 That experience is similar to ours. 

Leprosy is said to have disappeared from the Cook Islands, with no active cases 
registered in 1 989 .  I I We still have Cook Islanders with active disease in our programme in 
1 993 ,  making us uncertain about that statement. In 1 990 there were 25 cases registered in 
Western Samoa. 1 1  The proportion of new patients with PBD (52%)  and MBD (48 %)  is 
similar to both Western Samoa (44% PBD)7 and Thailand (5% indeterminate, 42% 
tuberculoid, 36% borderline, and 1 7% lepromatous) .8  In our total patient group PBD 
(32%)  is under-represented because immigrants previously treated for PBD did not 
present to us. The increase in mean age at diagnosis over the years has been noted 
elsewhere and remains unexplained. 3  Like others we found men more often affected7.8 and 
more likely to have M BD,4,7,8 though we did not find the difference in disability between 
sexes that has been reported elsewhere.4 

In total ,  30% of our patients were severely disabled, which is comparable to the 27% in 
Thailand,8 but much more than the 5- 1 7 % found in Trinidad and Tobag09 and in the 
total population surveys in Malawi where only 1 0 'Yo had any disability .4 Our higher 
proportion could reflect ethnic difference in disease severity or in seeking medical care, or 
a more disabled selected immigrant population. Progression of disability while under our 
care was rare . 

Dapsone haemolysis occurred in 5 %  of our patients. The incidence of significant 
haemolysis quoted by others varies from 'rare' to 1 6 % . 1 2, 1 3  Factors which are often 
associated with haemolysis, such as increased age, high dapsone dose, and glucose-6-
phosphate dehydrogenase deficiency 1 2- 1 4  did not  occur in our  patients .  Clofazamine skin 
pigmentation was of concern to only 1 of our patients, and in Samoa7 and elsewhere3,9 
there has generally been acceptance of this side effect. Rifampicin allergy l 4  and 
c10fazamine enteritis l 4, 1 5  are rare . 

WHO have stated3 that ' type I reactions have become relatively more prominent in 
leprosy control programmes since the introduction of MDT, probably because of better 
monitoring of patients ' .  We found no such increase, with about 20% having type I 
reactions before and after WHO MDT introduction. In contrast, 1 6% (3 of 1 9) of our 
patients treated only with WHO MDT for MBD had type II  reactions, significantly less 
than the 64% (9 of 1 4) of our M BD patients who we had treated uninterruptedly before 
1 983 .  Type II reaction rates between 9% and 43 % are reported for WHO MDT of 
MBD.9, I O We found that for patients transferring to WHO MDT, type II reactions were 
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common in those with positive smears (7 1 %) but rare in those who were smear negative . 
Our difficulty in differentiating late reaction from relapse is similar to the experience of 

others .9, l o  Late reactions have been reported as occurring most frequently in the first 6 
months after treatment but may still occur up to 4 years, 1 6 and in our case, ignoring the 
diagnostic uncertainty, 6 years after treatment stopped. 

Compliance with treatment while in Auckland is good, but the high proportion of 
patients emigrating prior to or  just as treatment finishes is of concern, both for completion 
of treatment and the detection of late reaction or relapse . The Western Samoan treatment 
programme has the same problem, with the frequent movement of patients to American 
Samoa, New Zealand and Hawaii . 7  

While WHO MDT has generally been shown to speed up clinical improvement3 the 
rate of fall of BI does not differ significantly between various drug regimens, presumably 
because BI measures both dead and viable organisms, which are eliminated by a process 
unrelated to antimicrobial treatment. 1 7  We found the most rapid rate of BI fall in the 
group with prior interrupted treatment. This was the group with the longest duration of 
previous treatment and it  is  this long duration of treatment which is  the likely reason for 
the rate of fal l  being the most rapid of the 3 groups. (This is not an argument in support of 
interrupted treatment! )  

Active lesions persisted at the end of treatment in 9 %  ( 1  of 1 1 ) with PBD, at the lower 
end of incidences between 4 · 3% and 27 · 8% quoted elsewhere . 1 7  We elected to continue 
treatment until lesions were clinically inactive . 1 3  Our treatment for MBD is conservative, 
treating up to 2 sets of negative skin smears taken 1 2  months apart . 

Our single patient who relapsed had extensive initial clinical disease, though with a 
negative BI .  Following this episode in 1 984, we treated patients with extensive BT disease 
and BI = 1 + or B = 0, with 2 years MB MDT, contrary to the then current official 
recommendations I though in line with, but still more stringent than, recent recommenda­
tions . 3  This early decision may well have decreased our relapse rate . We have followed up 
insufficient numbers after completion of WHO MD MDT to enable us to predict relapse. 
However, we have seen no relapses so far in the 23 patients we have been able to follow up 
who took WHO MB MDT after prior treatment .  

In conclusion we have found WHO MDT wel l  accepted, and our experience of 
reactions and relapse, within the limits imposed by small numbers, is similar to others . 
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Les efIets de la chimiotherapie de l'organisation mondiale pour la sante (oms) sur la 
lepre importee a Auckland, Nouvelle ZeIande, 1983-90 

J .  C O R N W A L L ,  G .  C A M E R O N  ET R .  B .  E L L I S - P E G L E R  

Resume D e  janvier 1 983  a decembre 1 990 a Auckland, Nouvelle ZeIande, 87 malades-28 cas d e  maladie 
paucibacillaire (PBD) et 59 cas de maladie multibacillaire (MBD)-ont commence la therapeutique 
multidrogue (MDT) de l 'OMS. 

Tous etaient des immigrees venant des iles du Pacifique (65) ou d'Asie (22) .  Au total 57  malades avient deja 
re9u des regimes non-OMS, quelques uns continuellement, mais sou vent de fa90n intermittente, pendant de 
nombreuses annees; 30 malades ont eu seulement M DT de l 'OMS. En decembre 1 990, 50 avaient termine Ie 
traitement, avec I rechute et I reaction tardive, les deux chez des malades avec PBD traites seulement avec M DT 
de l 'OMS. II n'y a eu aucune rechute chez les malades traites par M DT de l 'OMS apres un traitement anterieur 
contre la lepre . 

Chez les multibacillaires, les reactions lepreuses de type II ont ete moins nombreuses ( 1 6% )  chez ceux traites 
seulement par M DT de l 'OMS que chez ceux traitees continuellement avant 1 983 par d'autres regimes (64%) .  
Les  reactions lepreuses de type I ont ete  observees chez 20% environ des  deux groupes. L'index bacterien a baisse 
plus vite chez ceux qui avaient eu un traitement anterieur prolonge debutant avec MDT de l 'OMS que chez ceux 
dont Ie traitement M DT de l 'OMS constituait la premiere chimiotherapie antilepreuse. 

En general, nous avons constate que MDT de l 'OMS etait bien supporte et Ie taux d'observance etait bon, 
mais 13 malades ( 1 5%)  ont quitte Auckland avant la fin du traitement et 6 (7%) pendant la peri ode du suivi . 

Los efectos de la quimioterapie de la Organizaci6n Mundial de la Salud sobre la 
lepra importada, en Auckland, Nueva Zelandie, 1983-90 

1 .  C O R N W A L L ,  G .  C A M E R O N  Y R .  B .  E L L I S - P E G L E R  

Resumen S e  comenzo la quimioterapia d e  la Organizaci6n Mundial d e  la Salud (OMS) entre enero 1 983  y 
diciembre 1 990 en Auckland, Nueva Zelandia, sobre 87 pacientes (28 paucibacilares (PBD) y 59 multibacilares 
(MBD». 

Todos eran inmigrantes de las Is las del  Pacifico (65) 0 de Asia (22) .  Un total  de 57 pacientes ya habian 
realizado regimenes OMS por muchos aiios, algunos de forma continua, pero a menudo intermitente; 30 
pacientes recibieron tratamiento multidroga OMS solamente. En diciembre 1 990, 50 habian completado el 
tratamiento, con una recaida y una reacci6n retardada, ambos casos en pacientes con PCB tratados con MDT 
OMS solamente. No hubieron recaidas entre los tratados con M DT OMS despues de un tratamiento posterior 
para la lepra . 

En los casos con MBD, las reacciones leprosas de tipo II eran menos comunes ( 1 6°;', ) en los tratados 
solamente por M DT OMS que en los que habian sido tratados continua mente antes de 1 983 con regimenes mas 
antiguos (64%) .  Se presen(aron reacciones leprosas de tipo I en un 20% de ambos grupos.  EI indice bacteriano 
baj6 con mas rapidez en los que habian tenido un tratamiento anterior prolongado que comenzaban M DT OMS 
que los  que comenzaban MDT OMS como su tratamiento inicial contra la lepra. 

En general ,  nuestra opini6n es que M DT OMS ha sido bien aceptado y la conformidad ha sido buena, pero 
13 pacientes ( 1 5 % )  abandonaron Auckland antes de completar el tratamiento, y 6 (7%) durante el estudio 
posterior. 
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Further observations on MDT blister-calendar 
packs in vertical leprosy eradication 
programmes-a multicentre study (Phase II) 
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Summary To improve operational efficiency as well as to improve patient 
compliance in leprosy programmes, DANIDA introduced blister-calendar packs 
(BCP) to deliver MDT in 4 M DT districts in India in 1 987 .  An objective study 
(Phase II) involving 343 patients in a trial group (BCP group) and 253 patients in a 
control group (loose drug group) showed no significant difference in compliance 
rates for self-administered doses between the 2 groups. 

Hence, while assessing the use of BCPs in leprosy programmes, other 
operational benefits l ike safe storage, easy transportation, easy drug accounting 
and safe preservation at home are to be considered . These aspects were fol lowed 
up from Phase I of the study. 

An important factor that ensures the success of the MDT programme is obtaining 
maximum treatment compliance, especialIy for self-administered drugs . Many factors 
influence patients' compliance, including a continuous and regular supply of alI 3 drugs 
and easy methods of preserving these drugs at home without damage or loss. Drug 
delivery in a socially acceptable and attractive form is an additional factor that influences 
patients' compliance. Easy storage, ease of transportation without any loss or damage, 
easy accounting and preparation for clinics at control unit level are also factors that could 
influence the efficiency of the MDT programme in general. 

DANIDA is assisting the National Leprosy Eradication Programme (NLEP) in India 
in 4 districts, with I unit in Orissa, I in Tamilnadu and 2 in Madhya Pradesh . As an 

§ The study was done by the first author during his assignment with DANTDA-DANLEP, New Delhi . 
'Il B. L. Sharma, P. R. Manga1ani, S. L. Gupta, G. P. Mishra, S. L. Gude, A. Swamy, S. N. Satpathy, S. B .  

Patnaik, T.  N .  Swaminathan, T. D .  Pandian. 
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alternative strategy of drug delivery, to overcome the operational problems and to 
improve patients' as well as programme workers' compliance, we introduced BCPs 
(which are manufactured by Pharmanova AS Copenhagen) to all MB and PB patients, 
with the objectives described in an earlier paper on Phase I of this multicentre study. I 

The Phase II trial was designed to study the patients' compliance for self-administered 
drugs of MDT by comparing patients in the same locality who received blister calendar 
packs with patients who received loose drugs. The study was carried out between 1 987 and 
1 989 .  

Material and methods 

MDT is delivered through a circuit plan, as described by NLEP, India. 2 (A circuit consists 
generally of 2 subcentres with 2 paramedical workers (PMW) who serve a population of 
40,000 .) We selected 8 subcentres randomly from 4 districts which have been entered into 
the MDT programme-Salem district in Tamilnadu state, Cuttack district in Orissa state, 
and Durg and Rajnandagaon districts in Madhya Pradesh state . In each circuit ,  a single 
subcentre was selected for the trial group (BCP), while the other was selected for the 
control group (loose drugs) . 

All the MB and PB patients of both sexes were included from these subcentres except 
patients under 14 and over 50 years of age, as their compliance is likely to be influenced by 
other factors, such as parents administering drugs to their children and older patients 
being helped by other family members . The customary visits (Preclinic motivation visit) 
usually made to remind the patients of the day pulse clinics were held did not take place in 
these subcentres to eliminate the influence of the paramedical workers' visits. 

Patients who attended regularly for the monthly supervised pulse dose were visited 
once every 2 months by the paramedical worker in charge of the sector for tablet/capsule 
count and for collection of urine samples for the DDS test without a prior warning. Urine 
samples were collected at home on 3 occasions, at 2 monthly intervals, 7 days after the last 
pulse dose and 7 days before the next pulse dose. The tablet/capsule count took place at 
the time of urine collection. The urine samples were coded and sent to RRE Society, 
Bombay, for performing a quantitative test3 (Dapsone/Creatinine ratio) as well as a 
qualitative test (Tile Test method) .4 The results were decoded at the end of the study . 

-The result was considered posi tive or regular by quantitative test when the Dapsone/ 
Creatinine ratio ranged between 1 7 · 8  and 1 3 5 ·0  on an intake of 1 00 mg dapsone daily . 5  

-The qualitative test was considered positive when the urine was pink .4 
-The tablet/capsule count was considered 'Correct' when the number of dapsone 

tablets/clofazimine capsules on the day of the count tallied with the date of issue . 
-Tablet/capsule count was considered 'Wrong' when the number of dapsone tablets/ 

clofazimine capsules remaining on the day of the count did not tally with the date of 
issue. 

The paramedical workers, non-medical supervisors and medical officers were given 
intensive training in the field to carry out this study effectively. A simple data collection 
form was designed to feed data into the computer at the DANLEP office, New Delhi . 
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Results and Discussion 

Table 1. Number of leprosy patients in the 
study 

Group 

Trial 

Control 

No. of patients 

MB 

1 97 

1 87 

PB 

367 

266 

Total 

564 

453 

A total of l O I 7  adult male and female patients were included in this study. However, due 
to operational problems, urine samples could not be collected from all the patients on 3 
occasions at regular intervals in the routine leprosy eradication programme. 

On all 3 occasions, no significant difference was observed between trial and control 
groups regarding their compliance for intake of self-administered drugs . The compliance 
rate ranged between 86-94% in the trial group and 83-95% in the control group . 

Dapsone tablet/clofazimine capsule results were available from all the 564 patients in 
the trial group and from 453 patients in the control group for the 3 occasions. The tablet/ 
capsule counting method was followed to observe compliance for self-administered 
drugs. The compliance rate ranged between 86-9 1 % in the trial group and 87-89% in the 
control group. No significant difference was observed between the 2 groups. All these 
patients were regular for monthly supervised pulse doses throughout the 6 months of the 
study period. 

In DANIDA MDT districts, other intervention techniques such as community 
participation were also attempted to improve the compliance rate for drug intake. This 
may have contributed to the compliance of both the study and control groups. 

A similar study was undertaken in an urban area where no other interventions such as 
community participation were undertaken in order to improve compliance rates .  The 
results did not show any significant difference between patients using BCPs and loose 

Table 2. Compliance rate by urine test method* 

Trial group Control group 

Frequency Total Positive Negative Total Positive Negative 

343 296 47 253 209 44 
% 86 14 % 83 1 7  

I I  265 250 1 5  1 64 1 4 1  23 
% 94 6 % 86 1 4  

III  1 34 1 26 8 55  52  3 
%1 94 6 % 95 5 

* By quantitative and qualitative test of urine samples. 
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Table 3. Compliance rate by tablet/capsule count method 

Trial Control 

Frequency Total Correct Wrong Total Correct Wrong 

564 484 80 453 396 57 
% 86 1 4  % 87  1 3  

I I  564 488 76 453 40 1 52 
% 87  1 3  0/c) 89 I I  

I I I  564 5 1 5  49 453 399 54 
% 9 1  9 % 88 1 2  

drugs .6 I t  therefore could b e  inferred that apparently Bep does not improve patients' 
compliance . 

However, Phase I of this studyl  (performed in the same 4 districts) showed that 
patients receiving Beps preferred them to loose drugs because, for example, the Beps are 
attractive and easier to handle, carry and preserve . Similarly leprosy control unit field 
workers reported that Bep was easier to prepare for clinics, and to dispense and transport 
the drugs and to prepare monthly drug accounting lists. The time required to prepare a 
pulse clinic for between 50 and r oo patients was less than I hour with Beps but was about 
3-5 hours with loose drug counting and packing. 

Thus, while evaluating the use of Beps in mass leprosy eradication programmes, it 
would be advisable to consider the operational advantages of this alternative system of 
drug delivery . 

Beps may be even more useful for integrated leprosy control programmes where 
primary health care personnel (such as medical officers and mUltipurpose workers) are 
involved in drug delivery . Staff working in these programmes would value a simple and 
quick method of drug delivery and drug accounting. 
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Nouvelles observations sur Ie conditionnement de MDT sous emballage monoalveo­
laire date dans les programmes verticaux d'eradication de la lepre-une etude 
multicentree (Phase II) 

C .  R .  R E V A N K A R ,  N T V E D T T A  G U P T A ,  B T R T E  H .  S O R E N S E N , S .  S .  N A T K  ET 

G R O U P E  D ' E T U D E  M U L  T T C E N T R E  

Resume Pour ameliorer l'efficacite operationnelle des programmes contre la lepre e n  meme temps que 
l 'observance du traitement par Ie patient, DAN I DA a introduit les emballages a alveoles datees (BCP) pour 
distribuer M DT dans 4 districts MDT des Indes en 1 987 .  Une etude objective (Phase I I )  comprenant 343 
malades dans un groupe d'essai et 253 dans un groupe temoin (drogue en vrac) n'a pas revele de difference 
significative entre les deux groupes dans les taux d'observance pour les medicaments administres par Ie malade 
lui-meme. 

Par consequent, lorsqu'on evalue l'usage de BCP dans les programmes anti-lepre, on doit considerer Ies autres 
avantages operationnels, tels que securite du stockage, facilite du transport, facilite de la compatibilite du 
medicament et securite de la conservation a la maison. L'etude de ces aspects continue la Phase I du programme. 

Observaciones adicionales sobre los empaques blister-calendario en los programas 
vertic ales de eradicacion de la lepra-un estudio multi-centro (Fase II) 

C .  R .  R E V A N K A R ,  N T V E D T T A  G U P T A ,  B T R T E  H .  S O R E N S E N , S .  S .  N A I K  y E L  

G R U P O  D E  E S T U D I O  M U L  T T - C E N T R O  

Resumen Para mejorar la eficacia operativa ademas d e  mejorar la conformidad por l o s  pacientes d e  los 
programas contra la lepra, DANIDA introdujo empaques blister-calendario (BCP) para realizar M DT en 4 
distritos MDT de India, en 1 987 .  Un estudio objetivo (Fase I I )  con 343 pacientes en un grupo de prueba (grupo 
BCP) y 253 pacientes en un grupo de control (grupo de droga al granel), no indic6 una diferencia significativa de 
los niveles de conformidad para las d6sis autoadministradas entre los dos grupos.  

Por 10 tanto, aunque evaluamos el uso de BCPs en los programas contra la lepra, se considerarin otros 
beneficios operativos como almacenamiento seguro, facilidad de transporte, control de la droga, y preservaci6n 
segura en domicil io .  Se continuan estos aspectos de la Fase I del estudio. 



Introduction 

Lepr Rev ( 1 993)  64, 255-258 

Trigeminal neuralgia-a presenting feature 
of facial leprosy 
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Summary Trigeminal neuralgia is  a well recognized clinical entity .  However, i t  
has not been reported to mimic leprosy or vice versa.  Of the 3 cases reported here, 
2 initially presented with neuralgic symptoms similar to that seen in trigeminal 
neuralgia and later developed borderline lesions on the face. The 3rd case 
demonstrated a tingling sensation along with firm and palpable supraorbital 
nerve (a branch of trigeminal nerve), and a very early skin lesion on the face 
pointed to the need to consider neuritic type leprosy before concluding the final 
diagnosis of a disease like trigeminal neuralgia which calls for a different 
therapeutic approach. 

Many workers support the theory that leprosy starts with the appearance of an 
indeterminate patch on the skin and then progresses to the other serious forms or types .  I 
Neuritic leprosy is the only type which appears without passing through this stage . 
However, some recent reports say that even neuritic cases have been seen to develop 
borderline skin lesions in the course of the disease .6  

Various syndromes associated with nerve lesions have been considered or compared 
with leprosy, either at the time of making a differential diagnosis, or they have been 
known to occur during the course of leprosy. 

In the first group, scalenus anterior syndrome, cervical rib syndrome and meralgia 
paraesthetica are the commonest. 

Tn the second group the most frequently occurring clinical entity is lagophthalmos due 
to the involvement of the facial nerve trunk or its branches supplying the orbicularis 
oculi . 7  Less frequently occurring cranial nerve involvements are bulbar palsy type 
syndrome8 and the loss of taste sensation due to the combined effects of facial, trigeminal 
and glossopharyngeal nerves .9  Melkersson syndrome, a rarely seen clinical entity which is 
manifested by a recurrent facial paralysis, recurrent and eventually permanent facial 

t Correspondence: P.O. Box 25, GPO, Agra Pin-282 00 1 ,  India.  
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Figure 1 .  Location of facial lesions in different patients .  

(especially confined to lips) oedema and less constantly, plication of the tongue, has also 
been described, and this could be due to leprosy, at least in the Far East . 1 0  

Trigeminal neuralgia occurs in the elderly and middle aged, and consists of an 
excruciating paroxysm of pain in the gums, lips, cheek and chin, and, very rarely, in the 
distribution of the ophthalmic division of the 5th nerve . The pain seldom lasts more than a 
few seconds but may be so intense that the patient winces. The paroxysms frequently 
occur day and night for several weeks at a time. The cause of this clinical entity is 
unknown, although occasionally it is  a manifestation of multiple sclerosis or herpes 
zoster. Very rarely a tumour or vascular anomaly in posterior fossa causes irritative lesion 
in the nerves, which is symptomatically indistinguishable from that of trigeminal 
neuralgia .  

The text-book picture of trigeminal neuralgia does not include paralysis of  muscles 
supplied by the 5th nerve . 

Case reports (Figure 1 )  

1 .  S .H . ,  a 25-year-old Muslim male, complained of tingling in a small area o f  his left 
cheek, intermittently for 3 months. In the area of irritative symptoms no visible patch or 
nerve thickening was noticed. Slit skin smear for M. leprae and lepromin reaction was 
negative . A provisional diagnosis of Trigeminal neuralgia was made . At the time of the 
2nd examination ( 1 2  months later), a raised infiltrated patch with anaesthesia along with 
thickened infraorbital branches on the same side was noticed. A clinical diagnosis of BT 
leprosy was made and later confirmed by histology of the lesion . 
2. R .J . ,  a 27-year-old Hindu male, under treatment for neuritic leprosy , had developed 
a cutaneous lesion 1 2  months before and had paraesthetic symptoms (tingling) on 
pressing the left side of the forehead . On examination the supraorbital branch of the left 
trigeminal nerve was found palpable and firm. On pressing this the patient complained 
about the tingling. There was a faint hypopigmented patch on the left side of the forehead 
which gradually became more demarcated . The patient responded to a course of 
multidrug therapy supplemented with oral steroids. Histology of the lesion confirmed BT 
leprosy . 
3. P . K . M . ,  a 30-year-old Hindu male, presented with a sudden onset of an erythematous 
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patch on the left side of the forehead, which covered the area demarcated by hairline 
above and nasolabial fold below, midline of the face, medially and laterally, and most part 
of the left eyebrow laterally . On the same side the zygomatic branch of facial nerve was 
thick.  This patient gave a history of having suffered with trigeminal neuralgia 8 years ago 
which had recovered partially without treatment. He had paralysis of the muscles which 
are supplied by the motor division of the trigeminal nerve . 

He was treated as a case of cerebro-vascular abnormality . After 2 months the lesion 
was found to be erythematous, firm, smooth and oedematous. lts margins sloped . The left 
ear was red, slightly itchy and edematous. The cornea was dry and corneal sensations were 
decreased . There was lacrimation, sialorrhoea and rhinorrhoea, but the patient was 
unable to feel the discharge due to anaesthesia, indicating sensory loss on the left side. 
Sensation for modalities like temperature and touch were reduced and impaired in the 
area innervated by ophthalmic and maxillary divisions of the trigeminal nerve . However, 
impairment of these modalities in mandibular division was doubtful . Taste sensations 
were partially affected though the left side of the oral cavity was anaesthetic. 

The muscles supplied by the left trigeminal nerve were wasted . Muscle power in 
massater, pterygoid and temporalis were graded 3, 2 and 1 ,  respectively .  There was no 
weakness in the muscles supplied by the facial nerve . 

In slit skin smears from facial lesions and ear lobules, Mycobacterium /eprae were 
absent. Blood, urine analysis, skull X-ray and CAT scan were within normal limits . Tests 
for VDRL and LE cells were negative . 

The patient was diagnosed as suffering with borderline tuberculoid leprosy. 

Discussion 

In the I st case a provisional diagnosis of trigeminal neuralgia was made . Even in the 2nd, 
paraesthetic symptoms suggested the same diagnosis but there were enough signs to 
diagnose leprosy. In the 3rd case, even though the first diagnosis of trigeminal neuralgia 
had been made 8 years before, there is enough information to support the belief that those 
manifestations could have been an early presentation of leprosy. 

Trigeminal neuralgia is a sensory affliction and impairment of motor functions is not 
documented . In leprous neuritis it  is common to find damage to the motor functions 
resulting in paresis or complete paralysis of the muscles supplied by the affected nerve . 

Neurological manifestations of preclinical leprosy deserve more attention.  As early as 
1 964, Cochrane had observed that the early lesion may be preceded by vague paraesthetic 
or neurological symptoms. I I To quote him, 'I am convinced that the first definite evidence 
of disease is seen in the appearance of an area of anaesthesia .  This definite sign may be 
preceded by vague subjective symptoms such as tingling. '  He further observed that the 
time gap between the onset of the I st sign and diagnosis of leprosy can vary from 2 to 20 
years. A recent study by us (under communication) also supports the above views. 1 2 

The cases reviewed here give enough information to support the view that trigeminal 
neuralgia-like symptoms may be due to leprosy, and before diagnosing a patient as 
suffering from trigeminal neuralgia, leprosy should also be considered, particularly if the 
patient has a family history of leprosy or he or she lives in a leprosy endemic area. 
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Nevralgie du trijumeau-un element caracteristique de la lepre de la face 

B R A J E N D R A  M I S H R A ,  G .  N .  M A L A V I Y A ,  A .  G I R D H A R ,  S .  H U S A I N  E T  

B .  K. G I R D H A R  

Resume L a  nevralgie du trijumeau est une entite c1inique bien connue. Cependant, o n  n ' a  pas rapporte 
d'observation ou elle imite la lepre ou vice-versa . Des trois cas rapportes ici, deux presentaient au debut des 
sympt6mes nevralgiques similaires a ceux que l 'on observe dans la nevralgie du trijumeau, et ont developpe par 
la suite des lesions borderline de la face. Dans Ie troisieme cas, une sensation de picotement accompagnee d'un 
nerf sus-orbital ferme et palpable-une branche du nerf trijumeau-et un debut de lesion cutanee de la face 
evoquent une lepre de type nevritique qu'il faut envisager avant de porter un diagnostic de maladie du genre 
nevralgie du trijumeau qui demande un traitement different. 

La neuralgia trigeminal-una caracteristica diagnostica de la lepra facial 

B R A J E N D R A  M I S H R A ,  G .  N .  M A LA V I Y A ,  A .  G I R D H A R ,  S .  H U S A I N  Y 

B .  K .  G I R D H A R  

Resumen L a  neuralgia trigeminal e s  una entidad c1inica bien reconocida .  Sin embargo, n o  s e  h a  informado que 
imita la lepra, ni viceversa. De los tres casos informados aqui, dos inicialmente presentaron sintomas neuralgicas 
similares a las que se observan en la neuralgia trigeminal, y posteriormente desarrollaron lesiones dudosas en la 
cara. En el tercer caso, una sensacion de hormigueo y una zona firme y sensible entre la supraorbital, es decir una 
rama del nervio trigeminal, y una lesion muy temprana de la cara, indica la necesidad de pensar en lepra de un 
tipo neuritico, antes de decidir en un diagnostico de una enfermedad como neuralgia trigeminal, que requiere un 
tratamiento terapeutico diferente. 



Introduction 

Lepr Rev ( 1 993) 64, 259-266 

Evolution of early lesions in leprosy 
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Summary We observed 29  patients presenting with vague peripheral neurological 
symptoms for 6 months or more. During this period, 1 6  developed clinical 
leprosy, 3 developed borderline tuberculoid leprosy and the other 1 3  developed 
neuritic leprosy. Of these 1 3  cases I I  subsequently developed skin lesions similar 
to those seen in indeterminate and in borderline tuberculoid leprosy. Based on the 
above observations, an attempt has been made to explain the evolution of early 
lesions of leprosy. 

Clinical leprosy is diagnosed by the presence of 2 of the 3 cardinal signs-hypopigmen­
tation and/or infiltration of the skin, nerve thickening and/or anaesthesia and the 
presence of Mycobacterium leprae in skin or nerves.  By the time 2 cardinal signs appear 
the leprosy lesions are well established . Can leprosy be diagnosed earlier than this? 

It has been postulated that a hypopigmented patch, with or without anaesthesia, may 
not be the first clinical event in the course of the disease. There may be some preceding 
neurological symptoms which go unnoticed because of their insidious onset and vague 
appearance . 

At present most diagnoses of leprosy, especially those made in the field, are based on 
clinical observations, and laboratory tests are used to provide additional supportive 
evidence in order to confirm the clinical diagnoses . 

Taking into consideration the above, we undertook the present work, and selective 
patients attending the outpatient department at CJIL Agra were observed for about 2t 
years. 

§PO Box 25 ,  GPO Agra, 282 00 1 India. 
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Material and methods 

For this study we selected 29 people who voluntarily presented with certain neurological 
symptoms which they believed could probably be due to leprosy. These patients visited us 
more or less regularly over a long period, and could therefore be followed-up and included 
in the study, because it is difficult to study patients properly who present for some vague 
symptoms but stop coming after 1 or 2 visi ts. As a result a common denominator for the 
cases used in our study could not be established . Their neurological symptoms were 
localized to a particular site of the body and there was no clinical evidence of leprosy. 

They were thoroughly examined in order to rule out leprosy or any other disease likely 
to be responsible for their symptoms. The 29 patients we selected for our study had an 
area of numbness or tingling, a sense of burning or heaviness or formication and 
incomplete or complete anaesthesia .  They did not have any local or regional nerve 
thickening, hypopigmented or erythematous, raised or flat skin lesions. 

Patients who had one or more of the above symptoms, along with associated nerve 
thickening, were diagnosed as cases of neuritic leprosy . When this was diagnosed the 
subjects were examined in good daylight to rule out any cutaneous lesion of leprosy. 

The cases developing cutaneous manifestations were those who had one or more of the 
above symptoms along with ill- or well-defined, flat or raised , hypopigmented or 
infiltrated, single or multiple skin lesions. 

Smear examinations were done from both ears and at least one from the site of the 
above-mentioned symptoms. Lepromin (Dharmendra) 0 · 1 ml, intradermal was given and 
the reaction was read after 24-48 hours. Erythema over 1 0  mm in diameter was 
considered as a positive reaction to lepromin.  Biopsies were taken for histology in some 
cases . It was very difficult to convince our patients to undergo biopsy at the stage 'Under 
observation' because they were new to hospital and apparently there was nothing in the 
skin, therefore the majority of the biopsies could only be performed in later parts of the 
study. 

All 29 cases kept under observation were given a placebo to ensure their regular visit .  
The moment the diagnosis of leprosy was made on clinical grounds, patients were put 
under appropriate antileprosy therapy consisting of dapsone 1 00 mgs daily and 
Rifampicin 600 mgs once a month . 

V I S I T  S C H E D U L E  

Patients usually visited at  monthly intervals, but some of the cases reported a week earlier 
or later. 

OBSER V A T I O N S  

I .  Symptomatology 
All 29 cases had neurological symptoms which included impaired/altered sensation (in 

24) and paraesthetic symptoms (in 7). Some of the cases had more than a single symptom. 
Slit skin smear examinations were done in 25 cases and all were negative for M. leprae. 
Lepromin status was examined in 1 7  cases and of these only 4 cases had a positive Mitsuda 
reaction and the remaining 1 3  were negative . 



2. Histology 
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We performed 1 6  biopsies on I I  patients at various stages of the disease . Of the 1 6  
biopsies, 2 were performed on the areas of sensory impairment at the stage o f  'under 
observation' . At the stage of 'Neuritic leprosy' 5 biopsies were performed and, finally, at 
the stage of , Leprosy with cutaneous lesions' 9 biopsies were performed . Biopsies could be 
grouped as follows (see Table 1 ) . 

Group I 

We performed 2 biopsies at the stage of ' Under observation' ,  both obtained from the area 
of sensory impairment in cases 9 and 1 2 . In case 9 there was no evidence of leprosy; 
however, on follow-up this case developed mononeuritic leprosy, followed by the 
appearance of an indeterminate lesion (proven histologically) . In case 1 2, the skin showed 
BT histology at the stage of ' Under observation' (without any visible skin lesion) and on 
follow-up this case also developed mononeuritic leprosy and afterwards progressed to 
histologically proven clinical TT skin lesion (Table I ) . 

Group II 

We performed 5 biopsies at the stage of 'Neuritic leprosy ' .  Two biopsies were performed 
on the anaesthetic skin, in case I there was no evidence of leprosy and in case 2 non­
specific changes were seen. 3 nerve biopsies on cases 1 , 7 and 8 revealed BT II, I /BT and BT 
histology, respectively, and 2 of these mono neuritic cases, 7 and 8 ,  later developed 
histologically proven BT skin lesions. Case I ,  another suffering from neuritic leprosy, 
demonstrated BT histology in nerves but no evidence of leprosy in skin biopsy (Table I ) .  

Group III 

We performed 9 biopsies at the stage of ' Cutaneous leprosy' obtained from the cutaneous 
lesions and in all, except case I I , (cases 3, 4, 6, 7 ,  8 ,  9 ,  1 0  and 1 2) ,  there was total 
concordance for disease . However, in case I I  non-specific changes were seen in clinical BT 
skin lesion (Table I ) . 

E V O L U T I O N  OF E A R L Y  L E P R O S Y  L E S I O N S  

The 29 cases we followed up to  study altered sensation for between 6 months and 2t years 
showed the following pattern (Figures I and 2):  

(a) There was no change in 1 3  patients, and I had been suffering from anaesthesia in both 
upper limbs. 

(b) Cases I and 2 while under observation progressed to the stage of mononeuritic 
leprosy . 

(c) Cases 3 ,  4 and 5 while under observation developed borderline tuberculoid lesions in 
skin, without passing through the stage of 'Neuritic leprosy' ;  case 4 in this group at the 
stage of ' Under observation' showed symptoms similar to those seen in trigeminal 
neuralgia in an area inervated by the infraorbital branch of the trigeminal nerve . Later 
this patient developed a BT lesion exactly at the site of the initial symptom. In cases 3 
and 5 lesions appeared at sites where it was difficult to palpate the cutaneous nerve. 



Table I .  Evolution of early lesions in leprosy 

Transition 
Period for period for 

Duration of developing change of 
altered Under neuritic Neuritic Leprosy nuritic to Leprosy with 

sansation observation from stage cutaneous cutaneous 
on first Histology of U.O.  Clinical Histology leprosy manifestation 

visit Smear 
S. No. Name Age Sex (months) examination Lepromin Nerve Skin Months Days Monopoly Nerve Skin Months Days Clinical Histology 

I SL 65 M - Ve - Ve 22 1 5  M BT/I NE 
2 MA 35 M 1 4  9 07 M NSC 
3 MV 35 M 1 2  - Ve - Ve 5 10  M BT BT 
4 SH 24 M 5 ·5  - Ve + Ve 1 00 BT T 
5 PR 35 M 0 28 BT 
6 GD 1 6  F - Ve - Ve 3 28 M 7 05 BT I 
7 MN 1 8  M 36 - Ve - Ve 3 1 5  M I/BT I 03 BT BT 
8 RN 40 M - Ve 0 28 M BT 2 00 BT BT 
9 GR 25 M - Ve + Ve NE 6 00 M 0 1 9  I I 

1 0  RS 50 M 0 23 M 1 07 BT I 
I I  RNS 40 M - Ve - Ve 5 25 P 0 20 BT NSC 
1 2  RH 34 M 4 - Ve - Ve I/BT 1 2  00 M 8 08 BT I/BT 
1 3  SR 25 M 36 4 20 M 0 23 BT 
1 4  AS 25 M 24 - Ve I I  00 M 1 7  1 7  BT 
1 5  NN 45 M - Ve 23 00 M 4 I I  BT 
1 6  M U  35 M - Ve 0 23 M 03 BT 

NE: No evidence of leprosy, NSC: Nonspecific changes, MBT: Macular BT, NEUR: Neuritic Leprosy, UO: Under Observation, MONO: Mononeuritic, POLY: Polyneuritic, I :  
Indeterminate, BT: Borderline Tuberculoid. 
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Figure I .  Course of events. 

(d) In this category cases 6- 1 6  'Under observation' passed through the stage of 'Neuritic 
leprosy' and later on developed BT lesions; I of these had multiple patches. 

TIME F R A M E  FOR THE E V O L U T I O N  O F  E A R L Y  L E P R O S Y  L E S I O N S  

The period the altered sensation had lasted in a l l  the patients when they first visited the 
hospital varied from 2 to 30 months, averaging 1 8  months (A). The length of time taken to 
develop 'Neuritic leprosy' during the stage of 'Under observation' in hospital was also 
variable. The average period for 1 1  cases was about 5 months and 9 days (B), 2 cases (at 
serial numbers 1 and 1 5) being excluded because of their very high values . The average 
transition period from the stage of 'Neuritic leprosy' to 'Leprosy with cutaneous lesions' 
was calculated in a similar fashion and is 4 months and 2 days (C) . Thus it can be said that 
after noticing the altered sensation the average time taken to develop cutaneous leprosy is 
27 months and I I  days (A ( 1 8  months) + B  (5 months and 9 days) + C  (4 months and 2 
days)) . 

The treatment was started once a definite clinical diagnosis of leprosy was made. This 
means that on average it took 4 months and 2 days for cutaneous lesions to appear 
following development of neuritic leprosy under treatment. 

Discussion 

The early diagnosis of leprosy has become a subject of great importance for the success of 
the leprosy eradication programme. Nowadays efforts are being made to diagnose leprosy 
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Figure 2. Site of the lesions. (Not depicted in figure: 

I case had anaesthesia on both upper limbs. I case developed multiple nerve trunk involvement and multiple 
cutaneous lesions.) 

Legends: 

• Remained unchanged during the course of the study. _ Remained neuritic during the course of the study. * 
Developed cutaneous lesion after passing through the stage of neuritic leprosy. I!'l Developed cutaneous lesions 
without passing through the stage of neuritic leprosy. 

early with the help of immunological and biochemical tests, but these tests are not 1 00% 
accurate and doubts have been expressed about their efficacy. I The interpretation of these 
tests is difficult in suspected cases where the results could be expected to be of greatest 
help. The tests are also available only at selected centres; therefore for field workers the 
early diagnosis of leprosy is likely to remain clinical . Efforts have been made in the present 
work to understand the significance of some of the neurological symptoms in the context 
of the early diagnosis of leprosy . 

For all practical purposes, and as generally agreed, the earliest clinically manifest 
lesion of leprosy is a flat macule with slight hypopigmentation, ill-defined margins and 
questionable sensory impairment. This concept is  well-accepted and propagated by 
others . 

It is probably easier for both physician and patient to recall events in reference to an 
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observed episode. A visible skin patch is such an episode in the natural history of leprosy 
and is likely to be the reason for the popularity of the above concept. In contrast, it is 
difficult to recall some vague neurological manifestation in reference to a long and 
variable time period and then correlate this with leprosy lesions appearing at a later date 
after a period varying from a few months to many years. This is even more likely when 
these neurological symptoms are insidious and observed infreq uently for a varying period 
and are therefore easily forgotten or overlooked . 

The importance of these neurological symptoms before the diseases manifest has been 
observed by Cochrane. 2 He writes :  ' I  am convinced that the first definite evidence of 
disease is seen in the appearance of an area of anaesthesia .  This definite sign may be 
preceded by vague subjective symptoms such as tingling' . He further observed that 
between the onset of the first sign and the diagnosis of leprosy there was a gap of between 2 
and 20 years. In the present study the interval between the onset of neurological 
symptoms and the definitive clinical diagnosis of cutaneous leprosy averaged about 27 
months and I I  days . 

In the present study no correlation of the symptomatic state or manifest disease could 
be established with factors like age, sex, immune status and bacteriological examination. 
Histologically, of the I I  cases biopsied, disease was confirmed in 9.  

As happens in many other diseases all  those who are infected do not necessari ly 
develop the disease. Accordingly, in the present study of 29 cases only 1 6  developed the 
disease, with the remaining 1 3  remaining stationary . This period of observation­
considering the long incubation period of leprosy-was short, especially when it is 
accepted that a leprosy granuloma can remain incipient without clinical manifestations. 

A similar transition to that observed in the present work, from 'Neuritic' to 'Leprosy 
with cutaneous manifestations' has been observed by Noordeen3-1 case; Chack04-2 
cases; Shenoi & Padhee5- 1 case and by Talwar et a1. 6-8 cases, covering the total 
spectrum except BL/LL. 

The transition period from the stage of 'Neuritic leprosy' to 'Leprosy with cutaneous 
lesions' has been observed in the present study, with an average of 4 months 2 days. 
Similar observations have been made by us in another series of 1 6  cases with an average 
transition period of 3 months 8 days (under communication) . ?  A transition time of 2-6 
months has been observed by Talwar et al. 6 

The events which trigger such changes remain i llusive and raise the following 
questions: 

Is neuritic leprosy an early form of cutaneous leprosy which, under the influence of 
some factors as yet unknown, remains stationary for a varying period? 

2 Is the appearance of a skin patch an outcome of immunological upgrading or 
downgrading? 

3 What is the potential of neuritic leprosy with lepromatous histology, negative smear 
and lepromin negativity to progress to cutaneous lepromatous leprosy? 

4 Probably the answer can be obtained if neural and cutaneous biopsies are available for 
comparison . 

In this  preliminary study, a defini te sequence of vague neurological symptoms 
(prodromal stage?) and the subsequent development of manifest disease-i .e .  first neuritic 
and later cutaneous, has been observed. Cochrane suggested this possibility and 
mentioned it in his book.2 
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Some questions need answering. As observed in the present study, is there a definite 
sequence of paraesthetic prodromal symptoms prior to the development of neuritic 
leprosy transforming further in at least a proportion of the cases to cutaneous forms in the 
field situation as well? And can lepr'osy be diagnosed on the strength of these symptoms? 
This subject requires some long-term studies at least in contacts of known leprosy cases 
with such symptoms. Some of these can be subjected to neural and cutaneous histology 
for understanding the natural history of the disease. In hyperendemic areas people with 
these neurological symptoms can be placed under surveillance for at least 5 years. 
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Evolution des lesions precoces dans la lepre 

B R A J E N D R A  M I S H R A ,  A .  M U K H E R J E E ,  A .  G I R D H A R ,  S .  H U SA I N ,  

G .  N .  M A LA V I Y A  ET B .  K .  G I R D H A R  

Resume Nous avons observe 2 9  malades qui presentaient d e  vagues symptomes neurologiques peripheriques 
pendant 6 mois ou plus, Au cours de cette periode, 1 6  ont manifeste une lepre clinique: 3 une lepre borderline 
tuberculoi'de et les 1 3  autres une lepre nevritique; d'autre part, I I  ont manifeste par la suite des lesions cutanees 
similaires a celles observees dans les lepres indeterminees et borderlines tuberculo'ides, Sur la base de ces 
observations, no us essayons d'expliquer l'evolution des lesions precoces de la lepre, 

Evaluacion de las lesiones tempranas en la lepra 

B R A J E N D R A  M I SHR A ,  A .  M UK H E R J E E ,  A .  G I R D H A R , S .  H U S A I N , 

G .  N .  M A L A V I Y A  Y B .  K .  G I R D H A R  

Resumen Hemos observado 2 9  pacientes con sintomaa� neurol6gicos perifericos inciertos por 6 meses 0 mas, 
Durante este periodo, 1 6  desarrollaron lepra cliriica, �, . iepra tuberculoide incierta, y los restantes 1 3  lepra 
neuritica, y I I  pacientes posteriormente  lesiones dermicas simi lares a las que se observan en la 
lepra tuberculoide incierta, Basandose en est s observaciones, se ha tratado de explicar la evoluci6n de las 
lesiones tempranas en la lepra , 

 sintom s 
3

 desarrollaron 
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Human immunodeficiency virus and leprosy­
type 1 reactions, nerve damage and 
steroid therapy: 'a case report' 
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Summary In  this study a 28-year-old female with both BL leprosy and  HIV 
infections is  discussed. Her  clinical progress was  fol lowed until she completed 
MDT. During this period she developed recurrent reactional episodes, nerve 
damage and intercurrent i l lnesses-some of which might have been due to 
steroids. 

There is very little information on the interaction between the human immunodeficiency 
virus (HIV) and leprosy, especially concerning the clinical progress of leprosy. A report 
from Zambia has described some clinical observations on 1 0  leprosy patients suffering 
from HIV. l This paper describes the clinical progress of a BL patient who received and 
completed the WHO recommended MDT regimen . 

C A S E  R E P O R T  

M .J . ,  a 28-year-old Ugandan female market vendor, presented at a leprosy clinic we were 
holding with a 3-month history of multiple skin lesions. 

Examination revealed her to be in good general condition, with skin lesions clinically 
compatible with borderline lepromatous (BL) leprosy. The posterior tibial and radial 
cutaneous nerves showed thickening bilaterally and were non-tender. There was no 
evidence of peripheral neuropathy. On slit skin smear, the highest bacteriological index 
(BI) was 2 (left ear lobe) . 

She agreed to take part in an ongoing study that required screening for HIV 
antibodies. After we had counselled the patient, an HIV test was done, and she tested 
positive on both the HIV check (Dupont) and Wellcozyme HIV Recombinant test. 

The patient was put on Dapsone 1 00 mg once daily, Clofazimine 50 mg once daily and 
Rifampicin 600 mg with Clofazimine 300 mg once monthly (supervised) . 

She presented with a type I reaction 4 months after onset of MDT with swelling of the 
skin lesions on the trunk and upper limbs, with no nerve tenderness or peripheral 
neuropathy. She was hospitalized and put on prednisolone 40 mg once daily which cured 
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the skin irregularities. This treatment was maintained for 2 weeks and for the following 6 
weeks she was weaned off steroids. The highest BT during this episode was I (left ear lobe) . 
The patient was subsequently discharged in good general condition . 

She was re-admitted 2 months after discharge suffering from a type 1 reaction having 
had swelling of the facial lesions for 1 week.  On examination, she had a weakness of the 
left obicularis oculi muscle and a bilateral weakness in abducting the little finger. There 
was no nerve tenderness, but she had developed diarrhoea a few days after her discharge 
which had persisted up to the time of her re-admission. Further examination revealed oral 
candidiasis, with genital and axillary sores . Her general condition had deteriorated . 
Prednisolone 40 mg once daily was recommenced, and the facial swellings then subsided . 
After 4 weeks of this treatment there was no improvement in the weakness of her little 
fingers or the left arbicularis ocul i .  Then she developed a bilateral weakness in opposition 
of the thumb. Steroids were slowly tapered off. The BI during this episode was O.  The 
patient received the proper treatment for her other disorders ,  and clinically improved . 
She was discharged and continued with MDT from her local clinic . She has since been in 
and out of hospital with a recurrence of genital sores, oral candidiasis and fevers . The 
patient has completed 24 doses of MDT and the BI has remained negative . She is 
currently under surveillance . 

Discussion 

After earlier reports by Lamfers, suggesting a possible association between HIV and 
leprosy,2 it has not been uncommon to have to treat patients suffering from both 
conditions. Tn one major study, Ponnighaus et al. 3 have demonstrated that HIV infection 
is probably not a risk factor for clinical leprosy per se. However, the information on 
clinical progress in patients who are also HIV infected is still minimal . A multi bacillary 
patient whose lesions subsided quickly under anti-leprosy therapy has been described by 
Kennedy et al.4 

In this case, response to chemotherapy (MDT) per se appears satisfactory, with a 
decline of the BI from 2 to 0 after 7t months. 

Perhaps the relapse of the Type 1 reaction in this patient was caused by the inadequate 
course of steroids which only lasted for 6 weeks .  However, the possibility of recurrent 
reactional episodes of type 1 among these patients with an increased incidence of nerve 
damage compared to non HIV patients has to be borne in mind . 

It is possible that the steroid therapy given during the first episodes of reversal reaction 
speeded the onset of oral and genital candidiasis with which the patient presented on re­
admission. However, steroids should probably be given in symptomless HIV positive 
patients if this is indicated by the clinical manifestations. 

The fact that the steroid treatment only had a disappointing response in the patient's 
functional nerve recovery might also be due to the inadequate prednisolone course. On 
the other hand, this could just as likely be due to a necrotizing vasculitis in the peripheral 
nerves by the neurotrophic HIV. 5  

This is the  first multibacillary leprosy patient in Uganda who completed the WHO 
recommended MDT regimen and is HIV positive, albeit with an on/off intermittent 
illness. 
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Virus de l'immunodeticience humaine et lepre--reactions du type I, atteintes du nerf 
et therapeutique aux steroi'des: rapport d'un cas. 

R .  B W I R E  E T  H .  1 .  S .  K A W U M A  

Resume Dans cette etude, n o  u s  discutons I e  cas d'une femme agee d e  28 ans atteinte a la fois d e  tepre BL et 
d'infection par HIV.  Son evolution c1inique est sui vie jusqu'a la fin du traitement M DT. Au cours de cette 
periode, elle a presente des poussees reactionnelles recurrentes, une atteinte du nerf et des maladies 
intercurrentes dont certaines pourraient etre dues aux steroldes. 

El virus de la inmunodeficiencia humana y la lepra-Reacciones de Tipo 1, Danos de 
los nervios y la terapia de estero ides: Estudio de un caso 

R .  B W I R E  y H .  J .  S .  K A W U M A  

Resumen S e  discute e l  caso d e  una mujer d e  28 arios con infecciones d e  lepra y VIH .  S e  h a  seguido s u  progreso 
c1inico hasta completar MDT. Durante este periodo, desarrollo reacciones recurrentes, dailos de los nervi os y 
enfermedades intcrcurrentes , algunas de las cuales podrian ser debidas a los estero ides. 
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Squamous cell carcinoma in plantar ulcers 
in leprosy. A case control study 
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Summary The objective of this case-control study was to  identify factors 
associated with the development of squamous cell carcinoma (See) in plantar 
ulcers of leprosy patients. We examined 2 matched groups consisting of leprosy 
patients with and without see in  a plantar ulcer. 

No correlations were found between the development of see and race, 
profession, place of origin, duration of leprosy, the type and duration of leprosy 
chemotherapy, presence of bone involvement and type of ulcer care treatment 
given . The only statistically valid finding was that the duration of the ulcer was 
significantly lower in the group with malignant change. In this group there was an 
apparently higher use of pesticides, the difference being not of statistical 
significance. 

It is concluded that factors other than ulcer duration need to be looked for, in 
order to identify factors influencing malignant change in plantar ulcers of leprosy 
patients . 

Squamous cell carcinoma (SCC) has been described as. a complication of chronic, usually 
plantar, ulcers in leprosy patients. Recently we reviewed 38 consecutive cases of SCC in 
ulcers of leprosy patients presenting at the McKean Rehabilitation Centre in Northern 
Thailand for ulcer care . I It was found that the incidence rate of SCC in the group at risk 
(leprosy patients with disability grading I and 2)2 was 0 ·79 : 1 000 per year. The age group 
most commonly involved was that of 60 to 69 years and the classification specific 
incidence rate was highest among BT patients (2,02 : 1 000 per year) . 

SCC in leprosy patients has been reported from various countries around the world. 
Most articles concern individual case reports. The incidence rates found in the Northern 
Thailand study appear to be higher than those found in, for example, India, a country 
with a large leprosy population.  During the past 30 years only relatively small numbers of 
cases have been reported from India,3,4 and not many epidemiological details are 
available . This impression of low incidence was confirmed when a postal survey was done 
among 27 centres in India belonging to The Leprosy Mission (unpublished data) . It was 
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estimated that the incidence rate of SCC was at least a factor 1 0  less than found in the 
Northern Thailand study. 

The objective of this study was to identify factors that were possibly associated with 
the development of SCC in plantar ulcers of leprosy patients .  The method used was a case­
control study. 

Methods 

The selected 'cases' were leprosy patients admitted to the McKean Rehabilitation Centre 
(Chiang Mai,  Northern Thailand) between 1 985 and 1 99 1  and diagnosed with SCC in 
plantar ulcers . Those patients who were still alive in 1 99 1  (so that additional information 
could be obtained from them personally), from whom sufficient data was available and 
for whom suitable 'controls' could be found were included in the study . 

'Controls' were selected from leprosy patients with plantar ulcers but without (a 
history of) SCC, who during the same period presented at the Centre or one of the 
associated out-patient clinics . The 'controls' were matched for age-group ( 1 0-year 
groupings, 20-29, etc . ) ,  sex and leprosy classification.  

Information obtained included general personal data, leprosy history and therapy, 
duration of ulcer(s) and evidence of bone involvement (osteo-myelitis) . Special attention 
was given to the type of ulcer treatment received, in particular whether herbal or 
traditional medications were used . A final question concerned the use of pesticides and 
other chemicals in farming work . 

The objective was to have 3 'control' patients for each case of SCc. 

Results 

The 'case' group of patients with SCC consisted of 1 7  individuals; 6 females (35%)  and I I  
males (65 %) .  The average age was 60 ± 1 0  years . Included in the 'control' group were 50 
patients; 1 7  females and 33 males. The average age was 61 ± 1 0  years. Distribution of the 
leprosy classification for both groups was as follows: BT: 5 3 % ,  BL: 29% and LL: 1 8 % .  All 
but 5 patients were ethnic Thai . The remaining 5, all in the 'control' group, were from 5 
different ethnic backgrounds common in Northern Thailand. The large maj ority of 
patients were farmers or involved in farming work . All patients in both groups showed 
evidence of bone involvement and (previous) osteomyelitis .  History of other diseases gave 
no additional information.  

A summary of the main results is given in Table I .  Comparing the 2 groups, it appears 
that there are no significant differences (p > 0·05) between the place of origin (leprosy 
colony versus independent living), the average duration of leprosy, the type and duration 
of leprosy chemotherapy and the use of herbal or traditional medicine as opposed to 
conventional ulcer treatment. Between the 2 groups, there is a significant difference 
(p < 0·05) in the duration of the ulcers . The average duration in the 'control' group is 
26 ± 1 2  years . In the 'case' group, this duration is 1 5  ± I I  years . There is also an apparent, 
but not significant (p = 0 ·06) difference in the use of pesticides in farming work. 
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Table 1. Summary of the main results from the case-control study of squamous cell 
carcinoma (SCC) in plantar ulcers of leprosy patients 

From leprosy colony or village 
Average duration of leprosy 
Leprosy chemotherapy: 

* Dapsone monotherapy 
* Multidrug therapy (MB and PB) 

Duration leprosy chemotherapy 
Duration of ulcer(s) 
Use of herbal/traditional medicine in ulcer treatment 
Use of pesticides or chemicals in farming work 

* In 3 cases no answer obtained . 

Discussion 

'Case' group 
(with SCC) 

(n = 1 7) 

1 2  (7 1 %) 
36 ± 8 years 

1 7 ( 1 00%) 
3 ( 1 8 % )  
1 9 ±  1 2  years 
I S  ± I I  years 
1 (7%)* 
4 (29%)*  

'Control' group 
(n = 50) 

37 (W;,, ) 
3 5 ± 1 1  years 

48 (94%, ) 
1 5 (30%) 
1 8  ± I I  years 
26 ± 12 years 
4 (8%) 
4 (8 %)  

Squamous cell carcinoma is known to be an occasional complication of long-standing 
ulcerative conditions such as venereal granulomas, syphilis, lupus vulgaris, lupus 
erythematosus, chronic ulcers, osteomyelitis sinuses, old burn scars and hidradenitis 
suppurativa. A number of environmental carcinogens acting on the skin have been 
identified, including sunlight, ionizing radiation, (medicinal) arsenic and chemical agents, 
especially those derived from coal (tar) and mineral oil . s  It is assumed that scar tissue in 
particular is abnormally susceptible to the effects of these agents . 

In this case-control study no associations between the development of see and 
factors concerning race, profession, place of origin, duration of leprosy, type and 
duration of leprosy chemotherapy, presence of bone involvement and type of ulcer care 
treatment were found. The only significant difference between the 2 groups was the 
duration of the ulcer. It appeared that the average duration of the ulcer in the group with 
see is shorter than the 'control'  group. This, in fact, is surprising. It was previously 
assumed that duration of ulceration is a main factor in the development of sec. I From 
the present data it is clear that factors other than just duration of ulceration determine the 
event of sec. 

The possibility of pesticide use (a known risk factor for see in the skin) as a 
contributing factor to the development of see in plantar ulcers of leprosy patients, is 
suggested from this study. In Thailand pesticides are readily available and used 
excessively. The various chemical compounds, including known carcinogens, come under 
many different brand names and often in cocktails .  The patients concerned in this study 
were not able to recall the contents of pesticides they used . 

There remains the question why see in plantar ulcers of leprosy patients seems to 
occur more frequently in Northern Thailand than in other countries. Tumour registry 
statistics in 1 989 of the province ehiang Mai in Northern Thailand shows that skin cancer 
(all types) comes last in the list of the 1 0  leading sites of cancer. 6 The age standardized rate 
(ASR) is 0 '047/ 1 000 in males and 0 '054/ 1 000 in females. Of all skin cancers at any site on 
the skin, 40% were due to Sec. The incidence rate of see in chronic ulcers of leprosy 
patients from the same geographical area was 0· 79/ 1 000, a factor 1 0  higher. The incidence 
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of non-melanocytic skin cancer (mainly consisting of SCC) in Thailand is very small 
compared to countries such as Australia where this group is the most common type of 
cancer diagnosed (95,000 new cases estimated per year) . 7  This is obviously related to 
excess sun exposure on light-skinned Caucasians. Sun exposure as a cause of skin cancer is 
very rare in the darker coloured Thai population.  Considering this, there is no reason to 
assume that Thai are genetically more susceptible to SCC on their skin than are, for 
example, Caucasians. 

It can therefore be concluded that further research is needed to identify the factors that 
influence malignant change in plantar ulcer of leprosy patients .  
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Carcinome a cellules squameuses des uiceres plantaires dans la lepre. Etude 
controlee 

1 .  H .  R I C H A R D U S  ET T .  C .  S MI T H  

Resume L'objet d e  cette etude controlee etait d' identifier les facteurs associes au developpement d e  carcinome 
a cellules squameuses (see) dans les ulceres plantaires de lepreux. Nous avons examine deux groupes similaires 
composes de lepreux avec ou sans see dans an ulcere plantaire. 

Aucune relation n'a ete observee entre Ie developpement de see et la race, la profession, Ie lieu d'orogine, la 
duree de la lepre, Ie type et la duree de la chimiotherapie anti lepreuse, la presence d'une atteinte osseuse et Ie type 
de soins donnes a l 'ulcere . Le seul resultat ayant une valeur statistique a ete l 'observation que la duree de l 'ulcere 
etait raccourcie de fa«on significative dans Ie groupe a evolution maligne. Dans ce groupe, I 'usage de pesticides 
etait apparemment plus eleve, mais la difference n'avait pas de signification statistique. 

Nous en concIuons que, pour identifier les facteurs qui influencent l'evolution maligne des ulceres plantaires 
des lepreux, i l  faut chercher ailleurs que dans la duree de l 'ulcere. 

Carcinomas de cHula escamosa (SCC) en las idceras plantares. Un estudio de 
control de caso 

1 .  H .  R I C H A R D U S  Y T .  C .  S M I T H  

Resumen E I  proposito d e  este estudio d e  control d e  caso era identificar los facto res asociados con e l  desarrollo 
del carcinoma de celula escamosa (SeC) en las ulceras plantares de los pacientes leprosos. Se examinaron 2 
grupos equivalentes que consistian de pacientes con y sin see en una ulcera plantar. 

No se encontraron correlaciones entre el desarrollo de see y la raza, profesion, origen, duracion de lepra, el 
tipo y duracion de la quimioterapia contra la lepra, la presencia de implicacion osea, ni el tipo de tratamiento de 
la ulcera . EI unico resultado de validez estadistica fue que la duracion de la ulcera era significativamente menos 
en el grupo de cambio maligno . En este grupo, parecia que habia un uso mas importante de pesticidas, aunque la 
diferencia no era significativa . 

Se concluye que hay que buscar otros factores que la duracion de las ulceras para identificar factores que 
influyen los cambios malignos de la ulceras plantares en los pacientes leprosos. 
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Letters to the Editor 

P G L - I  A N T I B O D Y  IN HIV I N F E CT E D  P A T I E N T S  

Sir, 
Following up the issue discussed at the Nairobi meeting, Kenya, in December 1 987,  on 

'Interrelations of Tropical Diseases and HIV infection' ,  sponsored by TOR and GPA , I  we refer to a 
serological study in a group of 437 Cuban HIV infected patients. Their HIV infection was diagnosed 
by ELISA and confirmed by Western blot and al l  of them were in-patients at the AIDS hospital in 
Havana. 

The control group was 3 1 3  blood donors without H IV infection (tested by ELISA) and without 
any known contact with leprosy (individual interview) and was also age-matched to the HIV 
infected patients . 

An indirect ELISA was performed, according to the method described by Gonzalez-Abreu el 

al. , 2 with sera separated from venous blood obtained from individuals of both groups. The antigen 
used was ND-A-BSA, obtained by courtesy of Dr V. Verez, Faculty of Chemistry, University of 
Havana, Cuba. 

Among the 437 HIV infected patients, 65 ( 1 4· 9 % )  had Optical Density (0.0. )  readings higher 
than the established cut-off value (0' 200) . This figure was significantly higher (X2, p = 0·05)  than that 
observed in the control group, where only 4 ( I , 3 % )  individuals were classified as seropositive. This 
result i s  worth noting if  compared to that of a seroepidemiological study conducted in a leprosy 
endemic area, where 1 3 ,970 individuals from the general popUlation were tested for PGL-I 
antibody. In this endemic area, only 3 ·03 % of the tested individuals showed 0.0. readings above 
the cut-off value. I t  i s  also noteworthy that 0.0.  readings higher than 0 ·400 in the HIV infected 
group were ten-fold (3 , 20% )  those in the endemic population (0 , 3 3 % )  (Table I ) .  

None o f  the patients who showed 0 . 0 .  readings higher than the cut-off value have developed 
any clinical signs of leprosy so far .  It is true that few reports of a direct association between HIV 

Table 1 .  Ranges of 0.0.  readings observed among HIV ( + )  patients, 
blood donors and endemic population 

HIV patients Blood donors 
0.0 ranges (0/,, ) 1 .2 (%f2 

< 0·200 372 (85 , 1 2) 309 (98 ,7)  
0 '200-0'299 33 (7 ,55)  3 (0·96) 
O·  300-0· 399 18 (4, 1 1 )  I (0 ,32) 
> = 0-400 14 (3 '20) 

> = 0·200 65 ( 1 4' 87) 4 ( 1 ,27) 

( I )  X2 = 2 1 7 -48 1 6 gl p = 5 · 390 x 1 0 - 1 2 
(2) x2 =  40 ·649 3 g1 p = 4-409 x I 0 - IO  

Endemic population 
(%) 1 

1 3547 (96 ,7 )  
273 ( 1 ,94) 
1 04 (0 , 74) 
46 (0 ' 33) 

423 (3 ,02) 

275 



276 Letters to the Editor 

infection and leprosy have been published, but it is recommended that workers remain vigilant, 
because the effects of HIV infection in a leprosy endemic area might be quite unexpected . 3 It  has 
been suggested that HIV-induced immunosuppression might increase the prevalence of multibacil­
lary forms of leprosy,4 but, because of the long incubation period of leprosy, patients could die from 
other HIV-associated causes before leprosy becomes clinically apparent. 

Al l  these arguments are of great importance in relation to the results observed in this study, 
because if these patients are really infected with Mycobacterium leprae they might become a silent 
source of infection in their environment. 

Instituto de Medicina Tropical 

'Pedro Kouri ' 

Apartado 601 , Zona Postal 13 
Ciudad de la Habana, Cuba 
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S I D E - E F F E CTS O F  I S O P R O D I A N  C O M P A R E D  WITH WHO-MDT I N  

R U R A L  N E P A L  

Sir, 
In  the past, we have used Isoprodian ( ISO) (which is a combination preparation containing 50 

mg DDS, 1 75 mg prothionamide and 1 50 mg isoniazide per tablet), fairly extensively as an anti­
leprosy treatment in our field programme, both with and without rifampicin 600 mg on clinic visits, 
so we thought that detailing our experience with the use ofISO might be of some use to your readers. 

The problem we face in Nepal is patients who live too far away from their treatment unit to 
attend monthly or even bi-monthly for WHO-MDT, so they usually remained on DDS 
monotherapy. In the past quite a few patients have been treated with ISO, apparently without many 
problems. So in 1 989, when we were considering what to do with the 'monotherapy problem' ,  we 
considered ISO as a possible alternative for 'remote patients' .  However, because a recent study on 
long-term compliance with prothionamide suggested that only 50% of the doses may be ingested 
due to the gastro-intestinal side-effects (GIS) of the drug, I we decided that we should first try to 
study the occurrence of any side-effects in Nepali patients before using ISO on a large scale. A study 
was set up in our Ghorahi referral centre that included patients who had previously been on DDS 
monotherapy because they lived too far away and any new patients who registered during the study 
period ( 1 989) .  

Methodology 

In total 1 06 cases were admitted to the study. Their mean age was 38 (range 1 1 -74, Standard 
Deviation (SD) = 1 4' 3 ) :  90 were male, 1 6  were female; 87 patients were classified as MB, 19 as PB. 
The criteria for M B/PB classification have been discussed at length in reference 2.  In all ,  37 cases had 
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Table 1. M B/PB classification of study patients 

Classification 

M B  
PB 
Total 

I soprodian WHO MDT Total 

40 47 87 
3 1 6  1 9  

43 63 1 06 

been previously treated with DDS monotherapy (average duration 58 months, SD = 47 months) 
and the remaining 69 were new, previously untreated cases. The patients (n = 63) that could be 
motivated to attend the clinic at least once every 2 months were put on WHO-MDT according to 
their M BjPB classification.  The remaining 43 (40 '6%)  were put on an ISO regimen according to 
their classification as follows (Table I ) :  

* PB:  Isoprodian 2 od for 1 year. 
* M B :  Isoprodian 2 od, clofazimine 50 mg od and rifampicin 900 mg stat (supervised) at every 

clinic visit, for 3 years . 

In the ISO group the patients had to walk an average of 23 hours (SD = 1 7 ·9) to get to the clinic; 
in the WHO-MDT group this average was 1 3  hours (SD = 1 0 ,8 ) .  At every clinic visit patients had a 
blood sample taken for PGL- I serology (on filterpaper), and a DDS urine spot test was done. 
Patients were examined for signs of jaundice and asked about symptoms of GIS. Patients with a 
recent history of jaundice, a positive bilirubin urine test, indications of renal failure or gastric ulcer 
and all pregnant women were excluded from the study. Patients with a positive stool test for 
parasites received appropriate treatment.  Patients were instructed to take their ISO tablets at 
bedtime with food. 

Results 

At the time of this evaluation, after an average follow-up time o f 3' bears, 1 4  patients (32 ' 5 % )  in the 
ISO treatment group and 1 3  patients (20 ' 7%)  in the WHO-MDT group were lost to follow-up 
(Figure I ) . Of the remaining patients, 32 have been released from treatment and 46 continue on 
treatment.  Of 226 DDS urine spot tests that were done to monitor treatment compliance, 79 ( 35%)  
were negative, 1 was doubtful and  1 47 were positive. There was no difference between the 2 
treatment groups in the proportion of tests that were negative ( p  = 0 ,7 ,  X2 test) , (Figure 2).  

During 262 follow-up examinations no episodes of j aundice were found. No mention was made 
of GID during these examinations, except for 5 patients in the ISO group who had to stop taking 
Isoprodian due to severe GIS; 4 patients were changed over successfully to a regimen that did not 
contain prothionamide or isoniazid; 1 patient defaulted after stopping ISO due to severe GIS and I 
patient in the WHO-MDT group finished 24 doses of M B-MDT despite recurrent abdominal pain 
and nausea. The Relative Risk of developing severe ( =  persistant, despite symptomatic treatment) 
GIS when taking Isoprodian as compared to WHO-MDT is 7 · 3 3  (95 %  confidence limits: 0 · 89-
60, 53 ,  p = 0·039,  2-tailed Fisher's exact test) . 

Discussion 

For patients unable to attend regularly for supervised WHO-MDT, Isoprodian seems an attractive 
alternative . It combines 2 effective anti-leprosy drugs conveniently in 1 tablet. The possible gastro­
intestinal side-effects of prot hi on amide are well known and the risk of hepatitis has especially been 
found to be dose-related . 3  This may explain why doses of 1 25 mg and 250 mg daily were found to be 
acceptable to Indian patients by Stanley et al.4 The same group of investigators found symptoms of 
'moderate or severe GIS'  in 'a third of the patients' in a compliance study using Isoprodian 
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Figure I .  Treatment status of study patients after 3+  years follow-up. 
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Figure 2. DDS urine spot-test results. 
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Figure 3. Gastro-intestinal side-effects (severe) .  

(prothionamide 350 mg daily) . J  GIS appeared to be responsible for the fact that 25% of the patients 
failed to complete the study . I t  could well be that this is also the explanation for the high drop-out 
rate (25 % )  in this study, but no definite conclusions can be drawn as the defaulter rate WilS high in 
both treatment groups and none of the defaulters could be followed up by home visits. The high 
defaulter rate is ,  in our experience, quite common among patients living far away from the clinic 
they attend. In 5 patients (9' 3 % )  of the ISO group the regimen needed to be changed due to severe 
GIS.  These patients were changed over to WHO-MDT, but with rifampicin only at clinic visits, but 
I patient defaulted before the alternative treatment could be started . There is no explanation as to 
why mild or moderate GIS was not reported . The low compliance of 65% found with the DDS spot 
test did not seem related to ing<estion of prothionamide, as it was similar in  both treatment groups. 

This study seems to confirm the recommendation of Ellard et  al. J that prothionamide 
(Isoprodian) should be prescribed only to patients who can be properly monitored. We have 
decided to treat patients who can not frequently attend the clinic with unsupervised WHO-MDT in 
blister calendar packs rather than with I soprodian .  
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C O M M E N T :  P E R S I S T E N CE O F  M YCOBA C TERI UM L EPRA E I N  THE 

PERIPHERAL NERVES O F  MULTI D R U G - T R E A T E D  L E P R O S Y  

P A T I E N T S  

Sir, 
The paper by Shetty et al. (Lepr Rev, 1 992; 63: 329-36) entitled 'Persistence of Mycobacterium 

leprae in the peripheral nerves of multidrug-treated leprosy patients' points to the need for very 
sensitive techniques for the detection and monitoring of nerve damage in treated patients, 
preferably well before clinical signs and symptoms are evident. 

Low et at. ! described a new approach to the detection of autonomic abnormalities of 
neuropathic origin based on the use of laser Doppler velicometry to detect changes in fingertip 
blood flow fol lowing deep inspiratory gasp or cold challenge to the contralateral limb. We have 
found this technique to be a reliable and reproducible way of detecting and quantitating impairment 
of autonomic reflexes in newly-diagnosed leprosy patients with no obvious deformity.2.3 In 
addition, autonomic reflexes, particularly those elicited by contralateral cold challenge, were 
impaired in an unexpectedly high proportion of apparently healthy, fully treated, ex-leprosy 
patients . There are obviously several explanations for such dysautonomia in treated patients but 
persisting bacterial antigen or viable bacteria could well be a principal cause. 

I t  would therefore be of great interest to apply the technique of laser Doppler velicometry 
together with histological studies on the persistence of M. leprae in peripheral nerves after 
completion of M DT in order to determine whether this technique could provide a non-invasive 
indication for the need of further therapy. At present, the equipment is somewhat cumbersome and 
costly but, provided that there is a demand for such equipment, i t  could be simplified and 
miniaturized for easy field use. 
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C O M M E N T :  ' T HE A L L O CA T I O N  O F  L E P R O S Y  P A T I E N T S  I N T O  

P A U CI B A C I L L A R Y  A N D  M U L  T I B A CI L L A R Y  G R O U P S  F O R  

M U L T I D R U G  THE R A P Y ,  TA K I N G  I N T O  A CC O U N T  T H E  N U M B E R  O F  

B O D Y  A R E A S  A F F E C T E D  B Y  S K I N ,  O R  S K I N  A N D  N E R V E  L E S I O N S '  

Sir, 
I have read with interest the article entitled: 'The allocation of leprosy patients into 

paucibacillary and multibacil lary groups for multidrug therapy, taking into account the number of 
body areas affected by skin, or skin and nerve lesions' ,  by W.  H. van Brakel et al. , Lepr Rev, 1 992; 
63: 23 1 -46. 

Concerning their comparison of the body area system with the score system I described based on 
the findings in Ethiopian patients I (which was in fact not introduced in Ethiopia), I should l ike to 
make the following comments: 

-As stated in my article, in  the score system only those whose clinical classification was confirmed 
by skin smear results were included (clinically PB with negative skin smears and clinically M B  
with positive skin smears) . 

-In my example of 6 clinical signs, a total score cut-off point of up to 1 0  for PB classification and 
more than 10 for MB classification resulted in an over-classification as MB of 1 0 ·  5 °,,{, of PB 
patients and an under-classification as PB of 4·9% of M B  patients (table 1 2  of my article). 

-The conclusion that the 4·9% false-negative proportion in  the Ethiopian system might have been 
much higher in reality, if  patients had been classified on histological findings instead of skin 
smears, is incorrect. The correct conclusion is that, if  nerve biopsies had been examined, a 
proportion of those classified as PB would in fact have been M B  cases, and hence the proportion 
of patients over-classified as MB will be less than 1 0 · 5 % .  

-It i s  clinically debateable whether PB patients with a PB histology picture i n  the skin should be 
considered MB cases while the nerve histology reveals a BI compatible with MB leprosy. I t  has 
been demonstrated that the BIs in skin and nerve biopsies taken from patients at the same time 
can vary in possibly 50% of cases. 2.3 The nerves may contain a bacterial density of up to 1 000 
times that of skin. The significance of this finding for the classification of patients is not known. 

I t  is unfortunate that the system using body areas gives a high proportion of cases over-classified 
as MB. Findings similar to the 6 1  % over-classification in the BC3 system were observed in Ethiopia 
using the number of skin lesions. I f patients with more than 5 skin lesions are classified as MB, 5 8 ')!0  
of PB patients will b e  over-classified . I I t  appears that if a single parameter is used for classification of 
patients, the specificity is  low. With such a considerable MB over-classification, i t  could be argued 
that all patients should be treated as M B .  In my opinion, for patient related, operational and 
financial reasons, a system of classification which results in over-classification of more than about 
25% of PB patients is not acceptable. 

Plasweg 15 
3 768 AK Soest 

The Netherlands 
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C O M M E N T :  ' R E S U L T S  OF S U R G I CA L  P R O CE D U R E S  F O R  T H E  

CO R R E CT I O N  O F  F O O T - D R O P  A N D  O F  L A G O PHTHA L M U S  DUE T O  

L E P R O S Y '  

Sir, 
As an ophthalmologist with a special interest in ocular leprosy, I was struck by the results of 

temporalis muscle transposition (TMT) surgery in 'Results of surgical procedures for the correction 
of foot-drop and of lagophthalmus due to leprosy' by Weber et af. (Lepr Rev, 1 992; 63: 255-62) . 

Such retrospective studies are understandably hampered by missing data preoperatively, and a 
lack of selection criteria for surgery, which makes a final evaluation difficult. Nevertheless, the study 
shows that it is highly useful to reflect on follow-up data of surgical procedures. 

The purpose of the fairly complicated TMT surgery, to be fol lowed by extensive physiotherapy, 
is to achieve a kind of 'spontaneous regular blinking', whereas other types of lid surgery for 
lagophthalmus aim only at protection of the eye by the narrowing of the lid gap and acceptable 
cosmesis. I t  is  therefore unfortunate that the authors, at their final examination, do not mention 
'spontaneous regular blinking' , nor whether the eyes were closed during sleep . I t  i s  well-known that 
these functional results after TMT are often disappointing. 

Corneal anaesthesia is considered a contra-indication for TMT surgery, because patients with 
loss of corneal sensation do not feel any urge to blink. It is therefore surprising that 19 out of33  eyes 
with lagophthalmus (57%) had anaesthetic corneas at the time of evaluation .  It is questionable 
whether the corneal anaesthesia could have developed secondarily, due to persisting exposure after 
the TMT procedure. The comment 'closing slowly' in 4 eyes probably means that although the 
patients could close their eyes with effort, the eyes in daily life were continuously open and exposed . 

It is equally surprising that 5 eyes ( 1 5 % )  were found to be blind (WHO definition of visual acuity 
of < 0 ·05) .  One wonders if blindness due to corneal ulcer or opacity was already present 
preoperatively or developed after surgery, due to lack of blinking and persistent exposure. The 
latter seems more probable as no sensible surgeon would do such elaborate surgery on already blind 
eyes. 

Altogether, although the lid gap on intentional closing was � 2 mm in the majority of the 
patients the final results were poor, with 1 5  eyes having corneal opacities, corneal ulcer or keratitis, 
of which 5 of these were blind. 

The authors rightly state that 'patients should only stay away from work or should be cared for 
in hospitals as short a time as possible' .  The results of TMT, as mentioned above, therefore do not 
seem to justify the complicated surgery and intensive physiotherapy required . A possible exception 
could be made for young, intelligent, and highly motivated patients with a large lid gap but clear 
corneas with good corneal sensitivity. Temporalis transfer procedures remain indicated for the 
correction of lower facial palsy ' in  which no ready alternatives are available, but again only in highly 
motivated and intelligent patients. 

Ophthalmologists consider simple mechanical narrowing of the lid gap as the treatment of 
choice for established lagophthalmus (lid gap of > 5 mm). This i s  relatively simple surgery which 
can be taught to people with l imited surgical experience and does not require physiotherapy . I t  can 
be done on an outpatient basis, if  necessary. There is  a great variety in procedures, for example 
tarsal strip procedures,2.3 ectropion correction by wedge excision4 or, in basic circumstances, by 
simple tarsorraphy.5 

However, the same kind of follow-up study is urgently needed on the results of treatment of 
lagophthalmus by lid surgery alone. 

Furthermore, all patients with lagophthalmus should be encouraged to wear sunglasses for 
additional protection and, if reasonable, to use artificial tears and ointment at night. 

Above all, all efforts should be aimed at identifying patients with a reversal reaction in the face 
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and an early lagophthalmus of less than 6 months duration, for treatment with a course of systemic 
steroids as for RR, in order to prevent or restore the facial palsy 6 

Consultant Ophthalmologist 

Netherlands Leprosy Relief Association 

Department of Opthalmology, Leiden University 

PO Box 9600, 2300 RC Leiden 

The Netherlands 
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Book Reviews 

Clinical Leprosy. Virendra N. Sehgal (Third Edition 1 993) 

This small  textbook has been written for medical practi tioners and undergraduates from the 
standpoint of leprosy in India. 

A brief chapter on epidemiology summarizes the distribution of leprosy in India. The clinical 
features and the histopathology of the various forms of leprosy are well described, following the 
Indian Classification (with the addition of 'histoid leprosy'), and both are illustrated by black and 
white photographs. 

A major deficiency is the omission of any description of the techniques of clinical examination 
necessary to reach a diagnosis, and of the precise details of how to test for the loss of sensation in a 
skin lesion, how to palpate peripheral nerves and assess enlargement and tenderness and how to 
take a skin smear by the 'slit and scrape' method. Concerning this last, the statement (p. 4) that 
'smears are prepared from scrapings from a skin infection of the lesion' is most confusing. The 
staining procedure described is  the hot method, the cold method is not mentioned . It is 
recommended that a minimum of 7 sites be examined . 

The clinical features and treatment of reactions are covered rather briefly and insufficient 
emphasis is given to the importance of early diagnosis and early treatment of neuritis in Type I 
reactions. 

It is surprising that in such a recent publication deformities and disabilities are described under 
the now superseded 5-Grade WHO system . 

In the chapter on therapy, the anti leprotic drugs in common use are described, with their dosage 
and side-effects. The inclusion of amithiozone is of doubtful value and no evidence is given for the 
statement that monthly rifampicin and the WHO-recommended schedule for multi baci llary leprosy 
may predispose to drug resistance, persisters and relapse . The newer drugs are listed briefly. 

One chapter is  devoted to the reprinting in toto of the ILEP Medical Commission's useful and 
practical recommendations on the Basic Requirements for Implementation of M DT ( 1 989).  
Another gives a concise review of drug resistance, persisters and relapse, somewhat marred, 
however, by the inclusion of the now outdated U .S .  Public Health Service Drug Regimens. 

Chapters on Urban Leprosy and Prevention and Control are specifically related to the Indian 
situation, though the view expressed in favour of segregation is controversial .  

There are a number of typing errors and misprints, the most confusing being in the grading of 
the lepromin test (pp . 6 and 7). 

Regretfully, this book cannot be recommended for use outside India. 
H. W. Wheate 

Published by Jaypee Brothers Medical Publishers (P) Ltd . ,  New Delhi .  1 98 pages, 1 0  Appendices. 
Price Rs. 1 25 .00. 

Leprosy: diagnosis and management. Dr C. K. Job, Dr A. J. Selvapandian and Dr C. K. Rao 

This l ittle book on leprosy is  unashamedly Indian in its approach and is thus a useful corrective to a 
number of other small books on leprosy which tend to stress the African experience and viewpoint.  

284 
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It is written for busy medical practitioners and enquiring students so that they can obtain an 
understanding of the disease and the basic essentials of management. Nevertheless, the title is 
misleading, as the book proceeds from history through epidemiology, pathogenesis, immunology 
and complications on to diagnosis and management of the disease and its several medical, surgical 
and rehabilitative sequelae. The need for the normal appearance of the patient to counteract stigma 
is stressed. In such a small book, i t  is clearly necessary to be a l ittle dogmatic but generalizations 
have been kept to a minimum and statements are usually in line with current thinking. 

In the absence of any references, it is a pity that there are no suggestions for further reading other 
than two large textbooks of leprosy. 

I found it  interesting that although the Ridley-Joppling classification had generally been 
accepted, the 5 other systems variously used in India still needed a discussion and the Job and 
Chako modification which omits mid-borderline disease seems to hold sway . 

Immunology is rather narrowly confined to the lepromin test and antibody tests without a clear 
account of their usefulness in practice . Some comment on the genetics of susceptibility and the role 
of the H LA system might have enlivened this chapter. The interesting discussion of the variations 
on treatment regimes recommended by the World Health Organization ends with a description of 
the Indian preference which takes account of the difficulty experienced in distinguishing between 
persistent activity and immunological reactivity in Indian patients. I wonder if trivalent antimonials 
are real ly still used for reactional states in India now that Chloroquine and corticosteroids are so 
widely available. 

Excellent accounts of disease of the eye, nose and peripheral nerves are followed by a succinct 
account of the Indian approach to control and the management of deformities. The ordinary 
practitioner might like more emphasis on the need for education of the patient but he will find the 
practical attitude for the management of plantar ulcers useful .  A fuller account of the pathogenesis 
of these ulcers would have made it  clear that plantar ulcers are always full depth . 

This book undoubtedly provides a useful introduction to the disease in India but the enquiring 
student will need to look beyond it i f he is to gain an understanding of pathogenesis and the basis of 
chemotherapy, for example, or to obtain a glimpse of the advances made by contemporary science 
in the several disciplines that go to make up a study of leprosy. 

Anthony Bryceson 
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News and Notes 

'Tuberculosis and leprosy; evidence for interaction of disease' 

The above is the title of a contribution by Keith Manchester in Human paleopathology; current 

syntheses andfuture options, eds D .  1 .  Ortner & A. C.  Aufderheide, 1 99 1 ,  and published by the 
Smithsonian Institution Press, Washington. This paper, ' . . .  seeks to review the history of 
tuberculosis and leprosy in antiquity and to consider the historic changing patterns within the 
concept of modern epidemiology and immunology' .  The author, who has publi shed extensively on 
the paleopathology of leprosy, reviews the bacteriology, immunology and epidemiology of the 
disease and then proceeds to review its history, with particular reference to findings in skeletons 
from burial sites . The concluding sections deal with the interaction between leprosy and 
tuberculosis through the ages, including a consideration of the influence of increasing urbanization 
on the latter and the possibility that the decline of leprosy may, at least to some extent, be linked to 
immunological and other changes due to the persistence of tuberculosis. There are 63 references. 
(Dr Keith Manchester's address i s :  66 Pollard Lane, Bradford, Yorkshire BD2 4RW, UK. )  

Compact Disc of Leprosy Literature 1 913-1991 : Leprosy Research Foundation, USA 

A copy of this compact disc has been supplied by Dr Ray Foster, a trustee of the Leprosy Research 
Foundation. It is accompanied with instructions on its content and use, which ' represents the 
culmination of 1 0  years' work collecting, keying-in and down-loading the world 's  scientific 
literature on leprosy. The CD-ROM (read only memory) is a collection of 4 1 , 1 68 citations from 
2874 books and journals. About half of the citations have abstracts; 8 1 48 of the pre- 1 984 Tropical 
Disease Bulletin abstracts can be found in no other computer format except in the 1 9 1 3- 1 99 1  
leprosy compact disc ROM . This CD-ROM i s  being made available a t  the price of $20.00 (to cover 
postage and handling) to any who would like to obtain it .  

A folio with the disc gives full details of terminology, method of use and content. Contact: Dr 
Ray Foster, Leprosy Research Foundation, 1 1 588  Lawton Court, Lorna Linda, CA 923 54, U .S .A .  

Graves Educational Resources, change of address: 

Please note that all orders for the purchase, hire or subscription of Graves programmes should be 
made to : Graves Medical Audiovisual Library, Concord Video & Film Council, 20 1 Felixstowe 
Road, Ipswich IP3 9BJ .  Telephone: 0473 7260 1 2/7 1 5754; Fax: 0473 27453 1 

After I April information relating to the sale, hire and subscription hire of our audiovisual 
programmes will be available from Ipswich. 

The payment of invoices issued from Chelmsford should also be made to this address. 
All enq uiries other than those relating to the supply of audiovisual programmes should be made 

to Graves Educational Resources at the address below: 

Graves Educational Resources, 220 New London Road, Chelmsford, Essex CM2 9BJ, UK.  
Phone: 0245 2833 5 1 ;  Fax :  0245 3 547 1 0 .  

India: Report of the 4th Independent Evaluation of the National Leprosy Eradication 
Programme 

This Report gives a full account of the objectives, methodology observations, conclusions and 
recommendations of the 4th Independent Evaluation of the N LEP, which covered 24 of the states! 
union territories in December 1 99 1 .  Copies are available from the Leprosy Division, Directorate of 
Health Services, Ministry of Health, New Delhi 1 1 000 1 ,  India. (See also, 'National Strategy for the 
Elimination of Leprosy in India' by B. N .  Mittal, Ind. J. Lepr, 64, 5 1 3-20 . )  
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The following is  taken from the Editor's letter: 

Welcome to Learning for Health, This is the first issue of a newsletter thaf will be published every 6 
months. We hope our readers will find it informative and useful .  The Education Resource Group of 
the Liverpool School of Tropical Medicine works in teacher training for health workers, training in 
health education/promotion and human resource development.  Learning for Health will reflect 
these interests, and is  for anyone working in these areas, particularly in developing countries. I t  is 
not an academic j ournal . Instead it will emphasize practical ideas to be used in our everyday 
situations, and the style will be simple and easy-to-read . 

Learningfor Health will not tell you what to do.  One of the words which will often come up in 
these pages is ' facilitator' . This word literally means 'enabler' , or someone who makes things easier. 
We may think of a teacher as someone who addresses a problem, gives the right answers and lays 
down correct actions. On the other hand a facilitator enables the learners first to sort out what the 
problem is,  then agree for themselves how the problem should be tackled in their own situation.  Jan 
Ritchie's article 'Communicating the Paradox' i l lustrates this, especially the story at the beginning. 

You can contribute to Learning for Health through any of our regular features. One of these is 
CHESS, or Community Health Education Support Service, which gives ideas on practical problems 
people write to us about. We welcome your enquiries. We would also l ike readers to write to us with 
their responses to the problems raised, which we can reprint in a Letters page . 

Another regular feature is the ' Reviews' section,  where again we welcome your contributions. 
Perhaps you have read a book, seen a video, or used a teaching aid which was especially useful .  You 
can either review it yourself (we would need to see the item being reviewed too) or tell us about it so 
that someone else can review it .  

There is also a regular 'Notes and News' section, so if you have announcements about training 
courses, conferences, new publications, or news items of interest, please let us know. 

Address: Education Resource Group, Liverpool School of Tropical Medicine, Pembroke Place, 
Liverpool L3 5QA, UK.  

Liverpool School of Tropical Medicine, UK 

The Liverpool School of Tropical Medicine, a registered charity affiliated to the University of 
Liverpool, is one of the few postgraduate centres of excellence in the world in the field of tropical 
medicine and its allied disciplines. Its principal, inter-related functions are research, teaching, and 
consultative activities. The School is  extensively involved in national and international programmes 
to control tropical disease and to develop effective health care systems. It  has links with health 
ministries, universities and research institutions worldwide. The School has well-equipped, modern 
teaching and research facilities. There are 3 general lecture theatres, the largest of which 
accommodates 1 44 students, as well as several seminar rooms. The Dagnall Laboratory, equipped 
with a video microscope and overhead colour television monitors, provides bench space for up to 80 
students and there are several smaller teaching and research laboratories. Teaching methods and 
course content are continuously evaluated and importance is attached to small group teaching 
wherever possible. The School also houses a computer laboratory and most courses include training 
in the use of computers, and statistical and epidemiological methods .  

The School offers a number of courses leading to University of Liverpool degrees and diplomas, 
a series of School Certificate Courses and a number of Short Courses. Research facilities and 
training leading to the degree of MPhil or PhD can be offered in most major disciplines relating to 
tropical health.  Current research covers the spectrum from molecular biology to health systems and 
operational field research.  All tuition in the School is provided in English and students whose native 
language is not English must possess a suitable English Language qualification.  For those wishing 
to improve their level of English, the English Language Unit in the University can provide full-time 
language tuition to overseas students prior to commencement of study as well as continuing part­
time language support. English classes are also available for students' families . 

Enquiries: Liverpool School of Tropical Hygiene, Pembroke Place, Liverpool L3 5QA, U K .  
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Need for social science inputs in leprosy eradication. Ninth Erwin Stindl Memorial 

Oration 1992 
The above oration was given by Dr A. M. Kurup, Chief ResettrdrScientist at the Centre for Social 
Science Research on Leprosy, Gandhi Memorial Leprosy Foundation, Wardha, India. This talk 
was given in the GrecaItes Training Centre, Calcutta on 30 January 1 992, and is now printed in a 40-
page booklet, and is available from Grecaltes (price US$5 or 30 rupees). 

The 3 sections of the lecture relate to :  ( 1 )  health and society; (2) the social complications of 
leprosy; and (3) social science research. The first section is  a general introduction with statements 
about the concepts of health and disease; the next outlines the size of the leprosy problem, its social 
and economic consequences, the patients' concept of cure and difficulties of treatment compliance . 

The author brings together recommendations for social science research and these are listed in 
the third section.  These recommendations have been made by various international bodies or 
working groups during the past 10 years. The areas already investigated take up half a page whilst 
the recommendations cover 8 pages, indicating that much remains to be done. The Centre for Social 
Science Research in Wardha, India is  one of the few centres where training and research are. being 
carried out. 

In places, this lecture contains long sentences and the sociological terminology make 
comprehension difficult for the non-sociologist .  There are numerous typographical errors. 

Catalogue: WHO publications on tropical diseases, 1993 
This catalogue provides bibliographic and descriptive information for 50 WHO publications 
focused on the prevention and control of tropical diseases.  Publications are grouped according to 
the following topics: 

• malaria, 
• schistosomiasis, 
• filariasis, 
• trypanosomiasis, 
• the leishmaniases, 
• leprosy, 
• tuberculosis, 
• AIDS, 
• intestinal parasitic infections, 
• model prescribing information, 
• laboratory methods, 
• travel medicine, 
• vector control .  

In view of the magnitude of human suffering caused by tropical diseases, many of these books 
concentrate on strategies for prevention and control, emphasizing methods that are feasible, 
effective, affordable, and acceptable to communities. Some addressed to physicians and nurses, 
serve as clinical guides to the diagnosis and management of disease. Others, intended for health 

• planners, provide comprehensive reports on virtually every practical or technical factor that needs 
to be considered when designing national policies for control .  Still others set out training materials 
that can help health professionals acquire new skills or do a better job, even when conditions are 
primitive and resources scarce . 

Regardless of topic, all publications participate in the larger WHO objective of using the tools of 
pragmatism, developed during more than 40 years of experience and backed by the best scientific 
knowledge, to pursue the visionary goal of better health for al l .  

Further enquiries: WHO Publications, Distribution & Sales, 1 2 1 1 Geneva 27, Switzerland. 
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