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1.4 Describe the features of the area which are relevant to solving the leprosy problem. Include:
existing health and social services, culture and attitudes to leprosy cases, and community resources
that might be available for case-finding or patient care. Do not attempt to be exhaustive in this
review of context. In reality it may only be possible to obtain rather scanty information—about
leprosy prevalence—for instance, until a service has been started and patients begin to have
confidence in it. Additional factors can be added to the contextual description as the need arises and
opportunity occurs. Estimates of total cases (prevalence) and annual new cascs (incidence) are likely
to be inaccurate or not available at all.

2 THE EXTENT OF THE PROBLEM

Summarize the extent of the leprosy problem as revealed by the contextual review in terms of the
numbers (case type, age, sex, and deformity grade) of cases, existing resources, facilities and
community attitudes.

3  GOALS FOR LEPROSY PROGRAMME

Prepare general goals for the leprosy programme under the following headings:

3.1 Cuase-finding. Ninety-five percent of cases will be diagnosed and placed on chemotherapy
before grade 2 deformity occurs.

3.2 Chemotherapy. Appropriate chemotherapy will have been prescribed at the time of
diagnosis for all cases, and 90% of cases will continue with treatment, in accordance with medical
instructions, until the prescribed treatment is completed. All cases with reaction will be identified
and effectively managed in time to prevent deformity.

3.3 Care. All known cases will be provided with opportunities to receive appropriate care, and
75% of cases will cooperate with the care programme.

3.4 Surveillance. All post MDT cases with relapse or rcaction will be detected and given
appropriate chemotherapy.

4 OBSTACLES

Summarize the obstacles which are known to stand in the way of achieving the stated goals. Most of
the important obstacles will be identifiable from the contextual analysis. Obstacles may be
summarized under 3 headings:

4.1 Health services and health resources. These will be likely to include lack of trained staff, poor
distribution of resources and negative staff attitudes to leprosy.

4.2 Obstacles in the patient community. Lack of confidence in existing official services, the
existence of communities of beggars, reliance on traditional treatments, established patterns of
irregular treatment, and numbers of institutionalized cases who fear any changes in the current
system.

4.3 Community attitudes and culture. Ignorance of the truth about leprosy, ostracism of known
cases, fear of infection and false perceptions of the human characteristics of cases.

S STRATEGY

The general strategy for leprosy control and patient care is chemotherapy with 2 or more drugs,
initiated as early as possible in the disease and continued for a limited time period.

5.1 Case-finding strategy

The following strategies, not all of which are equally practical, are available for case-finding in
leprosy:
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A Voluntary presentation stimulated through ecffective care of cxisting cases, publicity
concerning the availability of trcatment and public education in the truth about leprosy.

B Referrals from other medical services.

C Active case-findings through surveys including:
(a) Contact surveys (contacts defined in terms of: (i) family relationships; (ii) household contacts;
and (iii) work place contacts). (b) Special group surveys, including surveys of school children and
workers. (c) Total population surveys.
The frequency and extent of surveys needs to be defined.

5.2 Chemotherapeutic strategy

This has 5 principal elements:

A A drug delivery system. This includes arrangements for the procurement, stocking, and
inventory control of drugs; and decisions concerning the frequency of drug distribution to patients
and the methods of drug distribution, drugs may be distributed either on an individual domiciliary
basis or through clinic attendance.

B A patient categorization system. The same regimen is not given to all patients and a system is
necessary for determining which regimen shall be given to which patient.

Each regimen needs to be defined in terms of the drugs used, the dose, the frequency and the
duration of medication.

Each case needs to be defined in terms of: (a) Clinical classification, for instance, paucibacilliary
or multibacilliary. Detailed criteria for determining classification on clinical, bacteriological,
immunological, and histological grounds must be defined. (b) Definition of activity status,
particularly in relation to previous treatment. A decision needs to be taken as to whether all cases
should be treated or certain inactive cases should be excluded. Patients to be excluded need to be
clearly defined; for instance, paucibaciliary cases, e.g. TT, lepromin positive (8 mm), who were
never smear positive, had less than 20 skin lesions, and were treated with DDS monotherapy
regularly for a total of not less than 4 years.

C A clinical and bacteriological review strategy. The frequency and requirements for clinical
and bacteriological review must be prescribed, especially with respect to clinical records and quality
control of bacteriology.

D Compliance checking. It is not enough to prescribe and provide treatment; arrangements
must be made to check whether staff are complying with prescription instructions and patients are
complying with the prescribed intake.

E Patient education. A strategy must be prescribed for patient education. There are a number
of possibilities, including: (a) One-to-one education at the clinics; (b) appropriate literature for
patients; (c) patient education through home visits; and (d) group education at clinics, including
group discussions between patients.

5.3 Patient care strategy

Patient care is care in addition to chemotherapy. It is very important and mainly concerned with the
prevention and correction of deformity and disability and in dealing with patient’s social and
economic problems. There are 4 main elements in a patient care strategy.

A Patient education in self-care.

B Programme assistance with self-care, for instance, provision of protective footwear.

C Programme provision of special care, for instance physical therapy, reconstructive surgery,
vocational training.

D Social services, including assistance with family problems, personal psychological problems,
and with economic problems.
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5.4 Surveillance strategy

The purposes of post-M DT surveillance are to detect and retreat relapsed cases and to detect any
late manifestations of reaction or side-effects of the drugs used. Three basic strategies are possible:

A Rely on voluntary reporting by patients: reinforced by more patient education and made as
casy as possible by the provision of acceptable clinics.

B Insist on patients continuing to attend the clinic for review at specified intervals and for a
specified duration: back this up by home visits Lo follow-up absentees.

C Arrange home visits by trained staff to undertake surveillance in the patients’ homes.

5.5 Strategy implementation

Decisions must be taken as to who is to provide these services, and where they arc to be provided. A
number of options arec available including:

A A vertical leprosy programme in which all aspects of leprosy control and patient care are
undertaken within the programme.

B A vertical leprosy programme with referral of cases to special services for special needs, e.g.
reconstructive surgery, vocational training, social services.

C An integrated programme in which general medical services accept responsibility for case-
finding, chemotherapy and patient care at the same level as with other chronic diseases, and have
access to specialist referral services for special problems.

Each strategy has technical, financial and sociological implications. Patients preferences need to
be seriously considered.

6 SPECIFIC GOALS

The role of the planner at this stage is to define the goals which must be reached in order to
implement the strategy outlined in Section 5.

The details of the goals will necessarily depend to some extent on the strategies adopted. In the
following example 3 sets of assumptions have been made concerning strategy:

A Diagnosis, contact survey, drug delivery, patient care and surveillance will take place mainly
in special leprosy clinics, i.e. it will be a vertical programme. Patients will be expected to attend a
clinic once each month.

B Staff will be available to visit patients at home in order to check on compliance, reinforce
patient education, follow-up absentees, and supplement clinic-based contact surveys.

C Patient and public education will be the primary case-finding strategy but in addition efforts
will be made to discover cases through: 1, referrals from other health services; 2, school surveys; and
3, total population surveys in selected areas.

6.1 Goals for case-finding

Overall goal: 95% of cases will be diagnosed and placed on chemotherapy before Grade II
deformity occurs.

Specific goals are as follows:

A Problem identification
1 All registered patients will be able to describe and recognize cardinal signs and symptoms of
leprosy and its reactions.

2 All medical personnel responsible for making diagnosis in government and private clinics in
the area will have been provided with a diagnostic guide to leprosy; information concerning timing,
location and telephone numbers of the leprosy clinic and, in addition, they will be aware of the
possibility of cure of leprosy and of the necessity for early diagnosis and chemotherapy. All medical
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personnel will cooperate by referring cases they recognize to the leprosy clinic for diagnosis and
treatment.

3 All leprosy clinic staff, and all engaged in leprosy patient home visitation, will recognize
patients with cardinal signs and symptoms of leprosy and/or reaction and will refer patients
appropriately.

B Problem solving
1 All diagnosed cases will have case notes appropriately completed on the prescribed forms. These
records will include data to support diagnosis, classification, deformity grading and activity status.

2 All multibacillary cases will be smeared. All cases of doubtful classification will be smeared.
Not more than 5-15% of negative cases will be smeared. All indeterminate cases will be biopsied
before diagnosis is confirmed. (If resources permit all cases will be biopsied.)

3 All household, family and work contacts of leprosy cases will have been examined clinically
within | year of the case being registered. Examination for contacts of smear positive cases will be
repeated annually for 5 years.

4 All children attending school will be able to describe early signs and symptoms of leprosy.

5 Ninety percent of adults in the community will have been made aware of the possibility of
leprosy through the mass media and will be able to describe cardinal signs and symptoms.

6.2 Chemotherapy and management of reactions

Overall goal: Appropriate chemotherapy will have been prescribed at the time of diagnosis to all
cases. Ninety percent of cases will take treatment according to prescription. Ninety percent of
reactions will be recognized and appropriately managed before any increase in deformity ensues.

A Treatment goals
1 Ninety percent of paucibacillary cases will have completed supervised multidrug therapy
treatment within 9 months of registration.
2 Ninety percent of multibacillary cases will have attended regularly for supervised treatment.
3 Ninety percent of MB and PB cases will have been at least 90% compliant with treatment
instructions with regard to drug intake.

B Service goals
1 Supplies (drugs, record systems, laboratory supplies) will have been made available in adequate
quantities and appropriate timing at each clinic.

2 Staff will make appropriate prescriptions and record attendance and drugs issued at each
attendance.

3 Staff will review cases and record findings at each attendance, to detect side-effects of drugs
and the clinical evidence of resolution and reaction.

4 Staff will manage reaction appropriately through patient education, treatment and/or
referral.

5 Staff will take, read, record, and interpret the results of smears.

6 Clinics will have been run at advertised times and places.

7 Patients will appreciate the importance of regular attendance and regular drug intake.

8 Patients will recognize signs and symptoms of reaction and side-effects of drugs.

9 Interpersonal relationships between clinic staff and patients will be such as to encourage
regular attendance. Patients will have confidence in the integrity, concern and reliability of staff.

6.3 Goals for care

Overall goal: All known cases will be provided with appropriate opportunities to receive care.
Special goals: 1 All patients will be able to undertake appropriate self care.
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2 All patients in need will have been provided with footwear and other devices, and will use
them.

3 All cases likely to benefit from reconstructive surgery, according to the criteria defined by
Fritschi, will have the opportunity of accepting reconstructive surgery at an appropriate time.

4 Patients in need, according to defined criteria, will have received appropriate social and
economic support.

5 Patients in need, and likcly to benefit according to defined criteria, will have received
appropriate job training and placement.

6.4 Goals for surveillance

Overall goal: All post-MDT relapsing and reacting cases will be detected and given appropriate
treatment.

Specific goals: | Ninety percent of treated MB cases will attend for surveillance once each year
for 5 years within 1 month of the duc date.

2 Ninety percent of treated PB cases will attend for surveillance 6 months after completion of
the chemotherapy and subsequently once each year for 5 years, within 1 month of the due date.

3 Ninety percent of cases who fail to attend for surveillance will be visited and examined at
home within 3/12 of the due date (provided social considerations do not preclude home visits).

4 Staff will correctly identify fresh clinical or laboratory signs of leprosy as relapse or reaction in
90% of cases, and provide appropriate treatment.

5 Appropriate records will be completed on all cases surveyed.

7 ACTIVITIES (TASKS)

In order to reach each of the goals identified in step 6, certain activities are needed. The role of the
planner is to identify these activities.
Activities may be most readily categorized into 9 groups or functions:

7.1 Clinic function

Clinic activities are determined by the need for patients to have access to services within reasonable
reach of home. The role of the planner is to insure that the clinic is appropriately located, equipped,
and staffed to carry out the following activities:

A Take case histories, and undertake clinical examinations and (order) special investigations
for the following purposes: (a) new cases: diagnosis, classification, determination of deformity
grade, activity status, presence or absence of reaction, treatment status, existence of other problems;
(b) review cases: determine clinical progress, deformity grade, activity status, presence or absence of
reaction, treatment status, side effects of drugs, resistance or other problems; (c) surveillance and
care cases: determine deformity grade, activity status, presence or absence of reaction, presence or
absence of relapse, existence of other problems. (d) All cases: prepare or review list of contacts.

B Initiate appropriate action, namely: (a) prescription and issue of drugs; (b) patient education;
(c) referral for special services, e.g. physical therapy, occupational therapy, surgery, social and/or
economic assistance; (d) arrange for repeat visits, arrange for home visits, arrange for contact
examinations; (e¢) make appropriate records: clinical records, clinic register; () prepare appropriate
reports.

7.2 Domiciliary function
There are 6 basic activities to be undertaken during home visits as follows:

A Patient encouragement and education.
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B Family education.

C Compliance, encouragement and review.

D Self-care, encouragement and review.

E Clinical examination of contacts (and surveillance cases).
F Social and economic needs review.

7.3 Health facility function

There are 4 basic activities for general health facilities, namely:

A Recognition of leprosy cases, including diagnosis, reactive phenomena, and relapsc.
B Referral of leprosy cases to the appropriate clinic.

C Management of other diseases occurring in leprosy cases.

D Specialist medical services for leprosy cases.

7.4 Laboratory function

The following laboratory activities are necessary:

A Smear taking, reading, reporting.

B Biopsy taking, reporting.

C Lepromin testing, administration reading and reporting.

D Serology venesection, and storage.

E Routine laboratory tests, determination of haemoglobin, etc.

7.5 Public education function
The following activities comprise the public education function:

Ascertainment of existing knowledge, attitudes and practices with respect to leprosy.
Identification of community leaders.

Determination of specific goals for public education.

Involvement of community leaders in planning public education.

Implementation of public education through public meetings (drama discussion, talks, etc.),
mass media radio and television, newspapers and other literature.

Education of special groups: schools, churches, women’s clubs, etc.

G Review of the effectiveness of public education in changing knowledge, practice and attitude.
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7.6 Survey function

Properly conducted total population surveys are an effective, but often costly, method of case-

finding. Poorly conducted surveys are both ineffective and inefficient. Survey activities include the

following:

A Planning and preparation of surveys, and training of the survey team.

B Delineation and mapping the area to be surveyed.

C Taking a census and population education.

D Conducting the survey; household census, clinical examination, recording absentees, arranging
follow-up visits to examine absentees, advice or referral of incidental cases with other diseases.

7.7 Rehabilitation function

A full range of rehabilitation activities is listed below, although it is recognized that many of these
will only be required with respect to a small proportion of patients and some may not be available at
all. The rehabilitation activities are as follows:

A Assessment of need and referral to the appropriate service.
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B Additional patient education in self-care.

C Provision of footwear and other aids.

D Physical therapy.

E Reconstructive surgery.

F Social assistance.

G Economic assistance.

H Assistance with work, i.e. job training and placement.

7.8 Training function

As soon as programme activities have becn allocated to designated staff, steps can be taken to train
staff to undertake these activities. The main training activities comprisc the following:

A Dectermination of existing skills and knowledge in the staff.

B Preparation of training objectives.

C Preparation of training assessment instruments.

D Preparation of a training programme.

E Obtain or prepare training materials.

F Conduct training.

G Evaluation of effectiveness of training.

With respect to multidrug therapy, particular attention is to be'paid to training clinical staff in
accurate recording of clinical findings, accurate classification, and smear interpretation, appro-
priate decisions regarding prescription and continuation or discontinuing treatment, and
recognition of relapse or reaction in cases that have discontinued chemotherapy. Laboratory staff
will also probably require additional training and the introduction of a quality control method for
smear taking, staining, and reading.

7.9 Management function

Management has been defined as all activitics for which no one else has been given responsibility.
The specific activities of management will include the following:

Preparation of protocols, processes, record and reporting systems for the activities listed above.
Preparation of job descriptions.

Budgeting.

Staffing.

Procurement and distribution of supplies.

Provision of transportation.

Control of activities.

Leadership and motivation.

Public relations and relationships with other health services.

Evaluation.
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8 RESOURCES

The actual details of estimates of the resources needed for implementation of multidrug therapy
vary widely fromsituation to situation. The most important factors in this variation include: (a) The
local economic level particularly with respect to salaries and cost of transportation; (b) population
density; (c) endemicity of leprosy; (d) case type rates in the leprosy population proportion of cases
with disability; and (e) the extent to which general medical services take responsibility for leprosy
patients. However, some general statements can be made:

A Costofdrugs. Paucibacillary cases (PB): US$2-1-2-77 per patient per course. (Assume 98% of
cases required |1 course only).
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Multibacillary cases (MB): US$23 per patient per year. (The average multibacillary case is likely to
require 3—4 years of trcatment.)

B Relapses. Itmaybeassumed that not morethan 1-2% of paucibacillary and/or multibacillary
cases will relapse.

C Footwear costs. The proportion of cases requiring footwear vary very widely from 10-30% or
more. Similarly the costs of footwear vary from US$5 to $10 or more per patient needing footwear
per year.

D Staff workload. The first | to 2 years after the introduction of multidrug therapy into an
existing leprosy treatment programme is likely to double the manpower requirements for
chemotherapy and care. There arc several rcasons for this of which the most important are the
introduction of supervised treatment, the higher standards required for clinical examination and
recording, the need for extensive patient education, and the likelihood that increased numbers of
cases will come forward once MDT is introduced. However, after | to 2 years there will be a very
substantial reduction in the numbers of paucibacillary cases under care and this is likely to resultina
rcasonably substantial reduction in workload. Staff workload is likely to fall to the level it was
beforec MDT by the end of the 2nd year.

E Laboratory work. A good laboratory technician can process not more than 20 slides per day.
The actual workload imposed upon the laboratory will depend upon policy decisions regarding the
frequency of smears (for instance | smear per year) and the requirements for smearing clinically
paucibacillary cases. It is important to note that it takes longer to read a negative smear than a
known positive smear.

F Domiciliary services and surveys. The costs of visiting patients at home and carrying out total
population surveys are very much influenced by population density, leprosy endemicity, pay scales
and the cost of transportation. The number of homes visited per worker per day may be as few as 2
to 3 or as many as 20 to 30, and the average number of individuals visited per home also varies
widely.

G Hospital admissions. Experience has shown that the provision of 10 beds per 1000 registered
cases is a very comfortable provision for leprosy and its complications. It should be noted however
that up to 75-80% of these admissions will be for ulcer care. The actual number of admissions
required foracute complications of leprosy in a well organized control programmeis likely to be less
than 5% of total patient load per year and to need a maximum of | or 2 beds per 1000 patients.

H Transportation. Mobility to enable staff to reach patients and to enable patients to have
access to services is an essential part of an effective leprosy control programme. The costs of
mobility are usually underestimated.

The need for programme transportation varics enormously and is dependent upon population
density, endemicity of leprosy, availability of roads and availability of public transportation to
leprosy patients.

9 SCHEDULES

Scheduling the introduction of MDT and its implementation clearly depends upon the local

situation. Some general remarks may be helpful:

A Recognize thelapsed time between ordering and securing drug supplies. It is disastrous to start a
programme and run out of drugs.

B Do not underestimate the staff workload which will result from the need to review existing cases
and update the clinical and laboratory records.

C Programmatic changes which affect patient behaviour should not be introduced in too rapid a

sequence. Patients need time to adapt to new situations.

Staff training should be undertaken as close to the time of utilization of training as possible.

If the programme being planned is a very large one, it is almost certainly worthwhile undertaking

a small scale tryout before embarking on the total programme.

m o
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NEWS AND NOTES

Special Programme for Research and Training in Tropical Diseases; Eighth Report
1987

This is a strongly bound paperback of 191 pages entitled *“Tropical Disease Research; a Global Partnership”. It is
the eighth programme report for the UNDP/World Bank/WHO Special Programme for Research and Training
in Tropical Diseases (TDR) with a Foreword by the Director-General, Dr Halfdan Mahler, and an introduction
by Dr Tore Godal, Director of TDR. Progress in all 6 of the diseases chosen (malaria, schistosomiasis, filariasis,
leprosy, leishmaniasis and trypanosomiasis) is described in detail, using terminology which is sometimes
technical, but for the most part general and highly readable. The account of leprosy in section 8, page 115, is brief
but comprehensive, giving an exceptionally good account of the present situation, the main problems, progress
in diagnosis, chemotherapy and vaccine development. In the final paragraphs, TDR's future priorities for
leprosy research are described as follows:

Immunology. Continued ficld trials on antileprosy vaccines and the use of data from these trials for
epidemiological studies, including those undertaken to assess new serological and other diagnostic tests;
maintenance of armadillo colonies for large-scale production of M. leprae; DNA sequencing of M. leprae gene
fragments, identification of the complete genes and expression of these genes in foreign host microorganisms
with a view to large-scale production of expressed antigens and their application to research on diagnostic tests,
immunization and drug development; identification of M. leprae genes involved in protective immunity;
development of techniques for detecting M. leprae antigens in clinical specimens; development of specific
serological assays and skin tests based on synthetic peptides; and development of methods for genctic
engineering of BCG with a view to its use as a vehicle for protective antigens in vaccines against leprosy and
other diseases;

Chemotherapy. Studies on the efficacy, acceptability and operational feasibility, in both lepromatous and
nonlepromatous leprosy, of multidrug therapy regimens of even shorter duration than those in current use;
development of new drugs through synthesis and screening activities based on leads from other diseases and on
‘molecular modelling”; validation and improvement of the rapidity, sensitivity and specificity of in vitro drug
screening systems; evaluation of the impact of multidrug therapy on leprosy transmission; new approaches
(including inoculation of nude mice and specific antigen assays) to the monitoring of chemotherapy; and
development of eflective, nonsteroidal, nonteratogenic drugs to prevent and control leprosy reactions and nerve
damage.

Fortieth World Health Assembly: towards Elimination of Leprosy

Recalling resolution WHA32.39 and previous resolutions of the Health Assembly and the Executive Board
regarding leprosy. Noting: a, the increasing commitment of several Member States to eliminate leprosy as a
public health problem in their countries, as part of their goal of health for all by the year 2000; b, the significant
progress made in recent years in leprosy treatment, including the use of new drugs in multidrug therapy, which
has made leprosy treatment far more effective; c, the very promising research advances being made towards the
development of early diagnosis, immunology and vaccines, leading to effective leprosy prevention programmes;
d, the increasing role being played by nongovernmental organizations in leprosy control:

1 Urges Member States with endemic leprosy: 1, to allocate adequate priority to and resources for leprosy
control within their public health services as part of primary health care; 2, to strengthen health education
through the media and community participation with a view to overcoming the stigma and phobias traditionally
associated with the disease in many societies, and to institute adequate legal guarantees protecting the rights of
cured leprosy patients; 3, to provide improved training in leprosy for health workers of all categories, and
especially those working in the field of leprosy, to ensure early case-finding, accurate diagnosis, and the
implementation of multidrug therapy programmes; 4, to institute active programmes, including research, for the
rehabilitation of leprosy patients who have acquired disabilities and deformities; S, to work out a system of
awards, prizes and rewards for outstanding contributions to leprosy control and research.

2 Requests the Director-General: |, to continue the successful technical and scientific guidance to Member
States and to support their multidrug therapy programmes forleprosy control; 2, to intensify the Organization’s
activities in leprosy control by additional mobilization and coordination of scientific and material resources
directed at implementing multidrug therapy, rehabilitation and training; 3, to strengthen support for the
development of more effective tools against leprosy through multidisciplinary research in both the natural and
social sciences; 4, to intensify the search for improved drugs and vaccines through the Special Programme for
Research and Training in Tropical Diseases; 5, to promote further the partnership approach between
nongovernmental organizations, Member States and WHO to achieve leprosy control and rehabilitation where
necessary; 6, to keep the Executive Board and the Health Assembly informed of the progress made.

Twelfth plenary meeting, 15 May 1987 A40/VR/12. WHO, Geneva.
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Persisting Mycobacterium leprae among THELEP
trial patients in Bamako and Chingleput

Subcommittee on Clinical Trials of the Chemotherapy of Leprosy
(THELEP) Scientific Working Group of the

UNDP/World Bank| WHO Special Programme for Research and
Training in Tropical Diseases

Accepted for publication 3 August 1987

Summary The availability of approximately 75% of the anticipated results with
respect to persisting M ycobacterium leprae from the THELEP controlled clinical
trials in Bamako and Chingleput has made possible an interim analysis. Persisting
M. leprue were detected in 43 skin-biopsy specimens obtained from 39 patients,
among a total of 468 specimens obtained at intervals of 3, 12 and 24 months from
199 patients during treatment with five combined drug regimens. The proportion
of specimens in which persisting organisms were discovered appcared not to vary
with regimen or duration of treatment. The regimen consisting of a single large
initial dose of rifampicin plus daily dapsone was not shown to be less effective, in
terms of the proportion of specimens in which persisters were detected, than
regimens consisting of rifampicin, dapsone and clofazimine or prothionamide,
each drug administered daily. The average number of persisting M. leprae per
patient was calculated to lie in the range 50,000-250,000 at each of the intervals.
The results of these trials lend strong support to the multidrug regimen
recommended for treatment of multibacillary leprosy by the World Health
Organization Study Group on Chemotherapy of Leprosy for Control Pro-
grammes.

Members of the THELEP Clinical Trials Subcommittee are:

Dr M J Colston, National Institute for Medical Research, London, UK,

Dr G A. Ellard, National Institute for Medical Research, London, UK,

Dr C A P Ferracci, Institut, Marchoux, Bamako, Mali,

Dr J H Grosset, Faculte de Medecine Pitie-Salpetriere, Paris, France,

Dr G Grossetete, Institute Marchoux, Bamako, Mali,

Dr C G S Iyer,* Central Leprosy Teaching and Research Institute, Chingleput, South India,
Dr R R Jacobson, National Hansen’s Disease Center, Carville, LA, USA,

Dr Ji Baohong, World Health Organization, Geneva, Switzerland,

Dr Kyaw Lwin, Ministry of Health, Rangoon, Burma,

Dr D L Leiker, Royal Tropical Institute, Amsterdam, The Netherlands,

Dr L Levy, Hebrew University-Hadassah Medical School, Jerusalem, Israel,

Dr S K Noordeen, World Health Organization, Geneva, Switzerland,

Dr S R Pattyn, Prince Leopold Institute for Tropical Medicine, Antwerp, Belgium,
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Dr J M H Pearson, Dhoolpet Leprosy Research Centre, Hyderabad, India,

Dr R J W Rees, National Institute for Medical Research, London, UK,

Dr H Sansarricq, World Health Organization, Geneva, Switzerland,

Dr P S Seshadri, Central Leprosy Teaching and Research Institute, Chingleput, South India,
Dr J K Seydel, Borstel Research Institute, Borstel, Federal Republic of Germany,

Dr C C Shepard,* Centers for Discase Control, Atlanta, Georgia, USA,

Dr M F R Waters, Hospital for Tropical Diseases, London, UK.

Also participating in this study werc Mrs Pat Christie, Mrs Ila Mondavia, Miss Hilary Morgan,
Mr Harry Shears and Mrs Maureen Silver, Laboratory for Leprosy and Mycobacterial Research,
National Institute for Medical Research, London, UK. Mr J L Duppenthaler, World Health
Organization, Geneva, Switzerland, provided statistical consultation throughout the trials and Mrs
M Anker, World Health Organization, performed the statistical analyses.

This report was prepared by L Levy, M Anker and G A Ellard.

Introduction

In April 1976, at the time of the meeting of the THELEP Planning Committee,' it was clear that
efforts to control leprosy by treatment of the infectious patients (primarily those patients with
previously untreated multibacillary (LL, LI, and BL*) leprosy, and those multibacillary patients
who have relapsed as the result of premature cessation of treatment or emergence of drug-
resistance?) in the community were failing, both because of the inability to maintain patients under
treatment for the long duration of dapsone monotherapy required, and because of the increasing
frequency of relapse associated with the emergence of dapsone-resistant M ycobacterium leprae. It
appeared obvious that treatment by regimens composed of two or more drugs, each acting by a
different antimicrobial mechanism, would prevent relapse with dapsone-resistant M. leprae;
however, unless the multidrug regimens led not only to rapid loss of infectivity, but also to carly
‘cure’, it was believed that employment of the regimens was unlikely to add to the effectiveness of
programmes of leprosy based on case-finding and treatment. Only regimens that are effective if
administered fora limited time, the termination of which will not be followed by a high frequency of
relapse, may be expected to lead to improved case-holding. Persistence of viable, drug-susceptible
M . leprae (‘persisters’, or ‘persisting’ M. leprae®) had already been demonstrated after many years of
monotherapy withdapsone or rifampicin,** and after combined chemotherapy with rifampicin and
dapsone,® and it was feared that, after the therapy had been withdrawn, persisting M. leprae would
cause relapse of a large proportion of patients.

Thus, at the time of the THELEP Planning Committee meeting, a central issue in attempting to
improve chemotherapy of leprosy was whether administration of combinations of drugs could
reduce the proportion of patients harbouring persisting organisms, or reduce the numbers of
persisting M. leprae in individual patients, so that the risk of relapse following cessation of
treatment was diminished. At that time, because it appeared likely that relapse-rates would be
unacceptably high, as a consequence of the ubiquity of persisters, it was considered unethical to
conduct clinical trials in which chemotherapy of patients with lepromatous leprosy was deliberately
stopped and relapse-rates subsequently measured. Therefore, the Planning Committee could not
undertake to measure the risk to patients presented by the persisting M. leprae. On the other hand,
controlled clinical trials could be undertaken among patients with lepromatous leprosy to examine

* Deceased.

t The Ridley-Jopling system of classification of leprosy, a system based on clinical, histopathological and
other criteria, employs the following terminology: BL, borderline-lepromatous; LI (or LL;), sub-polar
lepromatous leprosy; LL (or LL,), polar lepromatous leprosy.’
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the cfficacy of various combined drug regimens in reducing the proportions of patients harbouring
persisters, or the numbers of persisting M. leprae harboured by patients. At its first meeting, in April
1977, the THELEP Scientific Working Group decided to mount controlled clinical trials among
previously untreated patients with lepromatous leprosy at Bamako and Chingleput,? in order to
compare the proportions of patients treated by cach regimen in whose skin biopsy-specimens viable
M. leprae could be detected at intervals after beginning treatment. Six regimens were sclected for
study*: two ‘maximal’ regimens, consisting of rifampicin, dapsone, and prothionamide or
clofazimine administered daily for two years; two ‘intermediate’ regimens, consisting of an initial
course of weckly rifampicin and daily prothionamide together with daily dapsone for two years in
Bamako, and, in Chingleput, a single initial large dose of rifampicin and daily clofazimine for the
first three months, together with daily dapsone for two years; and the same ‘minimal’ regimen in
each centre—an initial large dose of rifampicin and daily dapsone administered for two years. (As
cxplained in the carlier publication,* these regimens were to be employed in a study of the ability of
combined drug-regimens to eliminate persisters; that the regimens might or might not be suitable
for routine use in programmes of leprosy control was not a factor in their selection.)

Materials and methods

The patients recruited into the two trials and the methods employed in the trials, are those already
described.® In brief, patients with LL, LI or BL leprosy were recruited who denied prior treatment,
and in whose urine no dapsone could be detected. At intervals of 3, 12 and 24 months after
beginning trcatment by one of the three regimens under study at each treatment centre, biopsy-
specimens were obtained from the same skin lesions and shipped fresh on wet ice to the National
Institute for Medical Research (NIMR), London, where the largest possible number of organisms,
to a maximum of 10’ per footpad, was inoculated into cach hind footpad of thymectomized and
irradiated (TR)® mice, usually eight mice per specimen. After about one year, a period of time
theoretically sufficient to permit the multiplication of even a single viable M. leprue to a large
number, harvests werc performed from the hind footpads of all surviving mice. On numerous
occasions, the harvested M. leprae were diluted, and 10* organisms were sub-inoculated into the
hind footpads of normal CBA mice. Persisting M. leprae were defined as those multiplying to at
least 10¢ organisms per footpad from an inoculum of 10%, or those yielding at least 10-fold
multiplication to at least 10° organisms per footpad from an inoculum smaller than 103, or those
multiplying in passage.

Data were analysed by means of the y? and Fisher exact probability techniques for comparison
of frequencies and proportions among two or more categories.'"” The most probable number of
viable M. leprae (MPN) was calculated by means of the Halvorson-Ziegler equation.!!

Results

FREQUENCY OF PERSISTING M. LEPRAE
By 31 December 1984, the results of study of 468 biopsy-specimens—about 75% of results
expected—had been reported. These results were derived from the study of skin-biopsy specimens

* Patients were allocated among six treatment-groups, three in each centre; however, one of the five regimens
(regimen C) was employed in both centres. The regimens were, in Bamako,
Aj: rifampicin, prothionamide and dapsone,eachin a daily dose of 600, 500,and 100 mg, respectively, for two
years; C: rifampicin, in a single initial dose of 1500 mg, and dapsone, 100 mg daily for two years; E,:
rifampicin, 900 mg once weekly, and prothionamide, S00 mg daily for the first three months, together with
dapsone, 100 mg daily for two years;

and in Chingleput,

A\ rifampicin, clofazimine and dapsone, each in a daily dose of 600, 100, and 100 mg, respectively for two
years; C: as for Bamako; D,: rifampicin, in a single initial dose of 1500 mg, clofazimine, in a daily dose of 100
mg for the first three months, and dapsone, 100 mg daily for two years.?
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from 199 patients, of whom 107 were representcd by three specimens, and an additional 55 by two
specimens. As shown in Table I, the numbers of specimens were greatest for the 3-month interval,
and smallest for the 24-month interval. This was to be expected, because recruitment of patients
continued until the latter part of 1983, whereas, by 31 December 1984, results of 24-month
specimens were available only for those patients who had been recruited prior to 1982.

Table 1. Proportions of specimens in which persisting M. leprae were detected

Number ‘positive’ specimens/total number

Duration of Bamako regimen Chingleput regimen
treatment -
(months) Ax* C E, A C D, Total %

3 o/11 4/42°  4/34 2/37t  4/38* 4/35** 18/197 91

12 3/9 2/32 3/27 4/32+  2/30 3/32*%* 17/162 10-S
24 1/7 2/20°  1/17 0/23 3/20% 1/22 8/109 73
Total 4/27 8/94 8/78 6/92 9/88 8/89 43/468  9-2°°
(B+124+24) (148%) (85%) (10:3%) (6:5%) (10-2%) (9:0%)
Total 4/16 4/52 4/44 4/55 5/50 4/54 25/271  92*+

(12+24) (250%) (7'7%) (91%) (7:3%) (10-0%) (7-4%)

A;": rifampicin, prothionamide and dapsone, each in a daily dose of 600, 500, and 100
mg, respectively, for two years; C: rifampicin, in a single initial dose of 1,500 mg, and
dapsone, 100 mg daily for two years; E;: rifampicin, 900 mg once weekly, and
prothionamide, 500 mg daily for the first three months, together with dapsone, 100 mg
daily for two years; A|: rifampicin, clofazimine and dapsone, each in a daily dose of 600,
100, and 100 mg, respectively, for two years; D,: rifampicin, in a single initial dose of
1,500 mg, clofazimine, in a daily dose of 100 mg for the first three months, and dapsone,
100 mg daily for two years.

0+ One patient is represented at both intervals; only 4 of 162 patients represented
by > 1 specimen were found to harbour persisters at > | interval.

%0959% confidence interval (6:6-11-8).

*++95% confidence interval (5:8-129).

Thedata of Table | show that persisting M. leprae were detected in about 9% of all specimens;
the proportions of specimens in which persisting organisms were detected did not differ significantly
between centres, among regimens, or as a function of duration of treatment. Also striking is that
persisters were detected in two biopsy-specimens from only 4 of the 39 patients; assuming persisting
+ M. leprae to be uniformly distributed among the biopsy-specimens, the number of such patients
expected by chance is 3, a result not significantly different from 4 (P> 0-90).

INOCULUM SIZE

Thelikelihood with which small proportions of viable M. leprae may be detected depends, at leastin
part, on the number of organisms inoculated. But because patients’ populations of M. leprae
diminish substantially during treatment, the proportions of specimens obtained at the later intervals
in which persisters were detected may underestimate the true frequency of this phenomenon.
Therefore, it is important to examine the numbers of organisms actually inoculated from the
biopsy-specimens obtained at the three intervals.

That efforts to detect persisting M. leprae were not limited by the number of organisms available
for inoculation is shown by the data of Table 2. As shown in the table, 90% (421/468) of the
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Table 2. Distribution of inoculumssizes with respect to
detection of persisting M. leprae

Number of Duration of treatment (months)
M. leprae
inoculated 3 12 24 Total

Number of specimens in which persisters were
detected/Total number of specimens (% of total)

10 16/171  11/119  3/52  30/342
(9-4) (9-2) (5-8) (8-8)

3104 <105  2/13 215 2/16  6/44
(154)  (13-3) (125  (13-6)

10 <3x10* 0/ /10 0/20  1/35
(<200) (100) (<50) (29)

<10 0/8 318 321 6/47
(<12:5) (167)  (143)  (128)

All <10° 226 6/43  5/57  13/126

(77)  (140)  (88)  (103)
All specimens  18/197  17/162  8/109  43/468
91) (10-5) (7-3) (9-2)

There was no significant association between
inoculum size and detection of persisting M. leprae,
i.e. the inocula prepared from specimens in which
persisters were detected did not differ from those
prepared from the remaining specimens, with respect
to the numbers of organisms inoculated.

specimens provided inocula of at least 10* M. leprae for TR mice; and 73% (342/468) of the
specimens provided inocula of 10° organisms per footpad. Consistent with the expected decrease of
size of populations of M. leprae in the course of effective treatment, the proportion of specimens
yielding inocula of 10° decreased with increasing duration of treatment. Thus, at 3 months, 96%
(189/197) of the specimens provided an inoculum of at least 10* M. leprae, and 87% (171/197)
provided inocula of 10%, whereas, after 24 months, these percentages had fallen to 81 (88/109) and 48
(52/109), respectively. However, only two specimens contained so few organisms that none could be
counted. In fact, the distribution, with respect to the numbers of organisms inoculated, of specimens
in which persisters were detected did not differ significantly from that of all specimens.

PERSISTERS AND DAPSONE-RESISTANCE*

One of the characteristics that might be associated with persistence of M. leprae is primary
resistance to dapsone, which had been identified in approximately 37% of these patients.'? As
shown in the upper panel of Table 3, however, persisting organisms were detected in the biopsy-
specimens of 10% of the patients harbouring dapsone-resistant strains of M. leprae, a frequency not

* The detection of persisting M. leprae in specimens obtained from patients representing instances of
primary resistance to dapsone may appear to contradict the definition of persisting M. leprae, which were
defined as drug-susceptible’; however, this is not the case. In the sense of this definition of persisters, ‘drug-
susceptibility’ refers to the drugs employed in treatment at the time that viable organisms are detected. This is, in
fact, thelogical basis of combined chemotherapy; organismsthatare already resistant toone of the components
of the combination at the time that therapy is begun are prevented from multiplication and even killed by the
other components of the combination.
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Table 3. Relationship between persistence of M. leprae and dapsone
resistance, according to regimen

Duration of Bamako regimen Chingleput regimen
treatment
(months) Ay C E, A C D, Total %

Number of specimens demonstrating persisters/
Number of resistant strains

3 0/3 0/12 1)9 /7 29 2/5 6/45 133
12 12 07 17 16 17 0/S 43¢ 118
24 00 0/3 0/4 0/5 0/4 03 019 <53
Total /S 0/22 220 2/18 3/20 2/13 10/98 102"

Number of resistant strains demonstrating persisters/
Number of strains, susceptible and resistant, demonstrating persisters

3 00 O/l 13 11 22 272 69 666
12 /3 00 12 13 11 02 411 364
24 o/l 0/l 0/l 00 0/l 01 05 <200
Total 1/4 02 2/6 2/4 34 2/5 10/25* 400"

No significant association was encountered between persistence and
resistance at any time interval for any regimen, either centre or both
centres combined.

* Regimens as defined in Table I.

° Not significantly different from 9:2%, the proportion of all speci-
mens demonstrating persisting M. leprae (see Table 1).

*Although persisting M. leprae were detected in 43 specimens,
persisters were detected in only 25 specimens obtained from patients
whose organisms could be determined to be either susceptible or resistant
todapsone. The remaining 18 speccimens were obtained from patients, the
susceptibility of whose organisms to dapsone could not be determined. '?

*Not significantly different from 37-4%, the proportion of dapsone
resistant among all strains of M. leprae, the susceptibility of which to
dapsone could be determined.'?

significantly different from that with which persisting M. leprae had been dctected in the entire
patient-population (approximately 9%). And, as shown in the lower panel of Table 3, the
proportion of patients with primary dapsone-resistant strains of M. leprae among those in whose
biopsy-specimens persisters were subsequently detected, 40%, does not differ significantly from the
proportion of all patients harbouring dapsone-resistant strains. Finally, considering those 131
patients, of whose pretreatment isolates the susceptibility or resistance to dapsone could be
determined,'? the distribution with respect to susceptibility or resistance to dapsone of the
organisms isolated from the 24 patients, in whose specimens persisting M. leprae were detected, did
not differ significantly from that of the organisms of the 107 patients, in whose specimens no
persisters were detected (see Table 4).

PERSISTERS AND OTHER PATIENT-CHARACTERISTICS

The distributions among those patients in whose specimens persisting M. leprae were detected of a
number of characteristics, other than susceptibility or resistance to dapsone, observed at the time of
admission into the clinical trials in Bamako and Chingleput, are compared in Table 4 with the
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Table 4. Relationship between the persisters and pretreatment patient-characteristics

Bamako regimens Chingleput regimens
Pretreatment
characteristic Persisters  No persisters  Persisters  No persisters
Mean age
271 282 280 306

(years)
Mean LIB 54 49 52 53
Mean BI 4-8 44 43 43
Mean LAFBPG 85 83 84 84
No. patients with*:
DDS-susceptible organisms 9 28 6 39
DDS-resistant organisms of:

Low degree 2 19 4 14

Intermediate degree 1 S 2 2
CLINCLAS® LL 2 12 7 20
CLINCLAS LI 16 58 10 70
CLINCLAS BL 1 10 3 6
HISTCLAS* LL 0 2 0 1
HISTCLAS LI 16 63 19 92
HISTCLAS BL 3 14 1 3

* The 24 patients with organisms susceptible or resistant to dapsone, in whose
specimens persisters were detected, were represented by 25 specimens (see Table 3).

°Clinical classification, according to the classification of Ridley and Jopling.”

+ Hi7slopalhological classification, according to the classification of Ridley and
Jopling.

distributions of these characteristics among those in whose specimens no persisters were detected.
Significant associations could not be demonstrated between the presence of persisting organisms
and: age, pretreatment values for bacteriological index (Bl),'? logarithmic biopsy index (LIB),'* and
logarithm,, of the number of M. leprue recovered from the patients’ pretreatment biopsy-specimens
(LABPG);"” and initial clinical and histopathological classifications.

NUMBERS OF PERSISTING M. LEPRAE

The detection of persisting M. leprae in approximately 9% of all specimens, without relation to
dapsone-susceptibility or to duration of treatment between 3 and 24 months, with a frequency no
greater than that predicted by chance in a second specimen, and the lack of association of the
detection of persisters with any other recorded characteristic of the patientsindicate that persisting
M. leprae may be distributed rather uniformly among the patients, and that their detection may be a
chance event. If this is the case, one may estimate the absolute numbers of viable organisms
persisting at each interval.

Presented in Table S are the data describing the 43 specimens in which persisting M. leprae were
detected. In each case, the number of organisms inoculated and the proportion of inoculated
mouse-feet demonstrating multiplication of M. leprae have been employed to calculate the MPN,
expressed here as the MPN per 10% M. leprae. Taking as an example the first entry in Table 5, and
assuming that multiplication would have occurred in none of 10 footpads inoculated with 10
organisms, and in all of 10 footpads inoculated with 10° organisms, the MPN of viable M. leprae in
theinoculum may be calculated by the equation of Halvorson & Ziegler!! to be approximately 5 per
10 total organisms. Assuming that the total (viable plus dead) bacterial population of a patient with
BI=4-0is 10" (i.e., 108'+7)1%!7 this patient may be calculated to harbour MPN/10°x 108'+7 = ap-
proximately 5 x 10° viable M. leprae.
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Table 5. Calculation of the total numbers of persisting M. leprae

Total number

Patient  Inoculum Proportion of feet MPN of persisters*
number  (x10%) showing multiplication per 10 BI (x 10%)
3 months
01024 1-0 4/10 S 4-00 5
01043 1-0 1/10 3 433 6
01049 0-30 1/8 10 4-00 10
01050 1-0 1/12 3 4-33 6
01051 1-0 1/12 3 433 6
01059 1-0 1/12 3 3-50 1
01073 1-0 1/8 3 433 6
01078 0-31 1/8 9 2:33 0-2
01093 1-0 3/14 3 383 2
01116 1-0 1/8 3 433 6
02033 1-0 2/8 4 .433 8
02038 1-0 1/2 6 4:33 13
02044 1-0 2/16 3 433 6
02045 1-0 1/10 3 433 6
02048 1-0 1/8 3 4-00 3
02051 1-0 3/14 3 483 23
02067 1-0 1/10 3 4-67 13
02083 1-0 1/10 3 467 13
12 months
01037 0-07 1/14 37 317 6
01042 1-0 1/8 3 433 6
01043 0-18 1/6 17 433 37
01052 0-79 1/8 3 4-17 5
01069 1-0 1/6 3 4-17 S
01074 1-0 1/10 3 3-50 1
01079 1-0 2/12 3 3-87 2
01093 1-0 1/10 3 3-50 1
01103 1-0 6/14 5 367 2
02001 1-0 1/14 3 4-17 4
02011 1-0 1/16 3 4-00 3
02018 1-0 1/10 3 4-00 3
02019 1-0 1/8 3 417 4
02072 0-55 1/14 5 4-00 S
02073 1-0 4/14 4 391 3
02074 0-006 1/8 490 374 270
02080 0-002 1/8 140 3-50 46
24 months
01022 1-0 1/8 3 3-67 1
01047 0-70 1/10 4 4-00 4
01048 1-0 1/12 3 3717 0-4
01051 1-0 1/8 3 33117 0-4
02003 0-35 1/12 8 4-00 8
02015 0-05 1/12 57 324 10
02044 0-06 1/8 49 ool 7] 1
02053 0-03 1/12 92 3-50 29

* Total number of persisters=MPN/106 x 108!+7.
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After trecatment for 3 months, the mean Bl calculated from the values observed for the 197
paticnts examined, was 4-42 (unpublished data). Thus, the total population of M. leprae of these
patients was 197 x 1042 =5 x 10", Considering the 18 patients found to harbour persisting M.
leprae at this interval, one may calculate from the data of Table 5 that they harboured a total of
approximately (MPN/10°x 10"'+7) = 107 viable M. leprae. Assuming that these were all of the viable
M. leprae in the total population of 5 x 10!, the proportion of persisters at the interval is roughly 2
per 107 organisms, and the average number of persisters per patient approximately 7 x 104,

At 12 months, the 17 patients in whose specimens persisting M. leprae were detected may be seen
to have harboured an approximate total of 4 x 107 viable organisms. Assuming these to be the only
viable organisms among the total bacterial population of 162 patients, whose mean Bl was 3-98, the
proportion of viable M. leprae is roughly (4 x 107)/(162 x 10'°%¥) =3 per 10° organisms; the average
patient harboured approximately 3 x 10° viable organisms.

At 24 months, the 8 patients in whose specimens persisters were detected harboured a total of
about 5 x 10®viable M. leprae. The 109 patients biopsied at this interval had a mean Bl of 3-33, and
harboured a total of approximately 109 x 10'°33 organisms. Thus, the proportion of persisting M.
leprae at this interval was approximatcely 2 per 10° organisms, and the average patient harboured
approximately 5 x 10 viable organisms.

Discussion

The primary objective of the THELEP controlled clinical trials in Bamako and Chingleput was to
compare several combined drug regimens among previously untreated patients with lepromatous
leprosy, in terms of the frequency with which persisting M. leprae could be detected at intervals
during treatment. Although results are available for only about 75% of the biopsy-specimens to be
obtained, they appeared sufficiently important to justify interim analysis and publication.

These results of the THELEP trials demonstrate that persisting M. leprae were detected in
approximately 9% of all patients, without relation to regimen, duration of treatment, primary
resistance to dapsone, number of M. leprae inoculated into mice, or any pretreatment characteristic
of the patients—age, BI, LIB, LAFBPG, and clinical and histopathological classifications. Most
noteworthy is the lack of association between regimen and frequency with which persisting
organisms were detected; persisters were detected no less frequently among patients treated with
regimens involving the daily administration of three drugs including rifampicin than among those
treated only with a single initial (albeit large) dose of rifampicin in addition to continuous daily
dapsone.

That persisting M. leprae were detected by the methods employed (single biopsies at intervals of
3, 12 and 24 months, and inoculation of TR mice with no more than 10° M. leprae) with a frequency
that appears to be independent of regimen, duration of treatment, and all of the patient-
characteristics studied suggests that detection of persisters was a random event, and that the
frequency of detection depended upon the intensity of the search. This contention is supported by
the low frequency with which persisters were detected in more than one specimen from the same
patient. In no patient were persisting organisms detected in all three biopsy-specimens; assuming
that detection of persisters in a given specimen is independent of their detection in any other
specimen, the expected frequency of such an occurrence among the 107 patients for whom the
results of three specimens were available is <0-08%. On the other hand, had twice as many biopsies
been performed, it appears likely that persisting M. leprae would have been detected in almost twice
as many patients. In fact, a sufficiently intensive search might have revealed the presence of
persisters in virtually all patients. In other words, the frequency with which persisters were detected
may well have reflected not the proportion of the patients harbouring them, but rather the small
proportion of persisters in the patients’ bacterial populations.

The foregoing estimates of the numbers of persisting M. leprae are based on assumptions, the
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validity of which is difficult to test. Other calculations of the mean number of persisters at each
interval could have been employed. Alternatives to that used, which actually involved the arithmetic
means, are calculations involving the geometric means and the median values. In fact, thesc
alternatives provide smaller estimates, respectively 5 x 10% and 6 x 10* viable organisms per patient
after 3 months, rather than the forgoing estimate of 7 x 10 persisters. Another alternative is that of
calculating the proportions of viable organisms directly, rather than by means of the MPN
calculation; this calculation yields an estimate of 4 x 10* persisting M. leprae per patient after 3
months. None of these alternatives appears more readily justified than that employed in the
calculations presented. In particular, the direct calculation appears inappropriate, as it assumes
non-random behaviour of the organisms, and denies the possibility that some mice might be
inoculated with more than the average number of viable M. leprae, and other mice with fewer than
the average. In fact, although the distribution of M. leprae in. the inoculum may not be perfectly
random,'® as assumed by the Halvorson-Ziegler equation, " there is no basis whatever for assuming
them to be uniformly distributed. Finally, the most conservative alternative—that which produces
the largest estimates of the numbers of persisting M. leprae—appears wisest.

Our confidence in these estimates of the numbers of surviving M. leprae would be strengthened,
if similar estimates could be derived from other studies, in which the proportions of viable M. leprae
had been measured by inoculation of comparatively large numbers of organisms into immune-
deficient rodents. A few studies are available that permit rough estimates of numbers of persisters.
Prior to the THELEP trials, only a very few attempts, involving only small numbers of patients, had
been made to detect persisting M. leprae. In the first report® of persisting organisms in treated
patients with lepromatous leprosy, 12 patients who had been treated with well supervised dapsone
monotherapy for a minimum of 10 years are described. Thirty-seven biopsy-specimens were
obtained from 12 patients, and mice were inoculated by much the same techniques employed in the
present study; M. leprae were reported to have multiplied in mice inoculated with organisms from
10 of the specimens. Assuming from the data presented in the report an inoculum no greater than
10° M. leprae per mouse, that each inoculum was administered to 12 mice, that multiplication, in
those instances in which it was detected, occurred in no more than 3 of the 12 mice, and that M.
leprae would have multiplied in all mice inoculated with 10* organisms, and in none of the mice
inoculated with 10? organisms, one may estimate the MPN of the inoculum yielding multiplication
as approximately 4 viable per 104 total organisms; but because persisters were detected in only 10 of
37 specimens, then the average proportion of viable organisms was 1 per 10% a value considerably
larger than that of approximately 2 per 10® found at the three intervals in this present study. (The
value of 1 per 10%is, in fact, a minimal figure, because most inocula contained fewer than 10> M.
leprae; therefore, the proportion of organisms capable of multiplying must have been greater.)

Another study represented an attempt to detect persisting M. leprue among patients with
secondary dapsone resistance who had been administered daily rifampicin as monotherapy for
varying periods of time®. Unfortunately, the first data susceptible to analysis are those for patients
studied after treatment for S years. Biopsies were taken from several tissues of 12 patients, and a
total of 316 mice were inoculated, in 45 (approximately 1/7) of which multiplication of M. leprae
was recognized. Assuming an average inoculum no greater than 10* organisms per footpad (after
effective treatment for 5 years, very few specimens would be expected to yield enough organisms to
permit an inoculum of 10°%, and the yield from many specimens would be below the threshold of
detectability), the MPN may be calculated to be approximately 3 viable M. leprae per 10°
organisms.

A third study of persisting M. leprae represented a comparison, among 11 previously untreated
patients with lepromatous leprosy, of daily dapsone as monotherapy with the combination of daily
dapsone plus daily rifampicin.® Employing the data for the proportion of inoculated footpads
showing multiplication, analysis of the results for the two regimens demonstrates proportions of 4
and 3 viables per 10 organisms, after treatment with dapsone for 3 and 6 months, respectively, and
30and 3 viables per 107 organisms after treatment with the combination dapsone p/us rifampicin for
3 and 6 months, respectively.






336 M. leprae umong THELEP trial patients: Bamako and Chingleput

chemotherapy of lepromatous leprosy—particularly for chemotherapy directed at the control of
leprosy—may be reconsidered.

The results of the THELEP trials in Bamako and Chingleput demonstrate both the strengths
and the potential weaknesses of the WHO Study Group regimen for multibacillary leprosy. Prior to
beginning chemotherapy, a lepromatous patient’s population of viable M. leprae may be thought of
as being composed of three subpopulations: (i) rifampicin-susceptible non-persisting organisms,
representing by far the largest of the sub-populations; (ii) rifampicin-resistant non-persisting
organisms, which, by analogy with M. ruberculosis,*® comprise 1:107 of the entire population; and
(ii1) persisting M. leprae. The results of the THELEP trials suggest that treatment with a combined
drug-regimen including rifampicin brings about reduction of the number of viable M. leprae to no
more than 50,000-250,000 organisms during the first 3-24 months of treatment. That no difference
was discerned among regimens suggests that a single dose of rifampicin together with daily dapsone
for 3 months is sufficient to eradicate sub-population (i). From the results of earlier trials,?' it
appears likely that rifampicin alone is responsible for the rapid killing of this sub-population. If the
first dose of rifampicin is insufficient to produce this effect, the effect should certainly have been
obtained by the second or third dose; whether the drug is administered daily or intermittently is
probably of little importance.

Because, during treatment by the Study Group regimen, the first supervised doses of rifampicin
eliminate sub-population (i), the task of dapsone and clofazimine is to eradicate sub-population (ii).
This process certainly proceeds more slowly than does killing of the rifampicin-susceptible non-
persisters by rifampicin, and may be incomplete in poorly compliant patients.

Finally, one is forced to the disappointing conclusion that none of the three drugs, acting singly
or together, is likely to affect the size of sub-population (iii), even after administration for 2 years.
On the other hand, recent evidence suggests that the presence of persisting M. leprae does not carry
a high risk of relapse following termination of treatment.?>?* Therefore, the critical sub-population
in terms of the requirements of chemotherapy for leprosy-control is sub-population (ii), that
composed of rifampicin-resistant non-persisters. No presently available combination of drugs will
kill these organisms as rapidly as rifampicin-susceptible organisms are killed by rifampicin; and
despite their small relative numbers, no other sub-population represents as grave a threat to the
success of current leprosy-control efforts. Thus, the results of the THELEP trials suggest that
control of leprosy may be achieved with smaller quantities or shorter courses of rifampicin than
have been recommended?. On the other hand, because of the increasing prevalence of primary
resistance to dapsone, prevention of selection of rifampicin-resistant mutant M. leprae appears, at
least for the present, to depend upon the meticulous use of clofazimine or one of the thioamides.

Another aspect of the foregoing estimates of the numbers of persisting M. leprae must also be
considered. The estimates are based, of course, on the average BI, and on an assumption relating the
BI to the total population of M. leprae. Before exploiting these estimates of the number of surviving
organisms to modify the currently recommended programme of chemotherapy of multibacillary
leprosy for purposes of control, one must take into account the expected variation of individual
patients around the average, and the possibility of error in the assumed relationship between Bl and
total bacterial population. In fact, the BI was found to range from 2-3 to 5-3 after 3 months of
treatment, and from 0 to 4-7 after 24 months of treatment (unpublished data). The patients with
larger-than-average populations of M. leprae may be at greater risk of failure of treatment.
Therefore, recommendations for chemotherapy to be employed in controlling leprosy must be
formulated with these outlying patients in mind.
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NEWS AND NOTES

Robert Cochrane Fund for Leprosy

The fund, in memory of the contribution of the great leprologist Robert Cochrane, is administered by the Royal
Society of Tropical Medicine and Hygicne. It is to be used to finance up to 3 travel fellowships cach year to a
maximum value of £1200 each.

The intention is to enable leprosy workers to travel for practical training in field work, or in research, or to
enable experienced leprologists to travel in order to provide practical clinical training in a developing country.
There is no restriction on the country of origin or destination providing the above requirements are fulfilled.

Application forms are available from the Socicty and must be received by the Society at least 6 months ahead
of the proposed trip. All applications must be sponsored by a suitable representative of the applicant’s employer
or study centre, and agreed by the host organization. A 2 page report on the travel/study should be submitted to
the Society within | month of the recipient’s return. Apply: The Administrator, Royal Socicty of Tropical
Medicine and Hygicne, Manson House, 26 Portland Place, London WIN 4EY.

British Association for the Advancement of Science—150th Annual Meeting,
Oxford 1988 C

This Association was established in 1831 and its aims are: 1, to enhance public understanding and awareness of
science and technology and their impact on socicety; to help people to recognize science as part of our culture and
heritage and to share in a scientific approach to solving problems; and 2, to increase public support for science,
and to defend the public interests of science.

The Association’s work is multidisciplinary, covering all the natural, social and applied sciences. It provides
a forum for debate and a focus for educational activities for people of all ages and experience. An independent
body, its membership is open to all. The Annual Meeting is the largest general scientific meeting held in Britain.
Open to all, its programmes of several hundred talks, exhibitions and demonstrations form a festival of science
that attracts several thousand participants each year.

The Scientific Programme covers: physics; chemistry; geology; biological sciences; geography; economics,
engineering; anthropology and archaeology; medical sciences; psychology; agriculture and forestry; education;
sociology; general; and mathematics. Core topics will include: evolution; molecular electronics; education and
science; the challenge for British science; and biotechnology. Lectures will range over such subjects as: The death
of the dinosaurs; physics in the home; geology and society; protein engincering; recreation and leisure; the
prospects for full employment; robotics and automation; local archaeology; medical imaging; brain
localization; the agricultural policy of the EEC; are teachers professionals? and class and public policy.

The Association also has a Youth Section and almost two-thirds of its work involves young people. There
will be a great deal to interest younger scientists in the main programme as well as in a special day of events for
BAYS (British Association Youth Section). Many delegates will wish to attend the Mason Conferences, during
which specialists will describe the latest advances in their various fields. These will be held, among others, by the
Institute of Scientific Information, the Institute of Biology, the Royal Society of Chemistry Food Chemistry
Group and the Royal Astronomical Society.

For further information contact: Dr D. Morley, British Association for the Advancement of Science,
Fortress House, 23 Savile Row, London WI1X |AB.

WHO New Books Catalogue, 1987

This catalogue lists new books and periodicals produced by WHO during the first half of 1987. The main
sections include: Communicable Diseases; Education, Training; Epidemiology; Statistics; National Health
Management; Pharmaceuticals, and Biologicals. The final pages contain useful information on publications of
particular importance, together with an index of titles. Apply to: World Health Organization, Distribution and
Sales, 1211 Geneva 27, Switzerland.

Kenya; Manual of the National Leprosy Tuberculosis Programme

This is a strongly bound paperback of no fewer than 150 pages, written for “the clinical officer tuberculosis and
leprosy control’, published by the National Leprosy and Tuberculosis Control Programme, Ministry of Health
of Kenya, Box 20781, Nairobi, Kenya, Africa. Part A covers general information on the programme, Part B
deals with leprosy and Part C with tuberculosis. First published 1987, this manual is extraordinarily
comprehensive and detailed; it is difficult to find any aspect of control, for either disease, which has not been
considered and clarified. It includes numerous charts, diagrams, tables and forms—all of practical importance.
In previous issues of this Journal we have drawn attention to excellent manuals from Ethiopia and Nepal. This
one from Kenya ranks very high and should surely serve as a model for other countries, perhaps particularly in
Africa, for the development of a manual with a truly national basis, for the control of these diseases.
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Summary In Guadeloupe between 1970 and 1984, the incidence of new cases of
leprosy, analysed through the computerization of data collected by the Leprosy
Control Unit on OMSLEP record cards, showed a decline from 24 per 100,000
inhabitants in 1970 to 11 per 100,000 inhabitants in 1984 (= — 1-44). The decline
was not significantly different in paucibacillary forms (y=—094) and in
multibacillary forms (y= —0-45) but was much stronger among children below
the age of 15 years (y = —3-22) than among adults (y= —0:67). During the same
period 117 relapses were noted among the annual mean pool of 624 multibacillary
patients who had been receiving lifelong treatment with dapsone alone for more
than S years. The average number of relapses was 7-8 per year and the mean
relapse rate 1:2% per year. The relapses have not in general been due to
discontinuation of treatment by the patients because all cases of relapse for which
a mouse inoculation has beencarried out since 1980 harboured dapsone-resistant
Mycobacterium leprae. Prevention of relapses by chemotherapy of inactive
multibacillary cases still under treatment with dapsone alone appears as a priority
for the control of leprosy in Guadeloupe.

Introduction

It is difficult to study the epidemiology of leprosy in any country for many reasons, more especially
operational ones. Nevertheless, there are more favoured areas, especially those that are
geographically small and that have good health infrastructures. Guadeloupe is one such more
favoured area because it is a small island with considerable medical facilities, a specialized leprosy
control unit and diagnostic-treatment facilities similar to those of metropolitan France.'
Furthermore, in line with the recommendations of WHO,%” a multidrug therapy programme has
been systematically applied since 1980. All these factors, taken in conjunction with the
computerization of data, led us to analyse the main epidemiological indicators of leprosy, more
especially the detection rate and the relapse rate of multibacillary leprosy. The following study gives
information for the period 1970-84, from which it is possible to determine present priorities for
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leprosy control in Guadcloupe. Among the annually detected sources of infection, relapses of
multibacillary leprosy play an ever-increasing part, having risen from 16% in 1970 to 47% in 1984.

Material and methods

THE POPULATION AND THE LEPROSY CONTROL UNIT

Guadeloupe, which is a part of the Caribbean archipelego, consists of 2 main islands and S smaller
islands or dependencies with a total area of 1790 km?. According to INSEE records* the population
of Guadeloupe remained stable at 350,000 between 1970 and 1984. Given, on the one hand, the
reduction in the birth rate of more than 30% between the 1960s and the 1970s and, on the other
hand, the outflow of persons between the ages of 30 and 40 towards metropolitan France, the fact
that the population has remained stable has meant that it has also aged. It will be assumed for
calculation purposes that the total population remained at 350,000 during the period 1970-84 and
that the population below the age of 15 years remained at 100,000.

Leprosy control is provided by the departmental leprosy control unit with technical direction
from the Pasteur Institute of Guadeloupe. This unit organizes active case-finding among contacts
living under the same roof as known patients, persons at school and persons subjected to systematic
screening for administrative reasons, and passive case-finding; it is responsible for the prescription,
distribution, supervision and evaluation of leprosy chemotherapy. Lastly, it keeps the departmental
leprosy records. The leprosy control unit has the full-time services of 2 doctors, 6 nurses, a medical
secretary and a driver plus vehicle. The multipurpose clinics scattered over the island and its
dependencies (some 30) are participating the activities of the leprosy control unit.

METHODS

The data analysed in this work come partly from the departmental records and partly from the
medical files of patients registered between 1970 and 1984. Multibacillary cases remain on the
departmental file throughout their lives, while paucibacillary cases remain on average for 15 years.
Between 1970 and 1978 the administrative and medical facilities of the leprosy control unit were
regrouped at first in part and then completely; this resulted in better standardization of detection
and treatment methods and a temporary increase in the number of cases detected.

The screening of schoolchildren is so organized that 25,000 to 35,000 children are examined
every year and that the whole school population below the age of 15 years is examined every 3 years.
Detection among individuals living under the same roof as known patients (intra-domiciliary
contacts) is organized by annual mail summons to attend the clinics.

The clinical examination includes examination of the skin and the large nerve trunks; any
abnormality is noted in the medical record. The clinical examination is supplemented by biological
tests: the lepromin intradermal reaction, the search for acid-fast bacilli in the nasal mucosa and the
skin (ear lobes and skin lesions), biopsy for pathological examination (P Destombes and P Ravisse,
Pasteur Institute, Paris) and, since January 1980, biopsy for mouse inoculation and drug sensitivity
testing.'® These various examinations taken together permit the diagnosis of leprosy, the
classification of the form of leprosy according to Ridley & Jopling’ and the assignment into
paucibacillary or multibacillary categories.® A multibacillary leprosy relapse is defined by the
reappearance of acid-fast bacilli with a bacteriological index > 2° and solidly stained bacilli in one or
all samples, accompanied by clinical signs in a patient treated for 5 years or longer.

Dapsone monotherapy (DDS) was the basis of the treatment prescribed until 1980 for an
average of 10 years for paucibacillary patients (I, TT and BT) and lifelong for multibacillary
patients (BB, BL and LL). Rifampicin (RMP) has been prescribed occasionally from 1974 onwards
for 150 patients over short periods. Since January 1980 the treatment for paucibacillary patients has
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been the daily administration for 6 months of 100 mg of DDS (50 mg for individuals weighing less
than 50 kg) and 10 mg/kg of RMP, while for multibacillary patients it has been the daily
administration for 24 months of DDS and RMP in the same doses as paucibacillary with a daily
supplement during the first 12 months of 10 mg/kg of prothionamide, which was reduced to
5 mg/kg from October 1982 onwards.>? All the drugs are distributed free of charge every month to
the patients either in the leprosy control unit or in non-specialized clinics. Treatment is on an
outpatient basis and self-administered except for patients hospitalized on account of reactions.
Combinations of measures (summonses to attend, domiciliary visits, etc) are used to ensure that
patientsattend the dispensaries monthly, but there is no routine check on the presence of DDS in the
urine.

All data in the patients’ record were anonymously entered on the OMSLEP record card® and
analysed by computer.

Results

ATTACK RATE

Between 1970 and 1984, 1058 new cases of active leprosy were detected in Guadeloupe, of which 281
were multibacillary and 777 paucibacillary (Table 1). About 80% of the cases were detected by
passive case-finding and 20% by active case-finding. Among the latter, half were detected by
systematic examination of children in school and half by examination of domiciliary contacts.! The
total number of new cases detected annually fell from 85 in 1970 to 39 in 1984. Given that the
population is 350,000, the incidence of all forms combined fell from 24 per 100,000 in 1970 to 11 in
1984. As is evident in Figure I, the decline was not regular since two short-lived increases in
detectionaretobenoted in 1971-73 and 1979-81, which correspond to the changes of organization
which have already been mentioned and have no epidemiological significance. The regression curve

= —1-44x 4+ 29-7) plotted on the basis of the annual incidence of new cases detected between 1970

Table 1. Detection rate of leprosy in Guadeloupe from 1970 to 1984

Newly detected Paucibacillary cases Multibacillary cases
new cases Total Total

Years No. ratet NC* 1 T BT No. ratet BB BL LL No. ratet
1970 85 24 1 19 44 0 64 18 1 0 20 21 6
1971 119 34 2 33 51 0 86 24-S 1 0 32 33 9-5
1972 122 35 0 45 48 0 93 26-S 3 1 25 29 85
1973 104 29 4 28 41 0 73 21 0 1 30 31 8
1974 86 24 1 28 34 1 64 18 0 3 19 22 6
1975 67 19 4 19 27 0 50 14 0 4 13 17 S
1976 58 16 0 12 22 0 34 10 3 S 16 24 6
1977 45 12 2 15 11 3 31 7-5 | I 12 14 4-5
1978 50 14 3 11 11 2 27 7 1 3 19 23 7
1979 64 18 5 24 17 0 46 125 0 1 17 18 55
1980 67 19 2 24 16 7 49 14 0 2 16 18 S
1981 60 17 3 28 18 3 52 14-5 0 2 6 8 2:5
1982 46 13 3 20 8 S 36 10-5 0 S S 10 2:5
1983 46 13 3 25 8 S 41 11-5 0 3 2 S -5
1984 39 11 3 20 4 4 31 9 0 0 8 8 2

* Non-classified or nervous.
1 Per 100,000 inhabitants.
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Figure 1. Evolution of the detection rate of leprosy (all cases) in Guadeloupe from 1970 to 1984.
y=—144x+29-7 (r=0-81).
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and 1984 shows a regression of more than 60% (29 per 100,000 in 1970, 11 per 100,000 in 1984). As is
shown in Figure 2, the regression of paucibacillary forms (y= —0-94) is not significantly different
from the regression of multibacillary forms (y= —0-45). At the beginning of the 1970s the overall
incidence of leprosy was two and a half times greater in children (below the age of 15) than in adults
(Table 2). In 1984, conversely, the incidence in children was half that in adults. As is evident from
Figure 3, the slope of the regression curve plotted from annual incidences is five times greater in
children (y = —3-22) than in adults (y= —0-67).

RELAPSE RATE

Between | January 1970 and 31 December 1984, 117 relapses were noted among multibacillary
patients. Asis evident from Table 3, the yearly number of relapses was 7-8 on average, varying in the
range, 3—14, without any marked tendency either to increase or to decrease over the years. If, as is
also done in Table 3, the annual number of relapses is related to the annual total of multibacillary
patients treated for more than S years with dapsone alone, which is on average 642, it is noted that
the relapse rate is on average 1:25% per year (varying in the range 0-5-2:2%). Actually the 117
relapses correspond to 110 patients, 7 of whom had 2 successive relapses more than 5 years apart. If
the relapse rate is related only to the 110 patients, the rate is 1-1% per year. The interval between the
initial detection of leprosy and detection of the relapse is given in Table 4 which shows that relapses
were observed as frequently after an interval of 5-9 years, 10-14 years, and so on, right up to 30
years or more and therefore seem randomly distributed. Ideally the risk of relapse should have had
to be calculated by a computation of person-years exposure to risk of relapse which was not
possible. However our data are consistant with the hypothesis that the risk of relapse increases with
time. The average of the intervals between the initial detection of leprosy and detection of the
relapse in the 110 patients is 19 years and is similar for men and women.

Between 1974 and 1980, 150 patients were given RMP in addition to their treatment with DDS.
Asregards 125 of them, RMP was prescribed for various reasons (reactions, at the patient’s request,
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Figure 2. Evolution of the detection rate according to the type of leprosy in Guadeloupe from 1970 to 1984.
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Figure 3. Evolution of the detection rate of leprosy according to the age in Guadeloupe from 1970 to 1984.
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Figure 4. Evolution of the percentage of newly detected multibacillary cases/total of newly detected cases per
year in Guadeloupe from 1970 to 1984. '

Table 2. Detection rate of leprosy according to the age in Guadeloupe from 1970 to 1984

<15 YEARS* > 15 YEARS

Total Paucibacillary Multibacillary Total Paucibacillary Multibacillary
Years No. ratet No. ratet No. ratet No. ratetf No. ratet No. ratet
1970 42 42 35 35 7 7 43 17 29 11-5 14 55
1971 49 49 35 35 14 14 70 28 49 19-5 21 85
1972 56  S6 42 42 14 14 63 25 49 19-5 14 55
1973 S6 56 45 45 11 11 48 19 28 11 20 8
1974 42 42 35 35 7 7 4 175 28 11 16 65
1975 23 23 20 20 3 3 4 17§ 30 12 14 S-S
1976 11 11 9 9 2 2 47 19 27 11 20 8
1977 11 11 9 9 2 2 34 135 20 8 14 55
1978 19 19 14 14 S S 31 125 10 4 21 85
1979 19 19 12 12 7 7 45 18 31 12:5 14 S-S
1980 23 23 21 21 2 2 44 175 28 11 16 65
1981 23 23 21 21 2 2 37 15 28 11 9 4
1982 7 7 6 6 | 1 39 155 30 12 9 35
1983 13 13 13 13 0 0 33 13 28 11 S 2
1984 6 6 6 6 0 0 33 13 28 11 8 3

* From 1970 to 1984 the population in Guadeloupe was 350,000 inhabitants: 100,000 in the age group 0-14
years and 250,000 in the age group 15 years or more.
t Per 100,000 inhabitants.
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Table 3. Relapse rate of multibacillary cases of
leprosy treated for life by DDS alone in Guade-
loupe from 1970 to 1984

Relapses
Multibacillary patients
Years treated for Syearsormore  No. Yo
1970 581 4 06
1971 618 6 1-0
1972 620 4 06
1973 628 3 0-5
1974 640 12 19.
1975 630 5 0-8
1976 616 13 2:1
1977 630 14 22
1978 646 10 1-6
1979 644 7 11
1980 639 14 22
1981 643 8 1-7
1982 644 3 0-5
1983 587 7 1-2
1984 602 7 1-2
Total 9638 117 12
Mean 642 7-8 1-2

Table 4. Interval between the
detection and the relapse in the
110 relapse cases of leprosy in
Guadeloupe

No. of relapses Interval (year)

22 5-9

17 10-14
21 15-19
16 20-24
18 25-29
16 >30

Table 5. Dapsone sensitivity of M ycobacterium leprae in Guade-
loupe from 1980 to 1984

Dapsone resistant
Tests Dapsone ———— ——
Patients  performed sensitive 0-0001%* 0-001%* 0-01%*
New cases 27 13 12 2 0
Relapses 18 0 1 6 11

* Drug concentration in the mouse diet.
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etc). These 125 patients were excluded from the study population of the 624 multibacillary patients
treated for S years or longer with dapsone alone. None of them had relapsed by 1984. As regards the
other 25 patients, RMP was prescribed on the occasion of a first relapse: 2 of these 25 patients
suffered a second relapse, 6 years after the commencement of treatment in one case, 8 years after in
the other. In both cases, the secondary relapse was confirmed by clinical and pathological
examination and by microscopy, but the inoculation of mice with the biopsy material was negative
despite a high bacteriological and morphological index. Both patients were treated daily with
10 mg/kg of rifampicin, 5 mg/kg of prothionamide and 100 mg/clofazimine. Both were uncom-
pliant and were finally lost from the study.

Since 1980, biopsy has been a routine practice in patients suffering a relapse of multibacillary
leprosy; the biopsy material is taken to inoculate mice and to study the sensitivity of M. lepruae to
RMP and to DDS.!" The results of the sensitivity tests currently available are set out in Table S in
parallel with the results of 27 new multibacillary cases detected since 1980. These results
demonstrate that the M. leprae strains isolated from relapse cases were 100% resistant to DDS and
of high degree in 61 %. By contrast, the M. leprue strains isolated from new multibacillary cases were
48% sensitive to DDS, 44% of low degree of resistance to DDS and 8% of intermediate degree of
resistance.

COMPARISON BETWEEN DETECTION RATE AND RELAPSE RATE OF
MULTIBACILLARY LEPROSY

The two sources of M. lepruae infection in the population are new cases and relapses of multibacillary
leprosy, which are the two active forms of the condition. Table 6, which summarizes the annual
number of new cases and relapses between 1970 and 1984, shows that relapses constituted 17-5% of
the sources of infection between 1970 and 1974, 33-7% between 1975 and 1979 and 44-3% between
1980 and 1984. Multibacillary relapses now constitute practically half the sources of infection in
Guadeloupe; this is of major importance for leprosy control.

Discussion

The first point to emerge from the above data is the significant reduction of the leprosy detection
rate in Guadeloupe between 1970 and 1984. For it to be considered that the reduction reflects an
improvement in the epidemiological situation it is necessary to ensure that the available means of
diagnosis and the access of patients to the health service have not become less. There have been two
changes in the organization of leprosy control in Guadeloupe, one in 1971, the other in 1978. The
object and the effect of these changes were to standardize and strengthen the activities of the leprosy
control unit in particular case-finding and treatment. The significant reduction in detection rate
observed between 1970 and 1984 is therefore more likely to reflect an improvement in the
epidemiological situation, rather than a worsening of the means of detection. It may also be verified
that the detection of new cases of leprosy has not been falsified by methodological devices; this may
be done by selecting from among the methods recommended for the validation of detection rates®
the method of studying the proportion of new multibacillary cases detected to the total number of
new cases detected. During the 15 years covered by the study this proportion remained relatively
stable between 1970 and 1977, but rose sharply during the years 1978 and 1979 owing to the
unification and strengthening of the leprosy control unit, to which reference has also already been
made, after which it fell slowly for adults and more rapidly for children. Given that the decline in
multibacillary leprosy in children has not been offset by a symmetrical increase of multibacillary
leprosy in adults, it may be considered that there has, in fact, been a decline of leprosy in
Guadeloupe and that the detection rate reflects the incidence.

The second important point to be noted arising from the analysis of the epidemiological data
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Table 6. Proportion of new cases and relapses among
the active multibacillary cases of leprosy in Guade-
loupe from 1970 to 1984

Mulllbdcﬂldry active cases

New cases: Relapses:
Years Total No. No.
1970 25 21 4
1971 39 33 6
1972 33 29 4 175%
1973 34 31 3
1974 34 22 12
1975 22 17 S
1976 37 24 13
1977 28 14 14 337%
1978 33 23 10
1979 25 18 7
1980 32 18 14
1981 16 8 8
1982 13 10 3 443%
1983 12 5 7
1984 15 8 7
Total 398 (100%) 281 (71%) 117 29%

concerning leprosy in Guadeloupe between 1970 and 1984 is the annual rate of relapses of 1:2%
among multibacillary patients detected more than S years previously. This 1:2% incidence is very
similar to that reported in a study carried out in a leprosarium in Malaysia, although the latter study
was concerned with relapses among multibacillary leprosy patients whose dapsone treatment had
been discontinued.® Although considerable variations may be noted from year to year, the relapse
rate is quite constant throughout the 15-year observation period. It could be considered that the
relapses are due to discontinuation of treatment, mainly treatment with DDS alone, by patients
despite the continuous urgings of the staff of the leprosy treatment unit to ensure regularity in
following the course of treatment. Moreover, complete abandonment of treatment could be a
possible explanation of the relapse. However, were the abandonment of treatment to be the cause of
relapse, bacilliisolated from relapsing patients should be sensitive to DDS, but the oppositeis noted
when biopsies taken from the patients who relapse were systematically inoculated to the footpad of
mice for drug sensitivity testing. Since biopsy material has only been systematically used for the
inoculation of mice since 1980 it cannot be proved that the same applied between 1970 and 1980.
Nevertheless it is likely that the intermediate to high degree of DDS resistance noted continuously
since 1980 among patients who relapse was presentin aconsiderable proportion of the patients who
relapsed between 1970 and 1980. Should that be so, a high proportion of the relapses noted between
1970 and 1984 would be due to the acquisition of resistance to DDS in the course of treatment,
possibly promoted by the irregular taking of DDS by the patients and not merely by the
abandonment of treatment.

The incidence of relapses, 1:2% per year, among multibacillary patients treated for more than 5
years with DDS alone and the almost constant DDS resistance of M. leprae strains isolated from
these patients are of great importance for leprosy control in Guadelope. Multibacillary patients
who relapse are in fact sources of infection, as are new multibacillary cases. Between 1970 and 1974
relapses were only a modest proportion (17-5%) of the sources of infection whereas between 1980
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and 1984 they were practically a half (44-3%). Should the present trend continue, with new cases
continuing to decline at the same rate, the main source of contamination, and possibly the only
source is likely to be multibacillary patients who relapse with DDS-resistant M. leprue. As relapses
occur at a rate of 1:2% a year from the reservoir of multibacillary patients treated with DDS alone
for more than S years, which is some 600 patients, the prevention of relapses among this reservoir is
a priority for leprosy control in Guadeloupe. The difficulty is to ensure that these patients, the
majority of whom are feeling in good health, accept additional treatment when they do not always
understand why.
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Summary Results of prospective therapeutic trials among paucibacillary leprosy
patients conducted in 1980-82 in Anjouan, Burundi, Rwanda and Zaire are
presented. Regimens were (TrA) rifampicin (RMP) 1500 mg single dose,
supervised, followed by 1 year of dapsone 100 mg daily unsupervised; (TrB) RMP
900 mg once a week during 10 weeks and (B-com) RMP 600 mg once a week
during 10 weeks.

Regimens are evaluated in terms of cure rates and relapse rates based on the
histopathology of skin biopsies.

Among patients with less than 3 skin lesions TrA and TrB perform equally
well (96-97% cure rate), in patients with 3 or more skin lesions TrB is superior
(98% cure) to TrA regimen (89% cure). Treatment B-com is as effective as TrB.
The importance of late cures is stressed.

Relapse rates are comparable in all regimens with a mean of 2:84 per 100
patient years.

Introduction

The treatment of paucibacillary leprosy is important for several reasons. Although multibacillary
(MB) leprosy patients constitute undoubtedly the prime source of contagion with M ycobacterium
leprae, paucibacillary (PB) patients, representing the majority of leprosy cases in most endemic
areas, may contribute substantially to the total transmission pressure because of their numerical
superiority."? Therefore a rapidly bactericidal therapy for PB patients is epidemiologically

** Collaborative Study Group: Zaire: N Bossaer, L Breugelmans, L Coussens, R De Raedt, E Nollet, A M
Passagez, J Verlinden. Rwanda: R Boen, E Schacht.
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the treatment regimensisevaluated by the proportion of patients cured, and by the relapse rate after
cure. A cure is defined as the absence of histopathological signs of leprosy in any of the follow-up
biopsies, irrespective of subscquent relapse. A relapse is defined as the reappearance of signs of
leprosyin a biopsy after the initial histopathological cure: thus a relapse can only be diagnosed from
the sccond FU biopsy onward.

Patients lost to follow-up were censored to the left, i.e. they were not counted when calculating
the person years since the previous FU, because they had not been seen since that time.

For the calculations, relapses are considered to occur in the middle of the l-year interval
between two subsequent FU's. Statistical analysis was done by the Mantel-Haenszel y? test for
stratified samples, by the y? test, with Yates’ continuity correction for 2 x 2 tables, and by the
Mantel-Haenszel y? test for comparing rates. Confidence intervals are taken from Tabulae
Scientificae®.

Results

ZAIRE-FRWANDA-BURUNDI: TREATMENTS A AND B

During 1980-82, 637 PB patients were started on the trial regimens A and B. Forty-two patients
died of unrelated causes during the observation period, and 62 patients (9-7%) were lost to follow-
up before FU2, leaving 533 patients for analysis.

Two hundred and fifteen patients were followed up to FU2, 192 patients up to FU3, and 126
patients up to FU4. There were no differences in follow-up between TrA and TrB groups
(0-8>p>0-7). However, since FUI took place | year after the end of TrA, but 1-75 years after the
end of TrB, the mean follow-up period after the end of TrB is 0-77 year longer than for TrA (3-71 vs
2-94 years) among the accessible patients. Inaccessible patients were followed for a slightly shorter
period than accessible patients with TrA, mean: 2-72 vs 2:94 years, difference not significant
0-3>p>0-2).

The probability of cure for each of the treatment regimens is summarized in Table 1. Among
accessible patients, 33 (16:8%) of the 197 patients with TrA as wellas 37 (19-0%) of the 195 patients
with TrB had received some dapsone previously. Since no differences between previously treated
and untreated patients were significant at the 5% level, these patients are taken together in all
groups considered.

The cumulative probability of cure at FU4 is significantly higher (0-01>p>0-005) for all
patients with TrB (0-9795) than for all patients with TrA (0-9188). However, among patients with
less than 3 skin lesions TrA and TrB perform equally well (0-7> p > 0-6). Only in patients with 3 or
more skin lesions is TrB superior to TrA (0-005 > p>0-001).

Among the inaccessible patients, there were 31 patients with less than 3 skin lesions, and 110
with 3 or more skin lesions, while 30 (21-3%) were previously treated. No differences in probability
of cure, significant at the 5% level, were observed in relation to the number of skin lesions, nor in
relation to previously treated or untreated status. Therefore all inaccessible patients are considered
as one group.

The cumulative probability of cure at FU4 of inaccessible patients is comparable with that of all
accessible TrA patients (0-95 > p>0-90). However compared to all TrB patients TrA in inaccessible
patients is inferior (0-025> p> 0-01) as was the case in accessible patients. The speed of cure after
stopping treatment is illustrated graphically in Figure 1.

Inall groups taken together, there are 32 treatment failures: 16 in-patients followed up to FU2
(I ingroup Acc. —3A, 8 ingroupAcc. +3A, | ingroupAcc. —3B, and 6 in group Finacc.), 13 in
patients followed up to FU3 (6 in group Acc. +3A, l ingroupAcc. —3B, 2ingroupAcc. + 3B, and
4 in group Inacc.), and 3 in patients followed up to FU4 (1 in group Acc. +3A and 2 in Inacc.).

Of the 32 histopathological treatment failures, 24 (75%) showed considerable clinical
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Table 1. Success of different bactericidal treat-
ment regimens for paucibacillary patients in
Zaire, Rwanda and Burundi

Group t n ¢ %c cum%c
Acc., —3,A 1 48 39 81 81
2 9 4 44 89
3 5. 3 60 95
.4 2 1 50 97
Acc., +3,A I 149 106 71 71
2 43 18 4l 83
3 25 9 36 89
4 16 1 6 89
Acc., —3,B 1175 58 48 82 82
275 10 8 80 96
375 2 0 96
475 2 0 96

Acc., +3,B 175 137 108 78 78
275 29 18 62 91
375 11 7 63 97
475 4 2 50 98

1141 109 77 77
2 32 13 40 86
3 19 6 3l 90
4 13 17 91

Inacc., A

Acc., accessible patients; Inacc., inacces-
sible patients; — 3, less than 3 skin lesions; + 3,
3 or more skin lesions; A, regimen A: RMP
1500 mgonce, DDS 100 mgperday for 1 year;
B, regimen B: RMP 900 mg once a week for 10
weeks; t, time (in years) after stopping treat-
ment; n, number of patients not cured at the
beginning of the follow-up interval; c, patients
cured during follow-up interval; % c, percent-
age of patients cured during each interval;
cum % c, cumulative percentage of cure.

improvement, 3 of them being considered clinically cured. In 7 patients (29:2%), the most recent
pathological image showed signs of active leprosy, the remaining 17 showed inactive remnants
(defined by the absence of epithelioid cells, or the presence of 3—Sepithelioid cells with a tendency to
form a giant cell, together with traces of perineuritis or isolated granulomata consisting solely of
lymphocytes). Three patients were given a single dose of RMP 40 mg/kg bodyweight and were
consequently cured.

Six histopathological treatment failures showed no clinical improvement, and 2 got worse. Of
these 8 cases without clinical improvement, 6 had signs of active leprosy in their most recent biopsy,
and 2 showed remnant lesions. Three patients were given a single dose RMP 40 mg/kg bodyweight.
Two were consequently cured. One patient did not respond to this second therapy, and was
consequently treated with the combination DDS 100 mg+ ETH 500 mg daily for 1 month, which
was followed by cure.

Therelapserateis givenin Table 2. Since relapse can occur only after a previous cure, which in
this study was established at the earliest at FU, the earliest that relapses can occur is between FU1
and FU2. It is therefore logical for the calculation of the number of person years of FU to take FU1
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PROBABILITY OF CURE
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Figure 1. Probability of cure in relation to time after stopping treatment, according to accessibility, number of
skin lesions and therapeutic regimen. Groups: see legend Table 1.

as the starting point. In this respect none of the differences observed between the groups is
significant at the 5% level. Therefore, a global relapse rate, taking all groups together, is included.
Allrelapses occur between FU1 and FU3. However, the 0 relapses per 66 person years between FU3
and FU4 are not significantly different from the 20 relapses per 363 person years between FU1 and
FU3 (0-:2>p>0-1).

The 95% confidence limits of the relapse rates per 100 person years, assuming a binomial
distribution of the occurrence of relapse, are as follows: between FU1 and FU2: 1-54-5-15; between
FU2 and FU3: 1-47-6-68; and between FU3 and FU4: 0-5-44.

All regimens were well tolerated. There were no hepatotoxicity or other side-effects. Upgrading
reactions did occur more frequently in treatment group B than in treatment group A. They were
discussed in detail previously for two of the participating centres.'* Observations in the other centres
were comparable. Most reactions were mild to moderate and did not lead to increased neurological

damage.

COMORES: TREATMENT B-COM
On Anjouan 367 PB patients were started on regimen B-com in 1981-82. Nineteen patients with
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Table 2. Relapses occurring in paucibacillary patients after cure by
different regimens

Relapse rate per

Group FU n r cens. Ic ptyrs 100 person years
Acc., —3,A 2 39 1 0o 4 385 2-60
3 42 0 13 31 0
4 34 0 260 1 8 0
1 77-5 1-31
Acc., +3,A 2 106 3 0 18 1045 2-87
3 121 2 57 9 63 317
4 71 0 Sl 1 20 0
5 187-5 2:67
Acc, —3,B 2 48 1 0 8 475 211
355 1 25 0 295 339
4 29 0 2 0 7 0
2 840 2:38
Acc., +3,B 2 108 2 0 18 107 1-87
3 124 2 55 7 68 2:94
4 74 0 48 2 26 0
4 201 1-99
Inacc., A 2 109 S 0 12 1065 4-69
3 116 3 7 S 425 7-60
4 46 O 40 1 6 0
8 155 516
All 2 410 12 0 60 404 2:97
3 458 8 220 21 234 342
4 251 0 184 4 67 0
20 705 2-84
Group, see legend Table I; FU: time of evaluation:

FU2=FUIl+1 year, FU3=FUI +2 years, FU4=FUI +3 years,
(FUI: | year after stopping treatment A, 175 years after stopping
treatment B); n, number of patients cured at beginning of follow-up
period; r, number of relapses during follow-up period; cens, number
of patients censored during follow-up period (censoring to the left);
Ic, late cures: patients not cured at beginning of follow-up period,
but cured at the end of it; ptyrs, patient years of follow-up during
follow-up period; relapse rate, number of relapses per 100 patient
years of follow-up.

lesions in the face were not biopsied at the start of treatment, 3 patients died of unrelated causes,
9 patients were lost to follow-up, and 17 patients were followed without histopathological
examination. Of the remaining 319 patients, 292 were fallowed up to at least FU2. They are the
subject of the present analysis. Eighty-five patients were followed up to FU2, 192 upto FU3, and 15
up to FU4. The mean follow-up period is 3-51 years. There is no difference during follow-up
between previously treated and untreated patients, nor between patients with more or less than 3
skin lesions.

The probability of cure is summarized in Table 3. Regimen B-com is equally successful among
previously treated and untreated patients as among patients with less than 3 (—3) and 3 or more
(+ 3) skin lesions. Four of the treatment failures in group (—3) and S in group (+ 3) were followed
up to FU2, and 2 treatment failures in group (— 3) and 1 in group (+ 3) were followed up to FU3.
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Table 3. Success of regimen B-com
(RMP 600 mg 1/7 x 10) in PB patients on
the island of Anjouan, République
Fédérale Islamique des Comores

Grou 1 n ¢ %c cum%c
p

-3 175 159 129 &1 81
2775 30 20 66 93
375 10 4 40 96
475 6 0 0 96

+3 1-75 133 103 77 77
2775 30 18 60 90
375 12 5 41 94
475 7 1 14 95

Legend see Table 1.

Only 1 relapse was observed, in group (—3), between FU1 and FU2. The (—3) group has been
followed for 263-5 person years. This gives a relapse rate of 0-38 per 100 person years (95%
confidence interval: 0-01-2-10). Both groups together have been followed for 495-S person years.
Thus the relapse rate for all patients taken together is 0-20 per 100 person years (95% confidence
interval: 0-01-1-12).

Theregimen was well tolerated. No side-effects were observed. Upgrading reactions occurred in
3-4% of the patients, all in the (+ 3) group. All reactions were mild to moderate, and did not lead to
increased neurological damage. In the (—3) group, all patients were classified as having 0
multilations'! at all sites at the start of therapy and throughout their follow-up. In the (+ 3) group, 4
sites got worse by 1 degree, and 1 site by 2 degrees, for a total of 798 sites (6 sites per patient), while
31 sites got better by 1 degree, and 3 by 2 degrees. A comparison of the number of hypertrophied
nerves at the start of treatment and at the last follow-up examination gives the following results: in
the (—3) group, 43 patients (27%) had a decrease in hypertrophied nerves (by 1 to 4 nerves), while
10 patients (6-:3%) had an increase (by 1 or 2 nerves); in the (+ 3) group, 60 patients (45-1%) had a
decrease in hypertrophied nerves (by 1 to 5 nerves), and 2 patients (1-5%) had an increase (by 1 or 2
nerves).

Discussion

The present study was started when the results of a previous trial undertaken from 1977 on in Addis
Ababa and Burundi (Warndorffer al. 1982) were still incomplete, and as there was some fear that 8
weekly 900 mg RMP doses would be insufficient, regimen B comprising 10 weekly 900 mg RMP
doses was introduced. Regimen A wasderived from a regimen studied by THELEP in MB patients
(regimen C1: 1500 mg RMP followed by 2 years of daily DDS 100 mg) in which it showed clinically
as efficient as more potent regimens. It is particularly suited for many situations in developing
countries, since the single administration of RMP can be easily supervised while the tradition of
DDS distribution is maintained.

It is much more difficult to evaluate the effect of treatment in PB than in MB leprosy since in the
latter besides the clinical evolution, the Bl and MI can be monitored and if a relapse is suspected it
can be documented by mouse footpad inoculation. For the evaluation of treatment of PB leprosy
the only parameters available are the clinical and histopathological evolution. The evolution of
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neuritis and invalidities as far as it may be the result of reversal raections is not a measure of the
antibacterial activity of a treatment regimen, although it is eminently important for the patient.
Sensitivity tests are not more discriminative since nerves may have been destroyed before therapy
started. An important clinical sign of effective treatment is wrinkling of the affected skin sites, but it
is not always present. Discoloration of the skin lesions is undoubtedly the least significant symptom
as it may subside after a very long time or even not at all, becoming equivalent to a scar. In filariasis
endemic areas, as is the case in some areas in Zaire, discoloration of the skin is particularly
confusing, not only for the evaluation of treatment but also for the diagnosis.

Even the histological picture is not the ideal criterion. It does not reflect bacteriological events
ideally. As was shown in a previous study'? a short course efficacious therapy may leave PB
granulomas in the skin during one year or more, as if they were the expression of removal of
remaining antigen. Furthermore it is extremely difficult if not impossible to distinguish relapses
from late reversal reactions, both on clinical grounds and on histopathology. However the goal of
treatment being this disappearance of all lesions, the histology in PB leprosy is the most objective
criterion available to document cure rates, and was therefore used in the present study. Since it had
been shown previously'? that PB granulomas in the skin rarely disappear by the first year after
treatment, the first follow-up skin biopsies in the present studies were taken at 2 years after the start
of therapy, this is at 1 and 1-75 years after the end of regimen A and B respectively.

All regimens tested perform satisfactorily. Even the least successful regimen of 1 year duration
(Acc., +3, A) cures 90% of the patients within 4 years. Moreover, it should be noted that the present
analysis considers the worst alternative, i.e. all patients censored as a ‘no cure’ are considered a
failure. It cannot be excluded that some of these failures will be cured at a future follow-up. Thus,
the figures presented here are minimal estimates, and the true probability of cure may be higher, e.g.
for groups Acc. +3A itcouldbe as highas 0-96. (Calculation of additional cures: of the 25 patients
in group Acc. +3A, not cured at FU2, 8 are lost to follow-up. Of the remaining 17, 9 (52-94%) are
cured at FU3, leaving 8 uncured, of these, 6 are lost to follow-up. 1 of the 2 remaining patients (50%)
iscured at FU4. If we apply these probabilities of cure to the 25 patients not cured at FU2, we expect
25%0-5294 =13-2 cures at FU3, leaving 118 uncured, of which 11:8 x 0:5=15-9 could be cured at
FU4. Thus only 59 of the 149 patients in group Acc +3A would not be cured at FU4, giving a
probability of 143-1/149=0-9604.)

The present figuresalsostress theimportance of thelatecures. It is necessary towaitat least 3, or
even 4 years after stopping treatment before evaluating the success of therapy in PB leprosy.

Among accessible patients in Zaire, Rwanda and Bunrundi, treatments A and B can be
compared. They perform equally well in patients with less than 3 skin lesions, but in patients with 3
or more skin lesions, treatment B with its 10 doses of RMP is clearly superior to treatment A with its
single dose of RMP. This suggests that for light cases, as evaluated by a limited number of skin
lesions, a singledose of RMP will sufficiently boostimmunity to permit the patient to get rid of the
infection. For more severe cases the more intensive bactericidal regimen should be recommended.
This regimen however requires a more rigorous supervision, and cannot be administered to
inaccessible patients.

The results of TrA of inaccessible patients are comparable in terms of probability of cure to
those among all accessible TrA patients taken together. This could be expected considering the
proportion of patients in that group with more than 3 skin lesions (110 out of 141 =78%). If the
probabilities of cure of the acc. —3A and the acc. +3A groups are applied to the inaccessible
patients, an expected probability of cure of 0-9169 is found (calculation:

(31 x 0-9792) + (110 x 0-8993))
141 :

this expected probability is very close to the observed 0-9149. This suggests that there is no
difference between accessible and inaccessible patients in terms of probability of cure.
The relapse rates among the 4 accessible groups are comparable, but among the inaccessible
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patients, twice as many relapses are observed, although statistical analysis does not permit to reject
the hypothesis that the relapse rate is equal for all groups.

Strictly speaking, it is not justified to compare TrB-com with TrA and TrB. Not only was there
no randomization, but in addition the epidemiologic situation on Anjouan is different from the one
in Central Africa, as is illustrated by the following data: 49-2% of the patients on Anjouan were
children (under 15 years of age) against 10:5% in Zaire, Rwanda and Burundi, and 54-5% of the
patients on Anjouan had less than 3 skin lesions, against 10-5% in Zaire, Rwanda, Burundi.
However, the data suggest that TrB-com is as effective as TrB in terms of probability of cure. The
relapse rate is much lower, as well as the proportion of upgrading reactions. This may be connected
with the epidemiologic differences mentioned.

Several studies in the literature cite relapse rates in paucibacillary patients after stopping DDS
treatment. Some of these figures are difficult to interpret, since they do not take into account the
patientyears of observation, and cannot be considered ‘true’ rates. Five studies, giving relapse rates
for varying periods of follow-up, are summarized in Table 4. Comparing the present study of these
data from the literature, it is clear that a sudden stop of relapses after FU3 is not to be expected,
however as shown previously'? 50% of relapses are expected to occur within the first 2 years after
stopping treatment. It is also evident that the relapse rates in the present study are considerably
higher than the rates reported in the literature. However, the studies cited report the appearance of
clinical relapses, while in the present study relapses were diagnosed histopathologically, whereby
the worst alternative was considered: if a patient had a biopsy with no signs of leprosy, which was
followed by the biopsy showing histopathological presence of the disease, this was noted as a
relapse. But often signs found in the positive biopsy, which was not always taken at exactly the same
spot as the previous, negative one, were indicative of old, inactive or regressing disease.

Moreover, not all histopathological reappearance of signs of leprosy was accompanied by
clinical aggravation, and in 2 patients where the clinical picture did deteriorate, it improved
spontaneously later on. Thus, some of the relapses considered in the present study may in reality
have been upgrading reactions. If clinical relapses only are considered, the present study finds 10
relapses, which gives an overall relapse rate of 1-42 per 100 person years. This is comparable to the
relapse rates found during the first 4 years after stopping DDS. The higher relapse rate among

Table 4. Relapse rates per 100 patient years in paucibacillary patients after
stopping DDS therapy

Girdhar Jesudasan Pandian Present

FU Neelan'* Vellut et al*’ et al.'® etall’  eral®  study
1 2:03 0-8-23 1-29 0-57 —
2 233 1-1-2-5 1-36 0-53 2:97
3 2:63 0-5-1-8 0-61 0-61 342
4 1-41 0-8-1-3 0-13 0-50 0-00
S — 0-3-0-7 0-56 0-58
6 - 0-2-0-7 — 0-56
7 -— 0-4-0-8 — 0-52
8 — 0-:0-0-8 — 0-40
9 — 0-0-0-3 L 0-21
10 — 0-0-0-1 a b ¢ - 0-00
Overall 216 3126 27 097 053 284

FU, year after stopping treatment; a, overall relapse rate after stopping DDS
at moment of inactivity; b, overall relapse rate after stopping DDS 18 months
aftermoment of inactivity;c, overall relapse rate cited from Annual Report 1977
from the Central Leprosy Teaching and Research Institute, Chingleput.
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inaccessible patients remains evident for clinical relapses also: 2-58 per 100 person years against 1-09
in all accessible patients taken together.

The present study suggests that intensive short-course bactericidal therapy results in a very high

cure rate of paucibacillary patients, and an acceptably low relapse rate. Such therapy, with its easy
logistics, low cost and high patient acceptability, is well suited for integrating leprosy control into
the primary health care infrastructure.

References

[

b oW

< o v

< oo

Fine PEM. Leprosy: the epidemiology of a'slow bacterium. Epidem Rev, 1982; 4: 161-88.

Rao PSS, Karat ABA, Kaliaperumal VG, Karat S. Transmission of leprosy within households. /nt J Lepr,
1975, 43: 45-53.

Browne SG. Self healing leprosy: report on 2749 patients. Lepr Rev, 1974; 45: 101-11.

Ellard GA, Gammon PT, Helmy HS, Rees RJW. Urine tests to monitor the self administration of dapsone by
leprosy patients. Amer J Trop Med Hyg, 1974; 23: 464--70.

Lowe SJM, Pearson JMH. Do leprosy patients take dapsone regularly? Lepr Rev, 1974; 45: 218-23.

Pattyn SR. The strategy of leprosy treatment: a personal view. Ann Soc Belge Méd Trop, 1980; 60: 253-62.

Shepard CC. Recent developments in the chemotherapy and chemoprophylaxis of leprosy. Leprologia
(Argentina), 1974; 19: 230-6.

Pattyn SR, Dockx P, Cap JA. La lépre Masson Ed. Paris 1981.

Documenta Geigy. Tabulae Scientificae, Tth ed. Diem K, Lentner C (eds). Basel: Ciba-Geigy, 1978, p. 86.

Groenen G, Janssens L, Kayembe T, Nollet E, Coussens L, Pattyn SR. A prospective study on the
relationship between intensive bactericidal therapy and leprosy reactions. /nt J Lepr, 1986; 54: 236-44.

WHO Expert Committee on Leprosy. Fourth Report. Technical Report Series 459. Geneva 1970.

Warndorff J., Bourland J, Pattyn SR. Follow-up on short course 2 months’ rifampicin treatment of
paucibacillary leprosy. Lepr Rev, 1982; 53: 9-17.

Pattyn SR. Incubation time of relapses after treatment of paucibacillary leprosy. Lepr Rev, 1984; 55: 115--20.

Neelan PN. Relapse in non-lepromatous leprosy with dapsone therapy. Relationship to treatment status
after inactivation. Ind J Lepr, 1979; 51:120-1.

Vellut C, Lechat MF, Misson CB. Tuberculoid relapses. Leprosy. Proc. X1 Int. Cong. Lepr., 1978, Mexico
City, Latapi F et al., (eds). Amsterdam: Exerpta Medica, 1980; 293-8.

Girdhar BK, Girdhar A, Ramu G, Desikan KV. Short course treatment of tuberculoid cases—a feasibility
study. Lepr India, 1983; 55: 719-24.

Jesudasan K, Christian M, Bradley O. Relapse rates among non lepromatous patients released from control.
Ind J Lepr, 1984; 52: 304-10.

Pandian TD, Sithambaram M, Bharathi R, Ramu G. A study of relapse in non lepromatous and intermediate
groups of leprosy. Ind J Lepr, 1985; 57: 149-58.



Lepr Rev (1987) 58, 359-375

The Lepra Evaluation Project (LEP)
an epidemiological study of leprosy
in Northern Malawi. I: Methods

J M PONNIGHAUS,* P E M FINE,t L BLISS,¥

I J SLINEY,f DJ BRADLEYt & R J W REES§

* Lepra Evaluation Project, P.O. Box 46, Chilumba, Karonga
District, Malawi; t Ross Institute, London School of Hygiene and
Tropical Medicine, Keppel Street, London WCI; t Department of
Epidemiology, Tulane University, 1430 Tulane Avenue, New
Orleans, LA 70112, USA, § Clinical Research Centre, Division of
Communicable Diseases, Watford Road, Harrow, Middlesex

Accepted for publication 25 March 1987

Summary The methodology employed in a total population survey carried out by
the Lepra Evaluation Project (LEP) in Karonga District, Northern Malawi
(Central Africa) is described in detail. After a pilot study in 1979, the survey
started in March 1980 and was completed in August 1984. Four (later 5) field
teams visited households systematically across the district. Approximately
112,000 people were interviewed and examined. Preliminary analysis indicates
that 98% of individuals resident in the survey area who could and should have
been examined for clinical leprosy were examined. Completeness of examination
of women varied according to the sex of the paramedical examiners. The methods
of collection and processing of extensive data concerning a variety of possible risk
factors for Mycobacterium leprae transmission and clinical disease are described.
The paper serves as a background to a series of publications on various aspects of
leprosy.

Introduction

Leprosy is perhaps the least understood of all the major infectious diseases of man. Ourignorance is
particularly great with reference to its epidemiology. Though M ycobacterium leprae has been
accepted as the aetiological agent for over a century, the sources and modes of transmission remain
controversial, the extent of infection in endemic communities remains unknown and the pattern of
disease is still unexplained.

There are several reasons for our poor understanding of the epidemiology of leprosy.' Some of
these are technical—in particular the problem of identifying M. leprae infection as distinct from
clinical disease. Some are a function of the natural history of leprosy—the long incubation period
makes it difficult to relate infection events with ultimate disease. Some are social—the stigma of the
disease may disrupt households and cause selective migration so as to obscure situations associated
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with infection and early development of disease. And other reasons are operational—Ileprosy is
uncommon even in populations most highly endemic for the disease, and the low prevalence and
incidence mean that very large populations must be studied in order to arrive at precise estimates of
disease frequency.

Given such difficulties, it is not surprising that there have been relatively few thorough
epidemiological studies of the disease. The first such studies were those of Doull, carried out in the
Philippines during the 1930s. These began as house-to-house surveys in 2 municipalities where
leprosy was endemic, and involved the collection of retrospective information from household
members, as well as prospective information obtained by follow-up over subsequent years.>* Data
thus collected were used to measure factors associated with increased risk of disease, such as
crowding and contact; and these studies provided the first careful description of population patterns
of leprosy. Other important epidemiological studies include the analyses of data collected in
repeated general population surveys in Karigiri, South India** and in BCG trials against leprosy in
Uganda,® Burma’® and New Guinea.® The recent analysis of data from the Norwegian Leprosy
Register by Irgens'® represents another important contribution to our understanding of leprosy, in
this case in a population from which the disease was disappearing. It is notable that of all these
studies, only those of Doull were designed expressly to study the pattern and risk factors underlying
leprosy, whereas the others arose as a concomitant of data collected for either control, vaccine trial
or official registration purposes.

A major stumbling block to understanding the population pattern of leprosy has been our
inability to recognize infection with M. leprae. But recent years have witnessed the development of
several tools with the potential for detecting infection on a population scale: for example the
preparation of soluble antigens from M. leprae for use as skin test reagents, and the refinement of a
number of serological tests for recognition of antibodies to M. leprae. The potential of these tests to
reveal the underlying pattern of M. leprae infection, and hence to reveal risk factors for infection
and further transition from infection to clinical leprosy was recognized in the late 1970s by the
British Leprosy Relief Association (LEPRA). These methods were incorporated into the plansfora
large epidemiological study in Karonga District, Northern Malawi. This study became known as
the LEPRA Evaluation Project (LEP). The purpose of the LEP was to study the natural history of
leprosy in an endemic area and to evaluate the effectiveness of ongoing methods for its control.

Inthispaper wedescribe the methods used bythe LEP. It will serve as a background to a series of
publications on various aspects of leprosy. In addition it is hoped that this detailed presentation of
the methods involved in the LEP survey will prove helpful to others who may contemplate
population studies of leprosy or other diseases.

Project area

Karonga District lies along the shore of Lake Malawi (Figure 1). The population in 1979 numbered
approximately 113,000 people, most of whom were and still are engaged in subsistence farming.!!
There were five main reasons for the choice of Karonga District for the project. First, Karonga
District provided a well defined and somewhat isolated area with clear natural boundaries to the
east (Lake Malawi) and to the west (the escarpment of the Central African Plateau). The boundary
to the north (the Songwe river) is an international frontier. and only towards the south, towards
Rumphi District and the Henga valley, is the boundary of Karonga District entirely open. Second, it
was estimated from records of the LEPRA Control Project (see below) that the incidence ratein the
area was likely to be of the order of 1 per thousand per year. This was thought to be sufficient for the
epidemiological study as envisaged. Third, the experience of this control project made it seem likely
that people would welcome and co-operate with the study. Fourth, housing, office space, garages
and other infrastructural requirements for the evaluation project were available at the headquarters
of the Lepra Control Project in Chilumba. Finally, the Government of the Republic of Malawi
encouraged the setting up of the project.
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Figure 1. Map of Karonga District, Northern Malawi. LEP Project Headquarters is located at Chilumba. The
1979 Pilot Project was carried out near Mwenilondo near the centre of the District. The kilometre grid was
drawn on 1:10,000 aerial photographs for coordinate location of households.



362 J M Ponnighaus et al

The District consists of a flat stretch of land of varying width (never more than 8 km) along the
lake, and a larger sparscly inhabited stretch of hills along the edge of the Central African Platcau.
The main food crops are cassava, maize and rice. In addition, ground nuts, sweet potatoes, millet
and bananas are grown. The main cash crops are rice, maize and cotton.

The main ethnic groups are the Kyangonde speaking pcople, who live mainly north of Mlale and
the Chitumbuka speaking people who form several communities in the North of the District but
mostly live from Mlale southwards (Figure 1).

Historical context

There was no formal leprosy control programme in the District prior to 1973, though some
antileprosy treatment had been given to leprosy patients by the General Health Services staff at the
district hospital and at health centres. In that year a leprosy control project was introduced under
the aegis of LEPRA..'? This was part of the LEPRA Control Project (LCP) for the Northern Region
of Malawi, under the direction of Dr G Boerrigter. A mobile scrvice was built up for the whole of
Karonga district and was in operation towards the end of 1973. Trained paramedical workers
(Leprosy Control Assistants, LCAs) were based in Karonga and Chilumba. They were responsible
for examining any individuals who self-reported with suspected signs of clinical leprosy, for
registering patients and for supervising their treatment, which was given weekly or bi-weekly by so
called Clinic Attendants (CAs). The control procedures and drug regimens are described in detail in
an earlier study."?

Records of all registered leprosy patients were kept by the LCAs (originals) and in the office in
Chilumba (copies). Each time an LCA made an entry on the original record (¢.g. review notes) he
was meant to send that record to the office so that a clerk could enter the note onto the office copy.

Slit-skin smears were taken from all suspected cases of multibacillary leprosy and from BB, BL
and LL patients. One smear was taken from each earlobe and 2 smears from the most active
lesion(s).'? The smears were examined by a microscopist in Chilumba. Degrees of positivity were
expressed as Bacterial Index (BI) in accordance with the logarithmic scale suggested by Ridley.'* In
addition the microscopist reported on the proportion of solid staining (S), fragmented (F), and
granulated (G) acid-fast bacilli (SFG%)."

From 1973 to 1979 inclusive, the LEPRA Control Project had registered 490 male and 582
female, previously untreated, new leprosy patients in Karonga District. It should be emphasized
that these cases were detected passively, except for a small number detected during school and
contact surveys. The precise number detected during such surveys is unknown.

Pilot project

A pilot project was set up in 1979 to assess whether the frequency of leprosy in Karonga District was
indeed high enough to support the envisaged epidemiological project, and whether people would
cooperate with the study. In addition it was necessary to develop and test field methods,
questionnaires and data handling procedures, on a small scale, before finalizing the main study
protocol.

A group of villages around Mwenilondo, in the centre of Karonga District, was chosen for the
pilot project (see Figure 1). This choice was made for three reasons: first, for reasons of etiquette,
because the villages were in the area of Chief Kyungu, the oldest chieftaincy in Karonga District
(dating back to the 16th century); secondly, for logistic reasons in so far as there were insufficient
funds to carry out a proper random sample throughout the district; and third, because the villages
were centrally located and LCP treatment registers suggested that there might be a gradient in
leprosy prevalence from north to south within the district. On the basis of preliminary tabulations
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from the 1977 Malawi population census it was expected that about 3000 people lived in this group
of villages." The number of known leprosy patients was not considered when choosing the area.

In the pilot study, 3018 people were interviewed and examined. Twenty-one leprosy paticnts
known to the LCP were found and another 30 were newly discovered by the LEP team. Of the 30
newly discovered leprosy paticnts, 8 were long-standing cases who had received some antileprosy
treatment before the LCP had started in Karonga District. These findings confirmed that a
considerable proportion of all leprosy patients in Karonga District were not yet known to the
control project, and suggested that the true incidence rate of clinical leprosy might even be greater
than | per 1000 person years in Karonga District.

Co-operation from the people during the Pilot Project was excellent. Thus, after considerable
revision of procedures and questionnaires, the main study was started in 1980.

Main study (LEP-1)

The initial LEP survey (called LEP-1) lasted more than 4 years (March 1980-August 1984) and
entailed the systematic survey of almost the entire district, with the exception of the southern tip and
the area projecting into Chitipa district (Figure 1).

People were examined in their homes. They were not asked to gather at a central meeting point
because it was evident that a high coverage could not be achieved in that way.

The work was carried out initially by 4 teams, increased to S in February 1983. Each team
consisted of 2 (occasionally 3) LCAs or LCA trainees, 2 (at times 1) interviewers and a cook/camp
attendant. They lived in tents. A team was moved to the next site after completing the examination
of a village, part of a village or cluster of villages, depending on the distances involved to reach the
furthest households. It was thought that the staff should not have to travel more than 20 minutes by
bicycle to reach the furthest households, so that they would readily go again to interview and
examine any members who had been missed on the first occasion. In the hills along the western
boundary of the survey area the teams had sometimes to walk several hours to reach a group of
households in some small valley. In these circumstances they might remain overnight in one of the
households before returning to their camp.

A team was expected to interview and examine 25-30 people a day, 4+ days per week. The

“timetable was determined by the necessity to read skin tests 3 days after injection. For this reason,
Thursdays were set aside for the staff to arrange with heads of households suitable times for the
examination of their households, to look for people who had been missed, to review people together
with the Medical Officer (and to wash their uniforms and service their bicycles).

Interviewing

A household was defined as a group of people living together and acknowledging 1 person as its
head. Given the polygamous nature of the society in Karonga District, this definition implied that if
the wives of 1 man lived in different places then he could be the head of several households.
Members of 1 household would frequently not eat together, but share their meals only with those
with whom they shared a dwelling. Thus though communal eating and sleeping under the same roof
has been used for defining a household in other societies'* it did not seem to provide a suitable
definition of Karonga District. The main circumstance under which our definition proved
unsatisfactory was when a newly married son had not (yet) left his father’s household. He would
normally (traditionally) leave at the time of marriage because daughters-in-law should not see their
fathers-in-law face to face. If a married son continued to stay with his father it was not always
obvious whether the son still acknowledged his father as head, whether he felt himself to be already
the head of his own household, or whether his father, because of ill health or very old age, had
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Table 1. Variables included on the LEP-1 Household
Questionnaire

Household serial number (pre-printed, S digit)

Name of household head

Village

Number of dwellings

Geographic coordinates (location numbers)

Languages spoken

Year of arrival of the household in this place

Previous place of residence of the household

Ownership with regard to main dwelling (owned, rented etc)
Items owned by household members (e.g. radio, bicycle etc)
Presence of pit latrine

Membership in agricultural development scheme
Ownership (and number) of cattle

Ownership of Kraal or stable

Ownership of work oxen, ox cart, metal plough

Number of traditional grain stores

Number of boats owned (if one of members is a fisherman)

effectively handed over the headship to his son. In such situations the decision as to defining a
household was left to the interviewers on an ad hoc basis. Traditional hospitals, camps and the
prison in Karonga were also treated as ‘households’.

The main dwelling of each household was identified on aerial photographs of the area, taken in
1978. Households which were established after the aerial photographs had been taken were located
with reference to appropriate landmarks. A location number was given to each household in terms
of geographic coordinates within a grid system specially designed for the project and drawn onto the
photographs by cartographers at the Malawi Government Department of Surveys (Figure 1). The
scale of the aerial photographs (1 cm=100 m) usually permitted each dwelling to be located to
within 10 m.

The interviewers began by completing a ‘Household Questionnaire’, obtaining the information
from the head or, in his absence, a senior member of the household. The main variables included on
this questionnaire are listed in Table 1.

The interviewers then turned to each member of the household (or, in the case of small children,
their parents) and completed a separate ‘Personal (Alive and Present) Questionnaire’ for each
individual. The main variables are listed in Table 2.

It was decided to obtain information on the parents of each living person interviewed, to assist in
their future identification and to permit the linking of genetically related individuals. Thus for
parents who were dead, or alive but not in this household, separate ‘Personal (Dead or Absent)
Questionnaires’ were filled in. These were restricted to basic identifying information. In addition to
completing these questionnaires the interviewers drew a pedigree for each household to facilitate
orientation during interviewing and coding.

A particularly important feature of these personal questionnaires was the identification
(‘IDENT’) number. Each personal questionnaire carried a unique, pre-printed, 6-digit IDENT
number, and each individual became identified permanently in project records by the number on his
or her ‘first’ questionnaire. In order to avoid transcription and keypunch errors with this crucial
number, a 7th digit was added as a check digit, determined by an algorithm based on the initial 6
digits (see Table 3).

As part of the interviews, all individuals above the age of 7 years were asked whether they had
had a cough for more than 1 month. If an individual reported such a cough and could produce
sputum, his or her sputum was collected on that occasion and a further container was left behind
with instructions for the individual to expectorate into it first thing the following morning.
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Table 2. Main variables included on LEP-1 Personal (Alive and
Present) Questionnaire

Village

Household number

IDENT number (pre-printed 6 digit and manually added check digit)
Name

Sex

Year of birth

Status (head, member, visitor, employee, renter, etc)
Year of joining the household

Usual place of residence (if not head or member)
Father’s name

Mother’s name

Schooling status if school age (school name, class attended)
Main occupation

Additional occupation

Address of workplace (if employed)

Usual place for bathing

Number of baths in past 24 hours

Whether or not soap used during previous week
Number of years of schooling completed (for adults)
Eating habits (separate plate or communal pot)
Blocked nose (yes, no)

Cough more than one month (yes, no)

History of anti-tuberculosis treatment

Table 3. Algorithm for derivation of check digits for IDENT numbers used in LEP

| Take 6-digit ident, eg 140378
2 Multiply the first, third and fifth-digits from the left by 2, and write the units digits of the

answers under the original digits 2 0 4
3 Multiply the second and sixth digits from the left by 6, and write the units digits of the

answers under the original digits 4 8
4 Multiply the fourth digit from the left by 4, and write the units digit of the answer under

the original digits 2
S Add the 6-digit numbers:

140378
240248

380626
6 Add the digits of the answer together: 3+8+0+6+2+6=25

7 Subtract this from the next highest multiple of 10, which in this example is 30:
30—-25=5

8 The result, S, is the check digit, and becomes the seventh digit of the completed IDENT: eg 140378-5

The interviewers finally filled in a ‘Dwelling Questionnaire’. A dwelling was defined as any
structure in which someone usually slept. The various types can be seenin Table 4. The interviewers
were required to note any useful particulars of absent individuals reported as sleepingin a dwelling,
but who did not belong to the household, in order to facilitate their tracing.

All questions were asked in a standard form in either Kyangonde or Chitumbuka (or
occasionally in Swahili, Kinyakyusa, or Chilambia). Only if the standard question was not
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Table 4. Main variables included on LEP-1 Dwelling Questionnaire

Village

Household number

Year of construction

Building material (walls)

Roofing material

Presence of glass windows

Number of beds

Number of mosquito nets

Dimensions (length and width, or circumference in the case of round dwellings)
Thickness of walls

Amount of water collected during past 24 hours (litres)

Source of water (separately for drinking and all other purposes)
Names of all individuals usually sleeping in this dwelling

Table 5. Main dates used in LEP-1 Local events
calendar

Year Event

1914 Battle of Karonga (World War I)

1934 Major locust plague

1946 Passenger ship Vipya sank

1958 His Excellency returned to Malawi Nyasaland)
1964 Independence of Malawi

sufficiently understood was the wording varied. Interviewers were initially supervised by the
Medical Officer and later usually by a Senior Interviewer.

Local events calendars were used in order to assign periods of time to births, to entry into or
establishment of households (and to the onset of lesions) whose dates were not known or whose
claimed dates were inconsistent with appearance or with other data. Periods were chosen with
reference to well-known local events and were assigned on the basis of memories, appearances and
in relation to other data collected in the household. The main events and dates used are shown in
TableS. This approach has been unavoidable, and has forced us to use irregularage and time groups
in analysing and presenting data. The effect is illustrated in Figure 2, which shows the distributions
of birth years of males and females interviewed in the survey. It is evident that an appreciable
proportion of adults could not be assigned a precise year of birth, and that this proportion is higher
for females than for males. '

Considerable attention was given to quality control during the survey. In addition to
supervision an effort was made to assess interobserver variation by organizing independent
collection of data on several occasions. Table 6 shows the results of one such exercise, the
independent assessment of birth year by field interviewers, and by the senior interviewer, of 323
individuals born since 1960. In 94% of individuals the variation was within 1 year.

Completed questionnaires and any specimens (slit-skin smears, sputum and urine specimens)
were usually carried to Chilumba on Saturday afternoons.

General examinations

Individuals were examined for leprosy by paramedical Leprosy Control Assistants (LCAs) on the
same day shortly before or after being interviewed. The training of the LCAs consisted of a 6-week
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Figure 2. Distribution of birth years of males and females included in LEP-1 survey. Note that some individuals

gave specific birth years (narrow bars), whereas the birth period had to be estimated for others using the local
events calendar shown in Table 4 (wide bars).

course which gave them some theoretical knowledge of leprosy and its treatment. For an initial 6
months they then carried out all examinations under the supervision of a Medical Officer or a
qualified LCA, until they were considered sufficiently competent not to overlook a suspicious skin
lesion or an enlarged peripheral nerve (although undoubtedly this cannot be avoided entirely and
will also happen with the most experienced examiner).
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Emphasis was placed on thoroughness of examinations. The LCAs were meant whenever
possible to examine people together—one of them examining, and the other recording all findings
on a ‘General Examination Form’. The examination of more than 40 people per day was
discouraged unless there were more than 2 LCAs in the team at the time.

The Leprosy Control Assistants had to complete the 2-page General Examination Form for
every individual seen. The form included preprinted drawings into which the LCAs had to enterany
findings which might be signs of leprosy and also the sites of any scars, birthmarks, fungus
infections, eczema or other unusual findings. They had to indicate whether they considered the
examination to have been complete or incomplete, or whether the individual refused examination
altogether. In the case of incomplete examinations the LCAs indicated on the form the part of the
body which was inadequately examined. The LCAs also recorded the presence or absence of a BCG
scar and graded the general cleanliness of the examined individuals on a 4-point scale from ‘very
clean’ to ‘very dirty’.

Nerves included in the routine examination of all individuals (except infants) were: the
supraorbital zygomatic, greater auricular, supraclavicular, upper radial, upper ulnar, superficial
radial, lower ulnar, peroneal and superficial peroneal nerves.

The LCAs also applied and read skin tests and obtained finger prick blood specimens as
required. Methods used will be described in detail in subsequent publications devoted to the skin
test and serology results.

Efforts were made to recruit female LCAs. However this proved to be difficult and there was
rarely more than 1 female among the staff of 10-12 LCAs at any given time. The names or staff
codes of all examiners present at each examination were recorded on the General Examination
Forms, but only 2 were ultimately coded for analysis. Despite the fact that the coded data did not
alwaysidentify all those examiners present at any one time, it was possible to investigate the effect of
the sex of the examiner upon the completeness of examination (see below).

Detailed examination

Additional information was collected and a special ‘Detailed Examination Form’ completed by the
examiner(s) for all individuals suspected to have, or to have had, clinical leprosy.

Any enlarged nerves or skin lesions suspected to be due to leprosy which were found by LCAs in
individualsnotalready knowntothe LEPRA Control Project (LCP), ornotknown to have received
antileprosy treatment elsewhere, led to the individual’s being ‘put on observation’ to be seen by the
Medical Officer (JMP) as soon as possible. Patients already known to the LCP, or who had received
treatment elsewhere, were only ‘put on observation to be seen by the MO’ if the skin lesions were still
active in spite of antileprosy treatment. The subsequent examination by the MO was called a
‘Review Examination’. On any review a Detailed Examination Form was filled unless (a) the
Medical Officer decided that the clinical signs were definitely not due to leprosy, or (b) the lesions
had already disappeared.

For all leprosy patients already known to the LCP, Detailed Examination Forms were filled by
the Leprosy Control Assistants on their own, unless the MO happened to be present. They also
completed Detailed Examination Forms for any expatient who had received antileprosy treatment
from an institution other than the LCP, provided signs of leprosy could still be found or the
expatient let the staff know that he had once received antileprosy treatment.

Information collected on the Detailed Examination Form included a description of any lesions,
peripheral nerve enlargement and/or disabilities. In addition the LCAs were meant to try to elicit
the approximate year of onset of whatever signs had been found. This proved to be more difficult
than with other dates in which we were interested. Some newly found patients tried to persuade us
that a lesion had been present ‘since birth’ (perhapsin an attempt to persuade the staff that, because
it had been there since birth, it could not be leprosy). Others gave us recent years of onset which
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turned out to be years after they had started to receive antileprosy treatment. On the other hand, the
statement that a lesion had been present ‘since childhood’, but that it had started to grow only
‘recently’ was encountered so frequently on close questioning by the Medical Officer that we feel it
should not be discounted altogether. It has made us sceptical about attempts to date the ‘onset’ of
leprosy.

Slit-skin smears were taken by the LCAs from anyone with skin lesions which were considered
as possibly due to multibacillary leprosy.. Not all of these individuals were seen by the MO, in
particular if the slit-skin smear result was negative and paucibacillary leprosy was not included in
the differential diagnosis. In addition LCAs were meant to take slit-skin smears from anyone with
signs of leprosy and a history of having received antileprosy treatment, but who was not at that time
known to the LCP. Not all these ‘expatients’ agreed to this. Known multibacilliferous patients
registered with the LCP were usually not asked to agree to have slit-skin smears taken since we had
access to the results of smears taken routinely every 6 months from such patients.

Smears were stained (Ziehl-Neelson) and examined at Project Headquarters. Positive smears of
newly discovered leprosy patients were shown to the MO. Routine quality control was carried out
by the LCP Laboratory Superintendent based in Lilongwe.'

When examining suspects a clinical certainty grade was given by the Medical Officer. Grades
and criteria were rigorously defined and are discussed in detail in a separate paper.'* Here it may
suffice to say that the grading was, in order of increasing clinical certainty: ‘possibly leprosy’,
leprosy to be considered seriously’, ‘most likely leprosy’, ‘leprosy extremely likely’, and ‘leprosy
certain’.

At the time of the household visit the LCAs were meant to collect urine specimens from all
patients registered by the LCP for the analysis of the dapsone:creatinine ratios in the project
laboratory.

Completeness of examinations

Data on completeness of examination have been analysed with reference to age and sex of examinee,
and with reference to the sex of the examiners. This has shown that the examiners’ sex was irrelevant
forthe examination of male but not of the female individuals. Thus, 98:95% of males were examined
completely in the presence of a female LCA and 98:6% were completely examined in their apparent
absence (‘apparent’ in so far as no female was included among the 2 coded examiners). However,
whereas 98-6% of females agreed to complete examination in the presence of a female LCA, only
93-6% agreed to complete examination in those circumstances in which no female LCA was among
the 2coded examiners. The age specific rates of examination of females in the presence or absence of
a female LCA among the coded examiners are shown in Table 7 and Figure 3. All examinations in
which the Medical Officer was coded as one of the examiners are excluded from this analysis. The
proportion completely examined falls consistently with age, but is appreciably higher in the
presence of a female LCA, particularly for middle-aged and older females. If an examination was
incomplete it usually meant that the buttocks and upper parts of the thighs were not seen.

Data processing

The overall data processing scheme for the LEP is shown in Figure 4. Household, dwelling unit,
personal (alive and present) and personal (dead or absent) questionnaires and general examination
forms were assembled in household order in the coding office at Project Headquarters. The
information was checked for completeness, for internal consistency of the data and for consistency
with information collected in related households. Requests for collection of missing information
and for checking inconsistent data were sent back to the field teams on a weekly basis.
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Table 7. Numbers of complete examinations, incomplete examinations and examinations not done on
females in the apparent absence of a medical officer, and in the presence or apparent absence of a female
LCA. See Figure 3

Apparent absence of a female LCA Presence of a female LCA
Age at Complete Incomplete  Exam Complete Incomplete  Exam
examination  exams exams notdone Total exams exams not done Total
04 7458 10 7 7475 2195 0 0 2195
(99-8%) (100%)
5-9 6610 S 4 6619 1988 2 0 1990
(99-9%) (99:9%)
10-16 6308 93 8 6409 1969 6 2 1977
(98:4%) (99-6%)
17-22 3746 293 18 4057 1355 1S 0 1370
(92:3%) (98:9%)
23-34 5849 631 51 6531 2175 32 2 2209
(89:6%) . (98:5%)
35-46 4786 642 28 5456 1666 45 0 1711
(87:7%) (97-4%)
47-66 3678 625 27 4330 1370 45 3 1418
(84:9%) (96-6%)
67-80 939 222 11 1172 347 34 | 382
(80-1%) (90-8%)
> 80 85 36 2 123 27 3 0 30
(69-1%) (90%)
Unknown 8 0 0 8 1 0 0 1
(100%)
Total 39,467 2557 156 42,180 13,093 182 8 13,283
(93:6%) (6:1%) (0-3%) (98:6%) (1'4%)  (<0'1%)
100%1 —
2
= L=
= 90% ~c>-____0_~_~
5 80% *--—..Q‘
— ~
z 702 »~— Female examtner present ‘o
S
: 6074 o-----o Female examiner apparently absent
=
T |
] *
a.

0 10 20 30 40 50 60 70 80 >80
AGE IN YEARS

Figure 3. Completeness of examination of females in the presence or apparent absence of a female LCA.
Examinations at which a medical officer was recorded as present are excluded. See Table 7.
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The data were then coded from the field questionnaires onto corresponding coding forms and
checked by JMP, 1JS or a senior coder. Coding of Detailed Examination Form data was carried out
almost exclusively by JMP.

Coding forms (except thosce for the Detailed Examination Forms and laboratory results)
corresponding to approximately 2000 individuals were assembled each month and were sent
together (as a ‘run’) to the Malawi Government Ministry of Finance Data Processing Unit (DPU)
in Blantyre. The Dectailed Examination coding forms and laboratory result coding forms were sent
directly to the London School of Hygienc and Tropical Mcdicine.

At the DPU the data were key-punched onto tape, a copy of which was sent to thc London
School of Hygiene and Tropical Medicine. At the same time cumulative indices of individuals in
identification number, name and village order were produced for use in the coding office in
Chilumba. In addition an input listing of the ‘run’ and an error report were prepared and sent to
Chilumba. This error report was scrutinized and corrections of mistakes (usually due to key punch
errors) sent directly to the Project’s programmer in London (LB).

After arrival in London thedata were transferred from tape to microcomputers for correction.
Instructions for corrections sent from Chilumba to London (prompted by the Blantyre error report
or by errors detected in the coding office) were, and still are incorporated into the data, validated
and additional error listings produced and sent back to Chilumba for further correction. At agreed
intervals all data cleaned to a certain degree arc archived on an Amdahl mainframe at the University
of London Computer Centre and used for analyses.

All the data for each individual are linked via his or her unique IDENT number. All data entry
programs incorporate the check digit algorithm (Table 3) in order to identify invalid IDENT
numbers.

Discussion

Important criteria for the operational success of an epidemiological project are the quality and
completeness of the field work. Incomplete data leave room for the possibility that the results are
not representative.

In this survey 97-93% (110135/112759) of all individuals resident in the survey area and who
were enumerated by the LEP teams were examined. We do not know how many residents in the
survey area were never mentioned to or seen by us. Such missed individuals fall into 2 groups: (i)
those who were resident in households which were completely missed, and (ii) those who weré
resident in households which were otherwise interviewed and examined.

The aerial photographs were 2 years old at the time of starting the main project. In so far as these
photographs were used to identify houses, the chance of missing a household increased with time. In
order to counteract this chance of missing households, the field staff routinely enquired whether
there were any new households in an area. It is unlikely that many escaped attention.

Another problem is raised by complete households (and individuals) which moved, during the
course of the survey, from an unexamined area into a village which had already been completely
examined by one of our teams. This is a problem for any survey which requires a long period of time.
Some of these households became known to us in so far as they were related to people interviewed
and examined; but we do not know their exact number. Usually no efforts were made to trace,
interview and examine them at their new place of residence. We expect to be able to estimate the
frequency of such migration, and hence the number of missed households (and individuals), on the
basis of the second survey begun in 1986. In any case, we doubt that many, if any, persons moved in
order to avoid detection of disease; and thus this should not bias the data as far as leprosy is
concerned. Little if any stigma is attached to the disease in this population.

Considerable effort was made to recognize individuals who had previously been identified in the
survey, in order to avoid their receiving more than | identification number. As a matter of routine,
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the alphabetical name indices were consulted at the time of coding cach individual. However,
because of changes of first names, especially in young people, and because of the use of more than
one surname, especially in the north of the district, the checking of alphabetical indices was not
foolproof. For this reason, the year of joining a household, and the previous residence, were always
asked with great care. If an individual was found to have joined a houschold after the beginning of
the survey, it was routinely checked whether he or she had already been interviewed or examined
previously. This was achieved by searching manually the records of all related houscholds in the
village from which he or she had come. The recording of scars and birthmarks on the gencral
cxamination forms was of great help in confirming the identity of individuals. Parentage
information was also very uscful for tracing and identifying individuals in the records, though we
appreciate that this information was not always ‘correct’. In particular, brothers of the real father
and sisters of the real mother were frequently cited as parents, in line with local custom, especially if
the real parents were dead or absent.

Theincorporation of check digits into the IDENTS (see Table 3), and their screening by all data
entry programs, has proved extremely valuable in identifying transcription and keypunch errors
with these crucial numbers.

The recording of examination results on separate forms for cach individual encouraged
thorough examination and facilitated supervision. LCAs who did not record scars and birthmarks
were suspected to have become slack in their examinations and could be encouraged sooner than
would have been possible otherwise.

As an additional quality control the MO reexamined several hundred individuals shortly after
their examination by LCAs. However, such independent resurveys could not be organized on ascale
large enough to provide a precise cstimate of the frequency with which suspicious lesions were
missed by the LCAs.

The relative incompleteness of cxaminations of older females, in particular by male staff, is a
matter of considerable interest and concern to us. The difference shown in Table 6 is likely to be an
underestimate in so far as a female LCA was present in an unknown percentage of examinations but
remained uncoded. It is for this reason that the table speaks of the ‘apparent’ absence of female
LCAs. How many leprosy lesions are likely to have been missed may become apparent once we have
analysed the frequency distribution of lesions on different parts of the body of women examined by
female staff. If single leprosy lesions arc frequent on those parts of the body usually missed during
incomplete examinations then we shall suspect that our estimates of the prevalence and incidence of
leprosy in older females are underestimates.'® It should be noted that this is a widespread problem in
leprosy work, in that most leprosy field workersare males and social taboos restrict their examining
females in many societies. To what cxtent this difference may explain the reputed male excess of
leprosy reported in many areas of the world has long been debated.'” The LEP data provide an
opportunity to examine this subject.

The LEP was conceived as a longitudinal study to identify risk factors for the transmission of M.
leprae and the development of clinical leprosy. The analysis of these factors has begun, in particular
of BCG vaccination (as indicated by a post-vaccination scar), which has been shown to impart at
least 50% protection against clinical leprosy in this population.'® In addition, while the first survey
was in progress, it became apparent that the area was suitable for a leprosy vaccine trial. The
‘Karonga Prevention Trial’ (KPT) has thus been incorporated into the second survey. The main
objectives for this trial are to sec whether a combined vaccine including BCG and killed M. leprae
imparts greater protection against leprosy than does BCG alone, and whether a repeat BCG with or
without killed M. leprae improves the protection imparted by a single BCG vaccination. The results
of this trial should become available after the third LEP survey (second KPT survey) in the mid-
1990s.
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NEWS AND NOTES

China Leprosy Journal, Volume 111, Number 1, March 1987

It was a pleasure to receive yet another issue of this journal from China and to sce the remarkable range of
publications on leprosy from various parts of the country. This number includes an cditorial on speeding up
reform for the leprosy control system; original articles; articles from overseas; reports on leprosy control; clinical
reports; short reports; study notes; translations from the world literature; letters to the Editor. The contents list
is in English, as are also the summaries and authors names which are written in ping-ying. But the journal is
otherwise entirely in Chinese and thus of somewhat limited value. Nevertheless this contact is important and
gives clear evidence of wide-ranging interest from workers in many provinces where leprosy is still a problem.
Published by the China Leprosy Association and China Leprosy Center, No 2, Huifuxi Road, Guangzhou,
China.

Early surgery in Hansen’s neuritis; an illustrated manual

Due to pressure of space, we have not been able to print formal reviews of publications in recent years, but we
take this opportunity to thank the Associazione Italiana ‘Amici di Raoul Follereau’, Via Borselli 4, 40135
Bologna. Italy, for sending a copy of this hardbacked illustrated manual, with 80 pages and numerous colour
pictures. Dr Silvano Renzo was formerly Chief Medical Officer of the National Leprosy Control Programme in
Guinea Bissau. Dr Cesare Pancicra is a physician specialist in orthopaedic and traumatic surgery in Treviso,
Italy. After an introduction, the manual covers the neuritis of Hansen’s disease and then proceeds to a
description of the surgical procedures advised for entrapment syndromes. Apply to Al, at the address above.

German Foundation for International Development

This Foundation, in association with the Scientific Secretariat of the 17th International Congress of
Dermatology (CMD), organized in Berlin (West), 20-23 May 1987, a pre-congress International Workshop on
‘Dermatology in Basic Health Services’ in an endeavour to assess the magnitude of skin diseases, leprosy and
sexually transmitted diseases, to plan strategies for their control and to explore possibilities of cooperation
between different countries.

Forty-six experts participated in the Workshop. Aside from dermatovenereologists, epidemiologists, public
health experts, microbiologists and pharmacologists attended the meeting. Two practitioners—one each of
Chinese and Indian systems of Medicine—were also invited. The participants represented 27 countries from
Africa, Asia, Europe and North, Central and South America. Representatives of German Aid Agencies and
WHO were also actively involved.

The meeting spread over 8 sessions on 4 days, discussed the magnitude and epidemiology of dermatology,
leprosy and sexually transmitted diseases in the developing world. The participants emphasized that the pattern
of skin diseases in the developing parts of Africa, Asia and Latin America indicate that about 30% of patients
seeking medical help are suffering from skin affections. A majority of skin discases are associated with poor
socioeconomic conditions, lack of environmental and personal hygiene and inappropriate housing resulting in
parasitic, bacterial and fungal infections which form the bulk of dermatological problems. The situation is
further aggravated by the shortage of appropriately-trained manpower and financial constraints. Further
information: Secretariat Deutsche Stiftung fiir internationale Entwicklung’, Reiherwerder, D-1000 Berlin 27
(West), Germany

Zambia: Bwino; Special Position Paper No 4. Leprosy Control
Bwino is a health care magazine published by the Zambian Ministry of Health. The editorial group consists of
Ministry of Health and National Food and Nutrition Commission staff. Eachissue contains a number of articles
but it is not possible to go into great detail. From time to time, therefore, it has been agreed to publish Position
Papers to cover various topics in more depth. These papers, depending on the topic will be distributed among
relevant institutions and we are particularly interested in reaching training establishments as well as the usual
outlets for the magazine. It is hoped the information will stimulate thought on the way variousissues are tackled
in educational activities. Number 4 deals specifically with leprosy: Chapter I, Leprosy Control Policy; Chapter
I1, Diagnosis and Classification; Chapter 11, Treatment; Chapter IV, Complications and their Management;
Chapter V, Implementing full multiple drug therapy (MDT); Appendix I, Skin smear technique; Appendix I,
Assessment and Discharge; Appendix I, Leprosy Patient Record Card MF 56; Appendix IV, Outpatient
Record MF 68.

This issue in fact constitutes a working manual. It is extremely well presented, including several illustrations
and charts and should be of great practical value to the control programme in Zambia. Further enquiries; Dr
Richard de Soldenhoff, PO Box 30205, The Ministry of Health, Lusaka, Zambia.
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Summary The occurrence of the post-lepromin scar was investigated in two
general population groups, in two geographically different areas, in whom
reactivity to lepromin A and SPA of M ycobacterium leprae were also studied,
earlier. The incidence of the scar was more or less similar to that reported in a
patient group in Burma. The incidence of scar was not related to age, sex, race or
geographic area (even though examination for the scar was carried out in 3
months at one area and 7 months at the other). The occurrence of the scar
increased with BCG vaccination, and was directly related to Mitsuda, Fernandez
and SPA reactivity—being most correlated to Mitsuda reactivity and least to SPA
reactivity.

Introduction

It has been known for a long time that the lepromin test may lead to the formation of a scar, or an
area of atrophy. However, no systematic investigation of the latter wasmade, until 1977.! The latter
concluded, from an evaluation of the scar in a series of leprosy patients, that ‘the post-lepromin scar
may be considered as an indicator for a stabilized immune situation. . .’. The above study was
carried out using lepromin of human origin with a bacillary content of 160 million bacilli per ml.
The same workers suggested that further studies be carried out using weaker lepromins and non-
leprosy affected groups. In this paperwe report a study of the scar followinglepromin testing in two
population groups in geographically different areas of Sri Lanka.

Materials and methods

The test populations, the method of the tests, etc., were as described earlier.2* One study' considered
the post-lepromin scar to be ‘best read’ at least 3—4 months after the late lepromin reaction, and is
perfectly visible after many years. The populations studied were examined for the presence and size
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of the scar at 7 months (at Mahagastota) and at 3 months (at Galagedera). Thus a total of 74
individuals at Mahagastota, and 162 at Galagedera, were examined.

Results

In Table 1 the occurrence of individuals with post-lepromin scars is presented. In both areas, the
BCG vaccinated showed a greater incidence of the occurrence of scars than those not so vaccinated.
There seemed also to be a slight increase in the occurrence of scars at Galagedera (at lower altitude)
than at Mahagastota (at higher altitude), but whether this is due to geographic or other variations in
the test population, or due to differences in time of examination for scar, are uncertain. However,
statistical analysis showed that these differences are not significant.

The incidence of scars with different types of reactivity to antigens of M. leprae (namely,
Mitsuda and Fernandez reactivity and that to Soluble Protein Antigen (SPA) of M. leprae) is
presented in Tables 2, 3 and 4 respectively.

Table 5 gives a comparative analysis of the percentage incidence of scars in relation to the 3 types
of reactivity to M. leprae antigens. Linear regression analysis revealed that the occurrence of the
scar was highly correlated (at 1% level) with all 3 types of reactivity, the highest degree of
relationship being with Mitsuda reactivity and lowest with SPA reactivity. Similarly, statistical
analysis was carried out to evaluate the possible variability of the occurrence of the scar with age,
sex and race. These variables were not found to effect its occurrence. Another variable, whose effect
was obvious is that of BCG vaccination status. The occurrence of the scar is significantly higher in
those who have been vaccinated in contrast to those not so vaccinated.

On examination of Mitsuda reactivity, it was found that in a few individuals, Mitsuda reactions
had a different quality from what is described’>—instead of being of the well defined, circumscribed

Table 2. Occurrence of the post-lepromin test scar in relation to Mitsuda reaction size

Total of both areas

Mitsuda reaction Population BCG non- BCG BCG non- BCG

size (mm) group vaccinated vaccinated vaccinated vaccinated Grand total

0-2 Mabhagastota 2 (14) 2 (40) 6 (15) 3 (25) 9 (17)
12 (86) 3 (60) 35 (85) 9 (75) 44 (83)

Galagedera 4 (15) 1 (14)

23 (85) 6 (86)
3-5 Mahagastota 4 (36) 4 (57) 10 (33) 12 (55) 22 (42)
7 (64) 3 43) 20 (67) 10 (45) 30 (58)

Galagedera 6 (32) 8 (53)

13 (68) 7 (47)
69 Mabhagastota 4 (50) 7 (70) 22 (69) 34 (76) 56 (73)

4 (50) 3 (30) 10 (31) 11 (24) 21 (27)
Galagedera 18 (75) 27 (77)
6 (25) 8 (23)

210 Mabhagastota 3 4 10 (100) 19 (100) 29 (100)

Galagedera 7 15

With scar—upper row; without scar—lower row; percentages within parenthesis.
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Table 3. Occurrence of the post-lepromin test scar in relation to Fernandez reaction size

Total of both areas

Fernandez
reaction size  Population BCG non- BCG BCG non- BCG

(mm) group vaccinated vaccinated vaccinated vaccinated Grand total
0-2 Mahagastota 5 (20) 7 (44) 1S (28) 1S (44) 30 (35)

20 (80) 9 (56) 38 (72) 19 (56) 57 (65)
Galagedera 10 (36) 8 (44)
18 (64) 10 (56)
3-9 Mahagastota 5 (39) 6 (67) 22 (38) 29 (67) 51 (50-5)
8 (61) 3 (33) 36 (62) 14 (33) 50 (49-5)

Galagedera 17 (38) 23 (68)
28 (62) -+ 11 (32)

10 Mahagastota 4 (80) S (100) 12 (67) 27 (100) 39 (87)
1 (20) — 6 (33) —_ 6 (13)
> Galagedera 8 (62) 22 (100)
5 (38) -

With scar—upper row; without scar—lower row; percentages within parenthesis.

Table 4. Occurrence of the post-lepromin test scar in relation to SPA reaction size

Total of both areas

SPA reaction Population BCG non- BCG BCG non- BCG

size (mm) group vaccinated vaccinated vaccinated vaccinated Grand total
0-2 Mahagastota 7 (26) 2 (25) 14 (24) 4 (21) 18 (23)
20 (74) 6 (75) 44 (76) 15 (79) 59 (77)
Galagedera 7 (23) 2 (18)
24 (77) 9 (82)
*3-9 Mahagastota 3 (100) 3 (60) 14 (48) 19 (73) 33 (60)

- 2 (40) 15 (52) 7 (27) 22 (40)

Galagedera 11 (42) 16 (76)

15 (58) 5 (24)
=10 Mahagastota 9 (64) 14 (88) 26 (62) 44 (85) 70 (75)
5 (36) 2 (12) 16 (38) 8 (15) 24 (25)

Galagedera 17 (61) 30 (83)
11 (39) 6 (17)

With scar—upper row; without scar—lower row; percentages within parenthesis.

* Note: Though 5 mm was considered a ‘positive’ reaction for SPA reactivity,’ it was
thought that there would be no serious error in considering 3 mm as the demarcation for
‘positive’. Therefore in order to have similar class intervals for comparative purposes (Table S)
3-9 mm is included as the second class interval in this Table.
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Table 5. Occurrence of the post-lepromin test scar with different reaction
sizes of different types of reactivity to antigens of M. leprue (percentages of
individuals showing scars)

BCG not vaccinated BCG vaccinated
Reaction size - - —_
(mm) Mitsuda Fernandez SPA  Mitsuda Fernandez SPA
0-2 1S 28 24 25 44 21
3-9 52 38 48 69 67 73
=10 100 67 62 100 100 85

nodule type—yielding a soft and some times plaque-like reaction. The post-lepromin scar was seen
in 2 (of 10 such reactions, all of 3 mm or more) at Galagedera, and 3 (of 11) at Mahagastota—24%
of the total, whereas 67% of the total with typical reactions showed scars.

Discussion

The results reported here are of a lepromin test with a lepromin of a lower bacillary content (4 x 107/
ml), and of armadillo origin; carried out on a general population group without any evidence of
leprous disease. Hence the results of this study may not be directly comparable with those reported
in another'. It is noteworthy that broadly, the findings of this study appear to be similar to those of
the latter workers, with leprosy patients. For example, in the -2 mm and 3-5 mm Mitsuda reaction
sizes, 17% and 32% respectively of patients in the Walter er al. study' showed scars (with first or
subsequent testing), while in this investigation, 1 7% and 42% respectively of members of the general
population also showed scars (with only 1 test).

The other situation in which scars are presently examined for after an inoculation, is in the
assessment of ‘coverage’ of BCG vaccination programmes—by looking for the presence of scars in
those given BCG vaccination.* Here it is said that with a potent vaccine, a scar is seen in almost
100% of those so vaccinated,* though not invariably so.* In Sri Lanka, however, a scar was not
found after confirmed BCG vaccination in 3:4% of 750 children between the ages of 3 months and
11 years (at the time of examination), given BCG vaccination at birth.® In comparison, the
occurrence of scars following lepromin testing is of much lower incidence. If as considered earlier,
the post-lepromin scar is an indicator of immunological status,' then, as could be expected,
lepromin may be considered to be a much weaker vaccine than BCG.
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NEWS AND NOTES

Slide/script and audiotape sets on leprosy (English)
American Leprosy Missions now has available two slide-script and tape sets produced by Roy Pfaltzgraff.
Details are as follows:

Leprosy in general practice—this set of 80 slides briefly covers the essentials of the diagnosis and management of
leprosy for a medical practitioner who has had little or no previous experience with leprosy. It gives guidelines on
the basic features of the disease, the treatment and the main complications that may arise during the active
course of the disease, and what to do in case complications arise. (length, 32 minutes).

‘Differential diagnosis of leprosy’'—consists of 80 slides chiefly of African dermatological conditions that may be
confused with leprosy. The emphasis is on making a definite diagnosis by clinical methods in a *field’ situation. It
provides a good overview of tropical dermatology. (length, 22 minutes).

Thesesets are available at the subsidized price of US$10.00 per set, including a tape and printed script. Apply
to: American Leprosy Missions, One Broadway, Elmwood Park, New Jersey 07407, USA.

Questions and Answers on the Implementation of Multiple Drug Therapy (MDT)

in Leprosy. Portuguese translation
This booklet of 35 pages is available, in English and Portuguese, from the Health Unit, OXFAM 274 Banbury
Road, Oxford OX2 7DZ, England. It includes a number of questions, and some of the answers, relating to
problems which may arise in the practical implementation of multiple drug therapy, using the regimens
recommended by WHO. Attention hashoweverbeendrawn, notably by readers in South America, to a number
of defects in the Portuguese translation and these include the following: Certain words are inadequately chosen
to describe the real meaning, for example: ‘exame dos testes microscopicos do corte da pele,” should be
‘baciloscopia de espregago de corte de pele’. For ‘pauci-bacilar’ substitute ‘paucibacilifero’; for ‘multi-bacilar’
substitute ‘multibacilifero’; for ‘reincidencia’ substitute ‘recidiva o recaida’; for ‘sitio’ substitute ‘local o region’;
for ‘beneficial’ substitute ‘benéfico’. ‘Leprosos’ is a derogatory expression that should not be used, the correct
term is ‘paciente de lepra’.

Further comments on the quality of translation are being collected and a correction slip will be included in
copies of the present edition, pending the possibility of a full revision.
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Summary The antileprosy drug clofazimine (B663) apart from its antimycobac-
terial effects has been shown to stimulate the production of prostaglandin E,
(PGE,) by polymorphonuclear leucocytes (PMNL). To separate these two
activities on a molecular basis a limited number of ten phenazine-derivatives was
investigated for their effects on prostaglandin synthesis. It was found that the
p-chlorophenyl- and p-chloroanilino-groups in position 10 and 3 of the phenazine
molecule respectively were indispensable for stimulation of PGE, production by
PMNL, whereas modifications of the imino-isopropyl-group in position 2 did not
affect this activity but as shown previously decreased the antimycobacterial effects
of the agents against murine tuberculosis.

Introduction

The Dublin group founded by the late Dr V C Barry has synthesized and described a greatvariety of
phenazine-derivatives to identify agents with antimycobacterial activity.'> The most important of
these compounds is B663 (clofazimine), which was first described in 1957.4 During the last 20 years
clofazimine has become one of the standard drugs for the treatment of leprosy.>® Serum
concentrations of approximately 1 ug/ml are achieved and tissue levels are considerably higher.’
Clofazimine is particularly useful in the therapy of erythema nodosum leprosum reactions,’
indicating anti-inflammatory properties of this drug in addition to its well-documented antimicro-
bial activity. A variety of mechanisms for the mediation of these anti-inflammatory effects have
been proposed®® including stimulation of the synthesis of prostaglandin (PG) E, by polymorpho-
nuclear (PMN) and mononuclear (MN) leucocytes (L).10:!!

The present study was undertaken to investigate the molecular basis of clofazimine-mediated

Correspondence: Dr B M Zeis, Institute of Pathology, P.O. Box 2034, Pretoria 0001, Republic of South
Africa.
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stimulation of PG-synthesis using ten phenazine-derivatives with variable antimycobacterial
activity.

Materials and methods

AGENTS

Selection. All agents investigated in this study were synthesized by Dr J F O’Sullivan, Medical
Research Council of Ireland Laboratories, Dublin. A cross-section of ten phenazine-derivatives
was chosen in order to examine the importance of various substitutions for the stimulation of the
synthesis of PGE, by PMNL in comparison to the antimycobacterial effects. Since the insertion of
chlorine in the para-position of the phenyl-rings and anilino-rings has been found to strongly
augment the activity of the agents against murine TB2, all compounds were investigated in their
chlorinated and unchlorinated forms. The significance of this halogen was further examined by
including the fluorinated form of B663, namely B980, in the study. Since aposafranone derivatives,
in which the nitrogen in position 2 of the phenazine core has been replaced by oxygen, were inactive
invitro and against murine TB?, we also included 4 representatives of this group of agents in the
present study, namely B3722, B433, B685 and B432. The significance of the anilino-group of
clofazimine in position 3 of the phenazine-molecule was investigated using compounds in which this
group had been substituted by a hydroxyl group (B3722, B433). Similarly the importance of the
isopropyl-imino-group in position 2 of clofazimine was examined by replacing it with an imino-
group resulting in B628 and B283. The chemical precursors of B663 and its unchlorinated analogue
B670, which are the imidazo-phenazines B654 and B621, were also included in this study, since they
were virtually without antimycobacterial activity.? The chemical structures of the agents are shown
in Table 1.

Table 1. Chemical structures of ten phenazine-derivatives in comparison to
clofazimine (B663)

R 8 R
N nu—@-n N B N N Ciiy
R
B663: R=Cl B3722: R=Cl B654: R=Cl
R’ =CH(CH3), R'=OH
B670: R=H B433: R=H B621: R=H
R’=CH(CHs), R’=OH
B980: R=F B68S: R=Cl
R’=CH(CH3), R’=NHGCsH,Cl
B628: R=Cl B432: R=H
R'=H R’=NHGC¢Hs
B283: R=H

R’=H
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Solubilization. One miligramme of each compound was solubilized in 0-7 ml dimethyl
sulphoxide at 56°C. 0-3 ml hot distilled water was added immediately prior to dilution of the agents
in Hepes- (N-2-hydroxyethyl piperazine-N’-2-ethane sulphonic acid, Sigma Chemical Co., St Louis,
Mo., USA) buffered Hanks’ balanced salt solution (HBSS, Grand Island Biological Co., New
York, USA) to the concentrations required. All compounds were compared to the appropriate
solvent control.

Cell preparation. PMNL were obtained from heparinized venous blood as previously
described.'® They were suspended in HBSS and contained >90% viable cells as determined by
Trypan blue (0-1%) dye exclusion.

PGE, release by PMNL. This assay was performed according to the method previously
described.'® Drug effects were investigated at the fixed final concentration of S ug/ml in the presence
and absence of the synthetic tripeptide N-formyl-L-methionyl-L-leucyl-L-phenylalanine (FMLP,
Miles Laboratories, Elkhart, Indiana, USA) at the final concentration of 10-¢ M. Additionally
dose-response studies were performed for B621 for a concentration range of 0-3-10 ug/ml.
Interactions of the agents with the assay system were cxcluded using cell-free drug preparations.
Results are expressed as pg PGE; per 10° PMNL.

To obtain a measure for the interactions of the phenzine-derivatives with the stimulus FMLP
with respect to PGE, release by PMNL, a stimulation index (SI) was calculated according to the
formula: SI=pg PGE, (FMLP+phen)/pg PGE, (phen)+pg PGE, (FMLP) with pg PGE,
(FMLP + phen)=results in the presence of FMLP and the test agents or the solvent control, pg
PGE, (phen) =PGE, release in the presence of the phenazines (or solvent control) only and pg PGE,
(FMLP)=FMLP-stimulated PGE, release in the presence of the solvent control.

Expression and analysis of results. Results are expressed as mean values with standard error
(SEM) for each series of experiments. Statistical analyses were performed by the Student’s ¢-test
(paired z-statistic).

Results

PGE, release by PMNL. The effects of ten phenazine-derivatives on FMLP-activated
generation of PGE, by PMNL are shown in Figure 1. Statistically significant stimulation of PG
production was observed for the compounds B663, B628, B654 and B621 (P-values between
<0-025 and < 0-01). The effects of the agents on spontaneous PGE; production by PMNL were
similar (Figure 2, P-values between <0:05 and <0-01). The very strong stimulator B621 was the
only unchlorinated compound with a more potent activatingeffect in comparison to its chlorinated
counterpart. Dose-response studies with this agent showed dose-dependent stimulation of PGE;
synthesis by PMNL at the concentration range of 0-3-10 pg/ml (results not shown).

The stimulation indices indicate the effect of the drugs on the response of PMNL to stimulation
by FMLP. An SI> 1 indicates a synergistic effect of the phenazine-derivatives with the stimulus
FMLP. Synergism was therefore observed with clofazimine (SI=1-53 +/— 0-36), B980 (SI=1-52
+/— 0-52),B628 (SI=1-36 +/— 0-31) and B654 (SI=1-57 +/— 0-31). In the presence of B621 an
SIof 1:07 +/— 0-15 was calculated and for all other agents the SIs were < 1. With the exception of
B621 the compounds that significantly stimulated PGE, release by PMNL therefore also primed the
cell response to FMLP-stimulation.

Discussion

The phenazine-derivative clofazimine (B663) is used as part of the standard regimen for the
treatment of leprosy.® Apart from its antimycobacterial effects, this drug also possesses
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Prostaglandin E, production

Stimulation by FMLP
140

130
120 4
110

100 -
90 —
80 -
70
60

p grams PGE, / 106 PMNL

30
20 - T T /T I

104 N Lo : Vs
PN IR //\\ S 9222 %

C 663 980 670 628 283 3722 433 685 432 654 621

wpppppp

Test agents

Figure 1. The effect of ten phenazine-derivatives at a concentration of 5 ug/ml in comparison to clofazimine
(B663) and the solvent control (C) on the production of PGE; by human PMNL in the presence of 10~® M
FMLP. Results are expressed as the mean value +/— SEM in pg PGE,/10° PMNL of three different
experiments. (P<0-01 for B663 and B628, P <0:025 for B654 and B621).

immunosuppressive properties which may be related to its stimulatory effect on the synthesis of
PGE; by PMNL and MNL.'%!! In an attempt to distinguish between antimycobacterial and anti-
inflammatory properties on a molecular basis we have investigated the effect of ten phenazine-
derivatives in comparison to B663 on the PGE, production of PMNL.

It was found that the p-chlorophenyl-group in position 10 and the p-chloroanilino-group in
position 3 of the phenazine-molecule were indispensable for the stimulatory effect of the
compounds on the release of PGE, by PMNL. However, substitution of the imino-isopropyl-group
in position 2 by an imino-group resulting in the agent B628 did not affect this activity, though it
diminished the antimicrobial effect of the agent against murine TB2. Formation of an imidazole-
ring between the nitrogens in position 2 and 3 similarly did not interfere with the stimulatory
activity on PGE; generation, though the resulting imidazophenazine B654 possessed virtually no
antimycobacterial activity.? The unchlorinated analogue of B654—B621—also lacked antimyco-
bacterial properties? but was an extremely potent stimulator of PGE, production by PMNL.
However, thisagent may have a different mode of action relative to clofazimine. Thelack of priming
activity of B621 is possibly due to its very strong stimulatory effect on spontaneous PGE, release by
PMNL, so that in the presence of a stimulus the upper limit of the cells for the production of this
mediator could be approached.

It is concluded that the antimycobacterial properties of phenazine-derivatives and their
stimulatory effects on PG synthesis by PMNL can be related to specific substitutions of the
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Figure 2. The effect of ten phenazine-derivatives at a concentration of 5 ptg/ml in comparison to clofazimine
(B663) and the solvent control (C) on the spontaneous release of PGE; by human PMNL. Results are expressed

as the mean value +/— SEM in pg PGE;/10° PMNL of three different experiments. (P <0-05 for B663 and
B628, P <0-01 for B654, P<0-025 for B621).

phenazine-molecule and that modifications of the imino-isopropyl-group in position 2 of this
molecule are particularly important in this context.
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NEWS AND NOTES

Robert White Fellowships in Inmunology
The closing date for this year, 1987, has past, but this Memorial Fund invites applications each year for its
fellowships. The details are as follows:

A number of fellowships named in the memory of Professor Robert White will be awarded to individuals from
developing countries in order to aid or further their education or scientific experience in immunology. The
Society interprets these aims in the broadest possible terms and consideration will be given (for example) to
support travel to study in a University or to gain experimental or technical and scientific expertise or for the
purchase of books, journals or equipment.

All members of the Society, and particularly those resident overseas, are urged to bring the Robert White
Fellowships to the attention of their colleagues. For further details of the scheme, and any enquiries about it,
please contact the Secretary, The British Society for Immunology, 11 Hobart Place, London SWIN OHL.

Leprosy Relief Organization, Munich; new office in Pune, India
We were delighted to hear from the Chairman of AHM; Leprosy Relief Organization, Munich, that they have
recently opened an India office at Pune. The following is extracted from the announcement:

Dr Kalpara Mutatkar, who is trained in leprosy, and who has worked in a leprosy control project as a medical
officer, is the Regional Director for India. He has the overall responsibility for promoting and co-ordinating
AHM activities in India.

We are fortunate that Mr R D Sathe, who has been the Foreign Secretary of the Government of India and
Ambassador to the Federal Republic of Germany, has agreed to be the chairman of the committee. Professor
Mutatkar has agreed to be the Advisor to AHM office in India. Professor Mutatkar is the first social scientist
who has worked closely with World Health Organization on social aspects of leprosy. Of 12 scientists invited to
the 1984 Workshop of the Pontifical Academy of Sciences Vatican, Professor Mutatkar was the only one who
represented a developing country. On this occasion he had an audience with his Holiness, Pope John Paul II.

Address: Zenettistrasse 45, D-8000, Miinchen 2, West Germany.
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Summary Twenty-six leprosy patients (23 lepromatous, 2 borderline tuberculoid
and 1 with indeterminate disease) were treated with recombinant gamma
interferon (rIFN-y) intralesionally. Patients were divided into 3 groups. Group A
received 10 ug dose of rIFN-y for 3 consecutive days; Group B 20 ug for 3 days
and Group C 20 pg for S days. Twenty-three pairs of skin biopsies and 25 pairs of
radial cutaneous nerves were obtained prior to, and 2 days following, the last
injections of rIFN-y. Leprosin A skin tests were negative before and after rIFN-y.
Injections of rIFN-y induced indurated swelling characteristic of delayed type
hypersensitivity in all patients. Histologically, rIFN-y caused localized oedema,
influx of mononuclear cells and eosinophils; epithelioid cell transformation and
rapid reduction in the numbers of acid-fast bacilli in the majority of the patients.
Immunocytochemical analysis revealed an increase in pan T cells, with equal
numbers of Ty and T, phenotypes, and increased expression of HLA-class 11
antigens of macrophages, epithelial cells and keratinocytes. These immunological
changes indicate a shift in the immune spectrum of lepromatous leprosy. These
results suggest that rIFN-y may be used in lepromatous leprosy as an adjunct to
chemotherapy.

Introduction

Leprosy exhibits a wide range of cell-mediated immune responses resulting in a spectrum of disease
ranging from paucibacillary tuberculoid to multibacillary lepromatous forms.! Patients with
lepromatous (LL) leprosy have defective cell-mediated immune responses to the causative organism
which permit the extensive replications of Mycobacterium leprae in the dermal macrophages.? The
LL patients are anergic to skin testing reagents derived from M. leprae and their lesions are deprived

0305-7518/87/058389+ 12 $01.00 (© British Leprosy Relief Association 389
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of helper T cells, a source of gamma interferon (IFN-y).> The peripheral blood lymphocytes of
patients with LL fail to produce IFN-y when exposed to M. leprae.**

Gamma interferon is a glycoprotein with anti-viral, immunomodulatory, and anti-proliferative
properties. It is secreted by lymphocytes and profoundly affects the mononuclear phagocytes.® The
experimental data available from both mice and man suggest that IFN-y enhances the capacity of
mononuclear phagocytes to release hydrogen peroxide and to kill protozoal parasites and bacterial
pathogens.”®

If IFN-y is the main lymphokine responsible for the activation of macrophages for
mycobactericidal activity then exogenous administration in lepromatous leprosy patients may
perhaps induce an effective immune reaction and thereby decrease the bacterial load from lesions.

While planning these studies, a report!® showed that small amounts of recombinant gamma
interferon (up to 10 ug) injected into lepromatous leprosy patients had no adverse effects. That
report also showed that injection of 1-10 ug of INF-y daily for 3 days into lepromatous lesions
induced local induration, T-cell and monocyte infiltration, keratinocyte proliferation and the
appearance of HLA-DR (class II or Ia) antigen on the keratinocytes.

In this paper we report that the administration of rIFN-y was non-toxic, induced delayed type
hypersensitivity at the site of injection, decreased the acid-fast bacilli in the skin lesions of patients
and that the leprosin A skin test continued to be negative following treatment with rIFN-y.

Materials and methods

Twenty-six leprosy patients (7 female and 19 male, aged 8—70) were studied. They were registered at
the infectious diseases section of the Kenyatta National Hospital, Nairobi, and Alupe Leprosy
Hospital, Busia, Kenya. All patients underwent a thorough clinical examination, a total and
differential blood count, liver function tests, urine and stool examination. The clinical diagnosis of
leprosy and the position of the patients on the Ridley—Jopling scale'! were confirmed by skin
biopsies which were examined by S Lucasand N M Samuel. The majority of the patients were being
treated with dapsone, clofazamine and rifampicin. None of them were being treated with steroids or
thalidomide for immunological reactions.

LEPROSIN A SKIN TEST

Patients were skin-tested with leprosin A, a filtered ultrasonicate of armadillo-derived M. leprae."?
The concentration for skin testingwas 10 ug protein/ml. Prior to treatment with rIFN-yand 2 days
following the last injections, leprosin A 1-0 ug (0-1 ml) was injected intradermally into the volar
surfaces of the forearms using a 1 ml disposable syringe, fitted with a No. 26 intradermal needle
(Becton Dickinson & Co. Ireland). Skin tests were considered positive if the induration at 48 hr was
5 mm or more in diameter.

ADMINISTRATION OF rIFN-y

The lyophilized recombinant interferon (2 x 107 units per mg) (Boehringer Ingelheim) was freshly
reconstituted in sterile distilled water prior to administration. It was injected in 0-1 ml volumes
using 1 ml disposal syringe fitted with a No. 26 intradermal needle. The patients were divided into 3
groups: Group A; S lepromatous leprosy patients (LL) were given 10 ug dose daily for 3 days;
Group B; 6 lepromatous leprosy patients were given 20 ug dose daily for 3 days; and Group C; 12
LL, 2BT and 1 indeterminate patient were given 20 ug dose daily for S days.
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SITE OF ADMINISTRATION OF rIFN-y

The injections were administered into dermal leprous lesions over the arms, back or gluteal regions.
Each injection site was examined daily for 3 or 4 days and theextent of erythema and induration was
recorded. Clinical examination of the patients included special reference to peripheral nerves and
the appearance of cutaneous nodules, as it has been reported that leprosy patients treated with
‘immunotherapy’ are prone to develop immunologically mediated reactions.'’

BIOPSIES

Skin biopsies were taken with a S-mm punch (Downs, UK) from a skin lesion, selected for the IFN-y
treatment, on the arm, back or gluteal region. Radial cutaneous nerve biopsies were taken under
local anaesthetic (1% xylocaine and adrenaline). Following the treatment with rIFN-y the skin
biopsies were repeated adjacent to the original biopsy sites along with the nerve biopsies from the
opposite radial cutaneous nerves. These biopsies were taken 48 hr after the final injection of rIFN-y.
Tissue specimens were placed on paper and divided with a scalpel blade. One portion was fixed in
FMA!* and later transferred to 70% alcohol prior to routine processing and staining with
haematoxylin and eosin by the Wade-Fite method for acid-fast bacilli.'* The other portion of the
tissue was snap frozen in liquid nitrogen and transferred to a Cryotube (Nunc, Denmark) and
stored in liquid nitrogen. All tissue and serum samples were transported in liquid nitrogen to
London. Snap frozen tissues were processed as previously described for immunocytochemical
analysis.'¢ Briefly, sections were fixed in acetone at room temperature for 10 min, air-dried for 2 min,
washed in phosphate buffered saline (PBS) and incubated sequentially with the following reagents:
mouse hybridoma monoclonal antibody, peroxidase conjugated rabbit anti-mouse immunoglobu-
lin, peroxidase conjugated swine anti-rabbit immunoglobulin. The reaction product was developed
by incubating in 0-1% diaminobenzidine and 0-3% hydrogen peroxide in PBS. Sections were
counterstained with haematoxylin for I min.

Monoclonal antibodies

Antibody titres used in this study were determined by multiple dilutions and staining of several
specimens. Primary mouse hybridoma monoclonal antibodies reacting with human antigens were
used as follows:

RFD7 } reacting with mononuclear phagocytes'’
EBMI11 macrophage markers.

UCHT4, reacting with the suppressor/cytotoxic T lymphocyte subset.'®
UCHT3, reacting with all T cells."

HB2 reacting with the helper/inducer T lymphocyte subset.?

L227, reacting with a non-polymorphic Ia-like antigen (Class II).2!

W6/32, reacting with Class I antigens.?

OKTe, reacting with Langerhan’s cells.

LH3, Keratin 10—normal epidermal differentiation (Suprabasal keratinocytes).
LP2K, Keratin 19—simple epithelia, hair follicle keratin.

LMM3, Keratin 16—hyperproliferative keratin.
AEI, Keratin 14, 16—hyperproliferative keratin.?
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Results

CLINICAL CHANGES

Recombinant gamma interferon was well tolerated by patients except 1 LL patient who developed
erythema nodosum leprosum 4 days following the last injection. He was treated with steroids and
examination of the peripheral nerves showed no signs of neuritis.

SKIN TESTING

The leprosin A skin test was negative in all subjects prior to and following the IFN-y treatment.

MACROSCOPIC APPEARANCE OF IFN-y INJECTION SITES

Themeandiameter of induration at the site of injection of rIFN-y was recorded at 24,48, 72 hr after
the first intradermal injection. It was difficult to measure and record erythema. Induration was
apparent between 6 and 12 hr (data not shown), obvious by 24 hr and reached a peak at 48 hr.
Although declining, a significant degree of induration was still present at 72 hr (Table 1). In 1
patient (C2) the induration continued to persist even after 96 hr and the size of the reaction was
30 mm. Another newly diagnosed active 8-year-old LL patient (C3) had no induration at the first 3
injection sites of 20 ug dose of rIFN-y. Induration was, however, apparent after 24 hr at the 4th
injection site and the course of the reaction was similar to that recorded in other patients. The
induration recorded in borderline tuberculoid and indeterminate patients was less marked than in
lepromatous leprosy patients.

Table 1. Mean diameter (mm) of the
induration induced by rIFN-y after
24,48 and 72 hrin 3 groups of leprosy
patients (standard deviations in par-
entheses).

Group 24 hr 48 hr 72 hr

A 20 (8-3) 21 (84) 18 (88)
B 15 (4:5) 15 (4-4) 12 (49)
C 11 (6:2) 13 (6:6) 11 (66)

HISTOPATHOLOGY

Skin biopsies from 23 of the 26 patients were taken both before and after administration of rIFN-y.
One patient was not biopsied before rIFN-y therapy, one was not biopsied subsequent to therapy
and no biopsies were obtained from a further patient. The diagnosis was lepromatous leprosy in 23
patients, borderline tuberculoid in 1, and histologically indeterminate in | (see Table 2).

Of the lepromatous cases, 5 had active lesions with large granuloma fractions; the others, who
had received more therapy, had regressing lesions consisting mainly of smaller perivascular
collections of foamy macrophages and some lymphocytes (Figure 1). These treated cases had acid-
fast bacilli in small numbers; some had merely granular acid-fast debris or no acid-fast staining
material at all (Table 2). Noerythema nodosum leprosum reactions or dermal oedema were seen in
the pre-rIFN-y biopsies.

Following the rIFN-y inoculation, all but 2 cases showed marked histological changes:
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Figure 1. Pre-rIFN-y skin biopsy from patient no. 2 in group A: lepromatous leprosy (LL) with foamy
macrophages and globi. Haematoxylin & eosin x 250.

Figure 2. Post-rIFN-y skin biopsy—same patient as Figure I: marked influx of inflammatory cells around
vessels, mainly lymphocytes but also some eosinophils. Haematoxylin & eosin x 250.

1 An increase in mononuclear cell infiltrate consisting of macrophages and lymphocytes and
extending to the deep dermis. The cellular infiltrate was perivascular, particularly around the
superficial and mid-dermal vessels. The mean granuloma fraction of 21 patients prior to rIFN-y was
14:29% (SD 9-:29%) and after rIFN-y was 21-43% (SD 11:14%). Thus the granuloma fractions
showed a mean increase of 50% and this increase was significant (P <0-05) (Figure 2).

2 Hypertrophy of the endothelial cells of the dermal vessels.

3 Dermal oedema.

4 Eight of the post-rIFN-y biopsies from lepromatous leprosy patients showed epithelioid cell
transformation, i.e. a change in the cytoplasmic and nuclear morphology of the macrophage
infiltrate into epithelioid cells (Figure 3). In none, however, was there formation of tuberculoid
granulomas. The tendency for epithelioid cell transformation was most marked in group C patients
who were given 20 ug rIFN-y daily for S days. One borderline tuberculoid leprosy case showed an
increased number of epithelioid cells in the dermal infiltrate after injection of rIFN-y.

S Twelve of the post-rINF-y biopsies showed marked dermal infiltrates with both neutrophil
polymorphs and eosinophils. An additional 2 had polymorphs and 2 had eosinophils only.
Vasculitis, i.e. inflammatory infiltrate through a vessel wall, was seen in 4 cases and, in one of them,
the picture was of a necrotizing vasculitis with fibrin exudates (Figure 4). These 4 patients had all
received the higher (20 ug) dose.

6 In the H&E sections, the epidermis in pre- and post-rIFN-y inoculation biopsies was similar
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Figure 3. Post-rIFN-y skin biopsy from patient no. 3 in group B: lymphocytes and macrophages around vessel.
Many of the macrophages are spindly and epithelioid in morphology. Haematoxylin & eosin x 500.

Figure 4. Post-rIFN-y skin biopsy from patient no. 8 in group C: and segmental necrosis of the vessel wall
(vasculitis). Haematoxylin & eosin x 400.

apart from some spongiotic oedema and a focal mild increase in intraepithelial lymphocytes in some
post-rIFN-y biopsies. Only one of the latter had mitotic evidence of epidermal proliferation.

7 Seven of the 12 LL patients with recordable bacillary indices showed a marked decrease in the
numbers of acid-fast bacilli in the skin lesions following inoculation of rIFN-y. There was a mean
drop of log 09 (i.e. 9-fold) in the bacterial index. In 2 there was an increase in the index after rIFN-y
(from 1+ to 2+; and 2+ to 3+) respectively. The change in Bl was similar in the 3 groups. In 3
patients no difference in bacterial indices were observed following rIFN-y. Acid-fast debris only was
seen in 7 patients before the injection of rIFN-y: this disappeared after treatment in 4 of the patients.
The nerve biopsies taken at the same time as the skin biopsies showed no change in the cellular
infiltrate and no change in the bacterial indices following rIFN-y.

IMMUNOCYTOCHEMISTRY

Before rIFN-y, skin lesions of LL patients contained very few cells reacting with UCHT3
(equivalent to pan T): most of these reacted with UCHT4 (equivalent to Ty). The L227 (anti-HLA-
class II) antibody showed faint and diffuse staining of macrophages in lesions of LL, BT and
indeterminate patients. Epidermal keratinocytes were class Il negative. Langerhans (OKT6 + ) cells
were seen in the epidermis and in the dermal granulomas of LL and BT patients.

Following rIFN-y, cells positive with pan T-cell marker increased and both T-cell phenotypes,
Ty and T,, were roughly equal in numbers. The number of macrophages also increased but there
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Figure 5. Pre-rIFN-y skin biopsy from patient no. 2 in group C: Immunoperoxidase stain for L227 (HLA-class 11
antigens). No staining of epidermal keratinocytes (the basal cells are pigmented by melanin). x 400.

Figure 6. Post-rIFN-y skin biopsy—same patient at Figure 5: Inmunoperoxidase stain for L227 (HLA-class I1
antigens). Postive staining of epidermal keratinocytes (arrows). x 400.

were no changes in the numbers of Langerhans (OKT6+ ) cells. Cells in the dermis and the vascular
endothelium were strongly HLA-class Il positive. Following rIFN-y inoculation the epidermal
keratinocytes also became HLA-class II positive but the hyperproliferative markers AE, and
LMM3 remained negative (Figures S and 6).

Discussion

Intradermal administration of recombinant gamma interferon resulted in several immunological
changes in the lesions of lepromatous leprosy patients. The most striking change was the induction
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of delayed type hypersensitivity (DTH) in all patients irrespective of the type of the disease, dose or
the numbers of rIFN-y injections. This resulted in oedema, a massive influx of mononuclear cells
and eosinophils and an increase in the granuloma fraction. The smaller extent of induration
observed in patients with BT and indeterminate disease suggests that the gross pre-existing dermal
infiltration in LL disease predisposes to the induction of DTH by INF-y. The bacterial index
decreased in the majority of patients by an average of —log 0-9. The epithelioid cell transformation
and the appearance of HLA-class II antigens on the epidermal keratinocytes was remarkable and
confirm the observations of Nathan et al.'°

To eliminate interlesional variation, the biopsies were taken very close to one another. In 2
patients the sites were dissimilar making it difficult to compare the granuloma fractions. The
induction of DTH and the epithelioid cell transformation indicate a shift in the immune spectrum
towards the tuberculoid pole. This may be a direct effect of IFN-y or it may result from the induction
of other lymphokines. The epithelioid cell transformation was seen most in the group receiving the
highest dose of IFN-y (group C).

The clearance of acid-fast bacteria in multibacillary leprosy is slow and prolonged. Studies in the
past had shown that high** and low doses'® of mixed vaccines (BCG + M. leprae) resulted in the
recruitment of mononuclear cells with the elimination of bacteria from the leprous skin lesions. In
addition, reactions to skin test reagents prepared from M. leprae (e.g. leprosin A) became positive
following the immunotherapy with mixed vaccines in some multibacillary patients, suggesting that
immunotherapy had a systemic effect. This is in contrast to the observation of the present study that
leprosin A skin tests continued to be negative in all patients.

The observation that no cellular changes occurred in peripheral nerves following rIFN-y,
indicates that thedosage used in this study was inadequate to induce a systemiceffect. However, the
rIFN-y was superior to the mixed vaccines with respect to the rapidity of the elimination of acid-fast
bacteria and the induction of other immunological changes.

We were concerned that the increased degradation of M. leprae associated with DTH might lead
to immunological reactional states. Only | LL patient developed erythema nodosum leprosum with
no neural damage. This was the same patient with a persistent induration up to 96 hr following the
injection of rIFN-y. All the patients in the study were receiving chemotherapy and we do not
therefore have any evidence that the reactional state in the single patient was due to rIFN-y. It will
be of considerable importance to consider the possibility of systemic reaction when designing
further studies, especially if IFN-y is administered parenterally.

In 14 of the post-rIFN-y biopsies, eosinophils and degranulated eosinophils formed a large part
of the infiltrate. With one exception these were seen in patients who received the higher (20 ug) dose.
The significance of their presence in DTH was unclear. Nevertheless, eosinophils are implicated as
effector cells in some disease states,? including leprosy, and produce pharmacological mediators
such as eosinophil peroxidase with known microbicidal activity.? Eosinophils may therefore exert a
bactericidal activity additional to that of the activated macrophages.

Immunocytochemical analysis of post-rIFN-y biopsies revealed that there was an increase in
pan T cells and that the T, and Ty cells became roughly equal in number. This is another striking
observation in LL patients following rIFN-y. In vitro assays had shown that rIFN-y induced HLA-
class Il expression on vascular endothelial cells,2’” macrophages,?® and Schwann cell cultures
infected with M. leprae.?® Similarly invivoadministration of rIFN-y induced HLA-class II positivity
on epidermal keratinocytes. The battery of monoclonal antibody markers for keratinocytes used in
this study did not, however, show evidence of the altered differentiation usually found during the
hyperproliferation of keratinocytes. This observation is in contrast to that of Nathan et al.'"® The
reason for this discrepancy is not known although rIFN-y has been shown to inhibit cell growth.?

In conclusion, we have shown that rIFN-y administration in small doses in LL, BT and
indeterminate patients induced DTH reactions. The monocyte-macrophage activation with rapid
bacterial clearance in lepromatous leprosy patients and the increase in pan T and T, cells indicated a
shift in the immune spectrum towards the tuberculoid pole. Further studies with larger doses of
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rIFN-y and for more prolonged periods in lepromatous leprosy are required in order to establish
whether this agent will be a useful adjunct to chemotherapy in leprosy.
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LEPROSY CONTROL AND FIELD WORK

Leprosy Control in Nepal

We have recently received the Annual Report (to July 1986) of the Joint Programme of His Majesty’s
Government of Nepal and the International Nepal Fellowship/German Leprosy Relief Association in the West,
Mid-West and Far West Regions of Nepal. The following is extracted from the introduction:

In 1975, the National Leprosy Control Project was established in the whole country. There was a project
formulation. While work in the eastern half of the country was taken up by HMG/N itself, the INF was made
responsible for LCP work in the western half of the country.

At the end of its first S years, there was an evaluation of the NLCP in the Western and Far Western Regions
of Nepal (now Western, Mid-Western and Far Western regions of Nepal) covering 45 years. This evaluation led
to achange in the case-finding methodology from the population surveys to a concentration on health education
and quality care.

Multidrug treatment was introduced in April 1982, following guidelines defined at the 2nd National
Workshop on Leprosy Control in November 1981.

After 4 full years of MDT, the effect of that treatment can be seen in a reduction of registered prevalence in
the areas where it was first introduced.

The project has now been running 11 years.

MDT has been given to 40% of patients in the field and is available to 25 out of 27 districts. Regularity of
attendance in these patients has been exceptionally good. During the past 4 years, 4206 patients have been
released from control. Source: Administrative Director, International Nepal Fellowship, The Programme
Office, PO Box 5, Pokhava, Nepal 33701.
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Tuberculoid leprosy in Mexicans
is associated with HLA-DR3
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Summary HLA-A, B, C, and DR antigens were investigated in a total group of 76
leprosy patients, classified according to the system of Ridley and Jopling in 30 TT
and 46 LL individuals. A group of 100 healthy subjects were included for
comparison. Patients and controls were all Mexican Mestizos born and
inhabitants of Mexico. Typing of blood group systems was also performed. All
TT patients showed a positive lepromin skin test, while all LL patients were
negative to the specific antigen. The distribution of red-cell antigens was similar in
both groups. The results of HLA typing demonstrated a significant association of
DR3 with the tuberculoid type (X2=11-85; p=0-0007; p.=0-04). The RR value
for DR3 carriers was 4-93 and the EF was 0-24. It is concluded that a Class II-
linked susceptibility gene plays an important role in the expression of tuberculoid
leprosy. This gene is closely linked to DR3 in the Mexican population.

Introduction

A considerable number of studies have been reported looking for an association between leprosy
and gene products of the major histocompatibility complex (MHC) in humans. Firstly, concerning
the HLA class I antigens,'"'° and later to the molecules belonging to the D region.!""'® An analysis of
the published results up to 1983 has been reviewed by Serjeantson et al.!” Even though technical
problems in HLA typing were sometimes evident, and the control group matching or the disease
classification were not strictly considered, and a consistent association between A or B antigens
could not be established from population studies, inheritance of HLA haplotypes in families
provided evidence of the participation of HLA genes in the susceptibility to leprosy.'™2 Typing of
class II products, which include HLA DR, DQ and DP antigens, clearly showed the relationship
between DR antigens and tuberculoid leprosy!'"'¢ in random population as well as in families.
Leprosy in Mexico is an endemic disease with an incidence of 21/100,000 inhabitants and the
patients are mainly located in the central plateau and the west area of the country.?? The most
common type of leprosy according to the classification of Ridley and Jopling? is the lepromatous
form; 62% of thecasesare LL and BL, 23% are BB and only 15% are TT and BT.? For this reason,
the first group we studied in 19732 looking for genetic factors was of LL patients. At that time, we
found a decrease of A2 and A3, but only 8 antigens were explored. In a further work done by us in
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1976% with a larger set of antisera and including locus C antigens, the previous observations were
not confirmed, and thus we concluded that class I antigens are not related to LL type in Mexicans.
Moreover the very well known MHC linkage desequilibrium relationships could readily account for
the inconsistent class I associations found in LL in different populations. On the contrary, TT was
clearly shown to be associated with DR2 in India,' Thailand'® and Japan'?'* and segregation of
haplotypes carrying DR2 has also been confirmed.'" 6182026 Among a group of a Caucasoid-
Negroid patients originating from Surinam, a significant increase of DR3 was observed in TT, and
was almost absent in LL.?

Rea & Terasaki?® reported an insignificant increase of DR2 in 19 Mexican TT patients. Because
this is the only study donefor TT in a Mexican group and many of the individuals were of Mexican—
American ancestry, we decided to explore as many TT Mexican Mestizos as possible, with no other
ethnic admixture. A better insight on the susceptibility genes that might be involved in the
expression of the disease in this racial group can therefore be achieved.

Materials and methods

Leprosy patients and controls were all Mexican Mestizos (an admixture of Caucasian and Indian
genes) born and inhabiting Mexico. One hundred unrelated healthy adults with no history of
leprosy were included for comparison. Leprosy patients were classified according to the system of
Ridley and Jopling, by experienced leprologists of the Centro Dermatologico Pascua and other
specialized centres in Mexico. The total patients group consisted of 76 individuals; 30 were
diagnosed as TT and 46 as LL, based on clinical and histopathological findings. Skin testing with
lepromin-A resulted in a positive response for all TT patients (induration above 5 mm) and a
negative one in every LL individual. Seventy per cent of them were natives of the central highland of
the country, 10% of the southeast and 15% of the southwest. The average age for the total group of
patients was 47-3 + 5, and did not differ between patients with TT (48:4 + 5) and LL (46-4 + 5). The
average age of the controls was 30-2 and 48% were females. Among LL patients, 78-3 were males,
while in the TT group 53-:3% belonged to this sex.

T and B cells from peripheral blood samples were separated using nylon wool columns.? A set of
303 sera were used to define HLA-A, B, C and DR antigens. Sera identified 20 locus A, 28 HLA-B, 7
HLA-C and 9 HLA-DR antigens, and the reagents were obtained locally, from NIH and by
international exchange. The standard microcytotoxicity assays described in the 8th International
Histocompatibility Workshop® were used for typing. Detection of blood group antigens of the
ABO and Rh systems was done by the established agglutination methods.

Statistics. Gene frequencies were calculated as p= 1 —,/T— 4, where 4 =antigen frequency. The
significance of the observed associations was determined comparing proportions using the chi-
square test corrected by Yates. p values were corrected (p.), multiplying by the total number of
antigens tested. Relative risk (RR) as described by Woolf,3 was evaluated as a measure of the
strength of association with a given antigen: RR =a x d/b x c; a, patients positive for the antigen; b,
patients negative for the antigen; c, controls positive for the antigen; d, controls negative for the
antigen. The aetiologic fraction (EF) was obtained according to Bengtsson and Thomson3? as
(RR —1)/RR (a)/a+b. This value indicates how much of the disease is ‘due’ to the associated factor.

Results

The distribution of blood group antigens in the patients showed no significant deviation in
comparison with the control group, either as a whole or considering the LL and TT groups
separately (Table 1).

Frequencies of class | antigens are equivalent among patients and controls (data not shown).
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Table 1. Distribution (%) of blood group antigens
in patients and controls

LL T Total
Controls patients patients patients
Antigen (N=100) (N=46) (N=30) (N=76)

A 23 196 30 237
B 7 87 10 92
AB 1 21 0 13
0 69 696 60 658
Rh+ 98 100 100 100

Table 2. Gene and antigen frequencies (%) of HLA-DR antigens in
patients and controls

Leprosy LL TT

Controls patients Patients patients

(N=100) (N=76) (N=46) (N=30)
Antigen — e
HLA AG GF AG GF AG GF AG GF
DRI 12 62 224 119 283 153 133 69
DR2 31 169 31:6 173 239 128 433 247*
DR3 8 41 224 119t 174 91 300 163t
DR4 27 146 368 205 457 263 233 124
DRS 19 1000 224 1119 239 128 200 106
DRw6 10 51 79 40 87 44 67 34
DR7 33 182 237 1277 196 103 300 163
DR8 24 128 11-8 61 13-0 67 100 51
DRw9 5 2-5 2:6 1-3 0 0 67 34
DRX 31 96 184 24 19-5 23 167 09

* DR2 showed a non-signifiant increase (X2=2-17; p=NS).

t DR3 was significantly increased in the total group: X>=8-541;
p=0003; p.=NS. Particularly, in tuberculoid patients: X2=11-85;
pc=0-04. RR=4-93 and EF=0-24

Table 2 shows the antigen and gene frequencies of HLA-DR antigens in all individuals submitted to
the study. The proportion of all class II antigens was similar in controls and the total group of
patients, except for DR3 that was significantly increased (GF =5-5% in controls vs. 11:9% in the
patients; x2=8-541 p=0-003; p.=9-19). Moreover, when the group was separated in LL and TT,
DR2 was found increased in TT patients (24:7% vs. 16:7%) and DR3 was significantly elevated
(16:3% vs 4:1% x*=11-85; p=0-0007; p.=0-04). The RR for DR3 carriers was 493 and the
EF=0-24.

Discussion

The accumulating evidences presented by different groups have shown that HLA markers encoded
by the D region are important in the expression of the 2 polar types of leprosy. It is clear, from this
report and from others, that LL is not related to any particular class 1 or DR antigen, although
DQw! has recently been reported associated to LL in the Venezuelan population.” The cosegration
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LEPROSY CONTROL AND FIELD WORK
WHO Guidelines for protection of personnel; HIV infection

‘Guidelines for personnel involved in collection of skin smears in leprosy control programmes for the prevention
and control of possibleinfection with HIV’ isa WHO document—WHO/CDS/LEP/87.1, issued recently, giving
details of protection of personnel in areas where HIV infection is known or suspected to exist. The full text was
printed in Leprosy Review, (1987) Number 3, 58, 207 and also appears in the /nternational Journal of Leprosy,
(1987) Number 2, 55, 421. Copies will be included in all future issues of the Technical Guide for Smear
Examination for Leprosy (Leiker and McDougall, published by the Leprosy Documentation Service
(INFOLEP), Amsterdam).

Training Disabled People in the Community; WHO and others

This is an A4 manual, of 652 pages, with hundreds of pictures and drawings. The full title is ‘Training disabled
people in the community; a manual on community-based rehabilitation for developing countries’. It has been
written as part of a cooperative programme for the United Nations Decade of Disabled Persons, carried out by:
United Nations Development Programme; United Nations High Commissioner for Refugees; United Nations
Centre for Social Development and Humanitarian Affairs; United Nations Children’s Fund; International
Labour Organization, United Nations Educational, Scientific and Cultural Organization the World Health
Organization. Date of publication May 1983. Principal authors and artists are: Einar Helander, Padmani
Mendia and Gunnel Nelson. This is a superb publication; the drawings are amongst the best we have seen for
this type of manual and the main concept of community-based training is one which should surely be studied by
those working in leprosy. The end section ‘Stories’, includes one about an Indian villager, Ramasamy, with
leprosy. Reference RHB/83.1. Office of Publications, WHO, Geneva. Cost not known.
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Summary The bactericidal activity for M ycobacterium leprae in mice of a range of
dietary concentrations of clofazimine and ethionamide was studied by the
proportional bactericidal technique. The 2 highest concentrations of clofazimine
studied, 0:01% and 0-003% were respectively 99:6+0:2% and 98+1:0%
bactericidal. Though less killing was afforded by 0-001% and 0-0001% clofazi-
mine, even the latter concentration retained significant bactericidal activity
(84+10% bactericidal). The minimal bactericidal dietary concentration of
ethionamide was found to be approximately 0-02% (68 +13% bactericidal).
Higher concentrations of ethionamide, 0-:05% and greater, were consistently more
active, at least 95+3% bactericidal. It is noteworthy in these studies that
significant bactericidal activity of both clofazimine and ethionamide was retained
at lower dietary concentrations than had been demonstrated previously.

Introduction

Actual bactericidal activity against M ycobacterium leprae appears critical in the therapy of
lepromatous leprosy. Recently results! were presented quantifying the killing of M. leprae in mice by
awide range of dietary concentrations of dapsone and rifampicin. Previous work?in this regard had
evaluated only high dietary concentrations of these and other agents which yield steady state levels
corresponding to peak levels experienced by patients undergoing therapy. The evaluation of the
killing of M. leprae by lower dietary concentrations that result in levels that are also experienced by
patients had not previously been evaluated by these same methods. Since clofazimine and
ethionamide are the only other antimicrobial agents that are widely used to treat leprosy,’ we
studied these 2 antimicrobial agents in a similar manner.

Both clofazimine and ethionamide have been demonstrated to be bactericidal for M. leprae-
infected mice at high dietary levels. Clofazimine 0-:003% and 0-01% in mouse food was previously
found to be respectively 96-99% and 98% bactericidal,? while ethionamide 0-1% and 0-2% was
found respectively 98-6% and 97-4% bactericidal.? Clofazimine accumulates in skin, resulting in a
dose-related red-black discolouration which makes the drug unacceptable to some patients. If the
dosage of clofazimine could be reduced without loss of significant antimicrobial potency, this would
certainly be advantageous. Ethionamide is not well tolerated in a significant number of patients
because of dose-dependent gastrointestinal intolerance, is hepatoxic, especially when combined
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with rifampicin,* and is costly. Therefore ethionamide dosage reduction, if associated with retained
antimicrobial activity, would be advantageous. Thus these studies were initiated.

Methods and procedures

The killing of a single strain of M. leprae by various dietary concentrations of both clofazimine and
ethionamide was quantitated by the proportional bactericidal test.> The strain utilized was
originally obtained from a patient, long maintained in mice and different from the one utilized in
our previously reported studies on the killing of M. leprae by various dietary concentrations of
dapsone and rifampin.' In these studies groups of 10 BALB/c female weanling mice were inoculated
with 10, 100, 1000, and 10,000 M. leprae in both hind footpads. Clofazimine (Ciba Geigy) and
ethionamide (Sigma) diets were prepared from 95% ethanol solutions and evenly distributed in
mouse food utilizing a Patterson Kelly twin-drum diet-mixing machine. Study mice were fed a
control diet of various dietary concentrations of clofazimine or ethionamide for the first 60 days.
Clofazimine was administered to mice in dietary concentrations of 0-0001%, 0-001%, 0-003%, and
0:01%, and ethionamide in concentrations of 0:02%, 0-:05%, 0:16%, and 0-3%. One year after
completion of therapy, footpads, generally from 5 mice (10 feet), were harvested individually, and
M. leprae enumerated from each. If the number of M. leprae detected were =5 x 10%, live bacilli
were judged to have survived therapy. From these results, the percentage bactericide and the
standard error were calculated by the method of Spearman and Karber.’

Results

The results of the killing of M. leprae by clofazimine are presented in Table 1. Over the range of
dietary concentrations of 0:0001% to 0-01% clofazimine resulted consistently in significant
bactericidal activity. Clofazimine, 0-01%, was impressively bactericidal, 99-6% +2%, and pro-
duced more killing of M. leprae than the 3 lower dietary concentrations of clofazimine studied
(p<0-01). Clofazimine 0-003% produced 98 + 1% killing, and resulted in more bactericidal activity
(p<0-:01) than both 0-:001% and 0-0001%. The killing of M. leprae by 0-:001% and 0-0001%
clofazimine (94 +4% and 84 + 10% respectively) were indistinguishable (p=0-13).

The results of the killing of M. leprae by ethionamide are presented in Table 2. Ethionamide,
0-05%, 0-16%, and 0-3% in diet, produced equivalent killing (p> 0-:05) of M. leprae, respectively

Table 1. The killing of M. leprae by clofazimine

Inoculum size
(M. leprae per footpad) Proportion M. leprae
— — of viable killed

Treatment 104 10° 10? 10" M. leprae* +S.E.
Control 9/10t 9/10 10/10 8/10  0-0869 —
Clofazimine 0-0001 % 10/10 6/10 2/10 0-0138 84-1+10%
Clofazimine 0-001 % 10/10 4/10 0/8 0-:0055 93-7+4%
Clofazimine 0-003% 8/8 8/10 0/10 0/10 0-0014 984+ 1%
Clofazimine 0-01 % 4/4 1/8 1/10 0/6 0-:00037 99:6+0-2%

* Derived from 0-69/1Ds.
T Number of footpads showing multiplication of M. leprae/number of footpads
harvested.
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Table 2. The killing of M. leprae by ethionamide

Inoculum size
(M. leprae per footpad) Proportion M. leprae
. of viable killed
Treatment 104 10’ 10? 10" M. leprae*  +S.E.

Control 8/8t 10/10 10/10  6/10 00869 —
Ethionamide 0:02% 10/10 10/10  9/10 2/10 00275  68+13%
Ethionamide 0-05% 10/10  7/10  0/10  1/10  0-0014 98+ 1%
Ethionamide 0-16% 9/10  10/10  1/10 00022 97+1%
Ethionamide 0-3%  8/8  10/10  2/6  0/6 0-0047  95+3%

* Derived from 0-69/1Ds,.
t Number of footpads showing multiplication of M. leprae/number of
footpads harvested

98% + 1%, 97% + 1%, and 95% +3%. Ethionamide, 0-02%, also resulted in a minimal but
significant (p=0-03) bactericidal effect, 68 + 17%; its bactericidal activity was, however, decidedly
less (p <0-01) than each of the 3 higher studied concentrations of ethionamide.

Discussion

Shepard established that on continuous administration the minimal effective dose of clofazimine in
mice was 0:0001%.% In our study the activity of clofazimine for M. leprae was found to be
bactericidal, thus confirming previous studies in mice of Levy’ and Colston.? Levy® studied in M.
leprae-infected mice the effect of various dietary concentrations of clofazimine by the kinetic
technique,® wherein treatment is administered during a limited period during the logarithmic
multiplication of M. leprae. By this method, a delay in multiplication of M. leprae for a period of
time longer than the period of drug administration which cannot be explained by drug
accumulation is considered to represent bactericide.® Levy’ found 0-0001% clofazimine to be
inhibitory against a strain of M. leprae but not bactericidal, while 0-001% and 0-01% clofazimine
were found to exhibit bactericidal-type activity. Though clofazimine accumulates in the tissues of
mice and is excreted slowly, the delay in the resumption of multiplication of M. leprae in mice
treated with 0-001% and 0-01% clofazimine in this study was felt to be more than could be
accounted for by drug accumulation alone. Colston? found, utilizing as we did the proportional
bactericidal technique, 0-003% and 0-01% clofazimine to be 96-99% bactericidal. Our results of
0:003% and 0:01% are remarkably similar to those of Colston, 98% and 99-6% bactericidal
respectively. In our studies 0-001% and even 0-0001% clofazimine, though resulting in less killing
than higher dietary concentrations, retained significant bactericidal activity, 94% and 84%
respectively.

For clofazimine it is particularly hazardous to extrapolate from studies in mice to man because
of vastly different half lives in the 2 species, | week in mice and 70 days in man, and complexities of
drug absorption, metabolism and tissue accumulation that remain largely unknown.” Nonetheless,
these studies demonstrate that bactericidal activity of clofazimine for the studied strainis retained at
even very low dietary concentrations of clofazimine. If the bactericidal activity of low dietary
concentrations of clofazimine found for this strain is established for the majority of strains of M.
leprae, dosage reduction of clofazimine in man from the customary 50 to 100 mg daily could be
considered.

The earliest studies by Shepard®!' on the activity of ethionamide against M. leprae in mice
utilizing the kinetic technique found 0-001% inactive, 0-01% bacteriostatic, and 0-1% or 0-:2%
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NEWS AND NOTES

XIIIth International Leprosy Congress, 11-17 September, 1988, The Hague, The
Netherlands

Full details of the sessions have already been printed in this journal; see Number I, 58, 1986.

The Congress Location and Hotel Accommodation: The 13th ILA Congress will be held in The Netherlands
Congress Centre, The Hague, The Netherlands, from 11-17 September 1988. Hotel accommodation will be
provided in several price categories ranging from ca. Dfl. 50,-to Dfl. 250,- and more. Congress Bureau: For all
information concerning the congress, please contact the Congress Bureau: QLT Convention Services,
Keizersgracht 792, 1017 EC Amsterdam, The Netherlands. Tel. + 31 (0)20-26 1372, Tlx. 31578 inter nl att glt.
This Meeting is co-sponsored by the World Health Organization.

XIIth International Congress for Tropical Medicine and Malaria, September 1988
This congress will be held in the International Congress Center RAI in Amsterdam from 18-24 September 1988,
immediately after the International Leprosy Congress (above).

Information can be obtained at: Organisatie Bureau, Amsterdam, Europaplein 12, 1078 GZ Amsterdam,
The Netherlands. Tel. + 31 (0)20-440807, Tlx. 13499.

Meeting of the International Society of Dermatology, Oxford, September 1988
A joint meeting of this Society with the International Society of Dermatopathology will take place in Oxford,
UK, 4-8 September, 1988. There will be at least two sessions on leprosy, including histopathology, together with
exhibits and demonstrations, one of which will come from the Wellcome Institute of Tropical Medicine in
London. Furtherdetails; Mrs Christine Cherry, Department of Dermatology, the Slade Hospital, Headington,
Oxford, OX3 7JH, England.
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Field Laboratory Services for Leprosy, Calcutta, March 1987
Dr D S Chaudhury, Project Director, Greater Calcutta Leprosy Treatment and Health Education Scheme, has
kindly provided the following account of this workshop.

The Workshop was held on 28 February and 1 March. The papers that were presented in the Scientific
$cssions covered broadly the following items:

Standardization of smear techniques, grading of bacteriological index, morphological index and its
importance, importance of cross-checking of smears, smear workload with reference to population and
caseload, smear taking in the field by a Paramedical Worker vis-a-vis a Smear Technician and training needs
with particular reference to standardization of training in learning ficld laboratory work.

2 The Second Scientific Session dealt with field testing of drug compliance, role of histological examinations in
National Leprosy Eradication Programme, animal models, procurement and supply of stores and
equipments and laboratory forms—some suggestions for the improvement etc.

The Scientific Sessions were followed by open-house discussions which covered topics, e.g. minimum cssential
requirements for field laboratory services under NLEP, field investigations with particular reference to
Multidrug Therapy Districts, up-grading of laboratory facilities in the Regional Training Centres and
assessment of requirements of man-power and equipment to maintain optimum quality of work.

The proceedings revealed a number of deficiencies in the existing services for skin smears in leprosy.
Remedial measures were discussed in detail. Source: Dr D S Chaudhury, as above, 35/1/A Old Ballygunge, Ist
Lane, Calcutta 700 019, India.

Aids for Living: disability prevention

This is a new publication on low-cost technologies for the prevention of disability and the rehabilitation of
disabled people throughout the developing world. Free of cost to those working in developing countries. Apply
AHRTAG, 85 Marylebone High Street, London WIM 3DE, England.

International Disability, Education and Awareness (IDEA)

This organization continues to keep us informed of courses which are run in the UK on disability and
rehabilitation in the developing world; intended primarily for rehabilitation workers and those with a
background in occupational/speech therapy, orthopacdics, nursing, social work, psychology, special education.
Apply: Director, William House, 101 Eden Vale Road, Westbury, Wiltshire BA13 3QF, England.

Victoria Hospital, Dichpalli, India

We were glad to receive the Annual Report for 1986. Multiple drug therapy has been used with considerable
success and the total number of registered patients is coming down. MDT was introduced in late 1982 and by the
end of 1986, 453 patients had completed treatment and remain on review. By the end of 1986, there were in fact
only 101 patients on the treatment register. Only a negligible number of patients have developed reactions while
on MDT. Victoria Hospital, Dichpalli-503 175, Nizamabad District, Andhra Pradesh, South India.

Social Work Techniques for Paramedical Workers, India

We have received a copy of this excellent booklet, produced by the German Leprosy Relief Association and
Leprosy Relief Work Emmaus-Switzerland, prepared by the Consultative Committee in India (COCO) and
published in India. The contents begin with *Why do patients not come fortreatment?’ and end with ‘How can
you communicate effectively? Apply: Regional Secretariat for India GLRA-ALES, 4 Gajapthy Street, Shenoy
Nagar, Madras 600 030, India.

The use of slides in teaching, ASME

This Medical Education Booklet (Number 13) comes from the Association for the Study of Medical Education,
150bPerth Road, Dundee DD1 4EA, Scotland and is written as a practical guide to the usc of slides in teaching.
Although only 16 pages in length it is superb and should be compulsory reading for everyone, including doctors
and scientists, who present slides at lectures and congresses (and might, with enormous benefit to the audiences,
form the basis of required procedues for the forthcoming Leprosy Congress in the Hague, 1988, see page 411).
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Summary Our studies indicate that the patient with leprosy is at risk for
developing keratoconjunctivitis sicca. The cause of keratoconjunctivitis sicca in
our patients suggests that the aqueous layer of the tear film may be decreased as a
result of a decrease in secretion of tears from the accessory lacrimal gland of the
conjunctiva although it could also be decreased due to a diseased afferent arc to
the lacrimal gland or to a diseased lacrimal gland both resulting in decreased
aqueous production. In addition the stability of the precorneal tear film is
probably affected due to a decrease in corneal sensation and to lagophthalmos
both of which result in decreased blinking, as well as failure of the lid to resurface
the tears because of irregularity of the conjunctiva or cornea.

Our results suggest that patients with leprosy should be followed closely for
keratoconjunctivitis sicca and that treatment directed towards this problem
should be initiated early.

Introduction

Absence of the precorneal tear film is a potentially serious problem in ocular leprosy, and this
combined with corneal exposure is a major cause of blindness in these patients. In an effort to
identify the individual components of keratoconjunctivitis sicca which might lead to corneal
damage, we have carried out complete ocular examinations on 73 consecutive patients with biopsy
proven leprosy who were seen at the Hansen’s Disease Clinic in the San Francisco Bay Area. In the
study we found a significant number with a decrease in the precorneal tear film.

Leprosy commonly affects the eyes. Moreover, ffytche has stated that leprosy affects the eyes
more frequently than any other systemic disease.! Estimates of ocular complications in leprosy vary
from 6% to 93%2? and of the 10-15 million who suffer from the disease* possibly 5% are blind.* The
periocular structures including the skin as well as the anterior segment of the eye are most frequently
involved in leprosy, but the greatest threats to vision arise from lagophthalmos, chronic
iridocyclitis, and keratitis. In our studies we therefore directed much of our attention toward
determining the severity and frequency of exposure keratitis and loss of the precorneal tear film. The
various parameters we studied included: the Schirmer tear test, tear lysozyme, corneal sensation,

0305-7518/87/058413+05 $01.00 (© British Leprosy Relief Association 413






Keratoconjunctivitis sicca in leprosy 415

symptoms or disease or any other underlying systemic diseases. They were tested with the Schirmer
tear test strips, tear lysozyme determination and corneal sensation.

All data were coded and entered on a standard proforma for computerization. Results were
analysed using Fisher’s exact test corrected for small sample sizes.

Results

Of the 73 patients with leprosy 67% were males and 33% were females. All patients lived close to the
San Francisco Bay area, but most had emigrated from other countries such as Mexico (32%),
Philippines (28%) and Southcast Asia (32%). The distribution of disease classification as
determined by biopsy is listed in Table 2. Patients with multibacillary disease accounted for 77% of
the sample. This is proportionally similar to the population registered at this clinic.

Leprosy patients had significantly lower Schirmer test results from controls. Low (<5 mm)
Schirmer results, being indicative of loss of precorneal tear film were more common (p=0-002,
Fisher’s exact test) among leprosy patients. Abnormally low Schirmer readings were evident in 6%
of the controls. Considering this as a background rate, the excess rate of abnormal Schirmer tests is
21-9% + 10% among patients with leprosy (see Table 3).

Corneal sensation was moderately or markedly diminished in 40-8% of the eyes of leprosy
patients studied and 10% of the eyes on non-patients (p =0-002). Non-patients can be expected to
represent the background of the decreased corneal sensation in the non-leprosy population. The
excess risk of diminished corneal sensation among patients can then be calculated at 30-8% +12-1%
(see Table 4).

Table 2. Disease classification
of patients seen

Lepromatous 55%
Borderline lepromatous 21 %
Borderline 1%
Borderline tuberculoid 20%
Tuberculoid 3%

Table 3. Quantity of tear fluid as measured by
Schirmer strip

By cye
Schirmer
measurement  Leprosy patient (%) Normal (%)
Abnormal
<S5mm 39 (279) (p=0-002) 3 (6:0)

Normal
6-10mm 40 (28-6) 1S (30-0)
>l mm 61 (43:6) 32 (64-0)
Total 140 (100-0)* 50 (100-0)

* Six of the 146 eyes are without results; 4 did not
complete this test and 2 denied cooperation.

Excess risk among leprosy  patients
=219% + 10%.
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Table 4. Corneal sensation as measured by the Cochet—Bonnet esthesiometer

By eye
Corneal sensation -
measurements Leprosy patient (%) Normal (%)
Normal
(no area decreased) 54 (45:0) 29 (58-0)
Slightly low
(1 or more areas decreased one unit) 37 (30-8) 16 (32-0)
Moderately low
(1 area decreased 2 units) 30 (25:0) 3 (6:0)
p=0-002
Markedly low
(2 areas decreased 2 units) 19 (15-8) 2 (40)
Total 120 (100-0)*+ 50 (100-0)

* The first 20 eyeswere tested by cotton wisp, an unquantifiable instrument.
These have been removed from the analysis. The results from 6/146 eyeswere not
available due to lack of cooperation (2 eyes) and failure to complete the
examination (4 eyes).

t Numbers add to greater than 120 because of inclusion in more than |
group.

Excess risk of moderately or markedly low corneal sensation in leprosy
patients 30-8% + 12:1%.

Table 5. Abnormalities of tear film or surfacing pathology

Leprosy: No. eyes positive/No. eyes examined

Lagophthalmos 12/146 (8%)

Interstitial/Avascular keratitis 12/146 (8%)
Superficial keratitis 8/146 (6%)
Pterygia* 12/146 (8%)
Conjunctival scarring* 18/146 (12%)

* Not caused by leprosy.

Tear lysozyme values for both leprosy patients and controls were the same being slightly
decreased in 32% of patients and markedly decreased in 8%.

The external and slit-lamp abnormalities which were present and considered as possibly the
cause of pre-corneal tear film abnormalities are recorded in Table S.

Stratification of patients into multibacillary and paucibacillary groups resulted in no differences
being found for the Schirmer tear test, tear lysozyme or corneal sensation studies. Similarly, the
pathology seen on external examination and slit-lamp examination only reflected the overall
prevalence of disease types.

We were unable to accurately determine the duration of leprosy in many patients; therefore, we
did not attempt to correlate our findings with duration of disease although it was our impression
that the longer leprosy was present the greater was the prevalence of pathology and of abnormalities
of the precorneal tear film.
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Discussion

An adequate precorneal tear film is necessary to maintain healthy corneal and conjunctival
epithelium. Furthermore, even in normal eyes, the tear film is unstable and must be constantly
renewed and remixed through blinking. Ininstances in which the tear film does not adequately cover
the cornea and conjunctiva, the epithelium may break down which can lead to discomfort,
keratinization, scarring, vascularization, infection and even perforation of the cornea with loss of
vision.

Traditionally the tear film has been divided into its various components, which include the lipid
layer which is derived from the meibomian glands; the aqueous layer which is derived from the
accessory lacrimal glands and lacrimal gland; and the mucous layer which is derived primarily from
the conjunctival goblet cells. Our study using the Schirmer tear test would indicate that in a
significant number of patients the aqueous component of tears is reduced, as compared to both our
control patients and those of von Bijsterveld who studied the Schirmer teartestin over 1000 normal
eyes.’

The tear lysozyme has been found to be a component of the aqueous which is produced by the
lacrimal gland but not a component of the accessory lacrimal gland of the conjunctiva.? Our results
therefore, suggest that the reduced Schirmer teartest was a reflection of a decrease in function of the
accessory lacrimal glands.

Inasmuch as our examination dealt with the measuring of the Schirmer tear test prior to
examining the patient at the slit-lamp, the tear break-up time itself was not evaluated. The tear
break-up time is thought to be a reflection of the mucous component of the precorneal tear film. The
mucous component is decreased in many instances in which there is scarring of the conjunctiva such
as occurs in trachoma. Of interest however, is the fact that 20% (29/146) of the eyes examined had
evidence of trachoma.

Irregularity of the conjunctiva (e.g. trachomatous scarring, keratinization), failure for thelid to
properly surface the cornea with each blink as might occur from lagophthalmos, ectropion, or
entropion, as well as decreased rate of blinking due to loss of the afferent limb of the blinking reflex
all may affect the pre-corneal tear film. The function of blinking in which the closure of the lids tends
to mix and restabilize the tear film is thought to play a large role in the stability of the tear film.
Facial nerve weaknessin lagophthalmos whichwas noted in 8% of the patients eyes in our study was
significant. We are unable to state if interstitial keratitis or superficial keratitis whichwas seen in 8%
and 6% respectively of our patients caused irregularity of the corneal surface and affected the
precorneal tear film.

The measurements for corneal sensation in our study showed a significant decrease as compared
to normal, suggesting that these patients are probably less sensitive to stimuli which usually caused
blinking. This may predispose the patient to exposure as a result of poor resurfacing and
stabilization of the tear film.
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TEACHING MATERIALS AND SERVICES

Technical Guide for Smear Examination for Leprosy

The first edition in English (1983) is now virtually out of print and a second (reviewed) edition is due to be
published by the end of 1987. This Guide has been translated into French, Thai, Arabic, Spanish, Turkish and
Bengali. A translation into Portugese has been done and is being prepared for the press. Hausa and Indonesian
are in hand, but not yet translated. Distribution seems to have been fairly wide; for instance in the Eastern
Mediterranean alone, Dr Wahdan, Director of Disease Prevention and Control for the Regional Office of
WHO, has recently written to say that nearly 2000 copies were distributed to Arab-speaking countries in the
Region—and the sales from distributing agencies in London and Oxford have been impressive. Addresses and
method of application for the various translations will be published in the next issue of this journal. Meanwhile
enquiries to Secretary, TALMILEP, DAHW, Postfach 348, D-8700 Wiirzburg, West Germany.

Leprosy for medical practitioners and paramedical workers; Ciba-Geigy

This booklet by R H Thangarajand S J Yawalkar, published in 1986 by Ciba-Geigy, Basle, is now virtually out
of print in its first edition—and has already been revised. Copies are available free of charge from The Medical
Department, Ciba-Geigy, CH-4002, Basle, Switzerland. This is a high-quality booklet of about 100 pages,
profusely illustrated in colour; extremely comprehensive; probably the most up to date and readable source of
information of its kind currently available. It is being translated into French. It has been adapted and re-written
for lay reading and ‘basic information’ and this version will probably be ready in early 1988.

Chart for Bacteriological Index (BI) in leprosy

This chart, giving a diagrammatic representation of the findings at BI 1-6 on the scale devised by Dr D S Ridley,
and widely accepted in most parts of the world for slit-skin smears in leprosy, has been distributed to most
leprosy endemic countries and also reproduced in various booklets and other items of health-learning material.
WHO in Delhi recently produced and distributed 42,000 copies in India alone and has a reserve of several
thousand more forother South East Asia countries. It should be A4 size (double the size asit appearsin Lepr Rev
1986; 57, 82) and despite the added cost, is best printed on card rather than paper, then laminated and sealed in
plastic.

Guidelines for Tuberculosis Control Programmes, OXFAM

This OXFAM Practical Guide, No. 4, produced by the OXFAM Health Unit and written by Dr Paul Shears, is a
handbook of 59 pages, first published in 1985, dealing with essentially practical issues in tuberculosis control.
There are |5 chapters and 7 appendices, covering virtually everything of importance for control programmes in
developing countries. There is much of interest and relevance for those working in leprosy in the pages of this
inexpensive publication (£1.50, plus postage, percopy). OXFAM Health Unit, 274 Banbury Road, Oxford OX2
7DZ, England.

Teaching materials, The Leprosy Mission, London

Twenty-seven items of health learning material are available from TLMI in London, with recommendations on
suitability for various levels of health staff. The entire list has recently appeared in the International Journal of
Leprosy, Volume 55, Number 2, 1987 and is available on request from: Teaching and Learning Materials, The
Leprosy Mission (International), S0 Portland Place, London WIN 3DG. Some items are free, others have a
basic charge; surface mailing is free, but air mailing is charged.

Education for Primary Health Care, Manchester, UK

The Department of Education in the University of Manchester offers 3 courses in this subject. The Diploma, run
in collaboration with the Department of Community Medicine seeks to offer a fundamental grounding in the
nature and components of Primary Health Care for people working in developing countries.

Although a postgraduate Diploma, nurses and teachers have regularly been accepted on this course. The
Master’s course is directed at the needs of people who are involved in the management and co-ordination of
various aspects of Primary Health Care. It seeks to combine a practical orientation with some research into a
particular area of need or interest.

The summer course (6 weeks) is intended for those who have an interest in Primary Health Care but only a
few weeks at their disposal. The course generally runs from late May through June.

All courses emphasize people’s participation in the promotion of their own health and the need for health
initiatives to be part of wider development strategies.

Apply: Administrative Assistant: Centre for Adult and Higher Education, The University, Manchester M13
9PL, England.
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Endothelial cell bacillation in
lepromatous leprosy: a case report
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Summary We report observations on a biopsy specimen of skin from a
lepromatous leprosy (LL) patient with heavy bacillation of vascular endothelial
cells. The staining properties of the bacilli in the endothelial cells when compared
to those in the surrounding macrophages suggest that endothelial cells may be
preferential sites for growth of M ycobacterium leprae.

Introduction

Acid-fast bacilli (AFB) in the endothelium of blood vessels in lepromatous patients has been a
subject of interest for many years."® Most observers now accept that, like macrophages and
Schwann cells, endothelial cells are heavily and persistently bacillated in polar lepromatous lesions.
The fate of AFB in vascular endothelial cells and the role of the bacillated endothelium in the
evolution of granulomas remain unclear. We recently reviewed a biopsy specimen of skin from a
patient with active lepromatous leprosy with interesting findings related to heavy bacillation of the
endothelial cells of blood vessels. Histological and ultrastructural features are presented.

Case report

The biopsy specimen was from the left forearm of a 61-year-old Mukongo man from Zaire. The
patient stated that the disease began 6 months prior to biopsy, and there was no history of specific
antileprosy therapy. At biopsy, the patient had innumerable vague coppery macules over much of
the body with thickening of the skin of the ears, nose and upper lip, and nodules over the left wrist
and right elbow. The ulnar, radial cutaneous and common peroneal nerves were thickened, and
there was loss of sensation over both plantar surfaces.

The single 6-mm punch biopsy specimen was bisected and fixed for both light and electron
microscopy. For light microscopy, tissue was fixed in 10% buffered formalin, processed and
embedded in paraffin, and 5-u sections stained with hematoxylin-eosin and Fite—Faraco stains. For

* Present address: Institute of Pathology, ICMR, PO Box 4909, New Delhi 110029, India.
t Correspondence and requests for reprints.
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Figure 1. Skin of patient studied showing lepromatous infiltrations that consisted largely of vacuolated
macrophages in the dermis. (H&E original x 60.) (AFIP neg. 87-5210.)

Figure 2. Oil-immersion photomicrograph of Figure 1, showing acid-fast bacilli in a dermal blood vessel (arrow)
and in dermal macrophages. The organisms in the endothelium of blood vessels are mostly solid-staining while
those in the macrophages are mostly beaded. (Fite--Faraco original x 600.) (AFIP neg. 87-5208.)

electron microscopy, tissue was fixed in formol-glutaraldehyde, post-fixed in osmium tetroxide,
processed and embedded in Spurr’s low-viscosity resin. Ultra-thin sections from blocks with
adequate cellular infiltrations, as demonstrated in toluidine blue-stained semi-thin sections, were
cut with diamond knives and stained with uranyl acetate and lead citrate before examination with a
Zeiss EM 109 electron microscope.

Light-microscopic examination revealed that about 20% of the dermis was occupied by
lepromatous infiltrates in the superficial and mid-dermis (Figure 1). These infiltrates consisted of
clusters of coarsely vacuolated macrophages mixed with a few lymphocytes. Fite-Faraco stain
revealed large numbers of AFB in macrophages, nerves and vascular endothelial cells. The
organisms were in loose clusters and in globi.
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Figure 3. Oil-immersion photomicrograph from another area of section shown in Figure | showing two dermal
blood vessels (arrows) and a large vacuolated macrophage. Note differences in staining properties of acid-fast
bacilli at the two sites. (Fite—Faraco original x 600.) (AFIP neg. 87-5209.)

Figure 4. Electron micrograph of a dermal blood vessel. There are numerous solid organisms in both the
endothelial cell cytoplasm and in the vessel lumen. The bacillus cut in longitudinal section is in the vessel lumen.
(Uranyl acetate and lead citrate original x 7,500.) (AFIP neg. 87-5206.)
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Figure 5. Electron micrograph of a dermal macrophage located near the blood vessel seen in Figure 4. There are
both solid and fragmented forms (arrows) in the macrophage cytoplasm. (Uranyl acetate and lead citrate
original x 7,500.) (AFIP neg. 87-5207.)

The striking feature in this lesion was the marked difference in the staining properties between
the AFB in the endothelial cells and those in the surrounding macrophages and nerves (Figures 2
and 3). Thus, a remarkably high percentage of the organisms in the endothelial cells were solid-
staining while fragmented AFB predominated in macrophages and nerve twigs. Morphologic
indices (MI) of AFB in each small cluster of cells with a bacillated blood vessel in it were estimated
on the histological section. The results revealed an approximate 10-fold difference between the
proportion of well-stained bacilli in the vascular endothelium compared to those in adjacent
macrophages. There was no difference in the MI of the AFB in the superficial and deeper layers of
the dermis.

Electron-microscopic (EM) examination confirmed thedifferences in the morphologic indices in
endothelial cells and macrophages (Figures 4 and S). Multiple blocks were sectioned from the
processed tissue, and all the grids examined showed a persistently high degree of endothelial cell
bacillation with free organisms in the capillary lumina in about 60% of blood vessels in the cellular
infiltrations. Although most of the bacilli in the EM sections were cut in cross-section, nearly all of
the organisms in the endothelial cells had uniformly staining cytoplasm and intact cell walls. In
contrast, fragmented bacilli predominated in macrophages in the immediate perivascular area, and
in the nerves.

Comment

The staining characteristics of Mycobacterium leprae both in tissues and in smears reflect the state of
viability of the organism. Thus, organisms staining as solid rods in the Fite—Faraco stains and as
uniformly stained electron-opaque structures with intact cell walls in electron micrographs of thin
sections are regarded as viable. However, those that are fragmented, beaded or granular by the
Fite-Faraco stain, and with irregular electron opacities, and electron-lucent areasin the cytoplasm,
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or incomplete or fragmented cell walls in electron micrographs, are considered non-viable.”® We
observed a clear-cut difference between the bacilli in the endothelial cells and those in the
macrophages, with many more solid forms in endothelial cells by both light- and electron-
microscopic examinations. Although there have been several reports on the frequency and degree of
endothelial cell bacillation, we are not aware that this aspect of the lepromatous lesion, i.e. the
higher MI in the blood vasculature endothelium, has been highlighted before. Incidentally, in this
patient we did not observe a higher MI in the lepromatous infiltrations in the superficial zone of the
dermis, i.e. near the epidermis as had been reported.’

Metabolic requirements of the leprosy bacillus may explain why the percentage of solid-staining
(and, hence, viable) organisms is higher in the endothelium of blood vessels. /n vitro studies on the
metabolism of M. leprae indicate the following: (i) respiration in M. leprae is mediated through the
cytochrome system with oxygen as the final electron acceptor;' (ii) a complete tricarboxylic acid
cycle is operative in M. leprae;'"'? and (iii) production of ATP by M. leprae requires oxygen.'* These
observations make the availability of oxygen an important factor in the growth and viability of this
bacterium. Amongst the various cells parasitized by M. leprae in the lepromatous lesion, the blood
vessel endothelial cell most likely has the highest pO, because of its proximity to circulating blood.
Another factor that may be operative is that, unlike macrophages, endothelial cells have no known
bactericidal mechanism and have not been shown to develop such mechanisms upon stimulation by
lymphocyte products. In fact, in a larger study of the ultrastructure of bacillated endothelial cells in
leprosy, we have not observed any evidence of bactericidal activity in the vascular endothelium.

Our findings emphasize the importance of blood vessels in lepromatous infiltrations and
indicate that the vascular endothelium can be a preferential site for growth of M. leprae. Our
experience in the histopathologic evaluations of large numbers of biopsy specimens from
lepromatous leprosy patients suggests that the differential staining of M. leprae in endothelial cells
and macrophages is a common phenomenon. We believe, however, that a larger study designed
specifically to investigate this point is warranted.
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NEWS AND NOTES

The Heiser Program for Research in Leprosy

Beginning postdoctoral research fellowships, research grants, and visiting research awards available in amounts
up to $19,000 per year, plus other allowances. Applicants should have MD, PhD, or an equivalent degree.
Applications by 1 February 1988, for awards to be activated June to December 1988. For information, write to:
The Heiser Program, 450 East 63rd Street, New York, NY 10021.

Retirement of Dr R H Thangaraj, The Leprosy Mission International, Southern
Asia
Dr R H Thangaraj has now retired as TLMI Director in Southern Asia. However Dr (Mrs) E S Thangaraj will
continue her work as Medical Coordinator and will still supervise the distribution of literature.

Please note that all correspondence and orders from India for Teaching and Learning Materials should be
addressed to: Dr (Mrs) Thangaraj, Medical Coordinator, The Leprosy Mission, Salur 532 591, Vizianagram
District, Andhra Pradesh, India.
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Photodermatitis provoked by dapsone:
a case report

MARY S JOSEPH
Christian Hospital, Manorom-17110, Chainat Province, Thailand
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Summary A 61-year-old patient with leprosy developed photodermatitis due to
dapsone. The diagnosis was confirmed by clinical trial. This case report
demonstrates one of the rare and probably unreported side-effects of the most
commonly used antileprosy drug, dapsone.

Introduction

Diamino-diphenyl sulphone (DDS) which was introduced in the treatment of leprosy in the 1940s
acts mainly as a bacteriostatic agent. It is a competitive inhibitor of PABA and it interferes with
folate metabolism. Its use does not meet with too many side-effects in the field of leprosy and it is still
the most widely used antileprosy drug.

Among the various documented adverse effects of dapsone the skin manifestations include
generalized rashes,'” exfoliative dermatitis,® toxic epidermal necrolysis,’ erythema multiforme
bullosum!? and fixed drug eruptions (FDE) in the form of hyperpigmented macules."!"'? The author
came across a case of pustular and acneiform skin eruptions caused by the drug.” Photosensitivity
as a side-effect is not found listed among the skin manifestations as this is an extremely rare side-
effect and probably not yet encountered by leprologists.

Case report

A 61-year-old Thai female patient with a 5-year history of leprosy, and no previous antileprosy
treatment, was admitted at the Nonsombun Leprosarium, Khon Kaen, Thailand on 7 September
1984 for treatment of trophic ulcers of feet. The patient had no history of any drug allergy in the
past.

Clinically she was a case of diffuse lepromatous leprosy with bilateral trophic ulcers of hands
and feet. Both ulnar and lateral popliteal nerves were uniformly thickened, firm and nontender.
There was no significant deformity. The initial BI was 45 with MI 4%. Her bodyweight was 50 kg.
Systems were normal clinically and Hb was 10-0 gm%.

Antileprosy treatment was started on admission with the MDT/WHO regimen for MB cases,
the dose of DDS being 50 mg/day.

From 15 October 1984, S weeks after starting treatment, the patient had repeated ENL for
which a course of prednisolone was given. On 24 November 1984 (11 weeks after starting DDS)
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Figure 1. Exfoliation of the skin on the sun-exposed areas and oedema of the face.

while still on prednisolone S mg/day for ENL, the patient developed itching, redness and swelling of
face. On the next day there was exfoliation of skin over the sun exposed areas, especially of the face
and forearms (Figure 1). The covered areas were free of symptoms and signs. In addition the patient
had bilateral conjunctivitis. There were no other manifestations such as jaundice, lymphadeno-
pathy, generalized skin eruptions, etc. The patient was febrile, but this could have been due to ENL
(because on later occasions when she developed dermatitis on exposure to sunlight there was no
fever).

The condition was thought to be a case of photosensitivity induced by dapsone, so the patient
was strictly advised to stay indoors to avoid sunlight. A course of prednisolone was restarted for the
present condition (ENL was under control by then). Topical skin as well as eye ointments were also
prescribed. The dermatitis improved well and by 1 1 November 1984 prednisolone could be stopped.
The patient continued to have slight itching of the involved skin for which only antihistamine
(chlorpheniramine maleate) was needed. All antileprosy drugs including DDS were being continued
and the patient tolerated them well. She followed the advice and always remained inside the ward.
There was no relapse of skin lesions while she remained indoors.

Then, on 15 December 1984, 4 days after being taken off prednisolone and while still on
antihistamine, 2 tablets per day, she sat on the verandah exposing herself to the morningsunlight as
it was the winter season. But she had to stop after about an hour because she developed itching on
the face and neck. The next day there was fresh exfoliation of skin on the sun-exposed areas along
with erythema and oedema of face as well as conjunctivitis. Dapsone was stopped on that day, 16
December 1984. Prednisolone was started again along with topical applications and was tapered off
over the next few weeks.

Three days after stopping DDS the patient as intentionally exposed tosunlight for an hour at the
end of which she had redness and itching over the exposed areas. She was kept indoors again. One
week after stopping DDS the patient was able to tolerate the sun and from then on was allowed to
move about normally. In fact she was sitting in the morning sunlight along with other patients every
day because of the cold winter. The patient continued to do well for over a month.
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In the 6th week after stopping DDS, while the patient was off prednisolone and antihistamine
for more than a week, a trial dose of DDS 50 mg was given. There was no adverse effect and DDS
was continued foranother 2 days. She was kept indoors on the first 2 days while taking DDS and on
the 3rd day was exposed to the sun for | hour under close observation. At the end of that | hour she
had itching and burning on the exposed areas followed by redness. Antihistamine was started
immediately but she had mild exfoliation of the skin on the same areas the next day. However,
prednisolone was not required this time and there was no conjunctivitis either.

Thus the diagnosis of photosensitivity due to dapsone was confirmed and the drug was stopped
altogether. From the beginning of February 1985 the patient had no dapsone. She had already been
removed from the WHO regime of MDT since she had to be given high doses of clofazimine for
repeated ENL from 6 November 1984, this was gradually reduced later. She was on clofazimine
100 mg/day along with a monthly single dose of rifampicin (600 mg) when the author left that
leprosarium on 22 February 1985. There was no dermatitis or ENL at that time, and she was doing
very well with normal daily activities involving exposure to the sun.

Theauthor has come across another similar but milder case of dapsone-induced photodermati-
tis. The patient was a farmer who attended the OP department of the same leprosarium in 1983. He
complained of itching on the face and neck especially after a day’s work on the farm. On
examination there was redness and mild exfoliation of skin on the above-mentioned areas. There
was no oedema or conjunctivitis. Dapsone was stopped temporarily and he was treated as an
outpatient with antihistamines and topical lotions. The patient was advised to return after a month
for admission to confirm the diagnosis by trial dose, but he did not return. He was a case of
tuberculoid leprosy and had dapsone for 3 months before developing the dermatitis.

Discussion

The patient described in the case report demonstrates a case of photodermatitis provoked by
dapsone. The factors favouring the diagnosis are development of dermatitis only on exposure to
sunlight while on dapsone, the signs and symptoms being limited to the sun-exposed areas, and a
favourable response to stoppage of the offending drug as well as to nonexposure to the sun.

Adverse skin manifestation in the form of dermatitis has been described as part of a
hypersensitivity reaction to dapsone*#¢7-'2 or the so called DADPS syndrome.'* But to the author’s
knowledge, drug-induced photodermatitis has not yet been documented as a side-effect of dapsone.
The author has however observed patients with dapsone hypersensitivity who showed an
exaggeration of the skin lesions on exposure to the sun, and this was ascribed to the possible
phototoxic and photoallergic effects of dapsone.®'?

The possibility of a hypersensitivity reaction was ruled out in this patient because the first
symptoms appeared after 10 weeks of treatment, whereas hypersensitivity reaction usually
manifests within the first 6 weeks of treatment;»*%7 the lesions were localized to the sun-exposed
areas and appeared only on exposure to the sun while on DDS; the patient could tolerate DDS as
long as she remained indoors; and when the trial dose was given the lesions appeared only on the 3rd
day when she was exposed to the sun. Other manifestations known to accompany hypersensitivity
reaction, namely, fever, lymphadenopathy, generalized skin rash, hepatitis, etc., were also absent.

Photochemical sensitivity reactions can be characterized as photoallergic and phototoxic.'* The
contact sensitizer may be either exogenous or endogenous. Some of the recognized photocontact
sensitizers are halogenated salicylanilides (in soaps and cosmetics), Coumarins, PABA and
Benzocaine.'¢ Sulphonamides have photoallergic phototoxic effects.!” It is postulated that dapsone
acts as an endogenous photosensitizer having effects similar to sulphonamides.

The majority of patients with photodermatitis recover when contact with the offending agent is
stopped. But some may progress to a condition known as persistent light reaction (PLR),'*!" in
which case, for reasons unknown the patient continues to develop photosensitivity in the form of



428 Mary S Joseph

severe disfiguring dermatitis even when there is no contact with the allergen. Photodermatitis,
especially of the PLR type is reported to be caused by halogenated salicylanilides'® and bithionol.'
But in the case of the patient in the case report, there was no persistent type of sensitivity reaction to
light. The patient did have symptoms of itching for up to a week after stopping DDS and this could
be explained by the fact that detectable blood levels of dapsone remain up to 10 days following a
single full dose. It is worth noting that when the trial doses were given after discontinuing the drug
for 6 weeks, the symptoms were remarkably mild, whereas when the patient was on DDS for a
longer period earlier, the clinical manifestations were more severe, requiring treatment with
steroids. This is presumably due to the phototoxic effect of the accumulated amounts of the drug.
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Obituary

AIR VICE MARSHAL W J CRISHAM
CB, CBE, RAF (Retd)

Air Vice Marshal W J Crisham, CB, CBE, RAF (Retd) who died on 24 July 1987, took over as
General Secretary of BELRA in July 1962, a post he held until October 1971, following a very
distinguished career in the RAF. His latter appointments included those of Air Officer
Commanding Royal Air Force Levant, Middle East Air Forces, and Royal Air Force Germany,
2nd Tactical Air Force.

Bill Crisham was a very friendly Irishman who had a warm personality and a deep love for India
and its people. He also took a detailed interest in those concerned with fundraising for LEPRA and
visited a large number of LEPRA Committees throughout the British Isles.

It soon became apparent that the eradication of leprosy was the Associations goal, and to this
end, all the activities of the Association were directed. In the Air Force, Bill had learned to
concentrate his attack on the vulnerable spots, and he used this rewarding method on his attack on
leprosy. M. leprae was his enemy.

During his leadership, LEPRA became once again an active association working and respected
throughout the world. The Malawi project, now world famous, was always his main interest.
Leprosy in India, and especially children suffering from leprosy were his other great interests.

Bill was a very kind and generous person who up until his death never lost his interest in
LEPRA, and was delighted with its achievements and the expansion and success of its work.

G FRANCIS HARRIS
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Letters to the Editor

SPECIALLY DEEPENED CANVAS FOOTWEAR WITH MICROCELLULAR RUBBER
INNERSOLES FOR LEPROSY PATIENTS WITH INSENSITIVE FEET

Sir,

I understand that there is a great deal of difficulty in obtaining appropriate footwear for leprosy
patients and I would therefore like to inform you that my Mission may be able to assist in this
matter.

Briefly, we have a stockpile of footwear in Swaziland which we would be willing to supply to
other organizations. A local branch of the Bata Shoe Company has been extremely cooperative in
designing and producing specially deepened canvas shoes and canvas ankle-high ‘boots’ with
14 mm thick microcellular rubber innersoles. The shoes and ‘boots’ are of high quality, attractively
finished and look identical to the conventional canvas shoes sold in local stores. They have not
acquired a reputation as ‘leprosy shoes’ and are extremely popular with patients (Figure 1).

Bata made the shoes from standard materials, building extra depth on to conventional
aluminium lasts with temporary layers of cardboard and rubber cement. An interesting and
attractive feature of this footwear is that it is fastened with Velcro straps. This means that there are
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3 All equipment including refrigeration and air-conditioning units are individually connected
to a solid-state, over/under-voltage cut-out with a user-definable time delay of up to 10 min. The
ability to individually pre-set the turn-on delay prevents simultaneous activation of all equipment
when the power is restored. This prevents over-loading of the power line. In addition, refrigeration
and air-conditioning equipment requires a minimum turn-on delay of 3 min to allow the refrigerant
to stabilize, thus avoiding damage to the compressor. Visual indication of tripping is provided on
eachof the units. The prototype, built by one of us, has been functioning satisfactorily for the past 6
years. All the post-prototype units were assembled in the centre by Mr S Charles, a member of the
staff, who is self-taught electronics enthusiast. The electroniccomponents used are available locally.

4 The mains supply is monitored by the duty electrician and in the event of a black-out or
prolonged brown-out, generators are activated manually. Automatic start-up systems, though
available, were not incorporated since there is no requirement for emergency power.

Anyone interested in detailed information about the above-mentioned devices is welcome to
correspond with us.

Schieffelin Leprosy Research & J DEVASUNDARAM & A CARIAPPA
Training Centre,

Karigiri-632 106,

Tamil Nadu, India.

VISUAL AIDS; LABELS AND DIAGRAMS TO AID COMPLIANCE

Sir,

I was interested toread in the December 1986 issue of Leprosy Review (page 373) under ‘Leprosy
Control and Field Work’, about the use of labels and diagrams to aid compliance, from Dr D J
Morton and colleagues in the University of Zimbabwe, Africa. This reminded me of our experiences
in 1984 in Cape Verde, in which I participated in a study of educational drawings for oral
rehydration and infant diarrhoea. The drawings were produced locally and used in rural areas for
display in shops, health posts and schools. They were in colour and depicted a morning, noon and
night sequence, together with a resumé of ‘materials’ needed for oral rehydration. After some
months we found that in the ‘target group’ (mothers of children under the age of 5 years), 9 out of 10
could not recognize the rising and noon-day sun, and a cup in our diagram was recognized correctly
by only 50% of those interviewed.

My impression was that the drawn abstractions we used were even more difficult to understand
than written information. Drawings and diagrams for use with people of limited education demand
considerable experience of trans-cultural factors. We should keep in mind that labels, diagrams and
pictures have not universally reached the immediate ‘acceptance level’ which is second nature to
people in the so-called developed countries.

Gabinete de Coorenacao de Saude Publica, ) A LORETTI
Ministerio da Saude, Trabho e Assuntos Socais, Praia,
Cape Verde Islands

THE COLOUR INDEX (CI) AND HISTOLOGICAL STAINS
Sir,
The largest single user of dyes is the textile industry, where dyers may classify them according to

their mode of action, i.e. mordant or direct, their general chemical character, i.e. acid or basic, or
their colour. Unfortunately many dyes have one or more synonyms, e.g. brilliant crystal scarlet 6R
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is also known as crystal ponceau 6R, naphthalene scarlet 6R and ponceau 6R. For this reason a
uniform nomenclature for dyes is particularly important if consistent results are to be obtained.

The response of the industrial dyers to this rich source of error was to set up a Colour Index (CI),
whereby each chemical structure is given a unique number and a unique generic name, i.e. not a
trade name. This Colour Index, first introduced by the Society of Dyers and Colourists of Bradford,
England (1924)' is now compiled as a 6-volume reference source in association with the American
Association of Textile Chemists and Colorists (1971-75).2

The result of this is that dyes which are common to both histology and the textile industry can be
accurately identified by their Colour Index number (CI number), a selection of which are detailed in
Table 1. However, it can be seen from Table | that the CI names appear slightly obscure and it is
likely (and even preferable) that the classical names will continue to be used in the histology
laboratory for many years to come. Nevertheless, it is useful for the laboratory scientist to know of
their existence. It should be borne in mind that dyes that are mixtures of chemicals (such as carbol
fuchsin) will not have a CI number.

Table 1. Colour Index of some common dyes

CI number CI name Classical name
41000 Basic yellow 2 Auramine
42510 Basic violet 14 Basic fuchsin
22120 Direct red 28 Congo red
45380 Acid red 87 EosinY

75290 Natural black 1 Haematoxylin
42095 Acid green 5 Light green
52015 Basic blue 9 Methylene blue
50040 Basic red S Neutral red
42520 Basic violet 2 New fuchsin
26125 Solvent red 27  Oilred O
16230 Acid orange 10 Orange G
10305 Trinitrophenol  Picric acid
45170 Basic violet 10 Rhodamine B
75100 Natural yellow 6 Saffron

26150 Solvent black 3 Sudan black B
52040 Basic blue 17 Toluidine blue

A further standardization of dyes used in the histology laboratory has been carried out by the
American Biological Stain Commission.? In addition, as new histological stains are made they are
certified by the Commission and listed in their journal, Stain Technology.

Despite the better understanding of chemical composition and the more rational identification
of dyes, variation in staining characteristics from one batch to another, and from one manufacturer
to another, does occur. For this reason it is recommended that if there is any doubt, new batches of
dye should be tested with known control material.

Department of Dermatology R L JONES

Slade Hospital, Oxford, England
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OCCURRENCE OF LEPROSY IN MANY GENERATIONS OF THE SAME FAMILY

Sir,

It was interesting to read the articles, ‘The occurrence of leprosy in an eight-member family—a
case report’ (Lepr Rev 1984, 55, 47-50) and subsequently ‘Occurrence of leprosy in many members
of the same family’ (Lepr Rev 1985, 56, 80-1).

We had the opportunity to see a family with leprosy in 3 generations. The family was living in the
eastern part of Libya. Out of 10 members involved, only 2 were known cases and those were
registered with the Leprosy Clinic, Benghazi, Libya. The rest were discovered on examination of
family contacts. The index case, the grandmother, aged 75 years, was a known case of lepromatous
leprosy. No record existed for her husband who had died many years previously. She had 2 sons and
3 daughters. All the 3 daughters, aged 35, 42 and 45 years respectively, were found to have
borderline leprosy. Both sons were unaffected.

The 1st daughter had 11 children. Her husband was free but 2 of her sons had leprosy. The elder
son aged 30 years had BT leprosy and was a known case registered with our clinic. The other son
aged 15 years had BL leprosy. Her other 4 sons and 4 daughters were unaffected.

The 2nd daughter had 4 sons. They were all free. Her husband was also free of leprosy.

The 3rd daughter had 4 sons and 1 daughter. The daughter aged 16 years was found to have
borderline leprosy. Her husband was also found to have active BL leprosy. Incidentally her
husband had a 2nd wife who was unaffected and so were her children.

The index case (grandmother) wasliving with her eldest son whodid not have leprosy. He had 6
daughters and 3 sons. Two daughters aged 25 years and 16 years respectively were found to have
borderline leprosy.

The family of the 2nd son could not be examined.

All the newly detected cases were registered and put on multiple drug therapy.

In this family, leprosy was thus seen in 3 generations. Surprisingly, none of the newly detected
cases complained about the disease. All were detected by active clinical examination. The
occurrence of leprosy in this particular family leads one to speculate that heredity plays an
important role in leprosy, although close contact must also be recognized as a factor in
transmission. Another interesting observation was that only 2 males (if we exclude the husband of
the 3rd daughter) were involved as compared to 7 females.

PO Box 6674 M SINGH, F H SHAHAT, M S BELHAJ
Benghazi & E A MANGOUSH
Libya

THE CLASSIFICATION OF LEPROSY, A STATE OF CONFUSION
Sir,
In 1960, the 2nd WHO Expert Committee on Leprosy (TRS 189) agreed ‘... that radical

changes in the classification from congress to congress should be avoided since such action would
lead to utter confusion, neutralizing all efforts to arrive at the universal use of the same
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terminology’. Ever since, discussions on the classifications of leprosy, aiming at a common
terminology, have been carefully avoided. Now, some 27 years later, we still have utter confusion on
which classification to use. Different programmes use different classifications, such as the Madrid
(M), Indian (I), South American (A) or the Ridley-Jopling (R-J) classification, each having its own
merits, as well as drawbacks. The latest revival of the old (Manila 1931 and Cairo 1938)
‘administrative classification” (WHO TRS 71, 1953), dividing leprosy into ‘open’ (infectious) and
‘closed’ (non-infectious) forms, is the WHO (TRS 675, 1982) OMSLEP (3rd edition, 1987)
recommended allocation of patients into multi- and paucibacillary (MB and PB) leprosy, implyinga
somewhat arbitrary division of cases according to their BI. Because of its simplicity, most of us are
using this system, chiefly for the allocation of patients to be placed on MDT. Rather different from
the R-J or M classifications, this MB or PB grouping (which by definition is a classification), tells us
precious littleabout the immunological state of the patient. The BI can change this way or that way,
the immune situation rarely does. For this reason, the systematic use of the lepromin (A or Ap) test,
in the classification process was recommended by various authors; Noussitou (Act Lepr, 74, 1-32,
1979) Jopling (Lepr Rev 52(3), 273-77, 1981) Walter (PAHO Report, PNS: 56-61, 1984-5).

In practice, what decision do we now expect a programme director to take with regard to the use
ofa suitableclassification and consequently the training of his staff ? Should he choose between R-J,
M, I or MB-PB, or use several systems? At this rate recording and reporting systems may have to
change every 2 or 3 years and evaluation of programmes with different classifications may prove
difficult or impossible. Why have different classifications of the same disease, 1 for research and the
other for field work, the 1st assessing the merits of MDT in LI (LLs) and the other in MB forms of
leprosy?

In order to minimize the present confusion, perhaps the forthcoming XIII International
Leprosy Congress could make an attempt to devise a universal terminology for the classification of
leprosy.

Casilla 2312 J WALTER
Asuncion
Paraguay

INDIAN RAILWAYS IN LEPROSY

Sir,

Lep Rev (1986) 57, Number 2 carries an Editorial about leprosy education, and the reference to
Bombay is most encouraging. I write to let you know about another aspect of leprosy in India. The
Indian Railways, which are 1 lakh miles long and carry 4 million passengers a day, took up and
adopted leprosy as a project. I am delighted to describe this because I had a great deal to do with its
concept and development.

I started with the idea that the railways are the biggest media, reaching from one corner of the
country to the other and also reaching a wide cross-section of society. The Railways bear a two-
edged responsibility towardsleprosy. One is, of course, the migration of a leprosy patient from place
to place, and the other is that it is an employer of a vast number of people (20 lakhs) for which the
railways have a certain responsibility to promote the Leprosy Control Programme. Over and above
that, we thought the easiest way for the railways to participate in the Control Programme of
Leprosy would be through posters in trains, to write a slogan in the most widely read book in the
country, i.e. the railway timetables, and to have exhibitions and displays at the busiest railway
stations. It may be surprising information to some that in Bombay alone nearly 20 lakhs people
travel by train every day. The project was taken up by Indian Railways and especially by the
Western Railway with Bombay as the centre. Progress has been impressive and the project now
covers: (1) treatment, (2) control, (3) education, (4) survey, and (5) rehabilitation.

Education is the backbone of a control programme. In Bombay alone, 20 lakhs people travel by
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suburban trains and their journey period averages one hour during which time they become ‘captive
scholars’ if the proper posters and information boards are displayed in the railway compartments.
Suppose out of 20 lakhs passengers, only 100 look at these posters it is quite possible that we
motivate 365 cases every year.

We also organize exhibitions and check-up points on busy railway stations, with the idea that
while a passenger is waiting for the train, he can enter the booth to see a video film or a poster and if
desired, get himself checked on the spot. We have had as many as 70,000 visitors in one week.

Railway timetables carry educative slogans against leprosy, e.g. ‘Leprosy is curable’ and
‘Leprosy is not hereditary’. The Western Railway alone is selling 2 lakhs of these tables, which can
be multiplied by S to give us the actual number of readers.

Survey. Our home-to-home survey work is done with the help of a non-government
institution—The Bombay Leprosy Project, to whom we are very grateful for assistance. All the
residential colonies of the Western Railway are screened to find the leprosy cases and contacts.

Here the control programme and treatment go side by side and we are also involved with
tuberculosis surveys since the two diseases so often occur together.

Rehabilitation. If non-medical government concerns such as the railways take up this aspect of
the work, especially for employees who require help but have reached retirement age, we envisage
great improvements in the future. The railways are backing us and we would also like to record our
appreciation to the wizard Dr Jopling for his encouragement in these endeavours.

M P GARG
A/10 Western Railway Officers, Flats
E. Road Churchgate
Bombay 400020
India

Postscript
Since receiving the above letter Dr Garg has supplied the following further information:

‘Anti-Leprosy Trains’ were organized by Western Railway in Bombay earlier this year with the
objective of creating awareness of leprosy and of providing free, on the spot, medical examinations.
With the approval of the General Manager of Western Railway we prepared two ‘Leprosy Trains’,
each consisting of: 1, a coach decorated with posters about leprosy and its treatment; 2, several
coaches equipped for medical examinations (including eye examinations); 3, a coach equipped for
routine laboratory tests; and 4, a restaurant coach for the medical team. Prior propaganda had
informed the populace of the project and the stopping places, and had invited people to attend at the
various designated stations along the line. The first train was flagged off on 30 January and the
second one (to an up-country destination) on 3 March. There was a good attendance at all stopping
places and about 500 persons were examined; those requiring treatment were referred to local
hospitals, clinics or voluntary bodies. Initial treatment was given on the spot. Further ‘Leprosy
Trains’ are being planned in view of the very encouraging response of this novel experiment.
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Leprosy Control and Field Work

Charts for multiple drug therapy (MDT) in paucibacillary and multibacillary
leprosy

The following pages show charts or diagrams which have been developed to explain the drugs, dosages and
periods of treatment for paucibacillary and multibacillary leprosy, according to WHO recommendations. They
are normally produced on card (A4 size) rather than paper, the information being printed on both sides, with
laminating and sealing of the edges in plastic. A recent estimate in Oxford, UK, for the printing of 1000 of these
charts came to about £100.00, with an additional £480.00 for laminating. They are intended for desk or clinic use
by all those responsible for the implementation of MDT; they are also of value in small group teaching. Further
enquiries to this Editorial Office.

Teaching Materials and Services

ALERT Training Centre—International Course Programme for 1988

See pages 440-1.

News and Notes

Editorial Note: Leprosy Control and Field Work; Teaching Materials and Services;
News and Notes

Due to the extraordinary number of articles awaiting publication, we have taken the decision to use various
blank spaces and pages in the main body of the journal for items normally printed separately, under the above
headings. We apologize for any adverse effect this may have on reprints and for any inconvenience to our readers
in locating information on the items concerned. Editor.

Material for ‘Leprosy Control and Field Work’ ‘Teaching Materials and Services’,

‘News and Notes’

In recent years it has become increasingly apparent that many readers of this journal, particularly those for
whom the scientificarticles are of limited significance, greatly appreciate the ‘general’ pages devoted to the above
subjects. These sections are intended to carry information of practical value in leprosy control and the clinical
management of patients. Teaching-learning materials, courses of instruction, sources of funds for travel and
further study, are amongst the most helpful items. We have no shortage of material for these pagesfrom various
parts of the world and would be happy to continue selecting and publishing what seems most helpful. However,
it would be preferable (and possibly less biased . . .) if suitable items of information could be supplied by readers
of the journal. The presentation should be brief and should include addresses for further contact, details of costs,
postal charges, etc, if relevant. We have a circulation of about 1500 to over 100 different countries, with
considerable international indexing, 4 times yearly. Please submit suitable material, so that these pages can be
used to maximum advantage. Editor.
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A Note from the Editor
to Contributors of Leprosy Review

During the past year we have occasionally had problems with the receipt, acknowledgement,
posting and preparation of manuscripts. and we take this opportunity to draw attention to a few
points which may ease the editorial “process’.

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

2 Originals and copies. We need aclear (black) original and an equallyclearcopy. We usually
have to make at least two additional copies and this is impossible from a faint or poor quality
original. Good quality photostat copies are preferable to carbon copies. Artwork. especially
lettering. should be sufticiently clear to stand a reduction of about 60°,,.

3 Rerurn of manuscripts to authors. The current costs of correspondence and air mail postage
incurred by this Journal are already considerable. We regret that it is not possible. except under
exceptional circumstances. to return manuscripts, photographs or artwork to authors. If a paper
has not been found suitable for publication, we retain it here for reference for a period of | year,
after which it is discarded.

4 Addressing. All matters to do with manuscripts, publishing, printing and the editorial
‘process’ should be addressed to the Editor or Editorial Assistant at the Slade Hospital,
Headington, Oxford OX3 7JH. England. All matters to do with subscriptions to the Journal, postage
and distribution. should be referred to LEPRA. Fairfax House. Causton Road. Colchester
COI 1PU. England. On several occasions, authors have changed address without letting us know.
Please indicate your address for reply or any likely change of address in the near future.

S Titles. Both for the purposes of our own indexing of this Journal. but even more
importantly for general indexing and abstracting systems. it is important in most instances to get
‘leprosy” (or some related word) into the title as a general guide to the subject matter.

6 Summaries. Authors, especially those working in pure or basic science. are asked to keep in
mind that this Journal has a wide-ranging readership. Many subscribers do not appreciate the
significance of scientific data per se and it would be of great help if authors could include in their
summaries a brief note explaining why the study was undertaken and whar the results mean. in terms
which are likely to be comprehensible to the reader whose background is not scientific.

Thank you.
EDITOR
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(= clofazimine)
The highly effective antileprosy drug
with anti-inflammatory! properties

For the prevention? and treatment’ of lepra reactions (ENL)

Suitable for use in combined regimens
for the prevention and treatment of dapsone-resistance
in lepromatous and dimorphous forms of leprosy*

1. Browne, S. G.: Lepr. Rev. 37, 141 (1966)
2. Azulay et al.: Lepr. Rev. 46 (Suppl.), 99 (1975)

3. Schulz, E.).: Lepr. Rev. 42,178 (1972)
4. Yawalkar, S. |., Vischer, W.A.: Lepr. Rev. 50, 135 (1979)

Composition: Clofazimine. Capsules of 50mg and 100mg.
Indications: Lamprene, employed in combination with dapsone
and rifampicin  (“Rimactane), serves as treatment for
multibacillary forms of leprosy, such as lepromatous (LL),
borderline lepromatous (BL),and mid-borderline (BB) leprosy, as
well as erythema nodosum leprosum (ENL). Combined
chemotherapy is necessary in order to prevent the emergence of
resistant strains of M. leprae. Dosage: Adults (of approx. 60 kg
body weight): for the treatment of multibacillary leprosy (LL, BL,
BB) the WHO (World Health Organisation) recommends the
following dosage schedule: Lamprene: 300 mg once a month
under surveillance + 50mg once a day as self-medication.
Rifampicin: 600 mg once a month under surveillance. Dapsone:
100mgonceadayasself-medication. This threefold combination
should be administered for at least 2 years and, whenever
possible, until such time as the skin smears become negative. If
the patient develops ENL, the treatment with dapsone and
rifampicin should be continued as before, whereas the dosage of
Lamprene should be raised to at the most 300 mg per day. These
high daily doses must not be given for longer than 3 months.
Children: Children should receive lower doses adapted to their
body weight. Administration: The capsules should be taken at
mealtimes or together with milk. Contra-indication: Known
hypersensitivity to clofazimine. Precautions: Leprosy patients
suffering repeatedly from abdominal pains and diarrhoea, as well
as those with liver or kidnev damage. should if possible not be

treated with Lamprene. Treatment with daily doses of Lamprene
exceeding 100 mg should not be continued for longer than 3
months, and during this time the patient should be kept under
medical supervision. If gastro-intestinal symptoms develop
during the treatment, the dosage should be reduced or the
interval between doses prolonged. In the event of persistent
diarrhoea or vomiting, the patient should be hospitalised.
Pregnancy and lactation: As in the case of any form of drug
therapy, Lamprene should be employed with caution during
pregnancy, especially in the first 3 months. Clofazimine crosses
the placental barrier and causes temporary discoloration of
newborn infants. The active substance also passes into the breast
milk. Unwanted effects: The following side effects have been
observed: Reddish to dark-brown discoloration of the skin and of
the leprous lesions, particularly in pale-skinned patients at sites
exposed to light. Discoloration of the hair, conjunctiva, cornea,
and lacrimal fluid, as well as of sweat, sputum, urine, and faeces.
This discoloration is reversible, although in the case of the skin it
often does not disappear completely until some months after the
cessation of treatment. Dryness of the skin, ichthyosis, pruritus,
photosensitivity, acneform eruptions, and non-specific skin
rashes. Nausea, vomiting, abdominal pains, diarrhoea, anorexia,
loss of weight, and eosinophilic enteropathy. Storage: Protect
from heat and moisture. Packs: 100 capsules of 50 mg or 100 mg.

Further information is available on reauest.
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