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Opening Statement
S.K. Noordeen, Director, Action Programme for the Elimination of Leprosy,

World Health Organization, Geneva, Switzerland

It gives me great pleasure to be able to
participate in this International Workshop on
Leprosy Research, and also to bring greet-
ings from Dr. Hiroshi Nakajima, Director-
General of the World Health Organization.

This Workshop is very timely, in view of
the new situation in leprosy that is emerg-
ing as a consequence of the phenomenal
change of the leprosy scene that has taken
place in the course of the last two decades,
particularly since the introduction in the
early 1980s of multidrug therapy (MDT),
and the more recent decision to eliminate
leprosy as a public health problem—i.e., to
reduce prevalence to less than 1:10,000—
by the year 2000.

Twenty years ago, the World Health Or-
ganization (WHO) initiated, as part of the
Special Programme for Research and Train-
ing in Tropical Diseases (TDR), a coor-
dinated program of leprosy research con-
sisting of the Scientific Working Groups
(SWGs) on Immunology of Leprosy (1MM-
LEP) and Chemotherapy of Leprosy
(THELEP). At that time, the global situa-
tion with respect to leprosy was rather
bleak, despite dedicated efforts of several
groups in the fight against the disease. Ef-
forts both to treat and to control the disease
by treatment of patients with dapsone were
successful only under limited circum-
stances. The difficulties of prolonged treat-
ment, together with the emergence of My-
cobacterium leprae resistant to dapsone,
then the single, most widely used drug, re-
sulted in serious failures to control the dis-
ease. Leprosy workers were frustrated, and
only the most determined of them were able
to continue the struggle. The establishment
of the IMMLEP and THELEP SWGs gave
rise to considerable hope for the future, in
terms of the possibilities for better tools
with which to deal with the disease.

During the early years of the TDR-sup-
ported research efforts, there was consider-
able optimism that an anti-leprosy vaccine
would be developed that would completely

stop transmission of the causative organ-
ism. The impetus for this optimism came
from scientific developments in the field of
immunology, as well as the availability of
large quantities of M. leprae from the
newly discovered experimental disease of
armadillos. IMMLEP had made important
contributions to our understanding of the
immunology of leprosy, and intervention by
enhancing the immune response to M. lep-
rae appeared possible. In addition, TDR
funded very generously the production and
banking of large quantities of M. leprae-in-
fected armadillo tissue for use by scientists.
However, at the same time that IMMLEP
and related activities greatly stimulated an
increased interest in the problem of leprosy
and the need for effective action, and de-
spite enormous progress in several areas of
research, the magnitude of the problems in-
volved in the development of a usable anti-
leprosy vaccine was underestimated.

Compared to those for IMMLEP, the ini-
tial expectations of THELEP for improved
tools for the chemotherapy of leprosy were
rather limited, because the necessary re-
search involved tedious and time-consum-
ing work in the laboratory with the mouse
foot-pad system, and in the clinic with
long-term treatment and even longer-term
follow-up of patients. However, THELEP
scientists were determined to bring about
changes of leprosy treatment. Their interest
stimulated the WHO Leprosy Unit to con-
vene, in 1981, a Study Group on the Che-
motherapy of Leprosy for Control Pro-
grammes, which was to review the serious
global situation of leprosy, and to make rec-
ommendations with respect to the more ef-
fective use of existing drugs. The Study
Group, which was composed of a very good
balance of scientists, clinicians and leprosy
control managers, made recommendations
for MDT that were not only scientifically
sound but also practicable. In retrospect, the
Study Group's recommendations for MDT
appear pivotal in the history of leprosy.
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The use of MDT has not only enabled the
leprosy patients to be cured by treatment of
finite duration; it has also made possible
improved definition of the disease, simplifi-
cation of its classification, and standardiza-
tion of treatment procedures and of leprosy-
control activities. Thus, it should be recog-
nized that the favorable situation in which
leprosy finds itself today has resulted from
indirect as well as direct effects of the wide-
spread application of MDT.

The achievements of the past 10-15
years are quite impressive, as demonstrated
by the following statistics. The global bur-
den of leprosy today is estimated to be
about 1.3 million cases, as opposed to
10-12 million in the early 1980s. The num-
ber of registered cases in 1996 is less than I
million, compared to 5.4 million in 1985.
More than 8 million patients have been
cured by MDT since 1985. On the other
hand, the decline of the number of new
cases detected each year is less impres-
sive—from about 600,000 a few years ago
to about 500,000 now. We estimate that
MDT, by its concomitant contribution to
early case-detection and prompt treatment,
has prevented more than I million patients
from becoming disabled. In addition, MDT

has prevented more than half a million re-
lapses, which would have occurred under
dapsone monotherapy.

Despite all of the progress made to date,
the task of reaching the remaining patients
and achieving the elimination of leprosy as
a public health problem by the year 2000 is
formidable, and requires further intensifica-
tion of our efforts. Even as we approach the
elimination target, it is important to ensure
that elimination, once achieved, can be
maintained, so that we can move forward to
the next target—that of total eradication of
the disease, a not impossible goal to be
reached early during the next century. For
this reason, we cannot afford to slacken our
efforts toward coordinated leprosy research
aimed at the solution of relevant problems.
Because the agenda for research must he
carefully considered, this Workshop has
been convened. I sincerely hope that the
Workshop will make recommendations for
such an agenda.

Before concluding, I should like to thank
the Thai Ministry of Public Health and the
local organizers for making available excel-
lent facilities, and the Sasakawa Memorial
Health Foundation for co-sponsoring this
Workshop.
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Welcome

E.B. Doberstyn, WHO Representative to Thailand, Bangkok, Thailand

Dr. Janiroon Mikhanon, Dr. Damron
Boonyeon, Dr. Yuasa, Dr. Noordeen, distin-
guished guests, ladies and gentlemen:

On this occasion of the opening of the In-
ternational Workshop on Leprosy Research,
I should like to extend a warm welcome to
all of you on behalf of the World Health Or-
ganization (WHO) in Thailand and the
South-East Asia Regional Office of WHO.

Leprosy has struck fear into the hearts of
men for thousands of years, having been
well recognized in the oldest civilizations of
China, Egypt and India. Since ancient times,
leprosy has been regarded as a contagious,
mutilating and incurable disease, making
people live more in fear of those afflicted
with the disease than of the disease itself.

The number of humans, who, in the
course of millenia, have suffered its chronic
course of disfigurement and disability can
never he calculated. In many countries of
Asia, Africa and Latin America, there are
still significant numbers of patients. As of
1995, about 2.5 billion people—half of the
world's population—live in countries in
which the prevalence of leprosy is greater
than one per 10,000 population. We esti-
mate that, in 1995, there were 1-2 million
people who have been visibly and irre-
versibly disabled by past and present lep-
rosy, and who need to be cared for by the
communities in which they live.

On the other hand, the social picture of
leprosy has changed in the course of the last
few decades. As more and more patients are
being treated by the general health services,
the disease is increasingly being regarded
simply as another problem of public health.
The outpatient clinic has been officially rec-
ognized as the base for leprosy treatment by
all countries, while stigmatizing leprosaria
are being closed. This hopeful approach de-
serves strong support from health personnel
and others at all levels, in order to guaran-
tee patients adequate treatment and engen-
der increased self-respect and acceptance
by the community.

It is appropriate that this Workshop is be-
ing hosted by the Government of Thailand,

which is one of the increasing number of
countries claiming almost IOU per cent cov-
erage by multidrug therapy (MDT). With
assistance from the WHO, MDT was intro-
duced in 1984. The Government has fo-
cused on the "leprosy-free province", in
which rates of prevalence and of annual
case-detection were smaller than 1 per
10,000. Thailand appears to be well on
course to eliminate leprosy as a public
health problem by the year 2000.

The International Conference on the
Elimination of Leprosy, held in Hanoi in
July 1994, was a landmark in the history of
the control of this disease. In its wide-rang-
ing discussions, the importance of research
was not neglected. In particular, health sys-
tems research—especially in building man-
agement capacity—was stressed as an im-
portant problem-solving tool at both local
and national levels. In addition, the Interna-
tional Federation of Anti-Leprosy Associa-
tions (ILEP) emphasized the importance of
operational research into gender issues, the
disabled, and children, as well as into the
family, which provides a "safety net" for
leprosy patients.

In addition to the issues I have named,
we hope that this Workshop will more
broadly identify research needs and oppor-
tunities, and define global research strate-
gies. The areas to be covered range from
the most fundamental, including molecular
genetics and biotechnoh)gy, to-the most ap-
plied and operational, such as techniques
for increasing community involvement in
support of the individual patients.

The agenda is indeed ambitious, but the
goal it is designed to serve—elimination of
leprosy as a public health problem—is also
ambitious, but also based on a realistic as-
sessment of the problems and the possibili-
ties for their solution.

May I close by welcoming all of you
most cordially to Thailand and to this
Workshop, and wish you all success in the
important discussions in which you will en-
gage ill the course of the next few days.
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Welcome

Damrong Boonyoen, Director General,
Department of Communicable Disease Control,

Ministry of Public Health, Bangkok, Thailand

I wish first to express our sincere thanks
to Dr. Jamroon Mikhanon, Deputy Perma-
nent Secretary, Ministry of Public Health,
for agreeing to preside over this opening
ceremony of the International Workshop on
Leprosy Research.

Leprosy is not a disease of modern civi-
lization and industrialization, but has been
well known for thousands of years. The first
authentic description of the different types
of leprosy, from India, dates back to 600
B.C., nearly 2,600 years ago. In ancient
times, leprosy was thought to be an heredi-
tary disease or a punishment by God or a
supernatural power. However, after Hansen,
a Norwegian physician, discovered the lep-
rosy bacillus 123 years ago, we have
learned that leprosy is merely a chronic
communicable disease of man. Even
though leprosy does not cause the death of
its patients, it can cause severe physical,
mental and social disabilities to its sufferers
and their communities. Based upon the im-
proved understanding of the disease, scien-
tists and health workers around the world
have successfully joined together to create
sound strategies and effective interventions
for the struggle against leprosy, so that its
elimination as a public health problem by
the year 2000 is no longer an impossible
dream.

Thailand exemplifies the current situa-
tion. The fight against leprosy in Thailand
began in 1908, when His Majesty King
Chulalongkorn gave land in Chiang Mai
Province to American missionaries on
which to establish the first leprosarium in
Thailand. Since then, leprosaria and leprosy
settlements have been established through-
out the country, to provide shelter and treat-
ment to Thai leprosy patients. Subse-

quently, the first modern treatment for lep-
rosy—dapsone—was made available for
mass treatment programs. In 1955, when
Thailand lauched its national leprosy con-
trol program, prevalence of leprosy in Thai-
land was estimated to be 5 per 1000; today,
after 41 years of a national program of lep-
rosy control, and after 12 years of imple-
menting a program of multidrug therapy
(MDT), the prevalence of leprosy in Thai-
land is estimated to be only 5 per 100,000.
The decrease of prevalence has been ob-
served not only in Thailand, but in many
parts of the world in which MDT has been
implemented.

Even as progress toward the elimination
of leprosy is made, we need to be alert to
unexpected obstacles on the way to this
goal. The obstacles, whether technical or
operational, will require research inputs
from a variety of scientific disciplines. For
this reason, the World Health Organization,
together with the Sasakawa Memorial
Health Foundation, decided to organize this
International Workshop on Leprosy Re-
search, which is intended to identify re-
search needs, review research opportunities,
and define research strategies both for the
present and for the future. The 25 partici-
pants are leading leprologists and scientists
working in different disciplines from 14
countries in Asia, the Americas, Australia
and Europe, who will participate in the
three-day workshop in order to contribute
to the final phase of the world's continuing
fight against leprosy.

May I, once again, express my deep grat-
itude to the participants for agreeing to as-
sist us in this Workshop.And may I request
of the Deputy Permanent Secretary that he
deliver his inaugural address.
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Inaugural Address
Jamroon Mikhanon, Deputy Permanent Secretary, Ministry of Public Health,

Bangkok, Thailand

Dr. Noordeen, Dr. Yuasa, Dr. Doberstyn,
Dr. Damrong, distinguished participants,
ladies and gentlemen:

It is my great pleasure to participate in
the opening ceremony of the International
Workshop on Leprosy Research, which has
been organized by the World Health Orga-
nization (WHO) and the Sasakawa Memor-
ial Health Foundation (SMHF). On behalf
of the Ministry of Public Health of the
Royal Thai Government, I wish to welcome
the distinguished participants to Thailand.
In addition, I wish to express our sincere
gratitude for your active roles in the fight
against leprosy.

We have been working continuously to
solve the problem of leprosy in Thailand,
and have had some success. However, as is
the case in other parts of the world, suffer-
ing from leprosy persists in our country. As
long as leprosy has not been eradicated,
there is need for more information, in order
to make our fight against leprosy intelligent
and, ultimately, successful. Evidence indi-
cating the importance of research to the ef-
fort to control leprosy is the fact that, in

Thailand, 36 years ago, His Majesty King
Bhumipol Adulyadej inaugurated the Raj-
Pracha-Samasai Institute, which was estab-
lished to conduct research in leprosy in ad-
dition to training the health personnel re-
sponsible for treating leprosy patients. We
are indeed pleased that this Workshop has
been organized this year, in which we cele-
brate the Golden Jubilee of our beloved
King Bhumipol Adulyadej's accession to
the throne.

On behalf of the Ministry of Public
Health and the leprosy patients of Thailand,
permit me once again to thank the WHO,
the SMHF, you participants and our Thai
colleagues for making this important Work-
shop possible. I hope that, in the spirit of
close cooperation and the firm relationship
among leprosy fighters around the world,
this Workshop will contribute to a world in
which no one suffers from leprosy. Finally,
I wish you a pleasant stay in Thailand and a
safe trip home.

I now declare the International Workshop
on Leprosy Research open.
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Welcome

P.J. Brennan, Workshop Chairman,
Department of Microbiology, Colorado State University,

Fort Collins, Colorado, U.S.A.

This International Workshop on Leprosy
Research has been convened by the World
Health Organization and the Sasakawa
Memorial Health Foundation to consider
the outstanding research needs, as we ap-
proach the goal of "elimination of leprosy
as a public health problem". We should at-
tempt to achieve a concensus on research
directed toward the targets of elimination
and eventual eradication. At the same time,
we must take into account more fundamen-
tal research topics, which may not be di-
rectly related to elimination and eradica-
tion, such as the genome of Mvcoba(teriwn
leprae, and the immensely important area
of immunology, with emphasis on their ap-
plications to tests for subclinical infection,
to be used in epidemiological studies, and
for studies of protective immunity.

As we approach the elimination of lep-
rosy as a public health problem, we are
faced by two related and, perhaps, in-
evitable phenomena: diminution of the
funds available to support research in lep-
rosy; and reduction of the size of the popu-
lation of leprosy researchers. This latter
phenomenon has at least two components: a

"brain-drain" of established investigators
away from leprosy, and into tuberculosis
and other mycobacterial diseases; and the
diminished recruitment into the field of
new, young investigators.

This Workshop may, in fact, represent
our last opportunity to define our research
goals—especially those important to the re-
alization of elimination, before the "post-
elimination" era is upon us.

Discussion of I)r. Brennan's statement
Pro!. Britton: To whom are we addressing
our questions and thoughts'?
Dr Brennan: Primarily to ourselves. Those
of us attending this Workshop are a very
representative group. We include workers
in several age groups, and from a number of
disciplines. Only a few researchers in the
US are active in leprosy research today;
half of them are here.
Di: Young: In the process of integrating lep-
rosy research into the broader area of re-
search into tuberculosis and other mycobac-
terial diseases, we should not lose sight of
those problems that are special to leprosy.
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Milestones Toward the Elimination of Leprosy
V.K. Pannikar, Action Programme for the Elimination of Leprosy,

World Health Organization, Geneva, Switzerland

The following is a listing of the milestones on the road to the elimination of leprosy as
a public health problem, beginning from the World Health Organization (WHO) Study
Group on Chemotherapy of Leprosy for Control Programmes.

Study Group on Chemotherapy of Leprosy for Control Programmes^October 1981

Feedback from the field ^ 1982-1995

Implementation by national programs of leprosy control

Resolution of the World Health Assembly

Study Group on Chemotherapy of Leprosy

First International Conference on the Elimination of Leprosy, Hanoi

Establishment of the Action Programme for the Elimination of Leprosy

Introduction of "blister packs „

> 90 per cent coverage by nlultidrug therapy (MDT)

95 per cent coverage by MDT

Second International Conference on the Elimination of Leprosy, Delhi

Development of new MDT regimens

Field trials of new MDT regimens

Seventh Meeting of the WHO Expert Committee on Leprosy

Implementation of alternate regimens

Elimination of leprosy as a public health problem

1982—present

May 1991

December 1993

July 1994

December 1994

1995

December 1995

June 1996

October 1996

1984-1996

1992—present

May 1997

Beginning 1998

2000

Two field trials of new regimens are in
progress:

The Ofloxacin Multicenter Trial, now be-
ing carried on in 15 treatment centers in 8
countries, is a double-blind trial in both
multibacillary (MU) and paucibacillary
(PI3) leprosy, in which the patients are ran-
domly allocated to regimen. Intake has
been completed: 1651 MB patients and
1817 paucibacillary (P13) patients have
been recruited. 'fhe trial regimens for M l3
leprosy are: I) WHO/MDT  for 24 months;
2) WHO/MDT for 12 months; 3) WHO/
MDT for 12 months phis daily ofloxacin
(01 1 L0) for the lirst 4 weeks; and 4) 6O()
n)g rifanupicin (RMP) plus 400 lug OI 1 L0
daily for 4 weeks. The regimens for PI3 lep-

rosy are: 1) WHO/MDT for 6 months; and
2) 600 mg RMP plus 400 mg OFLO daily
for 4 weeks.

The Single-Lesion Paucibacillary Trial,
now in progress in 9 treatment centers in In-
dia, is a double-blind trial in PB patients
who exhibit only one skin patch, with no
nerve trunk involvement, in which the pa-
tients are randomly allocated to regimen.
Intake was completed in July 1995, by
which time 901 adults and 582 child pa-
tients had been recruited, and treatment was
completed in February 1996. The trial regi-
mens are: 1) 600 mg RMI' plus 400 mg
OFLO plus 100 mg minocycline (MINO) in
a single dose; and 2) WHO/MDT for PB
leprosy for 6 mouths.
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In a new trial begun in January 1996 in
Guinea, Myanmar and Senegal, MB pa-
tients and PB patients with more than one
lesion have been allocated to treatment by
600 mg RMP plus 400 mg plus 100 mg

MINO administered monthly for 12 or 24
doses to MB patients, and for 3 or 6 doses
to PB patients; 1500 MB patients and 1800
PB patients are expected to be recruited by
the end of 1996.



INTERNATIONAL JOURNAL OF LEPROSY
^ Volume 64, Number 4 (Suppl.)

Printed in the U.S.A.
(ISSN 0I48-916X)

Diagnosis, Classification and Prognosis
S. Talhari, Department of Dermatology, Institute of Tropical Medicine,

University of Amazonas, Manaus, Amazonas, Brazil

According to the World Health Organiza-
tion (WHO) (4), the diagnosis of leprosy is
based on the demonstration of at least two
of the following-1) a characteristic skin
lesion; 2) sensory loss; 3) thickened
nerves—or on the presence of acid-fast
bacilli (AFB) in smears of skin-lesions. I
believe that, in some patients, the histo-
pathologic features of the skin lesion may
also be diagnostic.

Generally speaking, the diagnosis of lep-
rosy is relatively easy. Despite negative
skin smears or an inconclusive histopatho-
logical picture, in most patients with hy-
popigmented macules and patches, the di-
agnosis is confirmed by demonstration of
sensory loss, associated with very few other
skin diseases. Similarly, with the exception
of leprosy, only rarely can AFB be demon-
strated in the skin lesions of a patient with
disseminated macules, patches, nodules or
infiltration. Finally, in difficult cases, an ex-
perienced pathologist can often confirm the
diagnosis of leprosy.

Diagnosis
The diagnosis of leprosy may occasionally

be difficult, as in the following situations:
1) Children or anxious patients may not

respond accurately when "characteristic"
skin lesions are tested for sensory loss. If
AFB cannot be demonstrated, nerves are
not thickened, and histopathological exam-
ination is inconclusive, no other tool is
available by which to establish the diagno-
sis of leprosy;

2) Hypopigmented lesions of inderminate
leprosy may present normal sensation, and
other examinations may yield inconclusive
results;

3) Normal sensation may be observed in
hypopigmented lesions or patches limited
to the face. If neither AFB nor thickened
nerves can he demonstrated and if the
histopathologic examination is inconclu-
sive, the diagnosis will remain uncertain;

4) Ulcers—plantar or leg—or hyperkera-
totic lesions may be the only manifestations
of leprosy. In such cases, the diagnosis may
be difficult;

5) Complaints of localized sensory dis-
turbance without skin lesions or enlarged
nerves are relatively frequent. In many such
situations, a definitive diagnosis of leprosy
cannot be made;

6) Disseminated cutaneous lesions that
are atypical for leprosy may be difficult to
diagnose if sensory loss is doubtful, no
AFB can be demonstrated, and the histo-
pathological examination is inconclusive;

7) The finding of enlarged nerves may
suggest the diagnosis of leprosy, but the di-
agnosis is difficult if sensation and motor
function are normal in the areas served by
the nerves. In such cases, it is necessary to
biopsy a nerve, but it may be difficult to
choose a nerve that may be safely biopsied.
On occasion, only one nerve, showing
many AFB, is involved. Such cases are dif-
ficult to classify.

In most of these situations, the diagnosis
may be difficult, even for experienced spe-
cialists. It is necessary to remember that the
results of examinations, particularly the
smears and the biopsy, may be erroneous. It
has been said (4 ) that smear microscopy is
the weakest link in most leprosy control
programmes. And biopsy specimens may
not be well preserved, or they may not in-
clude the deeper layers of the skin, or the
pathologist may not be experienced. In such
situations, the paramedical worker needs
the assistance of a physician, and the physi-
cian working in the field needs the help of a
referral center.

Employing the diagnostic tools that are
currently available, it is nearly impossible
to state with certainty whether or not the pa-
tient has leprosy, and one is faced with a
difficult choice—to treat for leprosy with-
out a definitive diagnosis, or to follow the
course of the patient for a number of

Sl3
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months while withholding treatment; nei-
ther is a very satisfactory alternative.

Classification
The classification of leprosy has experi-

enced an interesting evolution in the course
of the last 150 years—from that of nodular
and anesthetic of Danielsen and Boeck (')
to the five-point classification of Ridley and
Jopling (`) to the paucibacillary—multibacil-
lary dichotomy of the WHO Study Group
(5). More recently, there has appeared a ten-
dency to divide patients between one group
having few or only a single lesion and a
second group demonstrating many—e.g.,
five or more—lesions. On the other hand, it
may well be that, within a few years, classi-
fication will not be important; it will be nec-
essary only to determine whether or not the
patient has leprosy.

Prognosis
Since the introduction of MDT, the prog-

nosis of leprosy has changed dramatically.
Very few patients have been reported to re-
lapse following completion of the recom-
mended course of MDT (`'). However, the
recent report of Jamet and his colleagues ( 2)
showed that the risk of relapse may be sig-
nificantly greater for patients with multi-
bacillary leprosy who begin treatment with
a RI of 4 or more.

Although relapse is rare following com-
pletion of treatment, reactions—especially
type-1 reactions—remain a serious problem
that may greatly affect prognosis. In this re-
spect, the advent of MDT appears not to
have altered the prognosis of leprosy.

Finally, in some leprosy control pro-
grams, too many new patients present with
disability. In addition, there is very little
information with respect to disability
among cured patients, and insufficient em-
phasis is placed on disability-prevention
and -treatment in too many programs. Al-
though the prognosis is good among pa-
tients who begin treatment early in the
course of their disease, prevention and
treatment of disabilities is not nearly as suc-
cessful as is chemotherapy, and many pa-
tients who present today with low-grade
disabilities will exhibit more severe disabil-
ities in the future.

Sttggestecl Resecuc h

I) New methods are required for the
training of workers in areas of low en-
demicity. In such situations, workers must
be trained in basic dermatology as well as
in leprosy;

2) New tools are required for the diagno-
sis and classification of primary neuritic
leprosy;

3) A promising diagnostic tool may he
represented by the PCR technique, and re-
search in this area should be encouraged;

4) Studies should he conducted of the re-
lationship of the number of lesions to the
outcome of treatment;

5) The risk of relapse among nmltibacil-
laty patients who begin treatment with BI
4 should be further studied;

6) More accurate means of distinguishing
between reaction and relapse of pauci-
bacillary leprosy are needed;

7) Additional information with respect to
disability, especially in areas of low preva-
lence, would he helpful.
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Discussion of Dr. Talhari's paper

Prof. Ji: Dr. Talhari mentioned research em-
ploying PCR as a diagnostic tool in his pre-
sentation. Should we encourage research in
this area?
Dr Klatser: PCR does not represent a diag-
nostic tool, because it adds nothing to exist-
ing diagnostic methods. Although it may he
more specific, it is no more sensitive than
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existing methods. Perhaps it may be useful
as an epidemiological tool, because of its
great specificity.
Dr: Feenstra: I should like to support the
need for improved diagnostic tools.
Di: Waters: Can PCR be made more sensi-
tive? Single-lesion cases are very impor-
tant. Also, we have a problem distinguish-
ing between relapse of PB leprosy and late
reversal reaction. A better diagnostic tool
could help us greatly.
Dr. Brennan: In the course of the coming
presentations, we'll talk about methods—
skin testing, serology, etc.—that may be ap-
plicable to the diagnosis of single-lesion
leprosy. There is no presentation specifi-
cally of PCR. Perhaps Dr. Klatser can speak
to this point'?
Di: Klatser: Theoretically, PCR can detect a
single bacillus; it cannot be made more sen-
sitive than it is—it cannot detect less than
one organism.
Prof ii: If we had a test of maximal sensi-
tivity, how would we apply it? The field
workers are already working at a maxi-

mum. Skin smears are technically more
simple than PCR, and we are unable to im-
prove the manner in which smears are made
and examined. We can't demand more from
the field workers than we already do.
Prof. Cho: I have done some work with
PCR in collaboration with the Leonard
Wood Memorial in Cebu, which possesses
excellent facilities. Of 100 MB cases, 90
were positive by smear; six of the remain-
ing 10 demonstrated AFB in the biopsy
specimen. PCR recognized only one addi-
tional patient. Perhaps in the field, where BI
and biopsy are not so well performed, PCR
may have somewhat more to offer.
Prof. Fine: We may be in a "catch-22" situ-
ation, with respect to research possibilities.
Ethically, we feel required to treat single-le-
sion patients in whom we suspect leprosy;
however, treatment prevents progression of
the disease, which would prove the diagno-
sis. We may need to follow a large number
of such patients without treatment in a re-
search environment, in order to sort out this
problem.
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Needed Research in Chemotherapy of Leprosy
Related to the Individual Patient

R. R. Jacobson, Gillis W. Long Hansen's Disease Center,
Carville, Louisiana, U.S.A.

The goal of eliminating leprosy as a
public health problem-i.e., prevalence
< I:10,000 could certainly not have been
proposed if the standard World Health Or-
ganization (WHO) chemotherapy regimens
(WHO/MDT) had not been successful. It is
also clear that, without enhanced control ef-
forts by, and assistance from the WHO,
member governments and non-governmen-
tal organizations, effective chemotherapy
would not, by itself, have been sufficient to
achieve this goal. Unfortunately, even in the
best programs of leprosy treatment and con-
trol, there remain patients who cannot easily
be treated by WHO/MDT. Moreover, despite
our best efforts, only disappointingly small
reductions of incidence have been recorded,
and one worries that it will not be possible
to reduce the prevalence below the level of
1:10,000 in areas in which the annual inci-
dence approaches this figure. Finally, there
remains the question of what will happen
when the goal of elimination has been at-
tained. Will control efforts diminish as
funding is diverted to the control of other
diseases? And will we begin to move back-
ward at that time? It is clear that, although
we have experienced considerable success
to date, we still have a long road to travel.

What can be done now or in the future to
find answers to these questions? How might
we reach all patients more quickly and con-
sistently'? As was noted in a meeting of the
Steering Committee of WHO's Therapy of
Mycobacterial Diseases Scientific Working
Group (THEMYC) in Madras in December
1993, "Current WHO/MDT is very suc-
cessful in leprosy control. However, there is
a need to continue to search for new drug
regimens for future application for the fol-
lowing reasons:

I) It would be helpful if future schemes
of therapy could be made simpler than
WHO/ MDT and more acceptable for appli-

cation within the general health services,
with the further proviso that they would de-
pend entirely upon once-a-month super-
vised administration of drugs;

2) If a multibacillary (MB) patient does
not accept clofazimine because of skin col-
oration, he has no access to an easily ap-
plicable, safe and cost-effective alternative
MDT regimen;

3) A single common regimen suitable for
both multibacillary (MB) and paucibacil-
lary (PB) leprosy, but with different dura-
tion if necessary, would considerably sim-
plify administration of therapy by the gen-
eral health services;

4) A fully supervisable regimen with
flexible interval between doses could be use-
ful in certain populations or areas in which
WHO/MDT may be difficult to apply.

In other words, leprosy control programs
and patients could have the opportunity to
choose alternative regimens, which are ef-
fective and safe, according to the needs of
the program or the individual patient." How
might chemotherapy enhance future efforts
to control leprosy?

Drugs Current) v Available
Dapsone, rifampicin, clofazimine and the

thioamides. Dapsone (DDS), rifampicin
(RMP), clofazimine (CLO) and the thio-
amides are the "standard" drugs. The dose
of DDS has been standardized at 100 mg
daily for adults, and the thioamides are
rarely used because of their potential for
toxicity. Recent studies (') have again
demonstrated that once-monthly, 600-mg
doses of RMP appear to he as effective as
the same doses administered daily, although
there are those who disagree, and there is
some evidence ( 1) that CLO could also be
given once monthly.

The fluoroquinolo/les. Although a large
number of fluoroquinolones have been de-

SI6
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veloped, some, such as ciprofloxacin, are
not active against Mycobacterium leprae,
and, of those that are, interest has centered
on otloxacin (OFLO). Like all fluoro-
quinolones, OFLO acts by inhibiting the al-
pha sub-unit of the enzyme DNA gyrase,
thereby interfering with bacterial DNA
replication. Clinical trials have demon-
strated that a daily dose of 400 mg is bacte-
ricidal against M. leprae, although less so
than a single dose of RMP, and that 22 daily
doses killed 99.99 per cent of the viable or-
ganisms. The drug is well absorbed, reach-
ing a peak serum concentration of 2.9 tg
per ml after 2 hours, and has a serum half-
life of 7 hours. It is excreted mainly un-
changed by the kidneys. Side effects in-
clude nausea, diarrhea, and other gastroin-
testinal complaints, and a variety of central
nervous system complaints, including in-
somnia, headache, dizziness, nervousness
and hallucinations. Serious problems are in-
frequent, and only occasionally require dis-
continuing the drug.

The macrolides. Several members of this
group, including erythromycin, have been
evaluated, hut, at this moment, only clar-
ithromycin (CLARI) appears promising.
Although studies in the mouse foot pad
have demonstrated the potent bactericidal
activity of this drug, it is clearly less bacte-
ricidal than is RMP. Administered in a
dosage of 500 mg daily to leprosy patients,
the drug killed 99 per cent of M. leprac by
28 days, and 99.9 per cent by 58 days.
CLARI is readily absorbed from the gas-
trointestinal tract and converted to its active
metabolite, 14-0H-CLARI. Peak serum
concentration, approximately 1 jig per ml,
is reached 1-4 hours after a 500-mg dose,
and its serum half-life averages 6-7 hours.
Tissue concentrations are higher than those
in the serum. It was reported C) that the
concurrent administration of RMP de-
creased the serum CLARI concentration
by 80 per cent, but the serum concentration
of the 14-OH metabolite remained un-
changed. The drug acts by linking to the
50S ribosomal sub-unit, thus inhibiting bac-
terial protein synthesis. As a group,
macrolides are relatively non-toxic. Gas-
trointestinal irritation, nausea, vomiting and
diarrhea are the most common symptoms,
but they do not usually require discontinua-
tion of the drug.

Minocycline. Minocycline (MINO) is the
only tetracycline that demonstrates signifi-
cant activity against M. leprae, perhaps be-
cause its lipophilicity permits it to penetrate
the bacterial wall. The standard dose is 100
mg* daily, which yields a blood level of 2-4
ftg per ml, well above the apparent minimal
inhibitory concentration for M. leprae of
0.2 tg per nil. The drug is bactericidal
against M. leprae, but less so than is RMP.
Minocycline was clinically effective when
administered alone to 8 patients, but 2
months of daily treatment were required be-
fore the organisms were consistently unable
to multiply in the mouse foot pad ( 1 ). Like
other tetracyclines, MINO binds reversibly
at the 30S unit of the ribosome, blocking
the binding of aminoacyl transfer RNA to
the messenger RNA-ribosomal complex,
thereby inhibiting protein synthesis. The
drug is well absorbed, with a serum half-
life of 11-23 hours. Side effects include
discoloration of the teeth of infants and
children, occasional pigmentation of the
skin and mucous membranes, various gas-
trointestinal complaints, and central ner-
vous system toxicity, including dizziness
and unsteadiness. A recent report ( 4 ) re-
viewed 34 cases of hepatitis or systemic lu-
pus that occurred in patients treated by
MINO for acne. That prolonged administra-
tion of the drug for acne continues indi-
cates, however, that MINO is relatively
non-toxic.

Other drugs. With the possible exception
of fusidic acid, the other drugs that have
been demonstrated to be active against M.
leprae are much less potent, or merely hac-
teriostatic. These drugs include the combi-
nation amoxicillin with potassium clavu-
lanate, brodimoprim, thiacetazone, and de-
oxyfructoserotonin. Considering the large
number of much more potent drugs avail-
able, that could be included in drug regi-
mens that might be fully active when ad-
ministered for a shorter period of time than
is required by WHO/MDT, there appears to
be little reason to use any of these other
drugs at this time.

Combinations of the newer anti-leprosy
drugs. Ji and his colleagues have demon-
strated ( 5 ) that single doses of the combina-
tion of MIN() with CLARI, with or without
OFLO, administered once monthly, to-
gether with monthly 600-mg doses of RMP,
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are fully active in the treatment of MU lep-
rosy, and that these combinations, adminis-
tered daily without added RMP, may repre-
sent adequate treatment for RMP-resistant
MU leprosy. Studies by others have yielded
similar results.

Improving MI)T

Shnrtenin,g therapy. The Study Group on
Chemotherapy of Leprosy, convened in
1993, suggested ("') that WHO/MDT for
P13 leprosy continue to he administered for
6 months, whereas that for NI 13 leprosy he
limited to 2 years, thus eliminating the pro-
viso that the regimen be continued for "at
least 2 years, and be continued, wherever
possible, up to smear negativity'', as had
been recommended in 1981 by the Study
Group on the Chemotherapy of Leprosy for
Control Programmes (''). Drugs and dosages
were left unchanged.

Could WI-HO/MDT be substantially short-
ened'? At present, there is no good evidence
to support such an initiative. Pattyn's expe-
rience with shorter regimens suggested to
him that excellent results could he obtained
for MB disease in as brief a period as 34
weeks only if RMP were administered
daily: treatment for shorter periods did not
yield satisfactory results C). His experience
suggested to him that the treatment of P13
leprosy could he shortened to from 6 days
to 3 months. Unfortunately, none of his data
included regimens containing drugs other
than DDS, RMP, CLO and a thioamide.

On the other hand, adding OFLO, MINO
or CLARI or some combination of these
drugs to WHO/MDT, or substituting one of
these drugs or sonic combination of them
for the DDS- or CLO-component of W110/
MDT, might permit shortening of the treat-
ment, because of their greater bactericidal
activity. However, to determine by how
much treatment might be shortened would
require long-term trials. The cost of the new
drugs might also limit their use, although
this could he minimized both by monthly
administration and by shortening the course
of treatment. Finally, only modest shortening
of the treatment e.g., to 3 months for P13
and 12 months for MU leprosy might he
only of limited benefit to control programs.

Might treatment be miarkedly shortened
by the administration of very intensive
courses of RMP, together with one or more
of the new drugs'? Little information with

respect to such therapy has been published.
A trial, now in progress, of the combination
of OFLO with RMP administered daily for
one mouth may answer this question. If the
results are disappointing, it could he argued
that they might have been improved by ad-
dition to the regimen of MINO or CLARI
or their combination. At the 14th Interna-
tional Leprosy Congress in Orlando in
1993, a one-month trial of RMP combined
with MINO was reported ( 1 ) to have yielded
satisfactory results in a mixed group of 20
PB and M13 patients, and no relapses were
reported after the first 2 years of follow-up.
However, a much larger group of patients
must be followed for a much longer period
of time, in order to demonstrate that the re-
lapse rate is satisfactorily low. It appears
that the potential for significantly shorten-
ing the duration of WHO/MDT exists, and,
ultimately, the duration of therapy for M13
leprosy might be markedly shortened.

Intermittent therapy. Because in any con-
trol program some patients are relatively in-
accessible, intermittent regimens are much
desired, and, given the potent bactericidal
drugs now available, even relatively short
intermittent regimens appear possible. Ji, e!
al., had recommended C) several possible
regimens employing the new drugs. Per-
haps with these recommendations in mind,
the TI IEMYC subcommittee that met with
a number of experts, in Madras in Decem-
ber 1993, developed several protocols em-
ploying combinations of time new drugs in
fully supervised intermittent regimens. The
first of these protocols involves the trial of a
single dose of the combination of 600 mug
RMP, 1O0 mg MINO and 400 mg OFLO in
the treatment of single-lesion PB patients.
The results of this treatment will he com-
pared to those of treatment for 6 months by
WHO/MDT for PB leprosy. Siogle-lesion
P13 patients constitute a significant propor-
tion of the new cases encountered in some
control programs at this time. If the patients
are closely followed, the trial appears to in-
volve little risk for them; and should the
regimen prove successful, its use could
markedly simplify control efforts.

The second series of regimens proposed
by the 'I'I II;MYC subcommittee seeks to
demonstrate the efficacy and safety of fully
supervised intermittent drug regimens in
the treatment of leprosy. In this trial, P13 pa-
tients will receive the combination of RMP
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with OFLO and MINO just described once
a month for 3 or 6 months; for MR patients
the drugs will he administered once
monthly for 12 or 24 months. The safety of
these regimens will be examined by com-
paring the 6- and 24-month regimens with
WHO/MDT.

These regimens may be expected to he
very powerful, and the possibility that they
will be successful in yielding an acceptably
low relapse rate is sufficient to justify these
trials. Many of the single-lesion patients
may be expected to self-heal, and the single
dose of combined therapy might be suffi-
cient to prevent evolution of the disease in
the remaining patients. One may wonder,
however, if the success of the regimens
studied in the other patients would signifi-
cantly assist control efforts. It would cer-
tainly be useful to shorten the treatment of
difficult-to-reach patients, and efficacious,
directly observed therapy (DOT) for poorly
compliant patients would indeed he useful,
but the impact of these regimens on control
programs appears dubious, unless their du-
ration can be even further shortened.

Oilier issues. A high rate of relapse after
2 years of WHO/MDT has been reported
('' `') among M13 patients who begin treat-
ment with I3I>_ 4. The authors of this report
recommended (`) that the duration of
WHO/MDT be increased to 4 years for
these patients. If this finding is confirmed
by other studies, would addition of one or
more of the new drugs to WHO/MDT or
use of new intermittent regimens permit
them to be treated for only 2 years or even
less'? This topic requires further study; even
if longer therapy were indicated for these
patients, can one rely upon the skin smears,
as they are performed in many control pro-
grams, to select the patients who require
prolonged treatment'?

Combined inlmi n lntherapv and chemo-
therapy. This is an area of interest, because
immunotherapy by such materials as My-
cobacterium \V might accelerate clearance
of the dead organisms. Should this in fact
he the case, would it permit marked short-
ening of the duration of treatment?

/Picture Prospects
A major effort is now in progress in the

United States and elsewhere to develop new
drugs for tuberculosis. It is likely that sev-
eral more anti-leprosy drugs will result

from this effort. At this moment, however,
it is difficult to foresee any immediate ben-
efit from these drugs, unless one was found
to be bactericidal for "persisting" M. lep-
roe. Given the current state of the art, ideal
chemotherapy—i.e., a single dose of a drug
or combination of drugs that will cure all
types of leprosy—appears unlikely, but
could he achieved some day. However, we
are unlikely ever to eradicate leprosy by
chemotherapy, even if a single-dose regi-
men were effective. There may exist impor-
tant sources of M. leprae in nature; and un-
less one could treat entire populations, new
cases would continue to arise, even if the
sole source of infection was human-to-hu-
man transmission.

Sensitive and very specific tests for the
early diagnosis of leprosy alight permit the
use of single-dose therapy in a large pro-
portion of cases, particularly if the trial of
such therapy now in progress is successful;
however, there is no immediate prospect for
such a test. Improved single-dose or multi-
ple-dose prophylaxis administered to fanc-
ily contacts might also be useful; a trial of
such prophylaxis is about to he undertaken
in the Federated States of Micronesia.

Sununai'v

The chemotherapy of leprosy was ren-
dered markedly more effective by the intro-
duction of WE-IO/MDT in 1981. The
prospects fo r further improvements, both
by shortening duration and by developing
fully supervisable intermittent regimens,
appear good at this time. These develop-
ments should aid the efforts to attain the
goal of elimination of leprosy as a public
health problem. For the foreseeable future,
however, the goal of eradication of leprosy
will continue to elude us.
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Discussion of Dr. Jacobson's paper
Prof. Ji: Because the two WHO/MDT regi-
mens are so effective, these will continue to
be the regimens of choice, even in the post-
elimination era. It would be helpful if the
course of treatment could be significantly
shortened. Also, it would be ideal if all of
the drugs could be administered once
monthly, and, because skin smears are gen-
erally so unreliable, if the same regimen
could be employed for treatment of both PB
and MB leprosy. For those patients who
live in inaccessible areas, and who cannot
attend monthly treatment, a short, intensive
regimen would be desirable. Light-corn-
plexioned patients who will not take CLO
need an alternative regimen. Finally, pa-
tients who do not tolerate RMP, or whose
M. leprae are resistant to RMP, also need an
alternative regimen. It is for these patients
that regimens employing the new drugs
might be most useful.
Dr Gupte: WHO/MDT is a very robust reg-
imen. The special situations that require
new regimens do not at all represent fail-

ures of WHO/MDT. We must make it clear
that the proposal of regimens to be studied
in clinical or field trial is not a recommen-
dation that the regimens be employed in the
treatment of patients.
Dr Jacobson: I also wish to emphasize the
importance of distinguishing between pro-
posal of a regimen for a clinical or a field
trial and recommendation of that regimen
for treatment of patients.
Dr Naafs: Because as many as 40 per cent
of patients may experience clinical worsen-
ing in the course of treatment, we must in-
sure that new regimens deal adequately
with reaction.
Dr Noordeen: With respect to the use in
treatment of regimens only proposed for
trial, admittedly a serious problem, there is
not much we can do. On the other hand, it is
perhaps fortunate that >_ 90 per cent of lep-
rosy patients are treated in the public sector.
We should try to convince health planners
and administrators not to play with the re-
comended regimens, but there is not much
we can do about private practitioners.
Prof: Fine: With respect to the large trial
among patients with single-lesion leprosy,
was any thought given to withholding treat-
ment from one group? That so many of
these patients self-heal may confound the
results.
Prof. Ji: It will be difficult to withhold treat-
ment from patients with leprosy. Perhaps
the answer will come from a trial, just be-
gun, of single-dose treatment for single-le-
sion patients.
Dr Noordeen: We have defined leprosy as a
skin lesion with definite sensory loss. No
ethical committee will sanction observation
of these patients while withholding treat-
ment.
Dr. Dockrell: As we approach the elimina-
tion goal, there may be pressure to under-
diagnose single-lesion leprosy. Should this
occur, treatment may be withheld from
numbers of such patients.
Dr Feenstra: As long as we express elimi-
nation in terms of prevalence, these single-
lesion patients who are treated by a single-
dose regimen will never be added to the
register.
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Treatment of Reactions and Nerve Damage
B. Naafs, Department of Dermatology and Venereology,

University Hospital, Leiden, The Netherlands

Nerve damage leading to permanent dis-
ability is the major problem in the course of
leprosy. Were it not for this, leprosy would
be a rather innocuous skin disease, whereas,
even today, it is one of the most feared dis-
eases, often associated with serious social
repercussions. Nerve damage may occur in
both untreated and treated patients, and
even in patients who have completed an-
timycobacterial therapy. When it occurs
during or after treatment, it is especially
frustrating to the patient and embarrassing
to the physician.

Clinical Aspects (/ 5)
In borderline (BT, BB and BL) leprosy,

nerve damage usually develops during the
so-called reversal reaction (RR). When this
occurs, peripheral nerve trunks become
swollen and tender at specific sites, and
show deterioration of function, which usu-
ally progresses gradually, taking weeks or
even months to become irreversible. Occa-
sionally, however, severe damage may take
place over-night. Skin involvement fre-
quently accompanies nerve involvement,
but may also precede or follow the nerve
damage. Clinically, a reaction may be sus-
pected when there is increased inflamma-
tion of pre-existing skin lesions. Hypopig-
mented or slightly erythematous macules
may become red and swollen, and, occasion-
ally, may even undergo ulceration. Crops of
new lesions may suddenly appear. Some-
times, extensive edema of the hands or face
may be present, especially in BL patients.
Patients may complain of a burning, sting-
ing sensation in their skin lesions, and com-
plain of aches and pains in the extremities or
face and loss of strength or sensory percep-
tion. However, they are usually not febrile.

In lepromatous (BL, LL and LL) lep-
rosy, the damage may take years to develop,
or may suddenly increase in severity during
a reactional episode termed erythema no-
dosum leprosum (ENL). In contrast to RR,

ENL is a generalized process involving var-
ious organ systems concurrently or sepa-
rately. The patient is often ill, with fever,
granulocytosis and albuminuria. The pro-
cess takes its name from the painful, erythe-
matous nodules of the skin that characterize
the process. However, painful enlargement
of lymph nodes, liver and spleen may also
occur, as well as may episcleritis and irido-
cyclitis with glaucoma. Lymph-node in-
volvement may lead to edema of the ex-
tremities, particularly the legs. This edema
should not be confused with that which oc-
curs as a result of nephrotic syndrome. In
men, epididymoorchitis may occur. Nerves
and joints may become swollen and tender.
Periostitis, tendinitis and myositis are some-
times observed. Finally, glomerulonephritis
and even peritonitis have been described.

Treatment
Treatment should be based upon an un-

derstanding of the immunopathology, and
should ideally be tailored to the individual
patient. The patient's progress during treat-
ment should he carefully assessed, and
treatment should be adapted to changing
circumstances, immediately if necessary.
Because individual treatment is not possible
in the field, however, treatment guidelines
and schedules must he designed.

RI?. Histopathologically, the lesions show
all of the characteristics of a delayed-type
hypersensitivity reaction. There is an in-
crease of immune infiltrate, with edema and
a change of the composition of the cellular
infiltrate, characterized by an influx of lym-
phocytes, mainly of the CD4 subtype—es-
pecially of the Th 1-class ("' "' 34). During
the reaction, the peripheral blood lympho-
cytes demonstrate increased reactivity to
Mycobacterium leprae antigens in a lym-
phocyte transformation test ( 3 ). A logical
approach to treatment would be to reduce
the concentration of M. leprae antigens by
means of chemotherapy, while suppressing

S21
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TABLE 1. Reactions during anel ater treatment of leprosy patients at the University
Hospital, Rotterdam, between 1970 anel 1977, comparing dapsone ,monotherapy with
MDT

Reaction
Paucibacillary NlultihacilLiry

Proportion (3 , Proportion

Reversal reaction
During dapsone monotherapy 3/30 10 1 2/32^6
During MDT 5/69 7 4/43^9
After dapsone monotherapy 0/42 0 ()/33^0
After MDT 2/72 3 4/43^9

[NI.
During dapsone monotherapy 0/30 0 9/32^28
During MDT 0/69 0 6/43^1-4
After dapsone monotherapy O/42 (1 0/33^0
After MDT 0/72 (1 2/43^5

the damaging cell-mediated immune re-
sponse ( 1 s."').

It is important to recognize that dapsone,
in a daily dose of 50 mg or greater,
markedly suppresses RR ( 2 ). Indeed, after
the introduction of the multidrug therapy
recommended by the World Health Organi-
zation in some countries, RR that occurs
during treatment decreased in prevalence.
However, as shown in Table I, the preva-
lence of RR increased after treatment had
been completed, thus demonstrating.the im-
munomodulatory (suppressive) effect of
dapsone (14.21).

Prednisone remains the drug of choice in
the treatment of RR. It reduces the edema
virtually over-night (9), exerts an in)muno-
suppressive effect, and decreases post-
inflammatory scar formation, of great im-
portance for the improvement of nerve
function after the reaction (I 5 ). Immuno-
suppressive treatment should be continued
throughout the period during which the
antigenic load is sufficient to trigger the
cell-mediated immune response. Patients

with tuberculoid leprosy may require treat-
ment for 3-6 months, slid-borderline pa-
tients for 6-9 months, and borderline lepro-
matous patients for as long as 18-24
months. The dosage schedule recom-
mended for prednisone is shown in Table 2.
The initial dosage of prednisone need not
exceed 40 mg (0.5-0.6 mg per kg body
weight) daily (I 2). The rate at which the
dosage should be reduced may he deter-
mined from the results of several tests, the
most sensitive being the graded bristle sen-
sory test and the voluntary muscle test ( It ).
The crucial dosage for iml)lunosuppression
is about 20 mg (0.3 mg per k`g) per day;
once the initial high dosage has been re-
duced, the dosage should be maintained at
20 mg per day for the remainder of the peri-
ods just mentioned. After the dosage of
prednisone has been reduced to 10 mg per
day, it may then he reduced more rapidly,
because so small a dosage has little effect
on the immune response.

A number of reports support these treat-
ment guidelines. One study demonstrated

TABLE 2. Recommended schedules for treatment of reversal reaction.

Prednisonc^ Cyclosporinc A

30-40 mg daily for I week
25-30 tog daily for 1-3 weeks
20-25 mg daily for 1-2 months

20 mg daily for 1-6 months
IS mg daily for 1-6 months

10 mg daily for 2 weeks
5 mg daily for 2 weeks

200 mpg twice daily for I week
175 mg twice daily for 3 weeks

150 mg twice daily for 1-6 months
125 mg twice daily for 1-6 months
I(10 mg twice daily f or 1-6 months

50 mg twice daily for 2 weeks
25 mg twice daily for 2 weeks
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that more prolonged treatment schedules
were more effective than those limited to
only 3 months (I 2 ), and subsequent studies
(r ^^ '') have confirmed the greater effec-
tiveness of the 6-months schedule. A more
recent study has shown ( 2') that not only
was there an effect during treatment, but
that further improvement occurred after
treatment had been completed, confirming
the earlier results ("' "'). Two groups of
workers have reported ( 7 ' 2") less favorable
results, most likely because of the smaller
dosages and shorter durations of their treat-
ments ( 21 )

More recently, two Dutch medical stu-
dents were sent to assess a steroid treatment
program of short duration. The responsible
physician and physiotherapist on the scene
had reported that SO per cent of nerves im-
proved during a 3-month period of treat-
ment. The students found that, after treat-
ment had been discontinued, more than half
of the patients deteriorated over the next 6
months to levels of damage not greatly dif-
ferent fromthose that had been observed
before treatment, as shown schematically in
Figure 1 ('') whereas improvement contin-
uing after completion of treatment occured
in only 23 per cent of the patients. In con-
trast to this demonstration are the reports
that fewer than I() per cent of the patients
deteriorate after treatment for 6 months or
longer ( 2 '). 3"), and that more than 60 per cent
continue to improve ( 12 ).

Within what period after the onset of the
RR should immunosuppressive treatment
be begun? Ideally, treatment should begin
immediately, but tins is not always possible.
If treatment can he begun within 3 months
of onset, the results are usually satisfactory,
whereas if it is begun more than 6 months
after onset of the reaction, not much im-
provement may he expected (I 2. ' 2 ), al-
though it may nevertheless he worthwhile
to institute treatment as long as one year af-
ter the onset of nerve damage.

When preclnisone or some other in u uuno-
suppressive treatment is employed, it is
most important also to treat intercurrent in-
fections particularly strongyloidiasis, fun-
gal infections, osteomyelitis and tuberculo-
sis, because these may be exacerbated by
the inmmunosuppression. Mal perlOrans, if
present, may also be exacerbated by this
treatment.

When preclnisone is employed, side-ef-
fects are frequently encountered particu-
larly Cushing's syndrome with weight-gain,
moon facies and hump-back, steroid acne
and gastritis. The more severe side-effects,
such as diabetes and steroid cataract, are
not frequently seen in the treatment of RR,
because the drug is usually administered in
relatively low dosage for a relatively short
period of time. Some have questioned
whether it might not be better to substitute
betamethasone or dexamethasone for pred-
nisone, because the former compounds ex-
ert a weaker niineralocorticoid action.
However, this topic has not as yet been
carefully investigated; considering price
and side-effects, one wonders if such a trial
would be worth the effort.

For those patients who do not tolerate
corticosteroids well, azathioprine might he
added; however, this drug acts only slowly,
and could replace steroids only partially in
a later phase of the treatment, because it has
no effect on the intraneural edema, which is
so damaging to the nerves (C 5 ). The side-ef-
fects of arathioprine intestinal discomfort
and anorexia—are usually mild, although a
few patients suffer hone marrow depres-
sion. In addition, the drug is expensive.

Cyclosporine A, an even more expensive
drug, is as effective as steroids in the treat-
ment of RR ( 1 ). Theoretically, cyclosporine
A is ideal, because it acts primarily to sup-
press the CD4-Th I helper cell. However, it
is not yet certain whether this drug acts as
quickly on the intraneural edema as do
steroids. Treatment should begin with a
dosage of 5-10 mg per kg body weight, and
be reduced at the same rate as is the dosage
of steroids. At a dosage < 5 mg per kg, side
effects are mild; these include hypertension,
which usually can be easily controlled, and
a decrease of glomerular filtration, which
results in an increase of the plasma creati-
nine concentration that is usually reversible.
This drug deserves the attention of re-
searchers in the area of RR.

When, during otherwise effective treat-
ment of RR, one or two nerves do not
improve or even sustain more damage,
whereas other nerves improve, one should
suspect the action of mechanical as well as
of immunological mechanisms. In such sit-
uations, intraneural edema under high pres-
sure may he present in the nerve, compress-
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FIG. I. The course of total nerve function during reversal reaction treated by prednisone, measured in arbi-
trary units. The larger the value, the more damaged the nerve. Each line represents a single patient; * = one pa-
tient assessed 3 months directly after completing prednisone treatment.
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ENL immunopathology

non specific stimulans - influx of CD4 Th 2 cells

4 Ii 4 and others

B cells^plasma cells —* antibody production
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FIG. 2. A schematic presentation of the mechanism of ENL.

ing the post-capillary venule that traverses
the perineurium obliquely, giving rise to lo-
cal venostatic edema ( 1015 ") and surgery
to decompress the nerve should be consid-
ered. The surgery should be performed, un-
der cover of steroids to suppress cell-medi-
ated immunity, no later than 2-3 months af-
ter the onset of nerve damage. The steroids
will also prevent postoperatve edema and
decrease postoperative adhesions and scar-
ring. Such procedures have been shown to
be effective ( 33 ). On the other hand, they
have become less common as the result of
more vigorous immunosuppressive treat-
ment.

ENL ( 5 ). Although the immunopathology
of ENL is not entirely understood, the fol-
lowing model may be useful ( 5."'). Follow-
ing an unknown trigger, which may be as
non-specific as a viral infection, stress, or
pregnancy, or more specific like tuberculo-
sis, an influx of CD4 Th2 cells occurs
against a background of the histopathologi-
cal features of lepromatous leprosy. Possi-
bly by production of 1L-4, these cells may
induce B-cells and plasma cells already pre-
sent to produce or increase their production
of antibodies; these combine in the tissues
with preexisting M. leprae antigens to form
immune complexes, and give rise to com-
plement activation, evidenced by the spill-

over into the peripheral blood of the break-
down product, C3d ( 3 '). As a consequence
of complement activation, the granulocytes,
the most prominent cells in a full-blown
ENL lesion, break down; the granulocytes,
with their enzymes and toxic substances,
are responsible for the tissue destruction
(Figure 2). TNF-a, a cytokine found in in-
creased concentrations during ENL ('`' 22),

and a pyrogen, may be responsible for the
increase of body temperature during ENL.
The nerve damage in ENL may result from
an ENL lesion in the nerve, but may also re-
sult from venostatic edema, as occurs in
RR. Finally, TNF-a has been shown capa-
ble of demyelinating nerve fibers in vitro.

Because ENL is an episodic, self-limited
process, many drugs have been erroneously
reported to be of therapeutic value. Over
the years, however, a number of drugs have
been shown to be effective, not only in
acute episodes, but also in chronic ENL and
its complications C 15 ). Mild ENL, with
only a few erythematous papules and no in-
volvement of organs other than the skin, is
usually not very damaging, and can he eas-
ily treated by mild analgesics and non-
steroid anti-inflammatory agents. When the
process is a little more severe, and accom-
panied by fever, leukocytosis and involve-
ment of other organs but not of nerves, eyes
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TABLE 3. Recommended schedule f r•
treatment of mild, "complicated - I:NL
(I;NI, with urlhritis, teucliniti.c or ltvn-
phncheniti.v).

Aspirin. 1.5-3 g daily for 1-2 weeks
+ chloroquine, 1-1.5 ,e daily for 1-2 weeks

+ Fuadink, 2-3 ml im for 3 days

or testes, a few days' treatment with anti-
monials may be used in addition to the
prostaglandin inhibitors. Antintunials may
interfere with activation of complement ('
15 ). Chlorpromazine, which may he helpful,
has been shown to inhibit complement-me-
diated reactions in rabbits, and to prevent
tissue injury (' ). I'rontethazine, which in-
hibits the complement cascade, and inter-
feres with mediators released from mast
cells, also increased during ENL, may alle-
viate the symptoms ( 16 ).

When ENL involves nerves. with no ob-
vious deterioration of function, or . points, a
combination of non-steroidal anti-inflam-
matory agents and antinlalarials chloro-
quine or hydroxychloroquine—appears
useful. The antintalarials stabilize the lyso-
sontal membrane, thus preventing tissue de-
struction, and also inhibit complement acti-
vation by antigen-antibody complexes (')
(Table 3).

In severe ENL, with orchids, iridocyclitis
with glaucoma, or neuritis with loss of
nerve function, treatment with corticos-
teroids or thalidomide is indicated. A dose
as large as 80-100 mg prednisone may be
required, but the dosage can be quickly re-
duced to half this amount. In ENL, pred-
nisone acts by suppressing cell-mediated
immunity, inhibiting antibody synthesis, in-
hibiting the release of lysosomal enzymes
and production of cytokines, decreasing the
response of neutrophils to chentotaxis, in-
hibiting both prostaglandin synthesis and

the response to prostaglandins, and decreas-
ing fluid leakage at the site of inflammation
( 15 ). I'rednisone has been shown to be very
effective in severe I?Nl.. although side-ef-
fects are frequent because of the large
dosages required.

Thalidomide may be the drug of choice
in the treatment of severe ENL, although a
few patients may not respond. Its terato-
genic potential limits use of the drug, and it
may cause neuropathy, which can he
masked by the leprosy neuropathy. The
drug is associated with other side-effects,
but these usually do not require that treat-
ment he discontinued. Its mechanism of ac-
tion remains unclear ( 6 . ". j 5 ). The drug is ef-
fective in adjuvant disease of rats, consid-
ered by some a model of ENL ( 5 ). In
addition, thalidomide inhibits synthesis of
IgM de Horn, possibly important because
IgM and. more specifically. IgM-rheunta-
toid factor may play a role in perpetuating
ENL. The drug also stabilizes lysoson u tl
membranes and inhibits granulocyte
chetnotaxis. Thalidomide inhibits induction
of l'NI, by causing a significant decrease of
the CD4: CDH ratio, and a change of the
mixture of cytokines produced. Recently,
thalidomide has been shown to be agonistic
to the synthesis of II.-2, and to be both ago-
nistic and antagonistic to the synthesis of
TNF-u ( , S). "Treatment is initiated in a
dosage of 400-600 mg (10-15 mg per kg
body weight) daily, decreasing over a pe-
riod of 1-2 weeks to a maintenance dose,
xvhich may be as small as 25 mg every
other day. as shown in "fable 4.

Colchicine, which inhibits vascular in-
jury in experimental Arthur reactions by in-
hibiting chemotaxis of neutrophils, has
been shown to he effective in ENL, but not
to the degree claimed by the original inves-
tigators ( 21 ). Cyclosporine A has also been
claimed to be effective in severe ENL:
however, in our hands, it has been only

TABLE 4. Recommended .vrhrclulr %nr ',raiment n/'cm individual episode of seven' ENL.

I'red n i s„ne "1'hatidomide

60-100 nie daily for 1-3 days
40-75 nig daily for 1-3 days
30-50 mg daily for 1-3 days
20-30 mg daily for I--3 (lays

Reduce by 5 mg every day thereafter

300--400 mg daily for 1-3 days
200-300 mg laity for 1-3 days
100 200 inn daily for 1-3 days
50-100 mg' daily for 1-3 days
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TABLE 5. Recommended schedule  for treatment of chronic and recurrent EN!_.

('Iota,intinc or Thalidomide

100 mg three times daily for 1-3 months
100 nrg twice daily for I-6 months

10(1 mg daily for I-6 months

25-200 mg daily for 3-24 months

modestly effective. That its action is di-
rected more against 'Ih 1 than against Th2
cells that are involved in ENL ( 4 .' 6 . 34 ) sug-
gests that the drug could not have been ex-
pected to be more effective. An anti-ENL
effect has recently been claimed ('`) for
pentoxifylline; however, this drug has
demonstrated little effect in our experience.
On the other hand, this drug may exert ef-
fects that are additive to those of standard
ENL treatment, because it diminishes
leukocyte adherence and production of
TNF-(x.

Clofazimine (CLO) is very important in
the maintenance therapy of ENL (Table 5).
After the introduction of this drug into rou-
tine chemotherapy of leprosy, as a compo-
nent of WHO/MDT, the prevalence of ENL
halved in some control programs (Table 1)
( 21 ). Although CLO has been shown to di-
minish granulocyte chemotaxis, and to sta-
bilize lysosomes, its mechanism of action is
unclear. Administered in a dosage of
I00-300 mg daily during ENL, it reduces
the need for steroids. Its side-effects are
minimal-some gastrointestinal discom-
fort, skin pigmentation and, sometimes,
ichthyosis.

Finally, according to some claims, im-
m unotherapy with I3CG together with M.
/('lute, M. v(Cc(1c', M. "W'' and the ICRC
bacillis reduces the severity of ENL ( 27 ).

More research should he directed to these
relatively cheap options.
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Research Needs Related to Epidemiology and Control:
Subclinical Infection

M.D. Gupte, CJIL Field Unit, Avadi, Madras, India

In his review of the immunological as-
pects of leprosy, Godal defined subclinical
infection as follows: "In most, if not all, in-
fectious diseases, apparently only a propor-
tion of those who become exposed to the
germ will develop the disease, while the
rest will combat the infectious agent by de-
veloping effective immunity before it has
time, either directly or indirectly, to cause
overt disease. Such individuals are said to
pass through the stage of subclinical infec-
tion" (''). The Figure, which attempts to
portray this situation, is based on the sim-
plified model suggested by Godal.

Godal also cited, as methods for identify-
ing the subclinically infected: 1) detection
of the infectious agent; 2) detection of an
immune response to the agent; 3) detection
of minor pathological changes in the target
organ. All of these methods have been tried
at one time or another in the attempt to de-
tect subclinical infection by Mycobacterium
leprae, including, specifically, the reaction
to lepromin, both early and late, skin tests
employing soluble antigens, lymphocyte
transformation tests, sero-epidemiological
studies based on the "FLA-ABS" test, ra-
dioimmunoassay, tests based on mono-
clonal antibodies or heat-shock proteins,
nerve damage, and, most recently, PCR based
upon detection of either DNA or RNA.

By means of a single test, it may not be
possible to distinguish among the stages of
preclinical infection, early leprosy, and sub-
clinical infection following exposure to M.
leprae. However, once valid and repro-
ducible tests for detecting subclinical infec-
tion become available, it might then be pos-
sible to understand the nature of the disease
process. Although M. leprae is one of the
first organisms to be identified as a human
pathogen, we still do not fully understand the
process by which the organism is transmit-
ted, nor the natural history of the infection.

One suspects that subclinical infection is
far more common than the clinical disease,

and this hypothesis is supported by several
studies. However, our observations, based
on regular surveys of a population in which
leprosy is endemic, carried out every 2.5
years, indicate that the life-time risk of de-
veloping clinical disease lies between 20
and 60 per cent. It is impossible to deter-
mine whether many but not all of the inhab-
itants become infected by M. leprae, with a
high potential for disease among those
infected, or whether nearly everyone is
infected, but only those who are "super"-
infected become ill.

We are indeed fortunate that effective an-
timicrobial therapy is available, so that one
may undertake programs of leprosy control
without being forced to await a complete
understanding of the epidemiology of the
disease. However, only after a test for sub-
clinical infection becomes available can we
undertake interventions such as immuno-
and chemoprophylaxis on a sound, scien-
tific basis. In fact, although development of
a test for subclinical infection continues to
represent a challenging problem for scien-
tists engaged in leprosy research, it appears
likely that leprosy will have been elimi-
nated as a public health problem before
such a test becomes available.

Statistical and Epidemiological
Requirements of a Test for
Subclinical Infectionection

The prevalence of clinical leprosy is al-
ways extremely low in the statistical sense.
Even in so-called highly endemic villages,
the prevalence rarely exceeds 5 per cent.
And in most endemic areas, the prevalence,
by definition, is greater than 1:10,000 pop-
ulation, but rarely exceeds 100:10,000 (1
per cent). We expect the prevalence of sub-
clinical infection to he much greater than
that of clinical leprosy, although it might be
rather low, compared to other infections.
Therefore, a test capable of detecting sub-
clinical infection must he highly sensitive
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FIG. I. Model of subclinical infection with My-

cobacterium leprae, proposed by Godal (").

as well as specific and reproducible. This
issue may he clarified by the three exam-
ples, described in Table I, which demon-
strate that the higher the prevalence of in-
fection, the less the sensitivity required of
the test, so long as specificity remains high.
The converse is also true—i.e., the lower
the prevalence, the greater must be the sen-
sitivity.

Skin Tests: Lepron►in a Test of In/action?
In the field of leprosy, lepromin has been

employed for a variety of purposes, both
clinical and epidemiological, for many
years. The "Fernandez" (early) and "Mit-
suda" (late) reactions were observed to be
well correlated in a large set of observations
on leprosy patients (). However, dissocia-
tion of the two reactions has also been re-
ported ( 33 ). Newell considered ( 30) the early
reaction difficult to interpret epidemiologi-
cally, whereas the Mitsuda reaction has
generally been considered a valid indicator
for both clinical and epidemiological pur-
poses.

Diagnosis of "infection". Early and late
" lepromin-positivity" has been observed in
populations in which leprosy is not en-
demic, as well as in populations in which
the disease is endemic, and in both sorts of
populations, an influence of age on the re-
action has been reported, exemplified by
the data from Myanmar ( 5 ). Considering a
2+ Mitsuda reaction positive, almost 50 per
cent of those aged 0-14 years were posi-
tive; so large an "infection prevalence" ap-
pears improbable.

^ 

Tn13L1's I. F..vamhles 0/tests for sahrliniral infection.

Test positive Test negative Total

Example (a): Prevalence of infection I'G• Populati on 10,000
Sensitivity 90^'/r^
Specificity g7^'/r ,

Infected 90.00 10.00 100.00
Not infected 297.00 9,603 9,900
Total 387.00 9,613 10,000
Estimated prevalence 3.87%
Positive predictive value 0.23

Example (b): Prevalence of infection 10% Population 10,000
Sensitivity 90%
Specificity 97%

Infected 900.00 100.00 1,000

Not infected 270.00 8,730 9,000

Total 1.170 8.83 10.000

Estimated prevalence 11.7%
Positive predictive value 0.77

Example (c): Prevalence of infection 10`% Population 10,000
Sensitivity 50'ír
Specificity 97r%.

Infected 500.00 500.00 1,000

Not infected 270.00 8,730 9,O0O

Total 770.00 9,23(1 I ( 1, ( 1O0
Estimated prevalence 7.70%
Positive predictive value 0.65
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An increase of the size of the lepromin
reaction with age also suggests that the pop-
ulation has been exposed to specific or non-
specific stimuli. Evidence of this are the
data suggesting that vaccination with BCG
converts lepromin "negatives'' to lepromin
reactors, and increase of the size of the re-
action after I3CG is well documented (s).
l3ei gulivan suggested that the Mitsuda reac-
tion depended mainly upon environmental
factors (`,). In fact, lepromin appears to act
as a vaccine ( I ); lepromin reactivity has
been observed to he present in virtually all
those vaccinated with BCG, and 74 per cent
of Burmese patients with scars after lep-
romin-testing were found subsequently to
be lepromin positive (`'').

Thus, lepromin appears to be neither a
sensitive nor a specific indicator of M. lep-
roe infection. The Myanmar data (') do not
support the hypothesis that leprosy is more
likely to occur among those who fail to re-
act to lepromin, nor do they support the al-
ternative hypothesis that leprosy is more
likely to occur among reactors, as might be
the case if lepromin reactivity indicated in-
fection by Al. leprae.

Soluble Antigens of M. leprae
In a study in South India ('") we com-

pared the soluble antigens prepared from Al.
leprae grown in the armadillo by both Con-
vit and Rees (") with tuberculin. Almost
twice as much variation between observers
and from time to time by the same observer
was encountered in reading the reactions to
the soluble materials as was observed in in-
terpreting the reactions to tuberculin. More-
over, significant hatch-to-hatch variation
was noted among the preparations of Convit
antigen employed. Both materials have been
extensively used ("). Zuniga and Convit
found in Venezuela that the Convit antigen
was useful for epidemiological purposes.
However, our studies, in a population in
South India in which leprosy was endemic,
revealed very similar distributions of the
size of the reactions to both the Convit and
the Rees antigens among leprosy patients,
their household contacts and the general
population ( 21 ). "Therefore, it appears that
the present generation of soluble antigens
does not meet the requirements of a good
test of subclinical infection by M. leprae.

Seraepiclennialuĝ v

Abe and his coworkers, who developed
the fluorescent leprosy antibody absorption
(ILA-AM) test for early serodiagnosis of
leprosy C ), reported that both sensitivity
and specificity approached I00 per cent.
Proposing that this test was capable of de-
tecting subclinical infection by M. leprae,
the authors concluded from their observa-
tions that there were 200 subclinical infec-
tions for every leprosy patient ( 2 ). Subse-
quent work reported by Ji, et al., ( 2('),
Amezcua and his coworkers ('), and Rha-
radwaj and Katoch ( 7 ), supported the con-
clusions of Abe. Buchanan and his col-
leagues advocated C") use of the FLA-ABS
test together with an ELISA for the pheno-
lic glycolipid, PGL-I. On the other hand,
Melsom, who extensively reviewed the
topic of serodiagnosis of leprosy in 1983,
from a complement-fixation test developed
in 1906 to solid-phase radioimmunoassay
described in 1982, concluded ( 2') that nei-
ther the FLA-ABS test nor the radioim-
n muoassay met the requirements of a test
that detected specific anti-A9. leprae anti-
bodies.

The FLA-ABS test and some other sero-
diagnostic techniques were evaluated by an
international team ( 24 ). The sera of 14 of 17
patients with paucibacillary leprosy and
127 of I80 patients with multibacillary lep-
rosy were found to react in the ELA-ABS
test, as did 23 of 135 control sera, that had
been obtained from patients with tuberculo-
sis or another disease, who were believed
not to have leprosy. The team concluded
that the ELA-ABS test demonstrated sensi-
tivity of 70.6-82.4% and specificity of
83%. Although the FLA-ABS test repre-
sents a milestone in the development of a
serodiagnostic test for leprosy, it can have
only limited usefulness in detecting sub-
clinical infection with M. leprae at the com-
munity level.

Nerve Antigens and Anlineural Antibodies
Of all tissues, nerve has been thought to

provide the most nearly optimal conditions
forgrowth of Al. leprae in man. Chacko ar-
gued ( 12 ) that the process in nerves is the
primary disease, and that primary neuritic
leprosy should be considered an evolution-
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ary form of the disease following infection.
Others have hypothesized an autoimmune
mechanism to explain nerve damage (s).
Thomas and Mukherjee suggested that
there was cross-reactivity between compo-
nents of nerve and antigens of M. leprae
(3n). Alternatively, they suggested a role of
cytokines in tissue damage, followed by the
release of nerve components into the circu-
lation, leading to the antineural antibodies
described in TT leprosy, and claimed that
they could discriminate between leprosy
patients and controls on the basis of the
presence of antineural antibodies. Chujor, et
al., who reviewed various studies of anti-
neural antibodies, found ('h) that compar-
isons among the studies were difficult, be-
cause of the variety of methods employed,
but concluded that the results were in con-
flict. These workers found the antibodies to
be present only infrequently in the sera of
leprosy patients and their contacts, and
were unable to detect a relationship be-
tween presence of the antibodies on the one
hand, and the bacterial index or the pres-
ence of neuropathy on the other. Park, et al.,
also found ( 3 ') that the presence of anti-
neural antibodies was only poorly corre-
lated with disease, and hypothesized that
the antibodies would be elicited in the
course of leprosy, and might be propor-
tional to the extent of nerve damage. At this
time, serodiagnosis based on the demon-
stration of antineural antibodies appears to
be only in an exploratory stage. A useful
test based on this approach might help us to
understand better the pathogenesis of nerve
damage in leprosy.

Monoclonal Antibodies (mAb)
Sengupta has reviewed the various assays

that employ mAb ( 3'). A test based on mAb
ML04, which identifies an epitope on the
35 kDa antigen of M. leprae, detected al-
most 40 per cent of tuberculois patients,
whereas about 10 per cent of healthy con-
tacts were seropositive. MAbs directed
against the 65 kDa antigen have also been
produced. However, Sengupta concluded
that none of the assays present available
meets the requirements of serodiagnosis.

Anti-PGL-/ Antibodies
Since Brennan's characterization of PGL-

I, a unique glycolipid that is secreted by M.

leprae ('•22 23 ) , various tests have been devel
oped for detection of antibodies, principally
of the IgM class, that react with native PGL-
I or synthetic, analogous compounds. Ulrich
and her coworkers reviewed ( 3 ') some of the
studies that have employed these tests; the
results are summarized in Table 2.

These data indicate some limitations of
these tests. They appear, in general, to de-
tect only a fraction of the patients with PB
leprosy. Moreover, there is evidence that
treatment may reduce the level of PGL-I
antibodies. On the other hand, the speci-
ficity of the test is of the order of 95-97 per
cent. The higher levels of antibodies in con-
tacts than in the controls suggests that these
tests may be useful for detecting subclinical
M. leprae infection.

Fine and his colleagues, who studied
6,002 samples collected between 1980 and
1984 in the Karonga district of Malawi,
noted ('x) that antibodies to PGL-I were de-
tected with maximal frequency in the age
group 20-30 years, and were detected more
frequently in women than in men. The test
employed did not distinguish between con-
tacts and non-contacts, and demonstrated
only weak correlation of seropositivity with
the local prevalence of leprosy. The sensi-
tivity of their test in patients with PB lep-
rosy was poor; depending upon the criterion
of positivity, antibodies were detected only
in 5 or 25 per cent of sera, with specificity
of 100 or 61 per cent, respectively. These
data suggested that a serological test based
upon detection of anti-PGL-I antibodies
could play only a very limited role in de-
tecting subclinical infection.

Despite the lack of sensitivity of such
tests, they have been employed in efforts to
elucidate the epidemiology of leprosy. Cho
and his coworkers, as the result of their
studies in Korea and the Philippines, sug-
gested that these tests might be useful in as-
sessing active transmission of M. leprae
( 15). Krishnamurthy, et al., who carried out
a commuity-based study in South India, re-
ported ( 28) results similar to those of Fine
and his colleagues. Soebono and Klatser,
who worked in Indonesia, found that the
sensitivity of an ELISA-based assay of anti-
PGL-1 antibodies was 98% for MB patients
and 57% for PB patients, with specificity of
91% ( 35 ). Cellona, et al., who worked in
Cebu, the Philippines, observed seroposi-
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TABLE 2. Cross-sectional studies of antibodies to PGL- I among leprosy patients,
household contacts and others.

Authors
(Country)

No. patients No. household
contacts

(% positive)

No. controls
and sourceMultibacillary^Paucihacillary

Menzel, et al.
(Ethiopia)

Gonzalez-Abreu, et al.
(Cuba)

Burgess, e! al.
(Malawi)

Mwantha, e! al.
(India)

Petchclai, et al.
(Thailand)

Agis, et al.
(West Indies)

Dhandayuthapani, et al.
(India)

Desforges, et al.
(Melanesia)

Izumi, et al.
(Japan)

0.00

1(X) (23)

100(7)

96 (26)

84 (38)

100 (14)

100 (40)

100 (13)

72 (69)

0.(x)

0.(x)

75 (95)

0.00

17 (24)

32 (40)

63 (19)

21 (14)

1 (86)

^

43 (54 MB)"^33 (99)

^

21 (39 PB)^Nonhousehold

^

0.00^5 (185)
Blood hank

^

0.(8)^20 (85)
Europeans

^

0.00^11 (18)
Endemic area

^

17 (6 MB)^4 (54)
Blood hank

^

13(109)^4(51)
Blood hank

^

0.00^0 (35)
Endemic area

^

14 (309)^4(104)

^

7 (70)^5 (428)

Per cent in whom antibodies to PGL- I were detected (number studied).

tivity in 6.5 and 7 per cent of contacts of
MB and PB patients, respectively, and in
1.7 per cent of the general population (").
In a 10-year prospective study carried out
among family contacts in French Polynesia,
Chanteau, et al., found ( 3 ) a low predictive
value of PGL-I serology in early leprosy.
On the other hand, Ulrich and her cowork-
ers observed ( 37 ) a strong association be-
tween the level of anti-PGL-I antibodies
and the risk of leprosy. Although these in-
vestigators observed higher antibody levels
among contacts and in areas in which lep-
rosy was endemic, they concluded that the
assay of anti-PGL-I antibodies did not rep-
resent a sensitive and specific test of sub-
clinical infection with M. leprae, whereas it
might be useful in monitoring trends during
or after the application of some control
strategy. Employing such an approach in a
5-year study in Papua New Guinea, Baum-
gart, et al., reported ( 4) that, after the intro-
duction of MDT, there was marked reduc-
tion of seropositivity among children, and
an increase of median age among those
found to be seropositive.

Detection of M. leprae or its Components
The presence of acid-fast bacilli (AFB) in

skin smears made from clinically healthy

people has been documented in at least
three studies (14 I7,27‘ , and there will always
remain questions with respect to the iden-
tity of the AFB. The relevance of this ques-
tion has been sharpened by WHO's recom-
mendation that any individual with a posi-
tive skin smear be considered a patient with
leprosy (42). Tests have been developed to
identify M. leprae antigens in the tissues,
including tests based on the polymerase
chain reaction (PCR).

PCR

PCR is an extremely sensitive and spe-
cific method by which to detect nucleic
acids. Various techniques have already
been developed for application to field re-
search, particularly in the areas of diagnosis
and epidemiological studies. Jamil, et al.,
have described several tests based upon
PCR which use single pairs of primers for
amplification of sequences within the genes
encoding the 18 kDa, 36 kDa, and 65 kDa
antigens and rRNA (' 5). These investigators
have developed a one-tube nested PCR
method for diagnosis of leprosy that em-
ploys the repetitive RLEP sequence as tar-
get, with a claimed sensitivity of I fg puri-
fied genomic M. leprae DNA.
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In Anjouan, Comores, Pattyn and his
coworkers employed two PCR techniques
to study swabs of nasal secretions obtained
from MB patients, PB patients, and contacts
of the patients of both groups ( 32). Of the 23
swabs from 8 MB patients, 3 were positive;
of 236 swabs from their contacts, 13 were
positive. Some of the swabs obtained from
contacts of treated and cured MB patients
were positive. Of I 1 swabs from 4 PB pa-
tients and 77 swabs from their household
contacts, one sample from a contact was
positive. The authors concluded that, in ar-
eas in which leprosy is endemic, most in-
fections are "community acquired".

Beers, et al., have reported ( 35) an inter-
esting epidemiological study from Indone-
sia, in which both serological and PCR
techniques were used. These workers found
no relationship between the results yielded
by the two techniques. PCR was positive in
7.7% of 965 nasal swabs obtained from
seronegative individuals. The authors con-
cluded that M. leprae was widespread in the
population, which included nasal carriers
who demonstrated no evidence of leprosy.
These observations have raised questions
that are troublesome to the epidemiologist.
Does the presence of M. leprae DNA in a
nasal swab necessarily mean infection by
M. leprae, or might these results be ex-
plained by methodological errors?

What may be Expected from Tests for Sub-
clinical Infection?

The dynamics of infection and the natural
history of several communicable diseases
are well understood. In acute infections, the
entire process may be observed in a very
short time. But the process requires a long
time to unfold in the course of a chronic in-
fection like leprosy. It is unreaslistic, there-
fore, to expect a single test to be useful
throughout the entire spectrum from the
susceptible individual to the disabled pa-
tient who has had symptoms for many
years. A major proportion of leprosy pa-
tients develop lesions that come and go
without a trace; even the patients them-
selves may be unaware that they have had
leprosy. Hence, for a study of subclinical
infection, it is essential to have available a
well-characterized population "labora-
tory"—i.e., a sufficiently large population
that has been kept under surveillance by pe-

riodic examinations according to standard
protocols. Facilities of this kind provide an
ideal setting in which to validate the newer
tests that may emerge.

On the other hand, the experience gained
from several investigations indicates that
the epidemiology of most health-related
problems are not very complex. Therefore,
the requirements for the tools needed for
epidemiological studies are not very de-
manding. In fact, much has been learned of
the epidemiology of leprosy by using clini-
cal disease as a measure of outcome or the
end-point observation. Detection of sub-
clinical infection may require only the com-
bination of one good skin test and one good
serological test. Developing a test by which
to detect subclinical M. leprae infection-
e.g., the equivalent of M. tuberculosis
PPD—has been identified as an important
research priority by the IMMYC and THE-
MYC Steering Committees. Careful clini-
cal cohort observations combined with
these good tests would help us to unravel
the epidemiology of leprosy.

REFERENCES
I. ABE, M., IzuMI, S., SAITO, T. and MATIIUR, S. K.

Early serodiagnosis of leprosy by indirect immuno-
fluorescence. Lepr. India 48 (1976) 272-276.

2. Am:, M. Fluorescent antibody absorption (FLA-
ABS) test for detecting sub-clinical infection with
Mycobacterium leprae. Int. J. Lepr. 48 (1980)
109-119.

3. AMEZCUA, M. E., EscoII AR-GUTIERREZ, A., MAYEN,

E. and CAZARES, J. V. Sensitivity and specificity of
the FLA-ABS test for leprosy in Mexican popula-
tions. Int. J. Lepr. 55 (1987) 286-292.

4. BAUMGART, K. W., BRITTON, W. J., MULE.INS, R. J.,
BASTEN, A. and BARNETSON, R. StC. subclinical
infection with Mycobacterium leprae—a problem
for leprosy control strategies. Trans. Roy. Soc.
Trop. Med. Hyg. 87 (1993) 412-415.

5. BECuEI.E.I, L. M., GALLEGO GARBAJOSA, P., UE-
MUKA, K., ENGLER, V., MARTINEZ DOMINGUEZ, V.,

PAREDES, L., SUNDARESAN, T., Korn, G. and
MATEJKA, M. BCG vaccination of children against
leprosy. Preliminary findings of the WHO con-
trolled trial in Burma. Bull. WHO 42 (1970)
235-281.

6. BEIGULMAN, 13. Genetics in leprosy. Window on
leprosy. Gandhi Memorial Leprosy Foundation
Silver Jubilee Commemorative Volume, 1978, pp
71-8I.

7. 1311ARADwAt, V. P. and KATocn, K. Detection of
subclinical infection in leprosy. An 8 years follow-
up study. Indian J. Lepr. 61 ( 1989) 495-502.



64, 4 (Suppl.)^Bangkok Workshop on Leprosy Research^S35

8. BODDINGIus, J. Mechanisms of nerve damage in
leprosy. In: "Immunological aspects of leprosy, tu-
berculosis and leishmaniasis". (Humber, D.P., ed).
Oxford:Excerpta Medica, 1981, pp 64-73.

9. BRENNAN, P. J. and BARROW, W. W. Evidence for
species-specific lipid antigens in Mycobacterium
leprae. Int. J. Lepr. 48 (1980) 382-387.

10. BUCHANAN, T. M., YOUNG, D. B., MILLER, R. A.
and KHANOLKAR, S. R. Serodiagnosis of infection
with Mycobacterium leprae. Int. J. Lepr. 51 ( 1983)
524-530.

11. CELLONA, R. V., WALSH, G. P., FAJARDO, T. T.,
ABALOS, R. M., DELA CRUZ., E. C., GUIDO-VILLA-
HERMOSA, F.-B., STEENBERGEN, G. J. and DOUGLAS

J. T. Cross-sectional assessment of ELISA reactiv-
ity in leprosy patients, contacts and normal popu-
lation using the semi-synthetic antigen natural dis-
accharide octyl bovine serum allbumin (ND-o-
BSA) in Cebu, the Philippines. Int. J. Lepr. 61
(1993) 192-198.

12. CHACKO, C. J. G. Pathology of leprosy. in: "Lep-
rosy: etiobiology of manifestations, treatment and
control". (Chatterjee, B.R., ed). 1993, pp 264- 269.

13. CHANTEAU, S., GLAziou, P., PI.ICHART, C.,

LuQUTAUD, P., PLICEIART, R., FAUCHER, J. F. and

CARTEL, J. L. Low predictive value of PGL-1
serology for the early diagnosis of leprosy in fam-
ily contacts: results of a 10-year prospective study
in French Polynesia. Int. J. Lepr. 61 (1993)
533-541.

14. CIIATTERJEE, B. R. Is early diagnosis of leprosy in
an Indian village not possible? Lepr. India 45
(1972) 225.

15. Cito, S.-N., KIM, S. H., CELLONA, R. V., CHAN, G.
P., FAJARDO, T. T., WALSH, G. P. and Kim, J. D.
Prevalence of IgM antibodies to phenolic glycol-
ipid-1 among household contacts and controls in
Korea and the Philippines. Lepr. Rev. 63 (1992)
12-20.

16. CHUJOR, C. S. N., RI;GELE, H., BERNHEIMER, H.,
MEEKER, H. C., LEvis, W. R. and SCHWERER, B.
Serum antibodies against peripheral nervous sys-
tem antigens in leprosy. Int. J. Lepr. 59 (1991)
590-597.

17. FIGUEREDO, N. and DESAI, S. D. Positive bacillary
findings in the skin of contacts of leprosy patients.
Indian J. Med. Sci. 3 (1949) 253-265.

18. FINE, P. E. NI., PONNIGIIAUS, J. M., BURGESS, P.,
CI.ARKSON, J. A. and DRAPER, C. C. Seroepidemi-
ological studies of leprosy in Northern Malawi
based on an enzyme-linked immunosorbent assay
using synthetic glycoconjugate antigen. Int. J.
Lepr. 56 (1988) 243-254.

19. GoIAE., T. Immunological aspects of leprosy-
present status. Prog. Allergy 25 (1978) 211-242.

20. GurrE, M. D. and ANANTHARAMAN, D. S. Use of
soluble antigens in leprosy epidemiology. Lepr.
Rev. 59 (1988) 329-335.

21. Gurrl:, M. I)., ANANTIIARAMAM, D. S., NAGARAJU,

B., KANNAN, S. and VALE.ISHAYEE, R. S. Experi-

ences with Mycobacterium leprae soluble anti-
gens in a leprosy endemic population. Lepr. Rev.
61 (1990) 132-144.

vi HUNTER, S. W. and BRENNAN, P. J. A novel pheno-
lic glycolipid of Mycobacterium leprae possibly
involved in immunogenicity and pathogenicity. J.
Bacteriol. 147 (1981) 728-735.

23. HUNTER, S. W., FUJIWARA, T. and BRENNAN, P. J.
Structure and antigenicity of the major specific
glycolipid antigen of Mycobacterium leprae. J.
Biol. Chem. 258 (1982) 15072-15078.

24. INTERNATIONAL COOPERATIVE TEAM FOR EVALUAT-

ING SEROLOGICAL. TESTS IN LEPROSY. A trial to
compare serodiagnostic tests for leprosy.
Sasakawa Memorial Health Foundation, 1988.

25. JAMII., S., WILSON, S. NI., HACKET, M., HUSSAIN,

R. and STOKER, N. G. A colorimetric PCR method
for the detection of M. leprae in skin biopsies
from leprosy patients. Int. J. Lepr. 62 (1994)
512-520.

26. J1, B., TANG, Q., Li, Y., CHEN, J., ZHANG, J., DoNG,
L., WANG, C., MA, J. and YE, D. The sensitivity
and specificity of fluorescent leprosy antibody ab-
sorption (FLA-ABS) test for detecting subclinical
infection with Mycobacterium leprae. Lepr. Rev.
55 (1984) 327-335.

27. KHANoLKAR, V. R. Studies in the histology of
early lesions in leprosy. 1CMR Special Rep Ser 19
(1951).

28. KRISHNAMURTHY, P., RAO, P. S., REDDY, B. N.,
SUEIRAMANIAN, M., DHANDAYUDAPANI, S., BHATIA,

V. N., NEELAN, P. N. and DurrA, A. Seroepidemi-
ological study in leprosy in highly endemic popu-
lation of South India, based on an ELISA using
synthetic PGL-l. Int. J. Lepr. 59 (1991) 426-431.

29. MlasoNI, R. Serodiagnosis of leprosy. The past,
the present and some prospects for the future. hit.
J. Lepr. 51 (1983) 235-252.

30. NEWELL, K. W. An epidemiologist's view of lep-
rosy. Bull. WHO 34 (1966) 827-857.

31. PARK, J. Y., Clio, S.-N., YOUN, J. K., KIM, D. I.,
CELLONA, R. V., FAJARIX), T. T., WALSH, G. P. and
KIM, J. D. Detection of antibodies to human nerve
antigens in sera from leprosy patients by ELISA.
Clin. Exp. Immunol. 87 (1992) 368-372.

32. PATTYN, S. R., URSI, D., IEVEN, M., GRILLONEi, S.
and RAES, V. Detection of Mycobacterium leprae
by polymerasc chain reaction in nasal swabs of
leprosy patients and their contacts. Int. J. Lepr. 61
(1993) 389-393.

33. RAMU, G. Lepromin studies in India. Paper pre-
sented at the Joint IMMLEP-Indian Scientists
meeting, SEARO, WHO, New Delhi, 14-16 Feb-
ruary 1983.

34. SENGUPTA, U. Mycobacterium leprae antigens and
their utility in serodiagnosis of leprosy. Trop.
Med. Parasitol. 40(1990) 361-362.

35. SOEBONO, II. and KI.ATSER, P. R. A seroepidemio-
logical study of leprosy in high and low endemic In-
donesian villages. Int. J. Lepr. 59 (1991) 416-525.



S36^ International Journal of Leprosy^ 1996

36. TIIOMAS, B. and MuNHiR11, R. Anti neural antibod-
ies in sera of leprosy patients. Clin. Inununol. 1m-
munopathol. 57 (1990) 420-429.

37. ULRICH, M., SMITH, P. G., SAMPSON, C., ZUNIGA,

M., CENTENO, M., GARCIA, V., MANRIQUE, X.,

SALGADO, A. and CoNvrr, J. IgM antibodies to na-
tive phenolic glycolipid-I in contacts of leprosy
patients in Venezuela: epidemiological observa-
tions and a prospective study of the risk of leprosy.
Int. J. Lepr. 59 (1991) 405-415.

38. VAN BEERS, S. M., Izuroi, S., MADJID, B., MAEDA,
Y., DAY, R. and KLATSI:R, P.R. An epidemiological
study of leprosy infection by serology and poly-
merase chain reaction. Int. J. Lepr. 62 (1994) 1-9.

39. WALTER, J., TAMONDONG, C. T., GALLEGO GAROA-

JOSA, P., BI:CHELLI, L. M., SANSARRICQ, H., KYAW

LwIN and GYI, M.M. Note on some observations
about the post-lepromin scar. Lepr. Rev. 48 (1977)
169-174.

40. WHO/TDR/IMMLEP/SC/Test/81.1. Testing of
purified armadillo-derived M. leprae in man. Doc-
ument finalized by the IMMLEP Steering Com-
mittee at its meeting 10-12 June 1981.

41. WHO/TDR/IMMLEP/EPD/85.3:7-8. Vaccination
trials against leprosy. A meeting of the Epidemiol-
ogy Sub-Group of the Scientific Working Group
on the Immunology of Leprosy, Geneva, 11-13
February 1985.

42. WE1O/LEP/95.1 A guide to eliminating leprosy as
a public health problem. Action programme for
the elimination of leprosy. 15(1995).

43. YANAGISAWA, K., ASAMI, N., MAEDA, M., et at.
Studies on the lepromin test. (The second report).
La Lepro 24 (1955) 34- 45.

Discussion of Dr. Gupte's paper
Dr Pannikar: How should one deal with an
individual whose test for subclinical M. lep-
rae infection is positive. And, should he de-
mand to be rendered test-negative, what
does one do?
Dr. Gupte: Considering the putative tests of
infection currently available, none is suffi-
ciently reliable to require action in the case
that you describe.
Dr. Naafs: In the West, one can plan to ob-
serve the patient carefully, without active
intervention.
Dr. Feenstra: Could one think of two
tests—one that detects (early) disease that
requires treatment, and another that identi-
fies only (past) infection.
Dr. Pannikar: Assuming that we have a
good test that identifies infection, what do
we tell the individual?
Dr. Gupte: In India, in the case of a single-
lesion patient in whose lesion sensory loss
is not definite, the patient is not considered

a patient with leprosy, but is kept under ob-
servation. With respect to the individual
who is test-positive, but who has no lesion,
one might wish to keep him under observa-
tion. It may not be appropriate to treat any
patient who is simply test-positive.
Prof. Britton: Just as one did not consider as
a patient with tuberculosis every individual
with a positive PPD, one should not con-
sider as a leprosy patient every one who re-
acts in a test for subclinical M. leprae infec-
tion.

On the subject of tests for subclinical in-
fection, we know that leprosy patients ex-
hibit a variety of immune responses to M.
leprae antigens. If we have a combination
of tests that detect different immune re-
sponses, the cumulative total of infected in-
dividuals will be greater. This strengthens
the case for having both a skin test and a
serological test. If one could analyse the
combined results in different age-cohorts,
one might gain information with respect to
changes of infection with time.
Dr Waters: We don't know enough about
the outcome among individuals who react
to this or that test to be able to recommend
treatment of asymptomatic reactors.
Dr Brennan: We don't yet have a good skin
test or a good serological test; both of these
are required.
Prof. Fine: I'm surprised by Dr. Pannikar's
question, which implies that a test for sub-
clinical infection might cause problems. In
Malawi, where we've been using SDA and
MLSA, it appears that reactors are less
likely to develop leprosy than are non-reac-
tors, perhaps because prior infection with
M. leprae has been successfully dealt with,
or because of prior exposure to other Mv-
cobacteria. Certainly, our work has sug-
gested that these antigens are not specific,
and a reaction to them may well reflect
prior BCG vaccination or exposure to envi-
ronmental Mvcobacteria. We should not
now discourage work on tests for subclini-
cal infection.

I'm not certain that we are ethically com-
pelled to reveal to the individual that he
harbors anti-PGL-I antibodies; and if we
are, we can also point out that the test is
new, and we don't know how to interpret
the results. We are certainly a long way
from a test that is a very strong predictor of
leprosy; only when we have a good test for
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subclinical infection need we deal with the
question of what to do with healthy reac-
tors. It may be that we will feel obligated to
treat such individuals in certain contexts.
But in no case should we permit such con-
cerns to inhibit continuing work to develop
a test.
Prof. Lechat: It is not sufficient to know the
specificity and sensitivity of a test; it is also
important to know how to respond to the re-
sults of the test. It will be necessary to study
cohorts of individuals, in order to learn
their outcomes with respect to the develop-
ment of leprosy, so that we can plan what to
do as a consequence of the test results.

Dr Smith: In addition to encouraging devel-
opment of a test, we must decide what to do
with it. How will it be used? And how use-
ful will it be? Development of a test for
subclinical infection will be carried out at
the expense of some other research, and we
will wish to be certain that we have calcu-
lated our priorities correctly.
Prof. Britton: A test of subclinical infection,
particularly in an area in which there have
been dramatic changes of prevalence, could
be useful to planners, who must determine
the level of services to be provided in the
future.
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Predicting Trends
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Prediction needs purpose. What to pre-
dict? And what to do with the prediction?
In the broad context of the leprosy elimina-
tion program, three indicators should be
considered: prevalence, incidence, and
case-detection rate.

Prevalence

The prevalence rate has been selected as
the target of the leprosy elimination pro-
gram. It is defined as point prevalence—the
number of cases registered for chemother-
apy at a given moment (end of the year), di-
vided by the population in which the cases
have occurred. It is to be reduced to less
than 1 per 10,000 by the year 2000. The
handling of prevalence rates raises ft num-
ber of problems, such as case-definition and
choice of the denominator. These problems
will not be reviewed here.

Why has prevalence, and not incidence,
been recommended to monitor elimination?
Because the ultimate objective of leprosy
control is interruption of transmission of the
disease, incidence, which measures the oc-
currence of secondary cases, is ideally the
appropriate epidemiological indicator, as
stated in 1983 by the WHO Working Group
on Epidemiology of Leprosy in Relation to
Control ( 5). The reason for selecting preva-
lence rather than incidence is that incidence
has many drawbacks. It is, so to speak, a
"downstream" indicator, a window on the
past. Although incidence provides direct
evidence regarding transmission, this is
post facto evidence, because of the long la-
tency of leprosy. If the rates are declining,
they signal a happy ending to a success
story played long before-hand. If rates fail
to decline, it is too late to change course.

By contrast, prevalence is a draft on the
future, a warrant. The basic argument justi-
fying the use of prevalence to measure
progress toward elimination runs as fol-
lows: because leprosy patients are assumed
to be the sole source of infection, and be-
cause multidrug therapy (MDT) has proved

hightly effective in rendering patients non-
infective, treatment of the reservoir of pa-
tients should gradually reduce and ulti-
mately stop transmission. Prevalence is
thus an upstream indicator. It measures the
potential for infection, and therefore, pro-
vided the assumptions are correct, it is a
proxy for prediction of the later occurrence
of new cases. It should again be empha-
sized that prevalence does not in any way
constitute an evaluator of current strategy. It
is strictly an indicator for monitoring the
implementation of a strategy, which is as-
sumed to be correct. Only incidence may, in
the long term, verify that the assumptions
underlying the strategy are correct''`. World-
wide, the prevalence of leprosy has de-
clined drastically since MDT was launched
in the early 1980s. According to WHO's
statistics, the number of estimated cases has
been reduced from 10-12 million in 1985 to
1.8 million in 1995, a reduction of more
than 80 per cent. The number of registered
cases has been reduced by more than 75 per
cent—from 5.4 million to 1.3 million cases.
The accumulated number of patients who
have been cured by MDT since 1985 is
nearly 6.7 million, and an additional one
million patients are currently undergoing
treatment with MDT (4).

It is tempting to extrapolate these obser-
vations, using appropriate denominators, to
predict future trends of prevalence, in order
to answer the pivotal questions: will the
elimination target be attained? and when'?
However, such an extrapolation would rep-
resent an oversimplification, for a number
of reasons.

The decline of prevalence observed fol-
lowing initiation of MDT resulted from
cleaning of the leprosy registers. Inactive
patients who had been kept under surveil-

* Strictly speaking, incidence rates can serve only to
prove false the hypothesis that MDT interrupts trans-
mission—that is, to show that it does not, in case the
incidence does not decline.

S38
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lance were removed from the registers, and
patients who had been bound for life to
dapsone monotherapy were treated with
MDT and released. These are both adminis-
trative procedures that do not reflect
changes of the capacity for transmission.
They are artefacts, and call for readjustment
of the prevalence trends. The contribution
of this procedure to the initial decline of
prevalence cannot be measured, because
the necessary records appear not to have
been maintained.

At the same time, a decline of prevalence
has occurred with shortening of treatment;
from 6 months to 2 years, or to, at most, 3
years of MDT have been substituted for pro-
longed, and even life-long dapsone mono-
therapy. One might expect a further sudden,
step-wise decline of registered prevalence,
should the use of new drugs permit further
shortening of treatment in the future.

Could prevalence lend itself to extrapola-
tion if adjustments could be made for the
declines that have resulted from culling in-
active patients from the registers and from
shortening the duration of treatment'?
Prevalence is a composite indicator, reflect-
ing the epidemiological dynamics of the
disease (past incidence), operational perfor-
mance of the program (case-finding), dura-
tion of treatment, cure-rates in previous
years, death rates and the proportion of
those under treatment who default. To sim-
plify the matter, the changes of prevalence
that occur from year to year depend upon
the input—the number of newly detected
cases, and the output—the number of cases
cured or dying. Assuming that all of the pa-
tients were known at the beginning of a
treatment cycle-2 years for multibacillary
cases, the prevalence should shrink to the
number of new cases detected during the
cycle by the end of the cycle.

The output component between succes-
sive point prevalences can be simulated.
Disregarding deaths and defaulters, it de-
pends only upon the performance of the
control program. The input component
(new cases detected) depends not only upon
the efficiency of case-finding, but also upon
the size of the pool of patients awaiting de-
tection (the hidden prevalence), either cases
of recent onset, or unregistered cases of
long standing, which, for whatever reason,
have escaped detection (backlog, or resid-

ual prevalence). Thus, future prevalence
trends depend largely upon future detection
rates.

Case-Detection
In 1995, WHO reported ( 7) that there

were 1.3 million registered patients and 1.8
million estimated patients with leprosy in
the world—i.e., that there were an addi-
tional 500,000 patients who were awaiting
detection. The numbers of cases newly de-
tected in 1993 and 1994 were, respectively,
591,000 and 561,000. The cases to be de-
tected in future years will consist of: 1) the
pool of patients still unregistered (hidden
prevalence); 2) secondary cases infected
before MDT had been implemented; and 3)
secondary cases who were infected after
MDT had been implemented, by patients
who had not yet been treated—i.e., they
were infected by the patients comprising
the hidden prevalence. What trends might
be anticipated in the detection of the pa-
tients of these three categories?

Hidden Prevalence. In many countries,
case-detection rates are much higher than
the expected incidence. One may wonder,
therefore, if, in these countries, there is not
a large reservoir of cases, who were not de-
tected before MDT was implemented. The
most comfortable explanation of this phe-
nomenon is that geographical coverage by
MDT is not yet complete. The problem is
then reduced to the consistency between the
numerator and the denominator from which
the rates are calculated—i.e., the problem is
one of definition of the population, and a
disproportionately large fraction of the new
cases would come from the areas in which
MDT had been implemented most recently.

In countries in which geographical cover-
age by MDT is complete, the explanation of
an unexpectedly high case-detection rate
might be that the MDT itself has been so
well accepted by the patients and the com-
munity that it has stimulated detection of
patients who otherwise would have re-
mained unregistered. If this were the case,
one may wonder how it came about that, in
some countries, incidence decreased, some-
times in a drastic way, before MDT was im-
plemented, if so many patients were hiding.

Provided case-finding activities are sus-
tained and reinforced wherever necessary,
the existing backlog of old, undetected
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THE TABLE.^Ratio of estimated total
number of cases to registered cases of
leprosy by country for the year 1995 ( 3 ).

Country Ratio

Bangladesh 9.1
Brazil 1.1
Cambodia 3.6
Chad 1.8
Ethiopia 1.5
Guinea 1.8
India 1.2
Indonesia 1.9
Madagascar 2.0
Mali 2.5
Mozambique 1.1
Myanmar 2.1
Nepal 1.5
Niger 1.5
Nigeria 1.5
Philippines 1.2
Sudan 5.4
Vietnam 2.0
Zaire 3.9

cases should be progressively reduced. It is
widely accepted that MDT, with its support-
ive environment of training, patient-educa-
tion and community participation, stimu-
lates the detection of cases that had previ-
ously been ignored. The elimination pro-
gram is also thought to promote the early
diagnosis of cases of recent onset. The rates
at which the hidden prevalence cases are
detected will thus depend upon how effec-
tive case-finding is, and how large is the
size of the reservoir of undetected cases.
The size of this reservoir is an important
parameter to consider. If it is very large, the
number of newly detected patients may ex-
ceed the number of patients cured, with the
paradoxical effect of an apparent increase
of prevalence. The larger the reservoir of
undetected cases, the less reliable the pre-
diction.

There are no established procedures by
which to estimate the hidden prevalence.
WHO has proposed several ad hoc meth-
ods, which have the advantage that they do
not pretend to be anything other than
guesses, while affording apparently reason-
able working approximations (`,). In 1995,
the ratio of the estimated to the registered
number of patients in 19 major endemic
countries ranged from 1.1 to 9.1 (The
Table). It is obvious that extreme values

such as the latter might twist forecasts and
deceive expectations.

Accurate predictions of trends, he it case-
detection or prevalence, are not feasible as
long as the size of the hidden prevalence re-
mains unknown. A way to circumvent this
difficulty is by simulating various estimates
of the backlog, which could then he tested,
applying case-detection rates consistent
with the local context, in order to calculate
the resulting prevalence trends and see how
they fit the target of elimination.

Secondary Cases Infected Prior to Imple-
mentation of MDT. The latency period of
clinical leprosy is long, extending over
years. Therefore, new cases will continue to
appear even in a paradigmatic population in
which all leprosy patients have been regis-
tered and treated with MDT. The distribu-
tion of the latency period is not known;
there is good evidence that, for most pa-
tients, the time between infection and ap-
pearance of clinical disease lies in the range
2-5 years, and does not frequently exceed
10 years. Therefore. the number of new
cases who had been infected before imple-
mentation of MDT—the pre-MDT inci-
dence component of the hidden preva-
lence—should diminish steadily.

Incidence from Hidden Prevalence. As
long as coverage by MDT is incomplete,
and unregistered, infective patients are pre-
sent in the community, new infections will
occur, which will later develop into new
cases. This so-to-speak self-supporting inci-
dence will decrease as MDT coverage is ex-
panded. case-detection is intensified, and
the hidden prevalence is reduced.

In recent _years, in most of the high-
prevalence countries monitored by WHO,
case-detection rates have not only not de-
creased; they have even increased in
Bangladesh, Brazil. India, Indonesia, Mo-
zambique, Myanmar, Nepal and Vietnam.
This, however, is no reason for panic. These
trends result from a combination of the fac-
tors already described. High case-detection
rates do not indicate an increase of inci-
dence, but rather improvement of case-find-
ing. It is also possible that case-detection
rates have been inflated as the result of a
change of the diagnostic criteria of leprosy.
As a result of stimulation of case-detection
by the elimination program, the diagnosis
might become less specific, with skin le-
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lions of unclear etiology being labeled as
leprosy more often than had been the case
before MDT; although this phenomenon is
not known to have occurred, it should be
kept in mind.

Will high case-detection rates persist in
the future? Is it possible to make predic-
tions? It has been asserted (') that, by the
year 2000, as many as 400,000-500,000
new cases will he detected annually. The
basis of this assertion is not clear. Should it
prove correct, the number of newly de-
tected cases would approach 3 million by
the end of the decade, twice the number of
registered patients today. These figures give
rise to the uncomfortable notion that a
prevalence of I per 10,000 is an unrealistic
target, and that the elimination program
simply produces new cases as rapidly as it
cures old patients. A more sober view is
warranted. As mentioned, future case-de-
tection trends depend upon a number of fac-
tors—backlog prevalence, incidence before
implementation of MDT, distribution of the
latency period, the time elapsed since MDT
was implemented, the pace at which MDT
coverage expanded, and the efficiency of
case-finding activities. In addition, the ratio
of multbacillary to paucibacillary cases
should be taken into account. Some of these
factors are unknown, others cannot be mea-
sured, and for still others, estimates are
highly unreliable.

Under these conditions, it is not possible
to make valid predictions, and no predic-
tions should be made in terms of numbers.
What is certain is that, provided our as-
sumptions with respect to the natural his-
tory of leprosy are correct, MDT continues
to he effectove, and that as long as case-de-
tection activities remain intense, detection
rates must decline. We do not know pre-
cisely the mechanism of the decline, but we
know how to bring it about—this is the
only valid prediction that can be made.

Incidence
Incidence data are difficult to collect, be-

ing included in case-detection rates, and are
most generally unreliable, at least on a large
scale. Because the ultimate goal of the elim-
ination program is the decline to zero inci-
dence, a goal that has already been achieved
in some countries or areas of the world, it
would be interesting to predict the trends.

Twenty-five years ago, an epidemiomet-
ric model was built from data collected in
South India for the purpose of predicting in-
cidence of leprosy as a function of preva-
lence ( 2). A set of equations was derived
from actual observations recorded over a 7-
year period or estimated by a statistical ap-
proach. Is it possible to construct a similar
model for the elimination program?

I fear not. The South Indian model as-
sumed, supported by rather strong evi-
dence, that the registered prevalence was
the total prevalence, and that case-detection
corresponded to incidence, with only a min-
imal delay. The country data recorded in the
global elimination program do not justify
such an assumption. In addition, the South
Indian model made provision for different
categories of patients, according to type of
leprosy and degree of compliance with
treatment. These data are not included
among the indicators recommended by
WHO, and are generally not available.

In the South Indian model, the mathemat-
ical relation between prevalence and inci-
dence was, as mentioned, derived from lo-
cal observations. However, there is much
more to the transmission of leprosy than a
donor—the infective patient—and a recipi-
em—the infected contact. Demographic
characteristics, genetic susceptibility, socio-
economic conditions, life-style, immuno-
logical status, including I3CG vaccina-
tion—all are factors that can modulate the
dynamics of the disease. What is valid in
South India may not be valid elsewhere. As
a consequence, the parameters employed in
the South Indian model cannot be simply
transposed to other ares, each of which has
its own epidemiological context (').

Conclusions
Accurate predictions of trends, be they of

prevalence, case-detection or incidence
rates, do not appear to be feasible, as long
as the size of the pool of undetected patients
remains unknown. Simulations on the basis
of country or area could, however, be per-
formed, assuming different values of hid-
den prevalence, and a range of case-detec-
tion rates. Such relatively simple simula-
tions represent a priority, and will be
helpful in adjusting the intensity of case-de-
tection activities. In the meantime, where
case-detection rates have been increasing,
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one should be on the watch for signs of
their decline. Unexpected trends could pro-
vide valuable insight into the local epidemi-
ological situation, calling attention to unde-
tected foci, or calling for new hypotheses to
account for persistence of transmission. It
will become essential to monitor incidence
rates as the backlog prevalence diminishes
and registered prevalence reaches the elim-
ination target. At this stage, prevalence
should stabilize at the level of incidence.
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Discussion of Prof. Lechat's paper
Dr. Smith: You said that prevalence pro-
vides a useful measure of how well we are
doing with chemotherapy, but, apart from
this, prevalence rates don't have much
value for what we are attempting to do. For
us, the key measures are incidence and dis-
ability. The problem with incidence is that
we are dependent upon case-detection as a
proxy for incidence; yet, we know that mi-
nor changes of program organization can
have major effects on case-detection. You
have considered the global situation. If,
however, we consider the situation country
by country, we see that there are two groups
of countries. One group of countries is
characterized by declining case-detection
rates over a long time; I believe that these
declines, which, in many cases, began as
early as the 1950s, are genuine. However,
there is another group of countries, in
which leprosy is endemic, and in which

case detection rates are not declining and
may even be increasing. That case-detec-
tion rates remain high and even increase
represents a summation of the effects of
two phenomena: 1) the discovery of "back-
log" patients, as control efforts are ex-
tended into areas not previously covered;
and 2) more intensive case-finding activity
on the part of leprosy workers, who don't
have as much to do as in the past. It will be
most important to monitor very long-term
trends by sentinel systems in some of the
countries comprising this latter group, em-
ploying standardized measures of inci-
dence.
Prof Lechat: I agree entirely. However, if
the incidence, and, even more so, the preva-
lence decreased in a number of countries
before implementation of MDT, where was
the hidden prevalence? The problem ap-
pears to have been solved by dapsone
monotherapy, as if there had been no back-
log. This appears paradoxical.
Dr. Gupte: You referred to Dr. Desikan's
paper, presented at a Workshop conducted
by the Indian Association of Leprologists,
and a paper that I published subsequently.
In district after district in India, we saw an
unchanging new-case detection rate over
7-8 years. In addition, a number of sample
surveys revealed a prevalence 4-5 times
that recorded. As many as 60-70 per cent
of the cases detected in sample surveys are
single-lesion patients. Finally, if one con-
ducts an intensive campaign of case-find-
ing, after which efforts are diminished, one
does not encounter a resurgence of leprosy.
Most of the important cases—smear-posi-
tive and disabled patients—are detected in
the course of the intensive campaign, and
the cases that are detected thereafter are
generally of the more inconsequential type.
In other words, the situation does not return
to that which existed prior to the intensive
campaign.

In one district, in which we were examin-
ing methods for rapid assessment of the sit-
uation with respect to leprosy, we found
that 7-8 per cent of the patients, who were
not known to the leprosy control program,
had grade 2 disability. Although the disabil-
ities were not pronounced, this was a wor-
rying finding. Should we expect resurgence
of cases of consquence, once intensive
campaigns have been completed, not per-
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haps on the scale of what has occurred in
malaria, but nevertheless important? I am
not now discussing the hidden preva-
lence—that backlog of patients who preex-
isted MDT; however, I wonder if we may
generate a new hidden prevalence—that in-
volving patients whose disease develops af-
ter the campaign. This is a question to be
addressed by research.
Dr Noordeen: With respect to hidden
prevalence and case detection, we may be
facing another problem. As Dr. Gupte men-
tioned, the lifetime risk of leprosy in some
areas of high endemicity approaches 60 per
cent in some areas. Thus, if an active pro-
gram of case-finding is undertaken, a large
pool of individuals will be encountered who
demonstrate evidence of healed leprosy—
either self-healed or healed as the result of
treatment unknown to the control service.
The leprosy worker should be able to dis-
tinguish between healed and active leprosy;
but if he is correct only 80 per cent of the
time, a large number of "false-positives"
will result, which will greatly inflate the
case-detection rate. The likelihood that this

will occur is directly proportional to the
vigor with which the case-finding activities
are carried out.
Prof Britton: With respect to a sentinel sys-
tem, what are the requirements? Will the
system be dependent upon the routine
health services for information? Or do you
envision a separate unit responsible for col-
lecting data and determining prevalence
and incidence rates in a given community?
Prof. Lechat: The sentinel or surveillance
system must be based on the population of
a defined area; one cannot maintain surveil-
lance of an entire country. In addition, it
will be necessary to discriminate between
old and new cases of leprosy. Thus, the re-
quirements are that the system be popula-
tion-based, with complete coverage of the
population, and a standard definition of a
case of leprosy. Many cancer registries are
built in just this way, as are sentinel systems
for many other diseases. When the the
source of information is notification by the
physicians in the community, the results are
often disappointing; ascertainment of cases
must be carried out actively.
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Primary Prevention of Leprosy

P.E.M. Fine, London School of Hygiene and Tropical Medicine, London, U.K.

Primary prevention inplies interventions
to reduce disease incidence. In the context
of leprosy, one might consider two basic
ways to achieve this: by prevention of in-
fection with Mycobacterium leprae; or by
prevention of disease, once infection has
occurred. However, given that we are un-
able to identify those infected with M. lep-
rae, and given that we are not certain of the
mechanism of action of some of our inter-
ventions, this perspective is not entirely sat-
isfactory. Thus, I will consider here three
approaches to primary prevention: reduc-
tion of infection (transmission of M. lep-
rae), chemoprophylaxis, and i mmunopro-
phylaxis.

Prevention of Infection
It is generally believed that the most im-

portant sources of leprosy bacilli in en-
demic areas are patients with multibacillary
(MB) leprosy. There is evidence that sev-
eral animal species may be infected natu-
rally, and that, in particular, the nine-banded
armadillo may represent a non-human
source in the southern United States.
Whereas these animal sources may be re-
sponsible for a few human cases, they do
not appear to contribute importantly to the
incidence of the disease on a global scale.
There have also been repeated suggestions
that M. leprae may exist in an environmen-
tal reservoir in soil or moss ("), but these
claims have not been confirmed, and are not
widely accepted. The inability to culture M.
leprae makes studies of non-human, and es-
pecially of environmental, sources very dif-
ficult. In terms of practical consequences,
according to the available data, these poten-
tial non-human sources do not pose a major
threat to leprosy control efforts, although
they could ultimately prove an obstacle to
eradication of the disease, if that were ever
to be contemplated seriously.

Prevention of Transmission from Human
Sources. Prevention of transmission of M.
leprae from human sources can in theory be
achieved by identification of patients and

by rendering them non-infectious by effec-
tive chemotherapy. Indeed, this is the logic
upon which the program to eliminate lep-
rosy as a public health problem is based.
We have good evidence that currently em-
ployed multidrug therapy (MDT) sharply
reduces the numbers of viable bacilli within
several days of beginning treatment. How-
ever, although there have been repeated
claims that case-finding and MDT should
reduce transmission, this has proved very
difficult to demonstrate. There are at least
three reasons for this: 1) we lack a test of
subclinical infection, and therefore cannot
study directly trends of infection in human
communities; 2) the long incubation period
of clinical leprosy means that any reduction
of infection will become manifest as a
reduction of disease incidence only after
many years; 3) the incidence of leprosy
has been declining in many—perhaps in
most—populations for many years, and it is
difficult to demonstrate changes of the estab-
lished trends, especially in the absence of
appropriate untreated control populations.

Early attempts to control leprosy based
upon segregation of patients in leprosaria,
as was widely practised in some countries
and persisting today in a few areas, should
also have reduced transmission. However,
because it increases the fear of the disease,
and may actually discourage patients from
presenting for diagnosis and treatment, this
is not a viable option, even were it feasible.

If either treatment or segregation of the
known cases is to reduce transmission of
the infecting organism, case-finding must
be efficient enough to identify the patients
before they have already infected most of
their contacts. Given the slow and insidious
onset of MB leprosy, this may represent the
most serious challenge to our strategy, and a
major reason for our failure to see any obvi-
ous impact of case-finding and treatment
upon the incidence of the disease.

Environmental Approaches to Prevention
of Infection. Treatment or segregation of pa-
tients provides a means to reduce infectious
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sources. In addition, there are, or should be,
means to prevent transmission by protect-
ing potential recipients against exposure or
infection. This approach generally takes the
form of environmental or behavioral inter-
ventions. An obvious example is health ed-
ucation to prevent exposure to infectious ar-
madillo material, by advising people in en-
demic areas to take precautions when they
are engaged in activities that involve con-
tact with armadillos.

Other approaches of this sort that are less
obvious may be effective in reducing trans-
mission of M. leprae. One of the very strik-
ing features of the epidemiology of leprosy
is its strong association with poverty and
the poverty complex ('s). Which compo-
nents of the poverty complex—poor nutri-
tion, close physical contact, lack of personal
cleanliness, poor ventilation, bedbugs, inter-
current infection—accounts for this associ-
ation is not known, but it is at least highly
likely that "hygiene" in its broadest sense is
somehow important in the epidemiology of
the infection. As a consequence, it is highly
likely that the general trend toward educa-
tion and improved general health and hy-
giene practices, evident in many societies
of the world today, plays a role in the pri-
mary prevention of leprosy, as well as that
of many other infectious diseases*.

Chemoprophylaxis ("Preventive Therapy")

Administration of appropriate antimy-
cobacterial drugs to individuals at risk rep-
resents another approach to primary pre-
vention. This is widely practised in tubercu-
losis control in developed countries, as well
as for prevention of many other infectious
diseases such as malaria and meningococ-
cal meningitis. Whether the effect of the
drug is to prevent infection entirely, sup-
press it or cure it may be immaterial. More
important is the fact that chemoprophylac-
tic medication will only remain active for a
brief period of time, although this may be
measured in weeks in the case of some de-
pot preparations, and thus this approach is
aimed at protecting against past or current,
but not against future, exposure to infection.

* These same components of the "poverty complex"
might operate, rather, at the level of susceptibility of the
M. leprae-infected to develop the disease. L. Levy, cd.

Tuberculosis provides an analogy for
chemoprophylaxis against leprosy ( 14 ).
However, in the case of tuberculosis, pre-
ventive therapy is generally aimed at indi-
viduals who have been identified as being at
risk, either because of a large tuberculin re-
action, or because of a positive HIV anti-
body test. There has been discussion of a
similar approach to leprosy chemoprophy-
laxis, based upon identification of infected
individuals, employing PGL-I or some al-
ternative immunological screen. Although
this approach has been applied in Cuba and
evaluated in India (h), it is unlikely to be
cost-effective ('), and has not been adopted
widely.

In the absence of specific (immunologi-
cal) indicators of risk, the main considera-
tion of preventive therapy in leprosy has
been with reference to populations or sub-
populations, such as household contacts,
thought to be at high risk. Thus, population
treatment with depot dapsone injections
was explored in the 1960s, and although
this was shown to provide some protection
( 13), it has not been widely employed. There
are three reasons for this: cost, concern for
safety, and concern that this approach might
encourage the appearance of drug-resis-
tance. These concerns persist today.

More recently, this approach has been
resurrected; a single dose of multi-drug
treatment, consisting of rifampicin, otloxa-
cin and minocycline, is being administered
to a small, highly endemic population in the
South Pacific. This chemoprophylaxis was
organized to deal with a special situation, as
this population exhibits the highest case-de-
tection rate in the world, despite apparently
good coverage by MDT. Nevertheless, it is
unlikely that chemoprophylaxis will play a
major role in the prevention of leprosy,
given the high cost of preventing even a
single case, and the risk of side-effects of
the medication.

u nnuutoprophylaxis

Protective vaccination is widely consid-
ered the approach par excellence to primary
prevention of infectious diseases. The story
of vaccines against leprosy is unusual for its
irony; although some claim that there is no
anti-leprosy vaccine ( 16 ), more people alive
today have received an anti-leprosy vaccine
than have received any other vaccine; in
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fact, more than 100 mullion infants and chil-
dren received it in 1995. The vaccine is
BCG, and the irony arises because the vac-
cine is so widely considered to be directed
against tuberculosis that many have forgot-
ten its important implications for leprosy.
Figure 1, in which are summarized pub-
lished estimates of the effect of BCG in pre-
venting leprosy, reveals a range of efficacy,
from approximately 20 per cent to 80 per
cent in different populations.

Variable Effectiveness of BCG Against
Leprosy and Tuberculosis. The variations of
efficacy evident in The Figure are reminis-
cent of variations observed of the effect of
BCG against tuberculosis ()). In fact, the
variation of effectiveness against tuberculo-
sis is even greater than that against leprosy,
with BCG providing no protection at all, at
least against pulmonary disease, in several
studies. Many explanations of this variation
have been advanced, including differences
among strains of BCG and of the genetic
background of human populations. It is
likely that the variation is attributable in
part to immunological effects of exposure
to various environmental Mycobacteria
other than BCG and the pathogenic species,
M. leprae and M. tuberculosis C). What is
particularly important is that, as far as avail-
able data are concerned, BCG is at least as
effective in preventing leprosy as it is in
preventing tuberculosis, and the only three
studies, in which the activity of the same
BCG in preventing the two diseases has
been studied in the same populations, have
actually demonstrated BCG to be more ef-
fective against leprosy than against tubercu-
losis [54% vs 11%  in Malawi (" ); 81% vs
22% in Kenya ( 15 ); and 20% vs 0% in South
India (")]. This has important practical im-
plications as well as implications for re-
search. In practice, it means that there is in
progress at this moment a massive anti-lep-
rosy vaccination program, which is un-
doubtedly playing an important role in the
worldwide reductions of the incidence of
leprosy. Secondly, the relationship between
the actions of BCG in leprosy and in tuber-
culosis may provide a clue to the very im-
portant questions of protective immunity
and correlates of protection against tubercu-
losis as well as leprosy C).

BCG and MB Leprosy. It has been sug-
gested that BCG prevents only paucibacil-
lary (PB) leprosy ("'), but The Figure indi-

cates that it has generally proved effective
in preventing MB leprosy as well. This has
important practical and theoretical implica-
tions. In practice, it indicates that BCG pre-
vents MB leprosy in endemic areas—an ef-
feet that increases its value in primary pre-
vention, because it not only prevents cases
by directly protecting the vaccinees, but it
also reduces the number of source cases in
the community, thereby reducing transmis-
sion of the organism. Thus, it is a powerful
tool for primary prevention.

Other Anti-Leprosy Vaccines. Partly be-
cause of the failure or reluctance to ac-
knowledge the effectiveness of BCG in pre-
venting leprosy, and partly because of the
variability observed in the protection con-
ferred by BCG against leprosy, there has
been interest in finding alternatives to BCG.
Most attention has been focused upon BCG
combined with heat-killed M. leprae vac-
cines, which were first employed by Convit
and his colleagues for immunotherapy, and
later evaluated in randomized, blinded con-
trolled prophylactic trials in Venezuela,
Malawi and South India. The available re-
sults indicate that, although the addition of
killed M. leprae may enhance slightly the
effectiveness of BCG alone ( 4 ), the en-
hancement is not sufficient to warrant pro-
duction of such vaccines; production on a
scale sufficient to supply the needs of a ma-
jor program of immunoprophylaxis would
be difficult indeed, because the supply of
M. leprae is limited, and there are no cur-
rent plans to expand armadillo colonies.

Other potential anti-leprosy vaccines in-
clude strains of M. avium-intracellulare
known as the ICRC bacillus and as My-
cobacterium "w", both of which are cur-
rently being evaluated in a large controlled
trial in Avadi, Tamil Nadu, South India.
These vaccines have an advantage, in that
they employ a cultivable bacillus, but
whether they prove effective, and, if so,
whether they will ever be produced and ex-
tensively employed remains to be seen.

Discussion and Conclusions
There is ample evidence that incidence
rates of leprosy are declining in most, if not
all, leprosy-endemic populations. This in it-
self implies that effective primary preven-
tion is occurring, even though we are un-
able to identify precisely the mechanisms
responsible for the decline. Given the mas-
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THE FIGURE. Published estimates of the observed protection of BCG vaccines against leprosy by area, dis-
ease classification and type of study (T = trial; CC = case-control study; C011 = cohort study). Protection is ex-
pressed as a relative risk (RR = odds ratio) of leprosy among vaccinees compared to non-vaccinees (note that,
traditionally, vaccine efficacy is expressed as VE = I—RR). Thus, RR = O implies I(H)X protection, and RR =
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sive use of BCG vaccines around the world
in the course of the past three decades, we
may he confident that BCG vaccination
must be an important contributor to the de-
cline of the incidence of leprosy, particu-
larly as evidence indicates that the vaccine
protects against MB disease and, therefore,
must be reducing transmission of M. leprae
as well as protecting otherwise exposed in-
dividuals. In addition, although it is difficult
to demonstrate, extensive case-finding and
treatment activities of leprosy control pro-
grams throughout the leprosy-endemic
world must he reducing transmission to
sonic extent, thereby reducing the risk of
new infections and disease. Beyond this,
various aspects and correlates of socio-eco-
nomic development must be contributing to
leprosy control, as they obviously have in
the past. It is salutary to contemplate these
various aspects of primary prevention, and
to recognize that the major contributors are
likely to be socio-economic development
and BCG vaccination, neither of which is
generally included as a formal activity of
leprosy control programs.

Among the major research issues rele-
vant to primary prevention are questions of
the evaluation of leprosy incidence trends,
recognizing that confirmation of declines of
incidence is confirmation of effective pri-
mary prevention. Beyond the confirmation
of declining trends, identification of the fac-
tors responsible for these trends is a major
epidemiological challenge. Disentangling
socio-economic factors, BCG, and the in-
fluences of improved case-finding and treat-
ment activities is likely to be extremely dif-
ficult, given that these factors are likely to
be confounded in most populations, and it
is difficult to identify appropriate control
groups.

Of particular importance is the issue of
the variability of the effectiveness of BCG
as a leprosy preventive, and its implications
for different contributions to control in dif-
ferent populations. It may be that BCG is
less effective against leprosy in India than
in some other areas (The Figure). If this be
so, this might in turn be related to the fact
that there is, at this moment, less evidence
for a decline of leprosy incidence in India
than in most other endemic areas.

Another fruitful area for research in pri-
mary prevention of leprosy will be the in-

terface between leprosy and tuberculosis,
with particular reference to vaccines. Be-
cause of the increasing burden of tuberculo-
sis in the world (in 1993, WHO declared tu-
berculosis to be a global emergency), much
more attention is now being directed toward
tuberculosis than toward leprosy vaccines.
However, progress has been slowed by the
absence of any clear and measurable im-
munological correlate of protective immu-
nity, whether naturally acquired or vaccine-
induced. Given the observed differential in
protection by BCG against leprosy and tu-
berculosis, the most efficient approach to
solving the problem of anti-tuberculosis im-
munity may be to examine both diseases in
parallel.
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Discussion of Prof. Fine's paper
Prof. Ji: Although BCG may be active in
preventing leprosy, this vaccine is not a tar-
get of the IMMYC program. How do you
assess the prospects for development of an-
other vaccine to be used in leprosy? And do
you believe that we need a vaccine?
Prof Fine: BCG should certainly be con-
sidered a vaccine for use in preventing lep-
rosy. In addition, it may well be that BCG
vaccination could be rendered more effec-
tive by use of a more immunogenic strain,
by administration of more than one dose, or
by engineering the BCG bacillus. Other
vaccines are currently being developed;
let's see what we will have to work with be-
fore we decide how we should apply the
vaccine.
Dr Gupta: BCG appears certainly to be ef-
fective in preventing leprosy.
Dr Cole: How many of the BCG trials were
designed to look at leprosy?
Prof. Fine: Not all of the data were derived
from trials; the trials in Myanmar, Papua-
New Guinea, Uganda and South India were
designed to look at the effect of BCG in
preventing leprosy. Most of the data were
obtained from national BCG vaccination
programs, which were intended to prevent
tuberculosis.
Dr: Feenstra: Even if we should have a vac-
cine that is more active than BCG, imagine
the problems facing national health plan-
ners in deciding how to use the vaccine.
Not only is the disease disappearing; it can
be easily diagnosed, and can be treated
cheaply, safely and effectively. Therefore, I
don't believe that a new vaccine will play a
role in leprosy control activities.
Prof. Fine: Repeat BCG vaccination may,
in fact, be very useful in high-risk groups,
and is very much on the table.
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Research is relevant only when it con-
tributes to the achievement of the goals of
leprosy control, which are: 1) to cure the
patients; 2) to prevent leprosy-related dis-
abilities; and 3) to interrupt transmission of
Mycobacterium leprue, thereby reducing
the incidence of both infection and disease.
At present, we possess the knowledge and
tools required to achieve the first two goals:
early diagnosis, multidrug therapy (MDT),
and early recognition and appropriate treat-
ment of functional impairment of nerves.
Moreover, the timely and consistent use of
these tools may, in addition to the impact of
BCG vaccination and other factors related
to socio-economic progress, also' reduce
transmission of the organism.

Unfortunately, many health services are
not able to use these tools in an effective
way. As a result, many cases are diagnosed
only after irreversible impairment of nerve
function has already occurred. Fully 25 per
cent of the registered cases are not treated
by MDT, and too many patients who begin
MDT do not complete a full course of treat-
ment. And finally, even among registered
cases who receive a full course of MDT,
impairment of nerve function, resulting in
new disabilities and exacerbation of preex-
isting disability, occurs with distressing fre-
quency. These failures may, to a great ex-
tent, be attributed to lack of proper organi-
zation and management of leprosy control
programs. In addition to improvement of
management and organization, by training,
more intensive supervision, etc., health sys-
tems research (HSR) represents a tool by
which this situation may be improved.

HSR is action-oriented, operational re-
search, in which the questions studied are
linked to decision-making. HSR studies
specific field problems in order to find prac-
tical solutions that are feasible under the
prevailing local conditions. Health services
staff always participate in the studies. HSR

can be carried out in a reasonably short
time—less than one year, at moderate cost.
Major issues to be investigated by HSR are
how to achieve effective coverage of pa-
tients in difficult-to-reach populations, and
how to sustain cost-effective leprosy ser-
vices under conditions of low prevalence.

The studies may be very pragmatic, fo-
cused and action-oriented, as has been
demonstrated in some Special Action Pro-
gramme for the Elimination of Leprosy
(SAPEL) projects. A problem is defined (in
SAPEL, it may be the accessibility of pa-
tients to MDT), a pragmatic solution is
identified, its feasibility is tested, and, after
it has been shown that the intervention ef-
fectively solves the problem, the interven-
tion is applied by the program on a broader
scale.

Improvement of management, and opera-
tional research are not the only answers to
the problem of inadequate leprosy control.
There is also a need for new, more effective
tools and for simplification of the currently
available tools. Because of the severe limi-
tations of research capacity and resources,
especially in developing countries, research
should focus on problems of high priority,
that have been identified in the field. Plac-
ing myself in the situation of a health ser-
vices manager, responsible for leprosy con-
trol, I consider the following issues to rep-
resent research priorities *:

Reactions and recent nerve damage: 1)
development of tests to identify patients at
risk of reactions and nerve damage (labora-
tory/fundamental); 2) development of tools
by which to prevent reactions and nerve
damage (laboratory/ fundamental and oper-
ational/epidemiological); 3) development
of tests for early detection of reactions and
nerve damage (laboratory/ fundamental and

* Based on a draft statement of the ILEP Medical
Commission, December 1995.
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operational/epidemiological); 4) develop-
ment of more effective treatment for reac-
tions and nerve damage (laboratory/funda-
mental).

Prevention of disabilities (POD): 1) de-
velopment of simple and practical measures
of impairment that are responsive to change
over time (operational/epidemiological); 2)
development of indicators for the process
and outcomes of POD activities (opera-
tional/ epidemiological); 3) development of
more effective and efficient POD in primary
health care and community-based rehabilita-
tion (CBR) settings (operational/ epidemio-
logical); 4) development of more effective
self-care and footwear for patients with im-
pairments (operational/epidemiological).

Chemotherapy: 1) development of meth-
ods to improve coverage by MDT in inac-
cessible areas, and to improve MDT com-
pletion rates (laboratory/fundamental and
operational/ epidemiological); 2) develop-
ment of strategies to implement MDT ef-
fectively through general health services
and primary health care in low-endemic set-
tings (operational/epidemiological); 3) de-
velopment of shorter and cheaper MDT
(laboratory/fundamental).

Rehabilitation: 1) Development of meth-
ods to assess the need for rehabilitation (op-
erational/ epidemiological); 2) development
of effective rehabilitation for leprosy pa-
tients within general rehabilitation pro-
grams, including CBR (operational/epi-
demiological).

Early diagnosis, incidence and transmis-
sion: 1) development of a simple test for
early diagnosis of leprosy (laboratory/fun-
damental); 2) development of methods by
which to assess the incidence of leprosy
(laboratory/ fundamental and operational/
epidemiological); 3) development of meth-
ods by which to study the transmission of
leprosy (laboratory/fundamental and opera-
tional/epidemiological); 4) development of
methds for predicting future trends of inci-
dence and prevalence (operational/epidemi-
ological).

Although development of the tools may
require sophisticated technologies, the tools
themselves must be appropriate for routine
use under field conditions in leprosy-en-
demic countries, and should not require
complicated or expensive equipment. "Dip-
sticks" for analysis of samples of urine or
saliva are examples of appropriate tools.

Discussion of I)r. Feenstra's paper
Di: Naas: I'm delighted to hear that your
first priority is to cure the patient, and that
stopping transmission of M. leprae is only
your third priority. Only a few years ago,
interruption of transmission was the first
priority.
Prof. Ji: MDT must remain the first priority.
And because MDT has been so effective,
we are now able to attempt other activities,
such as prevention of disability.
Prof. Britton: How confident can we be that
the annual case-detection rate will be re-
duced from the current level of 500,000?
Won't the answer to this question help de-
termine priorities?
Dr. Feenstra: Although I don't believe that
incidence will decrease as rapidly as some
are predicting, there can be no doubt that it
is dropping, despite confusing case-detec-
tion rates. What has happened is a change
of case-definition. In India, for example, the
proportion of single-lesion cases among the
new cases reported is very large; if these are
subtracted, the case-detection rates become
very much smaller.
Dr Noordeen: Much of what has been
called operational research is better called
management exercise, and should become a
part of the management process. Research
requires protocols, controls, etc., which
greatly limit productivity. Also, funding is
much more readily obtained when the activ-
ity is carried out as part of the manager's
training.
Prof. Fine: I disagree. Reliable information
is derived from research, and cannot be
simply left to the managers.
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Progressive disability resulting from
nerve damage is what separates leprosy
from other diseases, and is responsible for
the stigmatization of those affected. Nerve
damage, the pathological process that leads
to the deformities typical of leprosy, occurs
either gradually or acutely as part of a reac-
tional state ('). Early detection and specific
treatment with corticosteroids during the
acute phase of nerve damage can reverse
the damage in a large proportion of cases
(`). It is generally considered that nerve
damage of more than 6 months' duration is
irreversible, and patients presenting with
nerve damage of long standing are npt ac-
tively treated with steroids. Few other treat-
ments are available; one of these is surgical
decompression of the affected nerve, which
provides only inconsistent benefit, and is
not generally practised.

Early diagnosis of leprosy and treatment
with multidrug therapy (MDT) is the most
effective means of preventing disability in
leprosy. Acute nerve damage can occur be-
fore diagnosis, during MDT, or after com-
pletion of chemotherapy; however, most
frequently it occurs either just before diag-
nosis or during the first 6 months of treat-
ment ('). Acute nerve damage and reac-
tional states appear to have become more
frequent, particularly in patients with multi-
bacillary (MB) leprosy, since the introduc-
tion of MDT. However, methods of case-
detection and of diagnosing acute nerve
damage have changed, so that it is not pos-
sible to compare the present situation with
that during the era of dapsone monotherapy.
Reversal reactions (RR) vary in frequency
among the different types of leprosy, and in
different parts of the world (5). On average,
RR occurs after commencing MDT in as
many as 15 per cent of patients with pau-
cibacillary (PB) leprosy, and in more than
30 per cent of MB patients. Steroids sup-
press the immune response that is responsi-

ble for the acute nerve damage in the course
of RR, and are therefore used not only to
treat reactions, but also to suppress them in
patients at risk.

Definition of Teriiis
During the last few years, leprosy work-

ers have been encouraged by some to adopt
the International Classification of Impair-
ments, Disabilities and Handicaps (ICIDH)
( 3), whereas, at the same time, challenges to
the ICIDH have been heard. Impairment is
defined as any loss or abnormality of psy-
chological, physiological or anatomical
structure or function; disability is defined as
any restriction or lack, resulting from im-
pairment, of ability to perform an activity in
the manner or within the range considered
normal for a human being; and handicap is
defined as a disadvantage for a given indi-
vidual, resulting from an impairment or dis-
ability, that limits or prevents fulfillment of
a role, depending upon the age, sex, and so-
cial and cultural characteristics of the indi-
vidual. In general, leprosy workers use the
term "disability" to mean "impairment";
this distinction is less important when deal-
ing with the physical aspects of leprosy, but
is important when discussing the social,
cultural and vocational impact of the im-
pairments and the topic of rehabilitation.

Size of the Problem
Assessing the size of the problem of im-

pairments and disabilities caused by leprosy
in the world is difficult. The only data rou-
tinely collected are the proportions of
newly detected patients who present with
WHO grade 2 disability. A number of at-
tempts have been made to calculate the
global burden from these data, using age at
diagnosis and life-expectancy, but these cal-
culations yield only rough estimates at best.
A number of cross-sectional surveys have
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been conducted in various places to esti-
mate the size of the problem.

Perhaps the more important statistic is
the number of people requiring rehabilita-
tion. This is more difficult to assess, and is
influenced by social, religious and cultural
factors. The number requiring rehabilitation
is probably a small proportion of all those
who have impairments as a result of lep-
rosy. Some of the factors affecting the dis-
tribution and determinants of disability in
leprosy have been described (x•'°). Now, as
a result of the successful implementation of
MDT, we have a unique opportunity to im-
plement specific disability-prevention ac-
tivities ( 9).

Ide nti f ving Research Needs
At the basic level, research is needed to

understand the pathogenesis of nerve dam-
age. At the clinical level, research is needed
to test the effectiveness of interventions, us-
ing the methods of randomized controlled
clinical trials. At the operational level, re-
search is needed to optimize the process of
early diagnosis of leprosy and of nerve
damage caused by leprosy, and of treating
this damage, as well as of improving meth-
ods of rehabilitation

In London in 1995, the Medical Commi-
sion of the International Federation of Anti-
Leprosy Associations (ILEP) convened a
workshop on preventing disability in lep-
rosy ( 2 ), the objectives of which were to
produce guidelines on simple and effective
means of preventing disability and to iden-
tify research needs. The workshop process
included reviewing the results of an interna-
tional survey of prevention-of-disability
(POD) activities, presentation of position
papers by experts in the field, and group
discussion. The international survey showed
that, although POD activities were now be-
ing implemented widely, more was needed
to improve the quality of the work. The
workshop produced a list of research prior-
ities in the areas of POD and rehabilitation,
as follows.

Recommendations for Further Research of
the ILEP Expert Con uuittee on Prevention
of Disability

The proposed studies have been grouped
into the broad areas of monitoring and eval-

uation, primary prevention of impairment
and disability (POID), secondary preven-
tion of impairment and disability, and com-
munity-based rehabilitation.

Monitoring and Evaluation: 1) studies to
evaluate the validity, reliability and respon-
siveness to change over time of simple
methods of scoring impairment and disabil-
ity in leprosy patients, with the aim of iden-
tifying the system most suitable for moni-
toring POID activities. Such a scoring sys-
tem could be used globally to monitor and
evaluate POID activities in leprosy work; 2)
studies to develop and pilot the routine col-
lection of POID information for all ILEP-
supported projects, to identify the most effi-
cient means of collecting such data; 3) con-
duct of trials to assess the cost-effectiveness
and, possibly in the future, also the cost-
benefit of different components of POID, in
order to determine the relative cost-effec-
tiveness of the different components of a
comprehensive program of prevention of
impairments and disabilities.

Primary Prevention of Impairment and
Disability: 1) development of valid, reliable
and feasible methods of assessing nerve
function, and a series of studies replicated
in different environments, including at the
field level, to identify the best methods of
identifying early impairment of nerve func-
tion appropriate to a variety of situations; 2)
trials to identify the optimal corticosteroid
regimens for treating recent impairment of
nerve function, with the aim of identifying
the optimal dosages and durations of the
treatment; 3) a randomized, double-blind
trial of steroid prophylaxis, to prevent acute
impairment of nerve function in patients at
risk, to determine if the administration of
prednisolone in a small daily dose during
the first 6 months of MDT will prevent
acute impairment of nerve function; 4) a
trial to compare the prognostic value of
nerve function assessment by Semmes-We-
instein monolilaments and ball-point pen in
detecting nerve function impairment, to
learn if the impairment detected by nylon
filaments is of greater prognostic value than
that detected by hall-point pen; 5) a trial of
patient education emphasizing self-report-
ing of impairment, to determine if patients,
who have been educated specifically with
respect to the early signs and symptoms of
impairment and its prevention, are more
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likely to self-report impairment than are pa-
tients who have not been so educated.

Community-Based Rehabilitation (CBR):
1) surveys to assess to what extent, if any,
leprosy patients are included in existing
programs of CBR, in order to determine to
what extent the needs of leprosy patients
are being met in various countries; 2) stud-
ies employing a modified CBR approach
among those locally responsible for the care
of leprosy patients with chronic impairment
and disability, to determine if volunteers
from among family members, neighbors or
prominent members of the community
could be used in POID activities, thus re-
ducing the need for referral and hospitalad-
mission for treatment of ulcers and wounds.
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Discussion of I)r. Smith's paper

Dr. Waters: I have been impressed by the
high prevalence of impairments related to
the eye. You didn't mention the eye in your
listing of priorities with respect to research
into the prevention of disabilities.
Dr Smith: You are correct, in that I didn't
mention the eye specifically. Of course, we
are concerned about preventing disabilities
of eyes, hands and feet. I'd like to hear
comments with regard to combining
steroids with MDT in a trial intended to ex-
amine the possibility of preventing reac-
tions.
Di: Naafs: We discussed the possibility of
such a trial in ALERT more than 20 years
ago. At the time, we were concerned about
the dosage of DDS—whether it was neces-
sary to use high doses, or could small doses
be used. Barnetson conducted a trial of 5
mg DDS daily vs 50 mg DDS daily; it ap-
peared that reactions were milder among
those patients treated by the larger dose.
Subsequently, we added an initial course of
steroids, in a dosage of 20 mg daily, to the
regimen of those patients who we felt were
more likely to have reactions. These pa-
tients appeared to do well. The majority of
patients, in whom we did not expect reac-
tions, were not given steroids; some of
them subsequently had reactions. We were
concerned that it might be dangerous to ad-
minister steroids to large numbers of outpa-
tients, living in an environment character-
ized by the ubiquity of intestinal parasites
and similar problems. As a consequence,
we abandoned the trial. I think that it will
be important, in any trial of steroids com-
bined with MDT, to define carefully those
patients at risk of reactions, who should be
treated by steroids, and I'm afraid that we
are not yet able to do this.
Dr Gupte: We have used steroids in the at-
tempt to prevent quiet nerve paralysis,
without evidence of efficacy. I believe that
it will be difficult to administer steroids to
large numbers of patients in the field. Ad-
ministration of steroids cannot be super-
vised, and self-administration is certain to
be unreliable. In addition, steroids will be
contraindicated in significant numbers of
patients. Finally, it may he necessary to
continue steroids after the course of MDT
has been completed.
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Prof. Ji: Have we any information with re-
spect to the influence of steroids on the effi-
cacy of MDT? And will administration of
steroids under field conditions be feasible?
Dr Jacobson: I worry that we may be play-
ing with fire if we propose to administer
large doses of steroids daily over long peri-
ods of time. However, if a trial were to be
organized, it would be interesting to com-
pare daily dosage with every-other-day
dosage. Side-effects appear to be much less
common with every-other-day administra-
tion. Placing the steroids within the blister-
pack might minimize the problem of poor
compliance. In our experience, the co-ad-
ministration of steroids has not adversely
affected MDT, and the new guidelines rec-
ommend that clofazimine be administered
when steroids must be given to a patient
who has completed MDT.

On a related topic, I believe that it would
be useful to attempt to confirm in a clinical
trial that the administration of steroids be-
ginning more than 6 months after the onset
of the impairment really produces some
amelioration of the impairment; our experi-
ence has not been encouraging.
Dr. Taihari: In Brazil, we recommend the
use of steroids in some situations, but we
lack important knowledge. This is an excel-
lent area for research.
Dr. Pannikar: We are often accused of not
paying enough attention to the area of pre-
vention of impairment. I believe that our
neglect is only apparent; simply, we don't
know what we should do. A second matter
on which I wish to comment is that we are
constantly being urged to develop "simpli-
fied" methods for use in the field. However,
I believe that we need a definition of what is
simple. What may be simple in the context
of a vertical program may, in fact, be diffi-
cult in the context of an integrated program.
Third, can you comment on the use of
"POD kits? And, finally, I wish to point to
the problem of underutilization of services.

So often, particularly in vertical programs,
the problem is not that services are not
available, but rather that the patients don't
avail themselves of the services offered.
Dr. Feenstra: One of the deficiencies of
vertical programs is that accessibility to
them may be only periodic. This is so par-
ticularly in those situations in which the
leprosy control team visits the patient's lo-
cality only on a monthly basis. Dr. Smith is
entirely correct in stressing the need to inte-
grate rehabilitation services for leprosy pa-
tients into the general health services,
which are accessible on a daily basis.
D►: Lambert: You mentioned that only a
"small investment" need be made in a re-
search program designed to improve dis-
ability-prevention and rehabilitation activi-
ties. As a research manager, I should like to
know how you define a small investment. It
will finally be necessary to deal with num-
bers, when we think of genome sequencing,
for example.
Dr Smith: I believe that an investment in
this area of only a few hundred thousand
U.S. dollars would pay large dividends.
D►: Noordeen: NGOs are investing heavily
in socio-economic rehabilitation, a subject
that Dr. Smith did not cover. In my opinion,
much of this investment is misdirected.
Rather than depending entirely upon solu-
tions to socio-economic problems that have
been imported, we need to know more
about the coping mechanisms indigenous to
the society. I believe this to be an important
area for research.
Dr. Feenstra: Leprosy patients must have
access to the same services available to
other disabled patients in the community,
but they should not be privileged; they
should not be offered services that are not
generally available. If NGOs interested in
leprosy wish to invest in rehabilitation, they
must be careful not to make available to the
leprosy patients services that are not avail-
able to other patients with disabilities.
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Before focusing on the research needs of
the post-elimination phase, employing the
situation of leprosy in Thailand as an exam-
ple, I wish to share my feeling, as a pro-
gram manager, that we risk living in a
dream world, if the recommendations for
research priorities are impractical, or if they
will lead to research outcomes that can
never be employed to develop simplified
tools or to solve real problems. In addition,
it should be noted that some research ques-
tions have been studied for many years with
only little progress.

During the period 1980-1994, when lep-
rosy control activities in Thailand were per-
formed by the local health staff, under the
supervision of Leprosy Division staff, it
was possible to collect data for both opera-
tional and epidemiological assessments, in-
cluding analysis of trends. At the end of fis-
cal year 1995, there were 3,015 Thai pa-
tients registered for treatment, yielding a
prevalence rate of 0.51 per 10,000 popula-
tion, and 1,297 new cases had been de-
tected, yielding a new case-detection rate of
2.2 cases per 100,000 population. Analysis
of the situation by province revealed that in
only seven provinces was the leprosy
prevalence greater than 1 per 10,000,
whereas the prevalence was below 1 per
10,000 in the remaining 69 provinces.

The problems of disability resulting from
leprosy and the requirements for mainten-
ance and improvement of the quality of the
leprosy control services, especially for pre-
vention of disability and rehabilitative care,
are felt to represent major concerns, to-
gether with the needs to update informa-
tion, and to develop an effective surveil-
lance system. These are particular concerns,
because, as a result of the decline of preva-
lence, a large number of experienced staff
have been transferred to other duties. Col-
lection of data and analysis of the situation
on a current basis, as has been the practice
in the past, will no longer be possible.
Moreover, as many as 14 per cent of the
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newly detected patients are still diagnosed
only after irreversible impairment of nerve
function, and as many as 30 per cent of pa-
tients develop new disabilities or experi-
ence exacerbation of existing disabilities
during and after completion of treatment.
These data indicate the importance of de-
veloping new tests and tools with which to
prevent reaction and nerve damage, as well
as practical and simple means of measuring
nerve function impairment.

Thus, Thailand now exemplifies the
problems inherent in leprosy control in the
situation of low endemicity. In addition to
the needs to maintain and improve the qual-
ity of the service, the needs remain to verify
the extent of the leprosy problem, and to
monitor the existing situation closely. Some
questions remain to be answered; for exam-
ple, how can we be certain that leprosy
prevalence, incidence or transmission of in-
fection are really low in a particular area?
What do good information systems and an
effective system of leprosy surveillance
look like in the situation of low endemicity?
How can we be alerted, should our current
control measures—chiefly multidrug ther-
apy (MDT)—become not as effective as
they have been in the past'?

What options do we have if MDT fails to
cure leprosy because of drug-resistance or
for some other reason'? What kind of orga-
nization do we need to keep an eye on the
leprosy problem in a country in which lep-
rosy has become a rare disease, and how do
we equip that organization with sufficient,
sustainable expertise to deal with those
problems that may occur'? These may ap-
pear to be simple questions, but they must
be answered clearly and reliably, not by in-
tuition but by research, including health
systems, biomedical, operational and socio-
economic research.

Finally, in the post-elimination phase, we
shall wish to deal with the more challenging
question of how to eradicate leprosy glob-
ally. It is, perhaps, premature to address this
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question now, but certainly we must begin
to address the research needs of the post-
elimination phase from today.

Discussion of Dr. Charoon's paper
Di: Feenstra: I notice that your data on
case-detection suggest that the rate has been
stable for the last few years, and that it may
even have increased during the last year. Do
you have an explanation for this phenome-
non? Has case-finding been more active?
Dr Charoon: Yes, we have recently intensi-
fied case-finding activities.
Dr. Talhari: You stated that you had
achieved 100 per cent coverage with MDT.
What is the regularity of attendance for
MDT'?
Dr. Chardon: The regularity of attendance
is 83 per cent, on the average.
Dr Pannikar: I believe that, in situations of
low endemicity, we should deal with ab-
solute numbers, as rates may be misleading.
Prof. Ji: What is the sum available annually
in Thailand for leprosy control, including
contributions from NGOs?
Dr Chardon: Including salaries, the na-
tional budget was 160 million Baht*, in-
cluding 42 million Baht for payments to pa-
tients. in addition, the Sasakawa Memorial
Health Foundation contributes funds pri-
marily for support of the Sasakawa Re-
search Building. The NSLA and the GLRA
each contribute approximately 300,000
Baht, primarily to support training activi-
ties. Finally, the national leprosy relief as-
sociation also contributes.
Prof. Lechat: I wonder if some of the re-
search outlined by Dr. Charoon has not al-
ready been carried out for other diseases,
and if the results of this research might not
be applcable to leprosy control in Thailand
and in developing countries in general. You
spoke, for example, of the need to develop
surveillance systems applicable to the situ-
ation of low endemicity. Perhaps we need
additional links with similar programs that

* The exchange rate is approximately US$1 = 25
Baht. L. Levy, ed.

deal with the same issues applied to other
diseases.
Dr Noordeen: As leprosy becomes a rela-
tively less common disease, we face serious
problems with respect to surveillance. As
we move from vertical to integrated pro-
grams, we become increasingly dependent
upon the routine surveillance systems for
communicable diseases. We will need to
strengthen the routine surveillance systems
so that they can deal more competently with
leprosy surveillance. This is work that
needs to be done.
Dr. Feenstra: The WHO Task Force for
Health Systems in Leprosy has funded stud-
ies in Thailand of the feasibility of combin-
ing leprosy and tuberculosis control activi-
ties. Can you comment on this work?
Dr Chardon: Such studies have been un-
dertaken in North-East Thailand; to my
knowledge, they have been restricted to
case-finding methods. The results are now
being prepared for publication.
Dr Smith: With respect to case detection af-
ter elimination, we expect that the preva-
lence of leprosy among children will de-
crease, and that the proportion of MB cases
will increase. However, we might see the
same changes as case detection becomes
poorer in quality and awareness of leprosy
decreases. Therefore, we must be careful to
discriminate between those changes that re-
sult from decreased transmission of M. lep-
rae and those that would result, should the
quality of case-detection activities decrease.

Another emerging problem appears to
have arisen in some Western Pacific coun-
tries, that are in a situation similar to that of
Thailand. A substantial proportion of the
new cases appears to have occurred as re-
lapses of leprosy among patients who, in
the past, had been treated only with DDS
monotherapy. Have you recognized a simi-
lar phenomenon in Thailand?
Dr. Charoon: Beginning several years ago,
we retreated with MDT all of those patients
whose leprosy had been cured with DDS
monotherapy, so that we have encountered
only a rare relapse of the kind you describe.
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The most recent information with respect
to the prevalence of leprosy demonstrates
('.'', ') a greater than 80 per cent reduction
since 1985, from an estimated 10-12 mil-
lion to 1.8 million patients in 1995. Both di-
rectly, and indirectly as a result of enthusi-
asm generated by the elimination program,
the World Health Organization/Multidrug-
Regimen (WHO/MDT) is central to this
success. Yet, new case detection remains at
a high level; 414,894 new patients were de-
tected in India alone during 1994 (9•' 2 . ").

All agree that the most important contribu-
tions by current research efforts will be
tools to identify those subclinically infected
by Mycobacterium leprae, of sufficient sen-
sitivity and specificity to facilitate epidemi-
ological monitoring of the disease in the
community (u). The application of skin test-
ing and serological studies to this need is
addressed below.

A New Generation of Skin-Test Reagents
(P113)

One hope for a method of identifiying
those subclinically infected by M. leprae
rests in a new generation of skin-test anti-
gens. The earlier products—lepromin H ( 2 . 7 ),
Dharmendra lepromin ('), and lepromin A
( 5 ' ")—and those produced more recently
from fractionated M. leprae—Convit's
SDA and Rees' MLSA (")—have a place
in leprosy control, but fail as universally
applicable diagnostic and epidemiological
tools; SDA and MLSA meet the require-
ment for potency, but are lacking in terms
of sensitivity and specificity. Our approach
toward more useful reagents lies in further
fractionation and identification of appropri-
ate antigens of Al. leprae, and testing these
products and other antigens already identi-
fied first in guinea pigs and then in man,
both in vitro by assaying, particularly for

interferon-gamma (IFN-y), and in vivo by
skin testing. This approach is directed to
application to man, and must, therefore, in-
volve manufacture under the conditions of
Good Laboratory Practices (GLP)/Pilot
Plant), as well as applications for Investiga-
tional New Drug Exemptions (IND) to the
U.S. Food and Drug Administration (FDA)
in the case of the U.S., or to the correspond-
ing regulatory agencies in other countries.

GLP/Pilot Plant. We are in the process of
setting up a GLP facility in our own depart-
ment for the purpose of producing skin-test
antigens. In order to comply with GLP con-
ditions, the first essential ingredient is a
documentation system. A network of stan-
dard operating procedures (SOPs) is used to
validate every piece of equipment, and to
control every step of the processing, to in-
sure that performance is consistent, and that
the antigens satisfy exacting standards of
quality control. The other aspect of GLP is
employment of "clean room conditions", to
insure safety of the products. An environ-
mentally controlled workspace suitable for
aseptic processing of the skin-test antigens
has been installed; this consists of a suitably
constructed, properly functioning and regu-
larly certified Laminar Airflow Workbench
(LAFW), which sweeps the workspace with
HEPA-filtered air at a velocity of 90 ± 20%
feet per minute. The air-quality within the
LAFW adjacent to "critical sites" must
meet a Class 100 (MCB-1) clean room
specification during normal work activity.
However, the air entering the critical site
must meet the requirements of a Class
100,000 clean room, and must undergo ten
air-changes per hour. Validation of the
"Clean Room" begins with monitoring the
air; this is accomplished qualitatively by
settling plates, and quantitatively by use of
a Personnel Sampling Pump and Cyclone
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Filter Assembly, which measures the num-
ber of particulates in the air of the Skin Test
Antigen Manufacturing Facility. To date,
wipe tests have not yielded a single colony-
forming unit.

Manufacture of the First Generation of
Skin-Test Antigens. We have already pro-
duced two new fractions, modified versions
of earlier antigens, for the purpose of get-
ting products through the system, establish-
ing baseline data, and, we hope, increasing
sensitivity and specificity over those of the
earlier products. First, we modified MLSA
to produce MLSA-LAM by removing im-
munosuppressive cross-reactive compo-
nents (LAM, LM and PIMs, and other
lipids). Second, together with B.R. Bloom,
V. Mehra and R.L. Modlin, we demon-
strated by extensive immunological study
and skin-testing in guinea pigs that the cell
wall proteins of M. leprae, which had been
discarded in preparing SDA and MLSA,
were powerful immunogens ( 3 . 4 ). Based on
this work, we produced MLCwA, a fraction
that contains these cell wall-derived anti-
gens. Both MLSA-LAM and MLCwA are
awaiting approval by the FDA.

Manufacture of these skin-test antigens
begins with purification of M. leprae from
infected armadillo tissues, using Draper's
3/77 protocol ( 10). This protocol involves
homogenization, using dipotassium EDTA
as a metal chelator, followed by alkali treat-
ment to remove pigment, and over-night
collagenase treatment to degrade the tissue.
The partially purified organisms are then
applied to a two-phase separation system
involving polyethylene glycol (PEG) and
Dextran T500. The purified M. leprae are
examined microscopically for residual tis-
sue and pigment, and brain-heart infusion
broth, blood-agar plates and Lowenstein-
Jensen slants are inoculated. The concentra-
tion of the product is established by mea-
suring absorption at 540 nm.

Preparation of MLSA-LAM begins with
the Rees protocol. M. leprae are sonicated
in PBS and centrifuged twice at 4°C. The
supernate is centrifuged at 105,000 x g, to
produce MLSA, which is adjusted to a con-
centration of 1 mg per ml, after which pre-
condensed Triton X-I 14 is added to a final
concentration of 4%. This mixture is sub-
jected to slow-speed centrifugation to form

two phases; lipoglycans and other hydro-
phobic molecules partition to the detergent
layer. Residual detergent is removed from
the aqueous phase by means of an Extracti-
gel D column, yielding the final product.

Formulation of MLCwA begins from the
27,000 x g pellet, which is extracted with
2`k SDS in PBS while stirring at 56°C for 1
hour. The suspension is centrifuged, applied
to an Extracti-gel D column to remove
SDS, and extracted with Triton X-I 14 as
was the MLSA-LAM.

Both antigens are sterilized for 20 min at
121"C, and subjected to a variety of quality-
control assays, including: 1) protein profiles
by electrophoresis on SDS-PAGE and
staining by silver nitrate; 2) Western blot-
ting with several monoclonal antibodies; 3)
determination of protein concentration; 4)
assay for endotoxin; and 5) culturing.

Studies of Skin-Test Antigens in Vitro. We
have conducted studies of these new skin-
test antigens in vitro, together with H.M.
Dockrell, R.E. Wier and K. Britton of the
Department of Clinical Sciences, London
School of Hygiene and Tropical Medicine,
U. K., R. Hussain of the Department of Mi-
crobiology, Aga Khan University, Karachi,
Pakistan, and W.J. Britton of the Depart-
ment of Clinical Immunology and P. Roche
of the Centenary Institute of Cancer Medi-
cine and Cell Biology of the University of
Sydney, Australia. Peripheral blood mono-
nuclear cells obtained from patients with tu-
berculoid leprosy, patients with leproma-
tous leprosy who were unresponsive to M.
leprae sonicate by lymphocyte prolifera-
tion, treated lepromatous patients who re-
acted to M. leprae sonicate by lymphocyte
proliferation, and controls from both en-
demic and non-endemic areas.

MLSA and MLCwA induced strong pro-
liferation in the majority of the M. leprae-
responders, LAM induced minimal prolif-
erative responses, and MLSA-LAM in-
duced responses stronger than those to
MLSA. The same order of response was
observed when IFN-y was measured in a
whole-blood assay. None of the antigens in-
duced detectable secretion of IL-4 or IL-5.
Untreated lepromatous patients were aner-
gic to M. leprae, although they often re-
sponded with IFN-y secretion to stimulation
by M. bows BCG or PPD. After prolonged
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treatment, many of the lepromatous patients
responded to MLSA-LAM and MLCwA
with a proliferative response and IFN-y se-
cretion. Thus, both MLSA-LAM and ML-
CwA share the ability to stimulate a Th 1 T-
cell response, and both antigens are suitable
for human application, from this perspective.

Skin Testing in the Guinea Pig. The po-
tency of these antigens was also tested on
outbred guinea pigs of the Hartley strain,
that had been sensitized by injection with
200-500 jig autoclaved M. leprae sus-
pended in Freund's incomplete adjuvant ad-
ministered at the base of the neck. After
6-8 weeks, dorsal skin-test sites were in-
jected, and two diagonals of the areas of in-
duration were measured by calipers after 24
and 48 hours. The results demonstrated that
MLSA and MLSA-LAM in concentrations
of 0.1 µg per ml elicited equal delayed-type
hypersensitivity (DTH) responses. ML-
CwA elicited a response at a concentration
of 0.04 µg per ml, whereas neither MLSA
nor MLSA-LAM elicited responses at this
concentration. The antigens must stimulate
a DTH response when administered in a
concentration of 0.1 p.g per ml, in order to
pass quality control.

The stability of the antigens was also
studied. Each antigen was diluted with PBS
to a concentration of 100 µg protein per ml
diluent, filtered and sterilized. Each prepa-
ration was stored at —70° (the controls), 4°,
37° and 56°C. Forty-five days after manu-
facture, the preparations were analysed for
potency in sensitized guinea pigs as de-
scribed, in concentrations of 0.1 and 1.0 µg
protein per ml. The results were very en-
couraging, in that no loss of potency was
observed; thus, it should be easy to work
with these materials in the field.

Phase I Trials. Once these antigens have
been approved by the FDA for use in man,
we will proceed to Phase I clinical testing,
to be conducted under the direction of G. P.
Walsh at the Leonard Wood Memorial Lep-
rosy Research Center, Cebu, the Philip-
pines, an area endemic for leprosy, and in
Santander, the Philippines, a non-endemic
area, according to protocols that have al-
ready been approved by the responsible hu-
man research committees. Phase I testing
will also be carried out in Colorado.

Phase II and Phase III Trials. Assuming
a satisfactory outcome from the Phase I tri-
als, we are planning Phase II and Phase Ill

trials to be carried out by M.C.V. Pessolani
of the Oswaldo Cruz Foundation in Rio de
Janeiro, Brazil, by W. Britton, P. Roche, R.
Weir, R. Hussain and H. Dockrell in Anan-
daban, Nepal, by M.D. Gupte in Madras,
India, and by P. Fine in Malawi.

Toward More Specific, More Sensitive
Skin-Test Antigens. We are not yet confident
that the reductionist approach is the best
way to achieve a more sensitive and more
specific antigen. Certainly, a remarkable
number of individual proteins of M. leprae,
that have been resolved, characterized and
expressed in recombinant form, are avail-
able for skin testing.

Prevalence of Antibodies to Phenolic
Glycolipid I Among School Children in
Populations in which Leprosy is
Endemic (PRK)

A study was conducted in three Indone-
sian school districts (Manado, Maros and
Muna) with differing prevalence rates to
determine whether the prevalence of anti-
PGL-I antibodies, which are specific for M.
leprae, measured by the MLPA test in
school children 10-12 years of age, is an in-
dex of the the prevalence of leprosy in the
community. A total of 1996 fifth-grade
pupils were examined clinically, and serum
was collected from 1726 of them.

As shown in The Table, prevalence rates
of leprosy in 1994 were 7:10,000 and
5.7:10,000 in Manado and 0.46 Maros dis-
tricts, respectively. Anti-PGL-I antibodies
were detected in 26.3 per cent of the 498
children examined in 31 schools in Manado
district, and in 27.9 per cent of 649 students
from 40 schools in Maros district, rates that
were not significantly different (p = 0.55).
The distribution of seropositivity was not
homogeneous in these two districts, but
varied from village to village (p < 0.05);
however, no relation was detected between
the rate of seropositivity among the villages
and the cumulative leprosy prevalence of
the last five years. Leprosy prevalence in
Muna district was only 0.46:10,000 in
1994; anti-PGL-I antibodies were detected
in only 7.1 per cent of 579 school children
examined in 37 schools in this district, a
rate significantly lower (p < 0.001) than
those in the first two districts.

Thus, the prevalence of anti-PGL-I anti-
bodies among school children may be a
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THE TABLE. Prevalence of anti-PGL-1 antibodies among Indonesian school children.

Manado Maros Muna

No. (%) No. (%) No. (%)

Duration of MDT coverage (years) 10 6 10
1994 Prevalence rate (official)

(per 10,000) 7.00 5.69 0.46
Mean annual incidence past

6 years (per 1,000) 1.32 0.42 0.04
Number of schools studied 31 40 37
Number of children registered Male 290 (53.8) 425 (52.3) 312 (48.4)

Female 249 (46.2) 388 (47.7) 332 (51.6)
Age Mean 11.3 11.7 11.7

Range 9-16 10-15 9-15
No. new leprosy cases 2 0 0
Household contacts 10/5 (H) 4/650 0/579
Prior BCG vaccination 214 (42.8) 188 (28.9) 99 (17.1)
MLPA titer 16 367 (73.7) 468 (72.1) 538 (92.9)

32 87 (17.5) 124 (19.1) 8 (^1.4)
64 37 ( 7.4) 52 ( 8.0) 26 ( 4.5)

128 5 (^1 . 0 ) 4 ( 0.6) 6 (^1 .0)
256 2 (0.4) 1 ( 0.2) 1 ( 0.2)

Seropositive rate >16 (26.3) (27.9) (^7.1)
>32 ( 8.8) (8.8) (^5.7)

useful index of the prevalence of leprosy at
the district level.

Serological Tests (SNC)
Studies have been carried out of serolog-

ical tests based on antigens of M. leprae
and of host nerves.

Identification of Individuals with a High
Leprosy. Even after the goal of eliminating
leprosy has been achieved, pockets charac-
terized by a high prevalence of leprosy may
be expected to remain. In such situations,
serological tests could be employed to iden-
tify those among household and community
contacts who are at high risk of leprosy.
Particularly, longitudinal studies employing
repeated testing by antigens specific for M.
leprae, such as PGL-I and protein antigens,
should identify those at risk. In a case-con-
trol study, household contacts of leprosy pa-
tients-mostly multibacillary-were exam-
ined clinically and for anti-PGL-I antibod-
ies every six months for four years. Of the
29 contacts who developed leprosy in the
course of the study, 14 developed indeter-
minate ('), BL or LL leprosy, whereas 15
developed TT or BT leprosy. All of the pa-
tients who developed I, BL or LL leprosy
demonstrated an increase of the titer of anti-
PGL-I antibodies in the course of the study,
whereas only 5 of the 15 TT or BT patients
demonstrated an increase; two showed a

constant low concentration of antibodies,
and the remaining 8 were seronegative
throughout the study (p < 0.001). Thus, in
hyperendemic areas, longitudinal serologi-
cal monitoring of household and commu-
nity contacts may assist in the early diagno-
sis of patients with multibacillary leprosy,
the major source of M. leprae in the cim-
munity. Of 29 contacts who did not develop
leprosy in the course of the study, 6 demon-
strated an increase of antibody titer. Be-
cause the incubation period of leprosy is so
long, clinical leprosy may yet develop
among these last 29 contacts.

Other Applications of Serological Test-
ing. Because the presence of M. leprae-
specific antibodies indicates infection by
the organism, the prevalence of antibodies,
particularly among the younger members of
the community, may reflect the extent of ac-
tive transmission of M. leprae in the com-
munity. If this is so, it may be possible to
measure the effectiveness of a leprosy con-
trol program by monitoring the prevalence
among school children of antibodies di-
rected against PGL-1, for example.

Serological tests, based on both antigen-
and antibody-detection, may also he useful
in monitoring the effectiveness of
chemotherapy, as a alternative to the skin
smear, which may he unreliable. Studies
have indicated that the titer of circulating
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PGL-I antigen declines rapidly during
MDT; titers of anti-PGL-I antibody also de-
cline, but at a slower rate. In addition, sero-
logical monitoring may be useful in early
detection of relapse among those released
from treatment.

Finally, although evidence of an associa-
tion between anti-neural antibodies and
nerve damage has been found only in ex-
perimental leprosy in the mangabey mon-
key, serological tests based on neural anti-
gens should be explored for their potential
to predict nerve damage, thus providing the
opportunity to intervene to prevent further
damage.

REFERENCES
I. DEIARMENDRA. The immunological skin tests in

leprosy: the isolation of a protein antigen of My-

cobacterium leprue. Indian J. Med. Res. 30 (1942)
1-7.
FERNANDEZ, J. M. M. The early reaction induced
by lepromin. Int. J. Lepr. 8 (1940) 1-14.

3. HUNTER, W. W., MCNEIL, M., MoDLIN, R. L.,
MEHRA, V., BLOOM, B. R. AND BRENNAN, P. J.
Isolation and characterization of the highly im-
munogenic cell wall-associated protein of My-

cobacterium leprue. J. Immunol. 142 (1989)
2864-2872.

4. MELANCON-KAPLAN, J., HUNTER, S. W., MCNiut.,

M., STEWART, C., MODLIN, R. L., REA, T. H., CON-
vIT, J., SALGAME, P., MEHRA, V., BLoos, B. R. and

BRENNAN, P. J. Immunological significance of My-

cobacterium ((Trite cell walls. Proc. Natl. Acad.
Sci. USA 85 (1988) 1917-1921.

5. Mi:vracs, W. NI., KVERNES, S. and BINFORI, C. II.
Comparison of reaction to human and armadillo
lepromin in leprosy. Int. J. Lepr. 43 (1975) 218-
225.

6. MILLAt , J. W. Comparison in leprosy patients of
Fernandez and Mitsuda reactions ttsitig human
and armadillo antigens. A double-blind study. Int.
J. Lepr. 43 (1975) 226-233.

7. MITsuoA, K. On the value of a skin reaction to a
suspension of leprosy nodules. Jap. J. Dermatol.
Urol. 19 (1919) 697-708.

8. NooRDEEN, S. K. Elimination of leprosy as a pub-
lic health problem. lit. J. Lepr. 62 (1994)
278-283.

9. NooRDEa:N, S. K. Elimination of leprosy as a pub-
lic health problem: why the optimism is justified.
Int. J. Lepr. 63 (1995) 559-566.

10. WORLD HEALTH ORGANIZATION. Report of the
third meeting of the Scientific Working Group on
the Immunology of Leprosy (IMMLEP). Protocol
3/77. WHO DOCUMENT TDR/SWG/IMMLEP
(3)/77, p. 20.

I. WORLD HEAI:nt ORGANIZATION. Testing of purified
armadillo-derived M. leprue in man. Document fi-
nalized by the IMMLEP Steering Committee at its
meeting 10-12 June 1981. WHO DOCUMENT
TDR/IMMLEP/SCITEST/81. I .

12. WORLD HEALTH ORGANIZATION. Weekly Epidemi-
ological Record No. 25 (1995) 177-182.

13. WORLD HEALTH ORGANIZATION. Weekly Epidemi-
ological Record No. 26 (1995) 185-188.



Volume 64, Number 4 (Suppl.)
Printed in the U.S.A.

(ISSN 0148-916X)

INTERNATIONAL JOIIRNAL OF LEPROSY

The Contribution of Serological Tests to
Leprosy Control

P.R. Klatser', S.-N. Cho 2 , and Patrick J. Brennan 3

'Royal Tropical Institute, Amsterdam, The Netherlands;
2Yonsei University, Seoul, Korea; and

3Colorado State, University, Fort Collins, Colorado, U.S.A.

Mvcohacteriun l leprae is the causative
agent of leprosy, a disease that at present af-
fects 1.3 million people in the world, who
are currently undergoing treatment; the es-
timated number of cases in the world is 1.8
million ( 21 ). The disease can cause perma-
nent and extensive deformities of the skin
and peripheral nerves, resulting in a variety
of physical impairments. Because of the se-
vere disabilities that may result, and be-
cause of the social stigmatization and eco-
nomic losses resulting from the disabilities,
the problem of leprosy is greater than the
number of patients might suggest.

The goal of the World Health Organiza-
tion (WHO) to eliminate leprosy as a public
health problem—i.c., to reduce prevalence
of the disease to no greater than 1 per
10,000 in any area—by the year 2000 may
he achieved ( 21 ). However, this will not sig-
nify the end of the problem; because of its
long incubation period, many more new pa-
tients may be expected to emerge after the
year 2000 in those areas in which leprosy
has been endemic. It is in this situation that
serological tests for leprosy may contribute
to control of the disease, providing these
tests are rapid, simple and cost-effective.

In principle, serological tests for detect-
ing antibodies to M. leprae would be useful
in making an early diagnosis, in monitoring
the effectiveness of chemotherapy, in de-
tecting relapse early, and in identifying pa-
tients at high risk of developing reactions
during therapy. In addition, assuming that
the prevalence of seropositivity in a popula-
tion reflects infection rates, the effects of
control measures might be evaluated by re-
peated serological screening.

Provided that detection of species-spe-
cific antibodies indicates infection with M.

/eprae, serological assays would greatly ad-
vance our understanding of the epidemiol-
ogy of leprosy. Identification of those sub-
clinically infected who are prone to develop
the disease and become themselves infec-
tive would open the possibility of preven-
tive treatment during the incubation period,
perhaps another route toward improved
control of leprosy.

Serological Tests
Tests have been described that detect an-

tibodies to a species-specific determinant
on phenolic glycolipid-1 (PGL-l) ( 5), and
the 18kDa ( 2), 35 kDa ( 17) and the 36 kDa
(' 5) protein antigens. Because the tests that
detect antibodies directed against PGL-1
have been evaluated most extensively, these
are described here in greater detail. The
tests are based upon detection of antibodies
of the IgM class against the immunodomi-
nant 3,6-di-O-methyl-glucopyranosyl resi-
due of the trisaccharide component of PGL-
I. Most test systems use semi-synthetic
analogs, consisting of the terminal and
penultimate sugar residues of PGL-I cou-
pled to bovine serum albumin as carrier
protein (5 ''Y). The analog is used most often
in an enzyme-linked immunosorbent assay
(ELISA), in which binding of antibodies to
the antigen, which has been fixed onto a
polystyrene microtiter plate is revealed by
adding first an enzyme-conjugate and then a
substrate. The substrate is converted by the
enzyme to a colored product. A commer-
cially produced particle-agglutination test is
available (''); this consists of agglutination
of gelatin heads coated with a layer of syn-
thetic trisaccharide by antibodies directed
against PGL-I in the serum. This test is sim-
pler to perform than ELISA, and suitable

S63



S64^ International Journal of Leprosy^ 1996

for less well equipped laboratories. More
recently, a simple "dipstick" for detecting
antibodies to PGL-I has been developed
(P.R.K., unpublished results); this test,
which requires no equipment, and employs
highly stable reagents that do not require re-
frigeration, is simple and rapid, and would
be the procedure of choice in the field.

Early Diagnosis
In general, the specificity and sensitivity

of these tests is determined by comparing
the results from patients' sera with those
from healthy controls. In this way, a speci-
ficity of approximately 98% was found,
with sensitivity ranging from 80 to 100%
for detection of patients with multibacillary
(MB) leprosy, and from 30 to 60% for de-
tection of patients with paucibacillary (PB)
leprosy. The differences between the rates
of seropositivity in sera from non-endemic
and from endemic areas may reflect sub-
clinical infection ( 7 ). The variation of sensi-
tivity from report to report may best be at-
tributed to differences among the groups
under study, and to differences of clinical
and therapeutic status of the patients. Thus,
serological assays do not reflect all clinical
infections. Household contacts and family
members of patients can also give positive
results in serological tests, probably the re-
sult of subclinical infection with M. leprae,
further complicating the diagnostic value of
the serological tests. Detection of antibod-
ies indicates present or past infection with
M. leprae, whether or not there are clinical
signs. It should be clear that serological
testing is only useful for diagnosis when the
results are considered together with other
diagnostic information ( 20).

Several studies have shown that serolog-
ical tests can be employed to identify indi-
viduals who have a high risk of developing
clinical (notably MB) leprosy among
household and community contacts ( 7 . lo).
Particularly, repeated testing over time in-
creases markedly the specificity for early
detection of people who develop leproma-
tous leprosy. A recent prospective study, in
which about 600 household contacts were
monitored for 5-7 years demonstrated that
the contacts who were seropositive to PGL-
I had an odds ratio of 65.4 of developing
MB leprosy compared to the seronegative
contacts (9).

Prognosis

During treatment of patients with MB
leprosy, the antibody titers generally de-
crease, in parallel with the decrease of the
bacterial load, measured by the bacterial in-
dex (BI) ("•'u) A significant correlation be-
tween the serological values and the BI has
been demonstrated ("' ") Nonetheless,
some patients with a low BI have a high
serological value and vice versa. The BI,
measured in skin smears or biopsy speci-
mens, gives an indication of the number of
M. leprae in the skin; it is assumed that an-
tibody titers give a better indication of the
total number of organisms borne by the pa-
tient than does the BI ( 1 "). Therefore, sero-
logical tests can provide a useful additional
quantitative measure of the effect of ther-
apy in patients with MB leprosy.

An increasing titer of antibodies directed
against PGL-I precedes relapse in a number
of treated patients ( 4), and the changes of
antibody titer can apparently serve to pre-
dict relapse. The formation of antibodies
can, however, be suppressed in patients
treated with immunosuppressive drugs for
reversal reaction (4). Changes of antibody
titers may also be useful in predicting reac-
tions in patients undergoing chemotherapy.
There is evidence that the titer of anti-PGL-
1 antibodies decreases significantly before
episodes of ENL (') and reversal reaction
(") become manifest. The PGL-I-based
serological tests will thus make it possible
to intervene with appropriate drugs in order
to prevent relapse or leprosy reactions.

Epidemiology
The employment of serological assays

based upon detection of antibodies to spe-
cies-specific antigens of M. leprae has
opened new possibilities for study of infec-
tion by the organism. Although results dif-
fer from study to study, in general, the rate
of seropositivity has been found to be
higher among household contacts of lep-
rosy patients than among non-contacts ("' 10

"). in addition, the rate of seropositivity is
higher among healthy individuals from lep-
rosy-endemic areas than among those from
non-endemic areas ( 7 ). Although these stud-
ies suggest that the presence of antibodies
reflects infection with M. leprae, a number
of findings are inconsistent with the notion
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that seropositivity can he taken simply as
evidence of infection. Distribution of anti-
body titers in general populations are uni-
rather than bimodal (' 2 '''). It is thus likely
that antibody titers are associated with the
degree of exposure to M. leprae. Serologi-
cal assays do not detect all clinically-appar-
ent infections, because the majority of P13
patients do not demonstrate a humoral re-
sponse. Follow-up studies have shown that
the risk of developing leprosy is much
higher among seropositive than among
seronegative individuals, but new cases of
leprosy arise from among the seronegatives
('"), suggesting that not all subclinical in-
fections are reflected by a serological re-
sponse.

Thus, as a tool for detecting subclinical
infection leading to disease, serological
testing lacks both sensitivity and specificity.
Nevertheless, serological testing may yield
valuable information on the extent of infec-
tion in a population and on transmission of
the infection ( 7 ). Assuming that the preva-
lence of seropositivity in a population
roughly reflects rates of exposure or infec-
tion, the effects of control measures may be
evaluated by repeated serological testing.
Recently, it was shown that determination
of the prevalence of antibodies to PGL-I in
the course of school surveys may be a use-
ful indicator of the true leprosy prevalence
at the district level in a leprosy-endemic area
of Indonesia (P.K.R., accompanying paper).

Conclusion
Serology of leprosy is clearly useful, al-

though in a limited way. Serological tests
can provide support for the diagnosis of the
disease, especially in its early stages, as
well as for follow-up after completion of
treatment, for early detection of relapse, es-
pecially to distinguish relapse from reversal
reaction. However, it must be emphasized
that the serological results must be inter-
preted in combination with other diagnostic
information.

An operational function for serology
within the leprosy control services certainly
requires a more simple test system than
ELISA. The recently developed dipstick for
detecting anti-PGL-I antibodies is a step to-
ward this goal.

Seroepidemiological studies have in-
creased our knowledge of the epidemiology

of M. leprae infection, lending strength to
the notion that M. leprae infection is more
prevalent than is leprosy. Serological test-
ing of populations may be of value in mon-
itoring changes of the intensity of M. leprae
infection, representing thereby a rapid
method to establish the effects of control
measures.
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Discussion of papers by Drs. Brennan,
Klatzer and Cho

Dr. Dockrell: Although the skin-test anti-
gens described by Dr. Brennan have not yet
been tested in man, we appear, on the basis
of the results from assays in vitro, to have
increased recognition of these antigens by
T-cells, by removal of carbohydrate and
lipid components. About 87 per cent of TT
patients reacted to these new antigens, com-
pared to about 70 per cent who reacted to
MLSA. It's interesting that MB patients re-
acted equally to MLSA and to the new anti-
gens. We've been working with whole-
blood assays, because we believe these sim-
pler assays might be taken into the field,
and be performed in parallel with the skin
tests.
Prof. Britton: Do you see an increase of
skin-test reactivity in the guinea pig to the
antigen after removal of carbohydrate?
Dr Brennan: Yes, we see a great increase of
sensitivity in the guinea pig.
Dr Pannikar: Do any of these tests discrim-
inate between normals and PB patients? We
have much less difficulty recognizing MB
patients on clinical grounds.
Dr Naa v: The lesions of MB patients are
full of PGL-I, whereas those of PB patients
don't contain the glycolipid; this may ex-
plain why we don't find anti-PGL-I anti-
bodies in PB leprosy. On the other hand, the
granulomas of patients with PB leprosy and
those with sarcoid contain human HSP60,
which is homologous to a degree with the
HSP65 of M. leprne. It may be that the
titers of antibodies to these antigens will en-
able discrimination between normals and
PB patients—at least those that produce
granulomas.
Dr Smith: It appears much easier to vali-
date diagnostic tests than it would be to val-
idate tests of infection. How should we val-
idate tests of infection.
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Prof Britton: One way to do this might he
to compare endemic with non-endemic
populations.
Dr Klatser: It appears to me that, just as
serological tests are much more likely to be
positive in MB than in PB patients, the op-
posite is likely to be the case with respect to
skin tests. Is infection MB or PB? Must a

test of infection recognize 100 per cent of
all patients'?
Dr Gupta: Validation of tests for infection
will require surveillance without treatment
for a long period of a population, in which
both skin- and serological tests are per-
formed repeatedly.
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Genome Sequencing and its Potential Applications
D. Young, Department of Microbiology, Wright Fleming Institute,

St. Mary's Hospital Medical School, London, U.K.

Genome sequencing represents an essen-
tial step in achieving an understanding of
microbial pathogenesis. In the 21st Century,
establishment of the genome sequence of a
pathogen will have a role analogous to that
of taxonomy in the 20th Century. The
genome sequence will represent the basic
textbook for future research. In the context
of the elimination of leprosy, several areas
may benefit directly from the program of
sequencing the genome of Mycobacterium
leprae.

Strain Typing
Bovine tuberculosis has been eradicated

from Australia, but not from New Zealand.
The reason for this difference appears to be
that, in the final stages of an eradication
campaign, the existence of an environmen-
tal reservoir of a human pathogen becomes
increasingly important. In New Zealand, M.
hovis continues to be spread through the
population of wild opossums. The feasibil-
ity of the eradication of leprosy will depend
upon knowing whether M. leprae is trans-
mitted only from man to man, or whether
there exists an environmental or feral ani-
mal reservoir of the organism.

Recently developed molecular genetic
tools for typing M. tuberculosis and M. ho-
vis have been particularly useful in studying
the transmission of these organisms, and
may be useful in the case of M. leprae. It
will first be necessary to develop methods
for typing strains of M. leprae, based on
PCR rather than on chromosomal DNA.
For example, it is likely that, from the se-
quence of the genome, we will be able to
identify repetitive sequences that can be
predicted to display strain polymorphism—
sequences analogous to the DR repeat of M.
tuberculosis, or to the microsatellites of
mammalian DNA. These sequences may
provide the basis of systems for typing
strains, that could be used to monitor trans-
mission of M. leprae, and to evaluate puta-
tive environmental isolates of the organism.

Skin-Test Reagents
Improved skin tests capable of identify-

ing definitively individuals infected with M.
leprae would be of considerable use in pro-
viding an early assessment of an interven-
tion, such as MDT, designed to interrupt
transmission of M. leprae. Such tests may
also be useful in determining whether lep-
rosy is generally a "primary" disease—one
that progresses directly from infection, or
whether it is a reactivation disease, in
which case the M. leprae infected individ-
ual carries a subclinical infection for many
years before becoming ill. For such a test, it
will be necessary to identify the M. leprae-
specific antigens that trigger an immune re-
sponse in a broad section of the population.
By comparison of the genome sequence of
M. leprae with that of M. tuberculosis, and
by using powerful algorithms for identifica-
tion of immunologically important motifs,
it will be possible to identify the peptides or
whole proteins that fit this requirement.

Vaccines for Prevention of Leprosy
An early immune response to antigens

secreted by living Mycohacteria may be as-
sociated with protective immune responses.
By analysis of the genome sequence of M.
leprae, it will be possible to identify open
reading frames encoding secreted proteins,
based on the presence of a signal sequence.
Such an analysis will provide candidate
antigens for subunit vaccines, and also for
potentially useful skin-test reagents.

Culture of M. leprae and Pathogenesis of
Nerve Damage

By comparison of genome sequences of
M. leprae with those of other Mycohac-
teria, and by moving genes among different
Mvcohacteria, it may be possible to iden-
tify genetic factors that underly the failure
of M. leprae to grow in cell-free media, and
to identify the genes responsible for its
unique propensity to cause nerve damage.
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The Role of Inflammatory Cytokines in the
Tissue Injury of Leprosy

E.N. Sarno and E.P. Sampaio, Oswaldo Cruz Institute,
Rio de Janeiro, Brazil

Leprosy polyneuropathy is the most com-
mon treatable neuropathy in the world.
Nevertheless, one third of all patients with
leprosy may develop nerve lesions, often
progressive and irreversible, even after
chemotherapy ( 24). Nerve damage occurs
across the entire spectrum of the disease,
but is more often seen among patients with
multibacillary (MB) leprosy, particularly
among those with borderline leprosy. In
some cases, irreversible nerve damage pro-
gresses insidiously for prolonged periods,
in marked contrast to the acute or subacute
injury to peripheral nerves that occurs in
the course of reactions occurring during
chemotherapy.

Reactions are seen in all forms of leprosy
( 2 . 25). These acute episodes of inflammatory
responses are associated with changes of
immunological reactivity. Recent reports
have strongly suggested that immunologi-
cal reactivity occurs both in reversal reac-
tion (RR) and, at least to some extent, in
erythema nodosum leprosum (ENL) (' '').
Although the clinical aspects of reactions
are well-known to specialists, lack of a
standard classification for use in the field,
as well as the confusing nomenclature
adopted by different schools of specialists,
have made it difficult to carry out reliable
analyses of incidence rates in endemic areas
(e). Moreover, no standard system for grad-
ing nerve damage has yet been adopted, and
even when an evaluation is performed by a
health-care service, the accuracy of the data
available from long-term studies may be
open to question ( 25).

The objectives of our study were to in-
vestigate the role of inflammatory cytokines
in the process of the nerve injury encoun-
tered in MB leprosy, and to determine if
there is, in fact, an increased incidence of
nerve damage among patients who suffer
reactions. To reach these objectives, three
strategies were adopted: I) to investigate

the possibility of a correlation between re-
actions and impairments; 2) to attempt to
detect overproduction of tumor necrosis
factor alpha (TNFa) during reactions; and
3) to demonstrate a correlation between
high levels of TNFa and nerve damage.

As a first step, a retrospective cohort of
patients was organized from our Outpatient
Unit Databank, which has been managed
since the early 1980s by a team of health
workers (dermatologists, physiotherapists,
microbiologists, etc.,) trained in multidrug
therapy (MDT), from our National Refer-
ence Center. One hundred sixty-nine MB
patients with bacterial index (B1) ranging
from 1-5+, who had undergone 2-year
fixed-duration MDT (the regimen recom-
mended by the World Health Organization)
between 1986 and 1991, were selected. All
had completed chemotherapy within 2
years, and not one has experienced relapse.
Reactions that occurred during MDT were
classified as ENL or RR and treated by
standardized physiotherapeutic interven-
tions and recommended drug-regimens-
corticosteroids and thalidomide—whenever
necessary. The grade of disability (GD) was
evaluated before and after treatment. The
resulting data were analysed by analysis of
variance (ANOVA), by means of the Epi-
info v.6.02 program (manuscript in prepara-
tion).

One hundred (59 per cent) of the patients
experienced reactions during MDT-51
had ENL and 49 had RR. The distribution
of ENL and RR among the clinical types of
leprosy (BB, BL and LL) showed a signifi-
cant predominance of RR among BB pa-
tients (67 per cent) and of ENL among LL
patients (55 per cent). In this cohort, no cor-
relation was observed between reactions
during MDT on the one hand, and sex, age,
BI or GD on the other. However, when we
analyzed only those patients who began
MDT with GD = 0 (70 patients), a mean-
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ingful correlation between reaction and de-
velopment of disability was detected, most
patients exhibiting RR (manuscript submit-
ted). Analysis of the data retrieved from our
files led us to determine that the risk of de-
veloping disability was 3 times greater
among those patients who suffered reac-
tions, and that RR was critical in this re-
spect. In addition, it appeared that the most
effective preventive measure against nerve
impairment was early diagnosis.

Over the past few years, many of our
studies as well as those of others have con-
firmed that TNFa is overproduced during
reactions, and is a key mediator of systemic
symptoms and of the tissue damage of lep-
rosy, during both RR and ENL (',''). Ex-
tremely high concentrations of circulating
TNFa (> 5000 pg per ml) were measured in
sonic patients with ENL, in the absence of a
life-threatening or fatal outcome ('"). Both
thalidomide and corticosteroids decrease
the concentration of TNFa in the sera of
some patients. Serum concentrations of
TNFa were also found to be higher before
treatment than at completion of MDT
among some patients with no clinical evi-
dence of reaction at diagnosis ( 15 ). These
same patients presented systemic inflamma-
tory manifestations—fever, malaise, in-
fluenza-like symptoms, lymphadenopathy,
edema, etc.,—with no signs of reaction in
the skin. In patients with MB leprosy, intra-
dermal injections of recombinant interferon
gamma (IFNy) induced ENL, in keeping
with reports stating that ENL had been trig-
gered by vaccination, PPD skin-tests or
other immune stimulation ( 14•"').

Experiments in vitro have also provided
new information. Mycobacterium leprae
and some of its components induced release
of TNFa by human peripheral blood mono-
nuclear cells (PBMC) and monocytes; cells
of patients with ENL responded to TNFa
agonist stimuli in a manner different from
that of other leprosy patients; and the in-
hibitory effect of thalidomide was found to
be specific in enhancing degradation of
TNFa mRNA ( 17). No effect was noted on
synthesis of other inflammatory cytokines.
In addition to these data, studies employing
reverse transcriptase-PCR (RT-PCR) in
progress in our laboratory have demon-
strated that the PBMC of patients in reac-
tion showed a pattern of cytokine gene ex-
pression different from that of patients not

in reaction. Patients in reaction expressed
primarily TNFa, IL-8, IL-6, GM-CSF,
IFNy and perform mRNA (manuscript in
preparation). We concluded that there is, in-
deed, a correlation between overproduction
of TNFa and reactions. In light of our hy-
pothesis that inflammatory cytokines are di-
rectly involved in the process of nerve in-
jury, it is logical to expect that patients with
severe nerve damage present increased con-
centrations of TNFa in the serum. Two ba-
sic questions then come to mind: 1) do
serum concentrations of inflammatory cy-
tokines correlate with the degree of nerve
damage'? and 2) are the cytokines and cy-
tokine-specific mRNAs produced locally in
the skin and the lesions in the nerves? We
proceeded to measure the concentrations of
TNFa in the serum of patients with acute
nerve injury, basing the clinical diagnosis
of nerve damage on spontaneous pain in the
nerve.

Since 1991, we have been following a
prospective cohort of 114 patients with MB
leprosy, all of whom were submitted to a
strict clinical and immunological protocol
as part of a project sponsored by the World
Health Organization (WHO). The protocol
allowed for close observation of each pa-
tient on an individual basis, and gave us an
opportunity to collect sequential blood and
tissue samples, beginning before the start of
chemotherapy. None of these patients had
been included in the retrospective cohort
mentioned earlier. The patients were in-
structed to return to the clinic at the onset of
a reaction. During monthly visits to the cen-
ter, for the costs of which the patients were
reimbursed, they were examined by a der-
matologist, to detect early symptoms of re-
action, and treatment with steroids or tha-
lidomide was begun early, whenever neces-
sary. Therefore, we believe that all reac-
tions were detected.

Among the 114 patients, 83 (73 per cent)
exhibited reactions, ranging in severity
from very mild to severe. Reactions were
more frequent in this cohort than in that de-
scribed earlier, in whom only 59 per cent
suffered reactions, although the two groups
were very similar with respect to distribu-
tion of the types of leprosy, BI and other pa-
rameters, perhaps because the former group
was observed more carefully. Forty-one pa-
tients developed ENL and 36 developed
RR. Neuritis accompanied the reaction in
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19 patients with ENL and 6 with RR. Neu-
ritis occurred as an isolated event, without
ENL or RR, in 6 additional patients. Nine
of the 19 patients who exhibited ENL and
neuritis presented with neuritis as their first
manifestation, and developed classical ENL
only later in the course of chemotherapy.
Serum TNFa levels were assayed in 96 MB
patients, including 23 patients not in reac-
tion who were assayed at diagnosis, 19 re-
actional patients who exhibited neuritis dur-
ing chemotherapy, 35 patients with ENL or
RR who did not present neurological com-
plaints, and the 6 MB patients who devel-
oped neuritis in the absence of any other ev-
idence of reaction.

The concentrations of TNFa in the circu-
lation were elevated in all of the patients
who exhibited reactions, including those
patients with isolated neuritis. In both
groups, concentrations of TNFa were as-
sayed during a neuritic episode. These pa-
tients were treated promptly with steroids,
after which their neurological complaints
subsided and their serum TNFa concentra-
tions decreased. In general, serum TNFa
concentrations were lower among the pa-
tients who exhibited RR than among those
with ENL (manuscript in preparation).
Serum concentrations of TNFa were ele-
vated in all 13 MB patients without reaction
who presented systemic symptoms at diag-
nosis in the absence of clinical evidence of
reaction. Finally, levels of TNFa were
higher before start of multidrug therapy
(MDT) than after its completion (' 5 ).

Confirming our earlier data, a correlation
between reaction and development of dis-
ability was observed. Seven patients-5
with ENL and 2 with RR—demonstrated
worsening of the GD at the end of MDT.
Four of the 7—one with RR and 3 with
ENL—developed foot drop or claw hand in
the course of MDT. Elevated levels of
TNFa were detected in all of the patients
studied. On several patients with reactions,
a kinetic study of the concentration of
TNFot was carried out. Treatment with pen-
toxifylline and thalidomide, drugs known to
inhibit production of TNFa, reduced serum
concentrations of TNFa, and led to clinical
improvement of the reactions.

In summary: I) MB patients suffering
from neuritis presented elevated serum con-
centrations of TNFa, even in the absence of
other clinical evidence of reaction; 2) MB

patients who suffered from reaction, ENL
or RR, demonstrated elevated serum levels
of TNFa, even in the absence of neurologi-
cal complaints; and 3) elevated levels of
TNFa were detected among patients whose
GD worsened in the course of MDT.

In addition, tissue studies also demon-
strated that cytokines play a key role in both
types of reaction. TNFa-positive cells, de-
tected immunocytochemically, are a con-
stant finding in biopsy-specimens of the tis-
sue lesions of reactions, although a few
such cells can also be detected in non-reac-
tional lesions. Moreover, by semi-quantita-
tive RT-PCR, it was possible to detect dif-
ferences of expression of the TNFa gene in
lesions of the sane patient analysed before
and at the onset of reaction. Thus, levels of
TNFa appear to he increased in the same
patient both in vitro, following stimulation
of the cells with TNFa agonists, and in vivo
(both serum levels of the cytokine and gene
expression in situ) (manuscript submitted).

A variety of evidence suggests synergy
between IFNy and TNFa in the lesions of
both ENL and RR. There is evidence, for
example, of the expression of activation
molecules as a consequence of the induc-
tion of genes that are normally induced by
these cytokines, including ICAM-1 and
HLA-DR in keratinocytes and ICAM-1 in
endothelial cells. It is now widely accepted
that overexpression of integrins on the en-
dothelial surface is one of the first steps in
the immuno-inflammatory cascade ( 5 ).
These events, in association with expres-
sion of the activation molecules in circulat-
ing leukocytes that are also induced by
IFNy and TNFu, determine, at least par-
tially, the cellular characteristics of the in-
flammatory infiltrate present in the lesion.
Why neutrophils are preferentially acti-
vated during ENL remains to be explained;
however, variation of the expression of
TNF-receptors on leukocytes modulates the
autocrine as well as the paracrine effects of
TNFa in these cells ( 3 ). This may explain
the changes of composition of the infiltrate,
and the degree of differentiation of
mononuclear cells observed at any given
moment. It has been observed that these im-
munological changes promptly regress
upon administration of thalidomide or pen-
toxifylline ("• '')).

How does TNFot induce nerve damage in
leprosy'? In addition to its action of enhanc-
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ing the pro-inflammatory activity of leuko-
cytes and endothelial cells, TNF has been
implicated as a cytotoxic or myelinotoxic
molecule in some experimental systems and
diseases of the nervous system of man, of
which multiple sclerosis is perhaps the best
example (21 23) . TNFa exerts a pleiotrophic
effect, resulting in death of the oligoden-
drocyte, a myelin-forming cell, while si-
multaneously inducing expression of the
genes related to the activation state and pro-
liferation of microglia, the analogs in the
central nervous system of cells of the
monocyte-macrophage lineage. Both ef-
fects appear to be mediated through activa-
tion of the TNF-receptor ( 26).

Although the BI is not directly correlated
with nerve damage, intraneural M. leprae
have been found in all forms of leprosy.
Most of the endoneural organisms are
found in the cytoplasm of the Schwann cell,
although they are also present in macro-
phages and endothelial cells within the
nerve (4). The effect of this long-lasting par-
asitism within the Schwann cell, a myelin-
forming cell, needs clarification. Because
Schwann cells are functionally similar to
oligodendrocytes, with respect to myelin-
synthesis, they might express TNFa-recep-
tors in a similar way. Assuming this to be
so, one might speculate that TNFa exerts
some specific effects on these cells; this
might account for some of the intriguing
characteristics of triggering and progression
of nerve injury in MB leprosy.

We suggest that leprosy is a chronic dis-
ease of man in which tissue damage is inti-
mately related to an immunological mecha-
nism that is triggered by M. leprae during
reactions. Because of the low aggressivity
of this pathogen, immunoinflammatory me-
diators generated during the infection create
their own internal regulation, which ceases
only after the patient has been cured of the
infection for a long time, or, in some cases,
only after complete clearance of the anti-
gen-load. Individual variation among MB
patients with respect to production of
TNFa must be further investigated ("L

In conclusion, we have demonstrated that
reactions are responsible for a three-fold in-
crease of the risk of disability in the course
of MDT. In addition, we detected elevated
TNFa production and TNFa mRNA ex-
pression in patients in reaction, especially at

the time that neuritis was diagnosed ( 6). Im-
munohistological evidence suggested that
TNFa was produced within the leprosy le-
sion, and, during reaction, cooperated in
promoting inflammatory reactivity in tissue
cells. Finally, it may be argued that TNFa,
in addition to acting as a pro-inflammatory
molecule, might also act on Schwann cells
infected with living M. leprae.
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Discussion of Dr. Sarno's paper

/)r. Naa/s: Did I understand correctly that
the level of TN7La in the blood is higher
during reaction without neuritis than during
reaction accompanied by neuritis'? Are you
implying that, in the presence of neuritis,
the quantity of TNF-receptors is greater,
and that the receptors remove TNF from the
blood, producing nerve damage?
Dr Sarno: The TNF-a that causes nerve
damage is not in the blood, but rather
within the nerve. I believe that it is danger-
ous to draw conclusions from associations
between serum concentrations of TNF and
nerve damage. We don't know how much
TNT is present in the nerve.
Prof ,/i: What are the latest developments
with respect to anti-TNF drugs'?
/)r .Sarno: During the last five years, there
have appeared many reports that thalido-
mide is able to block production of TNF by
blocking synthesis of TNF-a-mRNA.. A
second drug is pentoxifylline, which also
blocks TNF-production. I have used pen-
toxifylline in fertile females who suffer
from ENT., with good effect.
Dr Salnpaio: I believe that any drug that in-
hibits production of TNF may he useful in
ENL, including non-tcratogenic analogs of
thalidomide.
Dr Naa/s: There is much nerve damage in
reversal reaction, which is not affected by
thalidomide, suggesting that TNF-a may
not play the major role in producing nerve
damage.
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Dr Sarno: Hi stopathologically, there are
major differences between the nerve lesion
of ENL and that of reversal reaction. In ad-
dition, reversal reaction represents a cell-
mediated reaction of long duration, and is
accompanied, within the nerve, by the re-
lease of many mediators in addition to
TNF-a.
Dr Hussain: ENL develops among 80 per
cent of MB patients during the first 6
months of treatment. Among these is a

group of patients who continue to have
multiple episodes of ENL. Do these two
groups of patients demonstrate different
levels of TNF? Also, can you tell me if
ELISA-based and radioimmunoassay-based
assays for TNF yield comparable levels?
Dr Sampaio: In general, levels of TNF are
lower after subsequent episodes of ENL
than during first episodes. We use an
ELISA-based kit, which gives results com-
parable to those of a biological assay.
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Immunoprophylaxis of Leprosy—
Lessons from the TB Program

D. Young, Department of Microbiology, Wright Fleming Institute,
St. Mary's Hospital Medical School, London, U.K.

Growing concern about the global epi-
demic of tuberculosis, together with oppor-
tunities provided by novel molecular ap-
proaches, have focused attention on the
prospects for developing new vaccines
against tuberculosis. At a meeting held in
Madrid in 1995, a coordinated strategy for
vaccine development was agreed upon by
representatives of the World Health Organi-
zation, the pharmaceutical industry and ma-
jor funding bodies, including the U.S. Na-
tional Institutes of Health and the European
Community. The tuberculosis vaccine pro-
gram provides a useful framework for a dis-
cussion of the prospects for vaccines
against leprosy. The overall strategy can
conveniently be divided into three stages:
generation of candidate vaccines, testing in
animal models, and evaluation in man.

Generation of New Candidate Vaccines
Two general approaches are being taken

to develop new, anti-mycobacterial vac-
cines, based on live, attenuated bacteria or
on subunit preparations. The strategy of
preparing improved live vaccines by ma-
nipulation of BCG is clearly relevant to lep-
rosy. BCG already provides sonic protec-
tion against leprosy, and it is reasonable to
suggest that addition of key genes of My-
cobacterium leprac might result in greater
efficacy. The limiting factor is in selection
of the appropriate "key" antigens. Intensive
research on M. leprae antigens during the
1980s did not result in identification of oh-
vious "protective" antigens. The alternative
live vaccine approach relevant to tuberculo-
sis involves genetic manipulation of viru-
lent M. tuberculosis; however, this ap-
proach is not possible in the case of the
non-cultivable M. lcprae. The development
of subunit vaccines for leprosy may he fea-
sible, although the problem of antigen se-
lection will need to be solved. For tubercu-
losis, there is interest in approaches based

upon screening the entire genome for pro-
tective antigens—for example, by nucleic
acid vaccination. However, the lack of a
convenient animal model suitable for
screening large numbers of candidates pre-
cludes use of this approach for leprosy.

Screenin,g in Animal Models
A range of experimental animal systems

is available for screening tuberculosis vac-
cines. Whereas none of these is considered
to provide an exact measure of vaccine effi-
cacy in man, it appears likely that, at this
stage, efficacy in animal systems will he an
important criterion in the selection of candi-
dates for eventual human trial. The lack of
an appropriate animal model represents a
fundamental limitation in any program to
develop vaccines for use in leprosy. It is
possible that non-human primates could be
used in the late stages of preclinical evalua-
tion of promising candidate vaccines.

Evaluation in Man
it is probable that progress in vaccine de-

velopment, both for tuberculosis and for
leprosy, will depend upon identification of
some correlate of protection, that may be
used as a preliminary indication of vaccine
efficacy in man. Lack of understanding of
the mechanisms of protective immunity
represents a formidable obstacle to progress
in this area. In this context, the situation in
leprosy is no worse than that in tuberculo-
sis; in fact, because of the possibilities for
immunological analysis provided by the
leprosy spectrum, it night be argued that
the chances of understanding the mecha-
nisms of protection are greater in leprosy
than in tuberculosis. Strategies for identifi-
cation of suitable correlates of protection
are based upon analysis of immune reper-
toire and immune function—generally as
defined by cytokine profiles.
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Vaccine Profiles

An important discussion in relation to
current strategies for vaccine development
in tuberculosis is related to the characteris-
tics required of the final product. At least
three different vaccine profiles may be con-
sidered. The ideal vaccine for use in tuber-
culosis would replace BCG, being given at
birth, and providing life-long protection.
Such a vaccine for leprosy would also be
ideal, but with the disease coming under
control, it would be difficult indeed to set
up clinical trials, by which to determine the
efficacy of the vaccine, and it would be dif-
ficult to justify widespread vaccination eco-
nomically.

A second profile in the case of tuberculo-
sis involves a "booster" vaccine to be ad-
ministered to high-risk, young-adult popu-
lations, who may already have been admin-
istered BCG or infected with M. tuber-
culosis. This profile appears more appropri-
ate to leprosy, representing a vaccine that
might be used in intensive vaccination cam-
paigns among certain selected populations
as part of a general eradication program.

The third profile envisages an immuno-
therapeutic vaccine. In the case of tuber-
culosis, the goal is to reduce duration of
treatment. In leprosy, the goal might be to
limit the extent of the disease in individual
patients.

Conclusion

Leprosy is an immune-mediated disease,
and it is certainly important to consider the
prospects for immune-mediated prevention.
However, at the present time, there are fun-
damental gaps in our understanding of my-
cobacterial pathogenesis that preclude ra-
tional vaccine design, and it is difficult to
envisage a research program that is directed
specifically at development of a leprosy
vaccine. Nevertheless, it is important that
we be aware of developments in the active
area of research toward vaccines for tuber-
culosis. That BCG has consistently demon-
strated efficacy against leprosy suggests
that a better leprosy vaccine may actually
prove a more feasible goal than a better tu-
berculosis vaccine.
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Immunoprophylaxis Against Leprosy;
the Case for Improved Vaccines Against Leprosy

W.J. Britton, University of Sydney, Sydney, Australia

The case for improved vaccines against
leprosy rests upon two premises. First, de-
spite successful implementation of mul-
tidrug therapy and the "Elimination of Lep-
rosy" campaign to reduce the prevalence of
leprosy, complete eradication of the disease
will he aided by effective primary preven-
tion of infection. Second, BCG has had a
demonstrable impact on the prevalence of
leprosy, despite variable results with BCG
in formal trials, and a more effective vac-
cine would be of greater benefit. Develop-
ment of an improved vaccine depends
upon: 1) design of a vaccine more effective
than BCG; 2) the ability to monitor the ef-
fects of the vaccine in vitro with reliable
correlates of a protective action prior to any
vaccine trial; and 3) application of the vac-
cine in field trials, and then as part of the
routine program of immunization.

Design of Anti-Leprosy Vaccines
There are four possible approaches to the

design of such a vaccine. First, the seren-
dipitous approach is to use another cul-
tivable, non-pathogenic Mycobacterium,
such as Mycobacterium "w" or the ICRC
bacillus for immunization.

Second, an "avirulent" form of M. leprae
could be prepared by inactivation of the
genes encoding virulence factors. As the lep-
rosy organism has not been grown in culture,
nor have virulence factors been defined, this
approach is only theoretical at present.

Third, a subunit vaccine could be pre-
pared, based on one or more M. leprae-spe-
cific protein antigens. This is unlikely to
succeed, as no single protein antigen is rec-
ognized by all M. leprae-infected subjects.
Furthermore, T-cell responses in man are
directed to multiple and diverse epitopes in
one protein, and the dominant T-cell epi-
topes vary among populations. This is illus-
trated by the responses of leprosy and tu-
berculosis patients to the M. leprae 70 kDa
(') and M. tuberculosis 23 and 30 kDa se-
creted proteins (' U ) ).

Fourth, the effect of BCG could be en-
hanced by: I) insertion into its genome of

genes encoding M. leprae-specific antigens;
2) manipulation of the response to BCG by
modifications of dose, timing and site of
immunization, or by insertion of genes encod-
ing immune-enhancing cytokines; or by 3)
boosting BCG-induced memory T-cells to pre-
vent waning of the protective effect of BCG.

The M. leprae antigens to be expressed in
BCG should meet the following criteria: 1)
they should be relatively specific to M. lep-
rae; 2) they should be frequently recog-
nized by cellular immune responses in con-
tacts and patients with tuberculoid leprosy;
and 3) they should induce responses to
IFNy in man, and elicit delayed-type hyper-
sensitivity (DTH) in sensitized animals.
Few of the 25 M. leprae proteins that have
been characterized (°) meet these criteria, as
many have homologs in the "M. tuberculo-
sis-BCG" complex, or the cellular re-
sponses to them have not been studied in
detail. A complicating factor is that, in the
few comparative studies of cellular re-
sponses that have been carried out (7 ), rela-
tively few contacts or patients with pau-
cibacillary (PB) leprosy recognized recom-
binant mycobacterial proteins expressed in
Escherichia coli. By comparison, larger
proportions of subjects recognize native
proteins purified from BCG, M. tuberculo-
sis or other cultivable Mvcobacteria. For
example, recombinant M. tuberculosis 23
kDa protein expressed in M. sineg'matis is
more immunogenic in assays in vitro that
employ human cells and more effective in
eliciting DTI-I in guinea pigs than is the E.
co/i-derived r23 kDa protein ( 5). M. leprae
antigens to be expressed in BCG include
the 18 kDa protein, the putative secreted 25
and 27 kDa proteins (although both have
homologs in BCG), the 35 kDa proline-rich
protein, and the 45 kDa serine-rich protein
("). M. leprae 35 kDa protein (MMPI ). This
protein was first recognized by monoclonal
antibodies (mAbs) directed to an M. leprae-
specific determinant on the antigen. Subse-
quently, an mAb-inhibition assay demon-
strated serological responses to the protein
in most multibacillary (MB) and one third
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of PB patients, but not in tuberculosis pa-
tients. Independently, the protein was puri-
lied front M. le/trae, and characterized as
mtenthrane-associated. Recent Iv. we cloned
the gene for this protein (") and expressed
it in M. sinegivatis under control of the
pfla/.' i high-expression promoter C), to oh-
tain ''native'' recombinant antigen for im-
munological studies. This protein is a can-
didate for expression in BCG, because: I ) it
is not present in M. tuberculosis or BCG,
although a homolog with 88 per cent
atuino-acid identity is present in M. at u o u:
2) inttnttne responses to this antigen across
the leprosy spectrum parallel those to M.
leprae, with iFN-secreting T-cell responses
dominant in contacts and PB patients, and
antibody responses in MB patients. In all,
90 per cent of leprosy patients recognized
this antigen, whereas only 20 per cent of tu-
berculosis patients from an endemic envi-
ronment did so (''); and 3) r35 LDa protein
elicits DTH in M. leprae-sensitized guinea
pigs. Enhanced expression of the protein in
BCG was achieved, when the gene that en-
codes it was expressed under the control of
the pBlaI" promoter rather than under the
control of its own promoter. Also, rBCG-35
induces immune responses to the encoded
antigen in mice. Therefore, rBCG-35 is a
potential vaccine for use in preventing lep-
rosy, but significant problems in its devel-
opment include inadequacy of the M. lep-
rae- infected mouse to determine if' candi-
date vaccines are superior to BCG, and the
regulatory requirements surrounding use of
recombinant BCG as vaccines in man.

Boosting Effects of Le prosy Vaccines.
One common observation in BCG trials in
tuberculosis and leprosy is waning of the
protective effect after 10 years. Non-niy-
cohacterial vectors such as DNA, viral or
multivalent subunit vaccines may have a
role, either as agents to boost BCG-induced
memory T-cells, or to prime Mvcobaweriu-
reactive T-cells prior to BCG vaccination.
The effect is exemplified by the effect of
rBCG-18 in boosting the effect of a vac-
cinia virus vector that expresses the same
M. leprae 18 kDa protein ( 2 )•

Monitoritt{ Efjeels o/'Itonocni;ation

More defined markers of the cellular im-
mune responses to candidate vaccines are
required, and measurements made with

these markers should preferably be demon-
strated to correlate with protective efficacy
in an experimental M. leprae infection. As-
says should measure the expansion of 4.
/eprae-s peel fie memory T-cells that pro-
duce IFN-y anal other Th I cytokities in re-
sponse to stimulation. The vaccines should
he able to induce DTI-1 to M. leprae- specific
skin-test reagents in subjects who have not
been previously exposed to the organism.
The development of simple, whole-blood
assays to measure M. /eprae-specific IFN-y
responses nrty facilitate comparative stud-
ies in the field. For example, Weir, et al.,
found that whole-blood IFN-y responses
were more sensitive for detecting antigen-
specific responses in leprosy patients than
were proliferative assays ("'). A 24-hour
IFN-y assay used for the diagnosis of
bovine tuberculosis (' 2 ) has been modified
to detect human T-cell responses to PPD
and M. tuberco/osis- specific secreted pro-
teins C). A multicenter study to compare
whole-blood IFN-y responses anti tuber-
culin reactivity is currently in progress.

In1/)leunenlint' Use u/ the Vaccine

"fhe protective effìcacy of any new candi-
date leprosy vaccines should be tested in att
iniproved animal model before testing is
carried out in humans. Eventual application
in a field trial would depend upon the out-
come of the leprosy vaccine trials currently
in progress, and future developments in the
epidemiology of leprosy.
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Discussion of Prof. Britton's and
Dr. Young's papers

Dr Klcrtser: Prof. Britton stated that 20 per
cent of tuberculosis patients recognize the
35kDa major protein antigen, which is con-
sistent with dual infection.

Prof. Britton: I was speaking of a country
in which both leprosy and tuberculosis are
endemic. In this situation, one cannot dis-
tinguish between lack of specificity and
dual infection. We should test the 35 kDa
antigen on tuberculosis patients who live
in a country in which leprosy is not en-
demic.
Dr Cole: I was intrigued by the dichotomy
between responses to M. leprae antigens
expressed in E. coli and those to the same
antigens expressed in a mycobacterial vec-
tor. It raises interesting questions with re-
spect to post-translational modifications
and the possibility of contamination by
other mycobacterial molecules. What sort
of quality control was done?
Prof. Britton: Your point is well taken. With
respect to the two antigens we studied, we
ego to some length to check their purity with
monoclonal antibodies, and screen them for
other components. Although post-transla-
tional modification of some proteins is
known to occur, we have no evidence that it
occurs with the proteins with which we
have worked.
Dr Naafc: Mycobacteria have been incrim-
inated in a number of autoin u mune diseases,
and probably also tuberculoid leprosy.
When you express mycobacterial proteins,
is there not a risk that you will induce an
autoimmutle process'? In addition, what
about the possibility that a vaccine em-
ployed as immunotherapy may, instead,
produce tolerance?
Prof. Britton: Of course, considering your
second point first, dosage, timing and route
of administration of vaccines are important,
particularly if one is attempting to boost
vaccine-induced immunity. I think, how-
ever, that the way in which our animals
were primed and administered BCG did not
induce tolerance. I don't think that we need
worry about autoinmunity; we can purify
proteins so that they are not contaminated
by heat-shock proteins.
Dr Gupte: Can someone enlighten us with
respect to "super" BCG, which has just be-
come newsworthy'?
Dr Young: There is now becoming avail-
able a family of engineered BCG vaccines
that produce recombinant cytokines, such
as IFN-y, for example, and can potentiate
the effect of BCG a bit.
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Since 1982, the use of multidrug therapy
(MDT) as a means of achieving control of
leprosy has been aggressively promoted by
the World Health Organization (WHO). By
June, 1995, 76 per cent of the registered
leprosy patients in the world had been
brought under treatment by MDT, nearly
6.7 million leprosy patients had been cured
by the treatment, and the global prevalence
rate of leprosy had declined sharply (`'). The
MDT regimens for multibacillary (MB) and
paucibacillary (PB) leprosy have been well
tolerated, and adverse reactions have been
rare and mild.

The relapse rate among patients with MB
leprosy after completion of specific antimi-
crobial treatment is a crucial parameter in
assessing the long term efficacy of chemo-
therapy. A survey organized by WHO re-
ported 467 relapses among 92,194 MB
cases, with an overall relapse rate of 0.23
per 100 patient-years (S), and another sur-
vey reported 67 relapses among 20,141 MB
cases observed during the period 1984-
1992, yielding a cumulative risk of relapse
of 0.77 % by the end of 9 years after stop-
ping MDT; the annual relapse rate ranged
from 0.01 % to 0.14 % 0). Thus, data from
routine leprosy control programs indicate
that, after completion of MDT, relapses
among MB cases have been very few, well
below I per 100 patient-years. However,
these low relapse rates must be interpreted
with caution, because the mean duration of
follow-up of the patients is only about 4
years, whereas relapse after treatment by a
regimen that includes rifampicin (RMP)
may occur late-5 years after stopping
treatment.

The Marchoux Chemotherapy Study
Group recently reported C) that, among 35
MB patients who had completed two years
of MDT between 1984 and 1986, 7 patients
suffered relapse, after a mean duration of

72.7 ± 1.73 months of follow-up. Relapse
was defined as an increase of bacterial in-
dex (131) by >_ 2 + over the previous value
from any single old lesion, together with
the occurrence of definite new skin le-
sions) demonstrating a higher BI than any
preexisting lesion, and was confirmed by
the demonstration of viable Mycobacterium
lcprue by mouse foot-pad inoculation. The
overall relapse rate was 20 per cent, or 3.3
per 100 patient-years; the mean incubation
period of the 7 relapses, 62.7 ± 18.7 months,
confirmed that relapses occurred late after
stopping MDT. All of the isolates were sus-
ceptible to both RMP and clofazimine
(CLO), and the patients responded very
well to a second course of MDT.

The most important finding of this study
was that relapse was significantly more fre-
quent among the patients with BI >_ 4 before
MDT or 3 at the end of MDT. That RMP-
or CLO-resistance was not demonstrated
among the strains of M. leprne isolated
from the relapsed patients, and that relapse
was closely correlated with the bacterial
load of the patient, suggest that the relapses
were not caused by the emergence of drug
resistance, but by viable Al lcprue ("persis-
ters'') that had survived treatment. Because
MB patients with an initial mean BI >_ 4 are
relatively few, the number of relapses in
any control programme should be very
small. And because the M. leprue remain
susceptible to RMP and CLO, and the pa-
tients respond well to a second course of
MDT, there is no need to modify WHO/
MDT, or to attempt to detect the few pa-
tients with mean BI > 4, provided that con-
trol programs are aware of the possibility of
relapse among those patients with an ini-
tially high B1.

Because the WHO/MDT regimens are
highly cost-effective, they will continue to
be the standard regimens for the treatment
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of the majority of leprosy patients, even
during the post-elimination era. However,
new, more effective or operationally less
demanding regimens are required for cer-
tain situations. it would be very helpful if
the duration of treatment for MB leprosy
could be significantly shortened, and if the
regimens could be simplified, so that treat-
ment could be easily delivered within the
general health services. Ideally, all patients
would be treated by drugs administered
monthly under full supervision. Because
skin smears, upon the results of which de-
pends the classification of patients as PB or
MB leprosy, are often either unreliable or
unavailable, a common regimen for both
PB and MB patients would be desirable.
For those patients who are unable to attend
monthly supervised treatment, a highly in-
tensive, fully supervised, short-course,
daily regimen might represent a solution.
Those light-skinned patients, to whom CLO
is unacceptable because of skin pigmenta-
tion, require a safe and effective alternative.
Finally, special regimens are required for
patients who cannot take RMP because of
allergy or intercurrent disease such as
chronic hepatitis, or whose M. leprae are
resistant to RMP.

Unlike the regimens that have been used
widely for control purposes, such as DDS
monotherapy or WHO/MDT, new MDT
regimens must be developed step-by-step.
The effectiveness of the components and
their combinations must first be measured
in the laboratory. Then, the bactericidal ef-
fect of the individual components and their
combinations and patients' tolerance to
them must he confirmed in clinical trials
among MB patients. And, finally, the long
term efficacy of the regimens must be ex-
amined by field trials, in each of which at
least 500 patients per regimen are treated
and followed over a period of 5 to 7 years
for evidence of relapse.

Recently, three new, very active anti-
leprosy drugs—ofloxacin (OFLO), clar-
ithromycin (CLARI) and minocycline
(MINO), all acting by different antimicro-
bial mechanisms, have become available.
Their bactericidal activity against M. leprae
has been demonstrated in mice, and con-
firmed in clinical trials. Employment of
these new drugs may make it possible to in-
crease the effectiveness of antileprosy

chemotherapy, to shorten its duration, and
to develop regimens based upon the
monthly administration of the drugs, which
may therefore he fully supervised. Finally,
regimens that include these drugs may re-
place CLO in the current regimen, and may
be used to treat leprosy patients who cannot
benefit from RMP.

Work in Nude Mice
The many possible combinations of the

new drugs with the standard antileprosy
drugs cannot all be tested in clinical trial;
there are simply not enough suitable pa-
tients or qualified institutions in which trials
might be carried out. This is the case even
for particularly useful regimens, such as
those that might he fully supervised and ad-
ministered monthly, or that might be effec-
tive in very short-course therapy. In addi-
tion, ethical considerations prohibit the in-
clusion in clinical trials of important control
regimens, such as RMP monotherapy or the
combination DDS–CLO, making it difficult
to ascertain the role of each component in
the combinations to be tested. At the same
time, delaying the testing of these combina-
tions would delay by many years the appli-
cation of truly useful new regimens to the
control of loprosy. For these reasons, the
Scientific Working Group on Chemother-
apy of Leprosy (THELEP) of the UNDP/
World Bank/WHO Special Programme for
Research and Training in Tropical Diseases
(TDR) decided to carry out experimental
studies in mice of various combinations of
these drugs.

Earlier, the bactericidal activities of regi-
mens consisting of multiple doses of RMP
and the new drugs had been demonstrated
to be so powerful that comparison of these
regimens was beyond the sensitivity of the
M. leprae-infected normal mouse. How-
ever, unlike normal mice, in which the
maximal inoculum is HP organisms per
foot-pad, multiplication of M. leprae from
inocula containing as many organisms as
can be inoculated may be recognized in
congenitally athymic (nude) mice, because
of their immune deficiency. After the infec-
tion has been established in nude mice, the
mean number of M. leprae per g of tissue,
and the proportion of viable organisms in
the bacterial population are significantly
greater than those in normal mice, thereby
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TABLE 1.^Design of the experiment in nude mice.

1996

Treatment ( mg/kg/dose) No. mice
Maximal

duration of
treatment

Timing of harvests
for suhinoculation

Untreated controls 20 Day 0, I. 3, 6;
wk 4,8, 12 ,24

Intermittent treatment (once every 4 weeks)
Group I—RMP,„– CLARI„,„-- MINO, 0 9 24 weeks Wk 4, 12 , 24
Gaup 2—RMP„ CLARI„ r  MINO 51^OFLOM 9 24 weeks Wk 4, 12, 24

Group 3—"WI 9 24 weeks Wk 4, 12 , 24
Group 4—RNIP io

Group 5-0.01% DDS + 0.005%, CLO in diet
9
9

24 weeks
24 weeks

Wk 4, 1 2 , 24
Wk 4, 12 , 24

Group 6—CLAR1„„,– MINO,„
Group 7—CLARI ! „ N MIND,^OFLO, s„

9
9

24 weeks
24 weeks

Wk4. 12 ,24
Wk 4. 12, 24

Daily treatment
Group S^RMP i „– CLARl , MINO 2 , 6 6 days Day 1,3,6
Group 9—RMP„ CLARI, MINO ,S OFLO 1 2 3 6 days Day 1, 3, 6`
Group I0—RMI' 0 23 6 days Day 1, 3, 6'
Group I l—CLAR►, 0 – MINO , s 10 8 weeks Day 1, 6; wk 4, 8
Group 12—CLARI,^MINO,t OFLO,,„ 10 8 weeks Day 1,6;wk4,8

The nude mice had been inoculated with 7.5 x I0` M. /eprw' per hind foot-pad 12 months earlier, and demon-
strated swollen foot-pads at the beginning of the experiment.

RMP 1 „ once every 4 wks + 0.01%1)1)8 and 0.005% CL() in the diet.
"Treatment was discontinued after Day 3 or Day 6; 2 mice were sacrificed on the day after stopping treatment.

and 12 and 24 weeks later.

reducing by 2 to 3 orders of magnitude the
minimal proportion of viable M. leprae that
can be measured.

In a typical experiment ( 5 ), each hind
foot-pad of 180 female Swiss nude mice
was inoculated with 0.03 ml of a bacterial
suspension containing 7.5 x 10 5 M. leprae.
By 12.5 months after inoculation, only 10
mice had died, and 4 mice had been sari-
ficed for enumeration of acid-fast bacilli
(AFB). Among the remaining mice,
swollen foot-pads containing 10' to 10`
AFB per foot-pad were observed in 155,
which were selected for the experiment.
The mice were randomly allocated to an
untreated control group and 12 treated
groups. As shown in Table 1, the treatments
fall into three categories: intermittent (once
every 4 weeks groups I, 2, 4, 6, and 7);
daily (groups 5 and 8-12); and daily plus
intermittent (group 3). The mice of group 3
were administered a regimen modeled on
the WHO/MDT regimen for MB leprosy.
The longest duration of treatment was 24
weeks for intermittent therapy and 8 weeks
for daily therapy.

Bactericidal activity was assessed by
comparing the proportion of viable organ-

isms in treated mice with that measured be-
fore treatment; the proportion of viable or-
ganisms was titrated by subinoculating the
bacteria into foot-pads of normal or nude
mice, as is done in clinical trials. At regular
intervals, AFB were harvested from 4 foot-
pads (2 mice) of each control or treated
group, the suspensions prepared from each
of the 4 foot-pads were pooled, and the
AFB were counted; serial 10-fold dilutions
of the pooled suspensions were then made
in Hanks' balanced salt solution for
subinoculation. Each dilution of each sus-
pension was subinoculated into both hind
foot-pads of 6 normal mice or 10 nude
mice. The AFB harvested from untreated
control mice and from mice that had been
administered only a single dose of a regi-
men were subinoculated only into normal
mice; the AFB harvested from mice that
had been administered more than a single
dose of treatment were subinoculated into
both normal and nude mice. The largest in-
oculum for normal mice was 10' AFB per
foot-pad; nude mice were inoculated with
105 AFB per foot-pad or the maximal avail-
able inoculum—always > 10`' AFB per 0.03
ml. Harvests of M. leprae were carried out
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TABLE 2. Examples of the results obtained from titrating proportions of viable M.
leprae in nude mice.

Treatment
group/

interval

No. foot-pads demonstrating multiplication/no. foot-pads harvested

Viable
M. leprae

Nude mice Normal mice

Maximal 10 5 104 10' 10' 10' 10..

1/Day 0 9/10 9/10 7/10 6/10 4/10 6.90
10/Day I 6/10 5/10 4/10 3/10 1/10 0.17
5/Wk 4 10/10 5/10 1/10 0/10 0/10 0.087
8/Day 3 10/10 10/10 1/10 0/10 0.003
9/Day3 10/10 9/10 9/10 2/10 0.022
9/Day 3'' 10/10 4/10 0/10 0/10 0.0006
9/Day 3` 10/10 10/10 5/10 8/10 0.044
3/Wk 4 0/10 0/10 O/10 0/10 0/10 <0.003
2/Wk 12 0/10 0/10 0/10 0/10 0/10 <0.00003

'Treatment was discontinued on Day 3, and the mice were harvested one day later.
Treatment was discontinued on Day 3, and the mice were harvested 12 weeks later.

`Treatment was discontinued on Day 3, and the mice were harvested 24 weeks later.

from the subinoculated foot-pads 12
months later. In those foot-pads in which
the number of AFB inoculated was <_ I0 4 ,
the organisms were considered to have mul-
tiplied—i.e., the inoculum included viable
organisms—if >_ 10 5 AFB were harvested;
in foot-pads in which the inoculum had
been ? 10 5 AFB, the criterion of multiplica-
tion was a >_ 2-fold increase over the num-
ber inoculated. A bactericidal effect of the
treatment was defined as a significant de-
crease of the proportion of viable M. leprae
in the treated group from the pretreatment
value.

The proportion of viable organisms in the
suspensions and the significance of their
differences were calculated in terms of the
median infectious dose (ID 51 ,) of Spearman
and Karber from the results of multiplica-
tion of M. leprae in the mouse foot-pads
that had been inoculated with serially di-
luted suspensions prepared from the same
sample. If only normal mice are inoculated
with no more than 10 .1 AFB per foot-pad, a
proportion of viable M. leprae as small as
0.003 per cent can be measured; if nude
mice are inoculated with the maximal in-
oculum of 10 6 AFB per foot-pad, the small-
est proportion of viable organisms that can
he measured is 0.00003 per cent, 2 orders
of magnitude smaller. Typical results of
such measurements are shown in Table 2.

The mean log. number of M. leprae per
foot-pad in untreated control mice gradu-
ally increased from 7.60 ± 0.27 on Day 380,

the day treatment was begun, to 8.49 ± 0.18
on Day 548, 24 weeks after starting treat-
ment. The populations of M. leprae of all
treated groups remained virtually at the pre-
treatment level, suggesting that neither in-
termittent therapy for as long as 24 weeks
nor daily therapy for 8 weeks caused a sig-
nificant decrease of the size of the bacterial
populations in nude mice. As shown in
Table 2, the mean proportion of viable or-
ganisms in untreated control mice, the pre-
treatment value, was 6.90 per cent.

The mice of groups 11 and 12 were ad-
ministered daily regimens that did not in-
clude RMP—CLARI–MINO and CLARI-
MINO–OFLO. As shown in Table 3, a sin-
gle dose of each regimen displayed bacteri-
cidal activity against M. leprae in nude
mice. The proportions of viable organisms
remained at the same level after 6 daily
doses as after a single dose (p > 0.05), and
declined significantly thereafter, reaching
almost the lower limit of detestability—i.e.,
0.00003 per cent after 4 weeks of daily
treatment by either regimen, and no viable
organisms were detected after daily treat-
ment for 8 weeks. Except on Day 6, the
proportion of viable M. leprae in the two
groups did not differ significantly, indicat-
ing that the addition of OFLO did not en-
hance the bactericidal activity of CLARI-
MINO.

The mice of groups 8, 9 and 10 were
treated by daily RMP-containing regimens.
As is also shown in Table 3, a single dose of
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TABLE 3. Bactericidal activity of e.xperinlental treatments of nude mice.

Mouse
group

';1 Viable Al. leprae at: '.; • Viable At /gird(' killed at:

Day Day Day Wk Wk^\Vk Wk Day Day Day \Vk \Vk Wk Wk
I 3 6 4 8^12 24 I 3 6 4 ti 12 24

(1.0(16 0.00003 <0.00003 99.9 99.999 99.999
^ (1.003 <0.00003 <0.00003 99.9 99.999 99.999
3 <0.003 <0.00003 <0.00003 >99.9 99.999 99.999
4 O.1)(C1 (1.000I)3 <0.00003 99.9 99.999 99.999
5 0.087 <0.00003 <0.00003 98.7 99.999 99.999
6 0.003 0.0004 11.01)3 99.9 99.99 99.9
7 0.28 0.006 0.003 96.0 99.9 99.9
S 0.35 0.003 0.011 95.0 99.9 99.5
9 4.35 0.028 0.(1(14 36.9 99.6 99.9

I() 0.17 0.022 0.0(3 97.5 99.7 99.9
II 0.44 1.38 0.000(4 <0.00003 93.7 80.1 99.999 >99.999
12 0.55 0 .17 0.00003 <0.0(003 92.1 97.5 99.999 >99.999

all of the regimens displayed significant
bactericidal activity against M. leprae, mul-
tiple daily doses showed greater activity
than single doses, and 6 daily doses were
more active than 3 daily doses (p < 0.01), as
expected. That the proportions of viable or-
ganisms on Day I and Day 6 were smaller
in the mice of group 10 than in the mice of
groups 11 and 12 indicates that the bacteri-
cidal activity of RMP alone was greater
than that of the combinations CLARI-
MINO or CLARI-MINO-OFLO. On the
other hand, there was no evidence that the
addition of CLARI-MINO, with or without
OFLO, enhanced or antagonized the bacte-
ricidal activity of RMP against M. leprae. A
tiny proportion of viable organisms was al-
ways detected after 6 daily doses of all of
the three RMP-containing regimens, a situ-
ation different from that in patients and in
normal mice. As shown in Table 4, after 3
or 6 daily doses of RMP-CLARI-MINO-
OFLO or RMP alone, the proportions of vi-
able organisms decreased significantly (p <

0.01) during the first 12 weeks after treat-
ment, and then increased (p < 0.01) be-
tween 12 and 24 weeks after treatment, sug-
gesting that the bactericidal effect contin-
ued during the first 12 weeks after stopping
treatment, but the persisting organisms
multiplied thereafter.

The bactericidal activities of four inter-
mittent combined regimens were compared
with those of RMP alone administered in-
termittently, DDS-CLO administered daily,
or the standard MDT regimen. As shown in
Table 3, the proportions of viable M. leprae
decreased significantly in every group by
week 4. indicating that single doses of all of
the intermittent regimens displayed a de-
gree of bactericidal activity. After single
doses of any RMP-containing regimen, the
proportions of viable M. leprae decreased
virtually to the lower limit detectable by in-
oculation of normal mice. Treatment by
DDS-CLO daily for 4 weeks killed 98.7
of the viable M. leprae; this degree of bac-
tericidal activity was smaller than that of a

TABLE 4. Proportion of viable M. leprae on the next day or 12 or 24 weeks after 3 or
6 daily doses of treatment of nude mice by RMP-containing regimens.

9 3 0.028 0.0006 0.044 99.6 99.99 99.4
6 0.004 <0.00003 0.003 99.9 >99.999 99.9

I() 3 0.0 2 2 0.0004 0.035 99.7 99.99 99.5
6 0.004 0.0004 0.055 99.9 99.999 99.2
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single dose of RMP (p < 0.01), but did not
differ si gnificantly from that of a single
dose of CLARI–MINO–OFLO. The appar-
ently greater activity of a single dose of
CLARI–MINO in the mice of group 6 was
probably an error, because no study has re-
vealed evidence of antagonism between
CLARI–MINO and OFLO. At week 12, the
proportions of viable M. leprae in all seven
groups of mice were significantly smaller
than those at week 4, and the proportion of
viable organisms in the mice treated by the
four RMP-containing regimens had de-
creased nearly to the lower limit detectable
by inoculation of nude mice. These findings
indicate that three doses of intermittent
treatment displayed greater bactericidal ac-
tivity than did single doses of the same reg-
imens (p < 0.01). The activities of intermit-
tent administration of the four RMP-con-
taining regimens were indistinguishable.

As expected, three intermittent doses of
the two regimens that did not include
RMP—CLARI–MINO (group 6) and
CLARI–MINO–OFLO (group 7) were
less actively bactericidal than the RMP-
containing regimens (p < 0.01); neverthe-
less, the two former regimens killed at least
99.9 % of the viable M. leprae. The activity
of DDS–CLO administered daily for 12
weeks was greater than expected; that no
viable M. leprae were detected even after
subinoculation of the maximal available in-
oculum in nude mice indicates that the
treatment killed > 99.999 % of the viable
organisms originally present. Because three
intermittent doses of RMP-containing regi-
mens or 12 weeks of daily DDS–CLO were
so active, it was not possible to detect addi-
tional bactericidal effects resulting from the
administration of additional doses of these
regimens. However, viable M. leprae were
still detected in mice after six intermittent
doses of CLARI–MINO, with or without
OFLO.

In summary, this experiment showed that
RMP was more bactericidal than any com-
bination of the new drugs. A sin gle dose of
CLARI–MINO, with or without OFLO,
displayed as much bactericidal activity as
four weeks of daily treatment by DDS-
CLO; thus, monthly CLARI–MINO, with
or without OFLO, may replace DDS and
CLO as components of WHO/MDT. A 12-
week course of daily DDS–CLO was more

bactericidal than expected, suggesting that
the duration of the current WHO/MDT reg-
imen for MB leprosy may be shortened to
significantly less than 24 months, without
risk of RMP-resistance.

Clinical Trials of the New 1)rug.r

In a trial of OFLO alone and its combina-
tion with DDS–CLO, 24 patients with
newly diagnosed lepromatous leprosy were
allocated randomly to three groups and
treated for 56 days by 400 mg OFLO daily,
800 rmy. OFLO daily, or 400 mg OFLO
combined with I00 mil, DDS and 50 mg
CLO daily plus 300 mg CLO once every 28
days ( 6 ). The bactericidal activities of the
treatments were measured by titrating the
proportion of viables in normal and nude
mice. More than 99 %, > 99.99 %, and >
99.99 % of the viable M. leprae had been
killed by 14, 28, and 56 days of treatment,
respectively. Bactericidal activity did not
differ significantly among the threegroups.
Thus, OFLO, displayed a powerful bacteri-
cidal effect against M. leprae in leprosy pa-
tients; its optimal dosage appears to be 400
mg daily; and combination with DDS–CLO
did not enhance its activity.

Experiments in vitro and in vivo have all
demonstrated that, on a weight-for-weight
basis, sparfioxacin (SPFX) is more active
than OFLO against M. leprae. The minimal
effective dosages (MEDs) of daily OFLO
or SPFX against IO strains of M. leprae,
measured in the mouse foot-pad, were 25
mg/kg for OFLO and only 6.25 mg/kg for
SPFX ( 7 ). Thus, SPFX was four times more
active than OFLO. However, because the
manufacturer of SPFX recommends that
patients be treated by no more than 200 mg
daily, only one-half or one-fourth the
dosage of OFLO, the greater activity or
SPFX is likely to he offset by the lower
dosage. In a clinical trial in which aine pre-
viously untreated lepromatous patients
were treated by 200 mg SPFX daily for 12
weeks, most patients showed reduction of
mouse foot-pad infectivity and bacillary ra-
diorespirometric activity ('). Although 200
mg SPFX daily displayed rapid bactericidal
activity against M. leprae in patients, its ac-
tivity was no greater than that of 400 mpg
OFLO daily. Therefore, there is not yet con-
vincing evidence that SPFX is more active
than OFLO in the treatment of leprosy.



S86^ International Journal of Leprosy^1996

TABLE 5. Bactericidal activity of various res;'inIens among previously untreated MB
patients.

Treatment
group . '

M. leprae
infected normal

m ice before
treatment'

No. patients showing bactericidal effect` A1. leprae lost
infectivity for
normal mice'0% ?90%

9 0^O 9 9
II IO 0 7 lo
III 10 0 8 4
IV 10 (1 9 3
V IO 2^ 2 6 10

Total 49 4^6 39 28

The groups were treated as follows: Group 1—WHO/MDT for M13 leprosy for I month; Group II—a single
600-mg dose of It MP; Group 111-100 tug DDS plus 50 mg CL() daily for 30 days; Group IV—a single close of
2000 mug CLARI plus 200 mg MINO: Group V—a single dose of 2000 mg CLARI plus 200 mg MINO plus 800
mg OFLO.

'' M. leprae multiplied in the foot-pads of normal mice inoculated with <5 x lo' AFB per foot-pad.
Bactericidal activity was measured by comparison of proportion of viable M. leprae after treatment with that

before treatment.
The patients' M. leprae, which had multiplied in the foot-pads of normal mice before treatment failed to mul-

tiply in the foot-pads of normal mice inoculated with 5 x 10' AFB per foot-pad.

Because fusidic acid is active against M.
leprae in vitro, its activity was tested in 9
lepromatous patients ( 2). Patients were
treated by fusidic acid in a dosage of either
500 mg daily for 12 weeks or 750 mg daily
for 4 weeks, followed by 500 mg daily for 8
weeks. After 8 weeks of treatment, the in-
fectivity of the patients' M. leprat for the
mouse was reduced significantly in 5 of the
9 cases. Thus, fusidic acid displayed only
weak bactericidal activity, similar to that of
DDS, and was less active than RMP and the
other new drugs. Therefore, it is very un-
likely that fusidic acid will become an im-
portant component of new MDT regimens.

Experiments in normal and nude mouse
had demonstrated that a single dose of
CLARI—MINO, with or without OFLO, ex-
hibits bactericidal activity against M. lep-
rae. As a further step in the development of
an MDT regimen in which all drugs are ad-
ministered monthly, a clinical trial was car-
ried out to confirm the bactericidal effect of
a single dose of CLARI—MINO, with or
without OFLO, against M. leprae in previ-
ously untreated MB patients, and to evalu-
ate the risk of adverse effects of the treat-
ments; the WI -IO/MDT regimen for MB
leprosy, and its RMP- or DDS-and-CLO
components served as controls ( 4). Fifty
newly diagnosed MB patients with large
bacterial loads and active skin lesions were
randomly allocated to one of five groups.

The patients of group I were treated by one
month of WHO/MDT; those of group II
were administered a single dose of 600 mg
RMP on Day 1; those of group III were
treated by 30 days of DDS—CLO in the
dosages used in WHO/MDT; the patients of
group IV were administered a single dose
of 2000 mg CLARI plus 200 mg MINO on
Day 1; and those of group V were treated
by a single dose of 2000 mg CLARI plus
200 mg MINO plus 800 nag OFLO. The pa-
tients treated by a single dose received a
daily placebo from Day 2 to Day 30.

The pretreatment biopsy specimens from
49 of the 50 patients harbored sufficiently
large concentrations of viable M. leprae
that the bacilli multiplied in the foot-pads of
normal mice. As shown in Table 5, by Day
31, the proportion of viable organisms in
the biopsy specimens had decreased by at
least 90 per cent from the pretreatment
value in 39 patients, decreased slightly in 6
patients, and remained unchanged in 4.
That such a significant decrease of the pro-
portion of viable organisms was observed
in the great majority of cases of all five
groups indicates that all five of the regi-
mens tested displayed some degree of bac-
tericidal activity. After treatment, the organ-
isms recovered from 28 (57 %) of the 49
patients had lost their infectivity for normal
mice; included among these 28 patients
were all 19 patients who had been treated
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with a single close of RMP, either alone
(group II) or in combination with DDS-
CLO (group 1), and only 9 (30 %) of the 30
patients who had been treated by regimens
that did not include RMP (p < 0.01). As is
also shown in Table 5, a single dose of
CLARI—MINO or CLARI—MINO—OFLO
exhibited a degree of bactericidal activity
against M. leprae similar to that of a
month's daily treatment with DDS—CLO.
No difference was discerned between the
two single-dose regimens. A bactericidal
effect of 30 days of treatment with daily
DDS—CLO was observed in 8 of the 10 pa-
tients, and the organisms of 4 of them lost
their infectivity for normal mice.

The results of this clinical trial clearly
confirmed in MB patients the findings in
nude mice. First, RMP is the most actively
bactericidal drug against M. leprae; its ac-
tivity is greater than that of any combina-
tion of the currently available new drugs.
Second, a single dose of CLARI—MINO,
with or without OFLO, displays a degree of
bactericidal activity against M. leprae that
does not differ significantly from that of a
month of daily DDS—CLO, suggesting that
it may be possible to replace the DDS-and-
CLO components of WHO/MDT by a
monthly dose of CLARI—MINO, with or
without OFLO. Finally, a month of daily
treatment with DDS—CLO displays signifi-
cant bactericidal activity against M. leprae
in the majority of MB patients.

Field trials of a newer generation of MDT
regimens (10)

Because of the relatively small numbers
of AFB that can be inoculated into each
mouse foot-pad, one can measure at best
only the initial 99.999 per cent killing of M.
leprae in a nude mouse experiment or clin-
ical trial, whereas a previously untreated
lepromatous patient may begin treatment
with as many as 10 10 to l0" viable organ-
isms. As described in the previous sections,
the bactericidal activity of multiple doses of
RMP is so powerful, that it cannot be mea-
sured by any of the available techniques, in-
cluding inoculation of nude mice. For this
reason, the efficacy of RMP-containing
combinations cannot be adequately tested
either in nude mice or in classic clinical tri-
als. The main objective of a field trial is to
evaluate the efficacy of a new regimen over

the long term, by measuring, the relapse rate
of the new regimen, in comparison with
that of a standard regimen, such as WHO/
MDT. In patients with MB leprosy, it is as-
sumed that the relapse rate is directly corre-
lated with the number of viable M. leprae
present at the end of treatment, reflecting
the bactericidal effect of the regimen. Tak-
ing into account the low relapse rate after
treatment by WHO/MDT and the long in-
cubation period of relapse after stopping
MDT, a field trial requires about 500 new
patients per regimen, the patients to be fol-
lowed for at least 7 years after stopping
treatment. Patients with PB leprosy may
also be studied in the field trial, to see if
they may be cured by significantly short-
ened treatment by the new regimen; in that
case, about 1000 active PB patients must be
treated by each regimen. Because a field
trial is very expensive and time-consuming,
only a very few, carefully chosen regimens
may be tested in field trials. Beginning in
1991, the TI-IEMYC Steering Committee
has sponsored two large, multicentre field
trials of new MDT regimens.

Fifteen centres from 8 different countries
are participating. Patient-intake was com-
pleted in June, 1994, by which time 1651
MB and 1816 PB patients had been re-
cruited. MB patients were allocated ran-
domly to) treatment by one of four regi-
mens: i) WHO/MDT for MB leprosy for 24
months; ii) daily treatment with 600 nag
RMP plus 400 mg OFLO for 4 weeks; iii)
WHO/MDT for MB leprosy for 12 months;
and iv) WHO/MDT for MB leprosy for 12
months plus an initial 4 week period of 400
mg OFLO daily. PB patients were allocated
randomly to treatment by one of two regi-
mens: i) WHO/MDT for PB leprosy for 6
months; or ii) 600 mg RMP and 400 mg
OFLO daily for 4 weeks. The regimens
have been well tolerated, and no relapse
had been detected by the end of 1995.

In the second field trial sponsored by
THEMYC, the new regimen consists of 600
mg RMP, 400 mg OFLO and 100 mg
MINO; the dosages are reduced by half for
children. As in the first field trial, the effi-
cacy of the regimen is being tested among
both PB and MB leprosy patients.

Because of the tremendous improvement
of case-detection in the course of imple-
menting MDT, the number of new cases
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(many of them children) detected each year
has increased steadily, and more than half
of these cases are detected at so early a
stage that the only visible sign of the dis-
ease is a single skin lesion of PB leprosy.
Because single-lesion P13 cases have a
strong tendency to self-healing, and the risk
of developing nerve damage among such
patients is minimal, it may be possible to
cure these patients by a minimal course of
chemotherapy, such as a single dose of
RMP—OFLO—MINO, instead of 6 months
of WHO/MDT. In 1994, 1483 newly diag-
nosed single-lesion P13 patients were re-
cruited in 9 different centres in India and al-
located randomly to treatment by either
WHO/MDT for P13 leprosy for 6 months, or
a single dose of RMP—OFLO—MINO fol-
lowed by placebo. To date, the trial is pro-
gressing smoothly and the treatments are
well tolerated. Because the trial has been
organized in double-blind fashion, the re-
sults of the trial will not become available
until the end of 1997, at which time the
code will be broken.

The RMP—OFLO—MINO trial is also be-
ing conducted in other countries. In Myan-
ma r, 1000 PB and 1000 MB patients are be-
ing recruited; PB patients are to be treated
by either 3 or 6 monthly doses of RMP-
OFLO—MINO, and MB patients by either
12 or 24 monthly closes of RMP—OFLO-
MINO. In Guinea, 400 P13 and 100 MB pa-
tients are being recruited; PB patients are to
be treated by 6 monthly doses of RMP-
OFLO—MINO, and MB patients by 24
monthly closes of RMP—OFLO—MINO. Pa-
tients from other countries will also he in-
cluded in the trial. After stopping treatment,
patients will be followed for at least 7
years; the results of the new regimens will
be compared with those of treatment by
WHO/MDT in the national leprosy control
programme.
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Discussion of the paper by Profs. Ji,
Levy and Grosset

Dr Cole: The data on relapse from the In-
stitut Marchoux appear to provide the most
compelling reason to continue research on a
leprosy vaccine. If the patients relapsed, de-
spite good compliance, and if we extrapo-
late these results to the world, we may ex-
pect a huge number of relapses.
Prof ,li: The patients were hospitalized (hir-
ing MDT, and every close, even the daily
doses, was administered under supervision.
I have not observed this myself, but I have
been so informed by my colleagues at the
Institut Marchoux.
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Dr Cole: Is it possible that the patients
were reinfected after release from chemo-
therapy'? After all, leprosy is highly en-
demic in Mali.
Prof ,li: I know of no evidence that sug-
gests that the relapses in fact represented
the results of new infections by M. leprae.
And I should emphasize that the relapses
occurred only among those patients with
initially high 131s. Reinfection should be as
likely to occur among the patients with ini-
tially low BIs.
Dr. Pannikar: Certain aspects of the Institut
Marchoux study require comment. More
than 80 patients had originally been re-
cruited into the study for treatment by
MDT. Fifty of these were subsequently lost,
leaving only 35 to be followed. I guess that,
if we were to wait an additional five years,
the relapse rate would be even higher, be-
cause more patients would have dropped
out, leaving primarily those who had re-
lapsed to be followed.
Ut: Nootzleen: A preliminary study of pa-
tients with initially high 13Is in other areas
has not confirmed the greater risk of relapse
among them.
Prof. ii: Perhaps it is a matter of definition
of a high BI. The Institut Marchoux is a re-
ferral center, to which a disproportionately
large number of the most advanced cases
are referred. Our data showed that no re-
lapses occurred among the patients whose
initial BI was no greater than 3+. We be-
lieve that this is a very special group of pa-
tients at great risk of relapse; we certainly
do not recommend changing the MDT reg-
imen so as to be able to deal better with a
tiny minority of patients. On the other hand,
we have the impression that, in many areas,
the possibility of relapse of MB leprosy is
simply ignored; however, patients do re-
lapse.
Dt: Gupte: In the community, as opposed to
the referral center, the situation appears
much different. In our community-based
program, only 5 per cent of the cases are
smear-positive, and fewer than 10 per cent
of the smear-positive patients have BI >_ 4.
Prof.Ii: I believe that far fewer than 10 per
cent of the smear-positives—perhaps only 1
or 2 per cent—have BI >_ 4.
Dr Feensira: I wish only to point out that a
relapsed patient is not a total failure. The
patient can easily be retreated. We are not

deterred from doing cancer surgery by re-
lapse rates of 80 per cent.
Prof Lechat: Perhaps this should he a re-
search priority—it may be important to
know the proportions of patients with ini-
tially high BIs in various parts of the world.
Dr Waters: Another research priority might
be to compare risk of relapse in previously
untreated patients with that among patients
who had been treated for some time with
DDS monotherapy and then administered
MDT for two years.
Dt: Pattnikar: Prof. Ji referred to our paper
which was based on routine program re-
porting. The patients were begun on MDT
at the time MDT was implemented. Some
of them had been treated in the past with
DDS; all new patients were treated with
MDT only. Prof. Ji did not refer to a second
paper on fixed-duration chemotherapy,
which included approximately 6000 pa-
tients, all of them new, and all of them with
BI >_ 2+ at the time of recruitment; the re-
lapse rate is less than I per cent.
Prof Lechat: I am a hit concerned about the
7 million patients who Dr. Noordeen said
had been cured. Do we know how many of
these were patients who had already been
cured by DDS monotherapy who were re-
treated with MDT without having relapsed,
before the register had been cleaned'? If, in
fact, 5 million of the patients had already
been cured by DDS monotherapy, and were
given MDT to be sure, then I think it is im-
portant to take this into account in predict-
ing trends.
Dt: Noorcleen: The 7 million cured patients
represent a mixture of new cases and pa-
tients who had previously been cured by
DDS monotherapy. But even if we assume
that the proportion of patients previously
treated with DDS is high, the risk of relapse
after DDS monotherapy is 2 per cent per
year, a well documented fact, so that many
of these patients would have relapsed, had
they not been retreated with MDT.
Prof Lechat: Perhaps, then, the number of
relapses prevented is more important than
the decline of prevalence or the number of
patients cured by MDT.
1)1: Noorcleen: Two factors contributed to
the decline of prevalence: the number of pa-
tients cured by MDT, and improvement of
the system of leprosy control, with removal
from the registers of patients who did not ex-
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ist, or whose disease was inactive. hi fact, 7
million patients were treated with MDT and
only then removed from the registers.
I)r Louhenapess_v: Perhaps patients should
he followed longer than 5 years, if relapses
may occur so late after MDT has been com-
pleted. Also, what should be done with
those MB patients who are lost after having
completed only 75-80 per cent of their
treatment'?
l)r I''e,istra: A research priority that I for-
got to list is a urine dip-stick that will iden-
tify the patient whose disease has been
cured.
Prof. ii: This is a very serious suggestion. If
we had a means of detecting the presence of
a tiny number of viable M. leprae in the in-
dividual's body, it would be unnecessary
for Dr. Pannikar to organize the field trials
which have absorbed so much of his time
and effort. We must carry out field trials be-
cause we have no other means by which to
detect a tiny number of viable organisms.
Although I pointed out in my paper that we
can measure the killing of 99.999 per cent
of the viable organisms originally present in
the patient, this is not nearly good enough.
The MB patient who begins chemotherapy
harboring 10" viable M. Ieprae will still
harbor as many as I0" viable M. leprae af-
ter 99.999 per cent have been killed.
Dr Noah*: What does this number of per-
sisting viable M. Ieprae matter'? What is im-
portant is that the patient is not sick, and
does not infect his contacts. Consider, for
example, the Malta trial. Biopsy specimens
obtained from the Malta patients contained
acid-fast bacilli, despite which the patients
did not relapse. Why then do we need Dr.
Feenstra's dip-stick, or why must you de-
tect the last living M. leprae?
Prof. .1 : I am not speaking of detecting
bacilli, but rather of detecting tiny propor-
tions of viable M. Ieprae among the large
numbers of dead bacilli; this is quite differ-
ent. Consider that now we are recommend-
ing MDT of fixed duration; I am certain
that, at the end of the 2 years of treatment, a
proportion of the patients will still be
smear-positive. Patients who are seen to
harbor organisms may harbor viable organ-
isms; except by awaiting relapse, we have
no means of determining which of the pa-
tients harbor viable M. leprae.

Prof. Leduc!: Perhaps these sh r ill numbers
of viable M. leprae are of no account. Per-
haps we can live quite comfortably with
I0 5-10' viable M. leprae. After all, all of us
live with viable cancer cells.
Pro!. Lei'v: Perhaps it is necessary to review
a hit of ancient history. Those of us who are
interested in the proportion of viable M.
leprae, and who have been measuring them
over the years did this because we know no
other way to demonstrate that we had inter-
rupted transmission of M. Ieprae. In our
minds, the purpose of chemotherapy in the
context of control is not to cure patients but
rather to interrupt transmission. We began
measuring drug-effects with the 131 and the
M1, because we did not know what to ex-
pect of the available drugs. We have pro-
gressed to field trials and to measuring the
risk of relapse, but we recognize these to lie
intermediate measures. What truly interests
us is the possibility of interrupting transmis-
sion. Perhaps, then, rather than a dip-stick,
we need a means of detecting subclinical in-
fection. Such a test would indeed save Dr.
Pannikar much time, because field trials
would not be needed at all, or could be
greatly shortened. Certainly, well within the
5-7 years' duration of a field trial, we could
recognize by such a test that transmission of
M. Ieprae had indeed been interrupted. We
expend a great deal of effort in field trials to
measure very small rates of relapse, be-
cause we really have no alternative. But our
purpose has been to interrupt transmission.
Flow else can leprosy be controlled?
Dr Noorclee n: I thought that Prof. Levy
would talk about the THELEP controlled
clinical trials, which demonstrated that, no
matter what the regimen, nor how long it
had been administered, persisters were de-
tected in approximately 7 per cent of pa-
tients, and were probably present in all. De-
spite the presence of persisters, very few
patients relapse.
Prof Ji: We don't understand very well the
phenomenon of microbial persistence. We
believe that the persisters represent a fairly
constant proportion of the total, so that as
we reduce the BI, we decrease the number
of persisting M. leprae.
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Setting Priorities

The participants in the Workshop were
assigned each to one of three groups, and
the groups were assigned the following re-
sponsibilities: Group I priorities for re-
search in chemotherapy, chaired by Prof. 13.
Ji; Group II—priorities for basic research,
chaired by Prof. W. J. Britton; and Group
Ill—priorities for epidemiological and op-
erational research, chaired by Dr. W.C.
Smith. The groups met individually, to dis-
cuss and prepare lists of research priorities
in their respective areas of responsibility,
after which, at a plenary session, the Work-
shop reconvened to discuss the several lists,
and to produce an integrated list of research
priorities. The reports of each group are
summarized here.

Group 1
High priority was given to an alternative

to relapse as a predictor of treatment fail-
ure, in order that we might apply the results
of ongoing field trials before the year 2000.
Equally high priority was given to research
into the treatment and prevention of reac-
tions—reversal reactions, ENL and neuritis.
In particular, the group felt that we need to
know better how to use steroids to prevent
reactions. In addition, the group believed
that alternatives to steroids and thalidomide
are urgently required. Second priority was
given to research into methods by which
early assessment may he made of the results
of ongoing trials in PB leprosy, so that we
might apply the results of these trials before
the year 2000. Finally, the group believed
that there is no need for trials of regimens
including the new drugs for treatment of ei-
ther MB or PB leprosy in addition to those
already in progress.

Group 11

First priority was given to completing the
sequencing of the M. Ieprae genome, and

exploitation of the information gained. The
group believed that this work could be fa-
cilitated by establishment of a working
group, which would be responsible for
overseeing completion of the sequencing,
and its applications to the most pressing
needs of the community of leprosy workers.
Second priority was given to the develop-
ment of tests to recognize subclinical infec-
tion by M. Ieprue and to diagnose early lep-
rosy. Lesser priority was given to develop-
ment of tests for drug resistance and for
bacterial viability. and to predictors of reac-
tions. In addition, the group felt that re-
search was needed into the mechanisms of
early nerve damage, and into management
of reactions. Finally, priority was given to
development of a vaccine to he used in
groups of individuals at high risk for lep-
rosy.

Group 111
Highest priority was given to studies of

the epidemiology of infection by M. leprae,
of the epidemiology of nerve damage, and
of the epidemiology of relapse after com-
pletion of MDT, with particular reference to
the pre-treatment 131, treatment prior to
MDT, compliance with MDT, and the dura-
tion of MDT. Research priorities in the area
of rehabilitation included development of
methods to assess needs, development and
assessment of different models of commu-
nity-based rehabilitation, and development
of methods to assess the effectiveness of
programs for prevention and limitation of
impairments and disabilities. Priorities for
operational research in the post-elimination
era included development of the optimal or-
ganization of leprosy services and the de-
velopment of program indicators.

The integrated list of research priorities is
presented in order of priority in the accom-
panying table.
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Integrated List of Research Priorities

Research Priority^ Rank

Prevention and treatment of reactions and nerve damage^ 1
Detection of subclinical infection by M. leprae^ 2
Sequencing the M. leprae genome^ 3
Predictor of relapse, and the epidemiology of relapse^ 4
Strategy for monitoring nerve damage^ 5
Method for early assessment of PB treatment^ 6
The optimal organization for early diagnosis and prompt treatment^7
A common regimen for MB and PB leprosy^ 8
An effective vaccine^ 9
Case definition^ 10
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