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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 (IMM-
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 IMMLEDP, 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 1
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 1 million patients
from becoming disabled. In addition, MDT

1996

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 be
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. Jamroon 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,
[ 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 be 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—Ilive 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 100 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 biotechnology, 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 in 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-
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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 Mycobacterium
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

S10

“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 Dr. Brennan’s statement

Prof. 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.

Dr. 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 (WHQO) Study
Group on Chemotherapy of Leprosy for Control Programmes.

Study Group on Chemotherapy of Leprosy for Control Programmes

Feedback from the field

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 Lepros
g prosy

Introduction of “blister packs”

2 90 per cent coverage by multidrug 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

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 (MB) and paucibacillary
(PB) leprosy, in which the patients are ran-
domly allocated to regimen. Intake has
been completed; 1651 MB patients and
1817 paucibacillary (PB) patients have
been recruited. The trial regimens for MB
leprosy are: 1) WHO/MDT for 24 months;
2) WHO/MDT for 12 months; 3) WHO/
MDT for 12 months plus daily ofloxacin
(OFLO) for the first 4 weeks; and 4) 600
mg rifampicin (RMP) plus 400 mg OFLO
daily for 4 weeks. The regimens for PB lep-

October 1981
1982-1995
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

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 RMP plus 400 mg
OFLO plus 100 mg minocycline (MINO) in
a single dose; and 2) WHO/MDT for PB
leprosy for 6 months.
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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.
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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 be 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 (*) 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
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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
(°). 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—Ilesions. 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 (%)
showed that the risk of relapse may be sig-
nificantly greater for patients with multi-
bacillary leprosy who begin treatment with
a BI 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.
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Suggested Research

1) 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 be
represented by the PCR technique, and re-
search in this area should be encouraged;

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

5) The risk of relapse among multibacil-
lary 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 be 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 be
more specific, it is no more sensitive than



64, 4 (Suppl.)

existing methods. Perhaps it may be useful
as an epidemiological tool, because of its
great specificity.

Dr. Feenstra: 1 should like to support the
need for improved diagnostic tools.

Dr. 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?

Dr. 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. Ji: If we had a test of maximal sensi-
tivity, how would we apply it? The field
workers are already working at a maxi-
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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: 1 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.



INTERNATIONAL JOURNAL OF LEPROSY

Volume 64, Number 4 (Suppl.)
Printed in the U.S.A.
(ISSN 0148-916X)

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
< 1:10,000 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:

1) It would be helpful if future schemes
of therapy could be made simpler than
WHO/ MDT and more acceptable for appli-
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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 Currently 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 be as effective as
the same doses administered daily, although
there are those who disagree, and there is
some evidence (*) that CLO could also be
given once monthly.

The fluoroquinolones. Although a large
number of fluoroquinolones have been de-
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veloped, some, such as ciprofloxacin, are
not active against Mycobacterium leprae,
and, of those that are, interest has centered
on ofloxacin (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 ng
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, but, 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. leprae 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-OH-CLARI. Peak serum
concentration, approximately 1 pg per ml,
is reached 1-4 hours after a 500-mg dose,
and its serum half-life averages 67 hours.
Tissue concentrations are higher than those
in the serum. It was reported (*) 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.
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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
Hg per ml, well above the apparent minimal
inhibitory concentration for M. leprae of
0.2 ng per ml. 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 ('). 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 (*) 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 bac-
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 (°) that single doses of the combina-
tion of MINO 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 MB lep-
rosy, and that these combinations, adminis-
tered daily without added RMP, may repre-
sent adequate treatment for RMP-resistant
MB leprosy. Studies by others have yielded
similar results.

Improving MDT

Shortening therapy. The Study Group on
Chemotherapy of Leprosy, convened in
1993, suggested ('’) that WHO/MDT for
PB leprosy continue to be administered for
6 months, whereas that for MB leprosy be
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 WHO/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 be 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 (°). His experience
suggested to him that the treatment of PB
leprosy could be 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 some combination of them
for the DDS- or CLO-component of WHO/
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 be 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 PB
and 12 months for MB leprosy—might be
only of limited benefit to control programs.
Might treatment be markedly shortened
by the administration of very intensive
courses of RMP, together with one or more
of the new drugs? Little information with
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respect to such therapy has been published.
A trial, now in progress, of the combination
of OFLO with RMP administered daily for
one month may answer this question. If the
results are disappointing, it could be 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 (7) to have yielded
satisfactory results in a mixed group of 20
PB and MB 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 MB
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, et
al., had recommended (°) several possible
regimens employing the new drugs. Per-
haps with these recommendations in mind,
the THEMYC subcommittee that met with
a number of experts, in Madras in Decem-
ber 1993, developed several protocols em-
ploying combinations of the new drugs in
fully supervised intermittent regimens. The
first of these protocols involves the trial of a
single dose of the combination of 600 mg
RMP, 100 mg MINO and 400 mg OFLO in
the treatment of single-lesion PB patients.
The results of this treatment will be com-
pared to those of treatment for 6 months by
WHO/MDT for PB leprosy. Single-lesion
PB 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 THEMYC subcommittee seeks to
demonstrate the efficacy and safety of fully
supervised intermittent drug regimens in
the treatment of leprosy. In this trial, PB 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 MB patients
the drugs will be 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 be
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 be useful,
but the impact of these regimens on control
programs appears dubious, unless their du-
ration can be even further shortened.

Other issues. A high rate of relapse after
2 years of WHO/MDT has been reported
(*°) among MB patients who begin treat-
ment with BI > 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 immunotherapy and chemo-
therapy. This is an area of interest, because
immunotherapy by such materials as My-
cobacterium W might accelerate clearance
of the dead organisms. Should this in fact
be the case, would it permit marked short-
ening of the duration of treatment?

Future 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
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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-
rae. 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 be 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 might 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 fam-
ily contacts might also be useful; a trial of
such prophylaxis is about to be undertaken
in the Federated States of Micronesia.

Slll"l"(l"_\'

The chemotherapy of leprosy was ren-
dered markedly more effective by the intro-
duction of WHO/MDT in 1981. The
prospects for 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-com-
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-
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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: 1 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 (°)

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 LLP) 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 be 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 be designed.

RR. 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 Thl-class ('*'"3%). During
the reaction, the peripheral blood lympho-
cytes demonstrate increased reactivity to
Mpycobacterium leprae antigens in a lym-
phocyte transformation test (}). A logical
approach to treatment would be to reduce
the concentration of M. leprae antigens by
means of chemotherapy, while suppressing
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TABLE 1. Reactions during and after treatment of leprosy patients at the University
Hospital, Rotterdam, between 1970 and 1977, comparing dapsone monotherapy with
MDT.

. Paucibacillary Multibacillary
Reaction
Proportion %o Proportion Yo

Reversal reaction

During dapsone monotherapy 3/30 10 12/32 6

During MDT 5/69 i) 4/43 9

After dapsone monotherapy 0/42 0 0/33 0

After MDT 2/72 3 4/43 9
ENL

During dapsone monotherapy 0/30 0 9/32 28

During MDT 0/69 0 6/43 14

After dapsone monotherapy 0/42 0 0/33 0

After MDT 0/72 0 2/43 5

the damaging cell-mediated immune re-
sponse ('*'°).

It is important to recognize that dapsone,
in a daily dose of 50 mg or greater,
markedly suppresses RR (?). 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 1, the preva-
lence of RR increased after treatment had
been completed, thus demonstrating-the im-
munomodulatory (suppressive) effect of
dapsone ('*+2).

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

TABLE 2.

with tuberculoid leprosy may require treat-
ment for 3—-6 months, mid-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 ('?). The rate at which the
dosage should be reduced may be deter-
mined from the results of several tests, the
most sensitive being the graded bristle sen-
sory test and the voluntary muscle test ('").
The crucial dosage for immunosuppression
is about 20 mg (0.3 mg per kg) 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 be 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

Recommended schedules for treatment of reversal reaction.

Prednisone

Cyclosporine A

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

20 mg daily for 1-6 months

15 mg daily for 1-6 months

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

200 mg twice daily for I week
175 mg twice daily for 3 weeks
150 mg twice daily for -6 months
125 mg twice daily for 1-6 months
100 mg twice daily for 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 ('?), and subsequent studies
(®-2¢-39-32) have confirmed the greater effec-
tiveness of the 6-months schedule. A more
recent study has shown (*’) 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 *°) less favorable
results, most likely because of the smaller
dosages and shorter durations of their treat-
ments (*°).

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 80 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 from those that had been observed
before treatment, as shown schematically in
Figure | ('*), 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 10 per cent of the patients
deteriorate after treatment for 6 months or
longer (**-*), and that more than 60 per cent
continue to improve ('?).

Within what period after the onset of the
RR should immunosuppressive treatment
be begun? Ideally, treatment should begin
immediately, but this is not always possible.
If treatment can be 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 be expected (> 32), al-
though it may nevertheless be worthwhile
to institute treatment as long as one year af-
ter the onset of nerve damage.

When prednisone or some other immuno-
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 immunosuppression. Mal perforans, if

present, may also be exacerbated by this
treatment.
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When prednisone 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 mineralocorticoid 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 be
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 ('*). The side-ef-
fects of azathioprine—intestinal discomfort
and anorexia—are usually mild, although a
few patients suffer bone 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 (*). Theoretically, cyclosporine
A is ideal, because it acts primarily to sup-
press the CD4-Th1 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 be present in the nerve, compress-




S24

32

30

28

26

24

22

20

16

14

arbitrary numerical system

12

10

w

International Journal of Leprosy 1996

2
0 —_—
before directly 6 months
prednisone after after
treatment prednisone_ prednisone
treatment treatment
FiG. 1. 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

v I1 4 and others

B cells - plasma cells - antibody production

v

antigens in the tissues -» immune complexes

FiG. 2.

ing the post-capillary venule that traverses
the perineurium obliquely, giving rise to lo-
cal venostatic edema (' '*'®), 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 (**). On the other hand, they
have become less common as the result of
more vigorous immunosuppressive treat-
ment.

ENL (). Although the immunopathology
of ENL is not entirely understood, the fol-
lowing model may be useful (**'%). 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 IL-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-

¥
complement activation

¥
granulocyte chemotaxis

¥
tissue destruction

A schematic presentation of the mechanism of ENL.

over into the peripheral blood of the break-
down product, C3d (*'). 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-q, a cytokine found in in-
creased concentrations during ENL ('),
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 (* '%). 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 be 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 for
treatment of mild, “complicated” ENL
(ENL with arthritis, tendinitis or lym-
phadenitis).

Aspirin, 1.5-3 g daily for 1-2 weeks
+ chloroquine, 1-1.5 g daily for 1-2 weeks
+ Fuadin®, 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. Antimonials may
interfere with activation of complement ("
'%). Chlorpromazine, which may be helpful,
has been shown to inhibit complement-me-
diated reactions in rabbits, and to prevent
tissue injury ('). Promethazine, which in-
hibits the complement cascade, and inter-
feres with mediators released from mast
cells, also increased during ENL, may alle-
viate the symptoms ().

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

In severe ENL, with orchitis, 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 chemotaxis, in-
hibiting both prostaglandin synthesis and
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the response to prostaglandins, and decreas-
ing fluid leakage at the site of inflammation
("*). Prednisone has been shown to be very
effective in severe ENL, 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 be
masked by the leprosy neuropathy. The
drug is associated with other side-effects,
but these usually do not require that treat-
ment be discontinued. Its mechanism of ac-
tion remains unclear (*'*'%). The drug is ef-
fective in adjuvant disease of rats, consid-
ered by some a model of ENL (°). In
addition, thalidomide inhibits synthesis of
IgM de novo, possibly important because
[gM and, more specifically, [gM-rheuma-
toid factor may play a role in perpetuating
ENL. The drug also stabilizes lysosomal
membranes and inhibits  granulocyte
chemotaxis. Thalidomide inhibits induction
of ENL by causing a significant decrease of
the CD4: CD8 ratio, and a change of the
mixture of cytokines produced. Recently,
thalidomide has been shown to be agonistic
to the synthesis of IL-2, and to be both ago-
nistic and antagonistic to the synthesis of
TNF-oo (*°). 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,
which may be as small as 25 mg every
other day, as shown in Table 4.

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

TABLE 4.  Recommended schedule for treatment of an individual episode of severe ENL.

Prednisone

Thalidomide

60-100 mg daily for 1-3 days
40-75 mg daily for 1-3 days
30-50 mg daily for 1-3 days
20-30 mg daily for 1-3 days
Reduce by 5 mg every day thereafter

300-400 mg daily for 1-3 days
200-300 mg daily for 1-3 days
100-200 mg daily for 1-3 days

50-100 mg daily for 1-3 days
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TABLE 5.
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Recommended schedule for treatment of chronic and recurrent ENL.

Clofazimine

or

Thalidomide

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

25-200 mg daily for 3-24 months

modestly effective. That its action is di-
rected more against Th1 than against Th2
cells that are involved in ENL (*'**) 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-o..

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)
(*"). 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
100-300 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-
munotherapy with BCG together with M.
leprae, M. vaccae, M. “W” and the ICRC
bacillis reduces the severity of ENL (%7).
More research should be 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 Infection

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 be 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 be highly sensitive
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FiG. 1. Model of subclinical infection with My-

cobacterium leprae, proposed by Godal ().

as well as specific and reproducible. This
issue may be clarified by the three exam-
ples, described in Table 1, 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.
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Skin Tests: Lepromin a Test of Infection?

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 (**). Newell considered (*°) 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 (°). 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.

TABLE 1.  Examples of tests for subclinical infection.
Test positive Test negative Total
Example (a): Prevalence of infection 1% Population 10,000
Sensitivity 90%
Specificity 97%
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 (¢): Prevalence of infection 10% Population 10,000
Sensitivity 50%
Specificity 97%
Infected 500.00 500.00 1,000
Not infected 270.00 8,730 9,000
Total 770.00 9,230 10,000
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 BCG is well documented (%).
Beigulman suggested that the Mitsuda reac-
tion depended mainly upon environmental
factors (°). In fact, lepromin appears to act
as a vaccine (*); lepromin reactivity has
been observed to be 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-
rae 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 M. leprae.

Soluble Antigens of M. leprae

In a study in South India (*), we com-
pared the soluble antigens prepared from M.
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 batch-to-batch 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 (*'). 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.
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Seroepidemiology

Abe and his coworkers, who developed
the fluorescent leprosy antibody absorption
(FLA-ABS) test for early serodiagnosis of
leprosy ('), reported that both sensitivity
and specificity approached 100 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 (?). Subse-
quent work reported by Ji, et al., (%),
Amezcua and his coworkers (*), and Bha-
radwaj and Katoch (7), supported the con-
clusions of Abe. Buchanan and his col-
leagues advocated (') use of the FLA-ABS
test together with an ELISA for the pheno-
lic glycolipid, PGL-1. 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 (*) that nei-
ther the FLA-ABS test nor the radioim-
munoassay met the requirements of a test
that detected specific anti-M. leprae anti-
bodies.

The FLA-ABS test and some other sero-
diagnostic techniques were evaluated by an
international team (**). The sera of 14 of 17
patients with paucibacillary leprosy and
127 of 180 patients with multibacillary lep-
rosy were found to react in the FLA-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 FLA-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 Antineural Antibodies
Of all tissues, nerve has been thought to
provide the most nearly optimal conditions
for growth of M. leprae in man. Chacko ar-
gued ('?) 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 (%).
Thomas and Mukherjee suggested that
there was cross-reactivity between compo-
nents of nerve and antigens of M. leprae
(*%). 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 ('®) 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 (*') 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 (**). A test based on mAb
MLO04, 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-I Antibodies
Since Brennan’s characterization of PGL-
I, a unique glycolipid that is secreted by M.
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leprae (***%%), 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 (*7) 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 ('®) 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
("®). Krishnamurthy, et al., who carried out
a commuity-based study in South India, re-
ported (**) 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-I antibodies was 98% for MB patients
and 57% for PB patients, with specificity of
91% (*°). Cellona, et al., who worked in
Cebu, the Philippines, observed seroposi-
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TABLE 2.
household contacts and others.
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Cross-sectional studies of antibodies to PGL-1 among leprosy patients,

Authors No. patients NO'C 22:’;:::01(’ No. controls
(Country) Multibacillary Paucibacillary (% positive) and source
Menzel, et al. 0.00 0.00 43 (54 MB)* 33 (99)

(Ethiopia) 21 (39 PB) Nonhousehold
Gonzalez-Abreu, et al. 100 (23) 0.00 0.00 5(185)
(Cuba) Blood bank
Burgess, et al. 100 (7) 75 (95) 0.00 20 (85)
(Malawi) Europeans
Mwantha, et al. 96 (26) 0.00 0.00 11 (18)
(India) Endemic area
Petchclai, et al. 84 (38) 17 (24) 17 (6 MB) 4(54)
(Thailand) Blood bank
Agis, et al. 100 (14) 32 (40) 13 (109) 4(51)
(West Indies) Blood bank
Dhandayuthapani, et al. 100 (40) 63 (19) 0.00 0(35)
(India) Endemic area
Desforges, et al. 100 (13) 21 (14) 14 (309) 4(104)
(Melanesia)
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