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Opening Remarks
Marilyn Gaston, M.D.

Assistant Surgeon General
Director, Bureau of Primary

Health Care
Health Resources Services

Administration
U.S. Public Health Service
Washington, DC, U.S.A.

It is quite an honor to be asked to open
this important and timely Colloquium on
the Future of Ilansen's Disease (III)) Con-
trol and Research. As we celebrate Carville's
past it is important to look forward to the
future. I want to personally thank all of you
for coming to celebrate the miracles of the
past 100 years which are extraordinary and
which represent some of the greatest public
health successes in the world and certainly
in the history of the United States Public
Health Service (PHS).

As you all know, HD is readily treatable,
quarantine is unthinkable, deformities and
morbidity are better controlled, and reha-
bilitation methods have been developed to
protect life, limb, and livelihood. Like many
miracles of modern science the translation
of scientific advances to patients, to their
families, to their clinicians, to the medical
community and to the larger community
really occur only with great difficulty. In the
United States patient misdiagnosis and mis-
management by health care professionals
continues. Clearly much work needs to be
done.

The PHS is prepared to mainstream the
care of HD so that accurate and timely com-
munity-based diagnosis and quality treat-
ment are readily available in those areas of
the U.S. with abundant cases of HD. We
will try to integrate HD care into routine
primary health care. This is especially im-
portant in the present U.S. climate where
the face of health care is changing, and these
changes are being actively implemented at
the state level and in the local community.
How do we integrate our knowledge with a
medical community still so ignorant of the
physical, emotional and social aspects of this
disease? Training of health care profession-
als remains a major job for all of us. We

certainly have a long way to go to change
the negative picture of this illness by the
general lay community here in the U.S. and
throughout the world. The social stigma of
HD remains present and pervasive, leading
to the emotional, social and physical iso-
lation of the patient and this must be
changed. There is much work to do.

The problems of HD remain entrenched
in many parts of the world despite multi-
drug therapy (MDT). Prevalence is falling
but is the incidence of new disease decreas-
ing as expected? The World Health Orga-
nization (WHO) goal of the global elimi-
nation of HD as a public health problem by
the year 2000 is an exciting expectation, but
clearly the reality of attaining this goal at
any point in time reminds us of how much
work we have to do around the world.

We are all aware of the problems of the
loss of sensation in HD and the need to
better understand the magnitude of the
problem of patient deformities associated
with this disease. More work is needed to
understand and prevent nerve damage. We
need to understand better how HD is trans-
mitted and how to interrupt transmission.
Better case-finding tools are needed. We
need to find new bactericidal drugs and im-
prove chemotherapy regimens. Translation
of HD research breakthroughs to related
diseases such as tuberculosis and diabetes
has only recently become a reality.

This is all very exciting and why this Col-
loquium is so important in exploring where
we are heading. The future of HD research
will be discussed as it relates to clinical as-
pects, rehabilitation, technology transfer and
psychosocial challenges. We will hear dis-
cussion of HD control in two countries
where HD is endemic, Brazil and India. We
plan to review the status of mycobacterial
research from the National Institutes of
Health (NIH) perspective and tuberculosis
and epidemiology from the Centers for Dis-
ease Control (CDC) perspective. We will ex-
plore the future of HD research relating to
immunology, microbiology, molecular bi-
ology, epidemiology, drug development and
chemotherapy. These topics will all be dis-
cussed by very distinguished scientists. This
promises to be an informative and produc-
tive colloquium.
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Carville and Hansen's
Disease Control: Past,

Present and Future
Robert R. Jacobson, M.D., Ph.D.

Director
G. W. Long Hansen's Disease Center

5445 Point Clair Road
Carville, LA 70721, U.S.A.

I'd like to open the colloquium by briefly
discussing why we have to be concerned
about the future of Hansen's disease (HD)
research. Thus, although others at this Col-
loquium will discuss multidrug therapy
(MDT) in more detail a few comments about
it and the World Health Organization
(WHO) HD elimination goal as they relate
to the future of HD control and research are
appropriate since these topics are clearly in-
terrelated.

The success of MDT and the elimination
effort raises several concerns: 1) The pres-
ently low relapse rate might rise as the fol-
low-up interval since treatment increases.
2) If prevalence and incidence continue to
fall there is concern that vertical control
programs will be disbanded and the re-
sponsibility for HD control placed in pri-
mary health care programs. In many areas
this will probably work very well; in others
it might allow a resurgence of HD as hap-
pened with tuberculosis (TB) in the U.S.
Thus, the question of whether leprosy care
can routinely be successfully integrated from
a vertical program into a primary health
care program needs to be addressed. 3) What
will happen to millions of disabled leprosy
patients as the vertical program disappears?
4) To make integration work, thefapeutic
regimens for both treatment of the disease
and containment of reactions, diagnosis and
rehabilitation methods may need improve-
ment. For example, even 2 years of MDT
for multibacillary (MB) disease may be too
long in a primary health care setting. Clearly
then, it is important to emphasize that we
must maintain expertise in HD and HD re-
search in a world that will have less and less
disease as time goes by if that trend is to
continue.

Turning now to Carville's role in HD con-
trol, 100 years ago the earliest goal of the

Center, providing humane treatment for HD
patients, was readily attained by the Daugh-
ters of Charity. The facility then began at-
tracting patients from other states because
it provided the best possible treatment
available and this, in turn, ultimately led to
its transfer to the Federal government in
1921. Research was encouraged from the
beginning: the effectiveness of chaulmoogra
oil and hyperthermia were tested and other
means of killing Mycobacterium leprae and
even a vaccine were tried. Sulfa drugs were
tested in 1940 but proved too toxic. Human
TB findings and work with Al. lepraemit-
rium infection in mice led Dr. Faget in 1941
to test the sulfones in 22 HD patients, re-
sulting in the "miracle at Carville." There-
after, dapsone became the treatment of
choice for HD and still remains part of the
MDT regimen. Relapses were noted at Car-
ville if treatment was ended too early, and
the sulfone-resistant cases which ultimately
resulted were studied. Clofazimine was
found to effectively manage sulfone-resis-
tant cases. In 1971, a Carville regimen of 3
years of dapsone + rifampin became the
first standard MDT for leprosy, ultimately
ending problems with relapses and sulfone-
resistant disease at Carville. Thalidomide
was tested extensively and its use in reac-
tions quantified at Carville. Clofazimine and
thalidomide subsequently have proved use-
ful in non-HD diseases such as AIDS, and
Carville served as a source of the drugs and
information for this work. Rifabutin was
found to be somewhat more effective than
rifampin, but too expensive to serve as a
replacement. Carville is also well known for
its work with the armadillo as the source
for leprosy bacilli. As a result, the Labora-
tory Research Branch (LRB) provides lep-
romin and M. leprae for leprologists and
researchers worldwide. Epidemiologic re-
search on naturally infected armadillos may
provide a model for HD epidemiology, and
it emphasizes the possibility of sources of
disease other than human-to-human trans-
mission. More recently, methods for rapidly
screening drugs for their effectiveness against
HD have been developed at Carville, and
the highly bactericidal anti-HD effect of
clarithromycin was discovered here.
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Carville is a part of the U.S. Public Health
Service (PHS) and within the PHS others
who are working independently or with as-
sistance from Carville to varying degrees
also have made important contributions.
Charles Shepard at the Centers for Disease
Control (CDC) developed the mouse foot
pad model of infection using infected hu-
man tissue provided by Carville. The Na-
tional Institutes of Health (NIH) first tested
clofazimine in HD in the US, but trans-
ferred the IND to Carville in 1965. In San
Francisco, Levy demonstrated the highly
bactericidal effects of rifampin against M.
leprae developing, in part, the basis for the
way this drug is used in WHO's MDT reg-
imen and, more recently, Gelber showed
minocycline to be highly bactericidal against
A1. leprae.

Presently at Carville the LRB continues
extensive studies on all aspects of HD and
has extended its expertise into TB. Some of
this work will be discussed in detail during
the program. The Rehabilitation Branch is
making major advances in the diagnosis,
management and prevention of disabilities
in HD patients. Our Ambulatory Care Pro-
gram cares for the 6000 patients in the U.S.
who cannot come to Carville but receive
treatment at our 10 regional clinics, or
through the private physician program
funded by us. We also maintain a National
HD Registry. Training in the diagnosis and
management of HD at Carville has been
provided in the form of seminars and pub-
lications since the 1930s, and researchers
from the U.S. and around the world are
trained in the LRB with Heiser Foundation,
WHO, or NIH funds. Carville staff persons
also regularly serve as consultants for var-
ious international organizations such as
WHO.

In the future Carville will continue to be
a referral center for the management of HD
cases with complications and will continue
the care of those remaining HD patients at
Carville eligible for lifetime care. Basic re-
search on M. leprae and other mycobacteria
and the immune response to infection will
be continued. Early diagnosis and case de-
tection will remain important goals and drug
research and development for the chemo-
therapy of mycobacterial infections and
management of HD complications will con-
tinue. Intra- and extramural technology

transfer of our findings applicable to other
diseases, such as TB and diabetes, will con-
tinue. Rehabilitation research remains
committed to the management of disabili-
ties that chemotherapy alone cannot cure or
prevent since, even if there is control of lep-
rosy in terms of the WHO criteria for suc-
cess, there will be a large worldwide backlog
of cases with disabilities. We will maintain
a training effort in HD and other diseases,
and share our expertise through interna-
tional consultantships, seminars, videos, and
other training materials. We also will con-
tinue to integrate U.S. HD care into primary
healthcare programs to whatever extent
possible as an example of how this can be
accomplished with a complex disease of low
endemnicity.

In conclusion, our work is cut out for us
over the next decade or two. Hopefully, Car-
ville and other HD centers will be able to
maintain their facilities and expertise in this
disease throughout this interval just in case
things do not go as well as expected in HD
control.

Rehabilitation of the
Hansen's Disease Patient:
Past, Present and Future*

Paul W. Brand, C.B.E., F.R.C.S.
Former Chief, Rehabilitation Branch

Gillis W. Long Hansen's Disease Center
Carville, Louisiana

The history of Carville can be divided
into two distinct eras. The first era, or dis-
tant past, I define as the early period of Car-
ville up to approximately 50 years ago. The
second era, or recent past, began with the
introduction of sulfones for the treatment
of leprosy about 50 years ago. The excite-
ment that accompanied the introduction of
sulfones was incredible and began the de-
bate concerning predictions as to how soon
leprosy would be eradicated. While this new
antimicrobial therapy was miraculous, the
stigma associated with debilitating condi-
tions secondary to the infection remained.
The outward (physical) and inward (psy-
chological) stigmatizing effects of the dis-
ease remain today and continue to be an
overlooked, yet major obstacle to total re-

* Summary prepared by GWLHDC Laboratory Re-
search Branch from videotaped presentation.
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habilitation of the patient, even as newer
and more sophisticated treatments for the
infection evolve.

One-hundred years ago dedicated mem-
bers of the Daughters of Charity and the
physicians who worked with them began to
make a new life for Hansen's disease pa-
tients from New Orleans. They welcomed
them ashore, at Carville, from the barge that
brought them upriver. They gave them dig-
nity where before they had experienced re-
jection. They treated them as fellow human
beings; they dressed their ulcerated feet; they
gave some of them tracheostomies to enable
them to breathe and crutches to help them
walk. They all thought that by so doing they
were exposing themselves to a severe risk
of contracting the disease themselves. They
did not have the tools and techniques that
we now have but they provided a caring
environment, and that is rehabilitation. We
should salute them today.

The discovery of the effectiveness of
Promin, here at Carville, followed by DDS
or dapsone and Diasone, helped to raise the
hopes of patients and doctors alike that there
might be a cure for the disease, and then
meaningful life ahead for people with Han-
sen's Disease. The possibility of a cure for
the disease was a stimulus to the search for
the correction of the deformities and pa-
ralysis and blindness which would frustrate
the return of cured patients to normal life.
Not only was there a need to correct what
had already happened to a patient, there was
a great need to understand the causes of
deformity and disability so that they could
be prevented.

To leprosy patients the disease is defor-
mity. This concept needs to be kept in,mind
so that as new drug regimens are used to
control the bacterial infection the treatment
does not end there. Early work at the leprosy
hospital in Karigiri, India, demonstrated the
importance of combining rehabilitation, in-
cluding surgery, with chemotherapy as an
integral part of leprosy treatment and con-
trol. It was shown that at treatment centers
only dispensing drugs dropout rates of 75%
were being experienced by the third year of
treatment. In contrast, the integrated pro-
gram at Karigiri was maintaining an 85%-
90% attendance rate in clinics and was
linked, in part, to the strong emphasis on
rehabilitation of the patient correcting out-

ward and inward stigmatizing effects of the
disease.

Carville, and other centers of excellence
like it, provide the necessary "high tech-
nology" environments where field obser-
vations can be thoroughly studied and un-
derstood. This understanding can then be
returned to the field at the appropriate level
of sophistication to make a difference for
the patient. This has been a strong point at
Carville and should be encouraged to con-
tinue.

The World Health Organization's current
strategy for eliminating leprosy through
multidrug therapy (MDT) should be com-
mended. At the same time we must be aware
of the expectations that accompany such an
ambitious program. Expectations can lead
to the discontinuing of dedicated programs,
the loss of which may have negative effects
on patients cured of the bacterial infection
but with remaining disabilities. Therefore,
continued monitoring of MDT control pro-
grams is imperative. In addition, expanded
educational efforts aimed at dispelling the
stigma associated with leprosy should be
encouraged, so that effective control pro-
grams can reach leprosy patients who con-
tinue to be afraid to seek early treatment.

A Clinicians's View of
Present and Future Problems in

Hansen's Disease Control
C. K. Job, M.D., F.R.C.Path.

St. Thomas Hospital and Leprosy Center
Chettupattu, Tamil Nadu, India

May I congratulate the GWL Hansen's
Disease Center for the 100 years of fruitful
service to Hansen's disease (HD) patients.
I would like to convey greetings from HD
patients and workers, especially from India,
on this auspicious occasion. We are deeply
grateful for the many contributions you have
made in the field of HD. We see that in the
near future HD as a public health problem
will be eliminated. However, the compli-
cations, after effects, and stigma of HD will
be with us for many more years to come.
We hope and pray that the services of the
GWL HD Center will persist in the HD
world as a guiding star.

Magnitude of global HD and its recent
rapid decline. The magnitude of the HD
problem in the world has shown a rapid



63, 2^ Carville Centennial^ 275

decline during the last decade. This reduc-
tion in prevalence may be attributed to many
facts, the most noticeable of which is the
implementation of multidrug therapy
(MDT) throughout the world under the
leadership of the World Health Organiza-
tion (WHO).

Problems in the wake of MDT. The in-
tensive mass treatment of HD patients with
assured "cure" of multibacillary and pau-
cibacillary patients at the end of 2 years and
6 months, respectively, has left a group of
patients who need, for various reasons, long-
term care and specialized attention. Now is
the time to seriously plan for active care of
these patients who feel that they are offered
"cure without care." The magnitude of the
problem of these patients who suffer from
loss of sensation, paralysis, disfigurement
and disability should be properly assessed,
and programs should be instituted on a fair-
ly large scale without delay. Research and
teaching in this area should be encouraged
and funded liberally.

Integration of leprosy with general med-
ical services. Although the vertical pro-
grams for leprosy control and for the elim-
ination of HD continue to report great suc-
cess in their endeavors, dissemination of
scientific knowledge of HD and its man-
agement and the integration of HD into the
mainstream of medicine has not been so
successful. The knowledge of medical grad-
uates qualifying from teaching institutions,
even in countries endemic for HD, is woe-
fully inadequate. The "stigma" appears to
be universal and continues to prevail, es-
pecially among the general medical teaching
and service personnel. Measures should be
taken—with the same intensity and vigor as
employed in the implementation of MDT
programs—to educate teachers, students of
medical colleges and the health workers of
general medical services. These measures
will ensure that the tremendous success re-
ported in the control of leprosy will be
maintained in the new set up.

Research in leprosy. There are many un-
solved problems in leprosy. To mention a
few: 1) Mycobacterium leprae has not been
cultured in laboratory media. 2) An animal
model in which all clinical aspects of leprosy
can be studied is not yet available. 3) Sus-
ceptibility of some people to leprosy is not
fully understood. 4) The immunological or

other defects that cause lepromatous disease
remain a mystery. 5) There is no vaccine
for the prevention of the disease. 6) Early
identification of infection with Al. leprac is
not yet possible. 7) The pathogenesis of
nerve lesions is not yet fully understood. 8)
The stigma of leprosy continues to be in-
surmountable. The importance of continu-
ing the investigative studies in these areas
cannot be overemphasized.

Maintenance of centers of excellence in
HD. We are glad that there is a definite
possibility of HD being eliminated from the
world as a serious health problem. But we
are also aware that the disease and its as-
sociated problems will linger for many more
years to come. We know that HD cannot
be as completely eradicated as smallpox was,
for well known reasons. We are also not sure
what the HD picture will be in another 30
years from now. We should be prepared for
all eventualities. Therefore, it is important
to fund and to maintain some centers of
excellence in HD throughout the world
which would continue to retain the expertise
in HD management, to do research, and to
ofkr training to health personnel. We are
confident that the GWL HD Center will of-
fer this leadership for many years to come.

Rehabilitation Research at
Carville Today

David J. Giurintano M.S.M.E.
Chief, Paul Brand Biomechanics

Laboratory
GWL Hansen's Disease Center

5445 Point Clair Road
Carville, LA 70721, U.S.A.

After World War II, two orthopedic sur-
geons began their quest to determine ways
to restore function to patients with muscle
imbalances in the hand as a result of Han-
sen's disease (HD). Daniel Riordan began
treating patients at Carville (a United States
Public Health Service Hospital). In 1949,
he performed his first tendon transfer op-
eration on an HD patient. In Vellore, India,
Paul Brand also began practicing orthope-
dics in an attempt to restore function of the
patients' hands. In 1953, Paul Brand visited
Dan Riordan at Carville as part of a trav-
eling fellowship to discuss procedures each
was performing to restore function to HD
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patients' hands. Prior to this time it was
assumed that the tissue of the patients was
"bad" and that there was no way to restore
function. In 1966, Paul Brand was given the
opportunity to come to Carville to create a
research laboratory and to investigate the
principles on which he based his proce-
dures. A unique team approach was under-
taken. The team included orthopedic sur-
geons, engineers and therapists (both phys-
ical and occupational).

Brand investigated the causes of the foot
ulcers of HD patients in laboratory mice.
The foot pads of one set of mice were cycl-
icly loaded with a pressure of 20 lbs/in 2 for
10,000 cycles for 10 days. The second set
of mice received 8000 cycles 5 days/week
for 4 weeks. The feet of the second set of
mice hypertrophied but did not ulcerate and
necrose as in the first set, allowing Brand to
conclude that repetitive stress injuries (ul-
cers) could be avoided if the area ulcerating
was protected from the load. Later studies
showed the total contact casting of the foot
to heal ulcers. Modifications to shoe wear
alleviated areas of high pressure, preventing
future ulcers. This model for ulcer healing
of insensitive limbs also has been applied
to other diseases with peripheral neuropa-
thy (diabetes). Today, computerized anal-
ysis systems are used to allow the therapist
to monitor the foot-shoe interface and to
modify insoles, thereby reducing the pres-
sure encountered by the foot.

Brand's investigations into the mechanics
of the hand, to define successful tendon
transfer surgeries to restore balance to the
paralyzed HD hand, led to several funda-
mental works in hand surgery research and
to the development of a computer simula-
tion of the mechanics of the normal and
paralyzed hand. Studies of the excursion and
tension producing capability of the muscles
of the forearm allow surgeons to pick can-
didate tendon transfer muscles to replace
the paralyzed muscle. Studies are now con-
ducted to determine mechanical analogs for
the joints of the hand. This information is
then melded into a computer graphics sim-
ulation, allowing visualization of the bones
of the hand generated from computerized
tomographic scans and the analysis of the
mechanics of the hand for a given functional
position. The results of the simulation in-
form the surgeon of the mechanical effects

ofeach tendon and the loading of the bones.
The system can be modified to analyze the
effectiveness of a proposed tendon transfer
to restore function due to paralysis also.

The future holds much promise for fur-
ther studies of hand and foot mechanics to
determine the effectiveness of tendon trans-
fer surgeries for restoring balance to the fin-
gers and the foot. The methodology of ap-
plying known loads to quantify joint stiff-
ness with contracture also add input into
the possible success of tendon transfer op-
erations. The outgrowth of this unique team
approach devised by Paul Brand continues
to further the knowledge base in the bio-
mechanics of the hand and foot.

Technology Transfer:
Implementing Carville's

Diabetic Foot Program in a
Community Health Setting*

Aaron Shirley, M.D.
Jackson Hinds Diabetic Foot Clinic
500-C East Woodrow Wilson Drive

Jackson, MS 39216, U.S.A.
Physicians and scientists at the G. W.

Long Hansen's Disease Center (Carville) are
well recognized for their extraordinary tech-
nological advances in the care and treat-
ment of insensitive limbs. This basic tech-
nology has benefited leprosy patients world-
wide and could help others with sensitivity
problems, especially persons suffering from
diabetes. Carville's approach to managing
the insensitive patient is low-tech, nonin-
vasive and emphasizes health education.
Establishment of any new health care regi-
men faces many obstacles, and this partic-
ular type of therapy might best be applied
in the community setting. Carville is ac-
tively seeking to transfer this technology to
the private sector, and has joined in a pilot
program with the Jackson-Hines Commu-
nity Health Center, Jackson, Mississippi,
U.S.A., for treatment of diabetic foot prob-
lems. Jackson-Hines was founded in the
1960s and today cares for approximately
40,000 low-income persons in a medically
underserved region in the state of Missis-

* Summary prepared by GWLHDC Laboratory Re-
search Branch from videotaped presentation.
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sippi. As a free-standing community-based
organization, we have a reputation for in-
novation and an appropriate infrastructure
for programs which emphasize health ed-
ucation.

Establishment of this trial program re-
quired allocation of space, equipment, per-
sonnel and budget resources on the part of
Carville and the Jackson-Hines Center.
These administrative problems were the
singular greatest difficulty encountered in
transferring the technology. The trial fo-
cused originally on 873 diabetic patients who
were concurrently enrolled in a diet-man-
agement health education program. The
general sense among our underserved pa-
tients was that if persons with diabetes lived
long enough, then they were bound to lose
a limb.

A foot clinic operated by Carville staff
was scheduled every 2 weeks, and two Jack-
son-Hines nurses were trained in the Car-
ville methods to screen and educate the pa-
tients. Word spread rapidly among our pa-
tients and throughout the community that
an innovative therapy was available for per-
sons with foot problems. Our reputation for
success built so rapidly that the clinic now
treats an average of 110 cases every week
from among our own high-risk groups, self-
presenting cases and others from profes-
sional referrals. Demand for therapy and
training in this treatment methods is high.
The Mississippi State Nursing Board al-
ready has accredited Jackson-Hines as a
training center for diabetic foot care and
certifies our nurse-trainees for foot treat-
ment. Perhaps most importantly, Jackson-
Hines patients no longer have the sense that
they are destined for amputation.

This early analysis of our pilot program
suggests that Carville's methods for foot
treatment are highly successful and appro-
priate for application in the community set-
ting. Our budgetary analysis of the program
suggests that it will be entirely self-sustain-
ing by its second year of operation and will
recoup all invested costs by the third year
of operation. The state of Mississippi has
an estimated 72,000 persons suffering from
diabetes. Approximately 20% of them are
considered at risk for amputation. Further
application of this program and its spread
to new centers could significantly benefit the
health of our citizens.

The Psychosocial Challenge:
Integration, Dignity, and
Economic Avancement

Anwei Skinsnes Law, M.P.H.
International Association for Integration,

Dignity and Economic Advancement
(IDEA)

200 Abney Circle
Oak Hill, WV 25901, U.S.A.

The Medical Commission of the Inter-
national Federation of Anti-Leprosy Asso-
ciations (ILEP) recently posed two ques-
tions: 1) When is a leprosy patient not a
leprosy patient? 2) What causes the stigma
associated with leprosy? Answering these
clearly interrelated questions represents the
challenge confronting the world of leprosy
as we move into the 21st century. Whether
or not leprosy is eliminated as a "public
health problem" by the year 2000, these two
questions will remain with us as long as
leprosy continues to be a "human prob-
lem." IDEA, the International Association
for Integration, Dignity and Economic Ad-
vancement, has been established to focus
on these social and economic issues and
serve as a forum for their discussion.

When is a leprosy patient not a leprosy
patient? It is easier to answer this question
clinically than socially or psychologically.
Clinically, some government programs feel
that individuals should no longer be clas-
sified as "leprosy patients" when multidrug
therapy (MDT) has done its work and they
are bacteriologically negative. However, if
disabilities are present, it is difficult for many
individuals to forget that they have had this
disease and simply relegate the experience
to a distant memory. Thus, cured individ-
uals often continue to feel like "patients,"
especially if society continues to treat them
that way. In addition, disability is all too
often linked with the inability to be eco-
nomically independent and this, in turn,
prevents an individual from becoming fully
integrated into society, thus remaining a
"patient" in the eyes of the community.

Stigma also has a great influence on
whether or not a person continues to be
regarded as a "leprosy patient" after he/she
is cured. Some attribute the stigma to phys-
ical disabilities while others say that the
stigma results from poverty. However, there
are clearly instances of individuals with no
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disability who cannot find employment or
acceptance due to the stigma. Similarly, there
are examples of extremely wealthy individ-
uals who, because of the stigma, do not tell
their families that they have the disease.
Stigma also has been attributed to tradition,
folklore, racism and terminology. Some be-
lieve that the stigma is actually a result of
efforts by social scientists and others to
eliminate the stigma.

These two questions of labeling and stig-
ma will require much creative thought and
action long after the triumph of eliminating
leprosy as a public health problem is
achieved. Until these and other psychoso-
cial issues are resolved, leprosy will contin-
ue to be a part of this world and an ongoing
factor in the lives of millions of people.

Hansen's Disease in Brazil:
Treating Difficult-to-Reach

Patients
Prof. Sinesio Talhari

Nucleo de Dermatologia Tropical
lnstituto de Medicina Tropical de Manaus

Universidade do Amazonas
69.000 Manaus, AM, Brazil

Brazil has the second highest number of
leprosy patients in the world. In December
1993, 197, 588 cases were registered (prev-
alence = 13/10,000). Implementation of
multidrug therapy (MDT) began in 1986
and the present MDT coverage is 54%. In
1993, 32, 988 (22/100,000) new patients
were diagnosed.

Factors underlying low MDT coverage in
Brazil. In the most developed areas of Brazil
(south and southeast), where 100,099 pa-
tients are registered, many leprosy manag-
ers and/or dermatologists were reluctant to
use MDT. For example, the state of Sño
Paulo started MDT as a routine only in July
1991. There are over 3000 dermatologists
in Brazil, and many of them who have a
very important role in the leprosy control
program (LCP) remain convinced that MDT
is not adequate to treat leprosy. In centers
of excellence MDT is progressively imple-
mented through the training of a complete
staff—doctors, social workers, biochemists,
nurses and health workers. But there are
difficulties in training and keeping trained
health professionals at the district level in
the country. There are problems in dele-

gating the administration of the monthly
supervised doses of MDT at the peripheral
level, and difficulties in treating patients in
remote areas such as the Amazon Basin.

Status of leprosy control in the state of
Amazonas. Leprosy control in the Amazon
Basin varies from state to state but 41, 905
(21% of Brazil's patients) live in that area
(prevalence = 28/10,000). Our experience
is based mainly in the state of Amazonas,
an area of 1, 564, 445 km' with 2, 263, 436
inhabitants, 50% of whom live in Manaus,
the state capital. In December 1986, there
were 21, 973 registered patients (prevalence
= 120/10,000), 45% multibacillary (MB) and
55% paucibacillary (PI3).

MDT was begun in Manaus in 1982 and
implemented in the whole state by 1985.
The impetus to initiate MDT stemmed from
suspected secondary dapsone resistance in
73 cases, 32 of whom were documented by
mouse foot pad studies. By December 1993,
99% of the state districts were covered by
MDT. The number of registered patients
declined to 8835 (71.5% MB and 28.5% PB)
with a prevalence of 39/10,000.

Factors that underly MDT success in
Amazonas. These factors include the polit-
ical decision to start and implement MDT,
the training of health professionals, decen-
tralization of the LCP at all levels, and na-
tional/international financial resources
(mainly GLR/WHO). Regular trips with
three government boats were essential for
the implementation of MDT along the main
endemic tributaries of the Amazon River.
Presently, MDT is successful and no re-
lapsed cases have been confirmed (six recent
suspected relapses proved to be reactions,
not relapses).

Future of MDT in Amazona. In spite of
these results, some aspects of our LCP de-
serve consideration: I) As of December
1993, only 60.3% of the 8835 registered cases
were under MDT. 2) 80% of the patients
not on MDT are MB. 3) Incidence is still
high: 1477 patients were detected in 1993
(62% MB, 38% PB). 4) The incidence among
children (0-14 years) is 32% of the total. 5)
Patient referral in rural areas is always a
problem; the nearest reference center may
be days or weeks distant by canoe or boat,
resulting in late diagnosis, irregularity of
treatment and difficulties in contact exam-
inations which culminate in an increase in
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the number of new patients with disabili-
ties. 6) At one point government boats be-
came unavailable and only a few regular
trips are being conducted in the main en-
demic rivers. 7) Primary health care wors-
ened in the last few years, and this repre-
sents a serious constraint for the LCP, es-
pecially in the interior of the state.

In spite of these difficulties, the LCP staff
is very active and efforts are being made to
overcome the problem of monthly super-
vised doses in remote areas. Training of pri-
mary health workers and nonhealth profes-
sionals to help in the monthly supervised
doses or giving medicine for 2 or 3 months
of unsupervised treatment are the only pos-
sible strategies for the moment. The goal of
elimination by the year 2000 in the the Am-
azon region will be difficult to reach unless
another therapeutic regimen becomes avail-
able.

Hansen's Disease Control in India:
Problems and Solutions

Dr. Ramaswamy Ganapati
Director, Bombay Leprosy Project

Vidnyan Bhavan
11 V. N. Purav Marg

Sion-Chunabhatti
Bombay 400022, India

Control of leprosy achieved by the ap-
plication of World Health Organization
multidrug therapy (WHO MDT) at the
global level, and particularly in India, over
the past decade has, indeed, been unique in
the history of disease control in general. The
"Hanoi Declaration" at the conference or-
ganized by WHO and cosponsored by the
Sasakawa Memorial Health Foundation re-
iterates our hope that the goal of eliminating
leprosy by minimizing the transmission rate
by the year 2000 A.D. can be reached.

However, the complacency exhibited by
many countries throughout the world, par-
ticularly India which has been even now
contributing maximum numbers of pa-
tients, should not stifle the quantum of lep-
rosy-related research which is still needed.
Eliminating the empiricism and the stigma
associated with leprosy is as important as
eliminating leprosy, the strategy for which
at present is based mainly on using che-
motherapy.

A change in the epidemiological pattern
of the disease resulting from the reduction
in the prevalence rate itself causes some spe-
cial logistic problems due to sporadic dis-
tribution of multibacillary leprosy, causing
transmission at a low level. Methods of
identifying such cases at the field level are
still not available. Although the use of short-
course chemotherapy and documentation
of its effectiveness are available, ideal meth-
ods for counseling patients who are bacte-
riologically cured but nevertheless symp-
tomatic have not received attention by the
social scientists. While immunotherapy of-
fers hope in this area, carefully planned,
large-scale, controlled clinical trials are
called for.

The subject of relapse is poorly under-
stood. How far the indicators of viability of
Mycobacterium leprae through sophisticat-
ed laboratory tests truly indicate the pos-
sibility of clinical relapse necessitates long-
term field observations.

People talk of eliminating leprosy as a
"public health problem" by which they im-
ply bringing down the communicable com-
ponent of the disease. It should not he for-
gotten that the noncommunicable facets of
the disease relating to nerve damage, resul-
tant disabilities (primary as well as second-
ary) and the problems posed by rehabili-
tation, etc., also are to be considered as pub-
lic health problems relating to the disease.
There is no evidence at present that research
needed in the operational aspects of this
component of the disease is receiving prop-
er attention. In fact, the epidemiology of
disabilities as an exclusive entity is poorly
understood. Field care of such patients is in
its infancy.

Will the lowering of immunity among the
rapidly proliferating HIV positives, partic-
ularly in India, have an impact on the clin-
ical and epidemiological aspects of leprosy,
including relapses and reactions? It is hoped
that research on this subject will receive due
attention in the coming years.

The large army of paramedical and med-
ical staff (27,000) in India needs to be re-
trained with the object of optimal usage of
manpower, in the changing scenario of lep-
rosy, with the realization of the need for
low-cost technology particularly suitable for
developing countries with poor economies.
Understanding the ideal communication
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technique suitable to offer effective training
to health personnel so that leprosy man-
agement can be integrated at the primary
health care level is imperative. Some ex-
pertise has already been gained in this area
and it is foreseen that this subject would be
increasingly investigated in future. Admit-
tedly such research is in its infancy today;
retraining workers in the usage of short-act-
ing newer drugs will he most challenging.

There seems to be a certain degree of un-
coordination between laboratory scientists
and field workers in the leprosy research
scene today. While one should not mini-
mize the tremendous knowledge accrued in
laboratory research in the past two decades,
it would seem necessary to balance the
quantum of scientific endeavor with the re-
alities of field situations. Leprosy research
should be undertaken in a need-based man-
ner.

Effective Application of Modern
Immunotherapeutic Measures in the

Treatment of Leprosy*
Gilla Kaplan, Ph.D.

The Rockefeller University
1230 York Avenue

New York, NY 10021, U.S.A.
The immune response can be broadly di-

vided into two categories: cell-mediated im-
munity (CMI) and the humoral, or anti-
body, response. CMI is induced by Th 1 -
type cells and is characterized by the pro-
duction of cytokines such as interferon-
gamma (IFN--y) and interleukin-2 (IL-2).
The humoral response is mediated by Th2-
type cells and involves cytokines such as IL-
4, IL-5, IL-6, and IL-10. Furthermore, the
products of one response can downregulate
the other response. Interestingly, the polar
forms of leprosy display either an intense
CMI with little antibody production and few
Mycobacterium leprae present in the lesions
(tuberculoid leprosy) or high levels of M.
leprae-specific antibody generated with poor
CMI and enormous numbers of bacilli pres-
ent in the lesions (lepromatous leprosy).
Thus, our leprosy research has focused on
the possibility of modulating levels of im-
munity in leprosy patients, thereby enhanc-

* Summary prepared by GWLHDC Laboratory Re-
search Branch from videotaped presentation.

ing recovery through the administration of
cytokines along with chemotherapy.

IL-2 injected into the skin oflepromatous
leprosy patients induces a dose-dependent
increase in induration and infiltration of
protective CD4+ lymphocytes as well as a
decrease in the number of bacilli in the le-
sions. A series of IL-2 injections given in
addition to standard multiple drug therapy
(MDT) for leprosy caused a 0.6 log reduc-
tion in the bacterial load over a 12-month
period. Thus, IL-2 plus MDT accelerates
bacterial clearance.

A second cytokine studied was IFN-y.
IFN-y immunotherapy causes an increase
in keratinocyte Class II expression as well
as an increase in the number of granulomas
and the number of monocytes and T cells
in the lesions. Combined with chemother-
apy, IFN-y also induces a decrease in the
number of M. leprae in the lesions. Unfor-
tunately, 60% of these patients showed signs
of developing erythema nodosum leprosum
(ENL).

In ENL, a painful inflammatory reaction
in leprosy, there is an increase in tumor ne-
crosis factor-alpha (TNF-a) levels in the se-
rum. Thalidomide relieves the symptoms
of ENL, and this correlates with a decrease
in serum TNF-a, suggesting that TNF-a is
associated with the clinical manifestations
of ENL. Furthermore, cells isolated from
ENL patients produce much higher levels
of TNF-a when stimulated with BCG or
lipopolysaccharide than leprosy patients not
undergoing ENL. This implies that ENL ac-
tivates cells to generate elevated TNF-a in
response to agonists.

Elevated serum TNF-a also is observed
in persons with HIV-1 infection and tuber-
culosis, especially if the individual is co-
infected. In addition, TNF-a has been shown
in vitro to activate HIV-1. Thalidomide,
through its selective inhibition of serum and
cellular production of TNF-a, reduces the
toxic symptoms associated with tubercu-
losis and HIV-1 infection (e.g., patients gain
weight) and inhibits the activation of HIV-1
in patients' cells without inducing immu-
nosuppression.

Preliminary studies on borderline tuber-
culoid leprosy patients coinfected with
HIV-1 have demonstrated that these pa-
tients have a lower Mitsuda reaction and a
hyperactivation of cytokines in the circu-
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lation. Interestingly, however, in tubercu-
loid patients with advanced HIV-1 disease
(i.e., virtually no T cells in the circulation),
the tuberculoid lesions show a classical ap-
pearance with increased numbers of CD4+
cells, local IFN--y production, and keratin-
ocyte Class II expression. Therefore, unlike
tuberculosis, HIV-1 disease has shown little
impact thus far on leprosy.

Overview of the
Immunology of Leprosy*

Indira Nath, M.D., F.R.C.Path.
Professor and Head

Department of Biotechnology
All India Institute of Medical Sciences

Ansari Nagar
New Delhi 110029, India

A developing hypothesis in immunology
regarding regulation of the immune re-
sponse places T-cell subsets and their cy-
tokines at the center. In well-studied murine
systems CD4+ T cells can be segregated
into subsets. The TH 1 subset is associated
with cell-mediated immune (CMI) re-
sponses, and produces a limited array of
cytokines, primarily interleukin-2 (IL-2),
interferon-gamma (IFN-y), and lympho-
toxin. The TH2 subset is thought to be in-
volved in supporting humoral immunity
with the production of IL-4, IL-5 and IL-
10, which also have been shown to suppress
CMI. A third subset possess the ability to
produce most of the cytokines found in both
the TH 1 and TH2 subsets and is referred
to as THO. These subsets have been de-
scribed in detail in murine models of infec-
tious diseases but remain less well charac-
terized in humans.

Cytokine studies in lesions from humans
with leprosy have suggested a general TH 1/
TH2 split between the tuberculoid and lep-
romatous forms of the disease, respectively.
Similarly, reversal reactions, believed to be
associated with heightened CMI and de-
layed-type hypersensitivity, show cytokine
profiles of the TH 1 type, while lesions from
erythema nodosum leprosum (ENL) pa-
tients have been shown to exhibit TH2-like
profiles in keeping with the concept that an-

* Summary prepared by GWLHDC Laboratory Re-
search Branch from videotaped presentation.

tibody formation and immune-complex de-
position may be involved in this reactional
state of leprosy. We have analyzed T-cell
subset profiles from various forms of lep-
rosy by measuring both cytokine and mRNA
production from peripheral blood mono-
cytes in vitro when stimulated with Myco-
bacteriimileprae antigen. Our results showed
that THO cells were present in 50% of all
leprosy patients. TH 1 cells predominated in
40% of tuberculoid patients and 50% of all
lepromatous patients demonstrated TH2
profiles. While this is not as clear-cut as the
lesional data presented thus far, it is likely
that the peripheral blood compartment from
which T cells emigrate to lesional sites may
be different. Further studies showed that M.
leprae antigen was unable to shift TH-type
in vitro, suggesting that when disease is
manifest the TH phenotype/cytokine profile
is stable and cannot be influenced by related
antigens of the pathogen.

The suppressive activity of IL-10 and
prostaglandin E, (PGE,) was examined in
cells from lepromatous leprosy patients us-
ing antibody to IL-10 and indomethacin,
respectively. The results showed that both
IL-10 and PGE, act to suppress in vitro pro-
liferative responses from lepromatous pa-
tients' mononuclear cells. While both mol-
ecules appear to suppress, their relative im-
portance and order of action remain to be
determined.

Serological screening of leprosy patients
revealed that polyclonal antibodies directed
against selective sequences in the LSR pro-
tein of M. leprae were present in leproma-
tous leprosy patients undergoing ENL re-
actions. We have been able to describe the
fine specificity of the reactivity and have
ascribed antibody reactivity to three dis-
tinct regions, GVTY, NAA, and RGD. An-
tibodies against NAA were found only in
patients undergoing active ENL. This was
in contrast to the results for the RGD motif,
which was recognized in all ENL patients,
irrespective of the clinical status. Although
GVTY was recognized in both groups of
patients, its recognition was masked by the
flanking glutamic acid residue. These find-
ings point to a specific molecular recogni-
tion pattern that emerges when a lepro-
matous leprosy patient undergoes immune
perturbations leading to ENL. Moreover,
the fine specificity of immunological rec-
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ognition changes during the natural evolu-
tion of the host-parasite interaction.

Immunology Research at Carville
James L. Krahenbuhl, Ph.D.

Chief, Laboratory Research Branch
GW Long Hansen's Disease Center

at Louisiana State University
P.O. Box 25072

Baton Rouge, LA 70894, U.S.A.
Over the past 25 years, immunology re-

search at Carville has included laboratory
and clinical trials of the efficacy of the trans-
fer factor in the immunotherapy of leprosy,
studies of adoptive transfer of T-cell subsets
in Mycobacterium leprae-infected nude
mice, development of armadillo-specific
immunological reagents and assays, and an
on-going investigation of the mechanisms
of action of thalidomide and its analogs in
ameliorating erythema nodosum leprosum
(ENL).

Leprosy, with its clinical and immuno-
pathological spectrum, represents an ideal
model for investigation of the pathogenesis
of an infectious disease and the immuno-
regulation that culminates in the host's re-
sponse. Consequently, much of our research
effort has also been directed at basic im-
munological questions. Central to an un-
derstanding of host resistance in leprosy is
an awareness of the role of the principal host
cell for Al. leprae, the mononuclear phago-
cyte or macrophage (MAC), and its success
or failure in coping with the leprosy bacillus.
Using Carville's valuable resource of a con-
tinuous supply of nude mouse-derived, vi-
able M. leprae, a variety of techniques, in-
cluding our own adaptation of radiorespi-
rometry, allowed us to show that activated
murine MAC had a marked deleterious ef-
fect on Al. leprae in vitro. Investigation of
the mechanism of this effect revealed the
L-arginine-dependent production of reac-
tive nitric oxide to be a key antimicrobial
mechanism directed against the leprosy ba-
cillus.

In other studies, the leprosy bacillus itself
was shown capable of downregulating the
MAC afferent and efferent effector function
as demonstrated in vitro in MACs gorged
with M. leprae isolated from the leproma-
tous foot pads of nude mice. The defective
MAC effector function also was demon-

strated in vitro with mouse MAC infected
with viable Al. leprac, where the bacterial
load of the MAC was a critical variable.

Studies of the traffic of bone marrow-de-
rived MAC into the lepromatous lesions of
nude mice revealed a surprisingly rapid rate
of turnover. Natural killer cell lysis of Al.
leprae-infected MAC was shown to be one
possible mechanism resulting in the release
of bacilli from their host cell. The cytotoxic
capacity of the new MAC themselves also
could play an active role in the acquisition
of Al. leprac from the older target MAC.

A key cell-wall constituent of Al. leprae
(and other mycobacteria) that downregu-
lated MAC function was found to he Ii-
poarabinomannan (LAM), and studies con-
tinue to determine the role of LAM and
other constituents in successful intracellular
parasitism by Al leprac and other myco-
bacteria.

Carville's basic immunology research
agenda will continue to be concerned with
leprosy as an approachable model of a slow-
ly developing, non-life-threatening human
disease that is under important immunor-
egulatory influences because we are able to
borrow freely from the methods and dis-
coveries of this larger field. However, it is
especially important in the corning years that
we be primarily focused on the goals of the
worldwide leprosy elimination program
where our studies can have an important
bearing on immunoprophylactic and im-
munotherapeutic approaches to leprosy
control and on possible mechanisms of pe-
ripheral nerve damage.

Will We Understand Leprosy
Before It Disappears?

Paul E. M. Fine, V.M.D., Ph.D.
Head, Communicable Disease

Epidemiology Unit
London School of Hygiene and

Tropical Medicine
Keppel Street

London WC1E 7HT, U.K.
Although it is sometimes argued that a

thorough understanding of a disease is nec-
essary in order to ensure appropriate con-
trol, there is rhetoric announcing the im-
minent elimination of leprosy ("as a public
health problem") despite the fact that it is
arguably the least well understood of all the
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great infectious diseases of humans. The
pathogen cannot be cultured, the sources
and modes ofinfection transmission are still
contentious, and we cannot recognize in-
fected individuals. The frequency and de-
terminants of disease among infected in-
dividuals are likewise unknown. Although
gender and an HLA-associated genetic de-
terminant have some influence upon the type
of ultimate disease, other yet undefined fac-
tors probably play much more important
roles. There is evidence that BCG vacci-
nation imparts protection against leprosy,
but to a degree which varies between pop-
ulations. As with tuberculosis, the reasons
for this variation are unknown. Even as the
mechanisms of infection and disease re-
main mysterious, we arc unclear as to the
amount ofeither which is extant in the world
today, and whether they are indeed on the
brink of elimination. Most of the available
data are poor, in particular where the prob-
lem appears to be greatest. Although there
is much evidence that leprosy is declining
in Africa, most of Latin America (except for
Brazil?) and Southeast Asia, India appears
to hold more than 90% of the world's lep-
rosy patients and shows little evidence of
the declines evident elsewhere. There is
some evidence that this stability in the num-
ber of leprosy cases is attributable, at least
in part, to nonspecific diagnoses encouraged
by target setting. Clarification of the trends
in India thus assumes prime importance
among the outstanding issues in practical
leprosy epidemiology. Those who wish re-
ally to understand the disease before it all
but disappears must now work overtime
since funds and research are at least equally
as eliminable as Mycobacterium leprac.

Experimental Animal Models and
the Future

Richard W. Truman, Ph.D.
Laboratory Research Branch

Gillis W. Long Hansen's Disease Center
at Louisiana State University

P. 0. Box 25072
Baton Rouge, LA 70894, U.S.A.

Mycobacterium leprac cannot be propa-
gated on artificial laboratory media and an-
imal models play a critical role in leprosy
research. Some early failures at infecting an-
imals experimentally were probably related

to the poor quality of inocula used and to
a lack of appropriate methods for detecting
leprosy infection. However, only a few an-
imal species have been found that will sup-
port replication of M. leprac. These include
some nonhuman primates, laboratory ro-
dents and nine-banded armadillos. The
characteristics ofin fection among these spe-
cies can simulate the entire leprosy spec-
trum and recommend the animals for dif-
ferent uses.

Nonhuman primates were once believed
to be resistant to leprosy infection, but there
have been occasional reports of spontane-
ous leprosy among some primates in cap-
tivity. Using inocula obtained from one of
these spontaneous occurrences (SMML) one
group of workers has shown that mangabey
monkeys and small numbers of other pri-
mate species may actually develop border-
line-type disease upon experimental infec-
tion. Whether the SMML isolate is more
pathogenic for animals or the success of these
infections is the result of better quality in-
ocula is still unclear. Unfortunately, be-
cause of their high maintenance costs, eth-
ical constraints in experimental use and dis-
covery of a contaminating simian immu-
nodeficiency virus, progress with nonhuman
primate models has been limited.

It was not until the 1960s that laboratory
rodents were shown to support limited rep-
lication of M. leprac within cool regions of
their body. Inoculation of 10 3-4 leprosy ba-
cilli into the plantar surface of the mouse
foot pad produces a localized infection in
120-240 days which may contain up to 10 6

bacilli. The use of smaller inocula numbers
or more extensive growth is limited by a
T-cell immunity. Consequently, immuno-
compromised or-deficient rodents have been
used extensively in leprosy research. Con-
genitally athymic nude mice can be inocu-
lated successfully with fewer bacilli, tolerate
growth to greater numbers, and may have
some hemotogenous dissemination. Studies
at Carville have shown that these animals
are susceptible to percutaneous or respira-
tory infection, and inoculation of 10 6-7 M
leprac can give rise to up to 10 10 bacilli in
18 months. Although conventional mice
originally served important roles in phar-
mocologic studies and for evaluating the
drug susceptibility profile ofpatient isolates,
these applications are being supplanted by
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modern molecular probes, antigenic anal-
ysis and other in vitro screening methods.
Presently, however, inoculation of animals
remains the only means to confirm infec-
tiousness of organisms or to evaluate effects
on bacterial division.

Extending on a thesis that cool body tem-
peratures favor growth of M. leprae, inves-
tigators from Carville and elsewhere began
experimenting with nine-banded armadil-
los in the 1970s. This animal's normal body
temperature averages 34°C and those early
studies showed that armadillos uniquely de-
velop a lepromatous type of disease. Intra-
venous inoculation of 10 8 M. leprae into ar-
madillos regularly results in a fully dissem-
inated infection with 10' 2 bacilli recovera-
ble from their internal organs in about 14
months. Other studies at Carville have
shown that armadillos are equally suscep-
tible to infection by respiratory instillation,
and that they will eventually develop dis-
seminated disease after inoculation through
their foot pads. The infectious dose for ar-
madillos may he as low as 1000 M. leprae
but larger doses make for more rapid pro-
gression of the disease. Armadillos and
nude mice are the principal sources of lep-
rosy bacilli for the modern research com-
munity. Mice are well developed as a source
for small numbers of highly viable bacilli
and are susceptible to relatively small num-
bers of M. leprae. Armadillos remain the
primary resource for large-scale expansion
of different isolates. They are the only prop-
agation system which can produce sufficient
numbers of bacilli for biochemical or an-
tigenic analysis with minimal hatch-to-batch
variability. Nude mice can efficiently com-
pliment armadillos in a propagation pro-
gram as a convenient controlled source of
inocula to be expanded in armadillos.

In the past, experimental animals served
mainly as vehicles for the propagation of
leprosy bacilli. Today, they are contributing
to our understanding of the pathogenesis of
infection and will likely become essential
tools in studies on the immunology and ep-
idemiology of leprosy in the future. Ar-
madillos respond to M. leprae skin-test an-
tigens with granulomas that are histopath-
ologically similar to those seen across the
spectrum of human leprosy, and the results
ofexperimental infection correlate with skin-
test results. Armadillos may be particularly

useful in future attempts to develop new
skin-test reagents and other tests for the ear-
ly diagnosis of leprosy. A leprosy-like dis-
ease was first discovered among wild ar-
madillos in 1975. Since that time, the eti-
ologic agent has been confirmed to be M.
leprac and today nine-banded armadillos are
recognized as highly endemic natural hosts
of leprosy. Leprosy appears to be indigenous
to armadillos but follows a distribution pat-
tern similar to that seen among humans.
Armadillos are a unique parallel popula-
tion, and additional studies on these ani-
mals may reveal important new informa-
tion on the ecology and epidemiology of
leprosy. As the prevalence of human leprosy
declines, animal models of the infection will
become increasingly important in order to
develop and evaluate technologies that may
lead to the ultimate eradication of leprosy.

Treatment of Hansen's Disease
Scott G. Franzblau, Ph.D.

Laboratory Research Branch
GWL Hansen's Disease Center
at Louisiana State University

P.O. Box 25072
Baton Rouge, LA 70894, U.S.A.

In the approximately 35 years spanning
the introduction of dapsonc for the treat-
ment of leprosy until the mid-1980s there
had been a total of 4 drugs recognized as
legitimate antileprosy agents: dapsone, rif-
ampin, clofazimine and the thioamides. In
the past 10 years alone, however, this num-
ber has nearly doubled with the recognition
of several fluoroquinolones, macrolides and
tetracyclines as having antileprosy activity.
Ofloxacin, pefloxacin and minocycline were
first shown to have antileprosy activity in
the mouse foot pad model. Development of
in vitro radiorespirometric assays allowed
for large-scale antileprosy drug screening
using small quantities of drugs and ended
the absolute dependence on favorable mouse
pharmacokinetics. These assays made pos-
sible the determination of structure-activity
relationships and facilitated the recognition
of the potent activity of sparfloxacin and
clarithromycin. A number of other agents
have demonstrated antileprosy activity in
in vitro and/or in vivo systems, including
fusidic acid, deoxyfructoserotonin, bromi-
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doprin, roxithromycin and other fluoro-
quinolones, and some have shown clinical
efficacy. Short-term monotherapy trials of
ofloxacin, sparfloxacin, minocycline and
clarithromycin have demonstrated rapid
bactericidal activity in multibacillary pa-
tients, and these agents are currently being
employed in clinical trials of short course
multidrug regimens. The challenge heading
into the next century is to determine the
optimal drug combinations in attempting to
significantly shorten the duration of therapy
without increasing the risk of relapse. An
equally important challenge would be to
identify regimens which also might reduce
the frequency and/or severity of lepra re-
actions.

Short-Course Regimens for the
Treatment of Hansen's Disease

Prof. Dr. Stefaan R. Pattyn
Institute of Tropical Medicine

Nationalestraat 155
B-2000 Antwerp, Belgium

Short-course regimens for the treatment
of Hansen's disease could be defined as reg-
imens with a maximum duration of 1 year.
A summary and updating was presented of
previous and more recent chemotherapy tri-
als in paucibacillary (PB) and multibacillary
(MB) disease. Regimens in PB leprosy var-
ied from 1 year to 1 day. All regimens except
a single dose of rifampin (RMP) were com-
parably effective. A single dose of RMP to-
gether with a single high dose of clofazimine
(CLO) was a satisfactory regimen. The value
of the recently discovered bactericidals
(quinolones, minocycline and clarithro-
mycin) is being studied. Remaining ques-
tions in relation to PB treatment are: the
slowness of histopathological cure, the mo-
ment of the decision to re-treat a PB patient,
and the differentiation of reversal reactions
and relapses.

For MB disease the only acceptable reg-
imens, using the older drugs in which
ethionamide could be replaced by mino-
cycline, are those with a duration of 52 and
34 weeks. Relapses should be suspected by
very careful clinical examination, and they
should be documented accurately by all
means available. Reports of early relapses
(within 3 years after treatment) point to in-
adequate treatment. The absence of early

relapse is no guarantee for the efficacy of a
regimen in the long run.

Since there are presently no means to dis-
tinguish relapse from re-infection with new
strains of Mycobacterium leprae, the deep-
freeze storage of pretreatment skin-biopsy
specimens is recommended, should typing
techniques become available to examine ap-
parent relapses. New trials have been start-
ed to find out whether short-course therapy
of 3 months or less with the newer bacte-
ricidal drugs (RMP, quinolones, minocyc-
line and clarithromycin) will be successful.

Prospects for Contributions from
Basic Biological Research to

Leprosy Control
Patrick J. Brennan, Ph.D.

Professor, Department of Microbiology
Colorado State University

Fort Collins, CO 80523, U.S.A.
In reflecting on these past 15 to 20 years

of outstanding achievements in leprosy re-
search at the molecular and immunological
levels, one must conclude that, neverthe-
less, our contributions to the control of lep-
rosy have been insignificant. Our under-
standing of the genome, phenotype and im-
munological response of Mycobacterium
leprae has exceeded all expectations of 15
years ago. However, a generation of re-
search on serological and genetic approach-
es to early diagnosis and to the epidemio-
logical monitoring of disease incidence has
yielded little of practical value. Perhaps,
throughout these years of intensive labo-
ratory effort, we did not pay close enough
attention to epidemiologists and their in-
sistence on specificity, sensitivity and ease
of application. For too long, also, during the
heyday of leprosy research under the aus-
pices of the WHO/TDR/IMMLEP pro-
gram, we failed to clearly classify our mo-
lecular and immunological research into that
which addressed leprosy as a model of a
unique disease with exceptional immuno-
logical and obligate intracellular dimen-
sions and into that which addressed the more
pressing need for tools and tests for early
diagnosis, epidemiological assessment of
incidence and alleviation of nerve damage.
Yet, it is not too late to make amends. De-
spite a massive afflux of investigators to tu-
berculosis research, the disappearance of
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major intellectual forums and funding
sources, and the dramatic decline in disease
prevalence, there is still opportunity for re-
searchers to contribute to the elimination
of leprosy.

We in basic research have the unique op-
portunity to contribute to the eradication of
a disease. In our dealings with fellow re-
searchers, funding agencies, etc., we should
emphasize this extraordinary opportunity
rather than be naysayers, warning against
drug resistance and citing the old bugaboo,
"No bacterial disease was ever eliminated
through chemotherapy alone."

The immediate needs in our realm of lep-
rosy research are: 1) an international forum
to define research priorities in the context
of the elimination program; 2) the main-
tenance ora minimal research infrastructure
and special materials and resources, just in
ease present predictions on declining dis-
ease prevalence, the virtual absence of re-
lapse/drug resistance, and the lack oral, as-
sociation between HIV and leprosy do not
hold up. Pending such a consensus confer-
ence, I propose that the more pressing re-
search needs in the context of the "new lep-
rosy" are: 1) the continuing testing of new
drug combinations arising from tuberculo-
sis and other antibacterial research in the
mouse foot pad and in limited human trials;
2) development of tests applicable to early
diagnosis and the epidemiological monitor-
ing of the extent of latent leprosy. Serology
and gene amplification hold little hope. The
best prospects lie in a test based on the cell-
mediated immune response, probably the
development of a new generation of skin-
test antigens; 3) research on the immuno-
logical basis of pathogenesis leading to neu-
ropathy, nerve damage and reactions, and
the development of corresponding thera-
peutic interventions.

The broad consensus meeting which I
propose should deal with the questions of
whether research on the identification of
correlates of protective immunity, the de-
velopment ofsubunit vaccines in nude mice
or humans, serology, polymerase chain re-
action, growth of M. leprae, etc., should pro-
ceed in the context of our understanding of
the dimensions of present-day global lep-
rosy. In addition, we should try to identify
means for the continuing support of current
outstanding research that transcends lep-

rosy as a disease, such as sequencing of the
M. leprae genome and the basic understand-
ing of the variable immune response
throughout the various aspects of the dis-
ease.

We should realize that, within these new
guidelines, there is ample challenge for the
best of our scientists. It is regretful that,
faced with the opportunity to annihilate a
disease of one-time awful proportions, so
many of us choose instead to again pursue,
in the context of tuberculosis, questions that
are clearly scientifically meritorious but
again will probably not help in the control
of that disease.

Basic and Applied Research
Emerging from the AI. leprae Genome

Thomas P. Gillis, Ph.D.
Chief, Molecular Biology

Research Department
Gillis W. Long Hansen's Disease Center

at Louisiana State University
P. 0. Box 25072

Baton Rouge, LA 70894, U.S.A.
Leprosy control has evolved over the years

as our understanding of the disease has ad-
vanced. Basic research has guided much of
our understanding of leprosy and has led to
breakthroughs which have improved the
care and treatment attic disease. The major
strategies for controlling leprosy today are
diagnosis, treatment and prevention. Di-
agnosis of leprosy is focused on early de-
tection to minimize pathologic effects as-
sociated with the chronic nature of the dis-
ease. Simple tests are still needed with di-
agnostic and predictive capabilities.
Treatment of leprosy has improved signif-
icantly over the past few years, and current
experimental protocols are being tested to
define minimal dosages and drug combi-
nations necessary to control the infection.
Prevention of infection remains the best
hope for the control and eventual eradica-
tion of leprosy. Research in the areas of ep-
idemiology (transmission), vaccinology and
the basic pathogenesis of leprosy should
eventually lead to an integrated approach
for designing a vaccine, the ultimate goal
for controlling leprosy.

Why have the answers to many seemingly
simple questions concerning leprosy re-
mained elusive for over 100 years? Part of
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the answer is due to unique obstacles as-
sociated with leprosy research. For exam-
ple, Mycobacterium leprae is an obligate in-
tracellular parasite; it has never been cul-
tured in vitro, and it has an extremely slow
growth rate (doubling time = 13 days). To
circumvent some of these problems re-
searchers have had to take indirect ap-
proaches to attempt to answer basic ques-
tions regarding leprosy. Early on, these ap-
proaches included surrogate bacteria as
models and, more recently, they have fo-
cused on static biochemical and genetic
studies of the bacilli in lieu of dynamic stud-
ies with culturable bacteria. Nevertheless,
these approaches have provided insights into
the pathogen and may suggest new models
for studying the disease.

Some of the most intriguing results have
come from studies defining the genetic char-
acteristics of Al. leprac. For example, Al.
leprae appears different from other Myco-
bacterium species in that it has a guanosine
plus cytosine (G+C) content of 56% (my-
cobacteria >60%) and the genome is sig-
nificantly smaller than most other species
in the genus. In addition, initial results of
the M. leprac Genome Project suggest that
Al. leprae utilizes less than half of its po-
tential genetic coding capacity. This char-
acteristic taken together with its small ge-
nome size may explain the severe restriction
for growth in vitro. Another striking feature
of the M. leprac genome is its lack of de-
monstrable strain variants. By comparison,
strain variation based on DNA polymor-
phisms has been relatively easy to demon-
strate in M. tuberculosis. However, RFLP
analysis and DNA sequencing of M. leprac
has yet to demonstrate significant poly-
morphisms useful for typing variants for ep-
idemiologic studies.

Results from the M. leprac Genome Pro-
ject are the most intriguing source of new
information about M. leprae. Sequence
analysis of the genome has identified nu-
merous genes falling into at least four im-
portant categories useful for future study.
These categories include standard house-
keeping genes (necessary for understanding
intermediary metabolism), stress response
genes (possibly involved in intracellular sur-
vival), immunogenic proteins (important in
defining the immune response to AI. leprac),
and genes already known to be powerful

sites for antibiotics. We and others have
taken advantage of sequence data for the
rpol3 gene which is associated with the site
of action for rifampin. We have identified
mutations associated with resistance to rif-
ampin in M. leprac, and have configured a
DNA-based test to detect these mutations
rapidly. We also have successfully applied
this approach for detecting rifampin-resis-
tant strains of Al. tuberculosis, and are de-
veloping simple tests for the determination
of these genotypes directly from biological
samples, obviating the need for cultivating
the bacteria.

It is anticipated that as we learn more
about the genetic characteristics of M. lep-
rae we will be able to understand patho-
genesis at the molecular level. In turn, this
information will help us to design new ap-
proaches for diagnosing, treating and pos-
sibly preventing leprosy through immuno-
logic and chemotherapeutic intervention
strategies.

Closing Comments
Robert Jacobson, M.D., Ph.D.

Director
G. W. Long Hansen's Disease Center

5445 Point Clair Road
Carville, LA 70721, U.S.A.

This was not a consensus conference but
we can sum up, in consensus form, some of
the things that were said. This is not a com-
plete list and it is subject to some revision.
First of all, I believe, as I said at the begin-
ning of the Colloquium, that Carville has
over the years made and continues to make
a major contribution to Hansen's disease
(HD) control and research. Rehabilitation
of HD patients remains an important and
often neglected aspect of patient care and
should receive greater emphasis in the fu-
ture. HD control programs must be main-
tained as they are carefully integrated to pri-
mary health care, and this need will remain
well after the year 2000. Rehabilitation re-
search in HD can markedly benefit HD and
other diseases such as diabetes, and such
technology transfer can have a major im-
pact in care settings such as community
health centers. Psychosocial problems, in-
cluding the stigma associated with HD and
the economic well-being of patients, are im-
portant and receive too little attention in



288^ International Journal of Leprosy^ 1995

most control efforts. High-quality HD con-
trol programs are possible, even under very
difficult circumstances, where you have
dedicated personnel and government and
nongovernmental organizations to support
it.

Tuberculosis continues as a major prob-
lem in world health, and continued efforts
are needed to build and maintain the re-
search capacity to deal with this problem
after years of relative neglect. HD and tu-
berculosis and other mycobacterial research
are in many ways tied together, and each
can benefit from the others' efforts via tech-
nology transfer and, perhaps, more impor-
tantly, collaboration. Funding for HD re-
search continues with NIH and WHO but
competition for funds has increased. HD
researchers will have to take a more activist
role in meetings and applications and per-
haps politically to continue receiving a sig-
nificant share of the monies available.

Great progress has been made in our un-
derstanding of the immunology of leprosy
but much remains to be done, and it is pos-
sible that total elimination of the disease
could ultimately depend on advances in this
area. Progress in HD immunology research
can also benefit other diseases. The epide-
miology of HD is still not fully understood
or even well understood. The study of this
problem has become more difficult as the
number of cases decrease, thus the need for
more effort now.

Perhaps in no area has so much progress
occurred from a clinical prospective as with
chemotherapy. Curative, much shorter reg-
imens remain a distinct possibility using the
newer bactericidal drugs in various com-
binations, and other potent bactericidal
drugs may continue to be found and/or de-
veloped. Prospects for improving our un-
derstanding of HD and its epidemiology
employing molecular biology are good, and
this knowledge may ultimately benefit HD
control. On the other hand, as Dr. Brennan
pointed out, we perhaps need to focus more
on the needs of the elimination effort. I also
think this is important and that's where
much of the effort is probably going to go
in the future. What do we need to complete
the elimination of leprosy and how can we
obtain it?

Finally, I believe we are all agreed that
expertise in all aspects of HD control and
research should be preserved. Otherwise we
risk making sonic of the same mistakes that
were made with tuberculosis and malaria,
for example. I sincerely appreciate all of you
coming to participate in our program and
for your presentations which assured its suc-
cess. Thank you, I hope your stay here has
been a pleasant one, that you have a safe
journey home, and that we can meet here
again in the years to conic to address new
problems as they arise.
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