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OPENING ADDRESS

Ladies and Gentlemen,
On behalf of the Board of the German

Leprosy Relief Association (GLRA), it is a
great pleasure for me to welcome you in
Warzburg for the II Wfirzburg Symposium
on Chemotherapy in Leprosy.

With this Symposium GLRA resumes a
tradition which dates back to the two col-
loquia held at the Borstel Institute in the
early 1970s followed by the first Sympo-
sium on Multidrug Therapy in Leprosy in
1986 in Wiirzburg.

Another reason for selecting this date is
the fact that GLRA and the Institute for
Experimental Biology and Medicine at Bor-
stel look back on 20 years of close and fruit-
ful cooperation. This cooperation between
a relief association and a research institute
may well be considered unique.

GLRA had realized at a very early stage
that better and more effective drugs are nec-
essary to fight leprosy effectively. In the per-
son of Professor Dr. Enno Freerksen, who
was the director of the Borstel Institute at
that time, GLRA found a dedicated and
interested scientist who was prepared to un-
dertake efforts to achieve this goal with
GLRA's support. The result of this joint

venture, the development of a multidrug
therapy (MDT) against leprosy with full
right, may subsequently be called a pioneer
deed. However, it took some time before
this achievement was officially recognized.
Today treatment of leprosy without MDT
is hardly conceivable.

Under the motto "help for leprosy pa-
tients by leprosy research" GLRA made it
its business to support research activities in
the fields of chemotherapy, immunology and
cultivation of the leprosy bacillus. At the
same time, however, GLRA always was and
is interested in convening scientists and
therapists in order to help them develop a
better understanding of each other. With the
background of up-to-date research work it
is, therefore, the declared objective of this
Symposium to provide a problem-oriented
and discussion-seeking forum.

We wish to express our sincere thanks to
all of the scientists who have accepted our
invitation and who agreed to make contri-
butions toward this Symposium within the
next 3 days.

We are also very grateful to the phar-
maceutical companies "action medeor,"
CIBA GEIGY, FATOL-Arzneimittel and
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SANAVITA for their generous financial
support. Please observe their information
booths in the lobby.

Last but not least I wish you all, scientists
and doctors from the field, fruitful discus-
sions motivated by mutual understanding.

If the time permits, you should not fail
to go for a stroll through our beautiful city
which will surprise you with many historical

sights and romantic places. Not to forget,
of course, that famous people like Wilhelm
Conrad Röntgen, Robert Koch and Werner
Heisenberg once taught and worked at the
time-honored Wiirzburg University.

Dr. Helmut Muller, President
German Leprosy Relief Association

WUrzburg, September 1992

INTRODUCTION

In 1986, the German Leprosy Relief As-
sociation (GLRA) organized a "Symposium
on Multidrug Therapy in Leprosy," the pur-
pose of which was to exchange and discuss
recent results in leprosy research and to es-
tablish communication between the scien-
tist and the therapist.

The II WUrzburg Symposium on Che-
motherapy in Leprosy is meant to be a re-
search-based, problem-oriented and discus-
sion-seeking forum.

The decision to hold another Symposium
in Wiirzburg between the American Lep-
rosy Mission's (ALM) Concensus Devel-
opment Conference held in the spring and
the XIV International Leprosy Association
Congress to take place next year deserves
some explanation. The date was selected as
especially appropriate to demonstrate and
acknowledge our deep appreciation for the
close cooperation with the Institute for Ex-
perimental Biology and Medicine at Borstel,
which has been very fruitful over the past
20 years. At the same time, a number of
doctors from the field will be in WUrzburg
and will participate in a meeting of our over-
seas representatives to be held subsequent
to this Symposium. Our special interest is
to inform and motivate these doctors to help
them accomplish their work in the field.

Unlike the ALM Concensus Develop-
ment Conference, which presented a very
wide spectrum of patient treatment, and in

contrast to the ILA Congress, which will
deal with the overall problems of leprosy,
the II Wiirzburg Symposium will concen-
trate on the chemotherapy in leprosy with
special emphasis on basic research and its
conclusions. This has already been an es-
tablished tradition dating back to the two
colloquia at Borstel held in the 1970s and
resumed by the first Wiirzburg Symposium
on Multidrug Therapy in Leprosy in 1986.

Believing in the driving force of compet-
ing opinions, we hope to promote promising
alternatives within the scope of this Sym-
posium and to create a forum for discussion
for as many competent scientists as possible
with the aim of encouraging mutual stim-
ulation, criticism and cooperation.

Together with the Borstel Institute a pro-
gram was worked out which includes the
following topics:

I. The Malta Experience
The Leprosy Unit of WHO has been

invited and has been requested to give
a statement about the significance of
the Malta Project.

II. Efficacy and Side Effects of Isopro-
dian-RMP

Session II will discuss information
which exists about the efficacy and
the side effects of Isoprodian-rifam-
pin (RMP) in the treatment of leprosy
and tuberculosis.
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III. Methods in Drug Screening and/or
Therapeutical Monitoring

The presentation of the different
methods for screening antilcprosy
drugs and in monitoring the efficacy
of treatment by the investigators who
developed these techniques shall
demonstrate the necessity of discuss-
ing a comparative assessment of these
methods.

At the end of this session a Round
Table Discussion about problems
with current regimens is planned
which will deal with the following
suggested points: discussion of WHO-
MDT; critical evaluation of drug
screening and monitoring techniques;
organization of new trials; and rec-
ommendations for the field. Contri-
butions of not more than 5 minutes'
duration may be prepared.

IV. New Antileprosy Drugs
An overview shall be given of the

different new drugs or combinations
of known drugs and their stage of lab-
oratory testing or clinical trial.

V. Future Research in Immunology and
Molecular Biology

Future research in fields other than
chemotherapy will be presented as a
special service to the audience.

The lecturers who have been invited to
make contributions toward the different
topics of the Symposium are listed on pages
321-323.

The audience will mainly consist of ap-
proximately 20 doctors from the field who
arc either working for GLRA or who are
government officials responsible for nation-
al leprosy control programs.

Dr. Horst Frank
Medical Advisor—GLRA Board

Dr. Jiirgen KOnig
Medical Director GLRA

Warzburg, June 1992
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SCIENTIFIC PROGRAM
Wednesday, 16 September 1992

INAUGURATION 
MESSAGES by
Mr. H. KOBER, Vice-President GLRA
Prof. H.-A. MULLER, Vice-President

of the University of Wiirzburg

INTRODUCTION
J. KONIG, Medical Director GLRA

OVERVIEW
W. Meyers, President of the Sympo-
sium

SESSION I 

THE MALTA EXPERIENCE
Chairman: W. Meyers

"1972-1992: 20 years after starting the
eradication project in Malta"

P. Gatt

"Follow-up investigation of the Malta
Project"

R. C. Jacobson

"Evolution of multidrug therapy in lep-
rosy"

S. K. Noordeen

DISCUSSION

SESSION II

EFFICACY AND SIDE EFFECTS
OF ISOPRODIAN-RMP
Chairman: R. C. Hastings

"The risk of INH in the Isoprodian-
RMP regimen"

J. Grosset

"Results of Isoprodian-RMP in tuber-
culosis treatment"

R. Urbanczik

"Multidrug therapy versus dapsone
monotherapy in leprosy"

M. Dietrich

"Paraguay: field experience in a leprosy/
tuberculosis program with Isoprodi-
an/RMP"

A. E. Alvarenga

"India: the use of the fixed drug combi-
nation Isoprodian/RMP under field
conditions"

P. Graf

"Experiences with Isoprodian/RMP in
Tanzania"

H. J. Chum

DISCUSSION

Thursday, 17 September 1992

SESSION III 

METHODS IN DRUG SCREENING 
AND/OR THERAPEUTICAL
MONITORING
Chairman: G. A. Ellard

"Mycobacterial model strains in drug
screening"

K. Visser

"Macrophage system"
P. R. Mahadevan

"Application of fluorescent staining to
assessment of the chemotherapy re-
sponses/drug susceptibility testing in
leprosy"

V. M. Katoch

DISCUSSION

"ATP measurement and thymidine up-
take in patients monitoring and in
vitro drug screening"

A. M. Dhople
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"Determination of the adenylate energy
charge (AEC)"

M. Haas

DISCUSSION
"Use of radiolabelled substrates"
I. Nath
"Palmitic acid oxydation and PGL-I

synthesis"
R. C. Hastings

DISCUSSION

"Immunohistochemistry"
H.-D. Flad
"Detection of mycobacteria in tissue by

polymerase chain reaction"
J. Gerdes
"Therapeutical monitoring by serologi-

cal tools"
M. E. Patarroyo

DISCUSSION

SESSION III 

Chairman: L. Levy
"The laser microprobe mass analysis

(LAM MA) method"
B. Lindner

"Experiences with LAM MA in leprosy"
U. Seydel

DISCUSSION

"Mouse foot pad test system in drug
screening and in monitoring the ther-
apeutical effects of clinical trials"

B. Ji

"The neonatally thymectomized Lewis
rat as a tool for chemotherapy"

R. H. Gelber

"Clinical assessment, BI, MI, relapse
rate"

M. F. R. Waters

DISCUSSION

ROUND TABLE DISCUSSION 

PROBLEMS IN CURRENT REGIMENS
Chairman: J. K. Seydel

Friday, 18 September 1992

SESSION IV

NEW ANTI-LEPROSY DRUGS
Chairman: J. Grosset

"Phenazine derivatives"
A. Dhople

"Inhibition of mycobacterial growth by
hydrazones"

K.-J. Schaper
"Benzylamines and related compounds"
W. Meindl

"New DHFR-inhibitors"
M. Wiese

DISCUSSION

"Possible new targets for drug action"
P. R. Wheeler

DISCUSSION

"Fluoroquinolones"
J. Grosset
"Ofloxacin in antileprosy combinations;

preliminary experiences"
0. Leguizamon
"LAMMA-monitoring of ofloxacin-

treated patients"
M. Haas

DISCUSSION
"The activity of minocycline and amino-

glycosides for M. leprae"
R. H. Gelber

"Macrolides, fusidic acid, lincosamides
and quinolones"

R. C. Hastings
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Rifampin derivatives"
R. C. Jacobson

DISCUSSION

"Short-term chemotherapy with rifam-
pin + cotrimoxazol + isoniacid (Co-
trifacide)"

E. Freerksen
"Brodimoprim/DDS and brodimoprim/

DDS/RMP in vitro and in vivo re-
sults"

J. K. Seydel

DISCUSSION

SESSION V

FUTURE RESEARCH IN
IMMUNOLOGY AND
MOLECULAR BIOLOGY 
Chairman: H. - D. clad

"Immunology"
S. H. E. Kaufmann

"Understanding protective immunity to
leprosy"

J. Watson

"Molecular biology"
S. Cole

DISCUSSION

CLOSING SESSION

Chairman: W. Meyers
"Final bulletin"
W. Meyers

"Closing of Symposium"
H. Frank

"Press conference"
H. Kober
W. Meyers
J. K. Seydel
H. Frank
J. KOnig
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ABSTRACTS

Session I

THE MALTA EXPERIENCE

Chairman: Wayne M. Meyers

Gatt, P. 1972-1992: 20 years after starting
the eradication project in Malta.

Since the Malta Leprosy Eradication Pro-
gram was inaugurated in June 1972, 257
patients have been treated with Isoprodian-
rifampin. The duration of treatment was not
fixed, but was determined for each patient
by the individual patient's clinical and bac-
teriological responses. The mean duration
of treatment was 23 months, and the med-
ication was safe and well tolerated. The small

size of the island facilitated post-treatment
surveillance in a large number of patients
who completed MDT: the mean period of
observation has been 12.26 years (S.D. 5.3)
with a range of 0-19 years and more than
half the patients still attend regularly for
follow up. To date only one patient has re-
lapsed, 17 years after completion of MDT,
and the last case of leprosy was notified in
1989.-51/1 College Street, Rabat, Malta.

Session II

EFFICACY AND SIDE EFFECTS OF ISOPRODIAN-RMP

Chairman: Robert C. Hastings

Grosset, J. The risk of isoniazid in the Iso-
prodian-rifampin regimen.

In order to assess the potential additive
liver toxicity of isoniazid to that of antilep-
rosy drugs, we conducted for 24 weeks a
prospective double-blind trial involving 772
adult patients in four leprosy centers, two
in India, one in Madagascar, one in Ivory
Coast. Patients were given the following
three drugs, daily 100 mg dapsone (DDS)
and 350 mg prothionamide (PTH) plus
monthly 600 mg rifampin (RMP), in com-
bination with either 350 mg isoniazid (INH)
or a placebo. After detailed clinical and lab-
oratory examination on admission, the side
effects and especially liver toxicity were as-
sessed at regular intervals during treatment
by laboratory testing (aminotransferases,
bilirubin, alkaline phosphatase, HBs-Ag)
and recording of spontaneous complaints.
An analysis of the frequency and serious-
ness of side effects was made before break-
ing the code (with or without INH). No sig-
nificant difference in the occurrence or not
of mild or serious side effects was observed

between patients treated with or without
INH. Most (75%) of the observed side ef-
fects occurred during the first 4 weeks of
treatment, and their onset was not related
to INH. On the other hand, body weight
and age were factors related to frequency of
side effects: the higher the body weight, the
less the rate of side effects (p = 0.03); the
rate of serious side effects increased with age
(p = 0.02). — Service Bacteriologic, Faculte
de Mêdecine Pitie-Salpetriere, 91 Blvd. de
l'HOpital, 75634 Paris 13, France.

Urbanczik, R. Results of Isoprodian-rifam-
pin in tuberculosis treatment.

Isoprodian (IPD), usually with rifampin
(RMP), was/is being used for tuberculosis
(TB) chemotherapy in at least 35 countries
worldwide; most experiences come from
Germany, Austria, Tanzania, Republic of
South Africa (RSA), Paraguay and India.
IPD-RMP contains at least 3 potent anti-
Mycobacterium tuberculosis drugs; thus high
sputum conversion and low relapse rates are
not surprising: e.g., in 1.189 M+ pulmonary



61, 2^ II Wfirzburg Symposium^ 305

TB cases in Paraguay (V. Pereira, in prep-
aration) conversion rates (M+ to M —)
achieved 86% after 2 months and 90% after
3 months, with a 2.2% relapse rate. There-
fore side effects and other problems (e.g.,
compliance) seen in different places with
IPD-RMP are discussed preferentially. In a
RSA-controlled trial (H. H. Kleeberg, Che-
motherapy 33 [1987] 219) among 114 per-
sons 3 cases of hepatitis were seen. In Ger-
many (Ch. Hoose, Pneumologie 44 [1990]
458) among 678 patients hepatotoxicity was
observed in 7.4%. In Paraguay 1.3% of hep-
atitis was observed among 1486 patients re-
ceiving IPD-RMP. Such a low hepatotox-
icity rate may be due to lower than
conventional prothionamide (PTH) dosage
in IPD (= 350 mg/day); this is possible due
to increased PTH blood levels when PTH
is given simultaneously with INH (H. Franz,
et al., Prax. Pneumol. 28 [1974] 605). How-
ever, other factors may be important: e.g.,
in China (Ji, et al., Lepr. Rev. 55 [1984]
283) hepatotoxicity of RMP 4- PTH ex-
ceeded 20%. Also, roughly 5% to 30% of
persons receiving IPD-RMP may experi-
ence gastrointestinal troubles (e.g., G. A. El-
lard, et al., Lepr. Rev. 59 [1988] 163), which
may affect their compliance. In summary,
IPD-RMP may be a more suitable (effect/
economy) alternative of SM + INH + TSC,
particularly (?) in regions with an high HIV+
load.— Fatol Arzneimittel GmBH, D/W-
6685, Schiffweiler, Germany.

Dietrich, M., Gaus, W., Kern, P., Meyers,
W. M. and Clinical Study Group. Mul-
tidrug therapy versus dapsone monother-
apy in leprosy: an international random-
ized study with long-term follow up.

Dapsone monotherapy in leprosy was re-
placed by the WHO multidrug treatment
(MTD) concept 10 years ago. We performed
a multicenter, prospective randomized
treatment study on leprosy starting in 1979.
Dapsone was compared with two different
drug combination regimens in patients with
either lepromatous (A) or borderline (B) lep-
rosy from different centers in India and Si-
erra Leone. A 3-year treatment phase was
followed by a 5-year observation phase
without treatment. In the final analysis 233
patients were included. Randomization and
stratification with two clinical diagnoses (L

and B) revealed a close comparability of
groups. Histopathology as the primary out-
come variable was determined objectively
and independent from the clinical obser-
vations and the treatment group. Mouse foot
pad tests were performed at entry; 13 pa-
tients were regarded as dapsone resistant
and treated further with drug combination
regimen. In all treatment groups there was
a parallel decrease of the mycobacterial load
except a single nonresponder in the dapsone
group (mouse foot pad test was sensitive).
Two relapses observed in patients who did
not adhere to the protocol of treatment and
follow up.

Dapsone monotherapy has the same fre-
quency of cure as the combinations of dap-
sone and rifampin or rifampin and isopro-
dian. The statistical test was not significant,
indicating that the differences in therapeutic
success between the three treatment groups
can be due to pure chance. Further, a power
calculation showed that only a rather small
difference between dapsone monotherapy
and the used MDT schemes could have been
overlooked by the study. Thus, we provide
evidence that dapsone monotherapy is an
effective and safe treatment for leprosy. This
is in contradiction to the general opinion
but indicates that carefully designed clinical
studies are needed to determine the supe-
riority of MTD treatment regimens.— Bern-
hard Nocht Institute for Tropical Medicine,
Bernhard-Nocht-Str. 74, 2000 Hamburg 36,
Germany.

Alvarenga, A. E. Field experience in lep-
rosy/tuberculosis program with Isopro-
dian-ri fampin.
After 11 years of experience with Isopro-

dian-rifampin (RMP) in the field of leprosy
and tuberculosis treatment, our achieve-
ments are as follows. In the leprosy pro-
gram, 4898 patients were treated with mul-
tidrug therapy (MDT) since October 1979
in Paraguay. To date, 3116 cases have com-
pleted their treatment. After 5 years of post-
treatment control, 1478 cases are cured. Re-
lapses were detected in 11 cases (0.74%),
the cause of which was not possible to de-
termine. The prevalence rate decreased from
1.7 per thousand inhabitants in 1979 to
0.38% in 1971. Several orders of side effects,
that caused a change of the therapeutic reg-
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imen, were detected in 57 cases (1.16%).
From 1979 until 1991, 14,709 tuberculosis
patients received Isoprodian-RMP. In co-
hort analysis performed since 1987 to 1991,
out of 3779 patients, 2930 (77.5%) were
cured on average. Among 11,766 patients,
treated since 1983 to 1991, 212 (1.8%) re-
lapsed. Therapy was changed in 99 cases
(1.6%) out of 6002 cases treated between
1988 and 1991 because of drug intolerance
and other reasons. Treatment was aban-
doned by 2543 (17.3%) cases out of 14,709
treated during 1979-1991. Among 14,709
patients treated during 1979-1991, 555
(3.8%) died.— Ministerio de Salud Publica
y B.S., Departamento de Lepra, Casilla de
Correo 3054, Asuncion, Paraguay.

Graf, P. India—the use of the fixed drug
combination Isoprodian-rifampin under
field conditions.

Aim of the study: To test the practical
application of the fixed drug combination
under field conditions focusing on: feasi-
bility, complications (reactions and side ef-
fects), and efficacy.

Methods and material: 250 leprosy pa-
tients (MB and PB) from eight Indian lep-
rosy centers were checked at regular inter-
vals for clinical activity, bacterial index and
complications.

Results: a) The specific problems of a
multicenter study were highlighted. b) The
feasibility of using a fixed drug combination
under field conditions was proven and the
efficacy of the treatment was shown. c) A
thorough investigation of side effects showed
a considerable number of minor side effects;
major side effects were few. — Tanzania Lep-
rosy Association, P.O. Box 5478, Dar-es-
Salaam, Tanzania.

Chum, J. H. Experiences with Isoprodian-
rifampin in Tanzania.

Tanzania has had over 10 years' experi-
ence with Isoprodian-rifampin (RM P). More
than 20,000 patients have used the drugs in
our routine program conditions. Compli-
ance in both PB and MB patients has been
good, especially in the former group (PB) as
shown by our cohort reporting. While mi-
nor side effects (like nausea and abdominal
discomfort) are sometimes encountered,
major side effects (like liver toxicity) occur
but rarely. The paper highlights cure rates
and compliance as shown by our cohort re-
ports of the last 3 years. Figures and graphs
on various observations with the drugs are
presented.— Ministry of Health, P.O. Box
9083, Dar-es-Salaam, Tanzania.

Session III

METHODS IN DRUG SCREENING AND/OR
THERAPEUTICAL MONITORING

Chairman: Gordon A. Ellard

Visser, K. and Seydel, J. K. Mycobacterial
model strains in drug screening.

During the preclinical development of new
drugs in chemotherapeutic research, in vitro
test systems are used for the screening of a
great number of compounds because they
are fast and reproducible methods to show
the direct interaction between the drug and
the microorganism without the influence of
pharmacokinetic processes. The lack of an
in vitro test system for Mycobacterium lep-
rae therefore leads to difficulties in the de-
velopment of new antileprosy drugs or drug

combinations. To overcome these disad-
vantages model strains of other mycobac-
teria have been used as substitutes for AI.
leprae, such as Al. "IOC M. marinum, M.
avizttn, M. kansasii, AI. tuberculosis and
others, under the assumption that the modes
of action of old and new drugs on AI. leprae
and these model strains are identical. One
of the main features of a model strain should
be the same or a similar pattern of sensitiv-
ity as has been found for M. leprae against
already known antileprosy drugs. The mod-
el strains have been used not only for the
in vitro testing of new drugs or drug corn-
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binations showing synergistic or antagonis-
tic behavior, but also as sources of target
enzymes, for human serum activity tests and
as causative organisms in animal infection
models.— Med. Pharm. Chem., For-
schungsinstitut, 2061 Borstel, Germany.

Mahadevan, P. R. Macrophage system.

Membrane surface alteration leading to
reduction in the number of Fc receptor bear-
ing macrophages, in the presence oflive My-
cobacterium leprae, has been one of the in
vitro methods that has been used success-
fully. The method has been helpful to de-
termine the viability of any M. leprae sam-
ple from patients under therapy or screen
unknown compounds for antibacterial abil-
ity using isolated Al. leprae. This method is
well correlated with the mouse foot pad
(mfp) as well as the ATP assay systems. The
Fc receptor assay system, as well as fluo-
rescence staining with FDA, has helped to
identify drug-resistant bacilli from relapsed
patients. Such patients have been under
treatment with dapsone, rifampin, and of-
loxacin in combination. New drugs devel-
oped for leprosy also have been screened by
the Fc receptor assay and later confirmed
by the mfp method. Such identified com-
pounds include brodimoprim, K130 and
KS 10. These specific examples are present-
ed.— Foundation for Medical Research, 84A
R. G. Thadani Marg, Worli, Bombay
400018, India.

Katoch, V. M. Application of fluorescent
staining to assessment of the chemother-
apy responses/drug susceptibility testing
in leprosy.

During the last decade, fluorescent diace-
tate-ethidium bromide (FDA-EB) staining
has been used in different laboratories all
over the world for determining the viability
of mycobacteria including Mycobacterium
leprae. The technique has been used on
smears, bacillary suspensions and has been
applied to monitor the chemotherapy re-
sponses as well as in the drug screening. At
JALMA, Agra, FDA-EB staining has been
tried and compared with morphological in-
dex (MI), ATP measurements, gene probe
hybridization/gene amplification tech-
niques as well as conventional parameters

of viability. Our experience, as well as an
overview of other published data, shows that
FDA-EB staining is an easy and rapid meth-
od for measuring the trends of chemother-
apy responses as well as drug susceptibility
testing. However, the persistence of green-
staining character for some time after death,
intermediary stained forms, subjectivity,
requirement of a fluorescent microscope,
and lack of applicability to paucibacillary
cases (including relapses/reactions) are im-
portant limitations. Such limitations are
comparatively much less with biolumines-
cent/molecular gene probe and gene ampli-
fication techniques. — Central JALMA In-
stitute for Leprosy, Taj Ganj, Agra 282001,
India.

Dhople, A. ATP measurment and thymi-
dine uptake in patient monitoring and in
in vitro drug screening.

Mycobacterium leprae has not yet been
grown in vitro in the true sense. Thus, until
recently the only method available to de-
termine the viability of M. leprae has been
mouse foot pad inoculations. However, it
has not been practical to adopt this method
either to monitor the progress of patients or
for screening potential antileprosy com-
pounds. The ubiquitous distribution and
metabolic importance of ATP make precise,
quantitative measurement of ATP a prom-
ising chemical method for quantitating mi-
croorganisms. The method of measuring
ATP is based on bioluminescent reaction of
luciferase and ATP. The technique is sim-
ple, inexpensive, rapid and sensitive enough
to be used with Al. leprae usually obtained
from standard biopsies. Because ATP per
cell can distinguish between deteriorating
populations and those capable of genuine
growth, this technique can be applied for
screening potential antileprosy compounds
using axenic media. Suspensions of M. lep-
rae are able to take up 1 1-1-thymidine, an
important precursor in DNA synthesis.
Thus, it has been adopted to measure via-
bility of M. leprae in axenic media. Because
of the limitations in Al. leprae required, this
method can only be used in screening po-
tential antileprosy compounds. Results ob-
tained from both methods agree well with
foot pad data for both drug screening and
patient monitoring.— Florida Institute of
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Technology, Department of Biological Sci-
ences, Melbourne, FL 32901, U.S.A.

Haas, M. Determination of the adenylate
energy charge (AEC).

The adenylate energy charge (AEC) de-
fines the proportion of energy-rich adenine
nucleotides referred to the total amount of
adenine nucleotides. The ratio is given by
the equation AEC = (1/2 ATP + ADP)/(ATP
+ ADP + AMP). The determination of the
AEC is (in contrast to the determination of
the ATP content) independent from the
number of bacterial organisms and well re-
producible as shown in a variety of publi-
cations for different bacterial genera and also
for eucaryotic cells. For mycobacterial spe-
cies (cultivable as well as noncultivable) only
few data have been published in literature
so far. We discuss the technical details of
the method with particular emphasis on the
noncultivable species Mycobacterium lep-
rae. Furthermore, present AEC data deter-
mined for different untreated and drug-
treated mycobacterial species, including M.
leprae isolated from armadillo tissue, are
presented to demonstrate the applicability
of the method for the determination of drug
effects and with that for drug screening. Im-
plications of the method for in vivo therapy
control are discussed. —Division of Bio-
physics, Institute for Experimental Biology
and Medicine, 2061 Borstel, Germany.

Nath, I. Use of radiolabeled substrates.

Our laboratory has developed a rapid in
vitro radiometric assay for the evaluation of
the viability and drug sensitivity of Myco-
bacterium leprae using 3H-thymidine,
adenosine and other labeled purines. Bacilli
from skin biopsies of leprosy patients have
been maintained in human/murine mac-
rophages and pulsed with the radiolabeled
substrates. Over a 10-15-day period the
cultures with freshly extracted M. leprae
show a significant (p < 0.05 to <0.001)
incorporation of the radiolabel as compared
to the control with the equivalent heat-killed
bacilli. This assay has been found to com-
pare favorably with the mouse foot pad
method. Over 700 leprosy patients have
been screened for drug resistance and effec-
tivity of multidrug therapy at the hospital
and field levels. Radiolabeled compounds

aimed at assessing essential metabolic steps
or at DNA synthesis of M. leprae appear to
be useful as markers of viability, drug re-
sistance and screening of newer drugs. Their
advantage is in the rapidity of diagnosis and
easier quantification of the end results. Al-
though these techniques appear to be high
tech, they can be easily fitted into regional
laboratories with rapidly trainable techni-
cians. This proves more effective than the
mouse foot pad assay which needs long-term
maintenance of animals in air-conditioned
rooms.— Department of Biotechnology, All
India Institute of Medical Sciences, New
Delhi 110029, India.

Franzblau, S. G., Harris, E. B. and Has-
tings, R. C. Palmitic acid oxidation and
PGL-I synthesis.

Over the past few years we have devel-
oped several in vitro methods to follow the
metabolic integrity of Mycobacterium lep-
rae harvested fresh in a highly viable con-
dition from the foot pads of infected nude
mice. Initial work with ATP was replaced
with the Buddemeyer system in which ra-
diolabeled palmitate is catabolized by the
organism to CO,. Biophysical parameters
such as pH, temperature, p0,, and pCO,
were optimized and adapted to the in vitro
synthesis of PGL-I by measuring rates of
incorporation of radiolabeled palmitate, and
finally to the commercially available BAC-
TEC 460 system. The systems were verified
internally by viability determinations in
mice, by comparison to each other, and by
comparison to PCR results. The BACTEC
and Buddemeyer systems were verified in a
double-blind trial of unknown drug solu-
tions in an external trial sponsored by the
World Health Organization. For many pur-
poses, particularly drug screening, these in
vitro metabolic activities of M. leprae can
act as a surrogate for viability determina-
tions in mice. —Laboratory Research
Branch, GWL Hansen's Disease Center at
Louisiana State University, P.O. Box 25072,
Baton Rouge, LA 70894.

Flad, H.-D., Richter, E., Arnoldi, J., von
Ballestrem, W. G., Alvarenga, A. E. and
Gerdes, J. Immunohistochemistry.

Immunohistochemical investigations
have demonstrated clearly that lesions of
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tuberculoid leprosy are characterized by the
presence of CD4* T lymphocytes and cells
producing the cytokines IL-1f3, TNF-a, and
IFN-y; whereas in lepromatous leprosy le-
sions the latter cells arc usually lacking or
very rare. Moreover, preliminary data have
suggested that the cytokine pattern in skin
lesions from LL patients under chemother-
apy changes to a pattern in which more cy-
tokine-producing cells are detectable in pa-
tients under chemotherapy (Flad, et al.,
Trop. Med. Parasitol. 41 [1990] 307-309;
Arnoldi, et al., Am. J. Pathol. 137 [1990]
749-753). In a recent therapy trial with dap-
sone, prodioprim and rifampin, patients
were monitored by follow-up biopsies. Cel-
lular infiltrates were determined, and my-
cobacterial DNA was assessed by polymer-
ase chain reaction (see abstract Gerdes, et
al., this conference). The data so far indicate
that in patients in whom mycobacterial
DNA is found to be reduced during therapy,
there is a clear tendency of an increase of
subepidermal Langerhans' cells, an increase
of infiltrating interferon-y-producing cells,
and a decrease in -y/8+ T cells. Collectively,
these data suggest that cytokine patterns,
characterization of cellular infiltrates, and
assessment of mycobacterial DNA can help
in establishing criteria for the duration of
therapy in patients with various forms of
leprosy. — Department of Immunology and
Cell Biology, Forschungsinstitut Borstel,
Parkallee 22, D-2061 Borstel, Germany.

Gerdes, J., Richter, E., Hahn, M., von Bal-
lestrem, W. G., Alvarenga, A. and Flad,
H.-D. Detection of mycobacteria in tissue
by polymerase chain reaction.

Conventional histopathological diagnosis
of mycobacterial infections is limited to the
detection of acid-fast bacilli. A species-spe-
cific diagnosis was impossible until we re-
cently introduced in situ hybridization and
polymerase chain reaction (PCR) for this
purpose (Arnoldi, et al., Lab. Invest. 66
[1992] 618-623) using Mycobacterium lep-
rae as the model organism. For specific am-
plification ofM. leprae DNA by PCR, prim-
ers were employed which comprise DNA
sequences coding for species-specific 16S
rRNA. Species specificity of the PCR prod-
ucts was confirmed by a) the application of
three primers per PCR assay, resulting in a

genus-specific and a species-specific PCR
product, and b) by direct sequencing of the
PCR amplificates. These techniques were
applied to follow-up skin biopsies enrolled
in a multidrug treatment study. We could
assess the presence and the relative amount
of M. leprae DNA in the biopsies under the
different treatment conditions. In 75% of
the cases investigated thus far, a clear cut
decrease ofM. leprae - specific PCR products
could be demonstrated in the follow-up bi-
opsies of lepromatous leprosy patients un-
der multidrug therapy. The correlation of
the latter findings with immunological pa-
rameters (see abstract Flad, et al.) arc de-
tailed. We assume that PCR techniques in
conjunction with immunohistochemistry
may be powerful tools for therapy moni-
toring of leprosy.— Department of Immu-
nology and Cell Biology, Forschungsinstitut
Borstel, Parkallee 22, D-2061 Borstel, Ger-
many.

Patarroyo, M. E. Therapeutical monitoring
by serological tools.
Leprosy remains an important health

concern for developing countries, mainly
due not to its mortality rate but to the social
consequences suffered by the diseased. Al-
though the Hansen bacillus was discovered
over a century ago, there still remain prob-
lems associated with its diagnosis, classifi-
cation, and therapeutical monitoring. One
of the main tools proposed to solve these
problems is the use of synthetic peptides as
antigens in ELISA-based tests with the aim
of detecting circulating antibodies against
Mycobacterium leprae native proteins. Dur-
ing the last decade our laboratory has
purified several M. leprae proteins from hu-
man-derived lepromas. We have synthe-
sized 15-30 residue peptides from the
N-terminal amino acid sequences of these
proteins, and they have been tested with
untreated patients corresponding to all the
spectrum of leprosy, as well as with healthy
household contacts, active tuberculosis pa-
tients, and normal donors. Our results show
a good correlation between leprosy infection
and reactivity to the synthetic peptides.
Likewise, there is a low recognition of these
peptides by normal donors, active tuber-
culosis patients, and healthy household con-
tacts.— Instituto de Inmunologia, Hospital
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San Juan de Dios, Carrera 10 Calle 1, Bo-
gota, Colombia.

Lindner, B. The laser microprobe mass
analysis (LAM MA) method.

In the LAMMA-instrument a high-power
pulse laser is focused through the objective
of a light microscope onto the sample with
a lateral resolution of approximately 1 gm.
The laser irradiation leads to the evapora-
tion and partial ionization of a small sample
volume and the produced ions are registered
in a time-of-flight mass spectrometer. The
high lateral resolution in combination with
the high sensitivity (approximately 0.01 ppm
for sodium) of the instrument allows the
analysis of individual bacterial organisms.
The mass spectra of bacteria contain infor-
mation on intrabacterial concentrations of
elemental ions, e.g., Nat, K+ and on the
organic cell matrix. The latter is hidden in
complex patterns of organic fragment ions
which were shown to be typical for a given
bacterial population and, thus, can serve as
mass fingerprints. Bacterial impairment is
reflected in changes in the ratio of the in-
trabacterial concentrations of Na± and K
(Nat, K+-ratio) and of the fingerprint pat-
terns. Thus, from the evaluation of these
parameters for a limited number of indi-
vidual organisms from samples taken dur-
ing treatment, statements on drug-induced
impairments can be derived. —Forschungs-
institut Borstel, Parkallee 10, D-2061 Bor-
stel, Germany.

Seydel, U. Experiences with LAMMA in
leprosy.

Laser microprobe mass analysis (LAM-
MA) of a limited number of individual My-
cobacterium leprae organisms allows the de-
termination of the physiological state
(viability) of a bacterial population and its
changes upon the influence of drugs from
the measurements of the intrabacterial Na 4 ,
1(~- -ratios and the evaluation of the mass
fingerprint spectra. The method can be ap-
plied to the in vivo therapy control and to
in vitro drug screening. In the first appli-
cation, M. leprae are isolated for mass anal-
ysis from patients' skin biopsies taken at
different times during treatment. In prin-
ciple, the results can be obtained only a few
days after arrival of the biopsy specimens.

Limitations of the method arise from the
fact that not every biopsy contains sufficient
numbers of bacteria and from difficulties in
connection with the isolation procedure. For
in vitro drug screening, armadillo-derived
Al. leprae are kept in culture medium up to
4 weeks, exposed to a drug at different con-
centrations or for different times, and sam-
ples are prepared for LAMMA. Since Al.
leprae do not multiply under these condi-
tions, only the action of such drugs which
do not interfere with replication or cell di-
vision can be monitored this way. A quan-
tification of the LAMMA data in terms of
percent viables is achieved by the deter-
mination of a limiting value of the Nat,
K' -ratio for viability. Examples for both
applications are presented. — Forschungsin-
stitut Borstel, Parkallee 10, D-2061 Borstel,
Germany.

Ji, B.-H. Mouse foot pad system in drug
screening and in monitoring the thera-
peutic effects of clinical trials.

The mouse foot pad technique is by far
the universally accepted system for screen-
ing new drugs with antileprosy activity. All
of the effective antileprosy drugs have been
demonstrated to exert at least bacteriostatic
activity in the system; whereas no com-
pound shown to be inactive in mice displays
definite effects in leprosy patients. The sys-
tem is time consuming, requires many mice
and gram amounts of the compounds to be
tested, and therefore can be employed to
investigate only limited numbers of com-
pounds that represent a very few selected
classes. However, the anti -Mycobacterium
leprae activity of any new compound iden-
tified by in vitro method must be established
firmly in the foot pad system prior to the
initiation of a clinical trial. Serial mouse
foot pad inoculations with Al. leprae recov-
ered from skin biopsies have been applied
as one of the most efficient techniques in
monitoring the therapeutic effects of new
drugs or combined regimens in clinical tri-
als. It needs only a small number of mul-
tibacillary patients, and allows one to mea-
sure the initial killing of 2 or 3 logs of M.
leprae with immunocompetent mice and 4
or even 5 logs with nude mice. However,
the technique is not sensitive enough to
measure precisely the bactericidal effects of
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rifampin (RMP) administered more than a
few doses and, therefore, is unable to com-
pare various RMP-containing regimens or
any regimen containing more than one pow-
erful bactericidal drug. Mouse foot pad in-
oculation is also the most reliable technique
to confirm the diagnosis of bacteriologic re-
lapse, one of the most important parameters
in monitoring the long-term therapeutic ef-
fect in MB leprosy. — BactCriologie et Vi-
rologie, Facultê de Medecine
triêre, 91 Blvd. de l'HOpital, 75634 Paris
13, France.

Gelber, R. H. The neonatally thymecto-
mized Lewis rat as a tool for chemother-
apy research.

We have found that detection of viable
Mycobacterium leprae from the skin of lep-
romatous leprosy patients by the neonatally
thymectomized Lewis rat (NTLR) is a more
sensitive monitor of M. leprae viability in
short-course chemotherapy with rifampin-
containing regimens than the normal mouse.
We found 3 days to 1 month after the ini-
tiation of two rifampin-containing regimens
that, while only 1 of 66 skin specimens grew
M. leprae in normal mice, 33 of 66 grew
directly in NTLR or on subpassage to
BALB/c mice or other NTLR.

We have also utilized the NTLR model
to simulate chemotherapy of the "persister"
state. In these studies, we infected NTLR
in the hindfoot pads with 5000 M. leprae,
and 1 year later, when the number of M.
leprae per foot pad was 10 7 , these NTLR
were treated with various regimens for 4
months; 2 or more months after discontin-
uing therapy, treated NTLR foot pads were
harvested so as to assess the presence of any
surviving "persisters" by subpassage to both
NTLR and BALB/c mice. We found several
regimens that do not regularly eliminate
"persisters" in this model: rifampin alone,
two schedules of rifampin plus dapsone,
dapsone plus ethionamide, minocycline

alone, and rifampin pius clofazimine. On
the other hand, "persisters" can be elimi-
nated in this model by rifampin plus mino-
cycline, rifampin plus ofloxacin, and
rifampin plus ethionamide. — Medical Re-
search Institute at California Pacific Medi-
cal Center, 2200 Webster Street, San Fran-
cisco, CA 94115-1896, U.S.A.

Waters, M. F. R. Clinical assessment, BI,
MI, relapse rate.

Controlled clinical trials require the con-
current admission and random distribution
of patients to all treatment groups, and must
include a control group receiving standard
therapy for a standard duration. Clinical as-
sessments should, as far as possible, be per-
formed "blind," although treatment meth-
ods (e.g., surgery in neuritis) or drug side
effects (e.g., clofazimine discoloration or
thalidomide sleepiness) may be unavoid-
ably obvious. The timing and nature of as-
sessments should normally be the same for
each group.

The rate of fall of the bacterial index (BI)
(related to classification) is important in as-
sessing the long-term response to chemo-
therapy, and also the effect of cytokine or
other immunotherapy. Smear sites should
be well chosen, and quality control is es-
sential. Although the morphological index
(MI) is not standardized, it is of particular
value in the early detection of relapse and
for the selection of the biopsy site as a source
ofillycobacterium leprae for mouse foot pad
inoculation.

The long-term relapse rate is the essential
assessment of "cure" by any chemotherapy
regimen. Whereas confirmation of relapse
in multibacillary leprosy is usually simple
(but should include mouse foot pad inoc-
ulation), in paucibacillary leprosy it may be
very difficult to distinguish from late rever-
sal reaction, and possible methods are dis-
cussed.— Hospital for Tropical Diseases, 4
St. Pancras Way, London NW1 OPE, U.K.
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NEW ANTILEPROSY DRUGS

Chairman: Jacques II. Grosset

Dhople, A. M. New antileprosy drugs:
phenazine derivatives.

Clofazimine, a deeply colored imino-
phenazine, was first introduced for treat-
ment of leprosy in 1962. It binds externally
to cytosine-guanine DNA base pairs in vitro.
It is very effective against dapsone and ri-
fampin-resistant strains of Al.vcobacterium
leprae. However, this drug is poorly ab-
sorbed from the gastrointestinal tract and
accumulates in the body fat, causing red-
dening and darkening of the skin. To alle-
viate this situation, a number of analogs
recently have been synthesized. The efficacy
of these compounds was evaluated in the in
vitro system and also, in come cases, in the
mouse foot pad system; results were com-
pared with those obtained with clofazimine.

In the in vitro system, there was a definite
structure-related activity among the com-
pounds. Halogenation of p-anilino group in
position 3, as well as in position 7, of the
phenazine ring influenced the activity.
Dichlorocompounds were more active than
monochloro, and furthermore, bromina-
tion in these positions gave higher activity
than chlorination. In position 2, replacing
isopropyl group on iminonitrogen with both
mono and dichloro compounds also gave
higher activity. Among the compounds test-
ed in the mouse foot pad system, similar
structure-related activity was observed. Re-
placing clofazimine in the MDT regimens
with some of these active compounds did
not yield any better results.— Florida Insti-
tute of Technology, Department of Biolog-
ical Sciences, Melbourne, FL 32901, U.S.A.

Schaper, K.-J., Seydel, J. K. and Dhople,
A. M. Inhibition of mycobacterial growth
by hydrazones.

Using thiacetazone (TAZ) as a starting
point, our efforts at developing a new drug
against leprosy resulted in the discovery of
the antimycobacterial activity of heterocy-
clic hydrazones. The properties of these
compounds suggest the enzyme ribonucle-

otide reductase (RR) to be the mycobacteri-
al target whose inhibition indirectly stops
the synthesis of DNA. The hydrazones show
a synergistic potentiation of activity when
combined with other inhibitors of myco-
bacterial multiplication as dapsone, rifam-
pin or isoniazid. The synergism probably is
caused by the simultaneous inhibition of
several steps of the enzyme pathway leading
to DNA synthesis. Since the pharmacoki-
netics and toxicology of the above-men-
tioned heterocyclic hydrazones have not yet
been investigated, we returned to our start-
ing point TAZ. Assuming also that this non-
heterocyclic hydrazone is an inhibitor of
reversal reaction, we indeed found a very
remarkable synergism of antimycobacterial
activities also in combinations of TAZ with
dapsone, rifampin, isoniazid and etham-
butol. These combinations enabled excel-
lent results in the clinical treatment of pa-
tients with atypical tuberculosis (Al. avium
infections, including AIDS). Recent inves-
tigations have shown synergism of the com-
bination of TAZ + rifampin also against M.
leprae in the mouse foot pad test.— For-
schungsinstitut Borstel, Med.-Pharmazeut.
Chemie, Parkallee 4a, D-2061 Borstel, Ger-
many.

Meindl, W. Benzylamines and related com-
pounds.

N-Alkylbenzylamines are specifically ac-
tive against mycobacteria. The most active
compounds against Mycobacterium tuber-
culosis H37Ra also exhibit an inhibitory ef-
fect on atypical mycobacteria such as M.
marinum, Al avium and M. "lufu." Com-
pound 93, N-methy1-3,5-dichloro-benzyl-
amine-HC1, is also tested against Al. leprae
in vitro (Dhople's method) and in the mouse
foot pad test. Since the development of re-
sistance appears when compound 93 is giv-
en alone, the testing in combinations with
antileprosy drugs in vitro and in vivo are
described: Strong synergisms can be seen in
combinations either with dapsone or with
rifampin. Compound 93 is well tolerated by
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all mice even at high doses. In a pharma-
cological screening system, the only side ef-
fects are antihistaminic activities and an an-
tagonism of the slow-reacting substances of
anaphylaxis. In order to reduce the doses
that are needed for inhibiting growth of my-
cobacteria new compounds related to the
benzylamines, such as 1-pheny1-1-alkyl-
amino-alkanes and others, are presented in-
cluding the MIC-values against M. tuber-
culosis, Al. avium-intracellulare and M.
leprae in vitro. The most active new drug
inhibits growth of M. tuberculosis at a con-
centration of 0.125 mg/mi.—Institut fur
Pharmazie, Universitat Regensburg, Uni-
versitatsstra. 31, 8400 Regensburg, Ger-
many.

Wiese, M. New dihydrofolate reductase in-
hibitors.
A new, highly active, dihydrofolate re-

ductase inhibitor (K-130) has been devel-
oped for the treatment of leprosy. This was
demonstrated on Alycobacterium "lufu" as
a model strain as well as on Al. leprae in
vitro. The in vitro efficacy was convincingly
confirmed in mouse foot pad experiments.
On the basis of these results, toxicity studies
in rats and monkeys were performed at the
Central Drug Research Institute in Luck-
now, India, showing that the drug is safe up
to the highest concentrations tested. The
data have been submitted to the Indian Drug
Controller for permission to initiate phase
I clinical trials.— Med.-Pharmaceutical
Chemistry, Borstel Research Institute,
D-2061 Borstel, Germany.

Wheeler, P. R. Possible new targets for drug
action.

This paper considers the targets in en-
velope biosynthesis. Virtually nothing is
known about biosynthesis of envelope com-
ponents so it is difficult to know whether
any of the presently available agents act on
envelope biosynthesis. However, evidence
that isoniazid and ethambutol act on my-
colate synthesis and assembly, respectively,
is reviewed. The mycobacterial envelope
contains many characteristic structures.
Thus, the enzymes for their biosynthesis are
potentially attractive as targets for selective
agents. Particularly attractive targets for new

agents are biosynthetic activities, which
must make the following components
unique to mycobacteria: the mycolylarabi-
nogalactan-peptidoglycan linkage; the
methyl terminus of the meromycolate moi-
ety of mycolic acids themselves; mycocer-
osic acids (the enzyme has been purified);
glycolipids and peptidoglycolipids. It is en-
couraging that the mycobacterial wall ap-
pears to be the permeability barrier to hy-
drophillic solutes, which may include
potential antimycobacterial agents. There-
fore any disruption of the cell-wall struc-
ture—even short of causing lysis of the
bacterial organism—could increase its per-
meability to agents that do not get into my-
cobacteria. — London School of Hygiene and
Tropical Medicine, Keppel Street, London
WC1E 7HT, U.K.

Grosset, J. Fluoroquinolones.

Because fluoroquinolones inhibit bacte-
rial DNA gyrases and have powerful activ-
ities against gram-negative and also gram-
positive microorganisms, and favorable
pharmacokinetic properties, their activities
against Mycobacterium leprae have been
tested in the mouse foot pad system. Daily
150 mg/kg ciprofloxacin was inactive;
whereas daily 50 mg/kg pefloxacin showed
bacteriostatic activity, and daily 150 mg/kg
displayed bactericidal activity. Daily 50 mg/
kg ofloxacin was as active as daily 150 mg/
kg pefloxacin, and daily 150 mg/kg oflox-
acin displayed bactericidal activity; al-
though sparfloxacin was more active than
ofloxacin on a weight-to-weight basis, its
real advantage over ofloxacin in the treat-
ment of experimental leprosy remains un-
clear. Patients with newly diagnosed lep-
romatous leprosy tolerated well up to 6
months of treatment with twice daily 400
mg or once daily 800 mg pefloxacin, and
once daily 400 or 800 mg ofloxacin. Al-
though a single dose of pefloxacin or oflox-
acin only displayed a modest degree of bac-
tericidal effect, about 99.99% of the
organisms viable on day 0 were killed by 22
doses of either 800 mg pefloxacin or 400
mg ofloxacin. In conclusion, ofloxacin rep-
resents the first lead to an important new
antileprosy drug in many years since the
introduction of rifampin.— Service Bacteri-
ologie, Faculte de Medecine
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triêre, 91 Blvd. de l'HOpital, 75634 Paris
13, France.

Leguizamon, 0. R. Ofloxacin in antileprosy
combinations; preliminary experiences.

Since preliminary studies had demon-
strated considerable antimycobacterial ac-
tivity of ofloxacin, it seemed necessary to
utilize it to elaborate our own opinion about
its activeness in leprosy with 9 and 1 LL
and BL patients, respectively. In our stan-
dard therapy (Isoprodian-rifampin) we re-
placed prothionamide with ofloxacin. A rel-
atively high dosage (500 mg/day) was
chosen. During the treatment, 4 cases com-
plained about diarrhea without colic, 2 cases
complained of headache, gastric distur-
bance and vomiting in 1 of them. In this
latter one we decided to reduce the dosage
of the combination and, after a week, the
patient, when again on the initial dosage
showed good tolerance. In the remaining 4
cases, good tolerance was observed. The du-
ration of the treatment was limited to 2
months, followed by a period of observation
without treatment from 2 to 6 months. As
a final result, the therapy was excellent in 2
cases, and in the remaining 8 cases the treat-
ment was continued with our standard ther-
apy.— Ministerio de Salud Publica, Depart-
ment° de Lepra, Casilla de Correo 3054,
Asuncion, Paraguay.

Haas, M. LAMMA monitoring of ofloxa-
cin-treated patients.

In a clinical trial including 17 multiba-
cillary leprosy patients, the in vivo effec-
tiveness of ofloxacin (200 mg twice daily for
3 months) on Mycobacterium leprae was
tested via mass spectrometric determina-
tion of the intrabacterial ratios of the con-
centrations of the sodium and potassium
ions (Nat, K+-ratio) of individual bacteria
isolated from skin biopsies. In parallel, mass
spectra of the fragment ions originating from
the organic cell matrix were registered and
evaluated as mass fingerprints with statis-
tical methods to provide additional infor-
mation on drug-induced impairment. Both
methods revealed that in five cases the bac-
teria did not respond to the therapy. They
did not show any significant changes in the
Na+, K+-ratio or in the mass fingerprint

spectra relative to the untreated controls.
In two cases, these findings were backed by
ATP measurements. In the responder cases,
the Al. leprae were severely impaired. From
the cation ratios the percentage of viable
organisms averaged over all untreated bi-
opsies was determined to be 58% on the
basis of a limiting value of the Na' , K -
ratio for a viability of 0.43. The percentage
killing during the first 3 months of mono-
therapy was 72%. — Division of Biophysics,
Institute for Experimental Biology and
Medicine, D-2061 Borstel, Germany.

Gelber, R. H. Activity of minocycline and
aminoglycosides for Mycobacterium lep-
rae.

We found both in mice and in clinical
trial that minocycline has great potential for
the treatment of leprosy: In mice minocy-
cline was consistently bactericidal (99.7%
and 99.4%) for Mycobacterium leprae, reg-
ularly inhibited all isolates (15) tested at lev-
els easily attained in man by standard dos-
ages, was additive in activity for M. leprae
when combined with other antimicrobials
(dapsone, rifampin, and kanamycin), and
was active administered intermittently (once
weekly and at times once monthly). In our
clinical trial of 100 mg minocycline admin-
istered once daily to eight lepromatous lep-
rosy patients, clinical improvement was
uniquely rapid, and by mouse foot pad in-
oculation no detectable viable M. leprae
were found in the dermis of any patient after
3 months' therapy, a faster rate than for
either dapsone or clofazimine monothera-
py. Minocycline has the distinct advantage
over other newer agents in proved safety for
periods of administration longer than 1
month. Our findings in mice and clinical
trial have now been confirmed in several
locales.

We found in mice that kanamycin, strep-
tomycin, and amikacin resulted in impres-
sive killing ofM. leprae (respectively, 99.7%,
97%, and 96%), while gentamicin and to-
bramycin had no such significant bacteri-
cidal effect. Importantly, we noted in mice
that monthly streptomycin resulted in syn-
ergistic killing when combined with month-
ly rifampin. Although a number of studies
have shown that streptomycin is effective
against lepromatous leprosy, its require-
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ment for injection and the high frequency
of presumed drug-resistant relapse when
used as monotherapy have limited its use-
fulness. With the current emphasis on de-
veloping very short, fully supervised ther-
apy, perhaps it may yet play a role in the
therapy of lepromatous leprosy.—Medical
Research Institute at California Pacific
Medical Center, 2200 Webster Street, San
Francisco, CA 94115-1896, U.S.A.

Franzblau, S. G., Harris, E. B. and Has-
tings, R. C. Macrolides, fusidic acid, lin-
cosamides, and quinolones.

Using the in vitro metabolic activity of
freshly harvested and highly viable Myco-
bacterium leprae from infected nude mice
as a surrogate for viability of the organisms,
we have screened over 100 compounds for
antileprosy activity. In addition to the
known antileprosy drugs we have found ac-
tivity in unusual classes of drugs. The first
of these was erythromycin. Customary
screening concentrations of erythromycin in
diets resulted in no detectable blood levels
in mice. We then tested several newer mac-
rolides with more favorable mouse phar-
macokinetics and showed that clarithro-
mycin, among others, was bactericidal in
vivo as well as active against M. leprae in
vitro. Fusidic acid is also active in vitro and,
like erythromycin, has poor pharmacoki-
netics in the mouse. Fusidic acid is under-
going a clinical trial in leprosy patients with-
out a preliminary mouse screening. Among
the lincosamides, clindamycin seems prom-
ising in vitro. Among the fluoroquinolones,
sparfioxacin is most potent in vitro against
the leprosy bacillus. — Laboratory Research
Branch, GWL Hansen's Disease Center at
Louisiana State University, Baton Rouge,
LA 70894, U.S.A.

Jacobson, R. R. Rifampin derivatives.

Rifamycin SV was the predecessor of ri-
fampin and the first of the rifampin group
of antibiotics to be extensively studied. Its
activity in the treatment of leprosy patients
was first reported in 1963. It was clearly
effective but the necessity of giving it by
injection limited its usefulness. Rifampin
itself was then developed and its powerful
bactericidal activity against Mycobacterium

leprae and M. tuberculosis ultimately re-
volutionalized the treatment of leprosy and
tuberculosis. Since that time, large numbers
of rifampin derivatives have been devel-
oped and some have been tested in animal
models and/or for activity in human lep-
rosy. Thus far none has proven to have any
significant advantage over rifampin itself.-
GWL Hansen's Disease Center, 5445 Point
Clair Road, Carville, LA 70721, U.S.A.

Freerksen, E. Short-term chemotherapy
with rifampin + cotrimoxazol + isoni-
azid (cotrifazide).

The experimental basis of the combina-
tion rifampin + cotrimoxazol + isoniazid
is briefly described. Its clinical application
in the Paraguay Project with mostly LL cases
revealed: a) high tolerance (in no case had
treatment to be discontinued because of side
effects), b) high practicability (due to its
being offered as a fixed combination), c) a
rapid effect allowing a short duration of
treatment (a minimum of 2 months is rec-
ommended), d) good compliance, and e) at-
tainment of bacterial negativity in the smear.
This combination excels by its broad ther-
apeutical spectrum, covering also infections
often associated with leprosy (e.g., tuber-
culosis and other mycobacterioses, certain
infections of the intestine or the urinary tract,
as well as unspecific skin processes in re-
lation with ulcera, etc.). —Sterleyer Str. 44,
D-2410 M011n, Germany.

Seydel, J. K. Brodimoprim/dapsone and
brodimoprim/dapsone/rifampin; in vitro
and in vivo results.

A new combination consisting of dapsone
(DDS) and the dihydrofolate reductase in-
hibitor brodimoprim (BDP) has been de-
veloped for the treatment of leprosy. The
combination of these two drugs shows strong
synergistic inhibitory activity. This is dem-
onstrated on Mycobacterium "lufu" as a
model strain as well as on M. leprae in vitro.
The in vitro efficacy has been convincingly
confirmed in mouse foot pad experiments.
The combination shows a perfect fit in its
pharmacokinetic properties resulting in
parallel serum concentrations (approxi-
mately 1:1 ratio) with a half life of approx-
imately 24 hr. On the basis of these results,
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trials on previously untreated patients
100) have been performed in ALERT/Ethi-
opia and Asuncion/Paraguay with the fol-
lowing regimens: ALERT, A: 200 mg BDP
daily, B: 200 mg BDP + 25 mg DDS daily
and in Asuncion, C: 200 mg BDP + 100
mg DDS + 600 mg rifampin daily. Regi-
mens A and B were stopped after 3 months
of treatment and treatment was continued
with WHO MDT in accordance with the
initial protocol. Regimen B shows convinc-

ing clinical and laboratory efficacy after 3
months. Treatment with Regimen C was—
in contrast to the initial protocol—com-
pletely stopped because of the excellent clin-
ical results. Patients are now under relapse
control. Tolerance of all three regimens was
generally good. The combination of BDP/
DDS is highly effective and safe. — For-
schungsinstitut Borstel, Med-Pharmazeut.
Chemie, Parkallee 4a, D-206I Borstel, Ger-
many.

Session V

FUTURE RESEARCH IN IMMUNOLOGY AND
MOLECULAR BIOLOGY

Chairman: Hans - Dieter Flad

Kaufmann, S. H. E. Immunology.

T lymphocytes are the major mediators
of protection against and the pathogenesis
of leprosy. Two major T-cell populations
are known: T cells expressing the a/i3 T-cell
receptor represent > 90% of all peripheral
T cells; the minor (< 10%) population ex-
presses a -y/(5 receptor. While only limited
information is available about VS T cells,
a/(3 T cells have been analyzed more fully.
So-called TH 1 cells produce the cytokines
interleukin 2 (IL-2) and interferon-gamma
(IFN-y) which activate important effector
functions of antimicrobial resistance and of-
ten are cytolytic; so-called TH2 cells pri-
marily secrete the B-cell stimulating IL-4,
IL-5, and IL-10. These two T-cell subsets
seem to negatively regulate each other. a/f3
T cells of the CD8 phenotype are primarily
cytolytic and produce TH 1-like interleu-
kins. Recently, production of TH2-like in-
terleukins by CD8 T cells also has been de-
scribed. Also, -y/S T cells, after activation
with mycobacteria, are cytolytic and secrete
TH1-like interleukins. Recent evidence in-
dicates that interactions between these T-cell
sets determine the final outcome of the im-
mune response. Interleukins from TH 1 cells
as well as cytolytic T cells contribute to pro-
tection. Target cell lysis may participate in
pathogenesis. TH2-like activities are in-
volved in specific unresponsiveness. A bet-
ter understanding of these immune inter-

actions may provide helpful information
toward the rational design of immunomod-
ulatory regimens for the therapy of lepro-
sy.— Department of Immunology, Univer-
sity of Ulm, Albert-Einstein-Alice 11,
D-7900 Ulm, Germany.

Watson, J. D. Understanding protective
immunity to leprosy.

Leprosy remains a major health problem
in tropical areas. An effective vaccine for
leprosy is an important goal for immunol-
ogists. Recently, a large trial of a vaccine
which incorporated BCG and killed My-
cobacterium leprae was reported to have
given no increased protection over the use
of BCG alone (Convit, et al., Lancet 339
[1992] 446). This result is in agreement with
animal studies, where it has been shown
that vaccination with killed M. tuberculosis
did not give protection against subsequent
challenge with live M. tuberculosis (Orme,
J. Immunol. 140 [1988] 3589). These stud-
ies have been interpreted to show that in-
duction of protective immunity requires
contact with live organisms. However, a re-
cent study has shown that mice vaccinated
with a protein extract of M. leprae are pro-
tected against subsequent challenge with live
M. leprae in the foot pad (Gelber, et al.,
Infect. Immun. 60 [1992] 1840). Thus, the
reason that killed mycobacteria do not con-
fer protective immunity may be that they
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contain immunosuppressive components
such as phenolic glycolipids and lipoarabi-
nomannan. A major focus of recent research
has been the cloning, sequencing and ex-
pression of the genes for M. leprae antigens,
including the 18-kDa and 65-kDa antigens
and superoxide dismutase. It seems likely
that a suitable combination of recombi-
nant-derived mycobacterial antigens will be
able to make up an effective antimycobac-
terial vaccine. We are currently testing this
concept in an animal model of mycobac-
terial disease.— Department of Molecular
Medicine, School of Medicine, University
of Auckland, Private Bag 92019, Auckland,
New Zealand.

Cole, S. Molecular biology.

During the 1980s, leprosy research has
benefitted considerably from the applica-
tion of molecular biology, and several im-
portant advances in our understanding of

the biology, genetics and immunology of
Mycobacterium leprae were made. It is clear
that our knowledge of the etiological agent
of leprosy will expand on a much greater
scale during the 1990s due to the impact of
the M. leprae genome sequencing project
and the implementation of surrogate mo-
lecular genetics. The vast quantities of data
generated should lead to improvements in
our conception of the problem and provide
new leads for research in the chemotherapy
and immunoprophylaxis of leprosy. Details
are presented of the progress on the molec-
ular biological front and points covered in-
clude the rapid detection of drug resistance,
identification of new drug targets, and the
construction of a centralized data base con-
taining all available information of interest
to leprosy research workers.— Laboratoire
de GenOtique Moleculaire Bacterienne, In-
stitut Pasteur, 28 Rue du Dr. Roux, 75724
Paris 15, France.
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FINAL REPORT

The Malta Experience
Although leprosy exists in sizable num-

bers in most parts of Africa, Asia and Latin
America, prevalence is very uneven among
and within countries. Of all registered lep-
rosy patients 82% live in five countries: In-
dia, Brazil, Myanmar (Burma), Nigeria and
Indonesia. Globally, there has been a re-
duction of 42% in registered cases between
1985 and 1992. However, approximately
600,000 new patients are detected each year,
and the true annual incidence of leprosy may
currently be close to 1 million. It is esti-
mated that between 2 and 3 million indi-
viduals in the world are disabled because of
leprosy, including those considered cured
and removed from the registries.

Multidrug therapy (MDT) was attempted
as early as the 1950s to improve the effect
of treatment in those leprosy patients who
were "poor responders" to sulfone. The
therapy workshops of the 1963 and 1973
International Leprosy Congresses recom-
mended some form of MDT to prevent or
manage resistance to sulfone therapy.

In 1972 a unique program for the eradi-
cation of leprosy by multidrug chemother-
apy was initiated by Prof. Enno Freerksen
(Research Institute Borstel) in the island na-
tion of Malta. Two-hundred-fifty-seven pa-
tients have been treated with Isoprodian-
RMP. The mean duration of treatment was
23 months. The mean period of observation
was 12.26 years. To date only one patient
has relapsed 17 years after having com-
pleted MDT. In September 1992 the third
independent review of the Malta study, un-
der the auspices of the World Health Or-
ganization (WHO), was carried out. In
agreement with the previous visits it was
found at that time that in the 130 cases
studied there is no evidence of active lep-
rosy. This historical leprosy treatment trial
initiated in Malta with the combined drug
regimen of Isoprodian-RMP showed ex-
tremely encouraging results. It is considered
today as an important landmark in the che-
motherapy of leprosy (quoting Dr. Noor-
deen from WHO).

This Malta Isoprodian-RMP MDT trial
has demonstrated that a) it is possible to

have finite periods of treatment in leprosy
irrespective of fears of relapse through per-
sistence of M. leprae, b) successful chemo-
therapy of patients can reduce transmission
of infection, and c) international coopera-
tion involving nongovernmental organiza-
tions can be highly successful in contrib-
uting to leprosy control. In this connection
the WHO and others noted the importance
of recognizing the highly significant contri-
bution made by the German Leprosy Relief
Association in reducing the prevalence of
leprosy in the world.

Ten years later in 1982 the WHO Study
Group introduced an alternative MDT for
the treatment of leprosy. Unfortunately, a
decade later still only approximately 50%
of all known leprosy patients receive MDT.
There are over 4 million patients who are
not being treated at all or not receiving
MDT.

Efficacy and Side Effects of
Isoprodian-RMP

Several presentations at this Symposium
reviewed the efficacy of Isoprodian-RMP
multidrug therapy. Large field trials have
been conducted in countries such as India,
Tanzania and Paraguay. The feasibility of
the use and the efficacy of the Isoprodian-
RMP treatment has been shown. Side ef-
fects reported for this drug combination were
mostly minor. The more serious side effects
(hepatotoxicities) were relatively rare. Hep-
atotoxicity may also be a problem of defi-
nition and may be caused by a number of
geographic- and ethnic-dependent factors
and drug unrelated (e.g., hepatitis, alcohol
intake). Hepatotoxicity was seen in only
1.3% to 1.4% of treated patients, and gas-
trointestinal complaints in 5% to 30%. As
already stated, major side effects were rare,
possibly due to the strict adherence to dos-
age and administration according to body
weight.

It was generally found at the II Wiirzburg
Symposium on Chemotherapy that the Iso-
prodian-RMP treatment advocated by Prof.
Freerksen back in the early 1970s has now
been widely accepted.
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Methods in Drug Screening and/or
Therapeutic Monitoring

Many different in vitro tests were pre-
sented for drug screening and monitoring
treatment. They included the macrophage
system, fluorescent staining, ATP and ad-
enylate charge measurement, thymidine up-
take, palmitate oxidation, PGL-I synthesis,
and the determination of sodium/potassi-
um ratios and mass fingerprint pattern by
the LAMMA technique as well as the use
of a bacteriological in vitro test using model
strains or M. leprae and BACTEC.

The use of immunochemical methods to
study the cellular changes that occurred in
leprosy lesions as a result of effective treat-
ment was described, as well as the employ-
ment of the polymerase chain reaction (PCR)
to detect leprosy bacilli in tissue samples.
Evidence was presented for the increased
sensitivity of the neonatally thymectomized
Lewis rat for detecting small proportions of
viable M. leprae from treated patients.

It was encouraging that when different
techniques had been used concurrently to
assess potential loss of viability, parallel
findings were usually obtained. It would
therefore be valuable to mount further com-
parative studies to assess the time pattern
of losses in mouse foot pad infectivity, and
losses ofM. leprae's metabolic and synthetic
activities following exposure in vitro and in
vivo to different antileprosy drugs.

During the Round Table Discussion it be-
came clear to all participants that existing
MDT regimens have their limitations. They
should be improved regarding antimicro-
bial activity, acceptability and ease of im-
plementation in the field. The main diffi-
culty in developing new drug combinations
is the fact that there is no one method to
date that may predict the cure or relapse of
a leprosy patient.

New Antilepros_v Drugs
There have been repeated efforts to syn-

thesize improved clofazimine derivatives
without significant success. However, one
derivative (B 4100) showed slightly im-
proved activity. Interest in heterocyclic hy-
drazones and N-alkylbenzylamines and in
their synergistic combinations with other
drugs was stressed because of their antilep-

rosy activity. The importance and practical
interest of dihydrofolate reductase inhibi-
tors (K-130 and brodimoprim), alone or in
combination with other drugs including
dapsone and rifampin, has been studied at
length in in vitro and in vivo tests in animals
and in man with excellent short-term re-
sults. Among possible new targets for drug
action, unique components of the myco-
bacterial cell wall might be of great interest
for rational drug development. The pow-
erful bactericidal activity of new fluoro-
quinolones such as ofloxacin and pefloxa-
cin, clarithromycin and minocycline were
stressed. In addition, fusidic acid and clin-
damycin seem to be promising in vitro. None
of the newly developed rifampin derivates
has demonstrated any significant advantage
over rifampin itself.

Because of the highly promising activities
of the newly developed antileprosy drugs
the main emphasis of research in leprosy
might be as follows:
• What are the drugs that should be com-

bined with rifampin to obtain the most
powerful activity against actively multi-
plying Al. leprae and against metaboli-
cally inactive AI. leprae (persisters)? In
other words, what is the most efficacious
drug combination which would permit the
reduction of the length of treatment to a
more acceptable duration, thus assuring
a more generalized implementation of
MDT?

• What are the laboratory and clinical tests
which would permit the demonstration
of the superiority of new drug combina-
tions over the standard MDT regimens
without having to evaluate efficacy by
waiting for relapses?

Future Research in Immunology and
Molecular Biology

Leprosy is one of a number of infectious
diseases where the knowledge of both the
pathogen and the host immune response
following infection is essential for the un-
derstanding of the clinical spectrum of dis-
ease.

Three areas have been updated for the
future:

• Analysis of the pathogenesis of the dis-
ease at the molecular and cellular level.
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This also involves the development of
better methods for the early diagnosis of
the disease.

• Generation of new vaccines to protect
against infection. This involves the clon-
ing, sequencing, and expression of genes
ofM. leprae and the definition of epitopes
of M. leprae antigens which are recog-

nized by human T lymphocytes and, thus,
able to induce protective immunity.

• Need for better techniques to monitor
chemotherapy and future immunother-
apy, including the determination of se-
rum antibodies and reactive T cells and
immunohistochemistry.
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