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Introduction’

A scientific meeting on the chemotherapy
and immunology of leprosy was held 18-
19 November 1981 at the Department of
Medical Research, Ministry of Health, Bur-
ma in Rangoon, jointly sponsored by the
Southeast Asian and Western Pacific Re-
gional Offices of the World Health Orga-
nization (WHO) and the immunology of
leprosy (IMMLEP) and chemotherapy of
leprosy (THELEP) Scientific Working
Groups of the UNDP/World Bank/WHO
Special Programme for Research and Train-
ing in Tropical Diseases. A second meeting,
devoted to the immunology and epide-
miology of leprosy, was jointly sponsored
by the Indian government, Indian Council
for Medical Research, and the UNDP/
World Bank/WHO Special Programme for
Research and Training in Tropical Dis-
eases.

The first presentations reviewed the sta-
tus of chemotherapy in leprosy and are to
be published in Leprosy Review. Dr. L. Levy
described the goals of the THELEP program
and the strategy that has been adopted to
achieve these goals, and particularly con-
trolled clinical trials of the chemotherapy of
lepromatous leprosy. Dr. M. F. R. Waters

' Received for publication on 22 November 1982;
accepted for publication in revised form on 15 June
1983.
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discussed the background of the trials,
sketching the historical development of the
concept of trials in which the attempt is
made to detect ““persisting” Mycobacterium
leprae by innoculation of immunosup-
pressed mice and describing the design of
the trials. Dr. R. J. W. Rees presented the
available results from the innoculation of
mice, with particular emphasis on the un-
expectedly high prevalence of primary re-
sistance to dapsone in both the Central Lep-
rosy Teaching and Research Institute,
Chingleput, South India, and the Institut
Marchoux, Bamako, Mali, sites of the cur-
rent trials. Dr. S. R. Pattyn described the
design of the THELEP field trials of chemo-
therapy in lepromatous leprosy in which
lepromatous patients are being treated with
largely intermittent, multidrug regimens for
two years after achieving smear negativity,
following which chemotherapy will be
stopped and relapse rates measured. This
presentation was followed by a description
of the SEARO-sponsored Burma rifampin
trial by Dr. Maung Maung Ghi. This trial
involved an attempt to interrupt transmis-
sion of M. leprae from infectious sources to
contacts by the addition of a brief (two-week)
course of daily rifampin to the standard
dapsone monotherapy; the hoped for result
is a decreased attack rate, compared to that
in the control population, in which only
standard dapsone monotherapy is em-
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ployed. Dr. G. A. Ellard then discussed the
problem of the generally poor compliance
of leprosy patients with prescribed chemo-
therapy.

There followed several papers on various
aspects of resistance to dapsone which re-
vealed the magnitude of the problem for the
first time. Dr. J. M. H. Pearson presented
the problem as it was understood at the time
THELEP activities began, and described the
strategies adopted by THELEP to further
clucidate the problem. Dr. M. C. Christian
presented an up-to-date summary of the
continuing prevalence survey of secondary
dapsone resistance in Gudiyatham Taluk,
South India. Dr. R. S. Guinto presented the
results of the recently completed survey of
primary resistance to dapsone in Cebu, The
Philippines. Dr. P. N. Neelan and Dr. Kyaw
Lwin described the ongoing survey of sec-
ondary resistance in Trivellore Taluk, South
India, and Myingyan Township, Burma, re-
spectively. Dr. Ji Baohong presented the re-
sults of a virtually completed survey of sec-
ondary resistance in Shanghai Municipality.
Finally, Dr. Robert Utji presented the first
results of an informal survey of dapsone
resistance in Jakarta, including a case of pri-
mary resistance. It was clear from these pre-
sentations that the rate of increase in both
secondary and primary resistance to dap-
sone was increasing more than anticipated,
which presents a pressing challenge to new
strategies for chemotherapy.

It was in this context that the scientific
basis forimmunological intervention in lep-
rosy was discussed, the papers for which are
published here. The research plans and pro-
gress of the IMMLEP program were sum-
marized in presentations by Drs. Bloom,
Godal, Rees, Shepard, and Buchanan. Dr.
Bloom discussed rationales for vaccination
against leprosy; Dr. Godal reviewed im-
munological mechanisms in leprosy; Dr.
Rees discussed the production of M. leprae
from armadillos, the IMMLEP Bank for M.
leprae, and the purification procedure; Dr.
Shepard presented results of animal vacci-
nation studies with various preparations,
and discussed the use of animal models for
studying immunological unresponsiveness
to M. leprae; and Dr. Buchanan discussed
the use of monoclonal antibodies and de-
velopment of sero-epidemiologic methods.
These basic presentations were followed by
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three papers involving studies carried out
on human beings with potential ““vaccine”
preparations. Dr. Convit presented his data
on immunotherapy on a large number of
lepromatous and borderline patients with a
mixture of killed M. leprae and live BCG.
Dr. Deo reviewed data on studies carried
out by his group on patients using the ICRC
bacillus. Dr. Talwar presented his data on
human studies using Mycobacterium w and
also a preparation of hapten-modified M.
leprae.

Following the presentation of preliminary
human sensitization studies, Dr. Fine re-
viewed the epidemiological considerations
relevant to leprosy, and Dr. Nordeen dis-
cussed the epidemiological problem in-
volved in vaccine trails. The operational
problems in vaccine trails were presented
by Dr. Guld, particularly in relation to the
experience in the BCG trails in South India.

In addition to the formal presentations
included here, there followed a round-table
discussion on epidemiological studies in
leprosy in which the various field studies
being carried out by scientists from endemic
countries were discussed, as well as oppor-
tunities for their participation in IMMLEP/
THELEP-supported programs.

Participating in the November 1981
meeting were:

Dr. M. Abe

National Institute for Leprosy Research
Tokyo, Japan

Dr. A. B. Adiga

Ministry of Health

Pachali, Nepal

Dr. Anan C. Pakdi

SEARO

New Delhi, India

Dr. Aung Win Thien

Department of Medical Research
Rangoon, Burma

Dr. Ayele Belehu

Armauer Hansen Research Institute
Addis Ababa, Ethiopia

Dr. Bencha Petchelai

Ramathibodi Hospital

Bangkok, Thailand

Dr. V. N. Bhatia

Central Leprosy Teaching and Research Institute
Chingleput, South India

Dr. B. R. Bloom

Albert Einstein College of Medicine
Bronx, New York, U.S.A.
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Dr. T. Buchanan

University of Washington

Seattle, Washington, U.S.A.

Dr. C. J. G. Chacko

Schieffelin Leprosy Research and Training Centre
Karigiri, South India

Dr. S. Chan

National University of Singapore
Singapore

Dr. M. C. Christian

Schieffelin Leprosy Research and Training Centre
Karigiri, South India

Dr. J. Convit

Instituto Nacional de Dermatologia
Caracas, Venezuela

Dr. E. Daulako

Twomey Memorial Hospital

Suva, Fiji

Dr. M. G. Deo

Cancer Research Institute

Bombay, India

Dr. K. V. Desikan

Central JALMA Institute for Leprosy
Agra, India

Dr. G. A. Ellard

National Institute for Medical Research
London, England

Dr. C. A. P. Ferracci

Institut Marchoux

Bamako, Mali

Dr. P. Fine

London School of Hygiene and Tropical Medicine
London, England

Dr. T. Godal

Norwegian Radium Hospital

Oslo, Norway

Dr. G. le Gonidec

Institut Pasteur

Noumea, New Caledonia

Dr. R. S. Guinto

Leonard Wood Memorial

Cebu, The Philippines

Dr. J. Guld
Copenhagen, Denmark

Dr. Huan Ying Li

Beijing Friendship Hospital
Beijing, China

Dr. Ji Baohong

Zeng Yi Hospital

Shanghai, China

Dr. Kinh Due

Hospital Bach Mai
Hanoi, Vietnam

Dr. Kyaw Lwin

Department of Health
Rangoon, Burma

Dr. L. Levy

Hebrew University—Hadassah Medical School
Jerusalem, Isracl

Dr. L. Lopez-Bravo

WPRO, WHO

Suva, Fiji

Daw Mar Mar Nyein

Department of Medical Research
Rangoon, Burma

Dr. Maung Maung Ghi

Department of Health

Mandalay, Burma

Dr. P. N. Neelan

Central Leprosy Teaching and Research Institute
Chingleput, South India

Dr. S. K. Noordeen

World Health Organization

Geneva, Switzerland

Dr. S. R. Pattyn

Prince Leopold Institute for Tropical Medicine
Antwerp, Belgium

Dr. J. M. H. Pearson

Dhoolpet Leprosy Research Centre
Hyderabad, India

Dr. M. Pinto

University of Sri Lanka

Peradeniya, Sri Lanka

Dr. K. Rajagopalan

National Leprosy Control Centre
Sungei Buloh, Malaysia

Dr. R. J. W. Rees

National Institute of Medical Research
London, England

Dr. N. M. Samuel

Anadaban Hospital

Kathmandu, Nepal

Dr. H. Sansarricq

World Health Organization

Geneva, Switzerland

Dr. P. A. Seshadri

Central Leprosy Teaching and Research Institute
Chingleput, South India

Dr. J. K. Seydel

Borstel Research Institute

Borstel, Federal Republic of Germany
Dr. C. C. Shepard

Centers for Disease Control

Atlanta, Georgia, U.S.A.

Dr. G. P. Talwar

All-India Institute of Medical Sciences
New Delhi, India

Dr. Than Win

Department of Health

Rangoon, Burma

Dr. R. Utji

University of Indonesia

Jakarta, Indonesia
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Dr. Vicharn Vithayasai

Chiang Mai University

Chiang Mai, Thailand

Dr. M. F. R. Waters

Hospital for Tropical Discases
London, England

Dr. Ye Gan-yun

Chinese Academy of Medical Sciences
Taizhou, China

Dr. Y. Yuasa

Sasakawa Memorial Health Foundation
Tokyo, Japan

Participants in the February 1983 meet-
ing included:

Dr. B. A. Askonas

National Institute for Medical Research

London, England

Dr. B. R. Bloom

Albert Einstein College of Medicine

Bronx, New York, U.S.A.

Dr. T. M. Buchanan*

University of Washington

Seattle, Washington, U.S.A.

Dr. M. Christian

Schieffelin Leprosy Research and Training Centre

Karigiri, India

Dr. G. W. Comstock

The Johns Hopkins University School of Hygiene and
Public Health

Washington County Health Department

Hagerstown, Maryland, U.S.A.

Dr. J. Convit*

Instituto Nacional de Dermatologia

Caracas, Venezuela

Dr. M. G. Deo

Cancer Research Institute (Tata Memorial Centre)

Parel, Bombay, India

Dr. K. V. Desikan

Central JALMA Institute for Leprosy

Agra, India

Dr. P. E. M. Fine

London School of Hygiene and Tropical Medicine

London, England

Dr. T. Godal

The Radium Hospital

Montebello, Norway

Dr. M. D. Gupte

Department of Social and Preventive Medicine

Mahatma Gandhi Institute of Medical Sciences

Sevagram, District Wardha, India

Dr. R. K. Mutatkar

Department of Anthropology

University of Poona

Pune, India

* Unable to attend.

Dr. P. N. Neclan

Central Leprosy Teaching and Research Institute

Chingleput, India

Dr. M. Pinto

Department of Microbiology
University of Peradeniya
Peradeniya, Sri Lanka

Dr. V. Ramalingaswami
Indian Council for Medical Research
New Delhi, India

Dr. N. M. Samuel

The Leprosy Mission
Anandaban Hospital
Kathmandu, Nepal

Dr. C. C. Shepard

Leprosy Laboratory

General Epidemiology Branch
Bacterial Diseases Division
Centers for Discase Control
Atlanta, Georgia, U.S.A.

Dr. G. P. Talwar

Department of Biochemistry
All India Institute of Medical Sciences
New Delhi, India

Dr. S. P. Tripathy
Tuberculosis Research Centre
Chetput, Madras, India

Dr. C. M. Vellut

Hemerijckx Leprosy Centre
Tamil Nadu, India

Dr. Das Gupta

Deputy Drugs Controller (India)
DGHS, Nirman Bhawan
New Delhi, India

Dr. K. K. Koticha
Medical Superintendent
Leprosy Hospital
Bombay, India

Dr. V. Sen Gupta
Central JALMA Institute for Leprosy
Agra, India

Dr. D. B. Bisht

Additional Director-General of Health Services

DGHS, Nirman Bhawan
New Delhi, India

Dr. K. C. Das

Assistant Director-General (Leprosy)
DGHS, Nirman Bhawan

New Delhi, India

Dr. Gangadhar Sharma
State Leprosy Officer
Tamil Nadu, Madras, India

Dr. G. Ramu
Central JALMA Institute for Leprosy
Agra, India

503



504 International Journal of Leprosy 1983

Dr. Indira Nath
All-India Institute of Medical Sciences
New Delhi, India

Secretariat

Dr. S. K. Noordeen
Secretary

IMMLEP and THELEP Steering Committees
Leprosy Unit

WHO Headquarters
Geneva, Switzerland

Dr. H. Sansarricq

Chief, Leprosy Unit

WHO Headquarters
Geneva, Switzerland

Dr. G. Torrigiani

Chief, Immunology Unit
World Health Organization
Geneva, Switzerland

Dr. T. Matsushima
Medical Research Officer (Tropical Discases)
WHO/SEARO

New Delhi, India

Dr. N. K. Shah

Regional Adviser
Communicable Diseases
WHO/SEARO

New Delhi, India

Dr. B. B. Gaitonde
Laboratory Services
WHO/SEARO

New Delhi, India

Dr. Anan C. Pakdi
Medical Ofhcer (Leprosy)
WHO/SEARO

New Delhi, India
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Rationales for Vaccines Against Leprosy'

Barry R. Bloom?

The IMMLEP program of the UNDP/
World Bank/WHO Special Programme for
Research and Training in Tropical Discases
has as its goal to develop a vaccine against
leprosy. The IMMLEP program was found-
ed on the premise that it would be possible
to develop a vaccine which provided pro-
tection against clinical leprosy. The avail-
ability of Mycobacterium leprae grown in
the armadillo and methods developed for
purification of bacilli from armadillo tissue
made the possibility feasible.

Correlation between specific cell-mediated
immunity and resistance

The basic assumption of any vaccine is
that induction of a state of immunologic
reactivity to M. leprae antigens will lead to
protection. Perhaps the key finding that es-
tablishes a relationship between immunity
and protection derives from the observation
of the different courses of disease across the
spectrum of leprosy. It is clear that BT and
TT patients express strong levels of cell-
mediated immunity and have the capability
of restricting the growth of M. leprae, al-
though this process may cause tissue dam-
age and clinical problems. LL and BL pa-
tients are less able or unable to restrict the
growth of the organisms and lack cell-me-
diated immunity. In contrast, there appears
to be a negative correlation between the level
of circulating antibodies in patients and the
ability to restrict the growth of M. leprae,
higher titers generally being found in lep-
romatous than in tuberculoid patients. The

' Received for publication on 22 November 1982:
accepted for publication in revised form on 15 June
1983.

2 B. R. Bloom, Ph.D., Professor and Chairman, De-
partment of Microbiology and Immunology. Albert
Einstein College of Medicine, Bronx. New York 10461,
U.S.A. Chairman, IMMLEP Steering Committee,
UNDP/World Bank/WHO Special Programme for Re-
search and Training in Tropical Diseases.

basic premise, then, is supported by a strong
correlation between cell-mediated immu-
nity and the ability of patients to kill or
restrict the growth of M. leprae. That is sim-
ply a correlation, however, not a proof or a
guarantee that a person exhibiting cell-me-
diated immunity to leprosy bacilli cannot
develop clinical leprosy.

A second line of evidence that supports
this approach is the observation of Dhar-
mendra and Chatterjee (%) that lepromin-
positive individuals who develop leprosy
never develop the lepromatous form; they
only become borderline or tuberculoid. The
correlation between cell-mediated immu-
nity and the resistance to growth of the or-
ganism in tuberculoid patients and the cor-
relation between cell-mediated immunity
macrophage activation and increased cy-
tocidal oxygen metabolites and degradative
enzymes suggests that induction of cell-me-
diated immunity should lead to increased
resistance, although that resistance cannot
be conceived of as being absolute.

Specific cell-mediated immunity can be
induced with killed M. leprae or
other mycobacteria

The second specific experimental premise
is that M. leprae or other cultivatable my-
cobacteria can produce cell-mediated 1m-
munity to antigens of the leprosy bacillus.
Probably the first line of evidence to support
this view is a modern reinterpretation of the
Mitsuda test for leprosy. The Mitsuda test
would appear to be unique among all tests
for cell-mediated immunity in that it is read
not at 24-48 hr but at 28 days. Since in
almost all other systems it is possible to
detect pre-existing immunity by skin tests
that are read at 48 hr, an alternative to the
traditional interpretation of the Mitsuda test
1s that it is not only a skin test which mea-
sures pre-existing cell-mediated immunity
but is, in fact, a minimal vaccine. As such,
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it has been designed to discriminate be-
tween individuals who are unresponsive to
antigens of the leprosy bacillus (either be-
cause they have lepromatous disease or be-
cause they have been unexposed to the ba-
cillus or crossreactive antigens) and those
who have already been clinically or sub-
clinically infected and for whom the Mit-
suda test is a “‘booster” which augments
weak, prior-existing sensitization or, in fact,
simply is able to sensitize in 28 days. The
fact that a significant percentage of normal
individuals in leprosy nonendemic coun-
tries or areas become Mitsuda positive sug-
gests either that it is a weak vaccine or that
some individuals have been primed against
crossreactive antigens.

A second line of evidence indicating that
M. leprae is immunogenic derives from the
studies of purified M. leprae carried out in
mice, guinea pigs, and armadillos which in-
dicate that, even in the absence of any ad-
juvants, purified and killed M. /leprae are
capable of engendering delayed-type hyper-
sensitivity. In the mouse and in the arma-
dillo there is clear evidence that protection
against M. leprae infection is induced as
well. On the other hand, the specificity re-
mains unclear. At present, using monoclon-
al antibodies it appears that there will be
specific antigenic determinants that are spe-
cific to the leprosy bacillus. While there are
unique epitopes on some protein and gly-
coprotein antigens, there are other cross-
reactive determinants on the same mole-
cules, suggesting that there is no unique
species of protein. The only unique species
of antigen appears to be the phenolic gly-
colipid I antigen of Brennan. It is clear that
vaccination of mice with BCG will protect
against growth and dissemination of live M.
leprae, and there is clear evidence that sen-
sitization with M. leprae will lead to cross-
reactions with a variety of other mycobac-
terial antigens. It is thus very difficult to
establish what the unique and specific an-
tigens of the leprosy bacillus are, whether
some must be included in the vaccine to
induce protection, whether other antigens
will induce unresponsiveness, and whether
other mycobacteria share these key anti-
gens. The dilemma in interpreting cross-
reactive immunization is compounded by
the results of two large-scale BCG vacci-
nation trials in which the degree of protec-
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tion against leprosy initially varied from 80%
in Uganda to 20% in Burma. The reasons
for the difference in results remain un-
known.

Vaccine strategies

There are at present two rationales for
vaccination against leprosy. One is immu-
noprophylaxis, which is designed to protect
a population at risk against developing clin-
ical leprosy. The second is immunotherapy,
which is designed to convert anergic lep-
romatous patients to a state of specific cell-
mediated immunity in the hope that they
will then cure their infection and, ultimate-
ly, their discase.

A killed M. leprae vaccine. Such a vac-
cine would be designed exclusively for im-
munoprophylaxis, since a vast amount of
evidence indicates that lepromatous pa-
tients are immunologically unresponsive to
the leprosy bacilli they are harboring and to
M. leprae antigens introduced in skin tests.
The premise would be that a naive popu-
lation would be primed to positive immune
reactivity to specific antigens of M. leprae.
When they became infected at some later
time, the infecting organisms would serve
to boost their already existing levels of cell-
mediated immunity and the patients would
develop either subclinical leprosy and elim-
inate the organisms or, at the worst, would
develop a mild, tuberculoid-type, self-heal-
ing discase.

Such a vaccine has the potential for pro-
viding information on one of the key prob-
lems in leprosy, namely, the identification
of patients at high risk for lepromatous lep-
rosy. Nonresponders to repeated vaccina-
tion could be considered immunologically
unresponsive and at high risk, identified,
and treated with chemotherapy, just as was
done in tuberculosis in some countries.

Killed or live cultivable mycobacterial
vaccines to provide crossreactive immunity
against M. leprae. The first experimen-
tal tests of this strategy were those using
a BCG vaccination for protection against
leprosy where the results in different parts
of the world yielded vastly different rates
of protection. There are studies of small
numbers of patients with borderline or po-
lar lepromatous leprosy who were vacci-
nated with BCG in which clinical improve-
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ment was reported, although many of the
patients developed reversal reaction symp-
toms. Preliminary studies on the efficacy of
cultivated mycobacterial vaccines in pro-
ducing immunological conversion in lep-
romatous patients have recently been very
encouraging (?), but there are potential dif-
ficulties. The first is that in the absence of
identifiable M. leprae-specific antigens, it is
very difficult to know which mycobacteria
have appropriate specific antigens cross-
reactive with antigens required for protec-
tion against M. leprae. In this regard, the
ability to produce continuous antigen-spe-
cific human T cell lines may provide a
unique approach to defining determinants
which may be important in cell-mediated
immunity. A second concern is that even if
unique specific or crossreactive antigens are
found, how can one be sure that they will
not engender immunological unresponsive-
ness or suppression, rather than priming for
immunity to the key antigens? (A question
which also could be asked of the killed M.
leprae vaccine itself.) A third concern is the
use of living microorganisms in people who
may have some immunodeficiency or im-
munological unresponsiveness against my-
cobacterial antigens. One of the appealing
aspects of this strategy, however, is the abil-
ity to produce very large amounts of such
a crossreactive vaccine very inexpensively.

A vaccine of killed M. leprae plus living
BCG. The basis for this vaccine is derived
from Dr. Convit’s observations (*) that when
killed M. leprae were injected into the skin
of lepromatous patients together with BCG,
there was degradation and clearance of the
M. leprae, which was not seen when the
leprosy bacilli were inoculated alone. Based
on these observations, Convit has demon-
strated that such a vaccine of killed A.
leprae plus BCG has strong immunothera-
peutic effectiveness in patients with inde-
terminate and borderline lesions, and most
recently with polar lepromatous leprosy,
leading to skin test conversion, degradation
of organisms in the skin, and marked clin-
ical improvement ('), although the immu-
nological rationale for this mixed vaccine
remains to be elucidated. In any case, the
data available on several hundred patients
clearly indicate that this vaccine has ther-
apeutic efficacy in many patients who are

Bloom: Rationales for Vaccines

507

otherwise anergic, and should have im-
munoprophylactic potential in the normal
population. One advantage of this vaccine
would be that if there were patients at high
risk for lepromatous leprosy or harboring
leprosy bacilli, this vaccine may well force
them to immunoconversion and therefore
serve therapeutically to cure their infection
while it is still subclinical.

Problems inherent in vaccines
against leprosy

Epidemologic. The only way that any of
these vaccine strategies can be evaluated
ethically and meaningfully is by first induc-
ing resistance in appropriate animal models
and then by field trials in man. Many animal
studies with purified M. leprae have already
been done or are in progress. Relatively
small-scale field trials can be set up to ask
the question whether these antigen prepa-
rations are capable of inducing cell-me-
diated immunity to antigens of the leprosy
bacillus. It becomes a much greater problem
to ascertain whether induction of cell-me-
diated immunity confers with it resistance
to infection by M. leprae. For therapeutic
trials, which in this case become the most
feasible, one simply has to test relatively
small numbers of patients with well-defined
stages of leprosy and look for therapeutic
benefits as well as immunoconversion. With
respect to protection of normal populations,
field trials become very complex. M. leprae
are very slow-growing organisms, the prev-
alence rate may be as low as 0.5 per 1000
population, and assuming that four out of
five cases of leprosy are likely to be of the
tuberculoid variety, this means that one may
have to vaccinate 1000 people to see a dim-
inution in one detectable case of leproma-
tous disease over a decade. The third pop-
ulation for vaccination which is appealing
is that of household contacts of patients with
lepromatous leprosy, who are known to have
a higher incidence of leprosy, yet the logis-
tics of identifying those individuals, vacci-
nating, and monitoring them are probably
more cumbersome than larger scale mass
vaccinations in field trial areas in many
countries.

There is basically no precedent for using
a vaccine against a disease of such long du-
ration and low prevalence, and one must
assume that the study would have to be con-
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tinued for 10-15 years before results could
be evaluated.

Ethical considerations. In order for any
vaccine to be recommended for field trials
it must be shown to be safe and effective in
small-scale studies. There is a vast amount
of data from Mitsuda testing that indicates
that killed M. leprae does not pose any sub-
stantial risk to humans, and one expects
purified bacilli to be even more free of tox-
icity. Even there, the maximal dose required
for sensitization and for determining pa-
tient acceptability has yet to be established.
The second consideration is whether or not
there is evidence in animals that the vaccine
is protective against M. leprae infection. We
know that both components of the Convit
vaccine, killed M. leprae and live BCG, are
protective in mice against infection with
freshly isolated human bacilli. With respect
to vaccines using cultivable mycobacteria,
it is important to establish that they have
some protective activity against M. leprae
infection in an animal model to provide the
kind of justification required by the World
Health Organization (WHO) for sanction-
ing its use in man.

“The vaccine causes leprosy.” One pre-
diction in vaccinating a large population in
a leprosy endemic area is a likelihood that
patients who have indeterminate or bor-
derline disease, without having manifested
clinical symptoms, will begin to show the
signs of tuberculoid leprosy after vaccina-
tion. There are two consequences. The first
is that one can almost certainly expect the
cry from the public health and administra-
tive authorities that the vaccine is causing
disease, and it will take a long process of
education and preparation as well as careful
monitoring and availability of appropriate
treatment to minimize this problem. The
more serious consequence is that some pa-
tients who are harboring the leprosy bacillus
around the nerves, as they develop rapid
cell-mediated immunity, may be expected
to develop nerve damage. This must be an-
ticipated, and appropriate and rapid treat-
ment provided. It is encouraging that only
a very small number of Convit’s vaccinated
patients developed any neurologic symp-
toms, and they were no more severe than
those found with chemotherapy.

The duration of sensitization. Because of
the low incidence of leprosy, and the long
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latent period before the disease i1s manifest,
it is necessary that such a vaccine have en-
during sensitization in order to provide pro-
tection over a long period of time. The du-
ration of sensitization in man remains to be
established. If a vaccine is not able to confer
high levels of sensitization over a ten-year
period, then revaccination or booster vac-
cination of the population may have to be
considered in any vaccine protocol.

Specificity of the vaccine. From a scien-
tific point of view, it is important to estab-
lish which of the potential vaccination strat-
egies is the most effective. This requires a
comparison of any of the strategies listed
above with, for example, a BCG vaccine
trial, and with each other. In essence, then,
if this were a laboratory experiment it would
be a trial with at least four experimental
arms and one unvaccinated arm. It is clearly
not feasible, either in terms of the avail-
ability of populations or financial support
for such trials in the foreseeable future, to
carry out five-armed studies over this long
a period of time. It is unfortunate that dif-
ficult and possibly arbitrary or pragmatic
choices will have to be made.

Unknown variables. While a great deal of
information is available, there remains a
large number of scientific variables that will
not be understood at the time of vaccination
trials, including: a) the mode of transmis-
sion; b) what factors determine the form of
disease; and c¢) what role environmental my-
cobacteria have in enhancing or suppressing
responsiveness of different populations to
the vaccine. Yet each of these could play a
significant role in determining the outcome
in an individual and in a population.

In this regard, it is my view that any pro-
posed vaccine trials must be undertaken
initially as small-scale field studies with de-
fined questions, which can be expanded step-
wise in a phased schedule to encompass
more individuals and to ascertain if the im-
munological efficiency is high and the risks
and side effects are low. As these phased
studies continue, at some point it becomes
possible to begin to assess protective effi-
cacy and, hence, these can truly be consid-
ered a vaccine trial.

Prospects for vaccines

In light of the difficulties and unknowns,
why entertain the possibility of a vaccine
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against leprosy? We believe there are three
key reasons. With what is already known
from the basic immunological studies and
therapeutic vaccine trials in leprosy pa-
tients, it seems possible to produce cell-me-
diated immunity and some degree of pro-
tection against the leprosy bacillus. The
materials for many of these vaccine strat-
egies are either currently available or likely
to become available within the next few
years. This makes the vaccine strategy a fea-
sible one. Knowledge of basic immunologic
mechanisms operative in resistance to in-
fection and the identification of specific an-
tigens of the leprosy bacillus will be ex-
panding at a much more rapid pace than
will the results of clinical trials. This makes
the issue an urgent one. Finally, leprosy is
a unique scourge of man from historical
times to the present, and engenders a unique
kind of fear because it is a disease of the
mind as well as the body. Since there is no
obvious animal reservoir of the disease like-
ly to be involved in transmission to man,
the prospect is that a successful vaccine has
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the potential to eradicate leprosy from the
face of the earth in one generation or less.
This, plus the obvious limitation of chemo-
therapy, including the limited epidemiolog-
ical effectiveness of treating people who al-
ready have disease, the logistical difficulties
of, for example, case finding, and the emer-
gence of drug-resistant organisms make the
case for a leprosy vaccine a compelling one.
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Impressions on the Expression of

Suppression in Leprosy'

Tore Godal, Abu Salim Mustafa, and Abebe Haregewoin?

This paper will focus on our present un-
derstanding of immunological mechanisms
involved in lepromatous leprosy and the
lepromin reaction.

Lepromatous leprosy

Several mechanisms have been proposed
during the last two decades to explain the
immunological defect in lepromatous lep-
rosy: a) nonspecific anergy, b) defect of an-
tigen-presenting cells, ¢) immunological en-
hancement (T cell blocking by antibody at
the “peripheral” level), d) immunological
tolerance (clonal deletion), and ¢) suppres-
sion.

The last three mechanisms all have in
common that T cells play a central role in
the deficiency, although the contribution of
antigen presentation mechanisms (b) in the
pathogenesis remains unclear. In the latter
half of the 1960s, nonspecific immunode-
ficiencies were a popular concept in im-
munology. With the interest in tumor im-
munology in the early 1970s, the blocking
of T cell function by antibody was thought
of as a mechanism applicable to a number
of conditions, including leprosy, but as re-
viewed elsewhere (*), both mechanisms ap-
pear to be unlikely. The T cell deficiency in
lepromatous leprosy shows specificity to
Mycobacterium leprae antigens and cannot
be blocked by humoral antibody in vitro
and, thus, lepromatous leprosy was found
to have features in common with immu-

! Received for publication on 22 November 1982;
accepted for publication in revised form on 15 June
1983.
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nological tolerance or ““central failure.” This
does not mean that nonspecific defects do
not occur, but patients with such defects
may die quickly from other diseases, such
as viral infections. The specific defect(s),
therefore, may result from a selective pro-
cess.

Then came the discovery of suppressor
cells—the main concept being explored at
present. From a theoretical point of view,
it is presently difficult to envisage that any
state of specific immunological unrespon-
siveness can be due to any mechanism other
than suppression. The reason for this is as
follows: The molecular biology of immu-
noglobulin synthesis is now known in some
detail due to recent advances in deoxyri-
bonucleic acid (DNA) technology. A point
that has emerged from these studies is that
the specificity of the antibody molecule is
determined by a random process at the DNA
level before cells have acquired antibody
molecules (receptors) at the cell surface ('°).
This means that we have pre-receptor B cells
with DNA that can code for antibody for
any antigen, including antigens of our body.
Thus, various kinds of immunological non-
responsiveness, including immunological
tolerance, must involve one type of suppres-
sion or another. Many suppressor circuits
have been uncovered which are involved in
this regulation. They may be antigen spe-
cific, idiotype specific, or nonspecific, re-
stricted or nonrestricted with regard to the
major histocompatibility system (°). Studies
in this field may therefore require that me-
ticulous attention be paid to methodology.
Moreover, not all suppressor pathways are
likely to be important in the pathogenesis
of lepromatous leprosy.

Many details of how T cells effectuate im-
munity to intracellular organisms like M.
leprae remain unclear, but evidence is



51,4

THE TABLE. Some characteristics of sup-
pressor cells detected in healthy subjects and
multibacillary patients.

Current Bloom and
study Mehra (%)
Inducing antigen ~ BCG/PPD M. leprae
(Dharmendra)
Antigen specific Yes No
in expression
MHC restricted Yes No

in expression
T cell subset T4 T8
Disecase related No* Yes®

* Found in healthy subjects.
® Found only in BT-LL patients, but not in TT or
healthy subjects.

steadily accumulating that T cells, by re-
leasing migration inhibition factor (MIF)
and other soluble factors (often called lym-
phokines, but likely in the future to be in-
cluded in the Interleukin group as the fac-
tors become purified and biochemically
defined'), may activate macrophages which
then kill (or prevent multiplication of) the
parasite, e.g., mycobacterium, residing in-
side them via oxygen metabolites ('*). How-
ever, resistance in vivo is obviously more
complex, being dependent not only on the
local activation of macrophages but also on
their mobilization, i.e., recruitment into the
local site, as clearly outlined by Mackaness
(IJ. l-l).

The study of suppressor cells in leprosy
has been carried out by various groups with
very divergent results (}). The explanation
of these divergent results remains unclear,
but it appears likely that technical differ-
ences, limitations in the present technology,
and the complexity of mechanisms in-
volved in the regulation of the immune sys-
tem may explain the results obtained.

This point may be illustrated by the dif-
ferent results obtained by us with BCG in
normal subjects as compared to the data
obtained by Bloom and Mehra (®) in mul-
tibacillary leprosy patients.

As shown in Figure 1, we have been able
to demonstrate suppressor cells in vitro to
BCG in purified protein derivative (PPD)
positive healthy subjects. This suppression
is pronounced when “‘suppressor cells” are
added to fresh cells in a ratio 1:1, and can
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FiG. 1. Effect of BCG induced suppressor cells on

the proliferative response of fresh autologous cells.
PBMC were obtained from the blood of normal sub-
jects by Ficoll-Hypaque density centrifugation. Pri-
mary cultures for the induction of suppressor cells were
set up in plastic flasks. In a humidified atmosphere of
5% CO,, 1 x 10°¢ cells/ml RPMI 1640 with 10% AB
serum were cultured with BCG (20 ug/ml) for 5 days
at 37°C. After 5 days of incubation, cells from the
primary cultures were washed 3 times with RPMI 1640.
Secondary cultures were set in 96-well microtiter plates,
and 1 x 10° fresh cells were seeded in each well. Grad-
ed numbers of precultured cells were added to some
of the wells with fresh cells. An optimal concentration
of BCG (20 ug/ml) was added to individual cultures.
Plates were incubated in a humidified incubator with
5% CO, at 37°C for 5 days. Each well received 1.25
uCi of *H-thymidine 4 hr prior to harvest. Cultures
were harvested with a Skatron multiple cell harvester
(Lierbyen, Norway). Radioactivity incorporated was
measured in a Beckman liquid scintillation counter.
Results are given in terms of counts per minute (cpm).
Median values from triplicates were used for the
expression of the data from individual experiments.

also be clearly observed at a tenfold lower
concentration. Further studies on this sup-
pressor effect indicate that it carried antigen
specificity, is MHC restricted, and mediated
by T4 cells. The contrasting characteristics
between these cells and those described by
Bloom and Mehra (?) are outlined in The
Table.

These differences suggest that in the fur-
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ther dissection of the immunological defi-
ciency in lepromatous leprosy, the question
1S not suppression or nonsuppression, but
what kind of suppression. Is there any re-
lationship between these? As outlined by
Germain and Benacerraf (°), they may rep-
resent different stages along a common
(“*concensus’) suppressor pathway. We have
recently also embarked on an alternative
approach to the study of the defect in lep-
romatous leprosy. Numerous studies re-
cently have shown that T cells with func-
tional capabilities after initial triggering with
antigen can be maintained in a state of con-
tinuous proliferation in vitro when cultured
in medium containing Interleukin 2 (IL-2)
(>7-'Y), Thus, we were interested to see if
the proliferative unresponsiveness of lep-
romatous T cells could be due to a lack of
IL-2 or related factors by adding exogenous
IL-2 rich, T cell conditioned medium (TCM)
with M. leprae to lepromatous peripheral
blood mononuclear cells (PBMC). The re-
sults of these studies () show that lepro-
matous T cells fail to produce IL-2 after
exposure to M. leprae and may respond by
proliferation to M. leprae in the presence of
TCM (Fig. 2), suggesting that the unrespon-
siveness in lepromatous leprosy commonly
is due to a deficiency in the production of
IL-2 and related factors and not to a lack
of M. leprae-reactive T cells.

A major point in this area of research is
to try to distinguish between those phenom-
ena that are secondary to antigenic load and
those that play a primary role in the patho-
genesis of lepromatous leprosy. In consid-
ering this point, we may turn to the lepro-
min reaction.

The lepromin reaction

With regard to the late lepromin reaction,
significant progress has been made during
the last few years through the IMMLEP pro-
gram. Firstly. due to the availability of
abundant quantities of highly purified M.
leprae, a refined and standardized prepa-
ration of M. leprae has become available.
Secondly, due to standardized soluble skin
test preparations, which have also become
available through IMMLEP, by which sen-
sitization to M. leprae can be studied by
skin testing. Because of crossreactivity, this
can at present only be done in selected groups
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Fig. 2. PBMC were prepared from defibrinated
venous blood by centrifugation on Ficoll-Isopaque. In
96-well, round-bottomed trays (Linbro) 0.2 x 10° cells
were cultured in triplicate in 200 ul of RPMI 1640
medium containing 20% pooled, heat-inactivated, nor-
mal human serum; 2 mmol/l l-glutamine and anti-
biotics. Test cultures contained 25 ul of whole washed
M. leprae with a concentration of 3 x 107 bacilli/ml,
which gives optimal proliferation in tuberculoid pa-
tients or PPD (10 ul of 100 ug/ml). To the cultures
were added 100 ul/well of T cell conditioned media.
The conditioned media used were Lymfocult T (Bio-
test, Frankfurt, West Germany!'?) or preparations made
by ourselves. They were made by similar procedures
('?), i.e., by phytohemagglutinin (1% PHA-M) stimu-
lation of PBMC from a pool of healthy donors. Su-
pernatants were harvested after incubation for 48 hr
(RPMI 1640 + 1% inactivated normal human serum)
and stored frozen until used. The data presented are
based on Lymphocult T used in a final dilution 1:200.
Dilution = 1:50 was found to be nonmitogenic on nor-
mal PBMC (day 3). This dilution was found to be
analogous in IL-2 activity as compared to antigen-
stimulated (e.g., BCG) normal PBMC. Appropriate
control cultures were set up containing conditioned
media but no antigen. Cultures were maintained at
37°C in 5% CO,-humid air. For measurement of DNA
synthesis, the cells were exposed to 1 uCi *H-thymidine
per well on day 5 and harvested 20 hr later with a
Skatron multiple cell culture harvester. *H-dThd in-
corporation was determined by scintillation counting
(LKB). The patients (4 BL and 22 LL) were sclected
from the All-Africa Leprosy and Rehabilitation Train-
ing Centre (ALERT) at Addis Ababa. Ethiopia.
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of subjects, e.g., skin test negative prior to
sensitization.

The utilization of these skin tests has
shown both in experimental animals and in
man that lepromin, i.e., killed, intact M.
leprae, has the capacity to induce a delayed
type of skin reactivity, i.e., trigger a T cell
response ('¢).

As shown by Convit and his group (%), the
fraction that is converted to skin positivity
by a standard lepromin dose is constant in
a population living in a nonendemic area.
By the fourth injection, about =1% of the
population remains skin test negative (Fig.
3).

Some major points with regard to the po-
tency of lepromin to induce skin test con-
version remain to be determined, e.g., dose.
For instance, the present dose of lepromin
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appears to have been set to give maximal
discrepancies between lepromatous and
tuberculoid patients and not optimal con-
version in healthy subjects. Some important
studies along the line of those of Dr. Convit
should be undertaken.

The study of the immunological features
of repeatedly lepromin negative contacts
with regard to suppressor mechanisms
should be informative with regard to estab-
lishing key suppressor mechanisms in-
volved in leprosy.
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Progress in the Preparation of an Antileprosy

Vaccine from Armadillo-derived Mycobacterium leprae’

Richard J. W. Rees?

From its inception in 1974, one of the
major and long-standing strategic aims of
the IMMLEP program (Immunology of
Leprosy), as part of the Special Programme
for Research and Training in Tropical Dis-
cases, was to explore the feasibility of de-
veloping a vaccine against leprosy (°). There
was then, and continues now. an urgent need
for procedures other than those based on
chemotherapy for the control of leprosy be-
cause of the insignificant impact during the
past 20 years of mass dapsone therapy on
the control of leprosy, and the more recent
and serious problem of dapsone resistance.
A vaccine, therefore, would provide an al-
ternative for controlling leprosy by pre-
venting or diminishing the risk of the pop-
ulation at large developing the disease.
Furthermore, IMMLEP was essentially en-
couraged to develop a specific vaccine from
the then recent discovery that for the first
time substantial quantities of Mycobacte-
rium leprae were potentially available from
experimentally infected nine-banded ar-
madillos (?). Thus, two main approaches to
the development of a vaccine were pursued
initially: 1) to produce a vaccine based on
purified, killed M. leprae, or 2) to identify
a naturally occurring and cultivable strain
of Mycobacterium, that had a close im-
munological resemblance to M. leprae, as a
killed or live vaccine depending on its
pathogenicity. Since the second approach
was also dependent upon quantities of A.
leprae only now available from infected ar-
madillos for adequate screening of cross-
reactivity with readily available and cultiv-

' Received for publication on 22 November 1982
accepted for publication in revised form on 15 June
1983.

*R.J. W. Rees, F.R.C. Path., Head, Laboratory for
Leprosy and Mycobacterial Research, London NW7
1AA, England.

able strains of mycobacteria, maximum
effort and financial support was given by
IMMLEP to build up and maintain ade-
quate numbers of M. leprae-infected ar-
madillos and to develop techniques for ex-
tracting and purifying M. leprae from the
tissues of these infected animals.

In line with these priorities and the goal-
oriented principles of the special program,
IMMLEP contracted with several centers in
the United States and one in the United
Kingdom for supplying M. leprae-infected
armadillos, with our laboratory at the Na-
tional Institute for Medical Research acting
as the IMMLEP M. leprae bank for all of
these M. leprae-infected tissues, and with
Dr. Philip Draper of our laboratory devel-
oping methods for extraction and purifica-
tion of M. leprae from these tissues. Like-
wise, this goal-oriented program brought
together on an international collaborative
basis expertise from: Professor Morten Har-
boe of Oslo, Norway, in the identification
of M. leprae antigens; Professor A. A. Ju-
scenko of Astrakhan, USSR, in assessing
purification of M. [eprae by electronmi-
croscopy; Professor Barry Bloom of New
York City, U.S.A., in assessing the antige-
nicity and immunogenicity of M. leprae in
guinea pigs; and Dr. C. C. Shepard of At-
lanta, Georgia, U.S.A., in assessing the im-
munogenicity of M. leprae as a protective
vaccine, using the mouse foot pad infection.

Although equal priority was given in the
first two years of the IMMLEP program for
identifying strains of cultivable mycobac-
teria showing crossreactivity with M. /lep-
rae, since none were found this approach
was discontinued.

There follows a summary of standardized
protocols evolved by IMMLEP for estab-
lishing M. leprae-infected colonies of ar-
madillos and for the extraction and purifi-
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cation of bacteria from armadillo tissues,
culminating in a biologically acceptable
preparation of M. leprae for human studies.

Supply of M. leprae for IMMILEP pro-
gram. Although by 1974 it had been fully
established that armadillos were potentially
highly susceptible to M. leprae, it had also
been established that only some 50% of ar-
madillos caught in the wild were suscepti-
ble. Moreover, since nine-banded armadil-
los had not been bred in captivity there was
no way of selecting M. leprae-susceptible
animals or of breeding mycobacterial-free
colonies of armadillos. Furthermore, by
1975 there were reports of armadillos caught
in the wild from parts of Louisiana, U.S.A.,
with mycobacterial infections indistin-
guishable from those produced experimen-
tally with M. leprae. Therefore, from the
outset IMMLEP’s protocols for the supply
of M. leprae from armadillos included rig-
orous criteria and examinations to exclude,
as far as possible, animals with acid-fast ba-
cillary infections, including quarantining of
animals for four months and selecting ani-
mals from areas in Louisiana and Florida,
U.S.A., where no M. leprae-like infections
had been reported. To ensure maximum
systemic infection in the shortest time, the
animals were inoculated intravenously with
not less than 1.0 x 10% M. leprae.

Being dependent entirely upon an in vivo
supply of M. leprae from armadillos in-
fected with bacteria from lepromatous pa-
tients, it was impossible to establish a
“seeded” IMMLERP strain of M. leprae. To
exclude the possibility of variants arising in
strains of M. leprae serially passaged in ar-
madillos, IMMLEP specified that all M.
leprae-infected armadillos must be inocu-
lated with strains of M. leprae from patients
or from only first-passaged, armadillo-de-
rived bacteria. However, for practical rea-
sons the human-derived M. leprae were ob-
tained from patients in widely different areas
of the world and, therefore, if there are geo-
graphically determined strain differences
with important antigenic or immunogenic
implications, these are likely to be repre-
sented in the IMMLEP bank. The details
covering all of these aspects were set out in
Protocols 1/75 and 1/77 (¢7).

Purification of M. leprae from armadillo
tissues. Assuming that the IMMLEP pro-
gram could provide and sustain an adequate
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supply of M. leprae-infected armadillo tis-
sues for an eventual vaccine study, the next
essential requirement and priority was to
develop methods for the extraction and pu-
rification of bacteria from these tissues,
based on three criteria: 1) maximum bac-
terial yields, 2) minimum armadillo-tissue
contaminants, and 3) retention of antigenic
integrity of the bacteria.

Although there were no methods de-
scribed in the literature to fulfill all these
criteria, Draper (') had already developed
methods for extracting and purifying M.
lepraemurium from mouse tissues.
IMMLEP chose to apply these methods,
with Draper’s assistance, to M. leprae-in-
fected armadillo tissues. The first priority
was to modify the M. lepraemurium ex-
traction method for maximum yield of M.
leprae from armadillo tissues. This objec-
tive was rapidly achieved by superimposing
digestion of the armadillo tissues, followed
by separation of any residual host tissue on
sucrose gradients as used for M. leprac-
murium (Protocol 2) (°). Pursuing the ob-
jective of maximum bacterial yield with the
exclusion of armadillo host tissue contam-
ination, a series of modifications were made
using additional enzymatic treatment, in-
cluding collagenase, trypsin/chymotrypsin,
and pronase. Furthermore, a much more
precise method was developed for separat-
ing tissue debris from bacteria than the su-
crose gradient by applying an aqueous two-
phase polymer system made up of polyeth-
ylene glycol, 6000 (PEG) and dextran, T500,
referred to as Protocol 2/75 (°). These tech-
niques yielded well over 95% of bacterial
recovery and only minimal evidence of con-
tamination by armadillo tissue protein, as
detected by delayed-type hypersensitivity to
such protein in guinea pigs sensitized to ar-
madillo protein (°). However, in principle
there was a serious possibility that exposure
to proteolytic enzymes might well have
damaged M. leprae sufficiently to have ex-
tracted from them some antigenic constit-
uents, and certainly strip all operative an-
tigens from their surface. In fact, there was
evidence that purified M. leprae by Protocol
2/75 was less antigenic and possibly less
immunogenic than cruder preparations and,
in particular, a surface antigen of M. leprae,
which at that time had been considered to
be specific for M. leprae, had been lost from
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THE TABLE. Preparation of purified M. leprae from armadillo tissues.

Object

Process

. Effective disintegration of tissue.

2. Inhibition of host-derived lytic enzymes—espe-
cially proteases and nucleases.

3. Control of physical form of DNA.

4. Removal of bulk of insoluble tissue residues.

5. Removal of traces of tissue residue with same
density as bacteria.

6. Removal of materials used in process.

7. Prevention of “clumping” of bacteria.

1. Homogenization mechanically at high pH.
. Homogenization and washing at high pH.

o

3. Inhibition of DNAase, presence of Mg**, iso-
tonic conditions to preserve nuclei, then hypo-
tonic lysis in presence of DNAase.

4. Percoll gradients (nontoxic colloidal silica).

. Aqueous two-phase system; polyethylene glycol,

6000 + dextran, T500.

Extensive washing.

Use of 0.1% Tween 80, lightly buffered to pre-

vent acidification due to hydrolysis of Tween

80.

w

o

bacteria extracted and purified from infect-
ed armadillo tissues by Protocol 2/75.
Priority of effort for the purification of M.
leprae was therefore switched to the devel-
opment of more gentle methods of extrac-
tion, hopefully without the use of proteo-
lytic enzymes, but still giving high yields of
bacteria free from armadillo protein. Al-
though very many different two-phase poly-
mer systems were tried out, none left the
bacteria completely free from armadillo tis-
sues. However, these tissue contaminants
were removed in density gradients of Per-
coll (a stabilized and nontoxic colloidal sil-
ica) and by then partitioning the bacterial
suspension in the previously developed two-
phase system. Having achieved extraction
without the use of proteolytic enzymes, fur-
ther refinements were made at the stage of
homogenization to protect the bacteria, even
against possible damage from host-derived
lytic enzymes, by homogenizing at pH 10
to inhibit these lysosomal enzymes. The ba-
sis of all these changes is set out in The
Table, which resulted in Protocol 1/79 (°).
Extensive tests were undertaken for scru-
tinizing the purity and safety of this prep-
aration. Electronmicroscopy revealed little
or no contamination by host tissues but
some electron-dense particles of Percoll. To
determine the amount of Percoll contami-
nation, a '**I-labelled Percoll was prepared
for use in Protocol 1/79. Only very low levels
of Percoll were present, ¢.g., a dose of 1.6 X
107 purified M. leprae contained only 0.194
ug Percoll. Furthermore colloidal silica was
very stable; no free crystals of silica have
been detected after 25 years of storage at
room temperature, and it was found not to

be toxic in animals. Although there was
slightly more armadillo protein contami-
nation of bacilli prepared by Protocol 1/79
than in the protocols using proteolytic en-
zymes, as measured in sensitized guinea pigs,
autoclaving was shown to destroy the sen-
sitizing capacity of armadillo protein in
guinea pigs. Since only autoclaved, purified
M. leprae is envisaged for use in man, there
should be no risk of human sensitization.
Extensive in vitro and in vivo testing of M.
leprae prepared by Protocol 1/79 showed
no loss of identifiable mycobacterial anti-
gens and gave good delayed-type hypersen-
sitivity in mice and guinea pigs and opti-
mum protective immunity in mice against
challenge with live M. leprae, superior to
that obtained with earlier preparations of
purified M. leprae (3).

For a killed M. leprae vaccine, it was de-
cided from the outset to kill the bacteria by
inactivating the infected tissues with gam-
ma radiation from a °°Co source at a dose
of 2.5 mega rad. Using the mouse foot pad
test for measuring viability of M. leprae, it
was shown that the LD50 is about 10 K rad,
which for a dose of 2.5 megarad would
leave only one live bacterium in 10°' g of
bacteria.

An incidental credit from these studies
has been the use of soluble blue instead of
the conventional methylene blue as a more
reliable and sensitive stain for detecting host-
tissue contaminants (*).

Present position. On the basis of all of
these studies, IMMLEP adopted Protocol
1/79 as the standard procedure for prepar-
ing purified M. leprae for their first small-
scale and pre-vaccine studies in man. The
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first batch for human use was prepared in
licensed premises by Wellcome Research
Laboratories, Beckenham, England, under
contract to IMMLEP in July 1982. This
batch of 9.1 x 10'2 M. leprae, kept at
—80°C, will be more than adequate for the
series of vaccine studies designed to estab-
lish the safety and optimal doses of M. lep-
rae for sensitization in man.

Phase I of this series is designed to estab-
lish the optimum dose of killed M. leprae
which will sensitize but not cause unac-
ceptable ulcers at the site of vaccination or
side reactions. These tests will be under-
taken on volunteers in three nonendemic
areas— Norway, the United Kingdom, and
the United States (' '"). The tests in Nor-
way will begin in February 1983, and those
in the United Kingdom and the United
States later in the year.
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Animal Vaccination Studies with Mycobacterium leprage'

Charles C.

Vaccines have been studied in experi-
mental animals since the early days of mi-
crobiology on the basis of general pheno-
typic resemblances. The recent flood of
knowledge about the elements of the im-
mune response system emphasizes the
rationale of this approach. The immuno-
logical system in its present form appeared
carly in the evolution of mammals, and it
has been conserved throughout the class
Mammalia. Thus the immune response in
mice or guinea pigs or armadillos or man
to a complex (multideterminate) injected
non-living antigen is apt to be very similar.
In the present case our goal is maximum
protection against infection, and we assume
that it is achieved by attaining maximum
delayed-type hypersensitivity (DTH) against
Mycobacterium leprae antigens.

Experimental systems used for
studying M. leprae vaccines

The experimental systems are shown in
The Table. First, of course, is the injection
of the vaccine. In all of the systems shown,
the vaccine response is fairly slow and re-
quires about four weeks for reasonably full
development. Then, for most of the systems
an cliciting antigen is injected. Often in im-
munology, skin tests to detect DTH make
use of soluble antigens. In the case of M.
leprae, however, comparisons have shown
the intact organism to be at least as effective
as the protoplasmic fraction (' '°) or the cell-
wall fraction ('°). The reactions to these elic-
iting antigens are read 24-72 hr after injec-
tion. Some of the systems do not make use

' Received for publication on 22 November 1983;
accepted for publication in revised form on 15 June
1983.

2 C. C. Shepard, M. D., Leprosy Laboratory, General
Epidemiology Branch, Bacterial Diseases Division,
Center for Infectious Diseases, Centers for Disease
Control, Public Health Service, United States Depart-
ment of Health and Human Services, Atlanta, Georgia
30333, U.S.A.

Shepard?

of an eliciting injection but, instead, rely on
an immune reaction against the antigen in
the vaccine itself (C, F, and part of D in The
Table). M. lepraeis a persisting antigen, and
in a previously unimmunized animal, those
local or regional lymph node reactions to
the vaccine antigen develop to near com-
pletion in about 28 days. The leprologist
will notice the analogy to the Fernandez and
Mitsuda tests. It will be easier to comment
on this point after the results with the M.
leprae-tolerant mice are presented.

Results obtained with experimental
systems

The results obtained have given clarifi-
cation on a number of points of relevance
to vaccination of man against leprosy.

Intact M. leprae have been required for a
vaccine response. Physical disruption of the
organism caused loss of all dectable im-
munogenicity (°). The basis for this loss is
not known. There are many possible expla-
nations, which include loss of M. leprae’s
adjuvanticity, loss or masking of relevant
antigenic determinants, loss of hydrophobic
packaging of the antigens, reduction in size
of the antigenic package, and physical sep-
aration of adjuvanticity from immunoge-
nicity.

Live M. leprae have not been required for
an immune response, and heat-killed, even
autoclaved, M. leprae are immunogenic
(*9). If anything, there seems to be an in-
crease in immunogenicity on heating. In
contrast, the immunogenicity of BCG, even
for M. leprae antigen (°), is decreased mark-
edly when BCG is killed by heat. At
IMMLEP’s beginning, it was assumed that
the immunogenicity of M. leprae would also
decrease markedly when the organism was
heat killed, and so schemes for mixing non-
living M. leprae with an adjuvant, perhaps
BCG, were considered. Because it was not
necessary to proceed with the development
of these schemes, significant time was saved.
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Methods for purifying M. leprae from ar-
madillo tissue. Dr. Rees has just discussed
the methods of purification (?). Results in
mice suggest that treatment with protective
enzymes is detrimental to the immunoge-
nicity of M. leprae suspensions (>-°). The
other technical manipulations (centrifugal
washing, separation on Percoll gradients,
and separation in DEAE-dextran : polyeth-
ylene glycol two-phase systems) are not
harmful.

Of the cultivable mycobacteria, only BCG
has given solid and consistent protection
against M. leprae. Among the various
IMMLEP approaches to the development
of a vaccine was a search among cultivable
mycobacteria for better protection against
M. leprae, but the search has only empha-
sized the position of BCG. Even H37Ra, an
avirulent human tubercle bacillus, has been
ineffective. Most of these studies have been
carried out in mice by means of foot pad
enlargement (FPE) tests with M. leprae as
the challenge antigen and infectious-chal-
lenge tests with M. leprae (°). Some of the
cultures have given no evidence of being
immunogenic for themselves, but others
have and they also have shown no signifi-
cant crossreactivity with M. leprae.

Minimal effective vaccine dose for M.
leprae and BCG. Because of the possibility
that differences between M. leprae and BCG
were being obscured by flat dose-response
curves, we have carried out an unpublished
titration of heat-killed M. leprae, live BCG,
and a mixture of heat-killed M. leprae and
live BCG in mice. The doses of acid-fast
bacteria (AFB) tested were (in terms of logs, )
7.6, 7.0, 6.4, 5.8, and 5.2. The measure-
ments consisted of FPE with M. leprae chal-
lenge, reaction at the vaccine site, and en-
largement of regional lymph nodes at 28
days, and protection against foot pad infec-
tion with M. leprae. The essential finding
was that FPE and protection was about the
same for all three vaccines with the middle
doses; FPE and protection were somewhat
less at the smallest dose with M. leprae, and
somewhat less at the largest dose with BCG.
The reactions at the vaccine site and the
enlargement of the regional lymph nodes
(what we would consider side-effects in hu-
mans) tended to be greater with BCG and
the mixture than with M. leprae alone at
each dose. Thus the results emphasize the
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near equivalence of these three products in
previously unimmunized animals and sug-
gest that the choice among them for human
vaccine will need to be based on compari-
sons in man.

Repetition of vaccination. In guinea pigs,
little was gained by repeating the vaccina-
tion. The reason seems to be that M. leprae
antigens persist very well in the tissues after
a single dose.

Duration of immune response. In mice,
vaccine protection against infection with M.
leprae lasts at least a year after vaccination
with BCG ('Y); vaccine protection and DTH
(measured by FPE) lasts at least a year after
vaccination with heat-killed M. leprae (un-
published observations). In guinea pigs,
DTH lasts at least one year ('). Since re-
gional lymph node enlargement seems to
last for the life of the mouse, DTH and pro-
tection probably last as long also. The per-
sisting lymph node enlargement signifies
persisting M. leprae antigen, either at the
intradermal site of injection or in the re-
gional lymph node. One hopes that the DTH
in man will last longer than grossly observ-
able reactions at the vaccine site and re-
gional lymph nodes.

Correlation between DTH and protection
against infection. In mice, DTH, as mea-
sured by FPE after injection of intact, heat-
killed M. leprae, has correlated reasonably
well with protection against infection. The
minor differences that have been observed
appear to be related to differences in the
timing of the manifestation of immunity for
the two measurements and to differences in
the dose-response curve.

Genetic basis for differences in immune
response. The response in the lines of mice
and guinea pigs that have been tested has
been uniform, but more lines need to be
studied.

Comparison of the minimal intradermal
immunogenic dose in animal species. The
minimal effective dose (MED) of heat-killed,
Percoll-purified M. leprae in mice was found
to be about 6 x 10° bacilli in one titration.
Mehra and Bloom (') found the MED in
guinea pigs to be 1.6 x 10°® bacilli; their ba-
cilli, however, were purified by the early
enzyme method. In armadillos we find that
a dose of 3 x 10% bacilli will give a fairly
consistent, local 28-day reaction. In man
the MED, as determined by Mitsuda reac-
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tions, seems to be about 1.6 x 107 bacilli.
These determinations, however, lump to-
gether previously unsensitized persons with
persons having pre-existing immunity. The
MED for positive Mitsuda reactions might
be higher in persons with negative Fernan-
dez tests than in those with positive tests.
Route of immunization and tolerance ('').
(The term tolerance is used here noncom-
mittally as regards mechanism.) Recently
we have observed that the intradermal route
is much more immunogenic for mice than
other routes tried. On the other hand,
tolerance could be induced efliciently by in-
travenous injections of M. leprae suspen-
sions. Tolerance was measured by intra-
dermal challenge with M. leprae followed in
28 days by tests of FPE after foot pad chal-
lenge with M. leprae. The tolerance was long
lasting (at least 112 days). It could be par-
tially overcome by intradermal injections of
living BCG and, to an equal extent, by mix-
tures of BCG and M. leprae. The immune
response to the intradermal injections of M.
leprae could be prevented by prior treat-
ment with ultraviolet light (UV-B). The
minimal effective dose appears to be low
and within the range provided by exposure
to sunlight under normal circumstances.
Histological studies show that intrader-
mally injected carbon particles deposit in
the dermis, with a maximum depth of about
0.3 mm or about the same as the maximum
depth of penetration of 95% of the UV-B.
The 28-day reactions at the site of the
intradermal M. leprae injection and in the
regional lymph nodes conformed to expec-
tations if these phenomena depend upon the
formation of DTH, that is, the reactions
were negative in the tolerant mice and pos-
itive in the normal mice. The reactions at
the vaccine site are of course analogous to
the Mitsuda reactions. By this analogy the
Mitsuda reaction can be viewed as a test for
immune tolerance. Thus a negative Mitsuda
reaction would signify the presence of tol-
erance. A positive reaction would signify
the absence of tolerance, and the presence
of an immune response to M. leprae. The
immune response could be the result of pre-
existing immunity or of successful primary
vaccination with the Mitsuda antigen itself.
In this consideration, there is an implication
that tolerance is an active immunological
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process, even though the mechanism in mice

(e.g., suppressor cells) has not been worked

out.

In conclusion, let me restate the goals of
animal vaccination studies with M. leprae.
They lie in two general areas. One has to do
with the preparation of antigen for the vac-
cine. The solution we have arrived at for
M. lepraeis fairly simple. One prepares pur-
ified suspensions of M. leprae from infected
armadillo tissues and autoclaves them. This
product is nicely immunogenic in animals
and, based on its similarity to integral lep-
romin, will probably be immunogenic in
man. The other general area involves stud-
ies of the ways in which particular elements
of the immune system can be most advan-
tageously engaged in order to produce a
strong and long-lasting DTH to M. leprae,
even in individuals who have immune tol-
erance to M. leprae. In this area progress
has been made, but more studies are need-
ed.
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Serodiagnosis of Infection with Mycobacterium leprae'

Thomas M. Buchanan, Douglas B. Young,
Richard A. Miller, and Saroj R. Khanolkar?

This review is confined to serodiagnostic
methods reported to be specific for infection
with the leprosy bacillus, or to methods of
potential serodiagnostic value that utilize
chemically defined and pure antigens of
Mycobacterium leprae. These methods are
the indirect fluorescent antibody test (FLA-
ABS) described by Abe, et al. ('); the
radioimmunoassay (RIA) procedure devel-
oped by Harboe, er al. (°); agar gel im-
munodiffusion precipitation techniques re-
ported by Caldwell, et al. (°) or Payne, et
al. (°); an ELISA procedure utilizing purified
arabinomannan described by Miller, er al.
(*); and ELISA procedures employing pur-
ified phenolic glycolipid of M. leprae either
in its native form (Hunter, er al. (7)) or as
the deacylated molecule (Young and Bu-
chanan ('9)).

Experimental procedures and results

The RIA of Harboe, et al. (°); the agar gel
diffusion immunoprecipitation procedure
of Caldwell, et al. (*); and the FLA-ABS test
of Abe (') each utilize crude antigen extracts
or whole M. leprae. In contrast, the agarose
gel immunodiffusion precipitation proce-
dure of Payne, et al. (°) employs liposomes
containing purified native phenolic glyco-
lipid and the ELISA methods of Miller, et
al. (*); Hunter, et al. (’); or Young and Bu-

' Received for publication on 22 November 1982;
accepted for publication in revised form on 15 June
1983.

2 T. M. Buchanan, M. D., Departments of Medicine
and Pathobiology, University of Washington; Immu-
nology Research Laboratory, Seattle Public Health
Hospital, Seattle, Washington, and National Hansen’s
Disease Center, Carville, Louisiana 70721. D. B. Young,
Ph.D., and S. R. Khanolkar, Ph.D., Department of
Pathobiology, University of Washington and Immu-
nology Research Laboratory, Seattle Public Health
Hospital, Seattle, Washington. R. A. Miller, M.D., De-
partment of Medicine, University of Washington and
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chanan ('°) employ purified molecules: ara-
binomannan, native phenolic glycolipid and
deacylated phenolic glycolipid, respectively
(Table 1). The RIA described by Harboe, et
al. (°) and the FLA-ABS of Abe, et al. (")
each require preadsorption of all sera tested
in order to attain specificity. Sonicated BCG
is used for adsorption in the RIA, and BCG,
M. vaccae, cardiolipin and lecithin are used
for adsorption in the FLA-ABS (Table 1).
In addition, in the FLA-ABS the fluorescein
conjugate is preadsorbed with a 2.5% (w/v)
final concentration of a sonicate of BCG,
and each serum tested is diluted beyond
1:10 in phosphate-buffered saline (PBS)
containing BCG sonicate and bovine serum
albumin (BSA). Adsorption of only the ref-
erence serum is required in the procedure
described by Caldwell, ef al. (?) and no ad-
sorptions are needed for the procedure of
Payne, et al. or the ELISA tests employing
purified molecules (Table 1). IgG is the pri-
mary immunoglobulin class detected in four
of the tests: 1) the RIA procedure that em-
ploys protein A (°), 2) the ELISA procedure
using arabinomannan and a gamma chain
specific enzyme conjugate (%), 3) the FLA-
ABS test using whole organisms, and 4) the
ELISA employing native phenolic glyco-
lipid. Both 3 and 4 employ enzyme conju-
gates linked to antibodies directed at human
IgG.

The only ELISA assay that readily detects
IgM antibody is the technique described by
Young and Buchanan that employs deacyl-
ated phenolic glycolipid (PG) and an en-
zyme conjugate linked to antibodies to hu-
man IgM, IgG, and IgA (Table 1). This may
be important since the dominant human
immune response to the phenolic glycolipid
specific antigen of M. leprae appears to be
IgM (Table 2). The relative inability of both
the FLA-ABS test and the ELISA procedure
described by Hunter, et al. to recognize IgM
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TABLE 2. Human antibody levels to phe-
nolic glycolipid measured by ELISA in se-
rum from 24 leprosy patients.*
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TABLE 3. Removal of phenolic glycolipid
(PG) from polyvinyl plates due to washing
with Tween 80.*

No. patients Mean No. washes Avgi®
o R - Pe o b YRS wi
‘[‘“Q [,“t with "'\(ﬁ‘,:i : :);s();:y'ﬂlh '2*[-monoclonal % Total cpm
HOLJURALE Ay =01 e e antibody to PG
patients I'ween 80°

Anti-IgG, IgM, IgA 24 0.89 0 8773 100
Anti-IgM 24 0.98 1 2463 28
Anti-1gG 14 0.22 2 1351 15
Anti-IgA 17 0.28 3 1274 14

+ Includes the following Ridley-Jopling patient clas-
sifications: 1 TT, 4 BT, 4 BB, 3 BL, and 12 LL.

® AA,, = the absorbance at 492 nm wave length
developed for a given serum in wells containing phe-
nolic glycolipid antigen minus the absorbence devel-
oped in wells on the same polystyrene plate that con-
tained no antigen.

antibodies may therefore compromise the
ability of these tests to register the human
immune response to phenolic glycolipid.
Other procedural factors affect the perfor-
mance of the ELISA tests for antibodies to
phenolic glycolipid as described by Hunter,
et al. () when compared to the procedure
of Young and Buchanan ('°). For example,
the hexane utilized by Hunter, et al. reacts
with the structural polymers in polyvinyl
chloride and polystyrene microtiter plates,
resulting in a four-to-tenfold increase in
nonspecific binding of antibody to the hex-
ane-treated plates. Tween 80, as utilized in
the washes between steps in the ELISA pro-
cedure of Hunter, er al. (7) solubilizes the
phenolic glycolipid antigen. As shown in
Table 3, as much as 72% of the native gly-
colipid molecule may be removed by a sin-
gle wash with PBS containing 0.05% Tween
80, one half of the Tween concentration uti-
lized in that procedure (7). Perhaps the ma-
jor difference in ELISA performance may
result from the use of deacylated PG as com-
pared to the native PG molecule. For ex-
ample, we found that a concentration of 32
ug/ml of the purified native PG produced
a AA,y, of 0.24 as compared to a AA,,, of
0.32 produced by only 1 ug/ml of the pur-
ified deacylated PG ('°). Thus, once sepa-
rated from its natural configuration in the
cell wall of the leprosy bacillus, the purified
deacylated molecule had approximately 40-
fold greater antigenicity than the purified
native PG when used in aqueous systems

* Plates were coated with native phenolic glycolipid
in hexane, reacted with '**I-monoclonal antibody to
PG, and washed four times with phosphate buffered
saline (PBS). The table shows the effect of adding Tween
80 in one or more of the washing steps as described
by Hunter, et al. ().

" Acpm = cpm of '**I-monoclonal antibody bound
to antigen-coated wells minus the cpm of '**I-antibody
bound to wells containing no antigen.

such as the ELISA. In addition, only 4 ug/
ml concentrations of the deacylated mole-
cule were required to produce AA,,, of 1.2,
an absorbence level not possible with prac-
tical concentrations of the purified native
PG. These differences in ELISA perfor-
mance of the purified native and deacylated
PG molecules presumably relate to the hy-
drophobicity of the native molecule and its
insolubility in aqueous immunoassay sys-
tems, resulting in concealment of the unique
trisaccharide antigenic moiety by the excess
lipid. When the molecule is deacylated, ap-
proximately one half of the total lipid of the
native PG is removed, and 50 ug/ml con-
centrations of the deacylated molecule form
a clear solution, in contrast to the visibly
turbid suspension character of the same
concentrations of the native PG.

The practical effects of the methodologic
differences for the ELISA procedures of
Hunter, ez al. (°) and Young and Buchanan
(%) were examined by testing the same sera
from six normal individuals and ten pa-
tients with the two systems. Sera from nor-
mal persons could not be distinguished from
the patients’ sera by the described method
of Hunter, et al., and none of the patients
had detectable elevated antibody levels,
presumably for the methodological reasons
noted above. In contrast, eight of the ten
patients and none of the normal individuals
had elevated antibody levels to phenolic
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glycolipid when tested with the ELISA em-
ploying the deacylated molecule, utilizing
no hexane and no Tween in the washes, and
using an enzyme conjugate capable of de-
tecting IgM antibodies.

Table 4 summarizes reported perfor-
mances with serum from leprosy patients,
household contacts of leprosy patients, and
controls for each of the serodiagnostic tests
listed in Table 1. The two procedures based
upon protein antigens specific for M. leprae
(Harboe, et al. (°) and Caldwell, et al. (%))
each required 60 mg and 100 mg dry weight
of bacilli, respectively, to prepare the initial
antigen mixture. The FLA-ABS test re-
quires approximately 2 X 10° whole bacilli
per test, and the methods employing chem-
ically defined antigens require 1 ug-9 ug of
purified molecules per serum specimen
tested (Table 5). The procedure requiring
the least amount of antigen (Young and Bu-
chanan ('?)) utilizes 0.5 ug of purified de-
acylated PG coated to each well of a poly-
styrene microtiter plate, or 1 ug per test since
all specimens are tested in duplicate. The
quantity of antigen required per test is the
limiting factor for practical use, especially
for those tests based upon the specific pro-
tein antigens of M. leprae. Utilization of the
phenolic glycolipid antigen is advantageous
since it is exposed on the surface of the lep-
rosy bacillus, and it is synthesized in quan-
titites approximately 100-fold greater than
the amounts of specific proteins thus far
identified. The widespread use of serodi-
agnostic tests based upon specific protein
antigens of M. leprae may therefore require
genetic engineering or other developments
to increase the availability of specific pro-
teins of the organism. In contrast, the
amount of phenolic glycolipid antigen pres-
ent in an armadillo liver moderately in-
fected with M. leprae is estimated to be suf-
ficient for approximately 20,000 tests using
the ELISA procedure of Young and Bu-
chanan ('°). In addition, 90% of this gly-
colipid can be isolated as a by-product of
the purification of bacilli from infected tis-
sue. In the Immunology Research Labora-
tory of the Seattle Public Health Hospital,
approximately 3000 sera have been tested
with this procedure during the past six
months as part of the evaluations of patient
and contact populations in Mexico and Sri
Lanka.
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As shown in Table 4 only four of the sev-
en methods have been tested with large
panels of sera. These are the RIA procedure
of Harboe, et al. (°); the FLA-ABS test of
Abe, et al. ('); the ELISA with arabinoman-
nan antigen of Miller, et al. (*); and the
ELISA employing deacylated phenolic gly-
colipid ('Y). A total of 53 sera were tested
in the immunodiffusion precipitation pro-
cedure of Caldwell, et al. (?), and even
smaller numbers of human sera were tested
in the procedures of Payne, et al. (8 sera (°))
and Hunter, et al. (3 sera (7)). All four pro-
cedures tested against large numbers of hu-
man sera showed high levels of sensitivity.
In general, each procedure showed higher
antibody levels in serum from the more ba-
cilliferous patients, suggesting a direct cor-
relation between antigen load and the
amount of antibody detected. The specific-
ity for infection with the leprosy bacillus
was greater for the three procedures em-
ploying M. leprae-specific antigens than for
the ELISA employing arabinomannan, an
antigen common to most mycobacteria and
Nocardia. The arabinomannan ELISA was
positive in sera from 14 of 25 patients with
pulmonary tuberculosis, in contrast to 0/8,
0/18, or 0/10 tested by the procedures of
Harboe, et al.; Abe, et al.; or Young and
Buchanan, respectively (Table 4). Even
though the arabinomannan ELISA was
nonspecific, it was hoped that its sensitivity
would be great enough so as to not exclude
any persons with M. leprae infection. This
has not proven to be the case if one accepts
seropositivity in the ELISA procedure em-
ploying deacylated PG as evidence of in-
fection. The concordance between the two
tests was surprisingly low when they were
used to test approximately 1000 household
contacts of leprosy patients in Mexico and
Sri Lanka, and many contacts with elevated
antibody levels to PG did not have elevated
antibodies to arabinomannan.

Other control sera include BCG vacci-
nated individuals, persons with mycobac-
terial infections other than tuberculosis, and
normal individuals with no known infec-
tions or BCG vaccinations. Abe, et al. re-
ported that the FLA-ABS test was negative
with serum specimens from 50 normal per-
sons, and they did not test sera from persons
with BCG vaccination or other mycobac-
terial infections (') (Table 4). Harboe, ¢t al.
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found that the RIA was negative with serum
from 30 persons who had received BCG
vaccination, and they did not report on the
results with sera from normal individuals
or persons with other mycobacterial infec-
tions. It was found, however, that the RIA
test was reactive when rabbit antisera to M.
avium or to M. nonchromogenicum were
used. Thus, serum from patients with M.
avium-intracellulare and other non-tuber-
culous mycobacterial infections will need to
be tested to further establish the specificity
of the serologic detection of leprosy based
upon M. leprae specific protein antigens.
When the procedure of Caldwell, et al. (%)
was utilized to examine extracts of 22 species
of mycobacteria by Gillis, et al. (°), evidence
was found for significant crossreactivity of
protein antigens among M. leprae, M. bovis,
and M. lepraemurium. Subsequent studies
with monoclonal antibodies to the protein
antigens of M. leprae suggest that a protein
of 68,000 daltons subunit molecular mass
may contain both shared and M. leprac-
specific determinants (Gillis and Buchanan
(®), and unpublished data). A further con-
sideration when employing a serodiagnostic
test based upon the protein antigens of M.
leprae is that proteolysis occurs during the
purification of the bacilli from infected liver
tissue unless protease inhibitors such as 1
mM benzamidine are included within the
buffers during the purification (Buchanan,
unpublished data).

The ELISA procedure employing deacyl-
ated phenolic glycolipid found no seropos-
itives among any of 10 BCG-vaccinated in-
dividuals, 10 persons with other
mycobacterial infections including M. av-
ium-intracellulare, or 10 normal individu-
als ('°). Results for sera from contacts of
leprosy patients have not been reported for
the RIA procedure of Harboe, ef al. Abe, et
al. reported that 57 of 62 household con-
tacts of leprosy patients were seropositive
in the FLA-ABS test ('). The seropositivity
rate in household contacts is lower for the
ELISA procedure of Young and Buchanan
than for the FLA-ABS test. Using the ELISA
for antibodies to deacylated PG, we have
found 218/597 (36%) and 189/898 (21%) of
household contacts of leprosy patients that
were seropositive in Sri Lanka and Mexico,
respectively.
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DISCUSSION

From the available data, the FLA-ABS
test of Abe, et al. ('), and the ELISA pro-
cedure of Young and Buchanan ('°), appear
most promising for the serodiagnosis of in-
fection with M. leprae. More studies are
needed to compare these two procedures
utilizing the same sera from different patient
and contact populations. In a group of sera
from 80 household contacts of leprosy pa-
tients in Mexico that were tested by the FLA-
ABS, and by the ELISA procedures for
antibodies to arabinomannan or to deacyl-
ated PG, 46 were positive with the FLA-
ABS test, 16 were positive with the ELISA
for antibodies to arabinomannan, and 7 had
elevated antibodies to PG as measured by
ELISA (3).

The usefulness of any serologic test de-
signed to permit the early diagnosis of new
leprosy cases will be dependent upon its
ability to predict which individuals will sub-
sequently develop clinical leprosy. In other
words, it is not enough to be able to detect
antibodies specific for the leprosy bacillus,
since these antibodies may reflect an im-
mune response to dead bacilli, or to bacilli
present in sufficiently small quantities that
the patient rejects the infection and no clin-
ical disease results. For a test to be practical,
it must provide criteria for the accurate pre-
diction of which persons will subsequently
develop clinical leprosy. In this regard, the
ELISA procedure of Young and Buchanan
might appear more promising, since sero-
positivity rates with this test are 21%-35%
in household contacts of leprosy patients,
as compared to rates of 92% for the FLA-
ABS test. Since approximately 10% of
household contacts of patients with lepro-
matous leprosy develop the disease, and an
even smaller percentage of household con-
tacts of tuberculoid patients develop lep-
rosy, the percent of seropositives that will
subsequently develop leprosy must be higher
for the ELISA with deacylated PG than for
the FLA-ABS test. However, it may be pos-
sible to select quantitative criteria, based
upon the AA,,, in the ELISA, or the titer in
the FLA-ABS, that may select individuals
with a greater risk of developing disease. For
example, the mean AA,,, in the ELISA em-
ploying deacylated PG for 66 patients with
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LL or BL leprosy was 0.62, and the AA,,,
for 63 BT patients and 71 TT patients was
0.33and 0.11, respectively. This may imply
that a serodiagnostic test for infection with
M. leprae may have more usefulness for ear-
ly detection of lepromatous disease, since
with these patients there may be a 4—-6-year
period before the diagnosis is made clini-
cally, during which time antibody levels are
increasing and bacilli are present. Further
studies with both serologic tests using sera
from the same populations should eventu-
ally determine their relative merits, and their
usefulness for the early detection of leprosy.
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Investigations Related to the Development of a
Leprosy Vaccine'

Jacinto Convit, Nacarid Aranzazu, Marian Ulrich, Manuel Zaniga,
Maria Eugenia de Aragén, Jorge Alvarado, and Oscar Reyes?

The clinicopathological spectrum of lep-
rosy reflects the immunological response of
the human host to Mycobacterium leprae.
There is considerable evidence to indicate
that the immunological defect which reach-
es its maximum expression in lepromatous
patients also occurs in other groups of in-
dividuals, including a small proportion of
the healthy population in endemic areas.
Many of the principles which have been ap-
plied to the immunotherapy of leprosy pa-
tients are useful in the development of an
experimental design for prophylactic vac-
cination in leprosy. This paper will review
our experience in the immunotherapy of
more than 500 leprosy patients with a mix-
ture of heat-killed M. leprae and live BCG.
The criteria used to identify the high-risk
group of healthy individuals are presented,
as well as the preliminary results of the ap-
plication of the M. leprae-BCG vaccine in
this group.

The lepromatous polar form of leprosy,
LL, represents the consequence of a specific
immunological defect which persists
throughout the lifespan of the patient. Con-
siderable evidence suggests that both mac-
rophages and T lymphocytes show defective
responses in polar LL. The macrophage de-
fect manifests itself in the lack of adequate
presentation of specific antigens to the T cell
(34 10-12.16) The lymphocyte defect is char-
acterized by the depression of lymphocyte
transformation and the absence of lym-

' Received for publication on 22 November 1982;
accepted for publication in revised form on 15 June
1983.

2J. Convit, M.D.; N. Aranzazu, M.D.; M. Ulrich,
Ph.D.; M. Zuaniga, M.D.; M. E. de Aragon, B.S.; J.
Alvarado, M.D.; O. Reyes, M.D., Instituto Nacional
de Dermatologia, Apartado Postal 40403, Caracas 101,
Venezuela.

phokine production in the presence of spe-
cific antigens (% '+ 15), Both of these cell
types are also involved in immunoregula-
tory processes which are altered in LL. One
of the mechanisms which has been sug-
gested to explain the defective immune re-
sponse in these patients is the presence of
suppressor cells ('3).

Although the mechanism of the immu-
nological defect in the lepromatous patient
has only been partially clarified, the speci-
ficity of the defect is evident. These patients
demonstrate a normal capacity to defend
themselves from diverse infecto-contagious
diseases and do not show defects in tumor
surveillance or other evidence of immu-
nodeficiency.

We visualize the mechanisms of the im-
munological defect in cell mediated im-
munity (CMI) in lepromatous leprosy in the
following terms: a primary defect in the pre-
sentation of specific antigens to the T lym-
phocyte by macrophages results in a failure
of the development of an adequate T cell
response by the lymphoid arm of the im-
mune system. Additionally, inappropriate
antigen presentation by, or bypassing of,
macrophages may stimulate the formation
of suppressor cells.

The results observed after immunother-
apy with a mixture of M. leprae and BCG
in patients and persistently Mitsuda-nega-
tive contacts suggests that the CMI defect
in lepromatous leprosy is not an irreversible
central deficiency, but rather a peripheral
defect which can be overcome by an ade-
quate regimen of immunotherapy. /n vivo
tests have demonstrated that lepromatous
patients, as well as an undetermined pro-
portion of patients with indeterminate lep-
rosy and persistently Mitsuda-negative con-
tacts, are unable to eliminate heat-killed M.

531



532

leprae from their tissues (?). The intracu-
taneous injection of 6 X 107 heat-killed M.
leprae in LL patients results in the forma-
tion of an incompetent macrophage gran-
uloma; the injection of a mixture of M. lep-
rae and BCG results in an immune
granuloma with elimination of both my-
cobacteria (*). This visual evidence of an
enhancement of macrophage digestion at the
injection site does not prove by itself the
generation of specific immunogens of M.
leprae. However, considerable clinical, his-
topathological, and immunological evi-
dence has been accumulated over more than
a decade of investigation which demon-
strates that a variable number of injections
indeed produces responses to antigens of M.
leprae in a highly significant proportion of
patients suffering from the borderline lep-
romatous (BL)and LL forms ofleprosy. The
persistence of a small group of non-reactors
in the BL-LL group may reflect the presence
of diverse mechanisms of non-reactivity,
including genetic factors. The demonstra-
tion of the peripheral nature of the defect
in many patients, subject to modification
by appropriate procedures, lays the foun-
dation for the development of an immu-
notherapeutic and prophylactic vaccine for
leprosy (> 7).

Among the general characteristics which
such an antileprosy vaccine must possess is
sufficient potency to overcome the immu-
nologic defect in leprosy patients and in that
portion of the general population which is
susceptible to clinical disease. We consider
that the first option for such a vaccine is a
mixture of BCG and M. leprae, which re-
sults in the liberation of immunogens as a
consequence of macrophage stimulation by
the BCG component, even in those normal
individuals and the majority of patients who
are incapable of responding to repeated in-
jections of M. leprae by itself. Early foun-
dations for this concept for a two-compo-
nent vaccine were laid by Hanks and
Fernandez in the murine leprosy model (°).
These investigators demonstrated that a
mixture of BCG and heat-killed M. leprae-
murium reinforced resistance to murine lep-
rosy to a degree unobserved with the use of
either mycobacterium by itself.

An important aspect of our concept of
vaccination in leprosy relates to the use of
available experimental models for possible
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vaccine evaluation. Unfortunately, the re-
sults obtained in these models cannot be
extrapolated to man, since these animal
models do not possess the unique immu-
nological defect observed in man. Stanford
has recently supported this viewpoint, con-
cluding that the efficacy of a vaccine against
leprosy should be tested in the only animal
that is naturally susceptible to leprosy —man
('7). It seems equally clear that final vaccine
evaluation can only be carried out in areas
endemic for leprosy; natural factors such as
the ambient mycobacterial or mycotic flora
as well as the possibility that individuals in
these areas may already harbor subclinical
infection with M. leprae, represent factors
which may profoundly affect the response
to a given vaccine.

Additionally, the two components of the
vaccine used, heat-killed M. leprae and
BCG, have been used extensively in intra-
dermal injections in man for many years
without producing significant secondary re-
actions. Therefore there was good reason to
expect that a mixture of the two would be
well tolerated in non-reactors to M. leprae.

The priority and urgency for the devel-
opment of a preventive and curative vac-
cine for leprosy has surged to the forefront
in leprosy control as a consequence of the
development of drug-resistant strains of M.
leprae. In different parts of the world, sec-
ondary resistance to sulfones in 4%-6% of
patients and primary resistance in 3%-40%
have been reported (' '%). The development
of an immunotherapeutic procedure to
complement the chemotherapeutic proce-
dures now available constitutes a step for-
ward and might represent a decisive factor
in limiting the development of drug-resis-
tant strains of M. leprae.

Based on the preceding considerations, in
1973 we began the application of a mixture
of M. leprae and BCG in a very limited
group of individuals: 6 patients with LL,
inactive and bacteriologically negative after
prolonged treatment with sulfones; 6 pa-
tients with indeterminate leprosy; and 6
contacts, all of whom were persistently Mit-
suda negative. Contacts usually received a
single dose of vaccine; patients were vac-
cinated several times during a period of 1-
2 years. As a result of careful observation
during a period of almost six years, we ob-
served significant immunological changes,
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including strong and persistent positiviza-
tion of the Mitsuda reaction. Since second-
ary phenomena were not observed, we pro-
ceeded to evaluate the activity of the Af.
leprae-BCG mixture in the following groups
of persons, who represent an increasing scale
of incapacity to respond to immunization:

1) Persistently Mitsuda-negative con-
tacts, apparently healthy but weak or non-
reactors to M. leprae.

2) Mitsuda-negative patients with inde-
terminate leprosy, apparently in the initial
stages of disease development, but with a
potential to develop lepromatous leprosy
because of their condition as persistent non-
reactors to the Mitsuda antigen.

3) Patients with lepromatous leprosy,
bacteriologically negative after many years
of treatment with sulfones. In these indi-
viduals, effective vaccination would pre-
vent relapse and/or re-infection and the
subsequent creation of new infectious foci.

4) Patients with LL or BL leprosy in dif-
ferent stages of activity, ranging from cases
with bacteriologically positive lesions per-
sisting after years of drug treatment to new
untreated cases.

The effects of the vaccine have been eval-
uated by the immunological changes pro-
duced, and by clinical, histopathological,
and bacteriological criteria in patients with
active disease.

The majority of the patients receive
chemotherapy simultaneously; a small group
of patients have received immunotherapy
alone because of important secondary drug
reactions or evidence of bacterial resistance.

The studies reported in the first part of
this paper represent an evaluation of im-
munotherapy in leprosy. We would re-em-
phasize that immunological non-reactors to
M. leprae represent the source of new cases
in endemic areas and play a fundamental
role in perpetuating the endemic situation.
This point will be considered in further de-
tail in delineating a strategy for immuno-
prophylaxis.

CASES, METHODOLOGY AND
MATERIAL
Cases

The 577 cases studied include the follow-
ing groups of persons:
1) 25 contacts of lepromatous patients who
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were persistently Mitsuda negative, even af-
ter several vaccinations with BCG.

2) 46 Mitsuda-negative patients wtih in-
determinate leprosy who presented multiple
hypochromic lesions with alterations in sen-
sitivity. These patients were Mitsuda neg-
ative after three or four applications of stan-
dard lepromin and two or three vaccinations
with BCG.

3) 155 patients with borderline lepro-
matous or lepromatous leprosy, bacterio-
logically negative or with few bacilli after
prolonged chemotherapy.

4) 351 patients with active BL and LL
leprosy.

Methodology

All the individuals studied were given
dermatologic, neurologic, ophthalmologic,
and general clinical examinations. A biopsy
for histopathologic evaluation was routine-
ly stained by hematoxylin and eosin (H&E)
and Fite-Faraco procedures. In vivo and in
vitro immunologic tests included: skin tests
with standard Mitsuda antigen and soluble
protein antigen (SPA) from M. leprae, lym-
phocyte transformation to mitogens and M.
leprae, suppressor cells, and micro-ELISA
test for circulating antibodies.

The vaccine was administered by the in-
tradermal route; 0.5 ml of the mixture is
distributed in three sites in the deltoid re-
gions and upper back. All the patients were
examined at weekly intervals during the first
stages of the study and subsequently as often
as was necessary. During the course of the
study, biopsies were taken for histopatho-
logic study and blood samples were taken
for lymphocyte transformation, ELISA and,
in some cases, study of suppressor cells; these
last studies were carried out in collaboration
with Dr. Barry Bloom and his associates.
Skin tests with SPA were performed when
clinical or histopathological changes were
observed, and before re-vaccination.

Material

The vaccine was composed of a mixture
of M. leprae obtained from the tissues of
experimentally infected armadillos, purified
by the Draper 1/79 protocol (7) and heat
killed by autoclaving at 121°C for 15 min,
and viable BCG (Institut Pasteur, Paris,
France). Each dose of vaccine contained
6 x 10® M. leprae in a volume of 0.4 ml
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TABLE 1. Immunotherapy with a mixture of M. leprae plus BCG in leprosy groups

studied and changes obtained.

C‘!assiﬁca- Skin test reactivity Clinical and histopathological changes
tion and
period of No. SA® Mitsuda Reduced Reversal
vaccination positive positive infiltration reaction Total
(mo) (%) (%) (%) (%) (%)
Active BL/LL
6 18 0 — 0 8 6
18 74 20 - 27 20 47
>19 259 38 — 43 27 71
Inactive BL/LL
6 3 67 —
18 39 46 -
>19 113 63 —
Indeterminate
6 2 100 —
18 12 83 75
>19 32 97 88
Contacts
6 25 100 84

* SA = soluble antigen.

and 0.1 ml of BCG of variable concentra-
tion, depending upon the prior cutaneous
response to purified protein derivative
(PPD).

RESULTS

Table 1 shows the distribution of pa-
tients, period of observation, changes in the
48-hr skin test reactivity to SPA and clinical
changes. Of the 155 patients with inactive
BL and LL, 59% became SPA-positive; 32%
of the 351 patients with active BL and LL
became positive. Positivity was more fre-
quent in those patients who had been vac-
cinated more than six times.

The group of 25 persistently Mitsuda-
negative contacts represents one of the most
interesting groups with regard to the poten-
tial use of this vaccine in the immunopro-
phylaxis of leprosy. All showed a positivi-
zation of their reactions to SPA after one
or, rarely, two vaccinations. All who have
been tested were strongly Mitsuda positive
after vaccination. Some of these individuals
might be suspected of harboring the infec-
tion which would become manifest as tu-
berculoid or borderline tuberculoid leprosy
in the presence of cell-mediated immunity,
but no such case has appeared.

In the group of 46 Mitsuda-negative in-
determinate patients studied, important

changes have occurred in clinical, histo-
pathologic, and immunologic characteris-
tics. The clinical and histopathologic changes
were observed after two, three, or more vac-
cinations given at intervals of two to three
months. Repigmentation of hypochromic
lesions was observed after two or three years.
An eruption formed by multiple small pap-
ules occurred often; in a single case, a typical
tuberculoid plaque appeared which re-
gressed after six months. Histopathologic
study of the papular lesions showed a fol-
licular tuberculoid structure; the papules
disappeared simultaneously after three or
four months. There were 43 positive reac-
tions to SPA and 37 to Mitsuda antigen.
Four or more vaccinations were required to
produce the changes described in those pa-
tients who showed progressive evolution to-
ward lepromatous leprosy prior to vacci-
nation, as indicated by the presence of bacilli
at sites far from the lesions (earlobes, knees).

As expected, it has been more difficult to
induce immunologic changes in leproma-
tous or borderline lepromatous patients,
even in those who were free of clinical le-
sions after prolonged chemotherapy. In this
latter group of 155 individuals, 91 have be-
come immunologically reactive to SPA af-
ter three or more vaccinations (59%).

The changes observed in the group of ac-
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tive BL and LL patients who have received
three or more vaccinations are of extraor-
dinary interest. The clinical pathological
changes include reversal reactions charac-
terized by formation of nodules and plaques
superimposed on chronic lesions, reacti-
vation of lesions with sharper definition of
their borders and, in other cases, progres-
sive regression of the lesions.

Parallel to the clinical changes men-
tioned, important histopathological changes
have also occurred. These changes are of
two types, which depend upon the degree
of vacuolization of the macrophages and the
characteristics of the bacterial population of
the granuloma. In lesions formed by highly
vacuolated, bacilliferous macrophages, the
most striking observation after vaccination
was the accumulation of numerous, rela-
tively small macrophages and lymphoid in-
filtration into the granuloma. These new cells
may exert a cytotoxic “‘killer” function
against the original cells, or act as scavenger
cells. In other cases in which the macro-
phage compromise appeared to be less se-
vere, various degrees of epithelioid differ-
entiation and more abundant lymphoid cell
infiltration were observed. Macrophage ac-
tivation by lymphokines may be a more im-
portant mechanism of bacterial elimination
in these lesions.

Out of a total of 351 active BL and LL
patients vaccinated three or more times, 62%
have shown some or all of the clinical and
histopathological changes described earlier.
One hundred-thirteen have become SPA
positive. The majority required five or more
vaccinations to show these changes. The
clinical, histopathological, and immunolog-
ical changes that were observed and that
were designated as reversal reactions were
of an intensity and consistency sufficiently
strong to consider that they have shifted in
the spectrum from LL to BL-BB and BT.

The histopathological changes which oc-
curred in these patients have recently been
evaluated in an international workshop by
a group of six histopathologists: Drs. Raul
Negrao Fleury and Rene Garrido Neves,
Brazil; Drs. Chapman H. Binford and
Wayne M. Meyers, U.S.A.; Dr. A. Colin
McDougall, England, and Dr. Oscar Reyes,
Venezuela. The preliminary evaluation of
these results are shown in Table 2 and Fig-
ure 1. A biopsy taken prior to immuno-
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sal reactions induced by immunotherapy.

therapy and three or four biopsies taken
subsequently were analyzed in terms of an
arbitrary point scale (LL = 90-100, BL =
50-69, BT = 30-49) and results are ex-
pressed as the average value of five to six
independent observations. These results re-
vealed modifications in classification (re-
versal reactions) in 90.5% of the patients
initially classified as LL and 83.3% of the
BL patients. These results will be fully de-
scribed and analyzed by the group of his-
topathologists in the near future.

Secondary reactions

Massive transformation of undifferen-
tiated macrophagic granulomata into gran-
ulomata with epithelioid differentiation and
infiltration by lymphoid elements was ac-
companied by an important reduction in the
bacterial population; in these cases we have
observed fever and general malaise, easily
controlled by small doses of corticosteroids.

An observation of great importance was
the almost complete absence of reactions in
nerve trunks. If it were not for this phenom-
enon, vaccine therapy in bacilliferous lep-
rosy would not be possible. We have ob-
served severe neuritis in only 4 of the total
of 351 cases of active BL and LL studied,
and moderate reactions in 19 others. These
reactions consisted of pain in cubital and
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TABLE 2. Modifications of diagnostic classification in patients treated with immuno-
therapy, according to initial histopathological classification of LL or BL.

Ipitial . ) Biopsy with
Group biopsy Biopsies after immunotherapy greatest
1 2 3 4 modifications
LL patients
Number studied 42 42 38 22 42
Average score 95.6 68.9 63.6 713 61.4
Classification® L BB BB BL BB
BL patients
Number studied 18 18 18 10 18
Average score 82.2 64.0 60.3 51.0 54.8
Classification BL BB BB BB BB

a See text for the relationship between score and classification.

sciatic nerves that were enlarged at the time
immunotherapy was begun. They were rap-
idly controlled by corticosteroids and left
no permanent sequellae.

Recently we have observed transitory
jaundice in two cases of BL with reversal
reaction. These reactions were easily con-
trolled with 8 mg/day of triamcinolone ad-
ministered for a week. Edema of the dorsum
of the hands, feet, and lower legs have been
observed in five cases, and was controlled
with doses of 4 mg—-8 mg corticosteroid dai-
ly for periods of four to six weeks.

In summary, the secondary reactions ob-
served during the course of these studies
have been moderate and easily controlled
by appropriate treatment. They do not com-
pare unfavorably with the reactions ob-
served during the course of conventional
chemotherapy.

Immunoprophylaxis

Having presented our results in the use
of a vaccine against leprosy in patients anc
contacts, we would like to refer briefly to
our concept of the basis for immunopro-
phylaxis in leprosy.

The strategy for leprosy control based on
treatment of the sources of infection is ba-
sically sound, but the possibilities of prac-
tical success are very limited. The chronic
nature of the disease requires such pro-
longed treatment that these programs are
frequently abandoned by the patients. In the
majority of countries where leprosy is en-
demic, the prevalence of the disease has not
been significantly reduced. As Dr. S. G.
Browne has recently pointed out, in some

aspects, the situation today is comparable
to that which existed at the beginning of the
1940s, before the era of the sulfones. A new
strategy, based on the development of a
highly efficient, low-cost, risk-free preven-
tive vaccine, would constitute a decisive
element in control or erradication programs
in those areas of the world where leprosy
constitutes an important public health
problem.

The bases for immunoprophylaxis as we
understand it at present can be summarized
as follows:

1) The population susceptible to leprosy,
especially in its progressive forms, repre-
sents a very small proportion of the general
population. This fact, plus the possible high
cost of producing a vaccine based on M.
leprae purified from experimentally infect-
ed armadillos, justify a selective approach
to vaccination, limited to high risk popu-
lations, that is, contacts.

2) The high-risk population can be iden-
tified by two criteria—epidemiological and
immunological. Through the first, we iden-
tify contacts around active leprosy cases. In
Venezuela, we estimate an average of five
intradomicilliary and 45 extradomicilliary
contacts per case, on the basis of previous
epidemiological surveys. The interest in ex-
tradomicilliary contacts is based on the fact
that 75% of new leprosy cases have been
found among this group.

The immunological criterion used to
identify high-risk contacts is a negative re-
action towards soluble M. leprae antigen.
Supposedly all contacts have been exposed
to infection by M. leprae and those with
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normal immunological reactivity should
have developed delayed hypersensitivity to-
wards this organism.

3) More than 25 years ago, Dharmendra
and Chatterjee studied the incidence of lep-
rosy in individuals living in endemic areas
of India. This study revealed that 55% of
the lepromatous cases detected 15 to 20 years
after the initial survey with Mitsuda antigen
occurred in that 2.3% of the population
which remained persistently negative after
repeated lepromin injections; the other 45%
of the lepromatous cases occurred in ini-
tially Mitsuda-negative contacts who were
not repeatedly stimulated with lepromin.
These and later studies, as well as the dis-
couraging results of large scale trials with
BCG, indicate that the use of either M. lep-
rae or BCG alone does not offer much hope
of an adequate vaccine.

The favorable results obtained in the im-
munotherapy of leprosy with a mixture of
M. leprae and BCG, plus the persistence of
the immunological conversion seen in Mit-
suda-negative contacts during an observa-
tion period of several years, indicate that
this combination can represent a highly ef-
ficient vaccine.

4) The only absolute criterion to deter-
mine the efficacy of a preventive vaccine
would be the incidence of new cases of lep-
rosy, and the evaluation would depend on
a five- or ten-year observation period. In
any case, observations during the immu-
notherapy trial indicated that the induction
of an immunological conversion of skin
reactivity towards soluble M. leprae antigen
can be useful in evaluating the response to
the vaccine in terms of percentage of posi-
tive reactors and persistence of conversion.

Preliminary data obtained in an immu-
noprophylaxis trial carried out in two west-
ern states of Venezuela which are highly en-
demic for leprosy are extremely interesting.
In the first stage of this trial we identified a
total of 2659 contacts in two work areas in
Apure and Tachira states; 293 of these con-
tacts were intradomicilliary. We examined
them all, clinically and neurologically, and
applied skin tests with 2 units of PPD and
0.5 ug or 1.0 ug of soluble M. leprae antigen.
We also studied circulating antibodies
through a micro-ELISA test. Skin reactivity
towards these soluble antigens is shown in
Figure 1. We found 21.8% of ‘“‘non-reac-
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F1G. 2. Reactivity to soluble antigen in leprosy con-
tacts and induced by vaccination with BCG or with
the mixture of M. leprae-BCG in contacts initially neg-
ative 60 days after vaccination control in the Vene-
zuelan states of Apure and Tachira, 1981.

tors” in the population 12 years old or older
when using a criterion of induration of 9
mm or less at 48 hr. The non-reactors were
divided in two groups: one to be vaccinated
with the same mixture of autoclaved M.
leprae and BCG used for immunotherapy
and the other, the control group, only with
BCG.

Two months after vaccination both groups
were again tested with M. [eprae soluble-
antigen. As we can see in Figure 2, a high
percentage of both groups became positive.
In the group of 305 persons vaccinated with
the mixture M. leprae-BCG, we saw an av-
erage induration of 21.22 mm at 48 hr with
soluble antigen; 56% of this group gave
strong reactions (20 mm of induration or
more) and only 1.9% persisted as ‘‘non-re-
actors” with reactions of 9 mm or less of
induration. On the other hand, the average
induration in the group of 180 persons vac-
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tacts and induced by vaccination with BCG or with
the mixture of M. leprae-BCG in contacts initially neg-
ative eight monthsafter vaccination control in the Ven-
ezuelan states of Apure and Tachira, 1982.

cinated with BCG alone was 15.02 mm; only
14% gave reactions of 20 mm or more and
almost 8% persisted as “‘non-reactors.”” This
initial evaluation indicated that the M. /lep-
rae-BCG mixture induced an immunolog-
ical conversion towards soluble antigen
clearly superior to that induced by BCG
alone.

The difference in reactivity towards sol-
uble antigen in both groups became much
more evident at eight months after vacci-
nation (Fig. 3). In the control group vacci-
nated with BCG, more than 60% presented
reactions of 9 mm or less of induration (av-
erage of the whole group, 7.84 mm). This
fact shows that BCG induced not only weak,
but also short-lived reactivity. The average
of induration in the group vaccinated with
the mixture was 15.14 mm at eight months,
and 15% had reactions of 9 mm or less.
These results at eight months supported the
initial conclusion obtained with the results
at two months. The future stages of this trial
contemplate the repetition of the clinico-
dermatological examination and skin tests
with soluble M. /leprae antigen at yearly in-
tervals over five years and less frequent ex-
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aminations in the next five years. The pre-
liminary results have already become the
basis for the protocol of a much larger trial
in Venezuela, which will include the study
of 61,000 contacts.

The results of the immunotherapy and
immunoprophylaxis programs developed in
Venezuela offer the hope of new methods
for antileprosy campaigns at a time when
the alarming increase of sulfone resistance
makes it necessary to intensify the search
for a new approach to solve this problem.

Some comments are indicated on the
group of persons who after being vaccinated
with the mixture appear as negatives (0 mm-—
9 mm) or weakly positive (10 mm-14 mm)
after an intradermal test with soluble anti-
gen. A not yet determined percentage of
these negative persons have high titers of
circulating antibodies with the micro-ELISA
test. This situation is similar to that seen in
patients with low resistant forms of leprosy
(LL, BL, and some Mitsuda-negative, in-
determinate patients), and we have consid-
ered the possibility that this group may re-
quire more than one vaccination in order
to obtain favorable immunological changes.
According to these last considerations, the
above mentioned group of non-reactors
would be the root of the leprosy endemia.
Therefore, the schedule of antileprosy cam-
paigns could be the following: contact pop-
ulation divided into reactors and non-re-
actors to soluble antigen, vaccination with
the M. leprae-BCG mixture and later re-
vaccination of the persistently non-reacting
group. With this approach the antileprosy
campaign would be secondary to the im-
munotherapy of “non-reactors™ after the
first dose of vaccine since, by producing im-
munological changes in this population
group, we would prevent the creation of new
infected foci and, therefore, the main-
tenance of the endemia.
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Immunoprophylaxis, which is aimed at
enhancing host immune defense mecha-
nisms, is an established modality for control
of microbial diseases. Usually attenuated
organisms, that have lost pathogenicity but
retained antigens that induce protective im-
munity, are used in vaccine preparation. Al-
ternatively, nonpathogenic, live or killed,
antigenically crossreactive microbes could
also be used. The latter approach is quite
attractive, particularly for immunoprophy-
laxis of leprosy, because Mycobacterium
leprae, the causative agent, has yet to be
cultivated. Large quantities of M. leprae
could be, however, obtained from armadil-
los, in which the bacilli grow profusely ().
In fact a vaccine containing killed M. leprae
A (armadillo grown) and BCG has been suc-
cessfully developed by Convit, ¢t al. in Ven-
ezuela (').

Among the cultivable organisms, trials
with BCG have given conflicting results with
reference to its protective efficacy in leprosy
(*). Three years ago we developed a vaccine
from ICRC bacillus killed by gamma irra-
diation (''). The bacillus, which is a slow-
growing Mycobacterium, has been repeat-
edly cultivated from human lepromata since
1958 ('). It lacks antigen 2, which is among
the most stable and reproducible antigen of
M. leprae, and it lacks some determinants
of antigen 4 that are specific for M. leprae

' Received for publication on 22 November 1982;
accepted for publication in revised form on 15 June
1983.
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(Closs, O., personal communication). On the
basis of sero-antigens, the ICRC bacillus has
been shown to belong to the M. avium-in-
tracellulare group of organisms (''). How-
ever, sero-antigens have little role to play
in protective immunity against leprosy.
Studies carried out, both in man (patients
as well as healthy subjects) and laboratory
animals, have shown that ICRC crossreacts
with M. leprae antigens that are involved
in cell-mediated immunity (CMI) ('¢-'7)
which is the host’s major defense against
the organisms ('*). This stimulated us to use
ICRC in vaccine preparation.

The lepromin (Mitsuda) reaction is con-
sistently negative in lepromatous leprosy
(LL) patients (*°). The anergy is highly spe-
cific to M. leprae antigens; responses to oth-
er antigens are by and large unaffected ('%).
Even after prolonged drug therapy, the im-
mune defect is not corrected and the pa-
tients continue to harbor bacilli in the tis-
sues (*'%32) These patients may require
additional immune stimulus, possibly by
way of a vaccine, in order to overcome the
immune defect. In a normal population,
even in endemic areas, a small group of in-
dividuals exhibit persistent lepromin nega-
tivity (**). They run a high risk of contract-
ing the multibacillary forms of leprosy ('2).
A vaccine which is able to bring about lep-
romin conversion in LL patients is also ex-
pected to do so in these individuals. With
these objectives, we have tried the ICRC
vaccine both in leprosy patients and lep-
romin negative residents in an endemic area.

PATIENTS, HEALTHY
VOLUNTEERS,
MATERIALS AND METHODS

The hospital-based studies on the pa-
tients were carried out in Acworth Leprosy
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TABLE 1. Plan of the study.
Patients/volunteers No.
LL (vaccinated) 71
LL (controls) 19
BB/BL (vaccinated) 11
BB/BL (controls) 10

Lepromin-negative
household contacts of LL

(vaccinated) 12
Lepromin-negative noncontacts

(vaccinated) 20
Lepromin-negative nonvaccinated

residents (controls) 17
Total 160

Hospital, Bombay, India. The field studies,
on healthy volunteers, were conducted at a
primary health care center established by
the G. S. Medical College in Malwani (pop-
ulation 45,000), a suburb of Bombay. The
plan of the study is depicted in Table 1.

Hospital-based investigations

A total of 90 LL and 21 BB/BL patients,
10-65 years of age, participated in the study.
The patients were diagnosed on the basis of
clinical presentation, Bacteriologic Index
(BI) and, in many cases, skin biopsies. They
were classified according to the Ridley and
Jopling scale (**). All were on dapsone (DDS)
for a period of 3-25 years. In addition, some
also received rifamycin. Depending on the
duration of the treatment, the BI in the LL
patients varied from 5+ to 1 +.

Seventy-one LL and 11 BB/BL patients
received 0.1 ml of the vaccine containing
27 ug—67 ug protein (50 ug equivalent to
1 x 10? bacilli) intradermally in the left del-
toid region. The rest (19 LL and 10 BB/BL
who received saline, that was used as the
vehicle) served as controls. The vaccine was
prepared from ICRC strain C-44 that was
isolated from a lepromatous patient in 1969.
Details of the vaccine preparation, stan-
dardization of doses, etc., have been de-
scribed elsewhere ().

The Mitsuda reaction was carried out us-
ing lepromin A (Lot No. AB-22) generously
provided by Dr. R. J. W. Rees, Head, Lab-
oratory for Leprosy and Mycobacterial Re-
search, Medical Research Council, London,
England. Each patient received intrader-
mally 0.1 ml of lepromin containing 1.6 X
10% bacilli/ml in the left forearm. Skin re-
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action (induration) was measured 3—4 weeks
later. Induration of more than 3.0 mm de-
noted a positive reaction. As expected, all
patients were lepromin negative before vac-
cination. Lepromin reaction was repeated
between 4-10 months after vaccination in
all patients. In 26 vaccinated LL patients,
the test was carried out the third time be-
tween 18-30 months post-vaccination.

To get an idea of the comparative re-
sponses, in some vaccinated LL patients
(both lepromin converted and nonconvert-
ed) a study of the skin reaction to lepromin
and ICRCin, a Mitsuda-type of particulate
antigen of ICRC, was simultanecously car-
ried out. Both antigens were given at the
dose of 1.6 x 107 bacilli/patient.

Field studies

Seventy-three household contacts, aged
5-50, from 23 families residing in Mal-
wani, volunteered for the study. Each family
had at least one index case of the multiba-
cillary forms (BL/LL) of leprosy. Careful and
thorough clinical examination revealed no
evidence of disease in the contacts. Mitsuda
reaction was conducted on all patients and
their family contacts using 0.1 ml of the
antigen containing 4 X 107 bacilli/ml. It is
known that the lepromin test by itself could
act as a micro-vaccination and could result
in conversion in some negative individuals.
In order to reduce such a possibility, a dose
lower than that used in patients was pur-
posely employed in the field studies. Lep-
romin A was obtained through the kind
courtesy of Dr. W. F. Kirchheimer, Nation-
al Hansen’s Disease Center, Carville, Lou-
isiana, U.S.A. with the assistance of the
World Health Organization (WHO).

Among the contacts, 28 were Mitsuda
negative and 12 of them, aged 10-45 years,
volunteered for vaccination. They received
0.1 ml of vaccine containing 0.25 ug protein
(equivalent to 5 x 10% bacilli) intrader-
mally in the left deltoid region.

The pattern of lepromin reactivity was
also studied in the 400 volunteers between
10-18 years of age in the general population.
In 17 of them (8 males and 9 females) who
were lepromin negative, the test was re-
peated to assess the effects, if any, of the
first test on their subsequent lepromin reac-
tivity.

To get an idea of a minimum effective
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TABLE 2. Vaccine-induced ENL and lepromin conversions in different forms of lep-
rosy.
Late
v of | vaccine sipnge 0% Early (10-30 days) _(4-10 months)
Group 1”:;:)' dose (ug  No Agc(vr;q)ngc i i Mitsills Bositve
prosy protein) & M F Ulcer ENL 1Suca posIive
Total %
I LL 27-67 71 10-65 65 6 71 21 41 57.7
1 LL Saline 19  10-65 17 2 Nil Nil Nil Nil
(Control) only
11 BB/BL 27-67 11 31-60 9 2 11 Nil 10 91
v BB/BL Saline 10 22-56 10 0 Nil Nil 1 10
(Control)

dose, 20 lepromin-negative residents, aged
12-18 years, received the vaccine in the dose
of 0.8 ug/person (equivalent to 1.6 x 107
bacilli), which is the highest concentration
at which M. leprae is used as the Mitsuda
antigen. In order to bring more objectivity,
lepromin reactivity in different groups was
also assessed by experienced “*blind™ ob-
servers.

Histopathology

Biopsies were obtained from the lesions
in the upper extremities and the back of LL
patients before and after vaccination, as well
as sites of lepromin tests in a number of
converted patients. Biopsies were fixed in
Zenker-formol, cut at 5 u, and stained rou-
tinely with hematoxylin and eosin (H&E)
and Fite’s stain for acid-fast bacilli (AFB).

RESULTS
Patients

Vaccination hardly produced any acute
local or systemic reaction. However, 2-3
weeks after vaccination an ulcer developed
at the local site associated with enlargement
of regional lymph nodes in all patients (Ta-
ble 2). The ulcer healed with local treat-
ment. The vaccine was well tolerated and
did not produce any untoward systemic ef-
fects. Erythema nodosum leprosum (ENL),
which occurred in 3-4 weeks after vacci-
nation, was observed in 30/71 (42.2%) LL
patients, who were mostly high index cases
(BI 34 or more). Lepromin conversion was
observed in 57.7% and 91% of LL and BB/
BL patients, respectively, between 4-10
months of vaccination. During the same pe-
riod only 10% control BB/BL but none of
the unvaccinated LL exhibited lepromin

conversion. None of the converted patients
developed fresh nerve lesions. No differ-
ences were observed between males and fe-
males, and for subsequent analysis they were
treated as one group.

Analysis of lepromin conversion in the
LL patients in relation to different variables,
such as the age of the patient, duration of
treatment, batch of vaccine, etc., is shown
in Table 3. Conversion appeared to be in-
dependent of any of these factors.

TABLE 3. Rate of conversion in LL pa-
tients in relation to different parameters.

Lepromin
Parameters . conversion
patients
Total %

Age (yr)

Below 20 15 8 53

21-50 45 28 62

51-65 11 5 45
Treatment

DDS only 61 37 61

DDS + rifamycin 10 4 40
Bacillary Index

4105+ 45 30 66

3+ and below 26 11 42
Dose of vaccine (ug)

27-49 27 11 41

50-67 44 30 68
Batch of vaccine with dose (ug)

V, (45) 4 1 25

V, (67) 11 7 64

V, (34-50) 12 7) 59

V, (27-4)5) 13 8 61

Vs (30-60) 12 9 75

Ve (30-60) 12 6 50

V, (30-60) 75 1 20

Vs (30-60) 2 2 100
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FiG. 1.

Pre-vaccination biopsy of a skin lesion of
a lepromatous patient on long-term dapsone (DDS)
therapy. It shows more or less normal epidermis, a
clear subepidermal zone, and a focal histocytic infil-
tration in the dermis. Very few lymphocytes are seen
(H&E x90).

In a number of lepromin converted LL
patients significant changes were observed
in the morphology of the lesions. There was
loosening of the granuloma and a reduction
in the number of macrophages which were
vacuolated and foamy. The granuloma also
showed infiltration with lymphocytes and a
reduction in the tissue bacillary load. “*Re-
versal” reaction with upgrading of the lesion
has been observed, so far, in five patients
(Figs. 1-4).

Table 4 depicts the results of the third
lepromin test carried out on 26 LL patients
who were vaccinated in 1979-1980. Persis-
tent conversion was observed in 85.7% (12/
14). Further, five out of 12 (41.6%), who
were initially nonresponsive, now devel-
oped a positive reaction. Thus, an increas-
ing number of LL patients exhibited con-
version over time.

It is evident from Table 5 that irrespec-
tive of the status of lepromin reaction, pa-
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FiG. 2. High power magnification of Figure 1| to
show vacuolated foamy macrophages. The lympho-
cytes are conspicuous by their absence (H&E x440).

tients exhibited strong positive responses to
ICRCin.

Healthy volunteers

The pattern of lepromin reactivity in con-
tacts and noncontacts (general population)
is shown in Table 6. Lepromin positivity
was very low below ten years of age. The
pattern of reactivity between 10-20 years

TABLE 4. Persistence of post-vaccination
Mitsuda response in LL patients.

SR Subsequent status at
Post-vaccination

N;' Mitsuda reaction LD alenty
P31 4-10 months Positive  Negative
tients® (e

: No. % No. %

26 Converted 14 12 85.7 2 143
(positive)

Nonconverted 12 5 41.7 7 533
(negative)

» Vaccinated in 1979-80. Lepromin positive at 4—
10 months = 14/26 (53.8%). Lepromin positive at 18—
30 months = 17/26 (65.4%).



Fic. 3.

Biopsy of a “‘reversal” site in the same pa-
tient ten months after vaccination. The epidermis is
normal. The dermis exhibits granuloma containing
predominantly epithelioid cells, a few giant cells, and
a moderate number of lymphocytes (H&E x110).

was similar in contacts and noncontacts
(Table 6).

All vaccinated individuals developed a
local response, including the lymph node
enlargement, similar to that observed in the
patients. No systemic untoward reaction was
observed. Vaccination resulted in conver-
sion 0f 92% (11/12) of the volunteers (Table
7). Lepromin-negative, nonvaccinated in-
dividuals, on the other hand, exhibited no
conversion as a result of the first lepromin
test (Table 8). An interesting phenomenon
was observed in two contacts and two pa-
tients. Their pre-vaccination lepromin re-
action was 0 mm-1 mm. Three weeks post-
vaccination, the patients started developing
some induration at the site of the first test.
By the sixth week the induration had reached
3 mm-6 mm in size. Their post-vaccination
lepromin reactions were not only strongly
positive but in some there was even ulcer-
ation (Table 9).
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Fi. 4. High power magnification of Figure 3 to
show cellular details of the granuloma (H&E x440).

The results of the low-dose vaccination
in 20 lepromin-negative residents are shown
in Table 10. The conversion rates were not
only low (45%) but the magnitude of the

TABLE 5. Post-vaccination Mitsuda re-
action to lepromin and ICRC in “nonre-
sponders” and “responders”’ (lepromin con-
verted).*

Nonresponders Responders
Lep- Lep-
Case romin . Caise romin )
(post- ICRCin (post- ICRCin
no. : no. :
vacci- vacci-
nation) nation)
49 0 13.0 44 5.0 8.0
50 0 9.5 46 4.0 10.0
51 0 10.0 40 3.5 9.0
59 0 9.5 52 4.0 14.0
60 0 10.5 54 5.0 9.0
61 0 10.4 56 7.0 14.0

2 Skin reaction (induration) in mm diameter. All pa-
tients were males and were lepromin (Mitsuda) nega-
tive prior to vaccination.
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TABLE 6. Lepromin activity in household contacts and noncontacts.
Lepromin (Mitsuda) Reaction
Less than More than
Groups Sex Total 3 mm 7 mm or
(negative) 3.5-5 mm 5.5-7 mm ulcer
No. % No. % No. % No. %
Household contacts
Children 5-9 yr M 9 7 77.8 2 22.2 — — - —
F 8 6 75.0 2 25.0 — — - —
Adolescents and young M 16 3 18.7 11 68.8 2 12.5 — —
adults 10-20 yr F 17 6 353 9 529 2 11.8 — —
Adults >20 yr M 7 1 14.3 5 71.4 — — 1 14.3
F 16 5 31.2 9 56.2 2 12.6 — —
Noncontacts
Adolescents and young M 223 53 23.8 110 49.3 52 23.3 8 3.6
adults 10-20 yr F 77 54 30.5 83 46.9 35 19.8 5 2.8

TABLE 7. Lepromin conversion in negative contacts.

Mitsuda Reaction (mm)

No. Name Age Sex Pre- Post-
vacci- vacci-
nation nation

1 N 10 F 0 0
2 D 15 F 1 6°
3 H 10 M 0 5
4 R 28 E 1 7*
5 HK 46 M 1 7
6 SK 46 F 0 5
7 S 11 M 0 6°
8 RB 15 M 0 7
9 N 25 F 1 5
10 DP 10 B 0 5
11 AB 45 F 0 6
12 NB 10 F 0 5
Total conversions = 11/12 (91%): Males = 4/4 (100%) Females = 7/8 (87.5%)
* Ulcer.

response was also smaller as compared to
the response seen in household contacts giv-
en the higher dose (Table 7).

TABLE 8. Effects of lepromin test on Mit-
suda reaction in noncontacts.

Mean Mitsuda reaction

Measurements made by a “blind” ob-
server (Dr. M. D. Gupte, Professor, Pre-
ventive and Social Medicine Department,
Wardha, India) are shown in Table 11. The
two readings, which were taken at 48-hour
intervals, show excellent concordance.

DISCUSSION
Immunoprophylactic efficacy of a vaccine

Volunteers (range) . < .
has to be ultimately assessed in field trials
Sex Age  No. 1(5‘ test  2ndtest  py jis capacity to prevent the disease in sus-
b i ceptible subjects. Leprosy has a very long
M 10-18 8 157 '30 incubation period, and therefore the trials
{0=23) P28 will have to be carried out for several years
F 10-18 9 (é-‘;) (1093) in order to obtain any meaningful data. Be-

fore initiating field trials it would be essen-
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TABLE 9. Post-vaccination reactions at the two sites of lepromin tests.
Induration at site of lepromin tests
(mm)
Name First test Second test®
(category) Age Sex (Left forearm) (Right forecarm)
Post- Post-
Pre- vaccination vaccination
vaccination (6 weeks) (8 weeks)
H (contact) 10 M 0 3 5
SK (contact) 46 F 0 4 5°
IU (patient) 50 M 0 6 9
IB (patient) 30 F | 6 9b

a Second test was performed eight weeks after vaccination and read four weeks later.

b Ulcer.

tial to establish that the vaccine is able to
enhance protective immunity, and the de-
terminants of protective immunity are often
difficult to define. Pioneering work of
Mackaness has established the importance
of CMI in the handling of intracellular par-
asites (*?). CMI is also the main defense
mechanism against M. /eprae and the cir-
culating antibodies have little role ('*27).
Among the laboratory parameters of CMI,
it appears that the lymphocyte transfor-

TABLE 10. Pre-vaccination and post-vac-
cination lepromin reaction in noncontacts.

Lepromin reaction

mation test correlates well with hypersen-
sitivity (%). Relationship of the SPA test, a
48-hour skin reaction to soluble protein an-
tigens (SPA) of M. leprae developed by
Convit, et al. (°), to protective immunity is
yet to be established. Mitsuda-type skin re-
action to particulate antigens of the leprosy
germs, on the other hand, has good corre-
lation with the capacity of the host to handle
M. leprae. Thus, within the leprosy spec-
trum the paucibacillary forms are associ-
ated with a positive reaction; while the pa-
tients suffering from multibacillary forms
are consistently lepromin negative ('%). As
mentioned earlier, epidemiological studies
likewise indicate that Mitsuda-negative in-
dividuals, in endemic areas, run a very high

(mm) risk of contracting the multibacillary forms
Name Age Sex Pre- Post- of leprosy ('?).
vacci- vacci-
nation  nation®
[1:’\‘,/ ii :14 (l) ‘7‘ TABLE 11. Assessment of lepromin test
y A ; %% Ve @

S 13 F | 4 by a “blind” observer.
AS 14 F 1 5 :
Sumant 15 F 1 7 Rcad’mg
Sawant 16 F 1 5 Name Age Sex Our by
DK 17 F ) 6 reading  “*blind”
SA 13 F 1 4 observer
S 14 F 0 5 PV 14 M 5 7
SK 14 F 1 3 BA 16 F 0 0
Khan S 17 M 0 3 KS 13 F 3 4
SV 13 F 1 3 Khan L 17 M 0 0
SA 12 F 1.5 2.5 Khan S 1.7, M 3 4
BA 16 F 1 0 PD 15 M 2 2
KL 17 M 1 0 AS 14 F 5 5
PD 155 M 2 2 SV 15 F 5 7
PR 15 M 0 1 SS 16 F S 5
DV 14 M 1 1 Bilquis S 15 F 2 1
Bilquis 15 F 2 1 Tasnim 13 F 4 2
Tasnim 13 F 0 1.5 DK 17 E 5 6

a Positive > 3 mm = 9/20 (45%). 2 The readings were taken at two-day intervals.
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In this study a vaccine containing killed
ICRC bacilli has been able to induce a per-
sistent lepromin conversion in LL patients,
associated, in some cases, with changes in
tissue response consistent with up-grading
of the lesions (**''). “*Reactions” posed no
problems and were easily controlled. Inter-
estingly no permanent fresh nerve lesions
were seen in spite of up-grading of immu-
nity. Convit, ef al. (*) have made similar
observations.

Lepromin negativity has been somewhat
higher than expected in the general popu-
lation. However, similar results have been
obtained by Castellani, et al. (7) using the
same dose and source of the antigen. Lep-
romin conversion was observed in 91% of
the lepromin-negative contacts. On the oth-
er hand, controls (nonvaccinated) did not
exhibit any change in lepromin reactivity,
indicating that the conversion was not
merely a consequence of the previous lep-
romin test. In Malwani, the patients are not
segregated, and thus even the noncontacts
(general population) are frequently exposed
to M. leprae. This may explain why no con-
version was seen as the result of the first
lepromin test in the controls. Reduction of
the dose of the vaccine not only induced
conversion in a lesser number of subjects
but the magnitude of the response was also
lower.

Convit, et al. ('*°) have shown that clear-
ance of M. leprae is markedly retarded in
LL patients; bacilli could be demonstrated
in the skin at the site of injection even 30
days later. This may explain our observa-
tion of the development of induration at the
site of the first lepromin test following vac-
cination in some patients and contacts. Thus
three weeks after vaccination, a time re-
quired for sensitization of appropriate
clones, the antigen would still be present at
the site of the first test for interaction with
sensitized lymphocytes.

About 40% of the LL patients in this study
could not be converted to lepromin posi-
tivity. There was no correlation between
conversion rates and host parameters such
as age, bacillary load, and duration of treat-
ment. This points to the existence of a
subgroup within LL that would not respond
to vaccine. Convit, et al. (*) have found a
similar group even after repeated adminis-
tration of their vaccine. Association of im-
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mune regulatory (Ir) genes with H-2 com-
plex in mice is well established (**). HLA in
man may likewise contain Ir genes that could
control the immune response to M. leprae.
Genetic mechanisms have been incrimi-
nated in the pathogenesis of leprosy (*'). It
would be interesting to investigate the ge-
netic make up, including HLA typing, of
the “‘nonresponders’ to our vaccine to find
out if they represent a genetically distinct
group.

Although the CMI defect in leprosy is
highly specific, its mechanism 1is still not
well understood (- 27- ). Macrophage func-
tion has been found to be defective by some
(?). although this has not been universally
accepted ('*?Y). A reduction in the number
of T cells has been reported by a number of
workers ('*?%). According to Godal, et al.
(?) the main defect is *““central failure™ due
to lack of specifically reacting cells. ICRC
appears to be stronger antigenically as com-
pared to M. leprae. Thus, in vaccinated LL
patients, response to ICRCin was always
stronger. Moreover, an equally good re-
sponse was also seen even in those who could
not be converted. In a separate study the
two antigens administered simultaneously
induced a comparable biphasic skin re-
sponse. However ICRCin always induced
larger induration than lepromin. The ICRC
bacillus may thus provide strong crossreact-
ing antigens which could activate appro-
priate clones breaking the “‘tolerance.”” Al-
ternatively, the vaccine could act by
enhancing the helper cells, or by suppressing
the suppressor cells. Although several work-
ers have demonstrated generation of sup-
pressor cells during the course of infection
by M. lepraemurium in mice (% 37), there is
no unanimity of opinion on the status of
suppressor cells in LL patients (**>°).

The data of this study, both in regard to
patients and healthy contacts, strongly in-
dicate immunogenic potentials of the ICRC
vaccine. However, before initiating field
trials it would be essential to get informa-
tion on: 1) safety and acceptability, 2) op-
timal dose, 3) frequency of vaccination, 4)
age of vaccination, and 5) antigenic stability
of the organism.

Acute and chronic toxicity studies carried
out in a large number of animals of different
species show that the ICRC vaccine is non-
toxic even when given in very high doses.
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Likewise, no harmful effects have been seen
in patients or in healthy volunteers (''). The
reaction produced in LL patients is casily
controlled. Being given as a single shot, the
vaccine has high acceptability.

No differences have been observed in re-
sponses when the vaccine is given in a dose
range of 27 ug—67 ug. The proposed dose in
patients, for the future, will be 50 ug/patient
(equivalent to 1 x 10? bacilli). At 50% of
this dose, 90% of lepromin-negative con-
tacts exhibited conversion. When the vac-
cine was given in very low dose (1.6 x 107
bacilli/person), conversion was observed in
only 45%. As per the present estimate, the
optimal dose in healthy individuals would
be 1 x 10® bacilli/person.

Frequency of vaccine administration will
depend upon the period for which lepromin
conversion is observed. Lepromin conver-
sion has been persistent in patients even
after three years. Similar studies with ref-
erence to contacts are in progress.

The immune system is relatively imma-
ture in the newborn (**), and no useful pur-
pose would be served by giving the vaccine
at a time when the body has not yet devel-
oped the power to respond to antigens of
M. leprae. This is an important point be-
cause immature lymphocytes exposed to ex-
cess antigen, as would be the case after vac-
cination, may in fact develop immunological
tolerance. In our studies very low lepromin
positivity was observed below ten years of
age, and similar results have been obtained
by Guinto, et al. (*°). In their studies, 90%
of even the household contacts exhibited a
negative lepromin reaction below the age of
five years. In view of the data, we have de-
cided to give the vaccine only to children
above five years of age.

ICRC bacilli (now in the 89th passage)
appear to be antigenically stable, at least
with reference to the crossreacting CMI an-
tigens. All vaccine batches used so far have
produced good lepromin conversion in LL
patients. Likewise, when the vaccine was
given in antigenic doses, the magnitude of
the Mitsuda response was similar with dif-
ferent batches in TT patients.

A number of effective drugs which reduce
bacillary load in patients are now readily
available. Since man is practically the only
reservoir for leprosy germs, it should be the-
oretically possible to wipe out the disease
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by drug therapy. However, drug resistance
is occurring at an alarmingly high rate (*'),
and there is an urgent need to develop a
vaccine against leprosy. The data obtained
so far make the ICRC vaccine a highly
promising candidate vaccine which should
soon undergo field trials.
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Two Candidate Antileprosy Vaccines—Current
Status of Their Development!

Gursaran P. Talwar and Arun Fotedar?®

Epidemiological data from endemic areas
indicate that a very large majority (over 95%)
of subjects are able to resist infection and
donotdevelop leprosy. An eventual vaccine
should therefore have the ability to invig-
orate immunity in that segment of the pop-
ulation which falls prey to this disecase and,
in particular, in those who develop lepro-
matous leprosy (LL).

Lepromatous leprosy patients have a long-
lasting defect for response to Mycobacte-
rium leprae antigens, as measured by de-
pressed blast transformation of leukocytes
and the inability to generate lymphokines
influencing monocyte migration. These pa-
tients give negative lepromin reactions (°),
and macrophages from such patients are un-
able to eliminate the bacilli.

The basis of the immunological deficit in
lepromatous leprosy patients is only par-
tially understood. Investigations carried out
by de Vries, et al. (') failed to show a distinct
correlation of HLA loci with lepromatous
leprosy. If at all, the association was with
tuberculoid leprosy. The role of suppressor
cells in the immunological defect in lepro-
matous leprosy is not clear. Some workers
demonstrate increased activity of M. lep-
rae-generated T suppressor cells in lepro-
matous leprosy; whereas others find en-
hanced T suppressor cells in tuberculoid
leprosy. Whatever be the mechanism, it is
evident that tolerance, or anergy of response
to M. leprae antigens, exists in these pa-
tients. An eventual antileprosy vaccine

' Received for publication on 22 November 1982;
accepted for publication in revised form on 15 June
1983.

2 G. P. Talwar, D.Sc., F.I.C.A., FASc., FN.A.; A.
Fotedar, M.B., B.S., ICMR-WHO Research and Train-
ing Centre in Immunology, Department of Biochem-
istry, All-India Institute of Medical Sciences, New Del-
hi 29, India.
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should therefore be effective in breaking this
state of immunological tolerance and in
stimulating the deficient immune responses
in actual (and potential) lepromatous lep-
rosy patients.

Two candidate vaccines are proposed: 1)
a vaccine based on an atypical cultivable
mycobacteria which resembles M. leprae in
several cell-mediated immune reactions
with cells of tuberculoid leprosy patients,
but is also partially different, and 2) vaccine
based on hapten-modified M. leprae.

The rationale in both cases is to break the
tolerance of response to M. leprae antigens.

Characteristics and properties of
the proposed vaccines

Derivatized M. leprae. Acetoacetyl groups
have been used as haptens to shift a pre-
dominantly humoral response toadominant
cell-mediated immune response against a
number of antigens (°). Since lepromatous
leprosy is characterized by depressed, cell-
mediated immune responses, acetoacety-
lation of M. leprae was carried out to
prepare the derivative with modified prop-
erties. Irradiated M. leprae was purified from
biopsies by a procedure which gives negli-
gible tissue contamination on microscopic
examination. Essentially, the procedure
consisted of homogenization of biopsy ma-
terial in distilled water, followed by colla-
genase and trypsin treatments, and sepa-
ration of bacilli on a discontinuous sucrose
gradient (5:10:40). The bacilli were deriva-
tized with diketene freshly prepared in the
laboratory. The other product of reaction,
e.g., acetoacetic acid, was washed off during
the preparation procedure. The preparation
was sterile as checked on thioglycolate,
chocolate agar, and nutrient agar. It was
nonpyrogenic in rabbits and nontoxic in
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standard acute toxicity studies in mice and
guinea pigs.

Acetoacetylated M. leprae gave signifi-
cantly higher inhibition of leukocyte migra-
tion when tested with cells of lepromatous
leprosy patients, suggesting the ability of this
antigen to improve the production of lym-
phokines as compared to nonmodified M.
leprae (?). Immunization of mice with ace-
toacetylated M. leprae confers on them pro-
tective immunity against challenge with vi-
able M. leprae in the foot pad.

Mycobacterium w. Mycobacterium w was
selected from a panel of 15 cultivable my-
cobacteria because of its antigenic related-
ness to M. leprae, as assayed by the blast
transformation and leukocyte migration in-
hibition (LMI) assays with leukocytes of
tuberculoid leprosy patients (*). The skin
reactions with homologous and heterolo-
gous antigens in sensitized guinea pigs and
the analogous delayed-type hypersensitivity
skin responses in tuberculoid leprosy pa-
tients further suggested the antigenic relat-
edness of Mycobacterium w with M. leprae.
In lepromatous leprosy patients Mycobac-
terium w elicited reactions; whereas M. lep-
rae did not. Mycobacterium w is a rapid
grower and on the basis of metabolic char-
acteristics is classifiable in Runyon’s Group
IV (°). Mycobacterium w causes the enlarge-
ment of draining lymph nodes but was found
to be nonprotective in the mouse foot pad
system (7 and unpublished data).

Protocol of preliminary clinical studies

With the approval of the appropriate au-
thorities, probing field trials on a limited
number of subjects have been carried out
with these vaccines to see if lepromin neg-
ative subjects could be converted to lepro-
min positivity status.

The test subjects were: a) contacts and
relations of lepromatous leprosy patients,
and b) borderline lepromatous (BL) and lep-
romatous leprosy patients rendered bacte-
riologically negative by chemotherapy.

In both cases, initial lepromin testing was
carried out with Dharmendra and Mitsuda
lepromins, and only those subjects who were
negative to lepromin on repeated testing
were taken for study. The immunization was
carried out with the candidate vaccines, in-
jecting intradermally 5 X 107 bacilli sus-
pended in 0.1 ml normal saline. Lepromin
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retesting was done 4-6 weeks after immu-
nization.

RESULTS

Studies in BL/LL patients. So far, 32 pa-
tients have been studied at the School of
Tropical Medicine, Calcutta, India (Dr. S.
Chaudhri) and five patients at the Hemer-
1jckx Leprosy Centre, Polambakkam (Dr. C.
Vellut and Dr. Maroof Sahib).

In the Calcutta study, 32 patients were
tested. They were repeatedly lepromin neg-
ative (four-week Mitsuda lepromin reading
was less than 3 mm and the 48-hr Dhar-
mendra lepromin response was less than 10
mm). Out of these patients, 20 showed con-
version to lepromin positivity status after a
single intradermal injection of Mycobacte-
rium w. The response of the converted sub-
jects with Mitsuda lepromin was between 5
mm-12 mm induration at four weeks (neg-
ative reading was <3 mm), and with Dhar-
mendra lepromin the response was 10 mm-—
20 mm erythema at 48 hr. Biopsies were
taken from 12 of those converted to lep-
romin positivity status, and the histology
showed massive mononuclear infiltration in
all biopsies of positive Mitsuda lepromin
reactions. In some cases granuloma for-
mation could be seen, and giant cells were
seen in three cases.

Studies in lepromin negative contacts. In
all, 30 repeatedly lepromin negative con-
tacts were studied at Calcutta. They were
immunized with Mycobacterium w; 28 out
of 30 became positive to the Mitsuda test
and 30 out of 30 to the Dharmendra lep-
romin test.

Studies on contacts were also carried out
at Behrampur Aska (Drs. Sahu, Jena, Mul-
lick, Singh, and Sengupta). Ten out of 13
contacts converted to positivity after im-
munization with Mycobacterium w, and 7
out of 13 converted to lepromin positivity
after immunization with acetoacetylated M.
leprae. The histopathology of the converted
cases showed massive mononuclear infil-
tration.

In another study carried out at Behram-
pur, the following protocol was used: 14 re-
peatedly lepromin negative contacts were
immunized with autoclaved M. leprae at a
dose of 5 x 107 bacilli in 0.1 ml saline in-
tradermally. On retest, two converted to
lepromin positivity. The remaining 12 sub-
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jects were immunized with 5 x 107 auto-
claved Mycobacterium w intradermally.
Seven out of nine immunized with Myco-
bacterium w were reported converted to lep-
romin positivity status. Three were lost to
follow up.

A pertinent question that arises is wheth-
er the delayed hypersensitivity (DTH) skin
response evoked to M. leprae antigens in
BL/LL patients on immunization with M-
cobacterium w vaccine is transient or has a
lasting duration. It can also be asked wheth-
er the apparent improvement in immune
response as assessed by DTH is matched by
any other criteria of cell-mediated immu-
nity. Recently Dr. Fotedar from the All-
India Institute of Medical Sciences (AIIMS)
laboratory visited Calcutta to retest the sub-
jects immunized with Mycobacterium
w-based vaccine 9-10 months previously.
Leprosin A (obtained from WHO-IMMLEP
through the Indian Council of Medical Re-
search) was used for skin tests. To evaluate
the ability of peripheral cells to produce
lymphokines in the presence of M. leprae
antigens, LMI assays were also carried out.
Subjects retested belonged to both cate-
gories—those who had converted to lepro-
min positivity, and those who failed to do
so and remained lepromin negative after a
single intradermal injection of 5 X 107 of
killed Mycobacterium w. The identity of the
converted and nonconverted cases was not
revealed to Dr. Fotedar at the time of the
retest, but his results confirmed correctly
the converted cases. These cases again gave
a positive skin response to leprosin A, and
their LMI index was less than 61. Among
the previous three negatives retested in the
second batch, all failed to produce leukocyte
migration inhibition. Two were also nega-
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tive to leprosin A in skin response; the third,
however, gave a positive skin test. This case
in an earlier test was negative to Mitsuda
lepromin but had a 10 mm erythema at 48
hr with Dharmendra lepromin.

These preliminary studies, limited to 37
BL/LL patients and 56 contacts, indicate
the potential of Mycobacterium w and ace-
toacetylated M. leprae to convert lepromin
negative subjects to lepromin positivity sta-
tus. Retesting of Mycobacterium w-vacci-
nated cases showed the stable nature of the
change for about nine months after the ini-
tial vaccination.
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Natural History of Leprosy—Aspects

Relevant to a Leprosy Vaccine'

Paul E. M. Fine?

The population pattern of leprosy is rea-
sonably well known but poorly understood.
One major problem is that current epide-
miological information relates almost en-
tirely to clinical disease; whereas the un-
derlying pattern of infection remains a
matter of conjecture. The relationship be-
tween infection and disease has important
implications for leprosy control either by
drugs or by vaccine. Another major prob-
lem area concerns the mechanisms which
underlie host response to infection and
which determine disease type. Given that
these mechanisms are probably largely im-
munological, a sound understanding of their
nature is necessary for rational design and
application of immunoprophylactic tools.

Patterns in populations —clinical leprosy

Leprosy is widespread but neither stable
nor homogeneous (*-¢). Dramatic changes
in prevalence and incidence have been ob-
served over periods of years (Nauru), de-
cades (Norway) or centuries (Europe). The
capacity for such changes in the absence of
disease control means a necessity for ex-
treme caution when interpreting trends in a
trial or control program. Appropriate com-
parison populations are essential. Another
general feature of leprosy is its tendency to
cluster in regions, villages and households.
Insofar as factors (genetic, exposure, inter-
current infection) responsible for clustering
may influence the action of a vaccine, the
phenomenon is of relevance of vaccine trials,
and it implies that randomization should be
on an individual rather than group basis.

! Received for publication on 22 November 1982;
accepted for publication in revised form on 15 June
1983.

2 P. E. M. Fine, V.M.D., Ph.D., Ross Institute, Lon-
don School of Hygiene and Tropical Medicine, Keppel
Street, London WCIE 7HT, England.

Major differences in clinical type distribu-
tion are reported for different regions of the
world, e.g., a low proportion of lepromatous
cases in Africa compared to Asia or South
America. It is important to assess to what
extent these differences are attributable to
regional variation in case ascertainment and
diagnostic practices, since they have major
implications for the distribution of sources
of infection in the community and for the
response of different populations to infec-
tion. Insofar as populations which respond
differently to natural infection may respond
differently to a vaccine, these patterns are
important for the design and interpretation
of a vaccine trial.

Leprosy is an uncommon disease, even
in highly endemic areas. Few populations
have prevalence rates in excess of 0.02 or
incidence rates in excess of 0.001 per year,
and incidence rates of lepromatous disease
may be an order of magnitude lower than
this. Such low rates mean that large popu-
lations must be followed for many years in
a vaccine trial. Indeed, no trial has yet in-
cluded sufficient lepromatous cases to assess
whether BCG is effective against multiba-
cillary disease. Incidence rates generally rise
to a peak in the 10-25 year age group; thus
a concentration on young adults may in-
crease the efficiency of a trial design. Trial
size might be further reduced by concen-
trating upon household contacts, since it is
known that contacts of lepromatous cases
have an approximately tenfold risk of dis-
ease, and contacts of tuberculoid cases have
an approximately twofold risk of disease
compared to noncontacts. But such an ap-
proach has major disadvantages. There are
logistic difficulties in identifying and follow-
ing up a specially selected population spread
out over a large area. In addition, household
contacts are not representative of general
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populations for reasons of their genetic sim-
ilarity to cases and high levels of exposure.
Insofar as a) these factors might be relevant
for the action of vaccine, and b) most in-
cident cases in endemic populations appear
in individuals not exposed in their hous-
hold, the results of such a trial might be
inappropriate for decisions concerning gen-
eral populations.

Transmission of Mycobacterium leprae

Much of the literature on the epidemiol-
ogy of leprosy concentrates upon transmis-
sion, as though this were the key to its nat-
ural history (°). A human reservoir is
generally presumed —it is ironic that the only
known animal reservoir, New World ar-
madillos, should represent a reverse zoono-
sis in an area into which leprosy was intro-
duced by man. Recent years have witnessed
a return to the old view that transmission
is largely airborne, from the upper respi-
ratory tract of multibacillary cases. The por-
tal of entry remains unknown but may in-
clude both skin and the mucosal lining of
the respiratory tract (?). Other mechanisms
are repeatedly discussed —arthropods, breast
milk, transplacental—but there is no evi-
dence that they play a major role.

We may ask ourselves how relevant is the
issue of transmission for a leprosy vaccine.
It may be argued that transmission has been
over-emphasized, and that the distribution
of clinical leprosy is due more to factors
determining the response to established in-
fection than to risk factors for infection it-
self. On the other hand, it is important for
leprosy control purposes to identify the
sources of M. leprae transmission in a com-
munity and to resolve the controversy of
whether or not transmission is due entirely
to multibacillary cases. A vaccine which did
not prove effective against the sources of
infection might, in principle, lower morbid-
ity but not reduce the risk of infection in
the community.

What determines clinical type?

Just why one individual manifests tuber-
culoid and another lepromatous disease re-
mains one of the major outstanding puzzles
of leprosy. Whatever the determining fac-
tor(s) may be, it is (they are) present every-
where since the clinical spectrum is a uni-
versal feature of leprosy. Six mechanisms
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have been suggested: 1) Variation in M. lep-
rae—but there is no evidence for a corre-
lation between any bacterial characteristic
and either geographic origin or clinical type
of the source case. 2) Host genetics—al-
though there is evidence for some influence
of an HLA-linked factor in tuberculoid dis-
ease, the genetics of the lepromatous re-
sponse has not been well studied due to the
rarity of multiple lepromatous cases in sin-
gle families. Indeed, the fact that type con-
cordance rates within families are not par-
ticularly high is one argument against a
strong genetic influence. At the least it im-
plies that such influence must involve sev-
eral genes (*). 3) Dose or superinfection—it
has been argued that a large inoculum might
predispose to lepromatous disease (* ). Such
a mechanism should lead to high risk of
lepromatous disease among contacts of
multibacillary cases, but there is very little
evidence for this. 4) Route of infection—
the possibility that antigen presentation may
control immunological response, in partic-
ular the possibility that a primary infection
of dermal Langerhans’ cells may elicit strong
cell-mediated reactions, is currently an area
of'exciting research. 5) Physiological state —
although it has been postulated that con-
ditions associated with depressed cell-me-
diated immunity, such as pregnancy or pro-
tein deficiency, determine immune
responses in leprosy, convincing evidence
is still lacking. 6) Immunological back-
ground—the fact that BCG has been pro-
tective in three major trials, and leprosy in-
cidence was correlated inversely with initial
tuberculin sensitivity in Uganda, suggest that
host experience with different mycobacteria
may determine their response to M. leprae
infection (®).

It is frequently assumed that a useful an-
tileprosy vaccine should protect against
multibacillary disease. It is thus important
to know to what extent the determining fac-
tors are immunologically manipulable.

Subclinical infection

One of the problems in discussing sub-
clinical infections with M. leprae is seman-
tic—does the term include preclinical (in-
cubating) infections, persistent infection
without clinical manifestation, and/or ster-
ile self-cure? Each may occur, but each in-
volves a very different mechanism. Several
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lines of evidence now suggest that the in-
cidence of M. leprae infection may be far
greater than the incidence of clinical lep-
rosy: 1) presence of M. leprae-specific an-
tibodies among large numbers of normal
persons in an area of low leprosy endemicity
("); 2) evidence for sensitized lymphocytes
among contacts (*); 3) skin test sensitivity
among contacts as elicited by soluble A7f.
leprae antigens; 4) presence of M. leprae-
like bacilli in skin of clinically normal con-
tacts; 5) analogies with tuberculosis, in which
only 5% of infected persons may suffer clin-
ical illness; 6) recognition that many leprosy
lesions heal completely of their own accord,
and thus many mild cases will never be rec-
ognized; and 7) theoretical extension of the
spectrum beyond mild self-healing types to
forms which never manifest clinically at all.

Knowledge of the prevalence and distri-
bution of infection is important for vaccine
studies insofar as a vaccine might protect
only if given before initial infection occurs.
Such a restriction is consistent with the find-
ing that BCG was protective only if given
before five years of age in Burma. An ideal
vaccine trial should be capable of assessing
the relationship of prior exposure and in-
fection to vaccine efficacy.

Atypical mycobacteria

The relevance of environmental myco-
bacteria has been much discussed as a pos-
sible explanation for the different results of
BCG trials against tuberculosis. Similar
variations in results of BCG trials against
leprosy suggest the extension of these ar-
guments to leprosy as well. Laboratory ex-
periments have shown that different my-
cobacterial infections affect the efficacy of
BCG protection against tuberculosis in an-
imals. It might even be argued that BCG is
itself an “‘atypical” mycobacterium, in that
itis an artificial species dependent upon lab-
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oratory media for its persistence in nature
and sharing several antigens with most my-
cobacteria, including M. leprae and M. tu-
berculosis. One of the chief difficulties in
studies of the interactions between myco-
bacteria is the great number and variety of
species throughout the world (7).

The prospect of unravelling the implica-
tions of different mycobacteria is daunting
in complexity, but there is ample evidence
that these interactions are important and
should not be overlooked. Indeed, perhaps
the basic question to be addressed in a lep-
rosy vaccine trial should not be “Does the
vaccine protect?” but ““Why does protection
vary?”
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Epidemiological Considerations in Vaccine

Trials in Leprosy'

S. K. Noordeen?

Development of an antileprosy vaccine
in order to achieve control of leprosy through
primary prevention is a major objective of
the Immunology of Leprosy (IMMLEP) Sci-
entific Working Group, a component of the
UNDP/World Bank/WHO Special Pro-
gramme on Research and Training in Trop-
ical Diseases. The progress made so far in
the development of the vaccine and the re-
sults from animal experimentation are very
promising. However, in the ultimate anal-
ysis, no vaccine can be used in control pro-
grams unless it has been tested and found
satisfactory in human subjects. While eval-
uation of side-effects, acceptance, and im-
mune response could be studied in small
groups of human subjects, the evaluation of
a vaccine in terms of its protective capa-
bility in the individual and its capacity to
bring about disease control in the com-
munity, can be effected only through large-
scale prospective studies in populations.
There appears to be no viable alternative to
this approach.

Before going into the epidemiological is-
sues, it is necessary to consider the kinds of
vaccine testing in man that are relevant to
the measurement of the efficacy of a leprosy
vaccine. These, not necessarily in order of
sequence, are: 1) measuring immune con-
version in a) healthy uninfected subjects
through an immunological test, and b) lep-
rosy patients who are CMI deficient; 2) mea-
suring protection in high-risk groups (e.g.,
contacts); and 3) measuring protection in
total populations as a public health exper-

! Received for publication on 22 November 1982;
accepted for publication in revised form on 15 June
1983.
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iment. While the first two steps are very
important in establishing the immune po-
tential of the vaccine in man, measurement
of the public health impact of the leprosy
vaccine will be possible only through the
third step.

A large-scale field trial with a leprosy vac-
cine could answer one or more of the fol-
lowing questions:

1) To what extent does the vaccine protect
against leprosy of multibacillary types? pau-
cibacillary types?

2) To what extent does the vaccine protect
the uninfected population? the infected
population?

3) What is the duration of protection
against different types? among the different
populations?

4) To what extent does the vaccine cure
leprosy in lepromatous leprosy? borderline
leprosy? indeterminate leprosy?

5) To what extent does the vaccine pro-
duce side-effects in the uninfected popula-
tion? the infected population? the diseased
population?

6) To what extent does the absence of
local reaction to vaccine and/or negative skin
test reactivity after vaccination predict lep-
romatous leprosy?

In a public health experiment of the vac-
cine involving a total population, the pro-
tection measured will depend upon a) the
composition of the population (The Table)
and b) the effect of the vaccine on specific
categories of the population.

The most successful vaccine in leprosy
would be one which would prevent disease
in both uninfected and infected popula-
tions. This would certainly bring about early
control or even eradication of the disease.
On the other hand, if the vaccine is effective
only among the uninfected then it will take
a long time to control leprosy in high en-
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THE TABLE. Composition of the popula-
tion.

Uninfected Infected Disecased

not incubating
incubating

minimal early

established
paucibacillary

multibacillary

unexposed
exposed

demic areas, since the population will have
only a low proportion of uninfected indi-
viduals. In low endemic areas the disease
could be controlled earlier because of a high
proportion of uninfected individuals. How-
ever, in view of the low-risk situation, the
number of persons to be vaccinated in order
to prevent one case of leprosy will be quite
large, making a vaccine strategy compara-
tively less attractive from the cost-benefit
point of view.

In light of the above, the epidemiological
considerations for a large-scale vaccine trial
will depend upon the following:

Composition of the population. The com-
position of the population could vary in
terms of proportions which could be iden-
tified as: a) uninfected, b) infected but with
adequate cell-mediated immunity (CMI)
against Mycobacterium leprae, c) infected
but with inadequate CMI against M. leprae,
and d) diseased with varying degrees of CMI.

It is possible that the degree of efficacy of
the vaccine could be different in the differ-
ent groups. The composition itself will de-
pend upon the prevalence and incidence of
disease as well as infection in the popula-
tion, and on the proportion of individuals
who are possibly incapable of mounting a
CMI response.

Expected incidence of leprosy. An im-
portant epidemiological consideration for
vaccine trials would be the expected inci-
dence of leprosy and of its various types in
the control group of the study population.
Unless the yield of new cases in the control
group is adequate, comparison with the vac-
cinated group for evaluating the degree of
protection may not be possible. The expec-
tations on incidence can only be based on
past experience in the population. However,
the very presence of a research team and
possible intensification of control activities,
including improved chemotherapy, may
contribute to reduction in incidence even in

Noordeen: Epidemiological Considerations

557

the control group, thus leading to the carlier
expectations not being met. In order to
compensate for such contingencies, provi-
sions may have to be made for either ex-
tension of the population size or extension
of the period of follow up, or both. There
are inherent difficulties in both options. In
any case, it is most prudent to work on min-
imal expectations of incidence.

Trial on high-risk groups. One of the op-
tions often proposed is to confine the trials
to high-risk groups, such as contacts or spe-
cific age groups, and thus enable the size of
the trial population to remain relatively
small. With the complex potentialities of
the leprosy vaccine, it is rather difficult to
generalize the degree of efficacy observed in
high-risk groups to other groups having a
relatively low risk. Further, the currently
identifiable high-risk groups yield only a
minority of new cases in most leprosy en-
demic situations and, therefore, the impact
of the vaccine as a public health measure
will be quite limited if vaccination is con-
fined to identifiable high-risk groups. Last-
ly, under program conditions, vaccination
of selective groups is not likely to be cost
effective.

BCG vaccination status. The status of the
trial population with regard to BCG vac-
cination will be an important consideration
in view of the existing information on the
varying levels of protection against leprosy
observed in different areas with BCG vac-
cination. The consideration will include the
extent of coverage in different age groups
and the period elapsed since vaccination. If
the population had had a high BCG cov-
erage, then comparison of the leprosy vac-
cine against a truly unvaccinated control will
not be possible, and the comparison can be
only between the leprosy vaccine plus BCG
given earlier and BCG given earlier. This
may be quite acceptable since, in the real-
life situation, leprosy vaccine is likely to be
used only in populations which had re-
ceived BCG earlier as part of a tuberculosis
control service.

Other mycobacterial infections. An epi-
demiological consideration of some conse-
quence is the prevalence and incidence of
tuberculous disease and infection and in-
fections from environmental mycobacteria.
The varying protection of BCG against tu-
berculosis and leprosy has often been at-
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tributed, at least in part, to the prevalence
of environmental mycobacterial infections.
It is also possible that the prevalence and
incidence of tuberculosis in the community
may have some influence on leprosy and on
the protective effect of the leprosy vaccine.
Again, it is not advocated that one should
look to a leprosy endemic population free
from tuberculosis or environmental myco-
bacteria for the trial, but that one should be
in a position to evaluate, if at all possible,
any interference from these mycobacteria.

Diagnostic methods. The methods select-
ed for measurement of the protective effect
of the vaccine are vital to the final outcome.
The ultimate end point for measurement
will have to be the disease itself, in partic-
ular the types of disease which are progres-
sive. However, it would be most valuable
to measure immune conversion through in-
termediate indicators, provided that their
specificity and sensitivity are adequate. Al-
though we do not have such reliable and
well-tested intermediate indicators as yet,
the prospects are bright for having such tests
available in the near future.

Measurement of the disease in the pop-
ulation, although it is most desirable to
evaluate the vaccine against development
of progressive forms such as lepromatous
leprosy, may not always be possible since
the disease is likely to be treated in the trial
area even in its early minimal phase. Fur-
ther, detection of early disease, even with
histopathological support, is to an extent
subjective. If sufficient precautions are not
taken to ensure objective diagnosis of new
cases occurring in the trial, there is a like-
lihood of over-estimation of new disease.
Although one could argue that such over-
estimation will occur to the same extent in
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both the vaccinated and the control groups
and thus is of no serious consequence, one
should not overlook the fact that overdi-
agnosis will lead to a dilution of the num-
bers of true new cases in both the vaccinated
and control groups, resulting in an under-
estimation of the protective effect of the
vaccine. Conversely, any unduly stringent
procedure which excludes possible new cases
in the trial will not result in an over-esti-
mation of the protective effect.

Other considerations. Apart from the ep-
idemiological considerations already dis-
cussed, the outcome of a vaccine trial will
also depend upon the type of trial proposed,
whether totally randomized or a type of
comparison between two areas; the follow-
up procedures planned, whether continuous
or interrupted; and the adequacy of the pop-
ulation size from the statistical point of view.
Some of the factors can have significant in-
fluence on the over- and under-estimation
of incidence and thus, indirectly, on the
measurement of protection.

It is evident that no matter how prom-
ising a leprosy vaccine is in the laboratory
and in small-scale studies, the ultimate an-
swer to its value in the control of the disease
can come only through large-scale field
studies. The epidemiological considerations
for such studies are many, the significance
of all of which are not fully understood.
Further, it may not always be possible for
the population selected for study to meet all
of the epidemiological requirements, and a
degree of compromise in certain situations
may become inevitable. Finally, the time
horizon for vaccine trails, which may run
into several years and as much as a decade,
should be fully realized by everyone.
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Operational Problems in Vaccine Trials'

Johannes Guld?

The general principles of a control trial
are now well understood. The trial shall have
a design that is clear and explicitly formu-
lated. The study population may be defined
as all persons in a given area, or selected
according to age or to (well-defined) risk. A
control group is always to be included, e.g.,
one half of the study population or some
other proportion. The allocation of the in-
dividual to the vaccinated group or the con-
trol group is to be strictly random, i.e., as
decided by a throw of unloaded dice, or a
well-shuffled pack of playing cards, or the
use of published tables of random numbers.
To the extent possible, the study should be
blind, i.e., the individual participant should
not know whether he has been vaccinated
or not, and double-blind, i.e., the project
staff should also be unaware of the vacci-
nation status of the individual. The design
should not be changed during the study, or
if it is, the study according to the original
design is to be considered as one finished
study, and any continuation with a different
design should be considered as a new study.

While these principles are all clear enough,
it turns out that in practice there are many
pitfalls. This is the subject of the following
presentation. Partly this will be an eclectic
listing of mistakes made, or barely escaped,
in trials carried out in the past. The ex-
amples are largely taken from controlled
trials of BCG, which are many and mostly
well documented. Experiences from the re-
cently concluded trial of BCG in the pro-
tection against tuberculosis, in the Chingle-
put District near Madras in South India, are
very much taken into account.

! Received for publication on 22 November 1982;
accepted for publication in revised form on 15 June
1983.

2 J. Guld, Consultant, Tuberculosis Unit, WHO, Co-
penhagen, Denmark.

Record linkage

The basic statistical methods must be
thought of well in advance. The use of a
computer for all data processing is a must
for even a moderately sized trial, such com-
puters being available today in a vast range
of capacities and at prices that are modest
compared with a total cost of a trial. Punched
card equipment is outdated, the data being
inserted directly in hard or soft discs or tape
from a visual display device. For a mod-
erately large trial it is probably better to use
a hard disc system, which is more expensive
but also has a much larger capacity. Simi-
larly, a line printer may be preferable to a
(cheaper) matrix printer. At least one tape
station may be useful, especially for long-
term storage of data, for instance, between
rounds of follow up.

The choice of a system of the correct size
and configuration is thus to be studied well
in advance with competent technical ad-
vice. The availability of dependable local
service facilities is, of course, an important
consideration. Duplication of the parts of
the machine most likely to break down (e.g.,
the printer) may be worth considering. The
alternative to very fast repair services may
well turn out to be lengthy delays in the field
work.

The record forms and shape of the infor-
mation to be recorded in the field, and per-
haps in the laboratory, should be elaborated
well in advance and should be thoroughly
tested in pilot studies. The size of each box
in a form should depend on the amount of
information likely to be entered (not on the
printed headings, which can be in small print
since the field staff will very soon know them
by heart). The order of the boxes should be
according to the logics of the field work (not
to the statistical work, since the computer
can easily rearrange the information). Sim-
ilarly, the entries should be in a form con-
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venient for the field staff. Thus the actual
count of bacilli (in a direct smear) may be
entered directly, since any desired reclas-
sification can be executed by the computer.

The entries should be in a standardized
form, easy to copy directly into the com-
puter. The form may be numeric (e.g., age)
but may just as well be alphabetic (e.g., M
or F for sex). Lengthy, non-standardized
entries (remarks) should be kept to a min-
imum, since they will have to be recoded
by a statistical clerk or even by the statis-
tician before they are entered in the com-
puter. The standard codes for entries should
also be worked out well in advance and be
tested in pilot runs.

In general, a field record form should not
be reused (e.g., for follow up) after the con-
tents have been entered in the computer.
Rather, the computer should print out new
cards with the necessary information (in-
dividual number, name, sex, age and, per-
haps, requests for additional examinations)
for each follow up round. This will also con-
tribute to the blindness of the study.

For the purpose of such computer-printed
cards, but also for the purpose of identifi-
cation of the individual, it is extremely de-
sirable to record individual names in the
computer. Unfortunately, computers avail-
able in the market nearly all have the Latin
alphabet only and are limited to the 26 signs
of English spelling. Thus, in a language that
does not already have an authorized spelling
with Latin characters, it may be necessary
to construct one. To the extent possible, this
should be a phonetic spelling, entirely with-
out regard to English spelling (English spell-
ing being exceptionally unphonetic) but, if
possible, closely connected with the pro-
nunciation and spelling of the local lan-
guage. With only 26 characters at hand, spe-
cial combinations of two characters may be
used, such as “‘uu” for the vowel in “*boot™
and “‘u” for the vowel in “*could.” Or char-
acters such as /", “+”, *“=> may be intro-
duced to represent particular sounds or
modifications of sounds. Literate field
workers with even a superficial knowledge
of Latin characters will soon enough learn
such a spelling system.

Identification of the individual

Each participant should be given an in-
dividual number to facilitate the bringing
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together of data from different sources for
the same individual, especially as carried
out by the computer. The individual num-
ber should be repeated on every separate
record form.

In a trial based on registration by place
of residence, the main identification may be
by housechold or family: each household is
given a number and the registration is done
family-wise, so that the individual’s iden-
tification can later be verified through the
names of several family members (not only
father’s name, but also mother’s, older
brother’s, etc.). The pattern of names in a
society will, of course, have to be studied
in advance; the system may be weaker in
cases where some names are extremely
common.

In the South Indian trial a fingerprint (left
index finger) was obtained from each indi-
vidual at the time of vaccination (or allo-
cation to the control group). With a little
practice and the use of a magnifying glass,
it is usually easy for a clerk to see whether
two fingerprints are from the same person.
In this case no attempt was made to classify
the fingerprints; they were only used for final
confirmation of identification already made
by name, household composition, etc.

If the registration is made in an institu-
tion (e.g., by school classes) a safe identifi-
cation may be more difficult, although reg-
istration of the father’s name should help
in distinguishing children with the same
name in the same class.

Change of residence may be a problem in
a long-term study. If a whole family has
moved it may not be so difficult, but if a
young man has taken work in a different
village, or a young girl got married and
moved to the husband’s residence, the cler-
ical work involved in maintaining follow up
may be considerable. A crossreference to
the original individual number will be es-
sential; the allocation of a new number in
addition may be practical.

In the trial in South India, the listing of
individuals alphabetically by village, and
separately also by household, turned out to
be of great help. The alphabetical list gave
the household numbers for individuals with
a particular name and the household list
then gave details of each family, permitting
final identification. The alphabetical sorting
was done by computer of course.
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Allocation

Mathematical aspects. The allocation may
be either completely random or it may be
some form of stratification, i.e., balanced
for each of several subgroups. Allocation
completely at random means that each per-
son is allocated independently of the allo-
cation of other persons. This can be done
in principle by throwing a coin for each per-
son: heads means vaccination, tails means
control. In practice, this is a tricky opera-
tion. A better one would be to go by a list
of random digits: for instance, an uneven
number means vaccination, an even num-
ber (including zero) means control. The dis-
advantage of simple random allocation is
that the numbers of vaccinated and controls
will nearly always be slightly different. The
importance of this disadvantage is, how-
ever, easily overrated, especially in the case
of a large study population. The advantage
is that a valid statistical analysis (analysis
of variance) is quite without complications,
whether the total population is considered,
or subgroups of it. Should it turn out, after
the event, that there is an interaction that
might have justified a stratification (say, the
protective effect of the vaccine depends on
the age of the individual or on some other
attribute), very little need have been lost
since such a feature may be taken into ac-
count by the statistical technique known as
analysis of covariance.

Stratification can be carried out in a num-
ber of ways. One rather naive way is to vac-
cinate every second person in the order they
are registered. Another (often used in clin-
ical trials in small study populations) is to
define matched pairs, i.e., pairs that are alike
in terms of severity of disease, age, sex, etc.,
allocating at random for each pair one per-
son to be treated and one to serve as control.
The advantage of stratification is obviously
that the two groups, treated (vaccinated) and
controls, will be more alike in composition.
For example, if in a study in a school pop-
ulation every second child is vaccinated, the
two groups will be more alike in terms of
age distribution than would be the case us-
ing complete randomization: the children
would usually appear one class at a time,
i.e., one half of the seven-year-old children
and one half of the twelve-year-olds, would
systematically have been vaccinated. There
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would in other words be stratification on
age. The disadvantage of any such stratifi-
cations is of a rather more subtle nature.
The stratification will have to be taken into
account in carrying out the analysis of vari-
ance, since otherwise the experimental error
may be overestimated. A presentation of
this problem, in non-mathematical terms,
is offered by Sir Ronald Fisher (?). Such a
complicated analysis of variance may be dif-
ficult, and the statistician is therefore often
tempted to analyze the study as if it had
been completely random. In conclusion,
complete randomization is preferred unless
there are very strong reasons for stratifica-
tion. Such strong reasons will very rarely
exist in the case of large-scale vaccination
studies.

Allocation by ““cluster’” may be tempting,
i.e., identical treatment (vaccination, or no
vaccination) to all members of a household
or even a village or a school class. However,
this procedure is better avoided, not only
for theoretical reasons (the experimental
error will be larger and the statistical anal-
ysis more difficult) but also because the fol-
low up may be less double-blind if the field
staff know that all members of a cluster will
have been uniformly treated.

Practical aspects. In a large vaccination
trial it will not be possible to have a profes-
sional statistician to supervise the allocation
for every member of the study group. Al-
location will be made by nurses, paramed-
ical workers, statistical clerks, etc., and such
staff will have to take care of unexpected
practical problems. Two examples from
BCG trials of the past may serve as illus-
trations. When Aronson (') started a trial in
American Indians in 1935, the allocation
had been registered in advance on the in-
dividual cards. Unavoidably, it happened
that a child allocated for vaccination did not
turn up. The field staff, on their own initi-
ative in replacement of each such non-avail-
able child allocated for vaccination, vacci-
nated a child allocated to the control group:;
they did not, in return, withhold vaccina-
tion from a child allocated for vaccination
if a child allocated to the control group failed
to turn up. When in 1950, and later, Fri-
modt-Moller carried out a BCG trial in a
South Indian population (3), the allocation
was also made in advance by putting a cross
on the back of every second individual card.
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The next year the intake was continued by
calling in individuals who had failed to turn
up the first year and also by registering ad-
ditional individuals. In the process, indi-
viduals failing to turn up the first year as
controls were confused with individuals
registered in the second year only. In hind-
sight, this confusion could have been avoid-
ed by putting zeros on the back of individual
cards allocated for control.

Recording of the vaccination of the in-
dividual (or allocation to the control group)
should obviously be done with a minimum
of mistakes. Normally it will be justified to
have an assistant to the vaccinator, who will
dictate or check the allocation of the indi-
vidual and record the fact of the vaccination
having been performed or withheld.

Another problem is the treatment of chil-
dren with an absolute indication for vac-
cination (in the case of BCG, this might be
known contacts of open cases of tubercu-
losis), or a relative or absolute contraindi-
cation (fever, known immunodeficiency). In
these cases, it is imperative that the re-
sponsible field worker decides without ref-
erence to the allocation to vaccinate or not
to vaccinate, as the case may be, and makes
a corresponding record on the card so that
all such cases can be excluded in the course
ofanalysis. Otherwise, the hypothetical pro-
tective effect of the vaccination might be
confounded with the increased risk for the
contacts, and the protective effect be under-
estimated.

Blind and double-blind procedures

The use of a placebo procedure has be-
come increasingly unpopular in recent years
for what is called *‘ethical” reasons. This
being a political matter, there is nothing for
the investigator to do but to abide by the
rules and decisions in force locally.

The placebo (which may be an injection
of isotonic saline or the intake of an innoc-
uous pill) serves two purposes. One is to
contribute to the blindness of the study, in
that the individual himself will be less aware
or unaware of his treatment status. The oth-
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er is explicitly to define the study popula-
tion: while the person allocated to vacci-
nation but not turning up (or refusing) is
casily excluded from the study population,
the corresponding person allocated to the
control group but failing to turn up is less
casily defined. With the use of placebo such
persons are easily defined as those that have
not received the placebo. Without the pla-
cebo, there must be strict rules for recording
non-attendance—not a simple thing in case
the team makes several attempts to see such
a person.

If the use of a placebo is not permitted,
it may be possible to obtain a fair degree of
blindness by offering an additional proce-
dure to all, for instance, a triple vaccination.
The individual is much less likely to notice
and especially remember whether he has re-
ceived one or two pricks, than he is to re-
member whether he has received one or
none. There remains, of course, the rare case
of the person who accepts the first injection
but refuses, one minute later, the second
injection.

It may be tempting to offer an injection
of assumed benefit (e.g., a triple vaccina-
tion) to the control group only, so that all
participants receive one and only one in-
jection. In principle, however, this may be
objectionable because it means that the vac-
cinated group and the control group are
treated differently both in a relevant and in
a (hopefully) irrelevant way.
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