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Introductory Remarks

Yo Yuasa
Sasakawa Memorial Health Foundation
Tokyo, Japan

Good morning, ladies and gentlemen. I
think we are ready to begin this Workshop
on the Prevention of Leprosy. I think this is
a very interesting and timely subject, as we
approach the important milestone in our
fight against leprosy—eliminating leprosy
as a public health problem on a national
scale. In this fight, Micronesia faced some
difficulties, because of a very high preva-
lence and incidence of leprosy. The Western
Pacific Regional Office (WPRO) of the
World Health Organization and the Sasa-
kawa Memorial Health Foundation (SMHF)
cooperated in supporting a program of pre-
ventive chemotherapy in this country.
Thanks to Dr. Eliuel Pretrick and his staff,
this program was completed successfully,
and, this morning, we shall hear the results
of their efforts. Also, because of their suc-
cess, similar programs have been instituted
in this region—in the Marshall Islands and
Kiribati, and we shall also hear about these
programs.

There are many ways to continue our
fight against leprosy, working toward a
world without leprosy. Prevention of lep-
rosy is one important aspect of our strategy,
if it will be at all possible to reach this goal.
We are happy to have with us Dr. M. D.
Gupte, who is an expert in immunoprophy-

laxis; he has recently completed a very suc-
cessful trial of immunoprophylaxis in India,
and we look forward to his paper. But in
this Workshop, chemoprophylaxis will be
the major topic, and we are happy to have
with us a number of experts in this area. We
look forward to a very fruitful Workshop
over the next two-and-one-half days, and
hope to produce ideas and suggestions for
our colleagues who are working to control
leprosy in their countries.

This Workshop is sponsored by the
SMHEF, co-sponsored by WPRO, and
hosted by the government of the Federated
States of Micronesia (FSM), and we are
honored to have with us this morning Dr.
Pretrick, who has been our collaborator for
nearly 20 years in the fight against leprosy
in this country.

This is a very small Workshop in terms
of the number of participants, but very rich
in expertise in leprosy. The papers to be
presented will be published as a Supple-
ment to the International Journal of Lep-
rosy, and, thus will be available to a much
larger audience, so that this Workshop will
be very important in guiding leprosy-con-
trol activities in the future. I look forward to
very interesting and fruitful outcomes of the
Workshop.
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Welcoming Remarks

Eliuel K. Pretrick
Secretary of Health and Education
Pohnpei, Federated States of Micronesia

It is indeed a great honor and privilege
for me, on behalf of the government and the
people of the Federated States of Microne-
sia (FSM), to welcome to Pohnpei the par-
ticipants in this important Workshop on the
Prevention of Leprosy. As you know, the
FSM is a small island nation, which gained
its independence 13 years ago. Among a to-
tal of 670 islands scattered over an area of
1.8 million square miles of ocean, 60 is-
lands are inhabited. The total landmass is a
mere 271 square miles, with a population of
105,000.

At the outset, I wish to thank the orga-
nizers—the Sasakawa Memorial Health
Foundation (SMHF) and the Western Pa-
cific Regional Office of the World Health
Organization (WHO) for choosing the FSM
as the venue of this workshop, in which so
many experts in the field of leprosy from
different parts of the world are participat-
ing. That you have chosen the FSM as your
meeting place is particularly fitting, because
the FSM has been experiencing one of the
highest prevalence rates of leprosy in the
world.

Leprosy patients were present in the
FSM well before independence. Here in
Pohnpei State, leprosy was first noted on
the island of Pingelap, an atoll of 0.26
square miles of land area and a population
of 800, 160 miles east of the island of
Pohnpei. A Pingelapese laborer who had re-
turned from working in the phosphate
mines of Nauru began to develop skin le-
sions on his body. He later died and was
buried on the island. Some years later, sim-
ilar skin patches began to be noticed on
more people living on the island of Pinge-
lap and in Sokehs municipality, a Pinge-
lapese village here on Pohnpei. They were
suspected as leprosy, and the patients were
isolated on a small island on the reef adja-
cent to Mwolok village.
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It is also our recollection that, on account
of leprosy, diagnosed cases were sent to an
island in the Marshall Islands for isolation
and care. They were given a one-way ticket,
because they were expected to remain there
for the rest of their lives, there being no
hope of cure for the disease. Later, during
the American administration, they were al-
lowed to return home.

Immediately after World War II, because
of the increasing number of leprosy pa-
tients, the patients were isolated on Saputik,
a larger island. Later, other patients from
Chuuk, Yap, Palau, the Marshall Islands
and Saipan joined the patients of Saputik Is-
land in a leprosarium established on the is-
land of Tinian in the Northern Marianas.
Eighty percent of the patients were from
Pohnpei, and 80 percent of the Pohnpei pa-
tients were from Pingelap. This leprosarium
was not operated for very long; by 1962,
most of the patients had been sent back to
their home islands for continuing isolation
and care.

By 1960, both leprosy and tuberculosis
were important public health problems
throughout these islands. A mass campaign
for tuberculosis was carried out, in which
all residents were tested with PPD, and
BCG was administered to all PPD non-re-
actors. During the early 1980s, leprosy re-
mained a public health problem, whereas
the prevalence of tuberculosis decreased.
Pohnpei State continued to experience a
high prevalence of leprosy, with more new
cases found among ethnic groups other than
the Pingelapese—i.e., Pohnpeian and the
people of Kapingamarangi, another atoll
belonging to Pohnpei State, and in other
states of the FSM. In summary, leprosy has
been recognized as a public health problem
in the FSM for many years. The reported
prevalence is about 34 per 10,000 popula-
tion, one of the highest in the world.
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A work plan was developed in 1984 in
collaboration with the U.S. Public Health
Service (USPHS), the WHO, and the
SMHE. The USPHS Hospital in Carville
and the University of Hawaii School of
Public Health were also involved. Mul-
tidrug therapy (MDT) as recommended by
the WHO was introduced, with financial
and other assistance by the SMHF.

Following the introduction of MDT,
there was a steady decline of the number of
new cases detected. However, the preva-
lence appeared to have leveled off during
the four years prior to the institution of pre-
ventive treatment in the FSM two years
ago. There appears to have been a high rate
of default among those administered MDT;
this could be one of the factors that caused
the case-detection rate to remain relatively
constant during the years of MDT prior to
launching the Leprosy Prevention Project.

After a group of experts visited the FSM
to evaluate our situation and advise us, the
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FSM requested that the Leprosy Elimina-
tion Project be carried out. The Project was
launched 16 May 1996 in Mwolok village,
with the goal of decreasing the prevalence
to 1 per 10,000 population, and was com-
pleted in May 1998. We await evaluation of
the report of the Project. Now, in May 1999,
exactly one year after completion of the
Leprosy Elimination Project, it is entirely
appropriate that this important Workshop
on the Prevention of Leprosy be held in the
FSM; we hope to learn more about the im-
pact of the Leprosy Elimination Project on
the problem of leprosy in the FSM. In
honor of this occasion, we have declared 25
May 1999 to be FSM Leprosy Day.

Again, on behalf of the government of
the FSM, I welcome you and express our
sincere gratitude for the assistance provided
by the WHO, the SMHF and this group of
experts. | hope you all enjoy your brief stay
in Pohnpei during this Workshop.
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Welcome from the
World Health Organization

Leopold J. Blanc
Western Pacific Regional Office
World Health Organization
Manila, The Philippines

In the Western Pacific Region of the
World Health Organization (WHO), which
has a population of 1.6 billion, there are ap-
proximately 20,000 cases of leprosy, yield-
ing a prevalence of almost zero, and there
are approximately 10,000 new cases annu-
ally. However, these are mean figures,
which hide the real problems. In a few
small countries, such as the Federated
States of Micronesia (FSM), Republic of
the Marshall Islands (RMI) and Kiribati,
and to some extent Guam, the prevalence of
leprosy is still very high, and the trend of
new-case detection has changed very little,
despite the introduction of multidrug ther-
apy (MDT). This prompted the govern-
ments and the WHO to seek answers to the
continuing high detection rates at the mo-
ment that leprosy is being eliminated from
the world as a public health problem.

Screening of entire populations to iden-
tify cases of leprosy was proposed, as was
administration to the apparently healthy
members of those populations of a chemo-
prophylaxis that had proven effective in
earlier trials. The operation began in the
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FSM as a component of the program of lep-
rosy control, and not as an experimental
trial. In the Workshop on Elimination of
Leprosy, sponsored by Western Pacific Re-
gional Office (WPRO) of the WHO and
held in Manila in June 1998, the manager of
the leprosy-control program described the
plan and the work carried out in the FSM.
This presentation stimulated proposals from
neighboring countries to carry out similar
activities.

I wish to congratulate the FSM for hav-
ing completed this very large undertaking,
which required screening the entire popula-
tion twice in two years. Today, experts from
around the world have gathered here to
share their knowledge of chemo- and im-
munoprophylaxis. I wish also to thank the
government of the FSM, which has hosted
this Workshop. And I hope that the Work-
shop will produce recommendations for the
most effective means of employing chemo-
prophylaxis and vaccination, in order to
guide leprosy-endemic countries in the fu-
ture use of these tools.
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Trials of Preventive Therapy

Leopold J. Blanc
Western Pacific Regional Office
World Health Organization
Manila, The Philippines

In five countries in the Western Pacific
Region of the World Health Organization—
the Federated States of Micronesia (FSM),
the Republic of the Marshall Islands (RMI),
Kiribati, Papua New Guinea and Guam, the
prevalence of leprosy is still greater than 1
per 10,000 population. The continuing high
prevalence of leprosy in these countries has
kindled renewed interest in chemoprophy-
laxis.

A number of formal studies of chemo-
prophylaxis have been carried out in the
past, and I wish briefly to review three of
them. Dr. S. K. Noordeen carried out a trial
in Chingleput, India, in 1965, in which dap-
sone (DDS) was administered orally to
child contacts of patients with leprosy. Sub-
sequently, based on the results of this trial,
a trial was carried out by the U.S. Public
Health Service and the University of
Hawaii on the island of Pingelap and in the
Pingelapese community on the island of
Pohnpei, as has been mentioned by Dr. Pre-
trick, employing injectable diacetyldapsone
(DADDS), which was administered to the
entire population. The third trial about
which I wish to speak was carried out by
Dr. Jean-Louis Cartel in French Polynesia,
in the South Marquesas Islands, employing
a single dose of rifampin, which also was
administered to the entire population.

As shown in Table 1, all three of the tri-
als were prospective studies. Only in
Chingleput was a control group included;
the results of this trial were sufficiently con-
vincing to render the later inclusion of a
control group unethical. In the Chingleput
trial, only the children who were contacts of
patients with multibacillary (MB) leprosy
were treated, whereas the trials in both Pin-
gelap and the Marquesas targeted entire
populations. In Chingleput, 700 contacts
were treated, whereas larger numbers were

treated in both the Pingelap and South Mar-
quesas trials. In both the Chingleput and
Pingelap trials, the prophylaxis was admin-
istered for at least three years, a very long
time, whereas the prophylaxis was adminis-
tered in only a single dose in the South
Marquesas trial. The prevalence of leprosy
before beginning the trial was very high
among household child contacts in Chin-
gleput, and also high in the total population
in Pingelap, whereas it was considerably
lower, although still well above the target of
1 per 10,000 population in the South Mar-
quesas Islands. It must be remembered, of
course, that the Chingleput and Pingelap
trials were conducted well before the intro-
duction of multidrug therapy (MDT),
whereas that in French Polynesia was con-
ducted against a background of a declining
rate of detection of new cases after MDT
had been introduced. In Chingleput, the ef-
ficacy of the prophylaxis was estimated to
be 50 percent, comparing the incidence
among treated and control subjects. In
Pohnpei, no new cases appeared during the
first two years after the course of prophy-
laxis, but new cases were observed later.
During the four years following the trial in
the South Marquesas Islands, the new-case
detection rate was reduced by 80 percent, in
comparison with that recorded before the
trial; however, because the prophylaxis was
administered against a background of de-
clining incidence, the result of MDT, the ef-
ficacy of the treatment was calculated to be
of the order of 50 percent.

With respect to the trial in French Poly-
nesia, the population of the South Marque-
sas Islands was 2786, 98.7 percent of whom
received prophylaxis. As shown in Table 2,
however, in addition to those residing on
the Island, the members of the population
who were living off the Island, numbering
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TABLE 1. Formal studies of leprosy chemoprophylaxis.
Chingleput Pingelap Marquesas
Type of study Prospective Prospective Prospective

(included Control group)

Population targeted Child contacts

No. treated DDS* 358
Controls 360
Preventive treatment DDS 2/wk
>3 yr

Incidence or After DDS 17.8/1000
detection vs. Control 39.4/1000
Efficacy 50%

Entire population Entire population

1659 2786
DADDS" 1/10 wk x 15 RMP* 25 mg/kg
3yr single dose
Before 7/1000 Before 0.49/1000
After 2/1000

100% for 2 yr 50%-80%

*DDS = Dapsone.
"DADDS = Diacetyldapsone.
¢RMP = Rifampin.

more than those residing on the Island,
were also treated in an attempt to “sterilize”
the reservoir of Mycobacterium leprae.
During the four years following administra-
tion of the prophylaxis, one patient with a
single lesion, who had been administered
the prophylaxis, was encountered among
those living on the Island, obviously a case
of failure of the treatment. Among those re-
siding off the Island, two patients with MB
leprosy were detected, neither of whom had
been administered chemoprophylaxis.

In addition to these formal trials, chemo-
prophylaxis has recently been introduced in
three countries—the FSM, Kiribati and the
RMI—as a component of their leprosy-con-
trol programs, in reaction to the failure of
new-case detection rates to fall (The Fig-
ure). In these three countries, entire popula-
tions rather than the population of a single
island have been screened, and chemopro-
phylaxis has been administered either to the
entire population or to household contacts.
The second round of screening has not been
completed in Kiribati, and even the first
round has not yet been completed in the

TABLE 2. Results of the study in the
Southern Marquesas Islands.

Place of residence

Southern
Marquesas Island Elsemtin
Population 2786
Administered
prophylaxis 2751 3144
No. cases
after 4 yrs 1 (treated) 2 (neither treated)

RMI, whereas the program in the FSM was
completed only one year ago so that only
preliminary data are available for presenta-
tion at this time. These programs will be de-
scribed in detail in the following papers.

Discussion

Dr. Noordeen: Can you tell us whether
case detection rates in the Western Pacific
Region have changed over the last number
of years?

Dr. Blanc: In the large countries of this
Region, case-detection rates didn’t change
much over the last 10 years, until last year.
In 1998, for the first time, we experienced
a dramatic decrease from approximately
13,000 per year to 10,000, despite the Lep-
rosy Elimination Campaigns (LECs), Spe-
cial Action Projects, and mass screening.
Thus, I do not believe that the decrease of
case-detection rates is an artifact, result-
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ing from decreased case-finding activities.
Two countries have been the main contribu-
tors to this decrease. In The Philippines,
LECs were carried out in six provinces, and
hitherto unreached areas have been
reached. In Cambodia, three LECs were or-
ganized in 1998. Not only did the number
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of new cases decrease, but the proportions
of patients with disability and of MB pa-
tients also decreased. In fact, although the
number of new cases declined for the first
time in 1998, the decreases of the propor-
tions of patients with disability and of MB
patients represent trends.
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Elimination of Leprosy in the Federated States of
Micronesia by Intensive Case Finding, Treatment with
WHO/MDT and Administration of Chemoprophylaxis

Carmine Diletto
Western Pacific Regional Office
World Health Organization
Manila, The Philippines

The Federated States of Micronesia
(FSM) comprises 607 islands, of which 65
are inhabited. The islands are spread across
more than a million square miles of the
western Pacific Ocean. Four states are in-
cluded in the Federation—Pohnpei, Chuuk,
Yap and Kosrae. Vast distances and a lack
of transportation between islands are im-
portant characteristics of the country.

Current population estimates are based
on a census carried out in 1994, in which
105,506 people, including emigrants, were
enumerated. Between 1986 and the present
day, more than 11,000 Micronesians have
migrated to Guam, Hawaii, the Common-
wealth of the Northern Mariana Islands
(CNMI) and the continental U.S. The 1994
census data have been used to calculate the
completeness of the coverage by screening
and chemoprophylaxis.

During the past 10 years, although the
prevalence rate of leprosy has been declin-
ing steadily, the new-case detection rate has
remained stable at 10 per 10,000, with
peaks of 21 in 1993 and 19 per 10,000 in
1995, years in which active case finding
was carried out (The Figure). A survey of
selected villages in Pohnpei and Chuuk,
conducted in 1995, resulted in the detection
of 71 new cases among a population of
10,865, indicating that the new-case detec-
tion rate might be as high as 65 per 10,000.
Moreover, the same survey demonstrated
that 62 per cent of the new cases were
among children under 15 years of age, sug-
gesting a very high rate of transmission of
Mycobacterium leprae in this community.
Given this alarming situation, and in keep-
ing with the commitment of the country and
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of the World Health Organization (WHO)
to eliminate leprosy by the year 2000, a
technical discussion was held 27 November
1995 in Manila, The Philippines, to discuss
the situation in the FSM, and to plan appro-
priate action. The resulting plan included
two rounds of screening of the entire popu-
lation to detect and treat all existing cases
by the multidrug therapy recommended
by the WHO (WHO/MDT). It was also
planned to administer chemoprophylaxis to
all healthy individuals, with the hope that
this would prevent the development of the
disease among those already infected.
Chemoprophylaxis would be administered
twice, one dose for each round of screening.
The combination rifampin-ofloxacin-mino-
cycline (ROM) was to be administered to
adults in the doses: 600 mg rifampin, 400
mg ofloxacin and 100 mg minocycline. Chil-
dren under 15 years of age would be admin-
istered rifampin alone in the dosage of 25 mg
per kg. To monitor the efficacy of the chemo-
prophylaxis in the near term, the use of im-
munological tests was proposed. A rapid sur-
vey, to be conducted six months after com-
pletion of the project, was also suggested.

This plan became the basis for the devel-
opment of a joint project among the gov-
ernment of the FSM, the WHO and the
Sasakawa Memorial Health Foundation
(SMHF). To assist in implementation of the
project, the WHO assigned two consultants,
one based in Pohnpei State and the other in
Chuuk State. The author, based in Pohnpei,
was assigned to the project from the begin-
ning of second round.

To carry out the project, a mobile leprosy
team was formed in each of the four states,
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THE FIGURE.  Leprosy prevalence and new-case de-

tection rates in the FSM, 1986-1998. A = Prevalence
per 10,000; ® = new-case detection rate per 10,000.

the members of which were first trained ac-
cording to their functions. Team leaders, all
of whom were physicians, supervised the
teams. Each team worked full time in im-
plementing the project, going from village
to village and island to island to screen the
entire population.

Mass campaigns employing radio mes-
sages and meetings with community and
government leaders preceded the opera-
tions. A health educator visited the villages
before the screening to prepare the popula-
tion and, with the participation of the com-
munity leaders, to organize the activities.
Forms were prepared on which were
recorded the names of those screened and
those administered chemoprophylaxis, to-
gether with other relevant information.
Forms for monthly reporting and for the
new cases detected were also prepared. The
populace usually met in an established
meeting place, where the screening took
place. If attendance was small, or if there
were numbers of people that could not
reach the screening point, the teams con-
ducted home visits. Chemoprophylaxis was
administered at the time of screening, under
the direct supervision of a team member,

Pohnpei Workshop on Prevention of Leprosy

S11

whenever possible. It was necessary, on
some occasions, especially during visits to
homes in remote places, to leave the med-
ications with a family member for some
people who were absent; thus, it is possible
that some who were recorded as having
been administered chemoprophylaxis had
not in fact been treated. Schools, private
and government offices, and commercial
and industrial establishments were also vis-
ited to screen those present. The most com-
mon skin diseases were also treated, and a
portable emergency medical kit was also
available to treat the side effects of chemo-
prophylaxis. When a patient with suspected
leprosy was encountered, diagnosis and
classification were performed by the team
leaders, leprosy coordinators and WHO
consultants; all cases that were checked by
the author were confirmed as leprosy.

The first round began in March 1996 and
ended in March 1997, except in Chuuk State;
here, the first round was completed in June
1997. The second round began in March
1997 and was completed by the first half of
May 1998. Because these were smaller
states, only three to four months were re-
quired for each round in Yap and Kosrae.

During the first round, 72 per cent of the
population of the FSM was screened, and
chemoprophylaxis was administered to 97
percent of those screened (Table 1). Al-
though the number screened fell short of the
target of 80 percent, those screened repre-
sent 78 per cent of those available for
screening, if the 11,000 emigrants are sub-
tracted. A total of 322 new cases were de-
tected, of which 67 (21 percent) were multi-
bacillary (MB) and 116 (36 percent) were
under 15 years of age (Table 2). None of the
new cases demonstrated disability of WHO
grade 2.

During the second round, 73 percent of
the population was screened, and chemo-

TABLE 1. Leprosy elimination project in the FSM: first round.
. No. % Administered %
State Fopalation screened Screened chemoprophylaxis Treated

Pohnpei 33,692 22,303 66 20,993 62
Chuuk 53,319 41,718 78 40,849 77
Yap 11,178 7,669 69 7,571 68
Kosrae 7,317 4,176 57 4,103 56
Total 105,506 75,866 72 73,516 70
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TABLE 2.  Numbers of new cases detected.

Pohnpei Chuuk Yap Kosrae

First round*
PB 127 112 7 9
MB 26 36 3 2
Children <15 yrs 50 61 1 4
Second round
Single lesion 11 27 0 0
PB 4 10 0 0
MB 11 16 0 1
Children <15 yrs 5 26 0 0

*During the first round, 59 of the cases were self-reporting; during the second round, 36 cases were self-re-

porting.

prophylaxis was administered to 98 percent
of those screened, as shown in Table 3. Ex-
cluding the emigrants, 78 percent of the res-
ident population was screened. During this
round, 18,731 people who had not been
screened in the first round received chemo-
prophylaxis for the first time. Eighty new
cases were detected during the second
round, of which 35 percent were MB, 47
percent presented just a single lesion, and 39
percent were children under 15 years of age
(Table 2). As in the first round, none of the
new cases demonstrated grade 2 disability.

Combining the two rounds, 90 percent of
the people were screened at least once, and
55 per cent were screened twice; 87 percent
were administered at least one dose of
chemoprophylaxis, and 54 percent received
two doses. Accounting for the emigrants,
94 percent of those resident in the FSM re-
ceived one dose of the chemoprophylaxis,
and 58 percent received two doses.

That 322 new patients were detected in
the first round and only 80 in the second
round represents a 75 percent reduction of
the number of new cases from the first to
the second round. Of the 80 new cases de-
tected in the second round, 12 were re-
ported to have received chemoprophylaxis

during the first round, and must be consid-
ered treatment failures. However, it must be
noted that, for cultural reasons and because
of difficulties in finding private places for
screening, as well as inadequate light in
some situations, the clinical examination
was not always accurate, causing some
cases to be missed. Missed cases were more
evident in the first round, because they were
subsequently detected in the second round.
In fact, in Pohnpei, eight of the new cases
that were detected in the second round had
noted their lesions well before the first
round of screening. This was also true for
eight new cases in Chuuk and three in Kos-
rae. And other patients detected in the sec-
ond round may have been missed in the
first.

Additional evidence for an effect of the
intervention is that, in 1997, 122 new cases
were detected, representing a detection rate
of 11 per 10,000 (The Figure), and prelimi-
nary data for 1998 indicate a new-case de-
tection rate of only 3 per 10,000, a reduc-
tion of 89 percent from the rate of 1996.

Between 1996 and 1997, 488 patients
completed treatment, as the result of which
the prevalence decreased from 41 per
10,000 population in 1996 to 15 per 10,000

TABLE 3. Leprosy elimination project in the FSM: second round.
. No. %o Administered % No. receiving
S roplation screened Screened  chemoprophylaxis  Treated first dose
Pohnpei 33,692 23,844 71 23,323 69 9,102
Chuuk 53,319 40,933 77 40,295 76 5,692
Yap 11,178 6,951 62 6,893 62 1,579
Kosrae 7,317 5,471 75 5,354 73 2,358
Total 105,506 77,199 73 75,865 72 18,731
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in 1997. Preliminary data for 1998 indicate
a further reduction of the prevalence to 6
per 10,000. The sharp decline of the preva-
lence resulted also from the implementa-
tion, in late 1997, of the new simplified
WHO/MDT regimens, which include a sin-
gle dose of rifampin plus ofloxacin plus
minocycline (ROM) for single-lesion lep-
rosy and shortening the duration of treat-
ment to 12 months for the treatment of MB
patients.

According to preliminary data, at the end
of 1998, the prevalence of leprosy in the
four states of the FSM was as follows. In
Yap, all patients had completed MDT, and
Yap has been the first state of the FSM to
achieve the goal of elimination. In Kosrae,
three patients were still receiving MDT,
yielding a prevalence of 4 per 10,000. In
Pohnpei: with 27 patients remaining under
treatment, the prevalence was 8 per 10,000;
in Chuuk, there were still 35 cases under
treatment, with a prevalence of 6 per
10,000.

In summary, beginning in March 1996
the government of the FSM, in collabora-
tion with the WHO and the SMHF, imple-
mented a special project to screen the entire
population of the country for leprosy twice,
and to administer chemoprophylaxis at the
time of screening to all healthy individuals,
with the aim of reducing the prevalence of
leprosy to less than 1 per 10,000 by the
year 2000. The chemoprophylaxis con-
sisted of ROM for adults and rifampin
alone for children under 15 years of age.
The project was completed by May 1998.

Eighty-seven percent of the healthy indi-
viduals received one dose of ROM, and 54
percent received two doses. Three-hundred-
twenty-two new cases were detected during
the first round (new-case detection rate 31
per 10,000) and 80 were detected in the
course of the second round (detection rate 8
per 10,000)—a 75 percent reduction of the
number of new cases from the first to the
second round. Combining the two rounds,
402 new patients were detected of whom 24
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percent were MB and 37 per cent children
under 15 years of age. No patients with
grade 2 disability were detected. Of the 80
new cases detected in the second round,
12—two from Pohnpei and 10 from
Chuuk—were reported to have received
chemoprophylaxis during the first round.

Discussion

Dr. Noordeen: Do you have any diffi-
culty linking new cases with your old
records?

Dr. Diletto: There are some difficulties.
For example, the data have not been com-
puterized. The records have been filed ac-
cording to the place in which the individual
was screened. The new patient may state
that he had received chemoprophylaxis, but
this is difficult to verify without knowing
where the screening took place.

Dr. Noordeen: Is any method employed
in the FSM to identify individuals, such as
identity cards?

Dr. Pretrick: No.

Prof. Ji: Your data suggest that a single
dose of ROM is capable of reducing the
risk of leprosy by approximately 90 per
cent, comparing the new-case detection rate
among those administered ROM with that
among those not so treated.

Dr. Diletto: Dr. Blanc will have more to
say on this point. However, I wish to point
out that, in Kiribati, where no chemopro-
phylaxis was administered, the new-case
detection rate decreased by 85 per cent
from the first to the second round.

Prof. Ji: What is your next step?

Dr. Diletto: We were hoping that the ex-
perts gathered here would advise us on next
steps. The original plan called for serologi-
cal studies, about which Prof. Cho will
speak, and a rapid survey to be carried out
six months after the end of the second
round; we certainly don’t intend once again
to screen the entire population. In fact, we
have prepared a proposal, complete with
budget, for a resurvey of several high-
prevalence villages in Pohnpei State.
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The leprosy team, consisting of six
members, was selected from among the
health workers of the Department of Public
Health. The team leader was a physician
who had earlier been trained in clinical lep-
rosy. All of the team members worked full
time on the project. Before beginning oper-
ations, a week’s training was given to the
team, focusing on the methods of screening,
diagnosis and treatment; the rationale of
chemoprophylaxis and its administration;
possible side effects and their management;
public information and community partici-
pation; and recording and reporting.

Each of the team members had been as-
signed specific responsibilities, such as reg-
istration, physical examination for signs
and symptoms of leprosy, administration of
chemoprophylaxis and health education.
Their activities were directed by the team
leader and a consultant assigned by the
World Health Organization (WHO). Physi-
cal examination and diagnosis were per-
formed by the team leader or the WHO
consultant. Diagnosis and classification
were based on clinical findings, according
to the criteria published in the WHO
“Guide to Eliminating Leprosy as a Public
Health Problem.” Skin-smear examination
for leprosy bacilli was available when nec-
essary.

The schedule of field visits was prepared
by the leprosy team, the WHO consultant
and the leaders of the municipalities before
beginning operations, and was updated
monthly. The time required for screening
the populace of each municipality was de-
cided on the basis of the 1994 census and
the geographical setting of the villages. The
first round was begun in March 1996 and
completed in February 1997. The second
round was begun in March 1997 and com-
pleted in March 1998.
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Before each visit of the leprosy team to a
village, usually a few days before, meetings
were held with the village leaders, and the
populace was informed by means of radio
messages and community meetings. On
these occasions, information on the trans-
mission of Mycobacterium leprae and the
signs and symptoms of leprosy and its treat-
ment, as well as information on chemopro-
phylaxis and its contraindications, were
given to the populace. A WHO poster on
diagnosis and treatment was displayed.
Community centers, schools and health
centers were used as sites to which the resi-
dents of the locality were invited by the vil-
lage leaders for physical examination and
administration of chemoprophylaxis.

Upon entry into the site, each resident
was queried with regard to name, age, sex,
the possibility of pregnancy and other con-
traindications such as renal and liver dis-
ease. The information was recorded on pre-
pared forms, as was the outcome of the
physical examination. The residents were
examined individually by the team leader or
the WHO consultant. When leprosy was de-
tected, this information was recorded and,
for new cases, a patient clinical card was
opened and the treatment begun immedi-
ately. Information on the intake of the mul-
tidrug therapy (MDT), its duration and pos-
sible side effects was given to the patient.

After the screening, those among the
populace who were eligible were adminis-
tered chemoprophylaxis, the intake super-
vised by the responsible team member.
Pregnant women were told to present to the
Department of Public Health to take the
medication after delivery. Those with pre-
sent or past history of renal or liver disease
were also excluded from chemoprophy-
laxis. Ointments for treatment of the most
common skin diseases were also dispensed.
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Home visits were conducted in each vil-
lage, for those unable to attend, and when
attendance at the screening site was small.
During home visits, the team would split
into three groups; one group stayed at the
screening place and the other two con-
ducted home visits in different parts of the
village. Home visits were conducted more
systematically and more frequently during
the second round than during the first.

In the first round, according to the 1994
population census, 66 percent of the total
population were screened, and 62 percent
were administered chemoprophylaxis. In
the second round, 71 percent of the popula-
tion was screened, and 69 percent received
chemoprophylaxis. Altogether, 89 percent
of the population received one dose and 42
percent received two doses of chemopro-
phylaxis.

During the first round, 153 new patients
were detected, of whom 26 (17 percent)
were multibacillary (MB) and 50 (33 per-
cent) were children under 15 years of age.
During the second round, 26 new patients
were detected, of whom 11 (42 percent)
were MB, 11 (42 percent) demonstrated a
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single lesion, and 5 (19 percent) were chil-
dren under 15 years. The new-case detec-
tion rate in the first round was 45 per
10,000 and, in the second round, 8 per
10,000. Thus, the new-case detection rate
decreased by 83 percent from the first to the
second round.

The disease is unevenly distributed in
Pohnpei State. During the first round, the
prevalence was 45 per 10,000 population in
Sokhes municipality, 275 per 10,000 on the
outer island of Kapingamirangi and 193 per
10,000 on the outer island of Pingelap.
Within Sokhes municipality, the villages of
Kepira (15 new cases, 326 new cases per
10,000) and Kepin (4 new cases, 301 per
10,000) were the most affected. Within the
municipality of Madolenihmw, the village
of Metipw (9 new cases, 347 per 10,000)
was the most affected.

Discussion

Prof. Lechat: What is the total population
of these high detection rate communities?

Dr. Keller: The population of Kepira is
460, that of Kepin 133, and that of Metipw
259.
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Chuuk State is composed of more than
40 islands scattered over a wide area of the
Pacific Ocean. Inside the lagoon are 15
populated islands, including the main island
of Weno. In addition, there are five sets of
outer islands. To the south are the Upper
and Lower Mortlock Islands; the Western
Islands lie to the west; and to the north and
northeast lie the Hall Islands and Nomwin
Atoll. Distances are vast; more than 100
miles separate the northernmost from the
southernmost of the Western Islands, which
are more than 150 miles distant from Weno,
as are the Lower Mortlocks. Transportation
among the lagoon islands is not difficult,
but transportation among the outer islands
is very limited and irregular.

The population of Chuuk State, the most
populous of the four states of the FSM, was
determined to be 53,300 in the 1994 census.
The distribution of the population by island
group and by age is shown in Table 1. Al-
most 50 per cent of the population is under
15 years of age.

The leprosy team, composed of eight
members, was selected from among the
health workers of the Department of Public
Health. The team leader was one of the
most active physicians in the health ser-
vices. The team was given two days’ train-
ing, which was focused on the methods of
screening, diagnosis and treatment; the ra-
tionale of chemoprophylaxis and its admin-
istration; possible side effects and their
management; public information; and
recording and reporting.

For the operation, each of the team mem-
bers was assigned a specific role—registra-
tion, examination for signs and symptoms
of leprosy, administration of chemoprophy-
laxis, or health education. The activities
were organized by the Director of Health
Services and supervised by a consultant as-
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signed by the World Health Organization
(WHO). Physical examination and diagno-
sis were performed by the team leader or
the WHO consultant.

Before beginning the operation, the
schedule for field visits was prepared by the
leprosy coordinator and the leprosy team,
and was approved by the Director of Health
Services. The time required for screening
the populace of each island was determined
on the basis of the 1994 population census
and the distance from Weno.

Prior to the visit of the leprosy team, the
population was informed through radio
messages and a meeting with village lead-
ers. In the case of the lagoon and outer is-
lands, transmission of the information by
the health workers from each island was
also useful. On the day of screening, the
leprosy team broadcast the information
themselves, using a loudspeaker. Before be-
ginning the screening, information on the
transmission, signs, symptoms and treat-
ment of leprosy as well as information on
chemoprophylaxis and its contraindications
was presented.

Community centers, schools and health
centers were used as the places to which the
populace came to be screened and to re-
ceive chemoprophylaxis. Village leaders or
members of the community called the pop-
ulace to meet at the screening point. A spe-
cial place was prepared for skin examina-
tion, and bed sheets were hung as curtains
to insure privacy.

Before the physical examination, the
registrar queried those appearing to be
screened for their name, age, and sex, and
discussed with each individual the possibil-
ity of pregnancy and other contraindica-
tions, such as renal and liver disease. This
information was recorded, as was the out-
come of the physical examination.
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TABLE 1.  First round of screening in Chuuk State.
_Island or Population* Population® Population Received A GUEES
island group <ISyr screened prophylaxis Total PB MB <I5
yr age

Weno 16,121 7,212 13,443 13,067 49 37 12 18
Lagoon islands 25,541 12,846 18,834 18,388 54 41 13 30
Outer islands 11,657 5,369 8,478 8,296 45 34 11 13
Total 53,319 25,638 40,755 39,751 148 112 36 61

*Population figures derived from 1994 census.

Those presenting to be screened were ex-
amined individually by the team leader or
the WHO consultant. When leprosy was de-
tected, this information was relayed to the
registrar, who recorded it on a specific
form. In addition, for new cases, a patient
clinical card was opened and the treatment
begun immediately. The patients were in-
formed with respect to intake of the mul-
tidrug therapy (MDT), its duration and pos-
sible side effects. For suspected cases, skin
smear was performed if the suspect lived
near the laboratory; if his home was far
from the laboratory, he was instructed to
present to the Department of Public Health
three months later for reassessment. No pa-
tients were administered chemoprophy-
laxis.

After screening, those eligible were ad-
ministered chemoprophylaxis under the su-
pervision of the responsible team member.
Pregnant women were instructed to present
to the Department of Public Health after de-
livery to take the medications. Those with
present or past history of renal or liver dis-
ease were also excluded from chemopro-
phylaxis.

Home visits were conducted in each vil-
lage, usually for those unable to attend the
screening and when screening coverage
was low. During the home visits, the team
would split into three groups: one would re-
main at the screening site, and the other two

would conduct home visits in different ar-
eas of the village.

As is shown in Table 1, 40,755 people—
76 percent of the population—were
screened in the course of the first round,
and 39,751—98 percent of those screened
—were administered chemoprophylaxis.
During the second round, as shown in Table
2, 77 percent of the population was
screened, and, again, 98 per cent of those
screened were administered the drugs.

The results of the screenings, in terms of
new cases of leprosy detected, are pre-
sented in Tables 1 and 2. In the course of
the first round, 148 new patients were de-
tected, yielding a detection rate of 27.8 per
10,000 at risk (Table 1), calculating the
new-case detection rate on the basis of only
those members of the population who were
screened yields a rate of 36.3 per 10,000. A
smaller number of new cases—53—was
detected in the course of the second round
of screening (Table 2), yielding new-case
detection rates of 9.94 per 10,000, based on
the 1994 census data, and 12.9 per 10,000,
based on the number actually screened.
Thus, new-case detection rates decreased
by almost two-thirds, comparing the results
of the two rounds of screening.

Side effects caused by the drugs used for
chemoprophylaxis were rare. Only 29 indi-
viduals suffered mild cases of dizziness,
skin eruption, nausea and chills. At the be-

TABLE 2. Second round of screening in Chuuk State.

Island or Population Received MW
island group screened prophylaxis Total = Singledesion  PB <15
& yr age
Weno 12,649 12,440 14 6 0 8 S
Lagoon islands 19,348 19,045 25 15 d 3 13
Outer islands 8,936 8,810 14 6 3 S5 12
Total 40,933 40,295 53 27 10 16 26
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ginning of the project, rumors of severe
side effects were heard, but these soon dis-
appeared and did not appear to influence the
participation of the populace.

It was evident that the 1994 population
census did not reflect the real situation in
each village and municipality. Emigration
to Guam, Hawaii, the Marianas and the
U.S. was said to be very frequent. As a re-
sult, estimates of population coverage,
prevalence and detection rate may be inac-
curate, and a proportion of the resident pop-
ulation considerably larger than 76 percent
may actually have been screened.

One patient in whom leprosy had been
diagnosed earlier was found not to have
leprosy, and his MDT was stopped. Eight
patients had not been diagnosed during the
first round, but were detected during the
second round and placed on MDT.

Discussion

Dr. Noordeen: Because you screened
school children both in their schools and in
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their villages, is it possible that a child was
given two doses of chemoprophylaxis, one
when he was screened in school and the
second if he were screened a second time in
his village?

Dr. Takashima: Yes. This could have
happened. However, most school children
were screened in their villages, so that it
usually was not necessary to screen school
populations.

Dr. Izumi: How did you diagnose lep-
rosy among children under five years of
age? In my experience in Indonesia, this
was often difficult.

Dr. Kyaw Tin: We saw a few patients
with leprosy under five years of age in the
RMI. The diagnosis was difficult; we tried
to catch the child unaware, testing pin-prick
sensitivity on the lesion and on normal-ap-
pearing skin.
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The objective of this study was to assess
the effects of the chemoprophylaxis of lep-
rosy on Mycobacterium leprae transmission
among residents of the FSM, by measuring
the prevalence of antibodies to antigens of
M. leprae among residents in FSM after the
administration of chemoprophylaxis, and to
attempt, by polymerase chain reaction
(PCR), to detect M. leprae-specific DNA in
nasal-swab samples obtained from among
residents after chemoprophylaxis.

MATERIALS AND METHODS

A total of 3304 serum samples were ob-
tained during the study period, including
1725 samples before chemoprophylaxis and
1125 one year after the first dose of chemo-
prophylaxis. Serum samples were obtained
from two sources: from residents who pre-
sented to the leprosy team for screening and
chemoprophylaxis; and from individuals
who visited the health centers in Pohnpei,
Chuuk and Kosrae States for reasons other
than leprosy. Serum samples were stored
frozen until examination for the presence of
antibodies to M. leprae antigens.

To determine the proportions of individ-
uals on whose nasal mucosa M. leprae-spe-
cific DNA could be detected by PCR, nasal-
swab samples were obtained from those
who presented to the leprosy team at the
time of screening. A total of 1240 nasal-
swab samples were obtained, including 629
samples obtained before chemoprophylaxis
and 611 samples one year after the first
dose of chemoprophylaxis. The surface of
the nasal mucous membrane was wiped
with a cotton-tipped swab which was then
placed in L4 buffer and stored at room tem-
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perature until it could be transported to the
laboratory.

RESULTS

First, sera from 1065 individuals who
presented to the hospitals for reasons other
than leprosy were examined. IgM antibod-
ies to PGL-I, an M. leprae-specific antigen,
were detected by ELISA using a neoglyco-
conjugate antigen, ND-O-BSA, which had
been prepared in Fort Collins, Colorado,
U.S.A. Using absorbance of 0.20 as the
lower limit of seropositivity, the rate of
seropositivity was 12.3 percent among resi-
dents of Pohnpei State, 13.9 percent in
Chuuk State, and 5.9 percent in Kosrae
State. The lower seropositivity rate in Kos-
rae State is consistent with the lower preva-
lence of leprosy in that state. The difference
of seropositivity between Chuuk and Pohn-
pei States is not significant. The rate of
seropositivity was highest among those
aged 21-30 years (19.1 percent), followed
by those aged 11-20 (15.1 percent) and the
group aged 31-40 years (13.3 percent). That
more than 13 percent of young children in
Chuuk State were seropositive suggests
that, before chemoprophylaxis, active trans-
mission of M. leprae was still occurring.

Next, sera from 245 people, who pre-
sented to the health centers for reasons
other than leprosy, and from 610 people one
year after chemoprophylaxis were exam-
ined. The rate of seropositivity among those
who had been administered chemoprophy-
laxis was 20.6 percent, virtually the same as
the rate (20.0 percent) among a second
group of 660 residents prior to chemopro-
phylaxis. The prevalence of anti-PGL-I an-
tibodies among those visiting the health
centers was 17.5 percent, a bit higher than
that during the first year in Pohnpei State.
The rate of seropositivity was again highest
among those aged 11-20 years, followed by
that of the age group 21-30. These results
suggest that young adults in Pohnpei State
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have the greatest chance of exposure to M.
leprae, even one year after chemoprophy-
laxis. Another explanation is that anti-PGL-I
antibodies decay only slowly

In an effort to investigate more directly
the effect of chemoprophylaxis on the lev-
els of anti-PGL-I antibodies, the sera of
those who had taken the first dose of
chemoprophylaxis and whose sera were ob-
tained one year later were examined for
changes of seroreactivity. A total of 81
paired serum samples were tested side by
side. Of the 81 pairs, 21 (25.9 percent) were
seropositive before chemoprophylaxis and
21 (25.9 percent)—not all the same pairs—
were also seropositive one year after
chemoprophylaxis, suggesting that there
had been no significant impact on the rate
of seropositivity by the first dose. However,
some of the 81 demonstrated a substantial
decrease of antibody level after chemopro-
phylaxis. Five individuals became seroneg-
ative after chemoprophylaxis, and the mean
absorbance of the seropositive sera de-
creased from 0.41 to 0.37. Thus, chemopro-
phylaxis may result in a decline of the anti-
PGL-I antibody level, although the differ-
ence of the means is not statistically
significant. In addition, there were also
some persons whose antibody levels in-
creased after chemoprophylaxis, and five
people became seropositive, suggesting that
there may have been exposure to M. leprae
after the chemoprophylaxis had been ad-
ministered. Such a phenomenon is also con-
sistent with continuing active transmission
of M. leprae in the community.

In another effort to measure the effects of
chemoprophylaxis, paired serum samples
from high-school students in Pohnpei State
and age-matched samples obtained from
hospitals in Kosrae were examined in a ran-
domized fashion for the presence of anti-
bodies to MLSA and lipoarabinomannan
(LAM), soluble antigens of M. leprae.
There was no difference in the prevalence
of antibodies to MLSA and LAM before
and one year after chemoprophylaxis
among high-school students in Pohnpei
State: 24 percent were seropositive to LAM
and 16 percent to MLSA. These results sug-
gest that one dose of chemoprophylaxis had
no significant effect on the prevalence of
antibodies to M. leprae antigens.

In contrast, a marked decrease in the
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prevalence of anti-PGL-I IgM antibodies
was found among the age-matched samples
obtained from persons who presented to
health centers in Kosrae State for reasons
other than leprosy. The prevalence of IgG
antibodies to MLSA or LAM changed little
from before to one year after chemoprophy-
laxis. Despite the low rate of coverage (57
percent) of the program in Kosrae, the se-
lective reduction of anti-PGL-I antibodies
may reflect the efficacy of chemoprophy-
laxis among the residents of that state. An
explanation for the difference in the preva-
lence of anti-PGL-I antibodies between
Pohnpei and Kosrae States may be the dif-
ference of the prevalence of leprosy in the
two states. The new-case detection rate in
Pohnpei State was twice that in Kosrae
State, suggesting that the residents of Pohn-
pei have a greater chance of re-exposure to
M. leprae after chemoprophylaxis than do
those of Kosrae. Further analysis using a
larger sample size and samples obtained at
longer intervals will be required to assess
fully the effects of chemoprophylaxis on
the kinetics of antibodies to M. leprae anti-
gens.

Sera from 400 people who took chemo-
prophylaxis in the first or the second round
were closely examined for changes in anti-
body levels to M. leprae antigens. Of 80 in-
dividuals who took two doses of the
chemoprophylaxis and provided serum
samples, there was no significant change in
IgM antibodies to PGL-I. The mean and
standard deviation of the absorbance of sera
from the 80 were 0.26 + 0.27 before chemo-
prophylaxis, 0.25 + 0.25 one year after the
first dose, and 0.25 + 0.25 one year after the
second dose, respectively. In some individ-
uals, seropositivity decreased significantly,
perhaps the result of chemoprophylaxis, but
a larger number demonstrated no decrease
and even an increase in seropositivity, de-
spite two doses of chemoprophylaxis.

There were also 121 people who took
only the first dose and from whom sera
were obtained two years after the first dose.
The mean and standard deviations of the
absorbance of the sera from the 121 were
0.29 + 0.32 before chemoprophylaxis and
0.27 £ 0.29 two years after the first dose;
this small difference in seropositivity is not
significant. In addition, there were 162 peo-
ple who took only one dose and from whom
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serum samples were obtained one year after
chemoprophylaxis. The mean and standard
deviations of the absorbance of the sera
from the 162 were 0.29 + 0.31 before
chemoprophylaxis and 0.26 + 0.26 one year
after the first dose. This small decrease in
anti-PGL-I antibodies one year after
chemoprophylaxis is not statistically signif-
icant.

In general, despite a marked decrease of
the new-case detection rate in the FSM one
year after chemoprophylaxis, there was no
decrease in anti-PGL-I antibodies among
those who had taken one or two doses of
chemoprophylaxis. This stands in sharp
contrast to the findings among leprosy pa-
tients under MDT. After MDT, anti-PGL-I
antibodies decreased by 50 percent after
two years of chemotherapy. Therefore, it
may be that only one or two doses of
chemotherapy (the chemoprophylaxis) are
unable to kill all of the M. leprae in the
body of the subclinically infected individ-
ual, or that the residents were exposed to M.
leprae again after the chemoprophylaxis
had been administered. Long-term monitor-
ing of seroreactivity to the M. leprae-spe-
cific antigen, PGL-I, might indicate the de-
gree to which M. leprae were being trans-
mitted in the population.

A recombinant 45-kDa antigen, which
contains M. leprae-specific epitopes, was
also employed to assess the effect of
chemoprophylaxis. The prevalence of IgG
antibodies to the 45-kDa antigen among
residents in Chuuk State was 5.4 percent
before chemoprophylaxis, substantially
lower than 13.7 percent, the prevalence of
antibodies to the PGL-I antigen. When sera
obtained from those who had taken two
doses of chemoprophylaxis were examined
for reactivity to the 45-kDa antigen, the
mean seroreactivity in paired serum sam-
ples decreased from 0.45 before chemopro-
phylaxis to 0.34 one year after the first
dose, and to 0.28 one year after the second
dose. Thus, seroreactivity to the 45-kDa
protein declined substantially after chemo-
prophylaxis. There are two possible expla-
nations for the observation that the level of
IgG antibodies to the 45-kDa antigen de-
creased more rapidly than did those of the
antibodies to PGL-I and to LAM. It may be
that antibodies to carbohydrate epitopes de-
cay more slowly than do antibodies to pro-
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tein antigens. Alternatively, antibodies to
PGL-I or LAM are elicited more rapidly
than are those to protein antigens. Whichever
explanation is correct, this observation may
be an indication that chemoprophylaxis
will, in fact, reduce the transmission of M.
leprae in the population, and that the new-
case detection rate will decrease in the FSM
in the near future.

A total of 1241 nasal-swab samples were
examined for the presence of M. leprae
DNA by a nested PCR. Of 629 samples ob-
tained before chemoprophylaxis, 12 (1.9
percent) were PCR-positive, and 9 (1.4 per-
cent) of 622 samples obtained one year af-
ter the first dose chemoprophylaxis were
PCR-positive. This difference was not sta-
tistically significant.

CONCLUSIONS

The prevalence of anti-PGL-I antibodies
among residents before chemoprophylaxis
ranged from 5.9 percent in Kosrae to 13.7
percent in Chuuk State. In Chuuk State, the
prevalence of anti-PGL-I antibodies was
highest (19.1 percent) among those aged
11-20 years, followed by those aged 21-30
(15.1 percent), and least (13.3 percent)
among residents under 10 years of age.
There was little evidence of a decrease in
prevalence of anti-PGL-I and anti-LAM an-
tibodies two years after one or two doses of
chemoprophylaxis. On the other hand, the
prevalence of IgG antibodies to the 45-kDa
antigen of M. leprae appeared to decrease
one or two years after chemoprophylaxis.
However, there was no significant decrease
in the nasal carrier rate of M. leprae among
residents determined by PCR one year after
preventive therapy.

Discussion

Prof. Ji: Can you compare the changes of
seroreactivity among patients on MDT and
healthy individuals administered chemo-
prophylaxis, as a measure of the efficacy of
the chemoprophylaxis?

Prof. Cho: I did not study any patient
sera from the FSM. However, in other pop-
ulations, we have found among patients on
MDT that the degree of seropositivity de-
creases by about 30 percent after one year
and by about 50 percent after two years.
One must recognize that leprosy patients
exhibit generally high degrees of seroposi-
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tivity, with mean absorbance approximately
1.5; whereas those administered chemopro-
phylaxis in the FSM exhibited absorbance
values under 0.5.

Prof. Levy: Prof. Cho has stated that his
data indicate continuing infection. This is a
very important point, because we are here
to consider chemoprophylaxis. If we
learned anything from the earlier studies of
chemoprophylaxis, especially the trial in
Pingelap, it is that chemoprophylaxis fails
if the infectious patients are not treated and
rendered noninfectious. Chemoprophylaxis

International Journal of Leprosy

1999

may be expected to be effective against in-
fections that have already occurred, but
cannot be expected to be effective against
future infections. Therefore, either these
data do not support Prof. Cho’s contention,
or we have proof that, at least in the FSM,
chemoprophylaxis was not effective.

Dr. Keller: How specific is PGL-1?

Prof. Cho: This appears to depend upon
the population studied. In a nonendemic
population, fewer than five percent may be
seropositive.
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Population Screening and
Mass Chemoprophylaxis in Kiribati

E .C. Daulako
P. J. Twomey Memorial Hospital
Suva, Fiji

Kiribati is a country of 33 coral atolls
and one volcanic island spread over a mil-
lion square miles of the Pacific Ocean.
Twenty-one of the islands are inhabited; the
population projected for 1996 was 77,853.
The Gilbert group consists of 16 inhabited
islands, and the Line group of three;
Phoenix Island and Banaba Island stand
alone. Tarawa, in the Gilbert group, which
is the capital island, contains about 40 per-
cent of the population of the country.

Leprosy has been highly endemic in
Kiribati (The Figure). When leprosy elimi-
nation activities were intensified in 1996,
the number of new cases detected suddenly
increased to 78, giving a new-case detec-
tion rate of 100 per 100,000 population.
This situation prompted the government of
Kiribati and its partners in leprosy elimina-
tion—the World Health Organization
(WHO) and the Pacific Leprosy Founda-
tion—to implement a project in which the
entire population of the country was to be
screened and chemoprophylaxis was to be
administered to selected communities—
those with very high endemicity and those
which are geographically isolated. The
project was implemented in order to accel-
erate progress toward the elimination of
leprosy by the year 2000.

The project was implemented by the for-
mation of three special teams. One team
was led by the WHO Short-Term Consul-
tant and each of the remaining two teams
was led by a Leprosy Control Officer as-
signed by the Ministry of Health. The mem-
bers of the teams were recruited from the
health staff of the areas in which the teams
were operating. The plan was to start with
the Gilbert group of islands and subse-
quently to extend the activity to the Line
group and Phoenix Island.

The project was preceded and accompa-
nied by regular broadcasts on Radio Kiri-

bati to inform the general public of what was
being done and the expected outcome. Lis-
teners were also told where the teams would
be working during the week, to alert them to
present themselves for examination.

The population was screened by house-
to-house visits, and visits to schools and
places of work; in addition, anyone encoun-
tered in the market place or along the road-
side during the visit to a locality was exam-
ined. Diagnosis was made by the team
leader at the time of screening, based on
clinical examination. For newly detected
patients, a record was opened and treatment
was administered immediately.

For chemoprophylaxis, a combination of
600 mg rifampin, 400 mg ofloxacin, and
100 mg minocycline (ROM) was adminis-
tered to adults (those above age 14 years),
and rifampin alone was administered to
children (those under 15 years of age); the
dosage for children 10 to 14 years of age
was 600 mg, for those 5 to 9 years 300 mg,
for those 2 to 4 years of age 150 mg, and for
children no older than 1 year 100 mg. Pa-
tients with leprosy, pregnant women, peo-
ple with kidney or liver disease, and pa-
tients with tuberculosis whose treatment in-
cluded rifampin were not administered
chemoprophylaxis.

On Tarawa atoll, screening was begun 22
May and completed 31 July 1997. One to
two weeks were required to complete the
screening on each of the remaining islands.
South Tarawa was screened for the second
time between August and October 1998,
one year after the first round of screening.

Chemoprophylaxis was administered to
the entire population of South Tarawa and
the Christmas Islands—the former, which
contributed 73 percent of the active cases of
leprosy in the country, because of high en-
demicity, and the latter because of its geo-
graphic isolation. Chemoprophylaxis was
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THE FIGURE. Leprosy prevalence and new-case
detection rates in Kiribati, 1983-1996. ¢ = Preva-
lence per 10,000: © = new-case detection rate per
10,000.

administered on South Tarawa at the time
of the second round of screening; on Christ-
mas Island, chemoprophylaxis was admin-
istered between 20 April and 6 May 1998,
at the time of the first round of screening.

Screening of the population has been
completed on 19 of the 21 inhabited is-
lands—on all 19 islands of the Gilbert and
Line groups of islands. The two remaining
islands, Banaba and Phoenix, represent
only 0.2 percent of the entire population of
the country, according to the census of 7
November 1990; therefore, approximately
99.8 percent of the population of the coun-
try has been included. The population of the
19 islands covered by the project was esti-
mated to be 76,624, of whom 70,638 (92.2
percent) were screened. The population of
South Tarawa was screened for a second
time; of the estimated population of 29,374,
26,536 (90.3 percent) were screened.

In the course of the first round of screen-
ing, 135 new cases were detected, yielding
a new-case detection rate of 191 per
100,000 population. The highest rate was
in South Tarawa, with 315 per 100,000,
representing 69.6 percent of all detected
cases, whereas five islands had no cases.
The numbers of cases in the remaining is-
lands ranged from one to seven. Of the new
cases detected, 26 (19.3 percent) were
multibacillary (MB), and 36 (26.7 percent)
were under 15 years of age; there were no
cases with disability.

During the second round, 15 new pa-
tients were detected, yielding a new-case
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detection rate of 51 per 100,000; among
them were three MB patients, 11 patients
with single lesions, and seven children un-
der 15 years of age. Compared to the first
round of screening, both the number of new
patients and the detection rate were reduced
by 84 percent.

In South Tarawa, 24,855 (84.6 percent)
of the estimated population of 29,374 were
administered chemoprophylaxis. Among
those seen by the team, 1717 (6.9 percent)
were not given the therapy for a variety of
reasons. Adverse reactions were reported
by 39 (0.16 percent) of those who received
treatment. On Christmas Island, 2886 of the
estimated population of 3271 (88.2 percent)
were administered chemoprophylaxis; 209
(6.7 percent) were not given the therapy.
Six (0.21 percent) of those administered
chemoprophylaxis reported adverse reac-
tions, all of them mild. For the two islands
taken together, 27,741 (85.0 percent) of the
estimated population of 32,645 were ad-
ministered chemoprophylaxis, and 1926
(6.5 percent) were not given the therapy for
a variety of reasons; 45 (0.16 percent) re-
ported adverse reactions.

Discussion

Dr. Diletto: How much time was in-
volved in the first and second rounds of
screening, and how much time elapsed be-
tween the two rounds?

Dr. Daulako: The first round required
about 12 weeks, perhaps because we were
inexperienced. Even though chemoprophy-
laxis was administered during the second
round, we were familiar with procedures so
it, too, required about 12 weeks. The time
between the two rounds was one year.

Prof. Ji: Because your coverage during
the first round of screening in South Tarawa
was almost complete, it appears likely that
most of the new patients detected in the
course of the second round had been seen
during the first. Do you think that most of
the new patients seen in the second round
had been missed in the first, or do you think
that their disease developed during the in-
terval between the two rounds?

Dr. Daulako: We certainly considered the
possibility that the disease had been present
during the first round. However, most of the
new patients detected in the second round
appeared to have early lesions, and to have
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developed their disease during the interval
between the rounds.

Prof. Smith: Please clarify what was
done in South Tarawa during the first and
second rounds.

Dr. Daulako: During the first round, the
population was examined, but no treatment
was given. During the second round, the
population was examined and chemopro-
phylaxis was administered.

Prof. Smith: Thus, the 85 percent reduc-
tion of the new-case detection rate from the
first to the second round cannot be attrib-
uted to chemoprophylaxis. Perhaps, then,
we should consider the detection rate dur-
ing the second round as a more appropriate
control, which may also be applicable to the
FSM.

Dr. Daulako: Undoubtedly, many of the
new patients detected during the first round
had had symptoms and lesions for longer
than one year, but had simply gone unde-
tected.

Dr. Blanc: It is important to recognize
that the reduction of the number of new
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cases detected resulted simply from clean-
ing up the backlog. In addition, it appears
that the screening process was more effi-
cient in Kiribati than in the FSM; thus, the
new cases detected during the second round
in Kiribati may represent only “incident”
cases, whereas those detected during the
second round in the FSM may represent a
mixture of incident and backlog cases.

Prof. Smith: I’m fascinated by the lack
of disability, despite a considerable propor-
tion of MB cases. This is not ordinarily the
case, and the explanation may be very im-
portant.

Dr. Noordeen: I concur. I was most im-
pressed, during my earlier visit to the FSM,
by the large proportion of MB patients, par-
ticularly among children, and the dearth of
disability. In particular, I noted the virtual
absence of trophic ulcers, which are an im-
portant problem among MB patients in
other settings.
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The Republic of the Marshall Islands
(RMI) is a country of atolls and small is-
lands spread over three-quarters of a million
square miles in the central Pacific Ocean.
Twenty-seven of the atolls and islands are
inhabited, with a total population of 62,569
projected for 1998. About 68 per cent of the
population live on Majuro and Kwajalein
atolls; the remaining population is distrib-
uted among the outer islands, with popula-
tions ranging from around 100 to 2000.
Majuro is the capital city of the country.

Leprosy is a serious public health prob-
lem in the RMI. The new-case detection
rate for 1996 was 210 per 100,000 popula-
tion, and the prevalence rate at the end of
the year was 41 per 10,000; the correspond-
ing rates for 1997, the year before this pro-
gram was implemented, were, respectively,
115 per 100,000 and 27 per 10,000. Mul-
tidrug therapy (MDT) was available only
on Majuro and Kwajalein atolls.

The government of the RMI aims to
achieve elimination of leprosy, defined as
reduction of the prevalence to less than 1
per 10,000 population, by the year 2000.
The government planned to achieve this
goal by detecting all cases in the country,
and by making MDT available to the entire
population. However, because of the high
prevalence of the disease and the limited
time remaining to achieve the goal, it was
believed to be necessary to accelerate prog-
ress toward elimination. Therefore, it was
planned to screen the entire population of
the country to detect all current cases and to
place them under treatment with MDT. At
the same time it was planned to administer
chemoprophylaxis to the household contacts
of both past and current leprosy patients.

The program of population screening
and chemoprophylaxis was implemented by
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the primary health care staff; program ac-
tivities were incorporated into the routine
activities of the staff and no additional staff
was involved, except for a World Health
Organization (WHO) Short-Term Consul-
tant (STC) who visited the RMI periodi-
cally. The program was to be implemented
simultaneously on Majuro and Kwajalein
atolls. After completing the program on
these two atolls, teams of staff members
who had already gained experience were to
be sent to the outer islands for implementa-
tion of the program there. The staff mem-
bers who were to be involved in the pro-
gram were given training in the tasks they
were expected to perform. For diagnosis
and classification of cases, the criteria pre-
sented in the “Guide to Eliminating Lep-
rosy as a Public Health Problem,” pub-
lished by the WHO, were followed.

For chemoprophylaxis of household con-
tacts, a combination of 600 mg rifampin,
400 mg ofloxacin, and 100 mg minocycline
(ROM) was administered to those at least
15 years of age, and rifampin alone to chil-
dren under 15 years of age. Children 10 to
14 years of age were administered 450 mg,
those 5 to 9 years 300 mg, and those 1 to 5
years 150 mg. Pregnant women, children
under one year of age, people with liver or
kidney disease and those known to be aller-
gic to any of these drugs were not given the
drugs, nor were patients with past or current
leprosy. Household contacts were defined
as those living under the same roof and
sharing household facilities with an index
case (a patient with past or current leprosy).

Screening of the population of Majuro
atoll was begun during the third week of
May 1998. Zonal nurses made house-to-
house visits, listed the members of each
household using a standard screening form,
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TABLE 1.  Population coverage in the RMI.
JT ) Population Population %

Atoll 1998 Population No. households EnTpted oy —
Majuro 28,934 2,655 22,361 20,314 90.8
Kwajalein 13,544 894 8,983 8,212 91.4
Alinglaplap 2,167 230 1,951 1,769 90.7
Jaluit 2,159 173 1,457 1,353 929
Total for RMI 46,804 3,952 34,752 31,648 929

*Projected from 1988 census.

and examined available members for signs
of leprosy. After all of the households had
been visited, absentees were sought at their
places of work or schools. Suspects were
referred to the Public Health Division of the
Ministry of Health, where the diagnosis of
leprosy was confirmed or rejected by the
Director of Public Health, Director of the
TB/Lep Program, or by the WHO STC. The
suspects who did not present themselves to
the Public Health Division were sought
again at their residences. The screening and
follow up of suspects were completed in
February 1999. Chemoprophylaxis for
household contacts was delivered at their
residences by the zonal nurses, beginning in
January 1999 and finishing at the end of
March 1999.

In Kwajalein atoll, screening was begun
in June 1998. Zonal nurses, primary health
care staff and voluntary health workers
screened the population in the course of
house-to-house visits. The Director of Pub-
lic Health at Ebeye Hospital confirmed the
diagnosis, and the coordinator of the
TB/Lep Program delivered the chemopro-
phylaxis to the household contacts in their
homes. The program was completed in
Kwajalein atoll in September 1998.

Of the 25 inhabited outer islands, nine—
Alinglaplap, Jaluit, Arno, Wotje, Ebon,
Mololep, Mili, Namdrik and Namu, each
with populations of 800 to 2000 and with a
high prevalence—were targeted for the
program. Teams consisting of the Director
of Public Health, the Director of the
TB/LEP Program or the WHO STC and
two zonal nurses from Majuro are to visit
these islands to implement the program in
collaboration with the local health staff.
During the visits, which will require about
two weeks, the team is to screen the popu-

lation by house-to-house visits, confirm the
diagnosis, provide MDT to cases, and ad-
minister chemoprophylaxis to the house-
hold contacts. By mid-April 1999, only Al-
inglaplap and Jaluit atolls had been visited.
The four nuclear-affected islands—Kili
(Bikini), Ennewatak, Ronglap (Meijeto)
and Utrik—are the responsibility of the
staff of the Health Plan 177, who will con-
duct the screening, and of the Director of
Public Health and Director of the TB/Lep
Program, who will confirm the diagnosis.
Thus far, a portion of the population of
these four islands has been screened. When
all of the targeted outer islands have been
covered, the program will have included 92
per cent of the population of the country.

According to the projected population
for 1998, the population of Majuro and
Kwajalein atolls and the two outer islands
visited thus far comprises 75 per cent of the
population. By April 1999, 91.9 per cent of
the population of these four islands had
been screened. The atoll-by-atoll data are
presented in Table 1.

On the four atolls taken together, 144
new cases were detected, yielding a new-
case detection rate of 455 per 100,000 pop-
ulation. MB patients represented 31.2 per
cent of the total, children under 15 years of
age 35.4 per cent, patients presenting with
single lesions 46.5 per cent, and those
demonstrating WHO grade 2 disability, 2.1
per cent. The atoll-by-atoll data are pre-
sented in Table 2.

On the four atolls, 305 households in-
cluded 322 index cases and 3213 contacts.
These households constitute 7.7 per cent of
the enumerated households, and include 9.2
per cent of the population. Chemoprophy-
laxis was administered to 2454 (76.4 per
cent) of the contacts. Excluding the 382 (12
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TABLE 2. Detection of new patients in the RMI.
Atoll Population New cases Rate per o % %
screened detected 100,000 MB Single lesion <ISyr
Majuro 20,314 111 546 30.6 46.8 333
Kwajalein 8,212 7 85 57:1 14.3 —
Alinglaplap 1,769 22 1,244 22.7 54.5 54.5
Jaluit 1,353 4 296 50 50 50
Total for RMI 31,648 144 455 31:2 46.5 354

per cent) contacts who no longer live in
these households, 2831 remained for treat-
ment, 86.7 per cent of whom were adminis-
tered chemoprophylaxis. Treatment was
contraindicated in 75 (2.3%), 56 (1.7 per
cent) refused treatment, and 246 (7.7 per
cent) were absent at the time of the visit.

No adverse reactions to the drugs were
reported on Kwajalein, Alinglaplap and
Jaluit atolls. On Majuro atoll, five patients
complained of adverse reactions—transient
nausea, vomiting and dizziness a few hours
after the intake or on the following morning.

On the atolls that have been covered thus
far, the population enumerated by the
screening teams was smaller than that pro-
jected for 1998. The projection had been
based on the census taken in 1988, which
did not take into account emigration, and
included those living abroad. It is possible
that the actual population is smaller than
that projected. On the other hand, the
screening teams may have missed some
households, and the listing of members of
some households may have been incom-
plete. Therefore, the actual population may
lie between the projected and the enumer-
ated figures. For the calculations performed
in this paper, the enumerated population has
been taken as the actual.

Diagnosis and classification of patients
were carried out by the Director of Public
Health, the author and, occasionally, by the
Director of the TB/Lep Program, all of
whom had considerable experience in clini-
cal leprosy. Thus far, the author has en-
countered only two misdiagnosed cases.
For cultural reasons and, occasionally, be-
cause of an inability to provide privacy, the
buttocks and upper portions of the thighs of
many could not be examined. This may
have resulted in failure to detect some pa-
tients who had only one or a few lesions.

On Majuro atoll, chemoprophylaxis was
administered only one to 10 months after
screening had been completed, and on
Kwajalein atoll, chemoprophylaxis was ad-
ministered only one to two months after the
completion of screening. Because the popu-
lation of the Marshall Islands is very mo-
bile, 12 per cent of the contacts had already
left their households at the time of chemo-
prophylaxis. On Alinglaplap and Jaluit
atolls, there was no time lag between
screening and chemoprophylaxis. It had
been intended that chemoprophylaxis be
administered only under strict supervision;
however, that would have required much
more time. Therefore, the drugs for some of
the contacts, who were absent at the time of
the visit were left with a reliable member of
the household. It is not known exactly how
many of them took the drugs. However,
zonal nurses were asked to visit these
homes to check the intake of drugs.

During administration of chemoprophy-
laxis, the definition of household contacts
could not be followed strictly. In many in-
stances, members of same family lived in
small houses built around a big house. They
were originally listed as belonging to differ-
ent households because they were under
different roofs, but when therapy was given
to the inhabitants of one of these houses,
the rest occasionally claimed that they be-
longed to the same family and that they
have the same risk for exposure, and asked
for treatment. Throughout the country, there
is also a very high level of movement of
people between households of friends and
relatives. Under these conditions, a patient
may have lived in a number of households
within a matter of few years. Likewise, con-
tacts of patients may have moved among
different households. Occasionally, some
people asked for treatment, saying that they
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had been contacts, even though they were
not living in the household of an index case
at the time of the visit. Therefore, the mem-
bers of some households were administered
chemoprophylaxis, although they did not fit
the definition of household contacts exactly.

Discussion

Prof. Lechat: Does your definition of an
index case include those former patients
who have died?

Dr. Kyaw Tin: No.

Dr. Noordeen: What is the risk of disease
among household contacts, compared to
that in the general population of the RMI?

Prof. Ji: What is the proportion of house-
hold contacts among the 144 new cases you
detected? This proportion should immedi-
ately yield an estimate of the relative risk.

Dr. Kyaw Tin: I can’t answer your ques-
tion at this moment. However, we have the
records, and can calculate the risk among
contacts, compared to that in the general
population.

Dr. Noordeen: In most areas in which
leprosy is endemic, the proportion of new
cases among household contacts is no
greater than 30 to 35 percent. In this situa-
tion, to administer chemoprophylaxis only
to the contacts suggests that you are attack-
ing only one-third of the problem, and, at
best, the chemoprophylaxis can prevent no
more than one-third of the cases.

Prof. Levy: Why was the decision taken
to limit chemoprophylaxis to household
contacts? In the FSM and Kiribati, the
chemoprophylaxis was to be administered
to entire populations. What led to the deci-
sion to restrict chemoprophylaxis in the
RMI to contacts?
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Dr. Blanc: In this part of the world, cases
of leprosy are clustered in foci of high
prevalence; this is particularly the case in
Micronesia. Although this point has not
been studied specifically, it appears that, in
these island countries, most cases come
from certain localities and certain families.

Dr. Noordeen: I'd like to say something
in favor of this approach. Chemoprophy-
laxis can be administered to contacts at a
fraction of the cost of administration to the
entire population. Assuming the chemopro-
phylaxis to be effective, it may appear
preferable to prevent a fraction of the cases
at low cost rather than to attempt to prevent
a larger number of cases at a huge cost.

Prof. Lechat: In fact, we have here three
different protocols. In the FSM, virtually
the entire population has been administered
chemoprophylaxis, whereas in Kiribati, the
entire population was screened, but given
nothing. In the RMI, they have taken the
middle road. The outcome of these three
programs will be very interesting.

Dr. Blanc: Prof. Lechat is correct. The
three different protocols were deliberately
chosen. Chemoprophylaxis can be very
costly when administered to the entire pop-
ulation, and confining it to the portion of
the population at greatest risk should be
much more cost-effective.

Dr. Noordeen: Why was the decision
taken not to offer chemoprophylaxis during
the first round in Kiribati, as it was in the
FSM?

Dr. Blanc: Our first experience with
chemoprophylaxis was in the FSM. Here,
there was some hesitancy among the deci-
sion-makers and medical personnel, but not
among the populace.
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The programs of the chemoprophylaxis
of leprosy already carried out and in prog-
ress in the Federated States of Micronesia
(FSM), Kiribati and the Republic of the
Marshall Islands (RMI) were not designed
as research projects. Rather, the primary ob-
jective of these programs was to control the
disease, and to accelerate achievement of
the goal of eliminating leprosy as a public
health problem in areas of high prevalence.
Hence, it will not be possible to answer
many of the important questions that arise.
However, we can make use of the available
data to derive some conclusions. Although
the data are limited, we know from earlier
work that chemoprophylaxis is capable of
preventing leprosy. That we cannot answer
precisely this very important question of ef-
ficacy is a source of frustration.

The major conclusions that may be drawn
from the combined experience in the three
countries are primarily operational. Is such a
program feasible? The programs have been
very well accepted by the populations of
these countries. The frequency of side ef-
fects has been minimal, and no serious ad-
verse reactions to ROM have been encoun-
tered, despite many thousands of doses.

What degree of completeness of cover-
age may be expected? During the first
round in the FSM, 72 percent of the popula-
tion was screened, and chemoprophylaxis
was administered to 70 percent. In Kiribati,
92 percent of the population has been
screened. And in the RMI, 90 percent of the
population has been screened, and almost
2500 contacts have been administered
chemoprophylaxis.

What may be expected in terms of reduc-
tion of the number of new cases detected?
From the first to the second round, there
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was a 75 percent reduction of the number of
new cases in the FSM, and a reduction of
85 percent in Kiribati. Eighty new patients
were detected during the second round in
the FSM, 12 of whom are known to have
received chemoprophylaxis during the first
round. Of these 12, eight demonstrated only
a single lesion, three exhibited PB disease,
and only one of the 12 had multibacillary
(MB) leprosy.

These programs all suffer from certain
limitations. The earlier trials in Pingelap
and the South Marquesas Islands also tar-
geted populations in which the prevalence
of leprosy was high. In each case, the ma-
jority of the local population lived abroad,
and efforts were made to administer chemo-
prophylaxis both to the resident population
and to that living off the island. Unlike the
trials in Pingelap and the South Marquesas,
fully 10 percent of the population of the
FSM lives abroad, and it was not possible
to treat the emigrant population.

In addition, it is not possible to screen
and administer chemoprophylaxis to an en-
tire population in a single day. But because
the residents of these islands move about a
good deal, it is certainly possible that a res-
ident who received chemoprophylaxis one
day may be infected with Mycobacterium
leprae as early as the next day, should he go
to a village that has not yet been visited by
the leprosy team.

A final limitation is that it appears to be
necessary to reexamine the concept of
household contact. Both in order to assess
the attack rate among contacts, and to deter-
mine who should be treated, a clear defini-
tion of a contact is required, including dur-
ing what period and for how long a duration
there was contact with a patient.
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Were these programs worth doing? A
first answer is affirmative. In the FSM,
there had been, on average, more than 120
new cases annually; during the year follow-
ing the first round, only 80 new patients
were encountered, only 12 of whom are
known to have received chemoprophylaxis.
Assuming that 120 new cases would have
been detected in 1999, these data are con-
sistent with the conclusion that chemopro-
phylaxis is 90 percent effective.

Discussion

Prof. Smith: Twelve of the 80 new cases
had received chemoprophylaxis, implying
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that the remaining 68 new cases had not.
From these data, one may calculate the risk
of disease for the individual. In fact, the
data suggest that chemoprophylaxis re-
duced the risk of disease by 92 percent.
However, this is different from the objective
of the program, which was to stop transmis-
sion of M. leprae in the population. The
available data don’t answer this question.

Prof. Ji: In addition, these data don’t dis-
criminate between preventing the disease
and merely postponing its appearance.
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In this paper, I shall review, first, the re-
sults of the vaccine trials in Venezuela and
Malawi. Then, I shall describe the recently
concluded trial in South India, and present
the results of the trial. Finally, I shall raise
some unresolved issues related to the im-
munoprophylaxis of leprosy.

In the trial in Venezuela, conducted be-
tween 1983 and 1991 ('), the combination
of live BCG plus heat-killed Mycobac-
terium leprae (HKML) was employed to
reverse the putative deficiency of the T-cell-
mediated immune response to M. leprae
among the susceptible individuals in the
community, the susceptibles being defined
by their failure to respond to M. leprae sol-
uble antigen (MLSA) applied as a skin test.
Live BCG alone was employed as a tontrol
vaccine. The dose of M. leprae employed
was 6 X 10* organisms; two doses of BCG
were used—0.2 mg for nonreactors to PPD
and 0.04 mg for reactors. The study popula-
tion consisted of close contacts of 2000
patients—5385 household contacts and
23,728 others of whom 20,376 were nonre-
actors to MLSA. All were subjected to skin
testing with MLSA and PPD before admin-
istration of the vaccine, and a 10 percent
sample was retested 60 days after vaccina-
tion. A new 10 percent random sample was
drawn each year for skin testing with
MLSA and PPD. Significantly more of
those administered the combination vaccine
reacted to the Convit skin-test antigen than
was the case among those administered
BCG alone. Only 39 cases of leprosy were
detected in the study population. Twenty of
these cases were of particular interest be-
cause they had not reacted initially to
MLSA; 11 had been administered BCG
alone, and nine had been administered the
combination vaccine. At least 58 percent
protection by previous BCG vaccination,
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indicated by BCG scars, had been expected
based on a case-control study in the trial
population. Analysis of the results of this
trial indicated that the protective efficacy of
BCG was proportional to the number of
doses (i.e., the number of BCG scars), and
that the protective efficacy of the combina-
tion was no greater than that of BCG alone
(Table 1).

In Malawi, a double-blind trial compared
the protective efficacy of a single dose of
BCG, of two doses of BCG, and of a single
dose of the combination live BCG plus
HKML with that of a placebo (?). During
the period January 1986 to November 1989,
subjects were assigned randomly to one or
another vaccine. This trial yielded results
similar to those of the trial in Venezuela.
Only a small number of cases were de-
tected, despite good evidence that no cases
were missed. There were 23 cases among
those administered placebo and 12 among
those administered BCG, demonstrating
that the protective efficacy of BCG was 49
percent. Repeated doses of BCG were more
effective than a single initial dose. Addition
of HKML to BCG did not enhance the pro-
tection obtained by BCG alone. Among
children under the age of 15 years, the pro-
tective efficacy of BCG with or without
HKML was 65 percent (Table 2).

Thus, both the vaccine trial in Venezuela
and that in Malawi yielded almost identical
conclusions: BCG was effective, and re-
peated doses of BCG conferred additional
protection; the addition to BCG of HKML
added virtually nothing to the protection af-
forded by BCG alone; and the small num-
bers of new cases detected suggested that
almost all of the new cases had been de-
tected.

Two additional points must be consid-
ered. In areas in which infection with HIV
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TABLE 1.  Results of the Venezuela trial: cases of leprosy diagnosed after vaccination.
Date MLSA negative before vaccination MLSA positive before vaccination
of
onset BCG BCG+HKML Total BCG BCG+HKML Total
After vaccination
>lyr 11 9 20 4 6 10
<lyr 4 7 11 5
Before vaccination 3 5 8 9 1 3
Not known 0 0 0 2
Total 18 21 39 13 ¥ 20

is prevalent, vaccination with BCG may in-
crease the risk of tuberculosis. And the ad-
ministration of live BCG to HIV-infected
individuals also exposes them to the risk of
disseminated BCG infection.

In South India, a double-blind, random-
ized trial was carried out, in which the pro-
tective efficacy of BCG, BCG plus HKML,
the ICRC bacillus (strain C44), and “My-
cobacterium w” (M. w) was measured by
comparison with normal saline as a placebo
(*) (Table 3). The study population con-
sisted of all healthy people, ranging in age
from 1 to 65 years, who resided in 264 con-
tiguous villages adjacent to the city of
Chennai (formerly Madras), with a popula-
tion of 290,000. The two cultivable bacte-
ria—ICRC and M. w—were administered
in a dose of 10° heat-killed organisms; in
the combination vaccine, live BCG was ad-
ministered in a dose of 0.05 mg and HKML
in a dose of 6 x 10® organisms; and BCG
was administered alone in a dose of 0.1 mg.
As shown in Table 4, 52 percent of the pop-
ulation in the age-group 1-4 years demon-

strated BCG scars; in the age-group 5-9
years, approximately 20 percent demon-
strated scars, as did approximately 11 per-
cent of the population over nine years of age.

The various vaccines became available
at different times during intake, as shown in
Table 5. Excluding patients with leprosy,
children under one year of age, those not
present in the study area, and those who
were otherwise ineligible, 74 percent of the
total population was eligible for vaccina-
tion. Intake, which was carried out between
January 1991 and July 1993, included 80
percent of the eligible population. The
numbers vaccinated were, approximately:
ICRC, 22,500; M. w, 33,700; and placebo,
BCG, and BCG plus HKML, 38,300 each.

The first resurvey, which included 86.2
percent of those “vaccinated,” was carried
out immediately, between August 1993 and
February 1995, because of the possibility
that missed prevalent leprosy patients might
be included in the original “vaccinated” co-
hort. The second resurvey, which included
75.6 percent of those “vaccinated,” was car-

TABLE 2.  Results of the Malawi trial.

Vaccine Cases* Non-cases Total

BCG-scar-negative participants

BCG+HKML 33 38,218 38,251

BCG 23 27,881 27,904>
BCGe-scar-positive participants

Placebo 23 23,284 23,307

BCG 12 23,444 23,456¢

BCG or BCG+HKML 14 31,544 31,558¢

*Diagnostically certain, post-vaccination leprosy cases.
"Relative risk = 1.06; 95% confidence limits 0.62 and 1

.82.

¢Relative risk, compared to the placebo = 0.51; 95% confidence limits 0.25 and 1.03.
4Relative risk, compared to the placebo = 0.51; 95% confidence limits 0.26 and 0.99 (p = 0.04); for age at vac-
cination < 15 years, relative risk = 0.35, and 95% confidence limits 0.15 and 0.89 (p = 0.02).
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TABLE 3.
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Indian trial vaccines and suppliers.

Vaccine (dose per 0.1 ml)

Supplier in India

ICRC (10° bacilli)

M. w (10° bacilli)
HKML (6 x 10® bacilli)
+ BCG (0.05 mg)

BCG (0.1 mg)

Placebo

Dr. C. V. Bapat, Mumbai

Director, National Institute of Immunology, Delhi
World Health Organization

BCG Laboratory, Chennai

BCG Laboratory, Chennai

King Institute, Chennai

ried out between January 1997 and Septem-
ber 1998. Most of the new patients detected
in the second resurvey were cases of early
paucibacillary (PB) leprosy. Among those
administered placebo, the “incidence” of
leprosy was 3.2 per 1000 at risk in the first
resurvey, and 4.96 per 1000 in the second
resurvey. With an incidence of 5 per 1000,
employing a one-tailed test (o = 0.05 and 3
= 0.90), and anticipating a 30 percent loss
in the course of the trial, a sample size of
16,000 would be adequate; the sample size
of at least 22,500 enrolled in each of the
five arms of the trial was thus adequate.
The results of the trial, presented in
Table 6, were the following. At the time of
the first resurvey, the denominators for the
five “vaccines” were nearly identical—ap-
proximately 20,000 each. There were 64
cases among those administered the
placebo, 82 among those administered
BCG, 69 among those administered BCG
plus HKML, M. w—71 cases, and ICRC—
68 cases. Thus, vaccination by all of the
vaccines, particularly BCG, appeared to in-
crease susceptibility to M. leprae in both
adults and children. However, all of the
confidence intervals around the estimates of
protection or increased susceptibility in-
cluded O; thus, although they were seen in
all arms of the trial, none of these “negative
effects” was statistically significant.
Considering the results of the second

TABLE 4. BCG scars in the vaccinated
cohort.
Age-group No. examined % BCG-scar
(yr) : positive
1-4 20,273 51.9
5-9 26,281 19.6
10-65 124,822 11.3
Total 171,376 17.4

resurvey, the denominators for all five arms
are again very similar. Among those who
had been administered the placebo, 82 new
cases were detected—about 1 per 1000 per
year, many fewer than expected. Among
those administered BCG, there were 59
cases, BCG plus HKML—24, M. w—>56,
and ICRC—28. The protective efficacy of
BCG was 27 percent (not significantly dif-
ferent from 0), of BCG plus HKML 71 per-
cent, of M. w 31 percent, and of ICRC 65
percent. Thus, BCG plus HKML and ICRC
were almost equally effective, as were BCG
and M. w. In general, the various vaccines
demonstrated approximately similar effi-
cacy in children and adults. Assuming that,
in this highly endemic population, virtually
all the adult population had been infected
with M. leprae, all of the vaccines appeared
protective even in those already infected.
BCG and M. w afforded approximately the
same level of protection; whereas both
BCG plus HKML and the ICRC bacillus af-
forded a higher degree of protection.

The study population was observed for
two months after vaccination to detect any
vaccination-related side effects. Among
those individuals administered the ICRC
vaccine, 71 (approximately 0.2 percent)
suffered fluctuant adenitis. Acid-fast bacilli
could not be demonstrated in any of the dis-
charges (Table 7).

Thus, the combination vaccine, BCG
plus HKML, and the ICRC vaccine ap-
peared to be potentially useful immunopro-
phylactic agents, although the results of the
trial in South India differ from those of the
trials in Venezuela and Malawi.

Three issues remain to be addressed: 1)
the usefulness of BCG in countries in
which it has been found to be effective; 2)
the possibility of using a vaccine that in-
cludes M. leprae; and 3) the usefulness of
the ICRC vaccine in India and in other
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TABLE 5.  Schedule of availability of the vaccines.
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Approximate

Vaccine From To no.
vaccinated
Placebo
BCG 30.01.91 14.08.93 38,300 each
BCG+HKML
30.01.91 _
M. w 09.04.91 27.01.92 33,700
09.03.92 14.08.93
ICRC 09.03.92 14.08.93 22,500

countries in which the epidemiologic pat-
tern of the disease is similar to that in India.

Although earlier studies carried out in
Uganda and New Guinea had demonstrated
that BCG is an effective protective vaccine
against leprosy, the results of the two vac-
cine studies conducted in South India—the
current trial and that carried out earlier in a
study of the protective efficacy of BCG in
both tuberculosis and leprosy—show that
BCG can have only a very limited role in
the prevention of leprosy in India. Unfortu-
nately, in the countries in which BCG can
be of use, HIV is highly endemic, preclud-
ing the use of live BCG in these communi-
ties. Thus, in the context of the present day,

one could hardly consider BCG for preven-
tion of leprosy.

With respect to vaccines that contain M.
leprae, it must be recognized that ar-
madillo-derived M. leprae will not be avail-
able for large-scale programs of vaccination
against leprosy. Because the combination
BCG plus HKML has been found effective
in India, there may be a place for recombi-
nant BCG containing an appropriate part of
the M. leprae genome. However, new trials
of such a leprosy vaccine will be almost im-
possible to mount. Thus, in the absence of
surrogate markers for immunity against lep-
rosy, M. leprae-based vaccines cannot be

tested.

TABLE 6. Results of the Indian trial: number of cases/number vaccinated; protective

efficacy (%); (95% confidence limits).

Age-group

(yr) Placebo BCG BCG+HKML M w ICRC
First resurvey
1-14 16/8,747 24/8,661 15/8,789 15/8,724 21/8,635
-51.5 6.7 6.0 -33.0
(-185, 19.5) (-88.6, 53.8) (-90.0, 53.5) (155, 30.6)
15-65 48/11,262 58/11,253 54/11,254 56/11,184 47/11,244
-20.9 -12.6 -17.5 1.90
(-77.1,17.4) (-65.9, 23.6) (-72.6, 20.0) (-46.5, 34.3)
Total 64/20,009 82/19,914 69/20,043 71/19,908 68/19,879
-28.7 -1.6 -11.5 -6.9
(-78.4,7.1) (-51.2,23.4) (-56.2,20.4) (-50.4,23.9)
Second resurvey
1-14 32/7,472 22/7,300 12/7,456 27/7,415 12/7,309
29.6 62.4 15.0 61.7
(-21.0, 59.1) (27.1, 80.6) (-41.8,49.0) (25.6, 80.2)
15-65 50/9,074 37/9,009 12/9,061 29/8,927 16/9,024
25.5 76.0 41.0 67.8
(-13.9,51.2) (54.9,87.2) (6.9, 62.7) (43.5, 81.7)
Total 82/16,546 59/16,309 24/16,517 56/16,342 28/16,333
27.0 70.7 30.9 65.4
(-1.9,47.7) (53.8,81.4) (2.9,50.7) (46.9,71.5)
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TABLE 7. Numbers of vaccinees with
post-vaccination fluctuant lymphadenitis.

Vaccine No. cases
ICRC 49
BCG+HKML 12
BCG 5
M. w 4

The ICRC bacillus, isolated by Khan-
olkar, Ranadive and Bapat in the 1950s
from patients with lepromatous leprosy, is a
cultivable Mycobacterium. The vaccine
prepared from this organism has been found
to be useful in both adults and children,
suggesting that it could be useful even in in-
fected individuals. Moreover, the efficacy
of this vaccine has been found to be similar
in both those found to have BCG scars and
those without scars. Although there has
been little interest in this vaccine outside
India, there is an immediate need to de-
velop this vaccine and subject it to Phase IV
studies. Thus, if there exists a need for a
vaccine against leprosy, serious thought
should be given to a vaccine prepared from
the ICRC bacillus.

Discussion

Prof. Ji: I must congratulate Dr. Gupte
and his colleagues for having planned and
conducted a truly excellent trial. I have
three questions. First, is it necessary to
mount a second trial of the ICRC vaccine
in a country other than India? Second, of
the 71 patients who developed fluctuant
adenitis, 51, a disproportionately large
number, had been administered the ICRC
vaccine. Is this an acceptable risk? And has
this phenomenon been explained? Finally,
what is the nature of the ICRC bacillus. We
know that it is cultivable. Is it a single spe-
cies, or is it in fact a complex? Has its tax-
onomy been studied in terms of its
genome?

Dr. Gupte: I don’t think that a second
formal trial of the ICRC vaccine, which
represents a Phase III study, is needed.
Phase IV studies, such as the chemopro-
phylaxis program carried out here in the
FSM, need not be carried out by a double-
blind, randomized, controlled design; these
should be carried out in other countries.
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With respect to the side effects, vaccina-
tion with a potent preparation of BCG fre-
quently gives rise to suppurative adenitis
among 2 to 3 percent of those vaccinated;
whereas we encountered a frequency of
only 0.2 to 0.25 percent. One must balance
the protective efficacy against the risk of
side effects.

The question of the nature of the ICRC
bacillus has been raised repeatedly. The or-
ganism belongs to the M. avium-intracellu-
lare complex. However, a detailed charac-
terization of the organism is certainly called
for, and we are presently considering
arrangements for such work.

Dr. Blanc: I have a question with respect
to BCG. What is the explanation of the fail-
ure of BCG to protect against both leprosy
and tuberculosis in India, whereas trials in
Africa have demonstrated good protection
against leprosy, and relatively good protec-
tion against tuberculosis?

Dr. Gupte: Although several hypotheses
have been advanced, we simply don’t know
why BCG has failed in India, whereas it has
been effective in Africa.

Dr. Diletto: What is the explanation for
the negative effect of all of the vaccines
seen in the first resurvey? Second, the pol-
icy of WHO with respect to BCG and HIV
is to administer the vaccine to everyone
who does not have clinical AIDS. If dis-
seminated BCG infection were a problem
among the HIV-infected, surely this policy
would have been modified.

Dr. Gupte: Certainly, HIV positivity is
not a contraindication to BCG vaccination,
even in Africa. Both in Malawi and in In-
dia, BCG vaccination appeared to precipi-
tate tuberculosis. Many in Africa who are
infected with HIV are also infected with M.
tuberculosis. It appears undesirable to ad-
minister BCG to an HIV-infected individual
to prevent leprosy and, instead, to precipi-
tate clinical tuberculosis.

Dr. Noordeen: The negative effect seen
in the first resurvey is interesting. It appears
likely that at least some of the new cases
detected in the first survey had been missed
in the survey carried out before the vaccines
were administered. If one considers the
combined results of the two resurveys, one
is struck by an apparent paradox. The vac-
cination appears both to precipitate clinical
disease among those incubating the infec-
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tion, as shown by the first resurvey, at the
same time that it prevents ciinical disease
among those incubating the infection, as
shown by the second resurvey.

Dr. Gupte: The negative effect of the
vaccines was not on account of missed
cases. Were missed cases a factor, the nega-
tive effect would have been considerably
greater than that we encountered.

Dr. Izumi: Is the ICRC vaccine killed?
Second, to which species of Mycobac-
terium does the bacillus belong? Third, has
the ICRC bacillus been studied in some
mouse system, in which production of in-
terferon-y or changes of cytokine profiles
have been studied? Finally, how can the dif-
ferences of efficacy according to age group
be explained?

Dr. Gupte: Both M. w and ICRC were
killed vaccines; M. w was autoclaved and
ICRC was irradiated. With respect to surro-
gate measures of protection, we carried out
Phase II studies of all vaccine candidates,
which included skin testing with Mitsuda
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antigen and with Rees’ soluble antigen. Af-
ter vaccination with the combination BCG
plus HKML, there was a high frequency of
induration, whereas, after administration of
M. w, no reactions were observed. After
vaccination with ICRC, induration was ob-
served in response to skin testing, but it was
not as prominent as that after BCG plus
HKML. We have not examined any other
measures of the immune response.
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That the rates at which new cases of lep-
rosy are detected have failed to decrease
suggests that we should review the current
approaches to leprosy control, and consider
in particular whether there are justifiable ar-
guments to explore preventive approaches.
There are complex reasons for the continu-
ing high levels of global new-case detection
rates. What is not clear is whether the
trends in case detection reflect underlying
secular trends in transmission. This is the
first issue to be addressed in this review.

Having considered the case for preven-
tive strategies, the second issue to be ad-
dressed is what potential approaches are
available. The evidence of effectiveness of
the available approaches should be system-
atically reviewed. These may be single ap-
proaches or combinations of methods,
which together could confer protection. It is
also possible that other interventions would
be effective but have not yet been tested in
the field. These should be reviewed and rec-
ommendations made regarding the value of
such research.

The final stage in this analysis is to con-
sider the feasibility of implementing these
preventive strategies. Practical and ethical
issues must considered, the groups to be
treated must be identified, and the magni-
tude of the effect if such preventive ap-
proaches were implemented should be esti-
mated.

Need for preventive strategies

The global number of new cases of lep-
rosy detected each year for the last ten years
has remained relatively static; indeed, there
has been an increase over the last few years
(The Figure). However, this global trend
masks a diverse picture at the national
level; some countries (**) show increasing
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numbers of new cases, others show de-
creases, and some show considerable varia-
tion. It is clear that case detection does not
directly reflect the true incidence of disease
or current transmission of Mycobacterium
leprae (" '>-7°). One of the expectations of
the elimination strategy was that extensive
use of multidrug therapy (MDT) would re-
duce the quantum of infection in the com-
munity, leading in time to a reduction of
transmission. However, although adminis-
tration of MDT is thought to block trans-
mission almost immediately, it is more than
likely that transmission occurs prior to de-
tection and treatment. Recent developments
using polymerase chain reaction (PCR)
technology have suggested the possibilities
that there may be asymptomatic carriage (7)
and environmental reservoirs of M. leprae.
However, pre-treatment transmission and
the long incubation period are probably suf-
ficient to explain the lack of an immediate
effect of MDT on new-case detection rates.
Moreover, it is well accepted that leprosy
cases do not occur randomly in the commu-
nity, but rather in clusters.

Operational factors profoundly affect
case detection ('*), and are likely to be re-
sponsible for the sustained high levels of
case detection and the recent increases of
the rates at which new cases are detected in
some countries. The intensity of case detec-
tion activities influences case-detection
rates, as does the “earliness” of case detec-
tion in the disease process (*). Geographical
coverage has increased as the leprosy elim-
ination program has been implemented. Ini-
tiatives such as the leprosy elimination
campaigns have increased new-case detec-
tion in several countries (*°), partly through
finding patients who have had the disease
for a long time (so-called back-log cases),
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THE FIGURE. Global trends in new-case detection.

and also by re-registering patients who had
defaulted from treatment in the past. The
quality of leprosy information systems has
also improved; this would lead to an appar-
ent increase of case numbers.

The occurrence of disease is the result of
a balance among the agent, the environment
and the host. Most attention in the leprosy
elimination program has been paid to at-
tacking the organism by means of MDT;
however, important changes have also oc-
curred in the environment and in the host.
Socioeconomic improvements such as bet-
ter nutrition, better sanitation, improved
housing, and less overcrowding are likely
to contribute to changes of the epidemio-
logic pattern. The widespread use of BCG
('?) is likely to have been responsible for in-
creased host immunity to M. leprae.

Disease modeling is a scientific approach
that has been used to understand the epi-
demiology of leprosy and predict future
trends. This approach is useful because,
among other things, it identifies the gaps in
our understanding with respect to transmis-
sion of the organism. These models demon-
strate that chemotherapy has an effect, but
because MDT was implemented immedi-
ately after dapsone monotherapy, it is im-
possible to detect a difference. On the other
hand, they predict that if chemotherapy
were withdrawn, the incidence would in-
crease. Although the output of these models
must be interpreted with caution, they sug-
gest that trends in leprosy incidence are
likely to be gradual, and it is not realistic to
expect large changes of disease incidence in
the course of a few years. These observa-
tions are not surprising, in view of the long
incubation period of leprosy and the slow-
ness of change of the disease process.
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The current situation is confused where
the underlying incidence of disease is un-
certain, and the reduction of transmission of
M. leprae is probably a gradual process. It
appears reasonable, therefore, that the po-
tential of strategies to reduce transmission
and prevent disease be explored.

The opportunity: chemoprophylaxis
and immunoprophylaxis

Chemoprophylaxis. A number of
chemoprophylaxis trials using dapsone
were conducted prior to the introduction of
MDT ('*2%2%27.28) The progressive emer-
gence of dapsone resistance, followed by
implementation of MDT, changed research
priorities. Attention was paid to implemen-
tation of the MDT program, with the
prospect that MDT would prove to be the
tool that would interrupt transmission by re-
ducing the community burden of infection.
However, the findings of these trials are in-
teresting and relevant to a consideration of
methods to prevent leprosy.

The evidence of efficacy of chemopro-
phylaxis demonstrated by trials, including
unpublished work, has been systematically
reviewed and critically appraised (*’). Four-
teen trials, most employing dapsone,
acedapsone or rifampin, were identified.
Randomized controlled trials demonstrated
54 percent protective efficacy, whereas
nonrandomized trials showed 72 percent
protection. In the trials that involved house-
hold contacts, the “numbers necessary to
treat” (NNT) in order to prevent one new
case were small, ranging from 9 to 63,
whereas the NNT for trials that involved
entire communities were much larger, rang-
ing from 120 to 393 (The Table). The dif-
ference of the NNT between household
contacts and the entire community reflects
the difference of absolute risk of leprosy
rather than differences of protective effi-
cacy. There is a tendency for the effective-
ness of chemoprophylaxis to wane over
time. It can be concluded that dapsone
chemoprophylaxis is effective, with an
overall protective efficacy of about 60 per-
cent. Newer drugs such as rifampin,
minocycline and ofloxacin are currently un-
der investigation, and formal randomized
controlled trials are now needed. These of-
fer a potential strategy for the prevention of
leprosy in “high-risk” groups. The use of
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THE TABLE.
employing dapsone or acedapsone.
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Randomized and non-randomized controlled trials of chemoprophylaxis

Country Year Efficacy (%) NNT* Literature citation
Randomized trials
India 1965 52 24 10
India® 1969 99 393 33
India 1969 54 15 23
India 1976 34 27 25
India® 1977 44 25 12
India® 1986 54 17 11
Nonrandomized trials
Korea 1968 99 15 20
Korea 1968 99 63 20
Uganda® 1971 99 120 26
Philippines 1978 28 11 19
Philippines 1978 46 15 19
India 1995 86 9 9

“*NNT = Number necessary to treat in order to prevent one new case of leprosy.

*In these trials, chemoprophylaxis was administered to the entire population; whereas in all of the remaining
trials, chemoprophylaxis was administered only to household contacts.

¢In these trials, acedapsone was administered; whereas in all of the remaining trials, dapsone was administered.

chemoprophylaxis in “low-risk” groups
would result in very large NNT, even if the
protective efficacy were very good.

Immunoprophylaxis. The effectiveness
of BCG and BCG plus heat-killed M. lep-
rae (HKML) has been assessed in trials in a
number of countries, including Uganda,
Burma, Papua New Guinea, Malawi, India
and Venezuela (' '22"). Although there is
some country-to-country variation, the re-
sults of these trials consistently show BCG
to have a protective efficacy about 50 per-
cent. There is also evidence that a repeated
dose of BCG can confer a further 50 per-
cent protection. More recently, results from
a trial in South India have shown that BCG
plus HKML can be effective, as can the
ICRC bacillus, whereas the protective ef-
fect of BCG alone and of Mycobacterium w
was smaller ('*). This trial also showed a
negative effect of all vaccines at the initial
follow up, but a longer-term protective ef-
fect.

This considerable body of evidence dem-
onstrates that there are available today ef-
fective vaccines against leprosy but, again,
the NNT is large, unless the vaccines are
applied to high-risk groups. Paradoxically,
the repeated use of BCG is reported to be of
little benefit in protection against tuberculo-
sis, and there may also be practical difficul-

ties with the use of repeated BCG in areas
in which HIV infection is prevalent.

Chemoprophylaxis and immunopro-
phylaxis. That the protective efficacy of
chemoprophylaxis is approximately 60 per-
cent and that of immunoprophylaxis at least
50 percent raises the question of whether
there would be an added effect if both ap-
proaches were used together. Their activity
could be additive, because their modes of
action are different. Chemoprophylaxis
would be effective in subclinical infection
and during the incubation period and, per-
haps, in asymptomatic carriers. Immuno-
prophylaxis, on the other hand, would in-
crease host resistance to infection and pro-
vide protection against future exposure. It
could be argued that the initial adverse ef-
fect of vaccines could be controlled by
chemotherapy in individuals who are pre-
sumably incubating the infection at the time
of administration.

Clearly, chemotherapy should not be ad-
ministered at the same time as BCG be-
cause this would kill the live organisms, but
it could be administered 2 or 3 days earlier.
This restriction however would not apply to
vaccines consisting of HKML or the ICRC
bacillus, which employ killed organisms.

There are precedents for combining
chemoprophylaxis and immunoprophylaxis
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in the prevention and control of other in-
fectious diseases. For example, this ap-
proach is recommended for household con-
tacts of meningococcal infection in a num-
ber of countries in which infection is
caused by serotype A or C (***). This tar-
geted approach attempts to deal with the
problem of asymptomatic carriers and
those incubating the disease. However,
mass immunization alone is generally not
recommended as a disease control measure
at present (°). The combination of chemo-
prophylaxis and vaccine has also been rec-
ommended in the control of tuberculosis,
malaria and in influenza epidemics in high-
risk groups (*'%32),

Other uses of combined chemoprophy-
laxis and immunoprophylaxis are among as-
plenic patients, patients with leukemia, and
after liver transplant. Chemoprophylaxis
may be recommended for those at risk in
whom vaccination is contraindicated, partic-
ularly when live vaccines are to be used.

Feasibility of prevention

Prevention of disease using chemopro-
phylaxis or immunoprophylaxis can be con-
sidered in communities at high risk of dis-
ease, or in identifiable subgroups or com-
munities within endemic  countries.
However, the justification for such an ap-
proach will depend on the level of risk, and
a number of other issues must be consid-
ered, including costs, perceived risk and po-
litical interests. Leprosy cases tend to be
clustered geographically and such clusters,
based in villages or defined communities,
may be identified as being at particularly
high risk.

Household contacts are a readily defin-
able group recognized to be at increased
risk. The definition of a household contact
may vary among communities, and broader
definitions, which include adjacent house-
holds, may be appropriate ('”). Other close-
contact exposures outside the household,
such as in the workplace and at school, may
also be considered, although there is little
evidence that these groups are at high risk
of leprosy.

Household contacts are at relatively
higher risk than the rest of the community.
The degree of risk varies by the classifica-
tion of the index cases—i.e., the risk is
higher among contacts of multibacillary
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(MB) than to those of paucibacillary (PB)
patients. The relative risk, compared to the
rest of the country, can be very high (over
200) in countries with low endemicity (*').
However, the difference of risk is more cru-
cial than the relative risk, as is discussed
below. In some countries, 20-30 percent of
new cases are estimated to be household
contacts; targeting this group would have
the effect of reducing disease incidence at a
national level.

The specific aspects of feasibility which
should be considered are: logistics, accept-
ability and impact.

Logistics. The most opportune time to
intervene with prophylaxis for household
contacts is at the point of case detection or,
for community interventions, when there is
a high level of awareness and perception of
risk. For household contacts, the time of
registering the index case would be most
opportune; the household would be aware
of the risk, and the household contacts are
likely to be examined and provided with in-
formation about the disease at this time.
This depends, however, on the diagnosis of
leprosy being made in proximity to the
household, which may not always be the
case, and also on all members of the house-
hold being available at that time. Proxy dis-
tribution of the treatment by the head of the
household or the index case may be an op-
tion.

Chemoprophylaxis may be more feasible
than immunoprophylaxis, especially if the
drugs used for chemoprophylaxis were also
those used for treatment. Use of a vaccine
introduces more complex issues, such as
cold-chain equipment, needles, syringes
and their safe disposal, all of which have
cost implications. The timing of the admin-
istration of chemoprophylaxis and vaccines
may need to be considered if one is likely to
interfere with the other; for example, a live
vaccine could be inactivated by the chemo-
prophylaxis.

Acceptability. The acceptability of these
preventive strategies to the individual
household and the community must also be
considered. This may vary from country to
country, and would be greatly influenced by
the information provided. Chemoprophy-
laxis or immunoprophylaxis could be
highly acceptable as a means of providing
perceived protection at a time of acute
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awareness of risk within a household or
community. Chemoprophylaxis may also
have a beneficial effect on compliance with
treatment by the index case, and contribute
to allaying anxiety. On the other hand, there
are issues of confidentiality to be consid-
ered; the index case may not wish the diag-
nosis to be revealed to the members of his
household. Treatment of the household may
increase stigma locally and lead to in-
creased concerns about the risk of disease.

Impact. The impact of prophylaxis is
dependent in part on the degree of protec-
tive efficacy, and is likely to be about 50
percent for either immunoprophylaxis or
chemoprophylaxis alone. The protective ef-
ficacy of both in combination is at present a
matter for conjecture. However, the impact
depends also on the level of risk—i.e., the
absolute risk, compared to that in the gen-
eral population. A low absolute risk would
render the impact of the intervention small.

The impact can be estimated for an indi-
vidual at high risk or for the community as
a whole. It is possible to have a sizeable ef-
fect on one but not the other, both being le-
gitimate objectives. The impact on the indi-
vidual can be derived from the NNT, which
would be equivalent to the difference of
risk. This number has been estimated to be
quite small in chemoprophylaxis: trials
among household contacts. The impact on
the community depends on the proportion
of new cases arising from household con-
tacts of existing cases (*°). The other factor
in assessing the likely impact on communi-
ties is the number of household contacts per
index case; this could vary widely between
communities. Annual incidence rates in
some highly endemic countries can be of
the order of 1 per 1000. The application of
a prophylaxis which is 50 percent effective
would result in an NNT of 2000; clearly,
much higher levels of risk are required to
achieve a smaller NNT. If the prophylaxis
were applied to all household contacts in an
area in which 30 percent of new cases arise
from household contacts ('*), the estimated
reduction of incidence at community level
could be about 15 percent.

Conclusions

There is evidence that both chemopro-
phylaxis and immunoprophylaxis are effec-
tive in the prevention of leprosy. Most of
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the evidence with respect to chemoprophy-
laxis is based on trials of dapsone or
acedapsone; therefore, randomized con-
trolled trials using other drugs such as ri-
fampin are needed. The likely effectiveness
of combined chemo- and immunoprophy-
laxis also requires further exploration. The
theoretical basis of such a combined ap-
proach may justify a trial.

Important feasibility issues need to be
considered—particularly logistics, accept-
ability and the estimated impact of the in-
tervention relative to cost. The impact will
vary among communities and subgroups,
depending on the levels of risk and the pro-
portion of the community identified as be-
ing at high risk. The NNT is one method
which could be used in assessing the costs
relative to the estimated impact of the inter-
vention. There is also a need to identify
groups at high risk in which the benefits
would justify the cost.

Finally, the continuing high levels of
case detection globally indicate that preven-
tion is an area worth pursuing in terms of
new research initiatives.

Discussion

Dr. Ferrugia: Speaking of cost-effective-
ness, who among us has the slightest idea of
the cost of one dose of ROM, and how
costly is the chemoprophylaxis campaign?

Dr. Noordeen: There is no difficulty in
calculating the cost of the drug. A single
dose of ROM now costs about US$3. The
cost of the campaign is another matter; its
cost will vary with the local situation.

Prof. Smith: I was thinking in more gen-
eral terms. The larger the number of people
to whom you must administer the prophy-
laxis to prevent one case, the less cost-ef-
fective the campaign becomes. To treat five
or 10 household contacts by an effective
chemoprophylaxis to prevent one case ap-
pears much less expensive than to adminis-
ter BCG to 5000 people to prevent one
case.

Dr. Izumi: In Indonesia, the endemicity
varies widely from province to province.
For example, the southern Celebes Islands
are highly endemic, whereas the eastern
Celebes are an area of low endemicity, even
though the socioeconomic conditions are
very similar. Therefore, we could imagine
different strategies for different areas, and
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should tailor the preventive methods to fit
the endemicity of the local situation.

Prof. Smith: I agree. We should ask our-
selves how high must the absolute level of
endemicity be in order to justify administra-
tion of chemoprophylaxis to an entire pop-
ulation. On the other hand, administration
of chemoprophylaxis only to household
contacts is an approach that is justified in
the areas of lowest endemicity.

Dr. Noordeen: You are suggesting that
household contacts in areas of low en-
demicity are at the same level of risk as
those in areas of high endemicity. However,
I am aware of at least one study in which it
was demonstrated that the risk to contacts
was proportional to the endemicity of the
area in which they resided. Therefore, the
NNT would be greater in areas of low en-
demicity than in areas of high endemicity.

Dr. Gupte: Even in the highly endemic
area of the leprosy vaccine trial, the risk of
disease among contacts was greater than
that in the general population. As the level
of endemicity increases, so does the risk of
disease among contacts. At the same time,
in two areas of low endemicity in Tamil
Nadhu, new cases are detected only among
contacts and those who had travelled to en-
demic areas and returned.

Dr. Noordeen: Dr. Convit’s vaccine trial
in Venezuela yielded some very interesting
data. Most of the new cases were detected
among those not included in the group of
household contacts and the larger number
of nonhousehold contacts, this despite the
fact that Venezuela represents a situation of
relatively low endemicity.

Dr. Diletto: The level of endemicity in a
country does not reflect the reality, espe-
cially in the post-elimination phase. In the
FSM, which is an area of high endemicity,
the new cases are not randomly distributed.
And in countries of low endemicity, there
are pockets of high endemicity. Prophylac-
tic measures should be reserved for these
pockets.
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Preventive therapy, or chemoprophy-
laxis, refers to the administration of effec-
tive drugs to an individual with confirmed
or suspected latent, or subclinical, infection,
aiming to prevent development of overt dis-
ease. In theory, when a large number of
people with latent infection exist in the
community, massive application of chemo-
prophylaxis would lead to a rapid decline of
the occurrence of the disease. However, a
number of operational and technical con-
straints have limited its application in the
control of infectious diseases; with the ex-
ception of yaws, experience with mass
chemoprophylaxis for disease control has
not been encouraging (**). On the other
hand, significant progress has been made
during the last decade in identifying effec-
tive drugs for chemoprophylaxis against in-
fection with Mycobacterium tuberculosis
and M. avium complex (MAC), and re-
search on chemoprophylaxis against M.
leprae would benefit from what has been
learned with regard to chemoprophylaxis
against these two infections.

In choosing an appropriate regimen for
chemoprophylaxis, one should consider not
only efficacy, but also a number of other el-
ements, including tolerability, cost and the
potential of drug-drug interaction. Unfortu-
nately, a highly effective, nontoxic, low-
cost and easily applicable drug for the pre-
vention of any of the following three dis-
eases has yet to be identified.

TUBERCULOSIS

Chemoprophylaxis with isoniazid (INH)

Experiments have clearly demonstrated
that administration of INH was capable of
preventing tuberculosis in guinea pigs,

whether chemoprophylaxis was adminis-
tered daily or every few days, as long as
drug administration lasted between six and
12 months ('**%). Administration for less
than six months was associated with a high
relapse rate, whereas administration for
longer than one year conferred no addi-
tional benefit. Subsequently, a large number
of randomized, placebo-controlled, clinical
trials, involving more than 100,000 partici-
pants at risk of tuberculosis, confirmed the
protective effect of INH observed in guinea
pigs ('*'). The effectiveness of chemopro-
phylaxis, in terms of reduction of the inci-
dence of tuberculosis among those adminis-
tered INH compared with that among those
administered placebo, varied from 25 to 92
percent. The optimal duration of therapy
was six to 12 months; administration for
longer than 12 months was not associated
with increased protection.

INH chemoprophylaxis is recommended
by the American Thoracic Society and the
U. S. Centers for Disease Control and Pre-
vention (') for all tuberculin-positive indi-
viduals at high risk, especially those in-
fected with HIV and children who are close
contacts of tuberculosis patients, and for
some tuberculin-negative individuals, such
as children who are close contacts of infec-
tious cases and HIV-infected persons. INH
is administered daily to both adults and
children in a dosage of 5 mg per kg body
weight, to a maximum of 300 mg. When
supervised therapy is required, INH may be
administered twice weekly in a dosage of
15 mg per kg, to a maximum of 900 mg.
The duration of treatment is at least six
months, and 12 months are required for
those infected with HIV.

However, INH chemoprophylaxis is not
strikingly effective, conferring no more
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than 70 percent protection (*'). In addition,
it is difficult for people who are otherwise
healthy and asymptomatic to take medica-
tion for six to 12 months to prevent an ill-
ness that may not occur in the absence of
chemoprophylaxis, and is readily treatable
should it occur. Consequently, noncompli-
ance with INH chemoprophylaxis is com-
mon, substantially reducing its efficacy (°%).
In addition, it is known that, in the course of
chemoprophylaxis, INH causes toxic hepa-
titis in approximately 1 percent (*°), and
death in fewer than 0.1 percent (***°) of
those to whom it is administered. As a re-
sult, healthy asymptomatic people may be
unwilling to accept this risk (**°). Finally,
INH is inactive against INH-resistant
strains of M. tuberculosis, which are com-
mon in both developed and developing
countries. Therefore, an alternative regimen
of shorter duration, employing safe and
more effective drugs, is needed.

“‘Short-course” chemoprophylaxis
with rifamycins

Rifampin. Rifampin (RMP) is far more
bactericidal than is INH. In mice harboring
small and stable populations of M. tubercu-
losis (* 2% 3°), a situation that mimics the
bacterial population of latent M. tuberculo-
sis infection of man, we demonstrated that
the administration of RMP plus pyrazin-
amide (PZA) for two months, or RMP
alone for three months was more effective
than INH alone for six months. These re-
sults suggested that the use of RMP in the
chemoprophylaxis of tuberculosis may per-
mit dramatic shortening of the duration of
treatment (*2* %), An increasing number of
clinical studies have confirmed that RMP,
alone or in combination with other drugs,
may be effective in chemoprophylaxis. A
trial among patients with silicosis revealed
RMP administered alone for 12 weeks con-
ferred at least the same level of protection
as INH administered alone for 24 weeks,
and that RMP monotherapy was less hepa-
totoxic than INH-containing regimens (*3).
In another trial, 157 adolescents probably
infected with strains of M. tuberculosis re-
sistant to INH were administered chemo-
prophylaxis with RMP in a daily dosage of
10 mg per kg for 12 weeks (°”); none of the
adolescents developed tuberculosis, and the

International Journal of Leprosy

1999

protective efficacy was calculated to be at
least 56 percent. A study in Uganda demon-
strated that daily administration of RMP-
INH or RMP-INH-PZA for three months
conferred significant protection compared
with placebo treatment, although neither
regimen was superior to INH (°%).

“Short-course” chemoprophylaxis with
RMP-containing regimens may improve
compliance, but cannot totally overcome
the problem, unless the drugs are adminis-
tered under supervision. However, it is not
feasible to supervise daily treatment in rou-
tine practice, and the activity of RMP
against M. tuberculosis decreases tremen-
dously when it is administered intermit-
tently, even thrice weekly, a consequence of
its pharmacokinetic properties (**). There-
fore, we have continued our efforts to iden-
tify antimicrobials with bactericidal activity
at least equal to that of RMP but suitable
for intermittent administration.

Rifapentine. We compared the pharma-
cokinetics and anti-M. tuberculosis activity
of RMP with those of two other rifamycin
derivatives—rifapentine (RPT) and ri-
fabutin (RBT) (**). After a single dose of 10
mg per kg body weight, RPT exhibited the
highest serum peak level (C, ) and the
longest half-life (¢, ,), and RBT the lowest
C,... and the shortest ¢,,. On a weight-to-
weight basis, both RPT and RBT were
more bactericidal than RMP; RBT appeared
to be the most rapidly bactericidal. After
administration for six weeks, the bacterici-
dal activity of RBT was comparable to that
of RMP and RPT administered in the same
daily dosage for 12 weeks. Upon intermit-
tent administration, however, RPT was the
most active and RMP the least active. The
bactericidal activity of RPT administered
twice weekly for 12 weeks in a dosage of
10 mg per kg was comparable to that of
RBT administered daily for six weeks or
that of RMP administered daily for 12
weeks in the same dosage. Furthermore, the
bactericidal activity of RPT was retained
even when the drug was administered once
weekly or once every 2 weeks; 90-99 per-
cent bactericide was observed after six
weeks, and greater than 99.9 percent bacte-
ricide after 12 weeks, comparable to the
bactericidal effect of RBT administered
twice weekly or RMP administered thrice
weekly.
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That RPT is a promising candidate for
the short-course, supervisable chemopro-
phylaxis of tuberculosis was confirmed in a
series of experiments conducted in im-
munocompetent (normal) mice, represent-
ing HIV-negative hosts, and in congenitally
athymic (nude) mice, which mimic to a cer-
tain extent patients with AIDS (*'°). The
activity of RPT was found to be signifi-
cantly enhanced when INH was added at
the same dosing frequency; the combina-
tion of RPT-INH administered once weekly
for six months was as active as the combi-
nation of RMP-PZA administered daily for
three months or INH administered alone
daily for six months. These results sug-
gested that RPT-INH administered once
weekly for six months might represent a
fully supervisable alternative to INH self-
administered daily for six months (*).

In striking contrast to the results in nor-
mal mice, almost all of the nude mice re-
lapsed and died during the first three
months after stopping treatment, regardless
of the regimen that had been employed,
suggesting that, in the severely immunode-
ficient host, tuberculosis chemoprophylaxis
must be life-long. As long as the treatment
was continued, once-weekly RPT alone or
RPT-INH displayed significant bactericidal
activity against M. tuberculosis, and RPT-
INH administered once every 2 weeks pre-
vented an increase of the bacterial popula-
tion. Thus, these three regimens may be
considered for life-long preventive therapy
in HIV-positive individuals (*).

The results of more recent experiments
('"-2°) also demonstrate that multidrug regi-
mens that include once-weekly RPT-INH
are highly effective during the initial and
continuation phases of treatment of active
tuberculosis, significantly facilitating im-
plementation of the strategy of “directly ob-
served treatment, short-course” (DOTS).

Because of the very promising results of
experimental regimens that included once-
weekly RPT, either alone or in combination
with INH (* 2* %), their possible contribu-
tion to tuberculosis chemoprophylaxis is
currently under investigation. An interna-
tional trial of RBT chemoprophylaxis in
HIV-infected patients was terminated pre-
maturely when the sponsoring company de-
cided that further development of the drug
was financially unattractive ('°).
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Disseminated MAC infection is the third
most common opportunistic infection af-
fecting patients with AIDS in the United
States. In a nationwide survey, it was found
to have occurred in 22 percent of AIDS pa-
tients (**). The incidence increases linearly
over time, at a rate of 20 to 25 percent per
year, after the patient’s first AIDS-defining
event, and increases exponentially as the
CD4 cell count approaches zero (*). Evi-
dence suggests that MAC may eventually
infect most if not all HIV-infected patients
who do not die from other HIV-related
events (*°). Because MAC infection con-
tributes substantially to the morbidity and
mortality of AIDS patients (** *°), chemo-
prophylaxis against MAC infection appears
to be mandatory. Unfortunately, MAC is
susceptible to no more than a handful of an-
timicrobial agents (*°). To date, only RBT,
clarithromycin (CLA), and azithromycin
(AZI) have been shown to be effective in
preventing MAC infection.

MAC infection of the beige mouse has
been widely employed for experimental
work in chemotherapy. Perhaps because
beige mice are highly susceptible to MAC,
a technique for establishing self-limited
multiplication of MAC, a basic requirement
for the study of chemoprophylaxis against
MAC infection in animals, remains to be de-
veloped. Consequently, practically no stud-
ies of prevention of MAC infection have
been carried out in experimental animals,
and all of the information collected thus far
has been generated from human trials.

Rifabutin. RBT was the first drug
shown to be effective in preventing MAC
infection (*°). In two randomized, double-
blind trials, AIDS patients with CD4 cell
counts no greater than 200 per mm* were
treated with either 300 mg RBT daily or
placebo. In the first trial, MAC bacteremia
developed in 51 (17 percent) of 298 patients
in the placebo group and 24 (8 percent) of
292 patients in the RBT group (p <0.001).
In the second trial, bacteremia developed in
51 (18 percent) of 282 patients in the
placebo group and 24 (9 percent) of 274 pa-
tients in the RBT group (p = 0.002) (*°).

Whereas these trials indicated that
chemoprophylaxis with RBT was capable
of reducing the frequency of disseminated
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MAC infection in patients with AIDS, two
subsequent trials demonstrated that RBT
was less effective than either AZI (*') or
CLA (%) in preventing MAC infection. One
of the features of treatment or prophylaxis
with RBT is that drug resistance has never
been observed (' ***), although we know
that spontaneously occurring RBT-resistant
mutants exist among the MAC population
(unpublished data). This phenomenon sug-
gests that the bactericidal activity of RBT is
so modest, that it is unable to select the re-
sistant mutants during treatment with RBT
alone.

Clarithromycin. In one study (’), more
than 50 percent of patients treated with
CLA experienced gastrointestinal (GI)
side effects, which were dose-related. Be-
cause of side effects, almost 40 percent of
AIDS patients treated with 2000 mg CLA
twice daily and more than 10 percent of
those treated with 1000 mg CLA twice
daily had to discontinue treatment prema-
turely; consequently the survival rate was
significantly longer among patients treated
with 500 mg CLA twice daily than among
those administered CLA in the larger
dosages. Therefore, no more than CLA
500 mg twice daily should be adminis-
tered for chemoprophylaxis of MAC infec-
tion (*%).

In a double-blind, placebo-controlled
trial, 667 patients with advanced AIDS and
a CD4 count no greater than 100 per mm®
were randomly allocated to one of two
groups, and administered 500 mg CLA or
an identical-appearing placebo twice daily
for an average of 10.5 and 9.5 months, re-
spectively (**). MAC infection, confirmed
by blood culture, developed in 19 (6 per-
cent) of the 333 patients in the CLA group
and 53 (16 percent) of the 334 patients in
the placebo group; thus, administered in
this dosage, CLA prevented two-thirds of
the expected cases of MAC infection. Dur-
ing a follow-up period of about ten months,
32 percent of the patients in the CLA group
and 41 percent of those in the placebo
group died (hazard ratio, 0.75; p = 0.026).

The protective effect of CLA was also
demonstrated in a large prospective trial in
which the effects of CLA alone, RBT alone
and CLA-RBT were compared (*). CLA-
RBT was not shown to be more effective
than CLA alone; the likely explanation for
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the lack of additional benefit of the combi-
nation was a drug-drug interaction between
CLA and RBT that reduced serum levels of
CLA (*).

As was demonstrated in curative studies
in humans () and in beige mice (*), ac-
quired CLA-resistance was detected in 29
to 58 percent of patients administered CLA
as prophylaxis (**79).

Azithromycin. Azithromycin (AZI) has
an extraordinarily long half-life—57 hours
in man ('?)—which permits weekly admin-
istration of the drug (*'-**), although some
workers believe that the optimal dosage
schedule of AZI remains to be determined
3.

In a trial among 693 AIDS patients with
CD4 no greater than 100 per mm?*, three
prophylactic regimens were compared (*').
Patients were administered either 300 mg
RBT daily, 1200 mg AZI once weekly, or
both drugs. After one year, the incidence of
disseminated MAC infection was 15.3 per-
cent with RBT, 7.6 percent with AZI, and
2.8 percent with the combination. The risk
of disease among those administered AZI
was half that among those administered
RBT (hazard ratio, 0.53; p = 0.008), and
was even lower when the two-drug regimen
was compared with RBT alone (hazard ra-
tio, 0.28; p <0.001) or AZI alone (hazard
ratio, 0.53; p = 0.03).

AZI in a dosage of 1200 mg once
weekly was compared with placebo in an-
other double-blind trial (**). In an intent-to-
treat analysis through the end of therapy
plus 30 days, 9 (10.6 percent) of the 85 pa-
tients in the AZI group and 22 (24.7 per-
cent) of the 89 patients in the placebo group
developed MAC infection (hazard ratio,
0.34; p =0.004).

The tolerability of treatment by the three
drugs was surprisingly similar: 8 to 9 per-
cent of patients were forced to discontinue
treatment prematurely because of GI side
effects, the toxic effect that most frequently
limited dosage (*'** ). Even when AZI
was administered once weekly, 78.9 percent
of patients experienced GI side effects (**).
Combining AZI with RBT increased the
frequency of dose-limiting toxicity by two-
thirds (*').

Administering these drugs together with
other medications used to treat patients with
advanced AIDS has substantial pharmacoki-



67, 4 Suppl.

netic implications. Serum levels of both
CLA and RBT increase when these are ad-
ministered together with fluconazole; HIV-
protease inhibitors increase the metabolism
of CLA and decrease that of RBT (3" ).
The clinical importance of these interactions
has not been determined, but a patient tak-
ing indinavir should reduce the dose of RBT
by half, whereas a patient taking ritonavir
should avoid RBT altogether (**). AZI has
not been reported to interact with protease
inhibitors, but it has been less well studied.

With respect to the cost of the available
regimens, once-weekly AZI is least expen-
sive, daily CLA or RBT is more expensive,
and the combination AZI-RBT is most ex-
pensive.

In summary, the choice of antimicrobial
agents for chemoprophylaxis of MAC in-
fection is very limited. Although the U.S.
Public Health Service recommended either
CLA or AZI as the preferred prophylactic
agent for MAC infection (**), neither of
these drugs is highly effective or well toler-
ated. Although combined therapy may be
more effective than monotherapy for reduc-
ing the risk of MAC infection, and may
have a role in patients with very low CD4
counts (<10 per mm?), disadvantages of the
combined treatment include more frequent
instances of intolerance, higher cost, and
greater potential of drug-drug interaction
(*"). Clearly, new antimicrobial agents are
needed to prevent or treat MAC infection.

LEPROSY

The epidemiology of leprosy indicates
that to prevent a single case of leprosy hun-
dreds or thousands must be treated. It is un-
likely, therefore, that chemoprophylaxis
will become a routine method of leprosy
control. However, chemoprophylaxis may
play a role in special situations, such as in
isolated, hyperendemic “pockets.” With
very few exceptions, the health infrastruc-
ture and MDT services in these pockets are
weak. Therefore, unless the regimen is very
simple, it will be virtually impossible to ap-
ply to chemoprophylaxis of leprosy.

Sulfone chemoprophylaxis

After dapsone became available for the
treatment of leprosy, a number of trials
were conducted in several endemic areas,
particularly in Asia, to evaluate the possi-
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bility of using dapsone for prevention of
leprosy (*'-*%). Although the dosages and
duration of treatment varied widely, in gen-
eral, the drug was administered in a dosage
of 50 mg once or twice weekly for children
aged 11-15 years. Later, acedapsone was
also tested, but on a smaller scale; the
dosage of acedapsone was 225 mg intra-
muscularly every 10—11 weeks for children
6-15 years of age (***7-*’). Because both
dapsone and acedapsone display only weak
bactericidal activity against M. leprae (*%),
the duration of prophylactic treatment was
more than three years, which caused opera-
tional difficulties. The results of the trials
indicated that chemoprophylaxis with a sul-
fone had a protective efficacy of about 50
percent (**). It was unclear whether sulfone
chemoprophylaxis was capable of prevent-
ing the occurrence of MB leprosy, and the
long-term effects remain to be determined.

Because of the operational difficulties
and the modest efficacy of sulfone prophy-
laxis, the chemoprophylaxis of leprosy
claimed very little interest after the intro-
duction of MDT. It is only recently, primar-
ily in the Western Pacific region, that there
has been renewed interest in leprosy
chemoprophylaxis.

Newer prophylactic regimens
against leprosy

Today, chemoprophylaxis with a sulfone
is no longer appropriate. Its bactericidal ac-
tivity is too weak, requiring a long duration
of treatment, one of the main sources of op-
erational difficulties, particularly poor com-
pliance. Second, dapsone-resistant M. lep-
rae are now ubiquitous.

To develop newer prophylactic regi-
mens, we began from the following work-
ing assumptions: a) by definition, a person
with subclinical leprosy infection is skin-
smear negative and, therefore, harbors no
more than 10° M. leprae in his body; b) be-
cause, in previously untreated lepromatous
patients, the great majority of organisms are
dead ('**?), one may assume that no more
than 10 percent of the organisms in the sub-
clinically infected subject are viable—i.e.,
the total number of viable organisms in the
body is no greater than 10°; c) in the bacte-
rial population of a previously untreated
lepromatous patient, the frequency of spon-
taneously occurring RMP-resistant mutants
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is no greater than 1:107 (**) and, therefore, it
is very unlikely that the bacterial population
of a subclinically infected subject includes
a single RMP-resistant mutant; and d)
based upon studies among contacts of lep-
rosy patients, at least 90 percent, and prob-
ably more than 95 percent, of subclinical
leprosy infections subside spontaneously
but, on the other hand, some such infections
give rise to overt MB cases. Based on these
assumptions, we propose two principles for
the newer regimens: a) the drug(s) should
be administered in no more than a single
dose and b) the regimen should always con-
tain RMP (see below).

For chemoprophylaxis of leprosy, the
target population is composed of healthy
and asymptomatic, subclinically infected
subjects; they do not need and would not
accept treatment as leprosy patients. Fur-
thermore, the financial impact and other op-
erational considerations also prohibit treat-
ment of these subjects by regimens similar
to those employed for patients.

Recently, a double-blind trial among pa-
tients with single-lesion paucibacillary (PB)
leprosy demonstrated that, as measured by
clinical improvement, a single dose of the
combination 600 mg RMP, 400 mg
ofloxacin (OFLO), and 100 mg minocy-
cline (MINO) (ROM) was almost as effec-
tive as six months of the standard MDT
regimen (**). These results led the WHO
Expert Committee on Leprosy, at its most
recent meeting, to recommend a single dose
of ROM as an acceptable and cost-effective
alternative regimen for the treatment of pa-
tients with single-lesion PB leprosy (*). Be-
cause it is very unlikely that the size of the
bacterial population in the great majority of
subclinically infected subjects is greater
than that in patients with single-lesion PB
leprosy, the results of the trial and this rec-
ommendation by the WHO Expert Com-
mittee suggested that a single-dose ap-
proach might also be applied to the chemo-
prophylaxis of leprosy, greatly reducing the
operational difficulties posed by long-dura-
tion sulfone chemoprophylaxis.

At present, four drugs—RMP, OFLO,
CLA and MINO—may be considered as
candidates for inclusion in the newer regi-
men(s). Numerous experiments (!¢ 26-27-30)
and clinical trials (% '#3!37.51.52) have con-
vincingly demonstrated that RMP exerts a
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very rapid and powerful bactericidal action
against M. leprae; a single dose of 10 mg
RMP per kg body weight kills 90-99 per-
cent of M. leprae in mice and humans, and
its activity is significantly greater than that
of any combination of other drugs (***").
Because RMP is by far the most bacterici-
dal drug against M. leprae, and is very well
tolerated when it is administered once
monthly, the newer regimen(s) must in-
clude RMP.

Administration to mice of a single dose
of 100 mg CLA per kg or 50 mg MINO per
kg (*°), or to patients of 800 mg OFLO ('*)
or 200 mg MINO ('°) showed measurable
but modest bactericidal effects (*?). Single
doses of various combinations of the three
drugs, e.g., CLA-MINO, with or without
OFLO, in mice (*’) and in patients (*') were
more effective than monotherapy with any
of the components alone, and similar in ef-
fectiveness to a month’s administration of
daily dapsone plus clofazimine; however,
Gl side effects occurred in 85 percent of the
patients, most likely caused by the larger
dosage of CLA in the combinations. There-
fore, chemoprophylaxis regimens should
not include CLA.

The activity of a single dose of OFLO-
MINO (OM) was dose-related in mice; the
smaller dosage had no bactericidal effect,
whereas the larger dosage—300 mg OFLO
plus 50 mg MINO per kg—killed 84-90
percent of the M. leprae in mice (*?). A sin-
gle dose of 400 mg OFLO plus 100 mg
MINO displayed bactericidal effects in
seven of 10 lepromatous patients, with me-
dian killing of 76 percent of the organisms.
The single dose of OM was well tolerated;
the GI side effects were relatively few and
mild (*?).

Because of its moderate activity and
good tolerability, OFLO-MINO was com-
bined with RMP for testing in mouse exper-
iment and clinical trial. A single dose of
ROM killed 96.8-98.0 percent of M. leprae
in mice, and at least 95.7 percent of the or-
ganisms in nine of 10 previously untreated
lepromatous patients (**), indicating that a
single dose of ROM is highly bactericidal
against M. leprae in mice and humans.
However, ROM was no more active than
RMP alone (*).

Despite the modest bactericidal effect of
a single dose of OM, the administration of
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multiple doses might play a crucial role in
eliminating the RMP-resistant mutants, of
which there are estimated to be no more
than 10* in the bacterial population of a pre-
viously untreated lepromatous patient (*).
Therefore, ROM may be employed as a
fully supervisable, monthly administered
regimen for the treatment of leprosy (*?); its
efficacy for both M8 and PB leprosy and its
tolerability are being evaluated in several
field trials in leprosy-endemic countries.

A convenient regimen for leprosy
chemoprophylaxis is a single dose of ROM,
as is used for the treatment of single-lesion
PB leprosy (**°°). However, a single dose of
ROM appears to be no more effective than
a single dose of RMP alone. And the addi-
tional drugs are not required to prevent the
emergence of RMP-resistant mutant M. lep-
rae. Moreover, the addition of OM to RMP
will increase the cost of chemoprophylaxis
and the risk of side effects. Therefore, the
alternative is a single dose of 600 mg RMP
alone. Whether or not either regimen is ca-
pable of preventing the occurrence of overt
leprosy may be answered only by a con-
trolled field trial.

In the only published trial of RMP
chemoprophylaxis of leprosy, a single dose
of RMP alone was tested in the Southern
Marquesas Islands, a hyperendemic area
with an annual detection rate of 48.9 per
100,000 inhabitants (*7). In 1988, in addi-
tion to the provision of MDT for all known
cases of leprosy, 2751 (98.7 percent) of the
2786 inhabitants of the Southern Marquesas
and 3144 people in the Northern Marque-
sas, who were either born in the Southern
Marquesas or whose family originated
there, were administered RMP in a dosage
of 25 mg per kg. “Cutaneous reactions,”
consisting of transitory flushing and itching,
occurred among 2.9 percent of those treated
(*). During four years of follow up, two lep-
rosy patients—one smear-positive border-
line (BB-BL) and the other smear-negative
tuberculoid—were detected 4 and 21
months, respectively, after the dose of
RMP, but only one of them—the smear-
negative—was considered a failure of
chemoprophylaxis (°). Because his border-
line lesion was located at the site of a dis-
colored patch that had appeared 9 months
before and disappeared 6 months before
chemoprophylaxis, the smear-positive pa-
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tient was considered a missed case (*°).
Considering the diminishing detection rate
among the entire population in French
Polynesia, it was estimated that the effec-
tiveness of chemoprophylaxis with a single
dose of 25 mg RMP per kg was about
40-50 percent (°). Because the population
was small and the duration of follow-up
short, one cannot come to a conclusion with
respect to its protective efficacy (°).

Almost 10 million leprosy patients have
been treated with MDT including 600 mg
(approximately 10 mg per kg) RMP once
monthly, which has been well tolerated. On
the other hand, larger doses of RMP, such
as 1500 mg (approximately 25 mg per kg),
had been tested in only a few clinical trials
in which the drug was often combined with
daily dapsone (*'*'7-2* %) Similar to that
observed in patients treated with a single
600-mg dose of RMP, a profound bacterici-
dal effect was observed virtually immedi-
ately after a single 1500-mg dose of RMP
("*). However, the effectiveness of the two
different dosages has never been directly
compared in a clinical trial. Until there is
clear evidence that a single 1500-mg dose
of RMP is more bactericidal than, and as
well tolerated as, a 600-mg dose, RMP
should be administered for chemoprophy-
laxis in a dose of 600 mg.

A major concern with respect to the
chemoprophylaxis of leprosy is its efficacy
in preventing the occurrence of MB lep-
rosy. In the trials of sulfone chemoprophy-
laxis, not enough MB patients occurred
among the untreated control group to per-
mit measurement of the efficacy of the
chemoprophylaxis (**), nor is there informa-
tion about the efficacy of a single dose of
RMP in preventing or reducing the occur-
rence of such cases. In two clinical trials
(*?*), which were designed to measure the
rate of relapse, skin-smear-negative MB pa-
tients who had been treated for long periods
by dapsone monotherapy were adminis-
tered a single 1500-mg dose of RMP imme-
diately before stopping all chemotherapy.
The results indicated that a single dose of
RMP neither prevented relapse nor reduced
its frequency among MB patients who had
already become clinically and skin-smear
negative after dapsone monotherapy. Of
course, the population of viable M. leprae
in skin-smear negative lepromatous patients
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may be different from that of subclinically
infected subjects who tend to evolve toward
MB leprosy; therefore, the efficacy of a sin-
gle dose of RMP in preventing relapse
among the smear-negative patients may be
different from that in preventing the devel-
opment of overt MB leprosy in the subclin-
ically infected. Whether chemoprophylaxis
with RMP can prevent the development of
MB leprosy can be determined only by field
trials.

Finally, concern has been expressed with
respect to the potential risk of emergence of
RMP-resistant M. leprae by chemoprophy-
laxis with a single dose of RMP. As men-
tioned earlier, the bacterial population of a
subclinically infected person is small, and
is unlikely to include a single RMP-resis-
tant mutant; therefore, the risk of RMP re-
sistance is negligible. On the other hand, if,
for whatever reason, the bacterial popula-
tion should be larger than expected, and
even if it includes RMP-resistant mutants,
the emergence of RMP-resistance is still
very unlikely because a single dose of RMP
is insufficient to select the resistant mutants,
as has been shown in MB patients who re-
lapsed after a single dose of RMP ('7-2* ),

Discussion

Prof. Levy: In the trial of chemoprophy-
laxis in the Southern Marquesas, RMP was
administered in a dosage of 25 mg per kg.
Is there any evidence that the drug adminis-
tered in this dosage is more active than in a
dosage of 10 mg per kg?

Prof. Ji: As I remember, only two papers
have appeared that deal with RMP in a
dosage of 25 mg per kg—one by Levy and
Shepard, and the second by Gelber, ef al.
Certainly, RMP is very active in this
dosage, but there is no evidence to suggest
that it is more active in this dosage than in a
dosage of 10 mg per kg. I'm very con-
cerned about potential side effects. We
know from the experience with millions of
doses of MDT that RMP is well tolerated
when it is administered in a dosage of 10
mg per kg, which is equivalent to 600 mg in
man. On the other hand, there has been only
limited experience with RMP administered
in a dose of 1500 mg, the equivalent in man
of a dosage of 25 mg per kg.

Dr. Takashima: How efficacious is RMP
against MAC?
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Prof. Ji: The results have varied from
laboratory to laboratory. In our laboratory,
none of the rifamycins has been found to be
clearly active against MAC. Moreover, that
no patient administered rifabutin monother-
apy relapsed with the emergence of drug-
resistant organisms is most unusual, espe-
cially in view of the presence of sponta-
neous drug-resistant mutants in a frequency
of about 10-%. This suggests that the ri-
famycins are only weakly bactericidal
against MAC.

Dr. Izumi: Our work with the serodiag-
nosis of subclinical M. leprae infection in
Indonesia suggests that the number of or-
ganisms harbored by a subclinically in-
fected individual may be much larger than
the figure you gave. In Norway, I believe, it
was not possible to produce anti-PGL-I an-
tibodies in human volunteers with 107
killed M. leprae, and 10* organisms were
required. We have demonstrated that 30
percent of the population of an endemic
area in Indonesia carry these antibodies and
are, we believe, subclinically infected.

Prof. Ji: I think that we are not yet able to
correlate the number of M. leprae in the
bacterial population with the degree of
seropositivity to PGL-I. Second, keep in
mind that, in the event that the patient with
PB leprosy was originally infected with
dapsone-resistant organisms, something
that occurs in approximately half of MB pa-
tients, MDT (monthly RMP plus daily dap-
sone) is really monotherapy with RMP. If
the bacterial population were much larger
than 10° we should expect relapse with the
emergence of RMP-resistant organisms.
Not one such relapse has been reported
among the millions of PB patients who
have been administered MDT.
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The Future of Leprosy Elimination

S. K. Noordeen
Adyar, Chennai, South India

The topic of the future of leprosy elimi-
nation has been receiving increasing atten-
tion in recent years, largely because of great
progress toward the elimination of leprosy,
the result of widespread implementation of
multiple drug therapy (MDT). In the pre-
MDT era, leprosy was considered a peren-
nial problem, and the approach was mostly
one of containment of the disease and care
of the patient, with no serious thought about
the future of leprosy control. The MDT era
has completely changed the situation, and
today we are as much concerned about the
future as we are aware of the need for main-
taining the current rate of progress.

Based on current information, the World
Health Organization (WHO) expects that
all but ten countries will achieve the goal of
elimination of leprosy at the national level
by the end of the year 2000. Except for
those experiencing civil strife, the remain-
ing countries are expected to reach the goal
no later than the year 2005. However, it is
likely that, within these countries, leprosy-
endemic pockets may remain, considering
the uneven distribution of leprosy. In fact,
leprosy may survive in a small way for
many more years by retreating to its strong-
holds before completely disappearing.

In considering the future of leprosy
elimination, one should not overlook the
factors that contributed to the current rate
of progress. These include: 1) the secular
downward trends of leprosy prevalence
and incidence in many parts of the world,
particularly in Africa; 2) the influence of
improving socioeconomic conditions in
some parts of Asia; 3) the varying benefi-
cial effects of BCG vaccination; and 4)
the continuing effectiveness of dapsone
monotherapy in spite of drug resistance.
This is not to minimize the great contribu-
tion MDT has made toward the elimination
of leprosy. In fact, MDT remains the single
most effective intervention, and has com-
pletely revolutionized the leprosy scene.
Apart from representing a technological
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revolution, MDT has also led to increased
political commitment and allocation of re-
sources, and has made possible operational
simplification and improvement of leprosy
control procedures. MDT has also con-
tributed to the prevention of disability
through early treatment as well as reduction
of the social stigma against leprosy.

In spite of the progress made thus far,
and the great potential of MDT, a signifi-
cant number of countries will not be able to
meet the target by the year 2000, largely
because of starting from a huge prevalence
base or beginning MDT services late for a
variety of reasons. For these countries, the
problem is not one of a failure of technol-
ogy but, rather, that more time will be re-
quired to reach the goal of elimination.
Countries or areas with problematic epi-
demiological situations are extremely few.
The specific difficulties impeding progress
in those countries that are not likely to
reach the goal by the year 2000 are mostly
operational, and are capable of being ad-
dressed, provided a commitment is made
and sufficient resources allocated.

In relation to the future of leprosy elimi-
nation, what is the scenario we are likely to
face? First, with diminishing numbers of
patients it will be extremely difficult to sus-
tain vertical programs or even vertical ele-
ments within general health services. With
reduced vertical elements, leprosy-specific
skills will have only limited availability. A
consequence of this could be considerable
delay in the diagnosis of leprosy, as cur-
rently happens in areas of very low en-
demicity. Another consequence could be
diminished interest in activities directed to-
ward the prevention of disability and reha-
bilitation. Progressive disappearance of
leprosy is likely to lead to considerable re-
duction of the social stigma against lep-
rosy, as happened with tuberculosis in
Western Europe. The loss of importance of
leprosy-specific vertical elements is likely
to have an impact on the activities of lep-
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rosy-specific nongovernmental organiza-
tions (NGOs) and, as a consequence, their
role may be diminished. Leprosy research
is also likely to suffer, despite exciting de-
velopments in the basic science that could
have great potential application to the study
of leprosy.

The fear has been expressed that there
may be a resurgence of leprosy after its in-
cidence reaches very low levels, and after
all antileprosy activities have stopped. This
fear is based on the resurgence of malaria
and tuberculosis. The comparison of lep-
rosy with malaria is not valid, simply be-
cause transmission of malarial parasites is
far more complex, the chain of transmission
involving not only humans but also insect
vectors and the environment. Until every
link in the chain can be broken, it will be
difficult to ensure sustained success in con-
trolling malaria. Moreover, the pathogen of
malaria is far more virulent and varied than
is Mycobacterium leprae. With regard to tu-
berculosis, it is not entirely true that there
has been a world-wide resurgence of tuber-
culosis; the problem is coincident infection
by HIV and M. tuberculosis. The impact of
this problem on the global tuberculosis pic-
ture in the world is not large, and the resur-
gence we see is mainly in the interest in tu-
berculosis control, an area very much ne-
glected in the past. Further, the problem of
tuberculosis is highly complicated by the
wide spread occurrence of resistance of M.
tuberculosis to most drugs, including mul-
tidrug resistance. This is fortunately not the
case in leprosy, and drug resistance is un-
likely to emerge as a major threat to leprosy
control in the future, as long as the antimi-
crobial drugs are administered in combina-
tion (i.e., MDT) everywhere, and are em-
ployed primarily within public health sys-
tems.

In relation to the possible resurgence of
leprosy, it has often been assumed that all
antileprosy activities will come to a com-
plete stop once the goal of leprosy elimina-
tion has been reached. This is unlikely to be
the case, as, after the elimination of leprosy
has been achieved, continuation of leprosy
activities within the general health services
is foreseen. Although this may result in
some dilution of the quality of antileprosy
services, it is unlikely to lead to total ne-
glect, particularly since leprosy skills and
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trained personnel are not likely to disappear
overnight.

A major concern is the fate of personnel
trained in leprosy, whether they work for
national health services, NGOs, or interna-
tional organizations such as WHO. Leprosy
work has always been a very comfortable
niche for people devoted to the cause of
leprosy, who found great satisfaction in an
area neglected by others. In fact, the neglect
of leprosy work by others was very conve-
nient for the devoted, and it was not un-
common for leprosy workers to insist that
leprosy patients can never be taken care of
by general health workers. These devoted
workers feel threatened with respect to their
future, and often find it convenient to proj-
ect their fears onto the future of leprosy
work. I am confident that, in time, their
fears will be addressed effectively, so that
they won’t hinder the integration of leprosy
within general health services.

Finally, with respect to the main theme of
this meeting—i.e., the prevention of lep-
rosy—both immunoprophylaxis and chemo-
prophylaxis present interesting although
very limited possibilities for the future. Cer-
tainly, even should there be considerable
progress in these areas, it will not be possi-
ble to apply them on a massive scale, the
only way in which they could have an im-
pact on the leprosy situation. This is mainly
because of cost-benefit considerations.
With respect to a disease like leprosy,
which has a relatively low attack rate, even
in countries with an incidence of 1 per 1000
at risk, the cost of preventing leprosy can be
disproportionately high. In this instance, it
will be necessary to vaccinate or administer
chemoprophylaxis to 1000 persons in order
to prevent a single case of leprosy, assum-
ing that the intervention is 100 percent ef-
fective, which is unlikely to be the case. To
improve the cost-benefit ratio, it is possible
to confine preventive interventions to high-
risk groups confined to a geographic area or
an age group. However, in terms of impact
on the leprosy situation at the national
level, such a limited intervention can have
only a limited effect. On the other hand,
there is still a place for preventive interven-
tions in specific high-risk situations, such as
that in Micronesia.

In conclusion, we should recognize that
we have come a long way in our successful
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fight against leprosy. Although the remain-
ing problems are important, we should be
neither complacent nor despairing in deal-
ing with them. The future of leprosy elimi-
nation is certainly bright, provided we exert
the necessary efforts.

Discussion
Dr. Yuasa: We in leprosy have a prob-
lem. Among ourselves, we speak about lep-
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rosy all the time, as if leprosy were the only
public health problem, and as if we were
able to do whatever it is that we believe
needs to be done. In fact, leprosy is only
one of many public health problems, and
we must be careful to consider leprosy in a
wider context.
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New Biological Tools for Leprosy Surveillance

Sang-Nae Cho' and Patrick J. Brennan?

New biological tools are required for
leprosy surveillance, both for detection of
Mycobacterium leprae infection and for
early diagnosis of the disease, particularly
in the final phases of the elimination strat-
egy. Now that the prevalence of leprosy has
declined dramatically in most leprosy-en-
demic countries over the last decade, inci-
dence of the disease will become a more
important measurement of true disease than
prevalence for leprosy surveillance. The in-
cidence of leprosy, however, varies
markedly even within the same broad geo-
graphical region, depending on the level of
effort being devoted to finding new cases,
i.e., the extent of active or passive case
finding. It will be difficult to adopt inci-
dence data for leprosy surveillance through-
out the leprosy-endemic world unless a uni-
form method of determining true incidence
is employed. Therefore and alternatively,
determination of the infection rate with M.
leprae within a population could become an
important determinant of the extent of lep-
rosy control. In addition, much earlier diag-
nosis of leprosy would be of great value in
preventing more severe disease, perhaps
leading to disabilities, by simply initiating
chemotherapy at an early stage, thereby re-
moving the source of M. leprae transmis-
sion. New biological tools for detection of
M. leprae infection and for early diagnosis
of leprosy are of paramount importance in
surveillance of control programs and for the
ultimate eradication of the disease.

M. leprae and the biological stages of
leprosy: theoretical and practical consid-
erations. In order to develop the biological
tools for detection of M. leprae infection
and for early diagnosis of leprosy, more in-
formation is required with respect to both
the organism and the biological stages of
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the disease. For example, are there impor-
tant extra-human reservoirs of M. leprae,
such as soil or water or nonhuman animal
sources? Are strain variations important in
terms of virulence, transmission rate, or the
expression of major antigens in humans?
For instance, the presence of M. leprae to a
significant extent in extra-human reservoirs,
if proven, will prove to be a major obstacle
for disease eradication and will pose prob-
lems in understanding the degree of expo-
sure to the organism related to “true” infec-
tion or transient infection and subsequent
immune response in the host. It has long
been claimed that the genomic DNA of
M. leprae is highly conserved. However,
there is now recent evidence of polymor-
phism. It will be important to determine
whether this polymorphism is reflected in
variations in virulence and transmission ef-
ficiency. Also, variations in the expression
level of major antigens of M. leprae in hu-
mans, if such exist, will be reflected in the
host’s immune responses and will have a
bearing on the extent/duration of disease
and the creation of new biological tools to
detect it. It remains to be explained whether
variation in antibody level and T-cell re-
sponses to certain M. leprae antigens
among leprosy patients is due to the differ-
ence in host response to the same antigens
or due to differences in antigen expression
levels between M. leprae strains, or possi-
bly due to both. All such information re-
lated to the biology of M. leprae will help
in the development of a generation of more
specific and sensitive biological tools for
leprosy surveillance.

Among the biological stages of leprosy,
one needs more information on the infec-
tion route, degree of exposure leading to
disease, incubation period, host response
and clinical sequelae, and how chemother-
apy can lead not only to cure, but also to re-
lapse, lepra reactions, and re-infection. The
route of M. leprae infection is an important
factor affecting the host’s immune re-
sponses, resulting in variations in antibody
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classes and levels and T-cell responses to
M. leprae antigens. The degree of exposure
to M. leprae has been considered as a major
factor in the development of leprosy among
household contacts. However, although be-
ing a household contact is a major risk fac-
tor, the majority of leprosy cases arise from
situations in which there was no contact
with patients. The principle of the non-
symptomatic carrier in leprosy is now be-
coming accepted, and more information is
needed, such as the infectivity of the tem-
porary or continuous carrier. We need to
know more about the meaning of the pres-
ence of M. leprae in nasal mucosa, which,
thanks to the art of polymerase chain reac-
tion (PCR) amplification, is now regarded
as the most likely source of M. leprae trans-
mission. The incubation period for leprosy
varies from three to forty years, although
five to ten years have been most widely
cited. No information is yet available on
whether or not M. leprae transmission oc-
curs during this incubation period.

The host’s immune responses to M. lep-
rae infection and early clinical symptoms
will be the most important factors in devel-
oping new biological tools for detection of
infection and for early diagnosis. There is a
considerable body of evidence on variations
in antibody levels, subclasses, and T-cell re-
sponses to each of the known M. leprae
antigens among leprosy patients with dif-
ferent clinical types of disease. However,
more information is required for under-
standing the basis of such variations and the
factors influencing the clinical course of the
disease. Without such information, any bio-
logical tools for detection of infection and
disease at the early stage will have serious
limitations in terms of sensitivity and speci-
ficity.

The various chemotherapeutic regimens
that have evolved over the last several
decades range from dapsone monotherapy
to the recently modified twelve-month mul-
tidrug therapy (MDT) for multibacillary
(MB) cases and a single dose of the combi-
nation of rifampin, ofloxacin and minocy-
cline (ROM) for patients with a single le-
sion. It should be noted that the majority of
these regimens were evaluated based on the
number of lesions rather than the bacterial
index (BI). It is now important to know
how the new, relatively short-course ther-
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apy regimens affect all pools of M. leprae
in patients, including nasal secretions.
Moreover, the existence of large numbers
of bacilli, mostly dead, in tissue for the ex-
tended period of time after 12-month MDT
will continuously influence immune re-
sponses. In turn, this will affect the results
of the application of biological tools for
monitoring the effectiveness of chemother-
apy.

Relapse, lepra reactions, and re-infection
after completion of MDT are issues that
have attracted the attention of clinicians and
research scientists in recent years, and will
be important subject matters in the post-
elimination period. Not much information
is available about the clinical symptoms
and immune responses occurring during the
early stages of relapse that might be used as
indicators. Only an increase of the BI,
which requires viability measurements in
mouse foot pads, has been consistently as-
sociated with relapse. Clinical signs of
lepra reactions have been often mistakenly
classified as relapse. Therefore, biological
tools capable of clearly differentiating be-
tween relapse and lepra reactions will be of
the utmost importance in developing new
therapeutic regimens. Differentiation be-
tween relapse and re-infection has also been
difficult. Proof of significant DNA poly-
morphism in different isolates should be in-
valuable in this respect. No information is
yet available on the possibility of the co-ex-
istence of relapse and re-infection.

Therefore, the full understanding of the
biology of M. leprae and the biological
stages of leprosy are crucial requisites for a
renewed effort to generate new diagnostics
for the detection of M. leprae infection and
for early diagnosis of the disease, particu-
larly in the post-elimination era with a
lesser disease load, more scattered endemic
populations, and the relative absence of ob-
vious, overt disease.

Pragmatics of new biological tools for
leprosy. Currently available laboratory
tools for leprosy surveillance include: sero-
logical assays; molecular amplification
techniques; the measurement of T-cell re-
sponses, such as the skin-test response and
whole blood gamma interferon (IFN-y); and
molecular methods for identifying drug re-
sistance. Among these tools, serological
tests, notably those based on the M. leprae-
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specific PGL-I antigen, have been most
widely evaluated for the detection of M.
leprae infection within populations as well
as for early diagnosis of disease. However,
due to weak antibody response at the pau-
cibacillary [(PB), tuberculoid] end of the
disease spectrum, serology is useful only in
the context of multibacillary [(MB), lepro-
matous] leprosy, which places severe re-
strictions on its more widespread applica-
tion. Nevertheless, a goodly portion of
household contacts of MB cases have a sig-
nificant level of antibodies to PGL-I and
have several times greater risk of develop-
ing leprosy in the future than those with no
antibodies. Thus, seropositive contacts
should be major target populations for pre-
ventive therapy. Other M. leprae antigens,
including M. leprae soluble antigen
(MLSA), LAM, and the 36-kDa, 65-kDa,
45-kDa proteins, have also been useful in
detecting M. leprae infection but, in gen-
eral, show little advantage over the PGL-I
antigen in terms of sensitivity and speci-
ficity. PGL-I and its neoglycoconjugates, on
account of their unique specificity to
M. leprae, are thus the antigens of choice in
serological tests, both for measuring M. lep-
rae infection among populations and for
early diagnosis of MB cases. In addition,
with the ready availability of water-soluble
neoglycoconjugates containing the specific
immunodeterminant of PGL-I, it is now
possible to develop facile, simple “dip-
stick” or particle agglutination tests, partic-
ularly suitable for field use in leprosy-en-
demic regions.

A considerable body of data has now ac-
cumulated on the application of molecular
amplification, either DNA by PCR or ribo-
somal RNA by NASBA, to biological ques-
tions in leprosy. Such amplification tech-
niques have the advantage of greater sensi-
tivity than microscopic examination, thus
enabling detection of small numbers of M.
leprae in clinical specimens such as nasal
swabs, slit smears, and biopsy samples.
These molecular techniques, however, re-
quire highly trained personnel and expen-
sive equipment and reagents, which only a
few laboratories in the leprosy-endemic ar-
eas can afford. Even with qualified person-
nel and adequate facilities, it has been diffi-
cult to generate reproducible results be-
tween studies. More work is thus needed to
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standardize the available molecular amplifi-
cation techniques.

One pragmatic use of molecular amplifi-
cation is in the detection of specific muta-
tions associated with resistance to rifampin
and the fluoroquinolones. Employing these
techniques, it is now possible to determine
the susceptibility of isolates to these drugs
in a matter of one to two days, a task that
requires many months using the M. leprae-
infected mouse foot pad. With the pending
availability of the full M. leprae genome se-
quence, there is the expectation that these
molecular biological techniques will allow
the recognition of individual strains of
M. leprae, an event which should have pro-
found consequences for epidemiological
and clinical studies.

Skin tests employing MLSA [or ML-
CwA (M. leprae cell wall antigens)] or
other defined protein antigens are of consid-
erable interest, because they permit one to
examine T-cell rather than antibody (B-cell)
responses, particularly applicable to the PB,
difficult-to-diagnose aspects of the disease.
MLSA, which is devoid of LAM (which
suppresses the CMI response), and ML-
CwA have been extensively used in in vitro
assays, have passed Phase I clinical trials as
skin-test antigens in humans, and are now
almost ready for Phase II trials. In addition,
synthetic peptides based on M. leprae-spe-
cific T-cell epitopes have been examined in
CMI tests and show some promise. A sim-
plified in vitro test, the so called “whole
blood test” which measures IFN-y evoca-
tion in response to a variety of antigens, has
been developed and evaluated in the field
and shows great promise. The whole blood
test has the added advantage of measuring
Th1 and Th2 types of responses to various
antigens by detecting cytokines produced
from each cell type.

In summary, over the past twenty years,
there have been considerable effort and nu-
merous approaches applied to developing
biological tools for leprosy surveillance,
particularly for the detection of M. leprae
infection and for early diagnosis of leprosy.
However, all of the ensuing developments
have been marred in their more widespread
application due to our limited knowledge of
the biology of M. leprae and the biological
stages of leprosy. For the future, we are
placing much hope, perhaps too much so, in
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the pending completion of the M. leprae
genome as a source of information on
M. leprae-specific proteins, and thus poten-
tial antigens, and for evidence of genetic
polymorphism. Such developments, com-
bined with renewed interest in the “carrier
state” and the immunological and bacterial
basis of neuropathy and reactions, augur
well for a new generation of practical tools
for leprosy surveillance.

Discussion

Dr. Izumi: Please explain the use of PCR
in identification of strains of M. leprae.
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Prof. Cho: Dr. Stewart Cole published
data on two sites characterized by repetitive
sequences, and we have found three more.
However, fewer than 30 per cent of the total
sequences of the M. leprae genome is in-
cluded in the current genomic database.
Hence, the availability of the entire genome
sequence in the near future will reveal
many more sites with iepetitive sequences.
The “copy numbers” of known repeats, i.e.,
the number of repeats in a given site, varies
from 9 to 34, and these variations of copy
numbers permit identification of individual
strains of M. leprae.
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Multiple drug therapy (MDT) has made
a major contribution to the remarkable de-
cline of the prevalence of leprosy that has
been observed in the course of the last 10
years in the context of the World Health Or-
ganization (WHO)-sponsored Leprosy
Elimination Program. Now that the preva-
lence target of 1 case per 10,000 population
has been reached in a large number of en-
demic countries, and others will come close
to this target by the year 2000, there has
arisen a tendency to consider the present
MDT-based strategy as the exclusive means
by which to tackle the leprosy problem. Be-
cause MDT has proven cheap, safe and ef-
fective, why then bother to explore alterna-
tive or complementary strategies, such as
prevention? At times, it has been said that
there is no place for prevention. MDT, to-
gether with its package of early detection,
community participation and political com-
mitment, is so successful that it could in-
deed make us hostages of its very success,
preventing us from conducting promising
research or testing innovative approaches.

There are two important reasons why
prevention should not be disregarded as a
component of leprosy control. One is the
possibility that the MDT strategy will ulti-
mately fail to deliver its expected results.
The second is that prevention could prove
more effective or less expensive than MDT
as a means of controlling leprosy in special
situations.

With respect to the ultimate failure of the
MDT strategy, the purpose of leprosy con-
trol is to reduce and ultimately to interrupt
the transmission of Mycobacterium leprae,
thereby reducing the incidence to zero. Be-
cause, for a number of reasons, measure-
ment of the incidence raises major opera-
tional difficulties, prevalence—the number
of existing cases—serves as a proxy indica-
tor of transmission. The fewer cases in a
population today, the fewer the new cases
in the future.

MDT is highly effective in killing M.
leprae in its human reservoir, the infected
individual. Therefore, it is the backbone of
the ongoing world-wide elimination pro-
gram, whose target, as stated in the 1991
Resolution of the World Health Assembly, is
to reduce prevalence to a level below 1 case
per 10,000 population. The relevance of this
target to achieving the stated purpose rests
on three explicit premises: 1) that the patient
is the only significant source of infection; 2)
that at such a low, admittedly arbitrary,
level of prevalence, the potential for trans-
mission is much limited; and 3) that below
this level, there are good reasons to believe
that the disease should gradually die out.

MDT has met with considerable success
in drastically reducing prevalence over the
last fifteen years. However, the use of pre-
ventive measures could become relevant in
the future under two circumstances: 1) if, in
the long term, achievement of the desired
reduction of prevalence was found not to
result in the expected curtailment of trans-
mission; and 2) if, for some reason, one or
the other of the three premises on which the
elimination program rests were called into
question.

Regarding reduction of the transmission
of M. leprae, it s still too early to draw firm
conclusions. However, the large and in-
creasing number of newly detected cases,
reported in some countries in recent years
in spite of considerable reduction of the
prevalence rates, is a source of growing
concern. Globally, some 750,000 cases
were detected in 1998. No doubt, there are
many epidemiological or operational rea-
sons at hand to explain this phenomenon.

Because of the long delay between infec-
tion and onset of the clinically recognizable
disease, it could be that numbers of patients
who were infected before the advent of
MDT continue to appear as new cases. It is
indeed known that some patients may de-
velop the disease many years after having
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been infected. However, the proportion of
patients with a latency period 10 or 15 or
more years in duration is likely to be mini-
mal, and, by now, it should markedly de-
crease with time.

Concurrently, it has been noted that a
large proportion of these newly registered
cases is actually old cases who, for one rea-
son or another, have previously eluded de-
tection. In 1995, the estimated ratio of the
total number of cases to the number of
cases registered in the 19 countries with the
highest prevalence varied from 1.1 t0 9.1. A
considerable number of old cases have been
detected. Provided current efforts at early
detection are sustained, the proportion of
late diagnosis among the newly detected
cases should rapidly decline.

Expanding coverage of MDT, which is
also invoked, cannot account for the recent
increase of new-case detection because, ac-
cording to WHO, treatment of the regis-
tered cases now reaches over 99 percent of
the estimated endemic areas worldwide.

Finally, could the increase be attributed
to a modification of the case definition of
leprosy in the direction of greater sensitiv-
ity? The definition of a case of leprosy has
been modified in order systematically to in-
clude single macules, which, in some coun-
tries, characterize 30 percent of the new
cases. Even if the case definition had not
been changed, the very fact of distributing
single-dose “blister packs” for these cases
has made their detection more likely than it
was in the past. This explanation is relevant
mostly to India, which accounts for some
two-thirds of the cases detected during the
last few years.

The interpretation of the detection fig-
ures is therefore ambiguous, for there is no
clear way to make the distinction between
old cases detected late and the new cases
that represent the actual incidence.

The continuing large numbers of new
cases detected are definitely a source of
worry. There is concern that prevalence is
not the reliable predictor of future inci-
dence, as it was assumed to be. If so, the
first basic premise of the elimination initia-
tive, that by treating and curing the patients
transmission of M. leprae would be reduced
and, in the long term, interrupted, is open to
question. The reason could be that humans
are not the exclusive reservoir of M. leprae,
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or that the clinically recognizable patients
are not the sole source of infection. Several
hypotheses could be put forward, such as
the existence of an extra-human reservoir,
in animals, in vegetation, or in the soil, or
that individuals with subclinical infections
play a role in transmission. These hypothe-
ses are part of another debate. However,
they emphasize the possible relevance of
preventive measures in the future. A sim-
pler explanation is that patients with very
recent onset of disease play a larger than
expected role in transmission, however
short the delay before detection.

Turning to the second premise, which as-
sumes that, at a prevalence of 1 per 10,000,
the potential for transmission is close to nil,
setting such an arbitrary target is a most ef-
ficient tool, from the standpoint of manage-
ment. From a rigorous epidemiological
standpoint, however, the target is valid only
inasmuch as the risk of becoming infected
is evenly distributed in the population, i.e.,
the prevalence is homogeneous. However,
this is seldom the case. The prevalence of
leprosy most generally resembles a patch-
work—high in one place, and low in the
vicinity. This results in paradoxes. Leprosy
may be declared eliminated in a large coun-
try with thousands of registered patients
scattered over wide areas; whereas it will
defy elimination in a small country, with
half a dozen patients above the critical
prevalence making the difference. Exam-
ples of such a situation may be found in the
Western Pacific region. To offset this effect,
it is now proposed to scale down the popu-
lation denominator to smaller sizes, from
global and worldwide, as implicitly stated
in the WHA Resolution, to country, as in
the WHO statistics, and now to subnational
administrative or geographical units. Such a
procedure will not absorb the heterogeneity,
but will only lead to the ceaseless repetition
of a pattern of self-similarity, with a succes-
sion of foci of higher prevalence concen-
trating fewer and fewer cases engulfed in
larger and larger areas of prevalence below
the threshold, in which more and more pa-
tients will be dispersed. Pushing the process
to the extreme, the time may come when
single patients with their retinue of contacts
would be the ultimate targets of the elimi-
nation campaign. We will have made a
complete circle, returning to the abandoned
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strategy of restricting detection to the con-
tacts, a strategy that, as we know, overlooks
the majority of new cases. It is clear that, at
some point in this deceptive pursuit of an
ever elusive prevalence, preventive mea-
sures directed at foci or clusters of patients
could prove more cost-effective for reduc-
ing the incidence of leprosy than a selective
MDT strategy aimed at uncovering widely
scattered patients.

Now, let us not confuse the issues. A dif-
ferent strategy should not be advocated, any
more than MDT should be discredited,
solely because prevalence is a delusive in-
dicator for monitoring the closing-in end-
course of MDT. My point is simply that the
fetishism of the prevalence target may
make us unable to see the forest for the
trees, preventing us from realizing the full
potential of innovative approaches, such as
chemoprophylaxis or vaccination.

The third premise underlying the ongo-
ing elimination program postulates that,
upon reaching very low levels of preva-
lence as a result of MDT, the disease should
gradually fade away, replicating the pattern
of recession allegedly observed in some
countries. Several instances of a decline of
the number of patients, leading eventually
to extinction of the disease, have indeed
been reported in the past. This has occurred
in most European countries in modern
times, the best documented example being
Norway in the second half of the 19th cen-
tury, as well as among immigrant groups in
the Americas.

Various reasons have been offered to ex-
plain these observations, among them the
improvement of unspecified socioeconomic
conditions or a protective immunity against
M. leprae, presumably conferred by in-
creasing exposure to M. tuberculosis, asso-
ciated with the spread of tuberculosis, or
exposure to other mycobacteria. These hy-
potheses open fascinating avenues for spec-
ulation and research. They will not be dis-
cussed here.

There is, however, a more immediate
epidemiological issue, that calls into ques-
tion the long-term sustainability of the
elimination program. Low prevalence,
however it is defined, refers to two contrast-
ing situations: “natural low prevalence” on
the one hand, in those areas from which
leprosy has been disappearing for many
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THE FIGURE. Schematic of the decline of leprosy

prevalence (P) and incidence (I), as it has occurred
without intervention in Western Europe and elsewhere
(upper panel), and as the prevalence has declined as
the result of implementation of MDT, with discharge
of the patients from the leprosy register after comple-
tion of the course of treatment (lower panel).

decades, and, on the other hand, “induced
low prevalence,” resulting from MDT. The
two dynamics are fundamentally different,
as depicted in The Figure. Untreated lep-
rosy “au naturel” is a life-long ailment.
Only after some delay, reflecting the ex-
pectancy of life and death rates of the pa-
tients, will a decline of prevalence follow a
decline of incidence. On the other hand,
leprosy treated with MDT is a relatively
short disease, the duration of which does
not by definition exceed the two years re-
quired by the standard treatment. The de-
cline of prevalence, resulting from dis-
charging the cured patients, will therefore
precede the decline of incidence. To put it
in another way, under natural conditions,
the decline of prevalence is the long de-
layed effect of the interruption, for what-
ever reasons, of the transmission of M. lep-
rae. When MDT is employed to control
leprosy, the decline of prevalence is ex-
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pected to produce the interruption of trans-
mission, notwithstanding any other factor
that could be operating in the same direc-
tion. It is, therefore, deceptive to expect that
the dynamics of the engineered decline
will, at low levels of prevalence, be auto-
matically transformed into the dynamics of
the natural decline.

From these considerations, it appears
that there will be room for preventive mea-
sures in leprosy control in the future. There
is every hope that the elimination program
as presently conducted will run its course to
complete success. The next few years will
provide a crucial test to validate some of the
admittedly questionable assumptions re-
garding transmission. Yet, it is not too early
to prepare for any unpleasant surprise. The
development of preventive measures, based
on enabling research, is a step toward such
preparation.

In the meantime, prevention could be en-
visaged as a complement to chemotherapy
in well circumscribed and preferably small-
sized areas. Under these circumstances, in-
cidence will be the appropriate indicator by
which to monitor transmission. Provided
preventive measures are implemented in the
entire population at risk, one should aim at
eradication rather than elimination.

However, it should be remembered that
the development of preventive measures of
proven effectiveness is one issue. Definition
of the populations in which these measures
are to be applied, and how and under what
conditions they should be applied, is an-
other problem, which calls for operational
research. In that respect, the chemoprophy-
laxis programs undertaken in the three
countries of the Western Pacific could pro-
vide information of major importance for
the future.

Discussion

Prof. Ji: Prof. Lechat, would you please
summarize your message?

Prof. Lechat: I believe the key point is
that we must not allow ourselves to be
blinded by MDT to the possibilities of com-
plementary and alternative approaches to
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achieving the control of leprosy. My second
point is that there is a serious lack of impor-
tant knowledge with respect to the prophy-
laxis of leprosy, with the result that we are
unable to plan strategies for chemo- and im-
munoprophylaxis.

Dr. Noordeen: Prof. Lechat has raised
some very interesting issues. Traditionally,
medicine has advanced on the basis of solid
information gained from well-controlled re-
search. Methods are not applied in the field
until all of the outstanding questions have
been answered by research. However, lep-
rosy has been an exception. Beginning in
the early 1980s, leprosy control has been
ahead of research in the sense that solutions
were recommended and applied before all
of the evidence supporting the efficacy of
the proposed solutions had been obtained.
The prime example of this is MDT. If we
had waited until all of the necessary proof
had been collected, we would be today in
the same situation in which we found our-
selves in the early 1980s. Admittedly, we
took a chance; we could have made a
wrong decision, but we took the decision on
the basis of the collective judgment of ex-
perts. We cannot afford to wait a long time,
while the necessary information is accumu-
lated, before we act. But we should take the
necessary steps to insure that the informa-
tion will be obtained at the same time that
we decide to act.

With respect to another, more specific is-
sue, Prof. Lechat may have given the im-
pression that he was advocating prophy-
laxis as a substitute for MDT. In fact, the
identification of areas and population
groups, in which a relative failure is per-
ceived that requires prophylaxis, depends
upon the gathering of solid information, a
process that goes hand-in-hand with admin-
istration of MDT. Moreover, I am not will-
ing to abandon the individual at high risk of
leprosy because we cannot justify prophy-
laxis on public-health grounds; there is no
question that the individual can benefit
from prophylaxis, and this potential benefit
should not be neglected.
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Since the early 1990s, our research
group has been conducting a series of epi-
demiological studies of leprosy in endemic
pockets of Indonesia, the purposes of which
were to attempt to explain why leprosy is so
endemic in the area, and to collect epidemi-
ological data that will be useful both for the
global elimination of leprosy and for pre-
venting the disease.

According to the World Health Organi-
zation (WHO), Indonesia is third highest on
the list of the most leprosy-endemic coun-
tries in the world. In 1999, the number of
registered cases is 29,225, with a preva-
lence rate of 1.41 per 10,000 population. In
1998, there were 15,337 new cases, yield-
ing a new-case detection rate of 7.42 per
100,000 population. Leprosy is heteroge-
neously distributed in the country; the most
endemic province is Maluku, and the ma-
jority of the patients in the province reside
in North Maluku District, in the northern
part of the province. We began a cohort
study in the district in 1996, and have since
conducted a series of epidemiologic sur-
veys, employing serological and molecular
techniques.

More than half of the healthy villagers
demonstrated anti-mycobacterial antibod-
ies, and about one-quarter of them appear to
carry DNA molecules specific to Mycobac-
terium leprae on the surface of the nasal
mucosa. We interpret these data to indicate
the presence of a considerable number of
M. leprae in the environment.

MATERIALS AND METHODS

Three typical agricultural villages—
Gamtala, Toboso, and Lolori—in North
Maluku District were selected. Some demo-
graphic characteristics of the villagers are
summarized in Table 1. In February 1997,
the population of these three villages to-
taled 1417, and the mean age was 26 years.
Villagers ranging in age from 5 to 60 years
were selected for this study. To learn the in-

cidence of leprosy and the predictive value
of several tests, we surveyed the population
of the villages twice—in February 1997
and October 1998.

Villagers were examined dermatologi-
cally by three well-trained Indonesian and
Japanese specialists. Leprosy patients were
classified as paucibacillary (PB) or multi-
bacillary (MB) according to the criteria of
the WHO.

One ml of venous blood was collected,
and the serum, with NaN, added as a
preservative, was stored at —30°C until
used. IgG and IgM anti-PGL-I antibodies
and IgG anti-LAM-B antibodies were mea-
sured by indirect ELISA. IgM anti-PGL-I
antibodies were also measured by a gelatin-
particle agglutination test, using the Sero-
dia-Leprae kit.

To examine the possibility that M. leprae
in the environment of an endemic area play
an important role in M. leprae infection of
the populace, we employed a sensitive and
specific technique—the nasal swab poly-
merase chain reaction (PCR) test. The sur-
face of the nasal mucous membrane was
swabbed with a wet, sterile cotton swab,
and the material adhering to the cotton was
removed by washing the swab in phosphate
buffered saline (PBS) with Tween80®. The
resulting suspension was centrifuged, and
the sediment was treated by a lysis buffer
containing proteinase-K to obtain the DNA
template. An M. leprae-specific DNA frag-
ment was then amplified by a minor modifi-
cation of Plikytis’ nested primer method.

RESULTS

In the course of the first survey, 936 vil-
lagers were examined and 24 new cases of
leprosy—18 PB and 6 MB—were detected.
Including the cases already registered, there
was a total of 35 patients, yielding a preva-
lence of 3.7 percent. In the second survey,
861 villagers were examined, and 21 pa-
tients, 15 PB and 6 MB, were detected,
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TABLE 1. Demographic characteristics of the three villages studied.
Village Gamtala Toboso Lolori Total
Population 509 474 434 1417
Mean age (yr) 27.1 25.6 252 26.0
No. aged 5-60 yr 438 381 374 1193
No. houschold 164 (33.9) 117 (25.4) 61 (14.4) 342 (24.1)

contacts (%)

yielding a prevalence of 2.4 percent
(Table 2).

The incidence of leprosy in the villages
was calculated by using the 644 villagers
who attended both surveys as the denomi-
nator. As is also shown in Table 2, 13
healthy villagers developed leprosy during
the 20 months between the two surveys,
yielding an annual incidence of 1211 per
100,000 population at risk. Of the 1417 in-
habitants of the villages, 342 were house-
hold contacts of patients with leprosy, sug-
gesting that the disease affects an important
proportion of the households in this area
(Table 1).

Of the 885 healthy villagers studied, 304
(34.3 percent) demonstrated anti-PGL-I an-
tibodies at the time of the first survey, and
31.4 percent were found to be seropositive
at the time of the second survey. Moreover,
it was found that the prevalence of antibod-
ies did not change during the period of 20
months (Table 3). Of the populace, 54.1
percent demonstrated antibodies to PGL-I
or LAM-B.

Of 890 swab samples examined, 237
were positive by PCR. This may suggest
that a large number of M. leprae are float-
ing in the air of an endemic pocket, which
the people in the area breathe (Table 4).

Thirteen new cases were discovered in
the course of the second survey. It was
found that 11 of the 13 demonstrated at

least one leprosy-related factor: six patients
were household contacts; six were seropos-
itive; three had suspicious skin lesions dur-
ing the first survey; and one had an enlarged
nerve at that time. However, not one of
these factors appears to be useful for pre-
dicting who will develop clinical disease.

DISCUSSION AND CONCLUSIONS

One of the most important unsolved
questions in the epidemiology of leprosy is
the heterogeneous distribution of the dis-
ease. Even in an endemic country, there are
highly endemic areas—*“pockets” or “hot
spots.” As a result of a series of epidemio-
logical studies in North Maluku, we found
the following: 1) a considerable proportion
of the healthy residents of the hot spot, who
are not household contacts of leprosy pa-
tients, appears to be infected with M. lep-
rae; 2) M. leprae appear to be ubiquitous in
the environment of the hot spot, and it ap-
pears reasonable to assume these environ-
mental organisms play an important role in
the infection; 3) development of new im-
munological tools that may be used to pre-
dict who among those at risk will develop
clinical disease is one of the most important
subjects of research in the future; 4) chemo-
prophylaxis delivered to those at high risk
of developing overt disease is essential for
the control of leprosy in the hot spot.

TABLE 2. Leprosy in the three villages of North Maluku District.

February 1997 October 1998 1997-1998

Village No. No. Prevalence No. No.  Prevalence No. No. Incidence

examined patients (%) examined patients (%) examined patients  per 10°

person-years

Gamtala 353 14 4.0 322 10 3.1 224 7 1875
Toboso 306 12 39 300 4 1.3 232 3 776
Lolori 277 9 33 239 7 29 188 3 957
Total 936 35 3.3 861 21 24 644 13 1211
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TABLE 3. Proportion of healthy villagers who were seropositive.
. February 1997 October 1998
Titers
No. tested Rate (%) No. tested Rate (%)
Negative 581 65.7 543 68.6
1:32 215 243 174 22.0
1:64 67 7.6 63 8.0
<1:128 22 2.5 10 1.3
Total 885 791
Discussion member that several groups, including that

Dr. Diletto: It appears that the population
of the three villages was 1417, and that you
were able to calculate the incidence based
on only 644 (approximately 45 percent) in-
dividuals who were examined in both sur-
veys. How do you explain the fact that only
a relatively small proportion of the popula-
tion was examined twice? And isn’t there
some risk that the 644 who were examined
twice are different from the majority, who
were examined only once, i.e., they are
more or less likely to have leprosy?

Dr. Izumi: We examined all of the vil-
lagers available to us; we did not select a
random sample.

Prof. Ji: As you mentioned, a proportion
of tuberculosis patients are also seropositive
with respect to LAM-B. Why, therefore, do
you consider seropositivity to this antigen as
indicative of subclinical infection with M.
leprae? My second question—what propor-
tion of the leprosy patients—both PB and
MB—are seropositive or demonstrate M.
leprae DNA on the nasal mucosa? My third
question has to do with the nature of the
acid-fast bacilli (AFB), the DNA of which
you find on the nasal swab? There have
been a number of published articles, espe-
cially in the Japanese literature, regarding
the finding of AFB in healthy subjects. I re-

TABLE 4. Detection of M. leprae DNA
on the nasal mucosa of healthy villagers.

; No. No. %
Village examined positive Positive
Gamtala 326 92 28.2
Toboso 294 77 26.2
Lolori 270 68 25.2
Total 890 237 26.6

of Prof. Nishimura, published a series of pa-
pers in La Lepro in the 1960s. Have you
performed nasal swab PCR tests among
Japanese in Japan? Finally, do seropositivity
and the demonstration of M. leprae DNA
persist during and after MDT?

Dr. Izumi: The prevalence of tuberculo-
sis in this population is about 1 percent;
therefore, some tuberculosis patients may
have been included among the villagers
who are seropositive to LAM-B. However,
neither infection with M. tuberculosis nor
BCG vaccination produces seropositivity to
this antigen.

The demonstration of AFB in the nose is
quite common, both in Japan and else-
where. However, we employed as a primer
a DNA sequence that is specific to M. lep-
rae, so that PCR positivity cannot be attrib-
uted to another mycobacterial species.

With respect to our findings among lep-
rosy patients, one-third of PB patients and
80 percent of MB patients are seropositive.
That two-thirds of the PB patients do not
demonstrate anti-PGL-I antibodies does not
necessarily mean that, during subclinical
infection and the incubation period, the an-
tibody titer should be lower than that of the
PB patient. We have no evidence to support
this hypothesis, but it appears possible that,
during the incubation period, M. leprae
multiply to a certain level, at which the or-
ganisms interact with the host’s immune
system. When a Thl-type of reaction is
triggered, the antigen is quickly destroyed,
and the antibody titer falls.

PCR positivity does not at all correlate
with the antibody titer, nor does it differ be-
tween household contacts and noncontacts.
The swab samples only those organisms
present on the surface of the nasal mucosa,
and does not reach those within the tissues.
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Organisms could be present on one day and
not on the following day; the presence of
M. leprae on the nasal mucosa is not related
to whether or not the subject is a leprosy pa-
tient but, rather, indicates the presence in
the air of the organisms, which are then
concentrated on the nasal mucosa. More-
over, PCR is unable to discriminate be-
tween living and dead organisms.

Prof. Levy: There are techniques, such as
air centrifuges, available for air sampling.
Wouldn’t these represent a more direct
means of demonstrating the presence of or-
ganisms in the atmosphere? The necessary
equipment could not be very expensive.
Would it not be important to confirm the
presence of M. leprae in the air we breathe?
You appear to be using the villagers as sam-
pling devices, and there are more precise
and more efficient devices. One could even
employ guinea-pigs, as was done for stud-
ies of air transmission of M. tuberculosis.

Prof. Smith: It is interesting that you don’t
find a difference of PCR positivity between
household contacts and noncontacts. The
work that was done in Sulawesi produced
results similar to yours, in that no relation-
ship was demonstrated between seroposi-
tivity and PCR positivity; these workers
sampled only the anterior portion of the
nasal cavity. We’ve been carrying out simi-
lar studies in Ethiopia and India, but we
have been sampling the posterior portion of
the nasal cavity; these studies have demon-
strated a threefold difference between
household contacts and the general popula-
tion. However, a much smaller propor-
tion—only 3—4 percent—of the population
has been found PCR positive in our studies.

Dr. Izumi: I do not think our finding that
PCR positivity is frequent can be explained
on the basis of a difference of the cut-off
point. After amplification, we perform elec-
trophoresis on 2% agarose gel, and deter-
mine the presence of the specific amplifica-
tion product simply by the naked eye. We
always run positive and negative controls on
the same gel. The lower limit of the sensi-
tivity of our system is about 100 M. leprae.

Dr. Kyaw Tin: I wish to return to the
question of the size of the bacterial popula-
tion during subclinical infection with M.
leprae. Dr. Ji stated that this is no greater
than 10° organisms.
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However, it appears to me that someone
who will manifest MB leprosy in the fu-
ture will, at some time before the appear-
ance of his first symptoms, harbor >10° or-
ganisms.

Prof. Ji: This may be so. On the other
hand, we believe that the great majority of
subclinical infections subside sponta-
neously, and the aim of chemoprophylaxis
is to increase the likelihood that the sub-
clinical infection will subside and not prog-
ress to clinical disease.

Dr. Noordeen: One of the problems is the
borderline between incubating, subclinical
MB leprosy and clinical MB leprosy. Peo-
ple have talked about skin-smear positive,
asymptomatic carriers of M. leprae. This is
a contradiction in terms; one who is skin-
smear positive no longer has a subclinical
infection but, rather, overt disease.

Prof. Levy: I have just recalled some
data from a study of air-transmission of M.
tuberculosis done many years ago in Balti-
more. It was found, if I remember correctly,
that the average patient with untreated pul-
monary tuberculosis produces a concentra-
tion of organisms in the air around him of 1
“infectious particle”—one viable organism,
or one clump of organisms containing at
least one viable—per 13,000 ft* of air. This
concentration appears to me many orders of
magnitude smaller than 100 organisms on a
nasal swab, even if the indvidual has been
breathing the contaminated air for a long
time. Again, Dr. Izumi, I believe that your
data must be confirmed by some more di-
rect means. It may be that the villager is not
a very efficient sampling device and, if you
find 100 or more organisms on a nasal
swab, it may be that the entire community
is living in a cloud of organisms or in the
midst of an aerosol. In that case, it is sur-
prising that anyone escapes infection. Your
findings may be very important. But I be-
lieve you have jumped over many interme-
diate steps in reaching the conclusions you
presented.

Dr. Izumi: Perhaps I did not speak
clearly enough. We use only about 5 per-
cent of the sample in the PCR, so a mini-
mum of 100 organisms for a positive PCR
test actually indicates a minimum of 2000
organisms in the sample.

Prof. Levy: This statement strengthens
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my argument. By PCR, you detect bits of Dr. Noordeen: A control might be a nasal
DNA. I think it would be very important to swab from your own nose.
confirm the presence in the air of the viable Dr. Izumi: We intend to do this.

M. leprae that you infer are present.
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Dr. Noordeen: Our task is to review and
evaluate the studies in chemoprophylaxis
and immunoprophylaxis, and to attempt to
reach a consensus on their potential useful-
ness and application. We have heard pre-
sentations of the structure and results of the
various studies that have been undertaken,
and have considered how to interpret the
available data, what further information is
needed, and what is the potential usefulness
of the means of prophylaxis studied. We
should also consider the possible needs for
prophylaxis and the available opportunities,
and to what degree the studies meet the
needs and exploit the opportunities. I pro-
pose that we consider separately the studies
of chemo- and immunoprophylaxis.

Considering first chemoprophylaxis, can
we agree on the needs and opportunities?
Certainly one of the reasons justifying
chemoprophylaxis is a population at high
risk of leprosy. Such a population is repre-
sented by the household contacts of leprosy
patients. Another reason is the need to
achieve the target of elimination, as defined
by the World Health Assembly—preva-
lence at the national level no greater than 1
per 10,000 by the year 2000. This is the
reason for the use of chemoprophylaxis in
the Federated States of Micronesia (FSM),
where it was believed that the elimination
target could not be reached unless chemo-
prophylaxis was added to the on-going pro-
gram of multidrug therapy (MDT).

Prof. Smith: I think we should not re-
strict our discussion to areas in which the
elimination target has not been reached.

Dr. Noordeen: Prof. Lechat stated in his
presentation that new-case detection rates
are not falling. Does this justify chemopro-
phylaxis?

Prof. Lechat: I didn’t state that detection
rates are not falling. I said that there is gen-
eral concern but, in fact, we do not know
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what has been happening. There is no way
to determine whether the “newly detected”
cases are, in fact, new cases or old “back-
log” or “missed” cases.

Dr. Noordeen: Is the need for chemopro-
phylaxis related to a population at high
risk? That is, when new-case detection rates
remain high, shouldn’t one add chemopro-
phylaxis?

Prof. Lechat: I believe that chemopro-
phylaxis is very interesting in some special
situations—geographically closed area, iso-
lated population, situations in which there
is a small denominator with foci of high in-
cidence. I’m concerned that, because we are
so determined to reduce the prevalence in
order to meet the elimination target, we risk
concentrating our efforts more and more in-
tensively on smaller and smaller foci of
high prevalence, at the same time forgetting
the much larger number of patients who are
to be found in the much larger areas of low
prevalence.

Prof. Levy: I think that we are struggling
with the possibility of failure of MDT. For
whatever reason, we have not succeeded in
reducing the detection rate, so we begin to
believe that something additional is needed,
as was the case in the FSM.

Dr. Noordeen: The primary purpose of
MDT was to reduce prevalence, and we as-
sumed that detection rates would diminish
in time. If the reduction of detection rates
requires more time than we had originally
assumed, then a second intervention is re-
quired, e.g., chemoprophylaxis.

Prof. Lechat: Something additional is
needed when prevalence decreases below
the rate of new-case detection, at which
point prevalence ceases to have any mean-
ing. In fact, chemoprophylaxis may be ex-
pected to have an effect on the new-case de-
tection rate, but can have very minimal ef-
fect on prevalence.
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Dr. Gupte: One can think of situations in
which leprosy might complicate other pre-
existing conditions, such as pregnancy. A
pregnant woman who manifests leprosy for
the first time during pregnancy is very
likely to have reactions, and one would
wish to prevent these. Might the pregnant
woman who is a household contact not rep-
resent a need for chemoprophylaxis?

Dr. Crippen (observer from the Centers
for Disease Control, USPHS, Atlanta, Geor-
gia, U.S.A.): With respect to needs, would it
not be worthwhile to review the existing
data gained from the three programs of
chemoprophylaxis here in the Western Pa-
cific in an attempt to determine their effi-
cacy and arrive at a standard protocol?

Dr. Noordeen: Certainly, there remains a
need to evaluate the data relating to avail-
able drugs and regimens that have been pro-
duced in these three programs and, based
on this analysis, to attempt to define the
populations in which chemoprophylaxis
should be used and the strategies by which
it should be employed.

So much for the needs for chemoprophy-
laxis. May we now consider the opportuni-
ties for chemoprophylaxis and the con-
straints on its use? I suggest that heading
the list of “opportunities” should be the
availability of effective drugs. And the first
item on the list of “constraints” should be
the lack of solid data attesting to the effi-
cacy of chemoprophylaxis.

Prof. Lechat: We should consider the
cost-effectiveness of the two alternative ap-
proaches—administration of chemopro-
phylaxis to individual contacts or to an en-
tire population.

Dr. Noordeen: Certainly, cost of the
drugs and their administration must be con-
sidered constraints.

Dr. Blanc: Among the constraints should
be listed the lack of important epidemiolog-
ical data.

Prof. Ji: Hyperendemic pockets of lep-
rosy often coincide with a very weak infra-
structure of health services. As a result, it
could be very difficult to organize and con-
duct a program of chemoprophylaxis just
where it is most needed. I also should men-
tion that there are two basic requirements
for an area to be suitable for a program of
chemoprophylaxis: 1) all of the known pa-
tients must be treated or have been treated
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by MDT and 2) leprosy patients must be
absolutely excluded from the chemopro-
phylaxis. In turn, both of these require-
ments demand some infrastructure.

Dr. Diletto: I was pleased to learn from
Prof. Ji’s paper that there is a firm experi-
mental basis for the decision to employ sin-
gle doses of rifampin (RMP) or the combi-
nation rifampin, ofloxacin and minocycline
(ROM). This points up the need to confirm
the efficacy of single doses of RMP or
ROM as chemoprophylaxis. Thus, perhaps
the emphasis should be placed on the need
to confirm the efficacy of the drugs in a
trial, rather than simply to assume their effi-
cacy and consider the availability of drugs
an opportunity.

Prof. Levy: On the one hand, to establish
the efficacy of a drug or a regimen is not a
simple task. On the other hand, studies of
ROM are currently in progress, and much
data have already been collected. In addi-
tion, we already know a great deal about the
efficacy of single doses of RMP. We face
much the same sort of problem as was
faced by the WHO Study Group in 1981.
Then, there was an urgent problem of in-
creasing dapsone resistance and a chaotic
situation, in which individual leprosy-con-
trol programs were adopting a variety of
multidrug regimens, some of which ap-
peared to lack efficacy and encourage the
spread of RMP resistance. This Workshop
was convened to help deal with another ur-
gent situation—continuing high new-case
detection rates despite MDT—that threat-
ened to get out of hand. Although studies
would be useful, they will require a great
deal of time; however, we already have
some basic information that can be ex-
ploited.

Prof. Lechat: It appears that we have
reached a threshold as the prevalence of
leprosy falls below the detection rate. This
means that we treat and cure the patients as
they appear, but that we may not be making
much progress in the realms of control or
eradication. At this point, we must begin to
consider approaches in addition to MDT.

Dr. Noordeen: I believe that your argu-
ment depends upon the level of the new-
case detection. If the detection rate were
higher than the prevalence, but as low as
0.01 per 10,000, one would not advocate
prophylaxis. Certainly, we need good data
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on incidence; even this may be only an un-
reachable ideal, except in situations like
that in the FSM in which it should be possi-
ble to measure the incidence, and not be
forced to rely on raw case-detection data.

Dr. Blanc: I don’t believe we need data
on true incidence in order to justify a pro-
gram of chemoprophylaxis; the case-detec-
tion rate should suffice.

Dr. Noordeen: Must we not consider the
acceptability of chemoprophylaxis? This is
not a matter of ethics, but rather whether
healthy people—members of the general
population, or household contacts—will ac-
cept a chemoprophylactic regimen, regard-
less of the drugs included.

Prof. Smith: One must also consider the
risk of adverse reactions. In Micronesia,
150,000 doses of ROM have been adminis-
tered, thus far without a serious adverse re-
action. It appears likely indeed that such re-
actions will be encountered and, as a result,
the regimen will become much less accept-
able.

Prof. Lechat: 1T think we have not ad-
dressed another important issue. There are
many rare diseases in the world, of which
leprosy is only one. Are we justified in at-
tempting to eradicate leprosy? I feel
ashamed when I recognize how much
money is spent on leprosy, whereas virtu-
ally nothing is spent on other diseases that
are more important, at least locally. For ex-
ample, I think of sleeping sickness in
Africa. Considering that, last year, there
were 5000 deaths from sleeping sickness in
the Congo alone, it appears unjustifiable to
run after the last case of leprosy.

Prof. Levy: Would it not be appropriate
to discuss the trials in Micronesia in greater
detail? For example, during the several pa-
pers on the program here in the FSM, I
found myself wondering what the results
would be of one more round of screening.

Dr. Blanc: One of the needs that has been
expressed is that relating to evaluation of
the data from the programs in the three
Western Pacific countries in which entire
populations have been screened and, in
some, chemoprophylaxis administered. I
had hoped that a result of this Workshop
would be the recommendations of the ex-
perts assembled here.

Prof. Lechat: The purpose of this Work-
shop, as I understand it, is not so much to
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evaluate data, as from a clinical trial, but
rather to attempt to interpret the data in a
way that will enable us to define a strategy
for chemoprophylaxis interventions.

Dr. Noordeen: May we conclude that the
data presented here justify such an interven-
tion?

Prof. Levy: I think that the data clearly
justify the activity surrounding the adminis-
tration of chemoprophylaxis. Although it
may not be clear that chemoprophylaxis
was effective, there is no doubt that the in-
tensive screening led to the discovery of a
great many new cases.

Dr. Noordeen: There is a parallel in
MDT. Implementation of MDT resulted in
much improved treatment of patients. In ad-
dition, there were many indirect benefits—
improved case detection, better case hold-
ing, better organization of leprosy-control
activities, and diminished stigma. These
were not intended, but they would not have
occurred without MDT. In the same way,
chemoprophylaxis brings with it detection
of backlog cases, improved case holding,
and MDT treatment of patients.

Prof. Smith: Surely you are not arguing
that this justifies chemoprophylaxis every-
where.

Dr. Noordeen: You’re correct. These are
indirect benefits, but not the purpose of
chemoprophylaxis.

Prof. Ji: One could achieve the same
goals by means of a leprosy elimination
campaign (LEC), without prophylaxis.

Prof. Levy: I agree, but if one is already
engaged in mass screening, why not also
administer a dose of RMP?

Prof. Ji: Do we have enough evidence to
justify the chemoprophylaxis?

Prof. Levy: That was the point I made
earlier—we can’t wait to accumulate the
evidence. Ten years, more or less, will be
required; why wait?

Prof. Lechat: I agree with Prof. Ji. If effi-
cacy has not been proven, and if there is
some risk of serious side effects, I think it
would be unethical to embark upon such a
program.

Prof. Ji: For this reason, I support Prof.
Levy’s suggestion that an additional round
of screening be carried out. This may be the
only opportunity to obtain evidence of effi-
cacy of the chemoprophylaxis.

Dr. Blanc: We already have good evi-
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dence of the efficacy of ROM.

Prof. Ji: I agree and I disagree. Certainly
ROM is active in treating leprosy. However,
we certainly do not know whether a dose of
ROM is capable of preventing the disease.
Another round of screening in the FSM af-
ter two or three years might represent the
only opportunity to obtain data regarding
the efficacy of ROM chemoprophylaxis.
And it would not be necessary to wait an
additional ten years.

Dr. Noordeen: Even assuming the
chemoprophylaxis to be effective, could it
have a global or national impact? It appears
clear that chemoprophylaxis could be em-
ployed only in a more localized fashion,
and have only a local impact. With respect
to MDT, we believe that every patient
everywhere should be treated with MDT.
We do not believe that every individual at
high risk of leprosy should be administered
chemoprophylaxis, but that chemoprophy-
laxis should be employed only in certain
specific situations. A question that might be
raised is how should one define “high risk”?

Dr. Gupte: I suggest that any population
in which the new-case detection rate is 1
per 10,000 or greater might be defined as a
high-risk population.

Prof. Smith: Such a low rate would result
in the treatment of enormous numbers of
people. I suggest that the minimal rate be
10 per 1000. Although there are very few
communities with so high a case-detection
rate, consider the “numbers necessary to
treat” (NNT). One can’t consider treating
thousands of people to prevent one case.
Employing a chemoprophylaxis that is 100
percent effective, one would need to treat
1000 to prevent one case, if the case detec-
tion rate were 1 per 1000. I believe that the
risk of serious side effects would prohibit
chemoprophylaxis in such a situation.

Prof. Ji: For the purpose of comparison,
chemoprophylaxis against MAC infection
has a ratio of 6:1, i.e., one must treat only
six people to prevent one case.

Dr. Noordeen: We could not envision a
similar ratio with respect to leprosy. On the
other hand, Prof. Smith’s suggested figure
of 10 per 1000—one percent—reflects the
situation among household contacts.

Prof. Smith: Remember that a detection
rate of 1 per 1000 requires the treatment of
1000 people to prevent one case. With re-
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spect to the FSM, certainly within the pop-
ulation are foci in which the detection rate
approaches one percent. Perhaps chemo-
prophylaxis should have been restricted to
these foci.

Dr. Blanc: If we limit our activity to very
high-risk groups within a population at rel-
atively high risk, aren’t we returning to the
situation exemplified by the trial of acedap-
sone in Pingelap? There was an impact on
the case-detection rate, but it was limited to
only two years because, it was believed, the
population was not protected against the
risk of infection from outside the very high-
risk group.

Dr. Diletto: Upon review of the village-
by-village data in Pohnpei and Chuuk
States, it is clear that there are indeed vil-
lages in which the case-detection rate ex-
ceeded 1 percent.

Prof. Lechat: The denominator, consist-
ing of those who have been administered
chemoprophylaxis, includes would-be pa-
tients who are infected but who probably
cannot transmit the organism. On the other
hand, we know that the patients who are not
detected and are not treated for some period
can definitely transmit the organism. There-
fore, is it not reasonable, because one must
screen the population in any case, to detect
the cases as early as possible and administer
MDT, so as to render them noninfectious,
and thus prevent transmission? This is
cheaper, more effective and absolutely safe.
This is in fact what is done in a LEC.

Dr. Noordeen: The bulk of the cost of a
program of chemoprophylaxis results from
the screening, which is essential to the pro-
gram; the drugs are costly, but do not ac-
count for a large fraction of the cost of the
program. Where does one go from here? I
think that one should weigh the cost of
screening, the cost of the single-dose
chemoprophylaxis, the resources available,
and the perception of what represents high
risk.

Dr. Blanc: There is a problem in the
identification of high-risk foci because, in
fact, one must depend for this upon passive
case detection. It is only after one is aware
of the existence of high-risk foci that one
plans a program of screening and chemo-
prophylaxis.

Dr. Noordeen: Can we proceed with pro-
grams of chemoprophylaxis without first
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obtaining additional data with respect to ef-
ficacy? To this moment, we have depended
upon experimental data attesting to the effi-
cacy of the drugs against M. leprae, and the
effectiveness of the drugs in the treatment
of patients. In addition, a few studies have
demonstrated the efficacy of chemoprophy-
laxis with dapsone and acedapsone. Do the
available data confirm the efficacy of ROM
chemoprophylaxis?

Prof. Smith: The available data are not
adequate, and we require a randomized
controlled trial of chemoprophylaxis to
demonstrate efficacy.

Prof. Levy: Why don’t we examine the
available data more closely?

Dr. Noordeen: But a controlled trial will
be very demanding. Does any of us believe
that the available data should permit some
reasonable conclusion?

Dr. Gupte: I believe that a careful analy-
sis of the available data may lead to some
useful conclusions.

Prof. Lechat: We have collected a con-
siderable quantity of data in these three
countries, and it would be a serious error
not to exploit this opportunity to the fullest.
However, it appears likely that such an ef-
fort will not provide an unequivocal an-
swer, and we will be left with the necessity
to mount a formal controlled trial in order
to demonstrate efficacy.

Prof. Ji: Because of the lack of a control
group, I don’t believe that it will it be possi-
ble to determine the efficacy of ROM
chemoprophylaxis from the work in the
FSM, RMI and Kiribati.

Dr. Noordeen: It is my impression that
the consensus of this group is that, before
deciding upon a formal controlled trial, we
examine the available data more closely
and conduct a third round of screening.

Prof. Smith: I believe with Prof. Ji that,
because these programs were not designed
for this purpose, we will not be able to state
with confidence that chemoprophylaxis was
or was not effective. We should certainly
examine the available data more closely
and conduct another round of screening, but
these activities will not serve as a substitute
for a formal trial.

Dr. Blanc: I agree with Prof. Smith. The
three programs in the Western Pacific were
designed to assist in control of the disease in
the face of high endemicity; there was never
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any intention to measure the efficacy of the
chemoprophylaxis. It was assumed, on the
basis of experimental evidence, that ROM
was an effective antimicrobial combination,
and the results of the trial in the Marquesas
were taken as evidence that a single dose of
RMP was by itself effective as chemopro-
phylaxis. A third round of screening and a
closer examination of the data should pro-
vide some measure of efficacy.

Dr. Noordeen: When one introduces a
new drug or regimen into a population, is
not one obliged to attempt to determine
whether it is effective or not?

Prof. Lechat: It has been said that ROM
chemoprophylaxis was introduced to deal
with an emergency. What was the nature of
the emergency?

Dr. Yuasa: Perhaps “emergency” is too
strong a term. There were many new cases
and a continuing high prevalence, and we
assumed that, unless something were done,
there would be many more. It was clear that
MDT as it was being applied was not
enough. Perhaps it would have been suffi-
cient simply to improve the MDT program;
however, based on our 20 years of experi-
ence in this part of the world, that degree of
improvement appeared unlikely, and it was
believed necessary to add something that
would produce results in the short term. We
took a chance—I believe a reasonable
chance. The intention was not to carry out
research. On the other hand, we felt that
something had to be done, if we were to
reach the elimination target. Chemoprophy-
laxis was the only additional measure we
could think of.

Prof. Lechat: Particularly with the his-
tory of leprosy in this area, the addition of
chemoprophylaxis appears reasonable. The
question now is whether we can extrapolate
from the experience here.

Prof. Levy: As I recall, there were spe-
cial circumstances that dictated the addition
of chemoprophylaxis. Not only was there a
continuing high prevalence, but also there
had been discovered during the previous
year a large number of children with MB
disease, suggesting that there was continu-
ing active transmission despite a reasonable
effort to apply MDT.

Prof. Smith: I don’t think it’s appropriate
to second-guess the decision to employ
chemoprophylaxis. The important question,
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as Prof. Lechat has pointed out, is whether
we can generalize from the experience here.
I believe that we should pursue the obtain-
ing of additional evidence here, but I do not
believe that there will result sufficiently ro-
bust evidence to permit us to generalize to
other situations.

Prof. Lechat: I believe that we should not
be satisfied simply with the statement that
we should exploit the data from the three
Western Pacific programs to the maximum.
I believe that we should also prepare a list
of those items in which we are most inter-
ested. Specifically, what information can be
extracted from these programs?

Dr. Noordeen: I believe that we are com-
ing to a consensus. We wish to learn the ef-
fect of the chemoprophylaxis in this popu-
lation. We believe that the information pre-
sented is not sufficient to permit firm
conclusions. Additional analysis may be re-
quired, as well as the collection of addi-
tional data. In my opinion, it is not neces-
sary once again to screen the entire popula-
tion of the FSM, but it would be sufficient
to screen the population of selected com-
munities in Pohnpei State. Collecting addi-
tional data in outlying islands and sparsely
populated areas, such as Yap State, is sim-
ply not feasible.

Prof. Lechat: It’s not so much a matter of
collecting additional data as of making
available additional data that have already
been collected but have not been included
in the reports presented here.

Dr. Noordeen: A third round of screen-
ing is already being planned. I suggest that
Dr. Blanc appoint an epidemiologist who
would analyze as completely as possible the
available data, and plan the optimal ap-
proach to collecting additional information.
It may be possible to establish trends; a
controlled trial is ideal, but is not always
possible.

Prof. Ji: In the FSM program, 80 new
cases were detected in the course of the sec-
ond round of screening, of whom 12 had
been administered chemoprophylaxis dur-
ing the first round. Thus, 68 new cases
arose among those who had not been
treated in the first round. Does this informa-
tion have any value?

Prof. Smith: The information is limited
in two ways. First, allocation to the two
groups—those treated and those not
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treated during the first round—was not
random, and is likely to have been highly
biased. Second, those not treated during
the first round were similarly not screened
at that time, and the new-case detection
rate among them is likely to be the same as
that during the first round among those
who were treated during the first round.
Therefore, a comparison of the two groups
is not very meaningful. Again, I wish to
point out that, although it will be possible
to perform additional analyses, there will
remain important limitations to what can
be learned.

Prof. Ji: Prof. Smith’s points are well-
taken. However, compare the figures. Those
who had been administered chemoprophy-
laxis during the first round yielded a case-
detection rate of 1.5 per 10,000 during the
second round, whereas the rate among
those not screened and not treated during
the first round was 22 per 10,000. Doesn’t
this difference suggest that the chemopro-
phylaxis was efficacious?

Prof. Lechat: This is exactly the sort of
question that should be considered by Dr.
Blanc together with some experts.

Dr. Noordeen: Can we agree on that, if
this is thought necessary? We have agreed
upon some needs and opportunities for
chemoprophylaxis, particularly among
high-risk groups such as household con-
tacts, although we could not define the de-
gree of risk, and that chemoprophylaxis
may be useful in achieving the elimination
target. Moreover, we have agreed that the
data available from the programs in the
FSM, RMI and Kiribati should be re-ana-
lyzed, and more should be collected, as by a
third round of screening. Dr. Diletto or Dr.
Blanc, how had you planned to proceed in
the FSM?

Dr. Blanc: The plan was to assess the
sensitivity of the surveillance mechanism
after completion of the chemoprophylaxis
program by allowing patients to report to
the health center of their own initiative, and
then screening the populace of villages of
high endemicity to learn how many cases
had been missed. It now appears important
to make a better assessment of the trend of
new-case detection.

Dr. Farrugia: The program in the RMI
differed in one important aspect from that
in the FSM. In the RMI, chemoprophylaxis
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has been administered only to household
contacts, whereas in the FSM, it was ad-
ministered to the entire population. Dr.
Diletto, among the population administered
chemoprophylaxis in the FSM, can you dis-
tinguish the household contacts?

Dr. Diletto: No, unfortunately
Recording was done village-by-village.

Dr. Daulako: In the FSM, the teams gen-
erally received the population in some cen-
tral venue in each village, whereas in Kiri-
bati, although the entire population was
screened, the teams went from house to
house. As a result, in Kiribati, it will be
possible to consider the household contacts
apart from the noncontact population.

Dr. Blanc: The data that have been pre-
sented thus far from the work in the three
countries of the Western Pacific are only
preliminary. I’m confident that some of the
questions that have been asked could be an-
swered if one were to examine the available
data more closely. One task that has not yet
been completed is to re-interview all of the
patients to ascertain whether their lesions
appeared before or only after chemopro-
phylaxis. I don’t believe it will prove a dif-
ficult task to review all of the records and
extract additional information.

Dr. Gupte: Re-interviewing patients may
not be very helpful. One wonders how well
the patient will remember if he was admin-
istered a single-dose treatment, and when it
was, in relation to the onset of his lesions.
Because we wish to observe trends, what
will be important is to carry out screening
and detect the new patients.

Prof. Smith: An important outcome of
the programs in the three countries is the
accumulation of valuable experience in im-
plementing chemoprophylaxis. Information
regarding the reasons for excluding resi-
dents from chemoprophylaxis, and infor-
mation with respect to adverse reactions is
valuable, and should be published. Just
think—in the FSM, 150,000 doses of
chemoprophylaxis were administered to ap-
parently healthy people.

Dr. Keller: No serious adverse reactions
were encountered in Pohnpei State—noth-
ing more serious than urticaria and nausea
and vomiting.

Dr. Noordeen: I'd like to call attention to
the “individual benefit” of chemoprophy-
laxis, as distinct from the “public health

not.
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benefit.” There can be no doubt of the ben-
efit of chemoprophylaxis to the individual
who is a household contact or a member of
a high-risk group, given an effective drug or
drug regimen. How would one employ such
a chemoprophylaxis?

Prof. Smith: I believe much would de-
pend upon the degree of efficacy. One
might employ a chemoprophylaxis that is
100 percent effective differently from one
that is only 50 percent effective. One also
needs to consider the risk of side effects, the
cost and the quantity of resources available.
With respect to the benefit to the public
health, this will vary with the proportion of
the community deemed to be at high risk. If
this proportion is very small, the benefit to
the population would be similarly small.

Prof. Ji: In designing a trial to measure
the efficacy of a chemoprophylaxis, one
would need first to decide the minimal level
of protection that would be useful. What
should be the minimal level; is 50 percent
high enough?

Dr. Farrugia: In the Marquesas trial, the
level of protection was calculated to be
about 50 percent. Cartel thought that this
was too low a level to be useful.

Prof. Smith: Much depends upon the
level of risk. If the risk is very high, 50 per-
cent protection is worth having. If, on the
other hand, the risk is very small, then even
100 percent protection might not be suffi-
cient justification for a program of chemo-
prophylaxis.

Dr. Gupte: In designing our Indian vac-
cine trial, we assumed a protective efficacy
of 65 percent. The prevalence of leprosy
had decreased to a level of about 10 per
10,000, and we calculated that about 10
years would be required to reach the target
of 1 per 10,000.

Dr. Noordeen: Although you have shown
that a potent vaccine to some extent aborts
incubating infections, its primary purpose is
to protect the uninfected. On the other hand,
chemoprophylaxis aborts incubating infec-
tions, so that its effect should be evident
much more immediately.

Dr. Izumi: Early case finding is essential
to the success of a program of chemopro-
phylaxis. A continuous monitoring system,
which should be most helpful in case find-
ing, requires the active participation of the
members of the community.
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Prof. Smith: In thinking about the nature
of the chemoprophylaxis to be employed, I
have a question for Prof. Ji. You have said
that the likelihood of side effects is smaller
with a one-drug regimen than with a three-
drug regimen, and that the risk of selection
of drug-resistant mutant M. leprae is ex-
tremely small. However, if one extrapolates
the bacterial population of the infected indi-
vidual—approximately 10°—to a commu-
nity of 1000 infected individuals, is not the
bacterial population exposed to the drug
now approximately 10°, and can you still
say that the risk of selection of mutants is
extremely small?

Prof. Ji: The total population of M. lep-
rae in the community must certainly be
larger than 10°. On the other hand, work
published a number of years ago by Dr.
Blanc and his colleagues at the Institut Mar-
choux in Bamako, Mali, demonstrated that,
although single doses of RMP were insuffi-
cient to prevent relapse in MB patients,
who had become smear-negative on dap-
sone monotherapy, the single doses were
also insufficient to select the RMP-resistant
mutants, i.e., none of the relapses was
found to be RMP-resistant.

Prof. Levy: I remember a paper by Gros-
set and his colleagues in which it was
shown that the risk of relapse with RMP re-
sistance was related to the number of doses
of RMP as monotherapy that the patient
had received. Those patients who had re-
lapsed after only a few doses of RMP re-
lapsed with RMP-susceptible organisms.
Thus, the risk that a single dose of RMP as
chemoprophylaxis will select the RMP-re-
sistant mutants must be negligible.

Dr. Izumi: What is the risk that a single
dose of RMP will select RMP-resistant mu-
tant M. tuberculosis, should an undiagnosed
tuberculosis patient inadvertently be admin-
istered the chemoprophylaxis?

Prof. Ji: A single dose of RMP has virtu-
ally no effect upon a population of M. tu-
berculosis. M. tuberculosis is much less
susceptible to RMP than is M. leprae.

Dr. Izumi: If a single 600-mg dos~ of
RMP is not capable of selecting the RMP-
resistant mutants, does this mean that, after
such a dose, RMP-susceptible M. leprae
will survive?

Prof. Ji: Yes. This is probably the case
for whatever chemoprophylaxis regimen is
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employed. And among those inapparently
infected individuals with exceptionally
large bacterial populations, there will be
failures of chemoprophylaxis.

Dr. Noordeen: If I may summarize our
conclusions with respect to chemoprophy-
laxis, chemoprophylaxis employing an ef-
fective regimen is valid for household con-
tacts and high-risk groups and populations.
The open questions have to do with effi-
cacy, the minimal level of risk, side effects,
cost and availability of resources, and oper-
ational issues—organization of distribution
of drugs; acceptability of the program to in-
dividuals, populations, and health services;
the difficulties of excluding patients with
leprosy; and the need concurrently to treat
the patients. A formal trial of a single 600-
mg dose of RMP is recommended to estab-
lish evidence of efficacy. Finally, chemo-
prophylaxis cannot be recommended for
program use until the efficacy of a regimen
has been established.

May we now turn our attention to im-
munoprophylaxis? Three vaccines appear
to be effective—BCG, BCG+HKML, and
the ICRC bacillus.

Prof. Levy: An obvious difficulty is that
the combined vaccine will no longer be
readily available. The ICRC vaccine would
be much more readily available, if we were
satisfied that it is efficacious. At least one
more formal trial of the ICRC vaccine
should be carried out in a setting other than
India.

Dr. Matsuo: Is there evidence that any of
the vaccines prevents MB leprosy, or that
they are capable of converting Mitsuda-
negatives to reactors?

Dr. Gupte: In the trial of BCG in South
India, smear-positive cases were not pre-
vented, but BCG did prevent borderline
leprosy. In our trial, we found that Mitsuda
reactivity did not correlate well with pre-
vention.

Prof. Smith: It appears likely to me that
one could usefully apply a vaccine at a
lower level of risk than would be required
to justify a program of chemoprophylaxis,
because the effect of the immunoprophy-
laxis endures for a much longer period of
time than does that of chemoprophylaxis.

Dr. Gupte: We have evidence that the
protection conferred by the two most effec-
tive vaccines endures for at least six years.
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Dr. Noordeen: Is there evidence that the
protective efficacy of BCG against tubercu-
losis wanes over time?

Dr. Blanc: The protective efficacy of
BCG varies very widely from one place to
another. In general, the protective efficacy
of BCG against tuberculosis lies in the
range 30-50 percent. There is general
agreement that it prevents the severe forms
of tuberculosis—miliary tuberculosis and
meningitis—in children.

Dr. Gupte: There is clear evidence that
the protective efficacy of BCG against tu-
berculosis wanes over time.

Prof. Smith: There is an additional bene-
fit to BCG, in that it protects against both
leprosy and tuberculosis. On the other hand,
the vaccine must be living, so that its distri-
bution requires a cold chain, which may
pose operational difficulties.

Dr. Noordeen: The efficacy of chemo-
prophylaxis depends upon concurrent treat-
ment of patients so that the risk of infection
after prophylaxis is diminished. The effi-
cacy of immunoprophylaxis does not de-
pend upon concurrent treatment.

To conclude, many of the open questions
that are pertinent to chemoprophylaxis ap-
pear also to pertain to immunoprophylaxis,
as well as to the possibility of combining
chemoprophylaxis and immunoprophylaxis.

Conclusions and Recommendations

Chemoprophylaxis employing dapsone
or diacetyldapsone has been shown to be ef-
ficacious in the individual, and chemopro-
phylaxis employing rifampin is very likely
to be efficacious. Therefore, the members
of this Workshop recommend: 1) a more
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detailed examination of the data from the
FSM, RMI and Kiribati and 2) the conduct
of a placebo-controlled trial of 600 mg ri-
fampin in a single dose.

Assuming chemoprophylaxis by a single
dose of rifampin to be efficacious, this
could be recommended for use among
household contacts and in very high-risk
population groups (i.e., annual incidence >1
per 100).

The points to be considered before the
introduction of chemoprophylaxis are: 1)
the level of efficacy; 2) the level of risk of
disease, and the proportion of the popula-
tion at high risk; 3) the risk of side effects;
4) operational aspects; and 5) the cost-ben-
efit ratio, and the availability of resources.

Immunoprophylaxis employing BCG
has been shown to be efficacious in Africa,
and immunoprophylaxis employing BCG
plus heat-killed M. leprae or the ICRC
bacillus has been shown to be efficacious in
South India. Therefore, the members of the
Workshop agree that the use of immunopro-
phylaxis is valid for household contacts and
high-risk groups (i.e., annual incidence 21
per 1000).

Points to be considered before introduc-
ing immunoprophylaxis are: 1) duration of
the protection; 2) the level of efficacy; 3)
the level of risk, and the proportion of the
population at high risk; 4) the risk of side
effects; 5) operational aspects; 6) the cost-
benefit ratio, and the availability of re-
sources; and 7) additional, beneficial effects
on other diseases (e.g., tuberculosis).

Finally, the use of a combination of
chemoprophylaxis and immunoprophylaxis
should be considered.
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