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Introduction and implementation of mul-
tidrug therapy (MDT), which was recom-
mended by a World Health Organization
(WHO) Study Group ( 1 ") in 1982, are the
most important developments in the his-
tory of leprosy control activities. Based on
the size of bacterial populations, leprosy pa-
tients are classified into paucibacillary (PB)
and multibacillary (MB); PB patients are
treated with two drugs, rifampin (RMP) and
dapsone (DDS), and MB patients with three
drugs, RMP, DDS and clofazimine (CLO)
( 10 ). Although the duration of MDT for MB
leprosy was recommended originally as a
minimum of 2 years, or to be continued
until skin-smear negativity ( 10 ), the great
majority of national leprosy control pro-
grams discontinue the treatment of MB cases
after 2 years of MDT with highly effective
results ('). Therefore, 2 years has been
adopted recently as the routine duration of
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MDT for MB leprosy by the second WHO
Study Group Meeting ( 9 ).

Up to 1993, more than 4 million leprosy
patients in the world completed their treat-
ment with MDT (" ). Data from routine lep-
rosy control programs indicated that, after
completion of MDT, the relapse rates were
well below 1% ('). In a questionnaire survey
organized by WHO, 467 relapses were di-
agnosed among 92, 194 MB cases, with an
overall relapse rate of 0.51%, or 0.23 per
100 patient-years ( 8 ). In another question-
naire survey, 67 relapses were diagnosed
among 20, 141 MB cases observed during
the period 1984-1992 (with a mean dura-
tion of follow up about 4 years per patient),
the cumulative risk of relapse was 0.77% at
the end of 9 years after stopping MDT, and
the annual rate of relapse ranged from 0.01%
to 0.14% ( 8 ). However, the low relapse rate
must be interpreted with great caution be-
cause the durations of follow up in the ma-
jority of the patients were relatively short;
whereas the relapses after treatment with
any RMP-containing regimens occurred late,
at least 5 ± 2 years after stopping treatment
(4 ). Further accumulation of relapse data is
necessary for the assessment of the long-
term therapeutic effect of MDT.

In our previous report, we have reported
that in a group of MB patients treated with
2 years of MDT the overall relapse rate was
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2.9%, or 0.8 per 100 patient-years (4 ). Be-
cause the results were obtained only after
41.9 ± 12.1 months of follow up, we em-
phasized the need to continue following up
these patients ( 4 ). After an additional 2'/2
years of follow up, the overall relapse rate
of the group has increased tremendously, to
20.0% or 3.3 per 100 patient-years. To cope
with such an alarmingly high relapse rate,
we believe that action in preventing relapse
should be and could be taken, because we
have observed a clear correlation between
relapse and the size of the bacterial popu-
lation in patients before and at the end of
MDT.

PATIENTS AND METHODS
Patients. Between 1984 and 1986, 75 MB

patients were admitted to the Institut Mar-
choux and were treated for 2 years with the
WHO/MDT regimen (4 ). Patients were hos-
pitalized until completion of therapy. All
drugs, including daily DDS and CLO, were
administered under supervision by medical
personnel. Of the 75 cases, only 44 com-
pleted the scheduled treatment. Among
those 44, 9 were not suitable for analysis of
relapse: 6 had never returned for follow-up
examination by the end of March 1994 and
3 had been seen only during the first 12
months after completing MDT. Thus, only
35 cases have been seen at least once later
than 12 months after completing treatment,
and are eligible for analyzing the relapse rate
(4) .

Before starting MDT, 14 of the 35 cases
had never received antileprosy treatment,
15 had been treated for various durations
with DDS monotherapy, 5 with DDS mon-
otherapy followed by various durations of
DDS plus RMP, and 1 with 6 months of
treatment with a combination of RMP, DDS
and CLO. All 35 cases had multiple, active,
MB leprosy skin lesions (such as diffuse in-
filtration, erythema, macule, plaque, nodule
or leproma) and their Mitsuda reactions to
the lepromin test were all negative, i.e., <3
mm in diameter. Based on histopathologi-
cal examination of skin biopsies, 6 cases
were diagnosed as polar lepromatous (LL)
and 29 as borderline lepromatous (BL) lep-
rosy by the Ridley-Jopling classification (6 ).
On Ridley's scale ( 5 ), the average bacterial
index (BI) calculated from all (normally six)
sites of skin smears ranged from 1.0 to 5.2,

and 18 cases had an average BI of 4.0. All
35 cases had a maximum BI, i.e., the highest
BI among the smear sites of 2 + , and 28
had a maximum BI of 5+. The morpho-
logical index (MI) of the bacilli was :̂1' )/0
in 27 cases. After 2 years of MDT, active
skin lesions disappeared from all cases.
However, skin smears were still positive,
except in cases 177, 197, 213 and 240, but
their MIs became zero.

Follow up. After completion of MDT,
whenever patients came to the clinic a thor-
ough physical examination was carried out,
with special emphasis on the evolution of
pre-existing leprosy lesions and detection of
suspected new lesions. A urine specimen was
collected for DDS analysis, and skin smears
were taken from the same sites originally
examined, if no such examination had been
performed within the last 12 months, and
from any suspected new lesion(s).

Relapse was suspected if the BI at any site
was found to have increased by at least 2+
over the previous value, and/or occurrence
of any active skin lesion with a BI greater
than that in any pre-existing lesion. Further
examinations included repeating the phys-
ical examination, retesting the skin smears,
and taking a biopsy from the suspected le-
sion for histopathological examination, and
for testing the viability and drug (RMP, DDS
and CLO) susceptibility of the organisms by
mouse foot pad inoculation ( 4 ). Relapse was
diagnosed if two of the following three cri-
teria were met: a) a significant increase of
the BI, i.e., by at least 2+ over the previous
value, at any site was confirmed; b) the oc-
currence of a definite new skin lesion; and
c) demonstration of viable organisms by
mouse foot pad inoculation ( 2 ' 4 ).

Statistical analysis. In calculating the
overall relapse rate and relapse rate per 100
patient-years, the number of relapsed cases
after stopping MDT was used as the nu-
merator, the number of patients eligible for
analysis of relapse and their total duration
of follow up, in terms of patient-years, were
used respectively as denominators. The in-
cubation period of relapse after completion
of MDT was calculated as the number of
months between stopping treatment and the
appearance of relapse, and date of relapse
was defined as the midpoint between the
dates of the last examination without re-
lapse and the first examination revealing ev-
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idence of relapse ( 4 ). Results were analyzed
by Fisher's exact probability calculation and
the Student's t test. Differences were con-
sidered significant at the 95% level of con-
fidence.

RESULTS
Of the 35 cases eligible for analysis of

relapse, 29 (82.9%) had been followed up at
least 5 years, and 17 (48.6%) for more than
7 years. By the end of March 1994, the total
duration of follow up was 212 patient-years,
or the mean duration of follow up was 72.7
± 17.3 months per patient. During follow-
up examinations, a urine analysis for DDS
was virtually negative in all cases, indicating
that this group of patients had, indeed,
stopped chemotherapy since completion of
MDT.

The mean value of the average BIs of these
patients was 3.80 ± 1.09 before starting
MDT, and significantly declined to 2.16 ±
1.57 by the time of completion of MDT (p
<0.05). The BI continued to decline in al-
most all cases despite stopping chemother-
apy, and had reached negativity at least once
during the course of follow up in 27 (77.1%)
cases. However, the BIs rebounded or be-
came positive again, accompanied by new
skin lesion(s) in seven cases (The Table).

The overall relapse rate was 20.0% (3.3
per 100 patient-years), very significantly
greater than the figures obtained 21/2 years
earlier from the same group, 2.9% and 0.8
per 100 patient-years, respectively ( 4 ). As
shown in The Table, the incubation period
of relapse varied among the seven relapses:
I relapsed in the third year after stopping
MDT, 1 in the fifth year, 4 in the sixth or
seventh year, and 1 at the beginning of the
eighth year, which is the maximal possible
duration of follow up in the group. The mean
incubation period of relapse was 62.7 ± 18.7
months after completion of MDT, a figure
very similar to that of relapses after stop-
ping treatment with other RMP-containing
combined regimens ( 4 ).

The pre-MDT characteristics of the re-
lapsed cases, including age, male/female ra-
tio, classification of leprosy, and history of
previous treatment, did not differ signifi-
cantly from those of nonrelapsed cases. The
major difference between the two subgroups
is that the relapsed cases had significantly
greater bacterial loads, in terms of average

BI in skin smears, before and also at the end
of MDT. The mean value of the average BIs
before and at the end of MDT was, respec-
tively, 4.71 ± 0.22 and 3.57 ± 1.17 in the
seven relapsed cases, significantly greater
than the corresponding figures in the 28
nonrelapsed cases, 3.58 ± 1.10 and 1.80 ±
1.46 (p <0.05, p <0.01), respectively. In
addition, the average BI before MDT was

. 4.0 in 18 cases and <4.0 in 17 cases; 7
(38.9%) of the former but 0 of the latter
group relapsed (p <0.01); the average BI at
the end of MDT was - 3.0 in 12 cases and
<3.0 in 23 cases, 5 (41.7%) of the former
and 2 (8.7%) of the latter group relapsed (p
<0.05). These results suggested that the re-
lapse rate was closely correlated with the
bacterial load, and relapse was significantly
more frequent among patients with a BI of
^ 4.0 before MDT or a BI of 3.0 at the
end of MDT.

Among the seven relapsed cases, the av-
erage BIs continued to decline after stopping
MDT, as in the nonrclapsed cases, and had
become negative at least once in two cases
(nos. 093 and 108). The mean value of the
seven cases had reached 0.67 ± 0.40 at the
last examination without evidence of re-
lapse. By the time relapse was diagnosed,
the mean value of the average BIs rebound-
ed to 1.99 ± 0.93; the maximum BIs among
the smear sites of each patient were mostly
5+, an increase more obvious than the in-
crease in the average Bl.

When relapse was diagnosed, 5 of the 7
cases only had a single or a few small nod-
ules or lepromas. Although the number of
new lesion(s) was small, they always had a
high BI, mostly 5+, and a high MI, 8.4%
± 4.3% (The Table). The small number of
new lesion(s) suggested that the diagnosis of
relapse was relatively early and, therefore,
the estimation of the incubation period of
relapse may be quite close to the actual one.
The small number of new lesions also ex-
plains the reason why the increase in the
average BI was less obvious than the in-
crease in the maximum BI of the skin
smears.

Skin biopsies were taken from six of the
relapsed cases; biopsy was refused by case
093. The bacilli recovered from the biopsies
were inoculated into foot pads of mice for
testing the viability and drug (RMP, DDS
and CLO) susceptibility of the organisms.
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To date, the results of organisms recovered
from four patients are available, and all
demonstrate the presence of viable organ-
isms in the inoculum, i.e., 5000 bacilli per
mouse foot pad. Three isolates were resis-
tant to DDS (cases 169, 064 and 161) but
none of the four isolates were resistant to
RMP or CLO, suggesting that the DDS-re-
sistance emerged before the administration
of MDT.

DISCUSSION
Because leprosy is such a chronic disease

and relapse occurred late after treatment
with any RMP-containing regimens ( 4 ), it is
understandable that to date (10 years after
the introduction of MDT) data about the
relapse rate of MDT are still very limited.
However, as in the case of other infectious
diseases, after cessation of specific antimi-
crobial treatment, the relapse rate among
MB leprosy is a crucial parameter in as-
sessing the long-term efficacy of chemo-
therapy in leprosy.

After 2 years of MDT, skin smears are
still positive in a significant proportion of
MB patients when the treatment is stopped.
As a result, the demonstration of acid-fast
bacilli in skin smears alone is no longer suf-
ficient for the diagnosis of relapse as it was
during the era of DDS monotherapy. There-
fore, relapse may now be diagnosed only
according to more stringent criteria: a) an
increase in the BI of ^:2+ over the previous
value from any single site of old lesions; b)
the occurrence of definite new skin lesion(s)
which demonstrate a higher BI than any
pre-existing lesion; and c) the demonstra-
tion of viable organisms by mouse inocu-
lation, an indicator of bacterial remultipli-
cation (4). However, because the facilities
for mouse inoculation are not accessible by
most leprosy control programs, and because
viable organisms were demonstrated in
nearly 90% of the clinically relapsed cases
in the previous study (4 ), we believe that the
first two criteria are sufficient for the diag-
nosis of relapse under field conditions. In
theory, relapse may occur in the absence of
obvious new lesion(s) during its early stage
but, in our experience, new lesion(s) must
occur sooner or later in real relapse. Because
the quality of skin smears is far below that
which is desirable in many leprosy control

programs, if the increase in the BI is not
accompanied by new lesion(s), we propose
that the patient be kept under close sur-
veillance and be examined repeatedly every
3 to 6 months. After all, in most cases, re-
lapse is not a clinical emergency, and there
is no need to make a quick decision.

Based on the above-mentioned criteria,
seven relapses were diagnosed in the current
study. Because the mean incubation period
of the observed relapses of 62.7 ± 18.7
months was close to the mean duration of
follow up in the group, 72.7 ± 17.3 months,
it leads to the suspicion that more relapses
will occur as the follow up is prolonged. It
is, therefore, reasonable to believe that in
this group a 20.0% overall relapse rate or
3.3 per 100 patient-years are the minimal
figures of eventual relapse after 2 years of
MDT, very significantly greater than those
obtained from the questionnaire surveys ( 8 ).
Because the relapse rate increased tremen-
dously when the duration of follow up was
extended from 41.9 ± 12.1 months to 72.7
± 17.3 months, and also because the mean
incubation period of the observed relapses
was 62.7 ± 18.7 months, we believe that
relapse occurred late, at least 5 ± 2 years
after stopping MDT, as in the case treated
with other RMP-containing combined reg-
imens.

After further analysis, it is clear that the
relapse rate was closely correlated with the
bacterial load of the patient before or at the
end of MDT: 38.9% and 41.7% relapsed,
respectively, among patients who had an
average BI of ?4.0 before MDT or ^ 3.0 at
the end of MDT; whereas the relapse rate
was, respectively, 0% and 8.7% among pa-
tients who had an average BI of <4.0 before
MDT or <3.0 at the end of MDT. MB cases
with an average BI of 4.0 before MDT are
relatively few in the field where MDT is
implemen-ted. This could be the explana-
tion for the overall relapse rate being low
in the field even after a longer duration of
follow up than the present ( 8 ). Nevertheless,
in reference centers, e.g., Institut Marchoux
where the current study was carried out, pa-
tients with a high bacterial load are still en-
countered regularly, which explains why the
relapse rate in reference centers may be sig-
nificantly higher than that in the field.

The fact that no RMP resistance has been
demonstrated among 50 strains isolated
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from relapsed cases in the previous ( 4 ) and
current study, and relapse was closely cor-
related with the bacterial load of the patient,
suggests that relapses in these patients were
not caused by the emergence of drug resis-
tance but probably by Mycobacterium lep-
rae persisters ( 7 ). The results of the earlier
study suggested that the number of persis-
ters may be higher in patients with a higher
bacterial load (7 ), and the results of the cur-
rent study suggest that higher number of
persisters may lead to greater risk of relapse.

To avoid the high relapse rate after stop-
ping MDT treatment, as observed in the
current study, it is suggested that the du-
ration of MDT be prolonged in patients with
an average BI of 4.0 before MDT or ^ 3.0
at the end of MDT. Taking into account the
difficul-ties in organizing skin-smear service
with desirable quality under field condi-
tions, it is not feasible to repeat skin smears
on a regular basis and, therefore, it might
not be feasible to use the average BI at the
end of 2 years of MDT as an indicator for
the duration of treatment. On the other
hand, the average BI of _4.0 before MDT
may be more practical as an indicator be-
cause skin smears are routinely taken from
every case before MDT is given, and this
indicator does not require that skin smears
be repeated regularly. Because the rate of
decrease of an average BI is about 0:6 units
per year in high BI cases, in order to reduce
the average BI to a level well below 3.0 by
the end of MDT, the duration of MDT may
need to be doubled to 4 years in patients
with an average BI of 4.0 before MDT.

Another point of view would be that, tak-
ing into account that MB patients with an
initial average BI of 4.0 are relatively few
in the field, the total number of relapses in
a control program should be small. Since
the great majority of relapsed cases would
be expected to remain susceptible to RMP
and CLO and it would require tremendous
efforts to upgrade the quality of skin-smear
service which is crucial for detecting pa-
tients with a BI of :̂.4.0, it could be sug-
gested, from an operational point of view,
that any control program should accept that
relapse may eventually occur from a certain
proportion of patients with an initially high
BI and, consequently, it is not necessary to
introduce a lengthy duration of MDT for a
small number of these particular cases.

SUMMARY
Thirty-five multibacillary (MB) leprosy

patients were treated with 2 years of mul-
tidrug therapy (MDT) and followed up reg-
ularly for relapse. Relapse was defined as:
a) an increase of the bacterial index (BI) by
2+ over the previous value from any single
site of old lesions and b) the occurrence of
definite new skin lesion(s) which demon-
strated a higher BI than any pre-existing
lesion. After a mean duration of 72.7 ± 17.3
months of follow up per patient, seven re-
lapses were diagnosed; the mean incubation
period of relapse was 62.7 18.7 months.
The overall relapse rate was 20.0% (or 3.3
per 100 patient-years), very significantly
higher than the figures obtained from the
same group of patients analyzed 21/2 years
earlier, indicating that relapses occurred late
(at least 5 2 years) after stopping MDT.
Further analysis indicated that the relapse
rate was closely correlated with the bacterial
load of the patient, occurring far more fre-
quently among patients with a BI of-4.0
before MDT or with a BI of - 3.0 at the end
of MDT. To avoid the alarmingly high re-
lapse rate, it is proposed that the duration
of MDT be doubled to 4 years in patients
with an average BI of - 4.0 before MDT.

RESUMEN
Trcinta y cinco pacientes con lepra multibacilar se

trataron con poliquimioterapia durante 2 afios y luego
se mantuvieron bajo observaciOn para establecer Ia
frecuencia de recaidas. Una recaida se deliniO como:
(a) un aumento en el indice bacteriano (131) por arriba
de 2+ sobre los valores prcvios, y (b) la ocurrencia de
nuevas lesiones dermicas con BI mayores que los de
cualquicr lesion preexistente. En un promedio de 72.7
± 17.3 meses de seguimiento se diagnosticaron 7 re-
caidas; el periodo de incubaciOn promedio de las re-
caidas fuc de 62.7 ± 18.7 meses. La frecuencia global
de recaida fuc del 20% (3.3 por 100 pacientes-afios),
cifra significativamente mas clevada que Ia reportada
2.5 aims antes en el mismo grupo de pacicntcs. Esto
fuc indicativo de que las recaidas ocurricron tardia-
mente, cuando mcnos 5 ± 2 alms despues de suspender
la PQT. El analisis ulterior indicO que la frecuencia de
recaida correlacionO con la carga bacteriana del pa-
ciente, ocurriendo mas frecuentemente entre los pa-
cientes con un 131 de >4.0 antes de Ia PQT, o en ague-
llos con un 131 >3.0 at final de la PQT. Sc proponc que
la duraciOn de la PQT se cxticnda a cuatro alms en los
pacicntcs con un 131 promedio de >4.0, con el fin de
abatir la alarmantemente elevada frecuencia do recai-
das.
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RESUME

Trente-cinq atteints de lepre multibacillaire ont etc

mikes pendant deux ans par polychimiotherapie (PCT)
et suivis regulierement pour la detection de rechute.

Une rechute etait define comme: a) une augmentation
de l'indice bactérien (113) de 2+ par rapport a la valeur

precedente a n'importe quel site (rune ancienne lesion
et b) ('apparition de nouvellc(s) lesion(s) cutanee(s) bien

dames montrant un 113 plus eleve que n'importe quelle
lesion pre-existante. Apres une duree moyenne de 72.7

± 17.3 mois de suivi par patient, sept rechutes ont etc

diagnostiquees; la periode d'incubation moyenne de la

rechute etait de 62.7 ± 18.7 mois. Lc taux global de

rechute etait de 20.0% (3.3 pour 100 personnes-an-

nees), significativement beaucoup plus &ley& que les

resultats obtenus a partir du meme groupe de patients

et analyses 21/2 ans auparavant, cc qui indiquc que les
rechutes sont survenues tardivement (au moins 5 ± 2

ans) apres l'arret de la PCT. Une analyse ulterieure a
montre que le taux do rechute etait etroitement correlé

avec la charge bacterienne du patient, survenant net-

tcmcnt plus souvent chez les patients avec un IB 4.0
avant la PCT ou >: 3.0 a la tin de la PCT. Alin creviter

ce taux de rechute extremement eleve, it est propose
que la cluree de la PCT snit doublee jusqu'a 4 ans pour

les patients qui ont un IB 4.0 avant la PCT.
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