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Multidrug therapy (MDT) for multiba-
ciliary patients is now imperatively rec-
ommended and largely applied. Dapsone
monotherapy is, however, still used on a
large scale in many countries in the world
where insufficient resources and poor ac-
cessibility of remote areas delay the intro-
duction of MDT. Health officers who are in
charge of leprosy control programs in such
conditions are still concerned with knowing
what the risk of relapse is for the multiba-
ciliary patients, and how long dapsone
monotherapy should be continued after
negativation. Following findings showing
that these cases frequently relapsed after
treatment was stopped, the recommenda-
tion was expressed that they should be treat-
ed for at least 10 years after negativation
( 14). The burden of such a policy on health
services, in terms of maintaining expensive
health care facilities and ambulatory ser-
vices for long-term patients, has, however,
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led to a discussion of whether these patients
really benefit from continuous treatment.
Baseline data on relapses occurring in a large
population of multibacillary cases treated
with dapsone (DDS), and followed over a
long period of time, are therefore necessary
to give valid indications regarding the long-
term surveillance of these patients.

The relapse rate observed after comple-
tion of treatment is also identified as an
important indicator to measure the efficacy
of MDT regimens ( 15). In this scope, it is
interesting to discuss whether data on re-
lapses observed with dapsone monotherapy
could be used as references for comparison.

This paper is, therefore, an attempt to
study the rate and time distribution of re-
lapses occurring in a large population of
multibacillary patients treated with dap-
sone, and to evaluate the effect of different
levels of regularity of treatment on these
indicators.

MATERIALS AND METHODS
Of the 47,068 patients registered in the

Polambakkam Leprosy Center (South In-
dia) between 1955 and 1982, the present
study includes only those who showed a
bacterial index (BI) of 2+ on the Ridley
scale ( 5), at any time during this period, and
reached bacteriological negativity. Bacteri-
ological negativity was defined by two con-
secutive years with a BI equal to 0, the year
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of negativation being taken as the second of
these two years. These criteria were chosen
in order to ascertain both the multibacillary
status, whatever the classification at the reg-
istration, and the smear negativity, by ex-
cluding the cases who were found to present
a BI equal to 0 in a single year. A total of
1886 cases met the above criteria. The def-
inition of relapse was also based on a bac-
teriological criterion, i.e., the presence of
two consecutive years with a BI 1+. This
criterion was satisfied by 254 cases, and from
these, 11 had an incomplete follow-up pe-
riod, and were found bacteriologically pos-
itive the same year they resumed attendance
at clinics. Since we had no indications that
they resumed treatment the same year of
their positivation, they were removed from
calculation in order to avoid overestimation
of the delay of relapses and of the denom-
inator of the relapse rate. Their observation
time until their disappearance was, how-
ever, taken into account. A total of 243 re-
lapses were thus considered. The remaining
1632 patients were either lost to observa-
tion because they died or disappeared or
reached the end of the year 1982 (when the
study period stopped) without relapsing. To
take into account their follow-up time until
withdrawal, the relapse experience of the
population was studied by constructing a
Kaplan-Meier life table ( 7) with censored
observations. Three indicators were calcu-
lated: a) The relapse rate was computed by
dividing the total number of relapses by the
total number of person-years of observation
after bacteriological negativation. The sig-
nificance test for the ratio of two rates with
person-time denominator was computed
using a logarithmic transformation, to ad-
just for the asymmetric sampling distribu-
tion of the rate ratio ("). b) The cumulative
probability of relapse from year 0 to year t
was defined as the complement of the prob-
ability to "survive" (not to relapse) longer
than year t. c) The delay of relapses was
taken as the difference between the first year
of relapse and the second year of negativity.
In fact, since patients were enrolled only if
they presented bacteriological negativity for
two consecutive years, they were not at risk
of relapsing during the second of these two
years. The median delay was calculated as
the moment at which 50% of the relapses

had occurred. The Median Test ( 3) was used
to examine whether two samples came from
populations having the same median.

During the study period, the treatment
scheme was dapsone monotherapy for all
multibacillary patients without disconti-
nuity, even after bacteriological negativa-
tion. As described by Vellut ( 12), the method
of treatment was to try to reach a total dose
of 400 mg to 600 mg of DDS per week.
Regularity was defined as the number of
attended sessions of treatment divided by
the number of organized sessions. Patients
were assumed to have ingested all of the
tablets they received. In a survey carried out
by Vellut in 1966, the number of tablets that
were not ingested was estimated to repre-
sent less than 20% of the total of the tablets
received (unpublished data).

Two periods of treatment were consid-
ered: the smear-positive period, during
which patients presented a BI 1, and the
smear-negative period, when the BI was
equal to 0. During this last period, the bac-
teriological status was assessed by one rou-
tine bacteriological examination per year.
The "follow-up" period refers to the period
of observation starting after negativation.

No inoculation of the mouse foot pad was
performed to test for the presence of DDS-
resistant bacilli.

RESULTS
The 243 relapses were observed in a total

of 18,941 person-years of observation, giv-
ing a crude relapse rate of 12.8 per thousand
person-years, with a 95% confidence inter-
val of 11.2 to 14.4 per thousand. After a
maximum of 25 years of observation, the
cumulative probability of relapse came to
18.9%. Figure 1 illustrates the progression
over time of the cumulative probability of
relapses on a logarithmic scale. No relapses
were observed during the first year after neg-
ativation (i.e., before completion of the first
year of follow-up). As can be seen from the
slope of the curve, the relapse rate is there-
after maximum during the second year of
observation, and then decreases over time
up to the seventh year when it becomes
roughly constant. The last relapse was ob-
served during the 21st year.

In order to study the effect of regularity
of treatment in smear-positive and smear-
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FIG. 1. Cumulative probability of relapse by year

of follow-up.

negative periods, the data have been divid-
ed into four groups of regularity in each
period: < 25%, from 25% to 49%, from 50%
to 74%, and 75%. Figure 2 shows that
patients who had a regularity 75% in the
smear-positive period achieved a lower
probability of relapse than the other three
groups. On the other hand, Figure 3 indi-
cates that each group of regularity in the
smear-negative period led to a different level
of cumulative probability of relapse.

Therefore, it seemed interesting to study
the effect of the different levels of regularity
during both periods. For this purpose, two
levels of regularity have been chosen in each
period, < 75% and ^ 75%. Figure 4 illus-
trates that the highest cumulative proba-
bility of relapse is observed for patients ir-
regular in both periods, and the lowest for
those regular in the two periods. It is note-
worthy that the two groups experiencing the
lower cumulative probabilities of relapse are
those with a high regularity during the
smear-positive period. The corresponding
rates are presented in Table 1. They range
from 4.6 per thousand, for patients regular
in both periods, to 25.0 per thousand for
irregular cases. It shows that an estimation
of the relapse risk has to take into account

25% -0- 2,49 % 50-74 % 0 75 %

FIG. 3. Cumulative probability of relapse by year

of follow-up and by regularity status during smear-

negative period.

the regularity during the two periods si-
multaneously. Again, the lower rates are
found for the two groups with a high reg-
ularity during the smear-positive period.

I t also seemed interesting to study wheth-
er regularity at treatment during one period
or the other had a similar effect on relapse
rates in different time intervals of follow-
up. Table 2 presents relapse rates by regu-
larity status during the smear-positive pe-
riod in three intervals: from 0 to 3 years,
from 4 to 6 years, and at 7 years and more.
H ighly significant differences (p < 0.01) are
found in each of these three intervals, the
relapse rates being higher for patients who
are irregular in treatment.

Table 3 indicates that similar results are
observed when regularity during the smear-
negative period is considered: a statistically
significant difference (p < 0.05) in the 0-3
year interval and a highly statistically sig-
nificant difference (p < 0.01) in the two oth-
er intervals are found between the rates.

The median delay of relapses turned out
to be 4.4 years. It was computed for the two
groups of regularity in each period and
ranged from 3.8 years to 6.0 years, as pre-
sented in Table 4. The Median Test showed

FIG. 2. Cumulative probability of relapse by year

of follow-up and by regularity status during smear-
positive period.

FIG. 4. Cumulative probability of relapse, by reg-
ularity status during smear-positive (P) and smear-neg-
ative (N) periods.
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TABLE 1. Rates of relapse by regularity
status during both smear-positive and smear-
negative periods, per 1000 person-rears (N
= 243).

Regularity
Smear-positive period

< 75%^75%

^

< 75%^No. person- 5488^5053
years

No. relapses^137^46
Relapse rate^25.0^9.1

^

75%^No. person-^1847^6553
years

No. relapses^30^30
Relapse rate^16.2^4.6

no statistically significant differences at the
5% level between groups for the two pe-
riods.

DISCUSSION
Results on relapses that could be used for

inter-study comparisons are scarce in the
literature. One reason is the small number
of patients surveyed and/or the short du-
ration of follow-up after negativation. A
second reason is the lack of standardization
in the research methodology. One example
among others is the definition of the "re-
lapse rate," which is taken either as a simple
proportion (expressed as the number of pa-
tients who relapsed divided by the number
of patients who were negative at the begin-
ning of the study period) or as a "true" rate
with the sum of time-periods of observation
as the denominator (expressed in person-
years of observation).

The present study retrospectively surveys

a total of 1886 multibacillary patients who
were followed-up for 1 to 25 years after neg-
ativation (an average of 10 years) and who
received continuous treatment with dap-
sone monotherapy. The selection criteria
were chosen in order to ascertain with good
specificity the multibacillary status, the
smear negativity, and the bacteriological re-
lapse. Moreover, they are similar to criteria
used in other studies ( 1 . 5. 12 ), which enables
comparisons. A crude relapse rate of 1.28%
person-years was observed, ranging from
0.46% to 2.5%, according to the regularity
status. A further analysis indicated a relapse
rate of 5.0% person-years for the most ir-
regular cases, with a regularity during the
smear-positive period of < 75% and a reg-
ularity during the smear-negative period of
< 25%. These results can be compared to
those described in other studies: a) Erickson
( 4) reported a relapse rate of 1.7% person-
years among 22 patients continuing treat-
ment after negativation, and of 24.4°/0 among
the 11 who stopped treatment. b) Neelan ( 8)
observed a relapse rate of 2.2% person-years
in 454 multibacillary patients followed up
for 1 to 9 years, ranging from 1.5% for the
cases with a regularity > 50% in the smear-
negative period to 3.5% for the cases with
a regularity of < 50%. c) Among 362 lep-
romatous patients treated for about 20 years
with dapsone monotherapy, and subse-
quently released from control, Waters, et al.
( 13) found a relapse rate of 1.04% person-
years of observation during a follow-up pe-
riod of 8 to 9 years; and d) Reconstruction
of the data presented by Almeida, et al. (I)
on 1008 patients followed up for about 9
years indicates a crude relapse rate of 2.2%
person-years, ranging from 1.5% to 3.8%
according to the treatment regularity status.

TABLE 2. Relapse rate by regularity status during the smear-positive period in three time
intervals of follow up (N = 243).

Years
Regularity

75%

75%

No. person-years
No. relapses
Relapse rate (uke)
No. person-years
No. relapses
Relapse rate (%o)
Relative risk
Probabilty

> 7

^

1652^3341

^

45^47

^

27.2^14.1

^

2182
^

6865

^

13
^

37

^

6.0
^

5.4

^

4.5
^

2.6
^< 0.01^

< 0. 01

2342
75
32.0

2559
26
10.2

3.1
< 0.01

0-3^4-6
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TABLE 3. Relapse rate by regularity status during the smear-negative period in three
time intervals offollow up (N = 243).

Years
Regularity

< 75%

75%

No. person-years
No. relapses
Relapse rate (Too)
No. person-years
No. relapses
Relapse rate (%)
Relative risk
Probability

^

2857
^

2214
^

5470

^

70
^

48
^

65

^

24.5
^

21.7
^

11.9

^

2044^1620^4736

^

31^10^19

^

15.2^6.2^4.0

^

1.6
^

3.5^3.0

^

< 0.05
^

< 0.01^< 0.01

0-3^4-6^7

Since our data suggest that relapse rates
depend largely on the regularity of treat-
ment status during both bacteriologically
positive and negative periods, it is therefore
possible that, besides differences in meth-
odologies, different results between studies
could be explained by differences in the reg-
ularity status of the studied populations, or
by different cut-off points chosen to differ-
entiate "regular" and "irregular" cases. The
data presented here also suggest that regu-
larity during the smear-positive period has
a greater effect on relapse rates than regu-
larity during the smear-negative period, and
that a regularity 75% in the first period
is particularly important.

The duration of treatment after negativa-
tion is an issue of continuing interest ( 8 . ' 3 ).
Results published by Neelan ( 8 ) showed that
after 3 years of negativity, the relapse rates
were similar in two groups of patients with
different levels of regularity in the smear-
negative period. This suggested that treat-
ment would be unnecessary beyond 3 years
after negativation. The relapse risk was,
however, still high from 4 to 6 years after
negativation, and no data were available on
relapses occurring at that time if the treat-
ment was stopped. He, therefore, suggested
that it is only after 7 years that patients
could be removed from treatment. The re-
sults presented here do not confirm this con-
clusion, since differences in relapse rates are
still observed after 7 years of negativity. On
the contrary, they support the conclusions
of some previous studies (4. 10, 12) which fa-
vored long-term treatment.

Another suggestion was expressed by Al-
meida, et al. ( 1 ) They found that after 3 years
of negativity the relapse risk was indepen-

dent of regularity during the smear-positive
period. It was, therefore, argued that re-
lapses occurring beyond the first 3 years of
negativation could be reinfections instead
of relapses. Again, this hypothesis is not
supported by our data, since significant dif-
ferences are found even after 7 years in the
direction of higher relapse rates for irregular
patients.

The cumulative probability of relapse
came to 18.9%. With a life-table method,
this indicator takes into account the number
of cases who are left in each time interval
after removing those who relapsed or were
withdrawn. It is thus greater than a simple
proportion (243/1886 = 12.9%).

Very few data are found in the literature
regarding the median delay of relapses cal-
culated in a large population of patients
treated with dapsone and followed up for
many years after negativation. Inter-study
comparisons are also to be taken with great
caution, since the median delay is particu-
larly affected by the research methodology,
i.e., definitions of negativation and of re-
lapse. It is also an indicator whose accuracy
depends on the length of the observation
period and on the sample size. In spite of
this, it has been used by some authors for
the determination of the optimum duration

TABLE 4. Median delay (in years) of re-
lapses by regularity status during shiear-pos-
it ive and smear-negative periods (N = 243).

Period
Regularity

< 75% 75%
Smear-positive
Smear-negative

4.4
4.8

6.0
3.8

0.23
0.14
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of follow-up after completion of treatment,
even when calculated on a small number of
relapses (6 . 9). The following example illus-
trates the difficulty of interpreting the me-
dian delay: In a total of 576 multibacillary
patients registered from 1955 to 1958 and
observed up to 1968, Vellut ( 12) found a
median delay of 5.5 years. Our results relate
to the same source population, with enroll-
ment extended up to 1982, and concern 1886
multibacillary patients observed for an av-
erage of 10 years after negativation. The
median delay of relapses turned out to be
4.4 years, and was not significantly affected
by the regularity status. The difference be-
tween the two studies is best explained by
the variations in the methodology and by
the differences in the number of patients
surveyed and the number of years of ob-
servation.

Potential limitations of this study are
worth mentioning. Firstly, from all of the
multibacillary cases registered in Polam-
bakkam from 1955 to 1982, only those who
were known to reach bacteriological nega-
tivity were enrolled in the study. A selection
bias could have occurred, since positive pa-
tients who interrupted treatment after awhile
could have become negative and presented
a different relapse experience. Secondly, the
negative cases who disappeared may be
those with a low regularity status during
smear-positive and/or smear-negative pe-
riods. A comparison of relapse rates in re-
lation to groups of treatment regularity could
be biased by not taking into account the
most irregular cases. Lastly, an underlying
assumption of the life-table analysis in a
follow-up study is that the probabilities of
undergoing an event remain reasonably
constant over time ( 2). This implies that pa-
tients entering the study in different calen-
dar years would be submitted to the same
risks of relapse. This assumption may not
be verified if the treatment scheme is mod-
ified or if treatment regularity varies in dif-
ferent periods of time, whatever the reason.

Could these results be used as references
with which to compare relapses observed
after MDT? Possibly yes, when the cumu-
lative probability and the rate of relapse are
considered and if the same methodology is
applied. The appropriateness of the use of
the median delay of relapses for the same

purpose would, however, be doubtful. Dif-
ferences in the biological effect between the
two treatments (bacteriostatic for dapsone,
bactericidal for rifampin), as well as the very
low relapse rates observed so far with MDT,
would make the validity of such a compar-
ison questionable. The median delay of re-
lapses observed after MDT could be even
longer than with dapsone monotherapy,
since these "relapses" would occur theoret-
ically in patients freed of all viable bacilli
and would therefore more often he reinfec-
tions.

The generalizability of this study for MDT
lies more in its methods than in its results.
MDT is assessed by evaluating the efficacy
of various regimens, and inter-study com-
parisons will be useful only with reference
to similar methodologies. This study pre-
sents a valid and simple method for de-
scribing the relapse experience in a popu-
lation that could be used for the assessment
of MDT regimens. It includes the construc-
tion of a Kaplan-Meier life table, the cal-
culation of cumulative probabilities of re-
lapse, and the computation of relapse rates
using the number of person-years of obser-
vation as the denominator.

Recommendations for the surveillance of
multibacillary leprosy have to take into ac-
count that dapsone monotherapy is still used
on a large scale when local conditions delay
the implementation of MDT. In conclusion,
regarding these patients, this study suggests:
a) The crude relapse rate and the cumulative
probability of relapse are affected by regu-
larity status during both smear-positive and
smear-negative periods, and an estimation
of relapse risk has to take into account at-
tendance during both periods. b) Regularity
in treatment during the smear-positive pe-
riod is more important than regularity dur-
ing the smear-negative period. c) A regu-
larity _̂- 75% in the smear-positive period
decreases significantly the relapse rate, even
after 7 years of follow-up. There are, there-
fore, no indications that relapses occurring
from that time on are reinfections. d) Dif-
ferent levels of regularity during the smear-
negative period lead to different relapse rates,
and a regularity 75% decreases signifi-
cantly the rates, even after 7 years. In Po-
lambakkam, the rate was still high and it
was better to continue dapsone monother-
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apy. More generally, the decision to inter-
rupt the treatment of negative cases should
be made assessing the risk of relapse on the
basis of the observed rates, and taking into
account the cost of maintaining drug deliv-
ery services; and e) The median delay of
relapses turned out to be 4.4 years, and this
was not significantly affected by regularity
of treatment during either the smear-posi-
tive or smear-negative period.

SUMMARY
Of the 47,068 patients registered in the

Polambakkam Leprosy Center between
1955 and 1982, we selected 1886 cases hav-
ing shown bacteriological positivity at any
time during this period, whatever their clas-
sifications at registration, and subsequently
found bacteriologically negative. After an
average follow-up period of 10 years, 243
relapses were observed, giving a crude re-
lapse rate of 12.8 per person-years of obser-
vation and a cumulative probability of re-
lapse of 18.9%. Relapse rates were found to
be dependent on regularity during smear-
positive and -negative periods; a regularity
greater than 75% in the smear-positive pe-
riod proved to be particularly important.
The results show no evidence that relapses
occurring after 3 years of negativity could
be reinfections, and that the relapse rate was
still affected by regularity 7 years after nega-
tivation. The median delay of relapses was
found to be 4.4 years and was not affected
by the regularity of treatment.

RESUMEN
De los 47,068 pacientes registrados en el Centro Lep-

rolOgico Polambakkam cntrc 1955 y 1982, se seleccio-
naron 1886 casos quc independientemente de su cla-
sificaciOn al ingreso, fueron bacteriolOgicamente
positivos y postcriormente se tornaron bacteriolOgi-
camente negativos. Despues do un periodo de segui-
miento promcdio de 10 afios se observaron 243 re-
caidas, lo quc equivale a una frecuencia global de rccaida
de 12.8 por persona-afios de observaciOn, y una pro-
babilidad acumulativa de rccaida del 18.9%. Se en-
contrO que la frecuencia de recaida dependiO de la
rcgularidad del tratamiento durantc los periodos bac-
teriolOgicamente positivos y los negativos; una rcgu-
laridad mayor del 75% en el period() de positividad
bacteriolOgica resultO scr particularmente importante.
Los resultados no mostraron cvidcncias de que las re-
caidas ocurridas despuês de 3 atios de negatividad pu-
dieran deberse a reinfecciones y quc la frecuencia de
recaida estuviera afectado aun por la rcgularidad del

tratamicnto 7 atios despuês de la negativizaciOn. El
rctardo promedio en la apariciOn de recaidas fuc de
4.4 afios y no estuvo afectado por la rcgularidad del
tratamiento.

RÉSUMÉ
Parmi les 47.068 patients enregistres au Centre de

Lepre de Polambakkam cntrc 1955 et 1982, nous avons
inclus dans l'etude 1886 cas qui furent positifs bacte-
riologiquement a n'importe quel moment durant cette
pet-lode, quelque snit lour classification a l'enregistre-
ment, et qui se sont negatives par Ia suite. Apres un
suivi d'unc duree moyenne de 10 ans, 243 rechutes
furent observêes, donnant un taux de rechute global
de 12,8 pour mille personne-annees d'observation ct
une probabilite cumulative de rechute de 1 8,9%.
L'analyse a dernontre quc le taux de rechute &tail in-
fluence par la regularite au traitement pendant les pe-
riodes de positivite et de negativite; une regularite su-
perieure a 75% pendant Ia phase de positivite est
particulierement importante. Les rêsultats ne demon-
trent pas quc les rechutes decouvertes apres 3 ans de
negativite pourraient etre des reinfections, et indiquent
que le taux de rechute est encore influence par la re-
gularitê 7 ans apres la nêgativation. Lc delai median
des rechutes fut de 4,4 ans, et ne fut pas influence par
Ia regularite au traitement.
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