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Thirty eight patients with indeterminate leprosy (HI), at least 4 to 6 years after discharge from
multibacillary (MB) or paucibacillary (PB) schemes of anti leprosy multidrug therapy (MDT), were
submitted to traditional diagnostic procedures for leprosy and to polymerase chain reaction (PCR)
analysis of different clinical samples for detection of  Mycobacterium leprae DNA. No significant differ-
ence was observed for any of the parameters analyzed between PB or MB schemes of treatment and no
indications were found for more efficient outcome of HI using the MB scheme.  Remarkably, 18 (54.5%)
of the individuals were PCR positive in at least one of the samples: positivity of PCR was highest in
blood samples and four individuals were PCR positive in blood and some other sample.  Upon compari-
son of PCR results with clinical and histopathological parameters, no correlation was found between
PCR-positivity and eventual relapse.  This is the first report on detection of  M. leprae DNA in PB
patients, more than half a decade after completion of MDT, suggesting that live bacilli are present and
circulating much longer than expected, although reinfection of the individuals can not be excluded.
Overall, we feel that because of the high sensitivity of the assay, extreme care should be taken about
association of PCR results, efficacy of treatment and disease status.
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Leprosy is a chronic infectious disease caused
by Mycobacterium leprae and is still a public health
problem in many developing countries, including
Brazil with 88,029 registered cases and a prevalence
of 5.51 per 10.000 at the end of 1997 (Brazilian Min-
istry of Health 1998).  According to the clinical spec-
trum proposed by Ridley and Jopling (1966), lep-
rosy is characterized by two polar forms: a
paucibacillary tuberculoid (TT) and a multibacillary
lepromatous lepromatous (LL) form, and by the in-
termediate forms borderline tuberculoid (BT), bor-
derline borderline (BB) and borderline lepromatous
(BL) leprosy.  Indeterminate (HI) leprosy is an early
and instable stage of the disease and, depending
on the host resistance, migrates through the clini-
cal spectrum to one of the definitive forms or goes
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to self healing.  Patients are treated with two or
three different drugs (multidrug therapy; MDT)
during a period of six months to one year, depend-
ing on the clinical form of the disease.

For correct implementation of MDT, the World
Health Organization (WHO) classifies leprosy ei-
ther as multibacillary (MB) or paucibacillary (PB),
according to the Bacteriological Index (BI; WHO
1982).  In Brazil, MDT was implemented in 1986 and
because bacterioscopy was not applied at all basic
health units at that time, the Brazilian National Pro-
gram for Leprosy Control recommended the use of
the Mitsuda test as a parameter for establishing
the treatment regimen in cases of HI leprosy
(Ministério da Saúde 1986).  Patients with negative
response to Mitsuda were included in the MB
group but in some reference centers such patients
were treated according to the recommendation of
WHO.  Leprosy has a long incubation period, a
wide spectrum of clinical manifestations and the
causative agent M. leprae can not be grown in vitro.
This turns detection of subclinical infection and of
early stages of the disease, principally the PB forms
difficult.  Furthermore, evaluation of efficacy of anti
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leprosy chemotherapy is complicated and the only
reliable method to determine bacilli viability is the
mouse foot pad technique (Shepard 1960), which is
expensive, time consuming and can be used only
for MB samples (Baohong 1987).  In consequence,
evaluation of MDT is mostly based on determina-
tion of the frequency of relapse and on the detec-
tion of M. leprae DNA by PCR (THELEP 1987,
Boerrigter et al. 1991, Williams et al. 1992, Jamil
et al. 1993).

Because of Brazil’s particular situation where
cases with HI leprosy had been treated both with
PB and MB MDT schemes, it was possible to evalu-
ate efficiency of these treatment schemes in PB
patients, in a retrospective study on individuals
that had completed treatment, by comparing PCR-
mediated detection of M. leprae DNA with clinical,
histopathological and laboratorial data.

MATERIALS AND METHODS

Patients - This study included 38 patients with
the HI form of leprosy: 17 (44.7%) after treatment
with the MB MDT scheme and 21 (55.3%) after
treatment with the PB MDT scheme, consisting re-
spectively of 12 supervised monthly doses of
rifampicin 600 mg, clofazimine 50 mg and dapsone
100 mg for a maximum of 18 months or 6 supervised
monthly doses of 600 mg rifampicin and daily self
administered doses of 100 mg dapsone for a maxi-
mum of 9 months (WHO 1982).  Patients had been
evaluated at the National Reference Center for Lep-
rosy of the Oswaldo Cruz Foundation in Rio de
Janeiro (14 PB); at the National Reference Center
for Leprosy Alfredo da Mata, Manaus (7 PB and 1
MB); at the Health Center Washington Luis from
São Gonçalo (5 MB); at the Municipal Health Cen-
ter from Duque de Caxias (5 MB) and at the Health
Center Vasco Barcelos from Nova Iguaçu (6 MB).
Patients were selected on basis of the following
criteria: having suffered HI and having (i) an initial
baciloscopic index equal to zero; (ii) negative
Mitsuda test (< 5mm) and (iii) been discharged from
regular treatment for at least 6 (PB) or 4 (MB) years.

Clinical, histopathological and laboratorial
tests for leprosy - Clinical and neurological exami-
nation were performed according to routine proce-
dures and the number of lesions and areas with
decreased sensitivity, alteration in thermal, painful
and tactic sensitivity and the degree of disability
of the patient were determined.  Slit skin smears
were sampled for BI determination from each indi-
vidual and the Mitsuda test was performed follow-
ing standard procedures of the Brazilian Ministry
of Health (Ministério de Saúde 1986, 1993, 1994).
The Mitsuda test was considered positive when at
least 5 mm of erithema and induration was observed.
Histopathological examination was performed only

in cases where maculae or anesthetic area(s) were
present. All procedures were in accordance with
standards of the Ethical Committee.

Sample processing and PCR - Blood, lymph,
hair, nasal secretion and skin biopsy were collected
and processed as described earlier (Santos et al.
1993, 1995).  Amplification conditions were as de-
scribed (Santos et al. 1993), using a M. leprae-spe-
cific repetitive target sequence (Woods & Cole
1989).  For each PCR, a 1 ng, 100 pg and 100 fg
sample of purified M. leprae DNA were included
as positive controls and a negative control for ev-
ery five samples.  Amplification was verified by gel
electrophoresis and ethidium bromide staining and
PCR-negative samples were reconstituted with 1
ng of purified M. leprae DNA and submitted to a
second amplification to verify the presence of PCR-
inhibitors.

Statistical analysis - Statistical significance of
differences was verified using Yates corrected χ2

and p-values with a 95% confidence limit, or using
the Fisher Exact Test.

RESULTS

Clinical and neurological examination - Six
to eight years after treatment discharge, at least
one residual lesion was observed in 3 of the pa-
tients (17.6%) that had been treated with the MB
scheme and 8 of the patients (38%) that had re-
ceived the PB scheme (p = 0.3).  Local paresthesia
was observed in 10 individuals at the site of the
initial lesion and in one individual in a different
area; none had other dermatological or neurologi-
cal sequelae.

Mitsuda test - All individuals were initially
Mitsuda negative and from the 23 individuals from
whom Mitsuda testing was also available after treat-
ment, 15 (65.2%) had become Mitsuda positive while
8 (34.8%) maintained a negative response.  From
the individuals with second Mitsuda testing, 5 out
of 10 (50%) that had been treated with as MB and
10 out of the 13 (76.9%) that thad been treated as
PB (p = 0.36) became positive.  Eight out of the 11
cases with persisting lesions were re-evaluated: 7
(87.5%) demonstrated a conversion in Mitsuda re-
sponse while only one (12.5%) remained negative.

BI - The BI was determined in 31 (81.6%) cases
and AFB were detected in 2 cases, presenting a BI
of less than one according to the Ridley and Jopling
scale (Ridley & Hilson 1967); both patients had
been treated with the MB scheme.

Histopathological examination - For techni-
cal reasons, histopathology could only be per-
formed upon re-evaluation in 4 individuals (3 from
the group treated with PB and one of the group
treated with PB scheme).  In all samples, the results
were unspecific and no AFB were found.
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PCR analysis - Ninety samples from 33 sub-
jects, 14 (42.4%) treated as MB and 19 (57.6%) with
the PB scheme, were submitted to PCR.  Samples
from 18 different cases (54.5%) had positive PCR
and no significant difference of PCR positivity be-
tween PB and MB treated individuals was found in
any specific sample (Table I); PCR positivity was
however higher in individuals that had been treated
with the MB scheme (Table II).  Among the pa-
tients that had positive PCR in blood, 4 were also
positive in at least another sample: 2 in biopsy, one
in biopsy and nasal secretion and one in lymph
and nasal secretion.  No significant statistical cor-
relation was found between conversion in Mitsuda
reaction and PCR-positivity but significant more
positive PCR was observed in individuals where
AFB had been observed in slit skin smears (Table
II).  From the 66 PCR-negative samples, 63 were
tested for the presence of inhibitors: 10 of these (5
blood samples and 5 nasal secretions) demonstrated
the presence of inhibitors and could eventually be
considered as false negative.  No further attempts
to get rid of inhibition in these samples were per-
formed.

DISCUSSION

Although leprosy is one of the older infectious
diseases described to man, many questions on epi-
demiology and pathology of the disease and on
mechanisms of immune response of the host re-
main.  Upon implementation of MDT, several clini-
cal trials to evaluate the efficacy of schemes pro-
posed for treatment of MB and PB leprosy have
been performed (THELEP 1987, Boerrigter et al.
1991).  Although amplification of nucleic acids
seems to be the most sensitive way to monitor
changes in bacterial load during chemotherapy, few
studies focused on the use of PCR as a method for
evaluation of antileprosy chemotherapy.  We there-
fore included PCR in the diagnostic procedures used
for reevaluation of individuals, half a decade after

suffering from indeterminate leprosy and being dis-
charged from treatment with either PB or MB MDT
schemes.

The number of individuals still presenting re-
sidual lesions after treatment was comparable with
that found in another study on patients with PB
forms of leprosy (Dhir et al. 1986).  Bacteriological
examination revealed the presence of AFB in 2 pa-
tients, and, surprisingly, both of them had been
treated with the MB scheme.  It is unlikely that the
presence of AFB detected by microscopy is attrib-
uted to persistent bacteria because of the low de-
tection limit of the technique; detection of AFB in
these individuals could be due to re-infection or to
relapse from MB leprosy after having been wrongly
classified as PB.

Upon comparison of results obtained by PCR
with those obtained by conventional diagnostic
methods, an unexpectedly high number of cases
presented positive PCR.  No relation was found
between detection of M. leprae DNA and pres-
ence of residual lesions or conversion of the
Mitsuda reaction.  Three of the four biopsy samples
were PCR positive in spite of their negative BI: 2

TABLE I

PCR results obtained in different kinds of clinical samples

Sample Treatment scheme PCR+ Statistical significance a

Hair bulbs (26) PB 15 2
MB 11 0 p = 0.21

Blood (17) PB   7 5
MB 10 7 p = 0.95

Nasal secretion (13) PB   6 0
MB   7 3 p = 0.07

Lymph (30) PB 16 2
MB 14 2 p = 0.89

Skin biopsy (4) PB   3 2
MB   1 1 p = 0.50

a: Fisher exact test; PB: paucibacillary; MB: multibacillary leprosy

TABLE II

PCR results obtained in different clinical settings

Clinical settings PCR+ Statistical
analysis a

Treatment scheme 14 MB 10
19 PB 8 p = 0.18

Mitsuda conversion 8 - 4
15 + 11 p = 0.26

Bacteriological Index 28 - 2
2 + 2 p = 0.0001

a: Fisher excact test; MB: multibacillary leprosy; PB:
paucibacillary.
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biopsies were sampled from individuals that had
been treated with the PB scheme and also had a
PCR positive blood sample; another was isolated
from an individual that had been treated with the
MB scheme and was PCR-positive in blood and in
nasal secretion.  Two of these cases were re-evalu-
ated after performing PCR but the persistent lesions
from which the biopsy had been taken were con-
sidered residual.  The 2 patients with positive BI in
slit-skin smear also demonstrated positive PCR in
their blood sample but except for one case (data
not shown), no correlation between the results of
BI and PCR with the clinical/neurological status of
these patients whithin the time frame of our study
was observed.  Detection of bacilli in PB patients
discharged such a long period after treatment has
not been reported earlier.  According to Jamil et al.
(1993) PCR-mediated detection of M. leprae DNA
was achieved 24 months after starting MDT in MB
but not in PB patients.  According to WHO, persis-
tent bacilli can be detected in individuals, 20 years
after having been treated with dapsone
monotherapy (THELEP 1987) and in about 10% of
MB patients, persisters could not be killed by any
drug combination; again, the number of persisters
seemed related to bacterial load (Rafi et al. 1995).

From the different samples submitted to PCR,
the highest number of PCR positives was obtained
in blood (Table I).  Detection of bacillaemia using
conventional techniques has been reported both
for MB and PB forms of leprosy and during leprosy
reaction (Manja et al. 1972, Raval et al. 1982, Jayapal
& Bhatia 1986, Kaur & Handa 1986, Chatterjee et al.
1988, Sen et al. 1989, Zawar et al. 1993), as well as
by PCR in our own studies in BT and TT patients
(Santos et al. 1995).  These studies however were
performed on patients before treatment and AFB
have as far as we know not been reported in blood
by conventional techniques longer than six months
after-treatment.  Considering the short-half life of
phagocytic blood cells and the long period after
treatment before performing PCR, we find it very
unlikely that DNA from dead bacilli was amplified,
therefore suggesting PCR-mediated detection of
subclinical infection with viable M. leprae.  It is
tempting to conclude that we detected persistent
bacilli, but re-infection cannot be excluded because
most individuals included in the study live in an
endemic region for leprosy.  It is not possible to
draw final conclusions on the clinical significance
of the positive PCR in blood of 12 individuals, but
the fact that 4 of them also had positive PCR in
another samples show that this needs further in-
vestigation.

This is the first report on detection of M. leprae
in MDT-treated PB patients after a long period of

follow up and the high level of PCR-positive cases
suggests that in the spite of completion of what is
considered “treatment untill cure”, part of the bac-
terial population is circulating in the body without
apparently cause any damage to the host.  This
observation, together with the fact that only a small
number of infected individuals actually develops
active disease suggests that PCR results should
always be linked to clinical evaluation and used
only for confirmation of cases that are difficult to
diagnose using conventional techniques (Kaur &
Handa 1986, Santos et al. 1997) and for definition of
populations that are at risk of developing the dis-
ease.  Our findings also show that evaluation of
leprosy chemotherapy using DNA amplification
systems should be interpreted with care and we are
worried about the high number of individuals car-
rying “live bacilli” after MDT treatment.  More stud-
ies are needed to determine whether these individu-
als are at a higher risk for developing relapse.
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