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Leprosy, caused by Mycobacterium lep-
rue, is responsible for severe deformities,
social stigma and economic loss. With the
introduction of the short course World
Health Organization multidrug, therapy
(WHO/MDT) in the early 1980s, the preva-
lence of the disease has been reduced dra-
matically. The number of leprosy patients in
the world declined from an estimated 5.5
million in 1991 to 2.4 million in' 1994
(WHO press release, 1994). Recently, the
WHO and its collaborators in the leprosy
field have set for their goal the elimination
of leprosy in the year 2000, elimination be-
ing defined by a worldwide prevalence of
less than 1/10,000 (a'). Despite the encour-
aging results with MDT, the incidence of
leprosy remains at a stable level of 600,000
annually (WHO press release, 1994). Thus,
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early detection of new leprosy cases fol-
lowed by adequate treatment will remain
the core of leprosy control for many years
to come.

A rapid method for quantifying viable M.
leprae, an organism which still remains
non-cultivatable in vitro, would he useful
for assessing the efficacy and duration of
existing and newly developed chemothera-
peutic regimens. In addition, such a method
for detection of viable mycobacteria would
have the potential for differential diagnosis
of a relapse and a reversal reaction. Further-
more, it could be utilized to assess subclin-
ical infection with M. leprae. The mouse
toot pad assay (MFA) is a well established
and useful method for measuring the viabil-
ity of M. leprae in vivo ( - 1 . 1 "). However,
MFA is insensitive, time consuming and
very laborious. In the past, several rapid but
indirect techniques have been proposed for
the determination of the viability of M. lep-
rue in vitro, such as the morphological in-
dex (MI) determination ( 21 ), fluorescent
stainings ("), the measurement of the ATP
content ( 7 ) and, more recently, laser micro-
probe mass spectrometry (LAMMS) ( 15 ).
However, all of these assays have limita-
tions in terms of either sensitivity or objec-
tivity or they are not easy to perform ( 2 ' ")).

Based on the notion that nucleic acids
(NA) are present in viable mycobacteria
and are vulnerable to degradation upon bac-
terial death, the polymerise chain reaction
(PCR) for the detection of DNA has been
employed as a method for monitoring the
efficacy of treatment (" 2 `. 2 '). We have em-
ployed nucleic acid sequence-based ampli-
fication (NASBA) ( 5 ) for the detection of
I 6S rRNA as a method to assess mycobac-
terial viability based on the presumption
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that I 6S rRNA is directly associated with
bacterial metabolic activity (H."). In this
study, we present a standardized protocol
for NASI3A analysis for the detection and
identification of M. leprac I 6S rRNA in
skin biopsies. We used this protocol to
monitor the efficiency of treatment in pa-
tients with leprosy and compared NASI3A
results with bacteriological findings.

MATERIALS AND METHODS
Skin biopsies. A total of 301 biopsy

specimens from skin lesions were collected
from leprosy patients residing in The
Philippines, Thailand and The Netherlands.
Patients had been classified as multibacil-
lary (M13) when the mean bacterial index
(B1), based on the enumeration of acid-fast
bacteria (AFB) in slit-skin smears, was 2
and classified as paucibacillary (P13) when
the 131 was < 2. Ninety-five skin biopsies
were collected from untreated MB patients
and 48 from untreated Pf3 patients. In addi-
tion, 158 biopsy specimens were collected
from 80 MB patients at different times after
the start of MDT. As controls, skin biopsies
from seven patients with skin diseases other
than leprosy, such as sarcoidosis and leish-
maniasis, were included as well as speci-
mens from four patients with normal skin
undergoing reconstructive surgery. Parts of
the 4-mm punch biopsy specimens were
frozen and sectioned as described by Yoon,
et al. ("), the others were homogenized i n
5 ml of Hanks' balanced salt solution
(HBSS). The frozen biopsy specimens were
stored at —70°C and transported on dry ice;
these specimens were further processed as
described below. From the biopsy ho-
mogenates in FIBSS, 50 p1 was directly
added to 950 pl of L6-buffer ( 1 ) and there-
after stored at —70°C. No significant differ-
ences between the NASI3A results from
frozen and homogenated biopsy specimens
were found (all comparisons by chi-squared
test: p > 0.05) and, therefore, the NASBA
results of all the specimens were analyzed
together.

HI and morphology. The 131 was deter-
mined by enumeration of AFI3 on sections
in the granuloma after staining by the mod-
ified Fite method ( 14 ). The morphological
index (MI) of the M. leprae was determined
according to Waters and Rees (''') and
stained bacteria were classified either as

solid (uniform staining), fragmented (irreg-
ularly stained but intact bacteria), or granu-
lar (no intact bacteria). A positive MI was
defined by the presence of solidly stained
bacteria (> 0%).

Specimen preparation. From each
frozen biopsy specimen, 5 sections of 5 pm
were cut and put into a conical screw-cap
vial as described by Yoon, et al. ( 24 ). Upon
arrival of the frozen sections of the skin
biopsies at the Royal Tropical Institute in
Amsterdam, I nil of L6- buffer (') was di-
rectly added to the tubes and approximately
100-200 pl of 0.I-mm diameter zirconium
beads (Biospec Products, Bartlesville, Ok-
lahoma, U.S.A.) were put into each tube.
The tubes were shaken in a Minibead-
beater (MiniBeadBeater model 3110;
Biospec) for 220 sec. The lysis of the my-
cobacteria in these specimens and the
biopsy homogenated in L6-buffer was facil-
itated by freeze/hoiling (-70°C/100°C) two
times with an interval of 5 min. After the
last boiling step, the suspensions containing
beads were shaken again in the Minibead
beater for 120 sec. Afterward these tubes
were centrifuged (13,000 rpm) for 5 min to
settle the heads and, subsequently, the su-
pernatants were transferred to new tubes
and stored at —70°C until NA extraction
was performed.

NA isolation. The NA were purified by
the guanidinium thiocyanate method using
silica as described by Boom, et al. ('). The
NA isolate was stored at —20°C until further
use. Two pl of the NA isolate was used for
NASBA.

Amplification, hybridization and de-
tection. NASBA was performed as de-
scribed previously (''') with minor modifica-
tions. The final volume of the reaction mix-
ture was 25 pl to which a 5-pl template was
added. The final concentration of the reac-
tion mixture was 40 niM Tris/I ICI, pH 8.5:
12 mM MgCI,; 70 mM KCI; 5 mM DTT;
mM of each dNTP; 2 mM of ATP, CTP,
UTP; 1.5 mM of GTP and 0.5 mM ITP,
15% (v/v) DMSO, 0.2 mM OT727 and
OT737 An enzyme mixture was assem-
bled so that the final concentration of the
NASBA reaction was composed of 0.1

BSA, 125 mM Sorbitol (Pharmacia,
Uppsala, Sweden), 5 mM DTT, 40 U T7
RNA polymerase (Pharmacia), 8 U AM V-
RT (Seikagaku America, St. Petersburg,
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TABU: I. Detection of the M. leprae
16.S' rRNA by NASBA in skin biopsy speci-
mens from untreated multibacillary (MB)
and paucibacillary (PB) patients.

Classification^No. patients^No. NASBA-positive
patients (%)

NIB 93 84 (90.3)
PB 48 8 (16.7)

Total 141 92 (65.2)

Florida, U.S.A.) and 0.1 U RNAse H (Phar-
macia). Isothermal amplification of the
RNA target was performed by incubation of
these samples at 4 I °C for 1.5 hr.

Detection of the amplified RNA was
done according to the electrochemilumines-
cence (ECL) technique ( 2") with minor
modifications: 5 pl of NASBA product was
diluted 100-fold in RNase-free water. The
5'-biotinylated probe (5'-bio-OT1490 ")
was used to capture the NASBA product.
For the identification of the NASBA prod-
ucts, the M. leprae detection probe (5'-
TAGGA CTTCA AGGCG CATGT-3';
OT 1681) was used (IS). The label used for
ECL-detection was a tris 12,2-bipyridinel
ruthenium [ II] complex. This label emits
light as a result of chemical reactions taking
place at the surface of an electrode. This
signal can he quantified with a dynamic
range over 5 orders of magnitude using a
specifically developed detection instrument.
To increase the specificity of this probe, it
was mixed 1:100 with the four unlabeled
probes containing the species-specific 16S
rRNA sequence for M. smegmatis, M. tu-
berculosis, M. avium/paratuberculosis, and
M. intracellulare (IS). The cutoff value was
calculated as the mean value of the negative
controls (N = 10) plus three standard devia-
tions, being 3000. The entire procedure
from isolation to amplification and detec-
tion can be performed in 1 day.

Controls for amplification. One nega-
tive control for every five clinical speci-
mens was included in order to assess carry-
over contamination during NA isolation and
amplification. These control samples con-
taining only water were randomly distrib-
uted in between and processed along with
the clinical specimens. The presence of in-
hibiting substances in the NA isolate affect-
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Till: FIGURE.^Strength of NASBAa signals in rela-
tion to the histophathological B1 of 76 sections of skin
biopsy speciments from 76 untreated leprosy patients.

ing the amplification reaction was moni-
tored by spiking those samples with a nega-
tive NASBA signal with 10' molecules of
in vitro synthesized RNA containing the se-
quence of 16S rRNA of M. smegmatis (").

Analysis of NASBA. When a positive
NASBA signal was obtained, the presence
of M. leprae in the skin biopsy was consid-
ered. A sample was considered negative
when it did not show amplification in
NASBA and did not inhibit the amplifica-
tion of the spiked amplification reaction.
Skin biopsies containing inhibiting sub-
stances (N = 6) for the amplification reac-
tion were excluded from our analysis.

RESULTS
The detection of M. leprae 16S rRNA by

NASBA in skin biopsies was assessed by
analyzing specimens collected from 141
untreated leprosy patients: 93 MB and 48
PB patients (Table I ). The positivity rate of
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TABLE 2. Detection of the M. leprae
/6,S' rRNA by NASBA in skin biopsy speci-
mens from multibacillary patients during
the course of treatment.

TABLE 3. Detection of the M. leprae
165 rRNA by NASBA in skin biopsy speci-
mens from multibacillary patients in com-
parison with the morphological index."

Treatment atients No. NASBA-positive^ClassificationNo. p
duration (mos.)^ patients (`/r)

Treated NIB

See Results section for details.

0
^

93
^

84 (90.3)

^

1-3
^

104
^

80 (76.9)

^

4-6
^

26
^

5 (19.2)

^

7-12
^

6
^

I (16.7)

^

24
^

18
^

5 (27.8)

Untreated NIB 47
4
3
7
3

NII^NASBA
^

No.

NASBA for the MB specimens was 90.3%
and for the PI3 patients, 16.7%. The 11 skin
biopsies from 7 patients with skin diseases
other than leprosy and 4 patients undergo-
ing reconstructive surgery were all negative
(results not shown).

The Figure shows the numerical data of
NASBA as found in the ECL detection as-
say in relation to the histopathological 131 of
76 skin biopsies from 52 NIB and 24 P13 un-
treated patients. The majority of specimens
with a BI of < 2 were negative in NASBA,
except one, while specimens with a B1 of

2 were mostly positive, except five speci-
mens. A wide range of NASBA signals was
observed, but no relation between the
strength of the NASBA signals and the
histopathological BI could be demon-
strated.

The usefulness of the detection of I 6S
rRNA by NASBA to monitor the efficacy of
leprosy treatment was investigated using an
additional 154 biopsy specimens collected
from 80 MB patients during the course of
treatment. As shown in Table 2, the
NASBA positivity rate declined during
treatment. A significant decrease was ob-
served after only 1-3 months (compared to
the specimens from untreated patients; p =
0.01, chi-squared test) and again after 4-6
months of treatment (compared to the spec-
imens from patients treated for 1-3 months:
p < 0.0001, chi-squared test). Five of the 18
MB patients (27.8%) showed a positive
NASBA signal after 24 months of MDT.
From 2 of these 5 patients further clinical
data were available. One of these patients
had a history of noncompliance with ther-
apy; the other was suspected for a relapse of
his leprosy based on clinical data. Further-
more, this latter patient showed consistent

high levels of anti-phenolic glycolipid-I
(PGL-I) antibody during the entire course
of treatment (data not shown).

To further investigate whether the detec-
tion of I 6S rRNA is an indicator of poten-
tially viable bacteria, the relationship be-
tween NASI3A and the morphology of the
stained mycobacteria was investigated
(Table 3). From 54 untreated MB patients,
the MI was available for analysis. Fifty-one
of these patients had a positive MI of which
47 (87%) were positive in NASBA. The
correlation between the strength of the ECL
signals and the Ml was r = 0.22. Four spec-
imens with a positive MI had a negative
NASBA: these patients had a 131 varying
from 3 to 5 and were also negative in PCR
based on the detection of a DNA sequence
of the pro gene (results not shown 21 ). The
biopsy specimens of the three patients with
an MI of 0 were positive in NASBA: these
specimens, all with a histopathological 131
of 5, were also positive in a PCR. In addi-
tion, from 10 NIB patients on treatment (du-
ration from 3 months to 24 months) with an
MI of 0, NASBA was positive in three. Two
of those three patients were on treatment for
only 3 months and both had a histopatho-
logical 131 of 4. One MI-negative NASBA-
positive specimen was from a patient who
was on treatment for 12 months, and who
was suspected of having a relapse based on
clinical findings.

DISCUSSION
Since M. leprae is non-cultivatable in

vitro, viability assessment and thus the
monitoring of chemotherapy has to rely on
indirect methods which are not sensitive
and/or easy to perform. Since ribosomal
disappearance is one of the first ultrastruc-
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tural signs associated with the loss of my-
cobacterial viability ( 17 ), the presence of
I 6S rRNA may indicate active metabolism
and/or replication. l3ased on this assump-
tion, we have employed previously the
rapid and relatively simple RNA amplifica-
tion method NASBA for the accurate detec-
tion and identification of low numbers of
mycobacteria in order to assess the viability
("). We have previously shown that RNA
detection by NASBA indicates the presence
of viable mycobacteria irr vitro (I"). In this
study, we used NASBA for the detection of
M. leprac in skin biopsies from untreated
and treated leprosy patients, and speculate
that it has the potential to assess the viabil-
ity of M. leprac.

The results of NASBA applied to skin
biopsies from untreated MB patients
showed a high positive rate (90.3%), but
biopsies from untreated PB patients had a
low positive NASBA rate (16.7%). This
sensitivity, high for MB patients and low
for PB patients, is comparable with existing
diagnostic techniques, including PCR and
serology (`'. 12 . 24 ). Only 1% of the total bac-
terial load, being 10 7 to 10' (dead and vi-
able), in each PB patient is viable (").
Therefore, there is only a small chance to
detect viable M. leprac in a few sections
from a skin biopsy and, thus, failure to de-
tect the presence of M. Ieprae in PB pa-
tients by NASBA could be the consequence
of the small fraction of the specimen sub-
jected to testing.

The strength of the NASBA/ECL signals
did not correlate with either the histopatho-
logical BI or the MI values. This may he
due to the intrinsic properties of this RNA
amplification technique. Amplification effi-
ciency in NASBA varies inversely with the
numbers of input RNA molecules used,
with greater efficiency resulting from a
small number of RNA templates C). As a
consequence, NASBA behaves more like
an on/off reaction (The Figure) and no quan-
titative extrapolations from the NASBA/
ECL signals can he made to the number of
RNA molecules in the specimen, unless the
test is specifically adjusted for that purpose
(="). Nevertheless, the qualitative NASBA
results showed good concordance with the
MI (Table 3). Only 4 of the 51 specimens
(7.8%) with a positive MI were negative in
NASBA. However, since the same speci-

mens of these untreated MB patients were
also negative in a PCR assay, it is unlikely
that this discrepancy was caused by a tech-
nical error in the NASBA procedure. More
likely, the MI may overestimate the number
of viable bacteria, due to the time lag be-
tween cell death and degenerative changes
that result in irregular staining (`'). More-
over, the MI determination and the NASBA
were not performed on the same section of
the skin biopsy.

In three specimens from untreated and
three from treated patients, no solid-stained
M. leprac could be identified, while the
NASBA on these specimens was positive
(Table 3). It is unlikely that this is the result
of contamination of the NASBA, since spe-
cial care was taken during specimen pro-
cessing; negative controls were processed
along with all patient specimens and these
remained negative throughout the study. It
is more likely that in these cases the number
of solid-stained M. leprac was underrated.
Although the MI is a good indication of the
viability of the mycobacteria ("), it should
be noted that in case of low numbers of my-
cobacteria present in the section, the quan-
titative outcome of the MI is neither a very
reliable nor a very sensitive measure of via-
bility C).

The idea that RNA degradation occurs
rapidly upon cell death and that RNA detec-
tion by NASBA may, thus, indicate the
presence of viable M. leprae, was illus-
trated by the rapid decline of NASBA posi-
tivity during the course of treatment of MB
patients (Table 2). It is not likely that the
decrease in the NASBA positivity is related
to a decrease in the bacillary load at the site
of the biopsy. In general, BI declines at a
slower pace and, as discussed above,
NASBA was more related to the MI than to
the BI. Our findings are in agreement with
current concepts of the effect of leprosy
treatment: 99.999% of the viable M. /eprae
are killed by a few doses of rifampin C). A
low number of bacteria that remain viable,
the so-called "persisters." is maintained
during treatment ( 3 ). It has been suggested
that such persisting mycobacteria are in a
dormant state during the course of leprosy
treatment and that their elimination depends
upon the host's ability to clear these mi-
croorganisms C). The potential of NASBA
to measure leprosy treatment failures is il-
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lustrated by two patients with positive
NASBA signals at the end of their treat-
ment. One treatment failure could be attrib-
uted to the patient's lack of compliance and
the other to a relapse of infection due to
unknown reasons. The applicability of
NASBA to assess the viability of M. leprae
in conjunction with efficacy of treatment of
individual leprosy patients will be explored
in a prospective study.

In conclusion, NASBA is a rapid and rel-
atively simple tool for the specific and sen-
sitive detection of mycobacterial RNA. The
results presented here support our premise
that the detection of RNA indicates the
presence of viable M. /eprae in skin biop-
sies of leprosy patients. However, viability
studies in mouse foot pads are required to
further sustain our hypothesis. It would be
of interest to investigate whether the pres-
ence of viable M. /eprae at the time of diag-
nosis has any prognostic value for individ-
ual patients in relation to response to lep-
rosy treatment. If, indeed, detection of
mycobacterial RNA provides a rapid means
of viability assessment, then NASI3A pro-
vides a variety of clinical and research ap-
plications for the detection of viable M. lep-
rac. for instance, in detecting persisting and
drug-resistant mycobacteria and in tracking
sources of transmission.

SUMMARY
This study was performed to assess the

value of NASBA"' RNA amplification of a
I OS rRNA target for the detection of pre-
sumably viable Mycobacterium /eprac in
sections of skin biopsies from leprosy pa-
tients. The NASBA positivity rate was
90.4% (84/93) for untreated multi bacillary
(MB) patients !bacterial index (131) 21 and
16.7% (8/48) for the untreated paucibacil-
lary (PB) patients (BI < 2). NASBA positiv-
ity showed a good concordance with the
presence of solidly stained M. leprae [mor-
phological index (M1)1 in skin biopsies
from leprosy patients, but no relationship
could be demonstrated between the strength
of the NASBA signals and the 131. Further-
more, the usefulness of the detection of I OS
rRNA by NASBA to monitor the efficacy of
leprosy treatment was investigated using an
additional 154 biopsy specimens analyzed
from 80 NIB patients during the course of
treatment. The NASI3A positivity rate de-

dined during treatment. A significant de-
crease was observed after only 1-3 months.
These results favor the view that detection
of RNA by NASBA may reflect the viabil-
ity of M. leprae.

RESUNIEN
Este estudio se hiio pant valorar la tecnica de am-

plificacitin de rRNA 16s (RNA NASBA`") para es-
tablecer la viabilidad de Mycobacterium teprae en los
cortex de hiopsias (le piel de pacientes con lepra. La
positividad de NASBA lute del 90.4% (84/93) para pa-
cientes multibacilares (MB) no tratados (indice bacte-
riano, it I, de 2 o mayor) y del I 6.7',.; (8/84) para pa-
cientes paticibacilares no tratados (131 menor de 2). La
positividad de NASBA mustn't una buena concordan-
cid con la presencia de bacilos seflidos en las Nopsias
de piel de los pacientes con lepra, pert) no hub()
relaciOn entre la intensidad de las senates NASBA y el
131. Tambien se investigif la militia(' de la tecnica de
detecciem de r1LNA 16s por NASBA para evaluar la
eticiencia del tratamiento antileproso usando 154 biop-
sias tomadas durante el curso de tratamicitto de 80 pa-
cientes con lepra N113. La positividad de NASBA de-

durante el tratainiento antique una disminticifin
significativa stilt) se observe) despues de I a 3 mews de
tratamiento. Los resultados apoyan la proposiciim de
que la deteccifin de RNA por NASBA puclierzt rellejar
la viabilidad de los bacilos en las lesiones de la lepra.

RESUMI■,
Cette etude a etc realisee pour estimer la vateur de

[amplification (TARN par NASBA' dune cible
d'ARNr de I 6S pour la detection de Al yeobacterium
leprae suppose viable dans des sections de biopsies cu-
tanees provenant de [naiades de la lepre. Le taus de
positivite par NASBA etait de 90.4 1d. (84/93) pour des
patients multibacillaires (N111) non mines inclice bac-
teriologimic(113) 2] ct de 16.7% (8/48) pour des pau-
cibacillaircs (111) non traites ( Ill < 2). La positivite
NASBA a montre tine bonne correlation asec la pre-
sence de M. /clove uniformement colors I indice inor-
phologique (IN1)1 dans les biopsies cutanees de !na-
iades de la lepre, [mils alICLIIIC relation n'a pu cure mice
en evidence entre la puissance des signaux du NASBA
et [113. 1)e plus, Futilite de la detection de [ARNs de
165 par NASBA pour suivre refficacite du traitement
de la lepre a ete etudiee en analysant 154 echantillons
supplementaires de biopsies provenant de 80 inalades
N113 durant !cur traitement. Le taus de positivite du
NASBA a diminue durant le traitement. Une diminu-
tion significative a etc observes :fives settlement I it 3
inois. Ces resultats sort en layoff de [Mee clue la de-
tection d'AIZN par le NASBA petit refleter la viabilite
de AI. /epu'ae.
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