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Leprosy continues to be a major public
health problem in India and several parts of
the world. Although the number of leprosy
cases are decreasing with widespread cov-
erage of multidrug therapy (MDT), yet be-
cause of the inability to grow Mycobac-
teriu► leprae in vitro the optimum method-
ologies to diagnose the disease early, to
investigate and prevent its transmission,
and to improve present-day treatment are
yet to be worked out. In the absence of any
acceptable in vitro method of cultivation,
the criteria for diagnosis are essentially
clinical ( 35) and histopathological ("). These
criteria have their limitations, especially in
the case of the early atypical forms which
are becoming more important now when
the proportion of advanced and well-de-
fined types is decreasing. The qualitative as
well as the quantitative demonstration of M.
leprae or its chemical components ( 3 . 30 ) or
antigens ('') in the lesions has been an im-
portant approach to establish the diagnosis
("). Bacteriological assessment by estima-
tion of the bacterial index (131) by the Dhar-
mendra ( 6) and the Ridley scales (17. 24

) has
been an important approach for confirming
the diagnosis of leprosy and for monitoring
the treatment. However, most of these tech-
niques are not that sensitive and specific.
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The polymerase chain reaction (PCR)
described by Mullis and his colleagues ( 26 )
is one of the major technological advances
in molecular biology which has changed
and replaced several conventional strategies
and approaches. During the last decade,
several gene sequences of M. leprae have
been identified and variable sequences-
stretches as targets for probes and PCR have
been identified. Various PCR techniques for
M. leprae have been reported in the recent
years, including the amplification of various
gene sequences: part of the 65 kDa protein
gene ( 8 . 23 . 21 ), the 36 kDa protein gene ( 4 . 9 ),
the 18 kDa gene ( 7 . 31-"); the LSR gene ( 20),
rRNA genes (2. 14. 21 ,) and repetitive se-
quences ("). 34. 36). While these techniques
have been reported to he fairly sensitive in
the initial application reports, there is lim-
ited feedback about their application at the
clinical level. Crossreactivity (if any) with
mycobacterial ( 27 ) and non-mycobacterial
organisms ( 25 ) present in the clinical speci-
mens is important and needs to he investi-
gated in different patient populations from
diverse geographical areas. In this commu-
nication, our experience of the application
of the gene amplification technique target-
ing 18 kDa gene sequences in specimens
from all types of leprosy cases as well as
also with the DNA isolated from the organ-
isms isolated from them is being reported.

MATERIALS AND METHODS
Clinical Specimens

Specimens from 130 untreated leprosy
cases (untreated or < 3 months' treatment)
across the disease spectrum were studied.
These included: 56 paucibacillary (PB) lep-
rosy cases 13 tuberculoid (TT); 43 border-
line tuberculoid (13T), including 2 relapses;
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10 indeterminate (I)1 and 73 multibacillary
(MB) types [22 borderline borderline (BB),
35 borderline lepromatous (BL) and 16 lep-
romatous ( LL) patients]. These specimens
included 110 biopsies and 20 skin scrap-
ings. Fifty control specimens (slit-skin
smears from 30 contacts of leprosy patients
and 20 skin biopsies from healthy controls)
were also studied. All of the biopsies and
skin scrapings for this study were obtained
from the leprosy patients attending the Out-
patient Department (OPD) of the Central
JALMA Institute for Leprosy; specimens
from healthy controls were obtained from
this Institute as well as from S.N. Medical
College and Hospital, Agra, India. Controls
were comprised of individuals who were ei-
ther healthy contacts of leprosy patients or
were attending the clinic for any disease
other than a mycobacterial infection.

Biopsies from leprosy patients, healthy
controls and contacts. Biopsies from ac-
tive lesions of leprosy patients were col-
lected under aseptic conditions using local
anesthesia. With a scalpel an elliptical area
of skin and subcutaneous tissue weighing
about 50-100 mg was removed.

Scrapings from lesions and healthy
controls. After using proper antiseptic pre-
cautions, scrapings as for skin smears were
taken from the leprosy lesions as well as
healthy skin ( 7), collected in peptone water,
and processed. All of these scrapings were
stored at —20°C if not processed immedi-
ately.

Processing of specimens
Biopsies were homogenized in T.E. (pH

8.0, 0.0I M Tris, 0.002 M EDTA) buffer.
Smears were prepared on circular slides for
counting, and specimens were further
processed for extraction of nucleic acids as
well as cultured for mycobacteria and other
aerobic gram-positive and gram-negative
organisms. The smears were stained with
Ziehl-Neelsen stain and examined for acid-
fast bacilli (AFB) which were counted ( 1 ').

Extraction of nucleic acids from biop-
sies/scrapings. A technique based on the
principle of a combined application of ear-
lier-described techniques ('• 12 ) developed
during the study was used ( 15 ). Briefly, the
homogenates/scrapings in T.E. buffer were
frozen-thawed and then enzymatically
treated at 37°C first with lysozyme (3

mg/m1) for 2 hr followed by proteinase-k
(250 ,ug/m1) for 6 hr. To this extract an
equal volume of phenol : chloroform (I:I)
was added and thoroughly mixed. After
centrifugation at 8000 x g x 15 min, the
aqueous layer was removed and an equal
volume of chloroform : isoamyl alcohol was
added. This was again thoroughly mixed
and centrifuged again at 8000 x g x 15 min.
To the aqueous materials, 2 volumes of
chilled ethanol was added and the nucleic
acids precipitated. The precipitates were
separated by centrifugation at 12,000 x g x
15 min; re-dissolved in lysis buffer (6 M
guanidine hydrochloride, EDTA 15 mM, B-
mercaptoethanol 1 mM), and rRNA and
DNA were fractionated (9.

Extraction of nucleic acids in organ-
isms grown from these specimens. Log-
phase growths from the mycobacteria (M.
scrofnlaceum, M. avium, M. avium-intra-
cellulare complex, M. gonlonae, M. 'lave-
scens, M. smegmatis, M. fortuitum, M. che-
lonei, M. phlei) as well as gram-positive
(Staphylococcus aureus, S. albus, Micro-
coccus, Bacillus cereus, B. subtilis, Coryne-
bacterium xerosis, C. hofinanni) and gram-
negative (Escherichia coli, Klebsiella mien-
monae, Pseudomonas aerogenosa, Proteus
vulgaris, P. mirabilis) organisms isolated
from these specimens were harvested. Nu-
cleic acids were isolated by the technique
standardized earlier and stored at —20°C ( 2 ).

Gene amplification. The method as de-
scribed by Williams, et al. ( 32 ) and Williams
and Gillis ( 3 ) was followed for the poly-
merase chain reaction (PCR).

Primers/probes and conditions for PCR.
The primers used for gene amplification
have been described earlier ( 31 • 32 ). The
probe used for hybridization was a 212-bp
fragment prepared after amplification ( 3 ' ").
Primers/probes were synthesized in a Phar-
macia Gene Assembler Plus by following
the procedure detailed in the manual of the
instrument and using reagents from Phar-
macia. Uppsala, Sweden.

Amplification. Briefly, two 25-mer
primers directed the synthesis of a 360-bp
fragment, approximately 80% of the 18-
kDa protein gene of M. leprae. The PCR
was performed using recombinant Ampli-
Taq polymerase with the Gene Amp Kit
(Perkin-Elmer-Cetus Instruments, Norwalk,
Connecticut, U.S.A.). Temperature cycling
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was performed in a programmable Thermal
Cycler with three temperature shifts of
94°C (denaturing, I min); 60°C (primer an-
nealing, I min), and 72°C (extension, 2 min).
In all cases, 45 cycles were used for the as-
say. The amplified product was analyzed by
dot-blot analysis and/or by Southern trans-
fer and detection of an amplified fragment
of 360 by by using a 212-bp probe for the
intros of the amplified fragment as recom-
mended by developers of this assay ( 3 ').

Synthesis and labeling of probes with y
p32 ATP The 212-bp probe was prepared
by PCR amplification of an internal region
of the 360-hp region of the 18-kDa protein
gene using similar conditions and cycle pa-
rameters as for the main amplification for
the 360-bp fragments. This probe was puri-
fied, end labeled with y P32 (using the
method described by Manniatis, et al. Is)
and was used in the hybridization (").

Denaturing amplified DNA and blot-
ting. The procedure as described by Bod-
dinghaus, et al. C) was followed. The dena-
tured DNA amplified was directly applied
on nitrocellulose membrane for clot-blot
analysis using the dot-blot apparatus (BRL;
Life Technologies, Paisley, Scotland). After
blotting, the nitrocellulose membranes were
baked at 80°C for 2 hr in a vacuum oven
(Gallenkamp, Loughborough, U.K.).

Southern tramsfer The PCR products
were electrophoresed with appropriate
markers; the gels were observed under ul-
traviolet light and the bands recorded, and
they were then transferred to nitrocellulose
membranes (BA85; Schleicher & Schuell
GmbH, Dassel, Germany) by the blotting
procedure of Southern ( 2 ').

Hybridization of PCIl product with 212-
hp probe. The hybridization of the dot-blot
filters was carried out as described by Ma-
niatis, et al. ('s) with some modifications.
After baking the blots, the filters were
soaked in 2 x SSC (I x SSC = 0.15 M
sodium chloride, 0.015 M sodium citrate),
0.1% (w/v) SDS for 10 min, and then kept
in hybridization buffer supplemented with
tRNA (10 mg/m1) at 42°C for 2-4 hr for
pre-hybridization. The pre-hybridization
buffer (same for hybridization also) con-
taining 5 x Denhardt 10.1% each of ficoll,
polyvinyl pyrrolidone (PVP) and bovine
serum albumin (BSA) in sterile deionized
water] and 5 x SSC was prepared. Ten nil

of the pre-hybridization buffer containing
50% of formainide (BDH, Ltd., Poole,
U.K.) was added to each polythene bag. Af-
ter 2-4 hr of incubation, the pre-hybridiza-
tion buffer was poured off and 0.2 ml of
fresh pre-hybridization buffer for each
square centimeter of the membrane was
added, and the labeled probe 100 pl (spe-
cific activity > 3000 Ci/mmol) was then
added. The incubation continued at 42°C
for 16-20 hr with the use of 50% form-
amide. When the hybridization process was
completed, the filters were taken out of the
bags and quickly immersed in a 4 x SSC,
0.1% SDS for I hr at 42°C.

Final washing of the hybridized mem-
branes was done with 2 x SSC containing
0.1% SDS for I hr at 50°C. When washing
was completed, the filters were immediately
dried and subjected to autoradiography at
—70°C for the desired length of exposure.

RESULTS
Bacteriological status of patients and
controls

In the 56 clinically PB (TT/BT/I) leprosy
patients' skin, 6 cases had detectable AFB;
53 of the 73 clinically MB (BB/BL/LL)
cases were positive for AFB. Various gram-
positive (Staphylococcus aureus, S. albus,
Micrococcus, Bacillus subtilis, B. cereus,
Corrnebacterium xerosis, C. hglinanni) and
gram-negative (E.vcherichia coli, Klebsiella
pneumonae, Pseudomonas aerogeno.va,
Proteus tulgaris, P wirabilis) and my-
cobacterial strains (NI. scrolulaceum, M.
avium, M. avium-intracellulare complex,
M. gordonae, M. flavescens, M. smegmatis,
M. phlei, M. fortuinan, M. ehelonei) were
isolated from these specimens. The details
have been published elsewhere (".").

Results of gene amplification (PCR)
Sensitivity and specificity. The gene

amplification technique used in this study
( 3 ') exhibited consistent and reproducible
findings. Overall, 41/56 (73%) of clinical
PB cases and 68/73 (93%) of MB cases
were positive by PCR (Table 1). The single
nerve biopsy specimen was also positive by
PCR. There were no false-positives in the
50 control biopsies/skin scrapings exam-
ined, thus showing the specificity of the
technique. There were no false-positive re-
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TABLE I. Trends of overall PCR posi-
tivity in biopsies and skin senwings.

TABLE 2. Relationship between bac-
terial load and PCI? positivity.

Biopsies Skin scrapings T1711171 BB/BL/LL Total % Positive

Specimens No. Total Positive Total Positive > 10' 1/1' 45/45 46/46 100%
104-10' 3/3 10/10 13/13 100%

TF/BT/I 56 46 37 10 4 Not
BB/BL/LL 73 63 60 10 8 detectable 37/52 13/18 50/70 71%
Neuritic I I 1

41/56 68/73 109/129
Total 110 98 20 12

Numerator indicates positive; denominator indi-
cates total specimens.

sults with DNAs from any of the organisms
grown from these specimens and included
in this analysis.

Results of hybridization of PCR prod-
uct with probe. Overall, a total positivity
of 71% (92/130), i.e., single band of appro-
priate size (360 bp) by ethidium bromide
(EB) and blot hybridization was observed.
Eighteen cases who had a suspicious band
by EB staining were confirmed by probe
hybridization and autoradiography. Thus,
the overall improvement in the sensitivity
was 14% (from 71% to 85%) by hybridiza-
tion of the PCR product, which is statisti-
cally significant (p < 0.005). Further, there
were four samples (3%) which were posi-
tive for probe hybridization but did not
have a visible band on EB staining.

AFB positivity vs positivity with PCR.
The data were classified according to AFB
positivity/negativity of specimens, and the
positivity was analyzed in relation to posi-
tive amplification of the 18-kDa gene frag-

ments (Table 2). It was observed that all of
the AFB-positive specimens were positive
by PCR. Overall, 59/59 (100%) of AFB-pos-
itive specimens and 50/70 (71%) of AFB-
negative specimens were positive by PCR;
72% (36/50) of smear-negative PB leprosy
and 75% (15/20) of smear-negative clinical
MB types of cases were positive by PCR.

Relationship between load and positiv-
ity with PCR. Data were analyzed to assess
the relationship between the bacterial load
estimated by the AFB counts and PCR
(Table 2). The specimens were classified into
three groups according to the number of or-
ganisms in them. Group I had >10 5 organ-
isms, Group II had 10 1 to I 05 , and Group III
had undetectable bacilli. It was observed
that PCR positivity in specimens with AFB
was 46/46 (100%), II/11 (100%) and 52/72
(72%), respectively. It is apparent that pos-
itivity rates for PCR were significantly
higher in specimens with countable organ-
isms. However, there was no difference in

+CONTROL
go 41.
^ •

360bp
1^2 3^4 5

^
6 7^8

THE FIGURE. Positive blot results after Southern transfer and probe hybridization: I = Positive control; 2 =
negative control; 3, 4 = suspicious on EB staining and positive on blot; 5, 6, 7, 8 = negative by EB staining and pos-
itive by blot; others negative by both analyses.
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PCR positivity in specimens of Group I and
Group 11(10 1 and more organisms).

DISCUSSION
Leprosy is considered primarily a dis-

ease of the skin and nerves. However, the
infection is usually systemic and it mani-
fests as a spectrum from tuberculoid to lep-
romatous leprosy. The paucibacillary (PB)
type of cases, in which it is difficult to
demonstrate the bacilli, constitute the major
proportion of leprosy in India and several
parts of the world. The technical limitations
in diagnosing leprosy can be overcome to a
great extent by the recent advances in the
application of recombinant DNA technol-
ogy. At present, several probes for various
mycobacteria, including M. 'clime and M.
tuberculosis, have become available. Be-
cause of several hypothesized advantages
like several thousand copy numbers, many
investigators have recently focused on
rRNA targeting probes. These rRNA target-

(13. 15, 22 \ing probes ) can detect most of the
MB cases; however positivity is lower in
PB cases. As in other areas of application,
the most significant advances in molecular
biology of mycobacterial infections has
been the development of gene amplifica-
tion/polymerise chain reaction (PCR). Pos-
itive signals from specimens with less than
10 organisms with gene amplification and
detection with a labeled probe offer a con-
siderably higher sensitivity than any method
known so far. A number of gene amplifica-
tion techniques targeting various genes of
M. leprae have been developed recently
and sensitivity ranging from 1-1000 bacilli
has been reported
PCR techniques have been found useful for
a variety of leprosy specimens, including
biopsy sections ( 4 ). Most of these gene am-
plification techniques for the detection of
M. leprae have been shown to be highly
sensitive in MB cases, but have been shown
to give variable results in PB cases ( 4 . 3").
Positivity has ranged from 60%-70% in
smear-negative, untreated PB cases in dif-
ferent studies ( 4 . 7 ).

The findings of the present study confirm
that the system described by Williams, et al.
( 3 ') is appropriate and applicable to patients
in this region. The assay exhibited 100%
positivity in AFB-positive and 71% positiv-
ity in AFB-negative specimens. Similar ob-

servations have been reported by the devel-
opers of this assay ( 7 ). This substantial pos-
itivity in specimens with undetectable AFB
will be of immense value in confirmation of
the diagnosis in smear-negative, clini-
cally/histologically atypical cases which are
emerging as a major problem all over the
world. A negative result in nearly 30% of
clinically confirmed, smear-negative speci-
mens indicates the need and scope for im-
provement. The approaches could be better
sampling/extraction techniques as well as
modifications in the amplification proce-
dure. In the studies on microbial flora from
these cases, while there was no difference
in the distribution of aerobic gram-positive
and gram-negative organisms among differ-
ent types of leprosy cases and controls ( 27 ),
members of the MAIS complex were ob-
served to preferentially colonize the skin of
lepromatous cases ( 28). Significantly, the
specificity of the system has been con-
firmed by the absence of any false-positive
results with nucleic acids extracted from
specimens from controls as well as organ-
isms grown from the specimens from con-
trols and leprosy cases.

During recent years there have been sug-
gestions to restrict the analysis of the PCR
product to electrophoresis. The demonstra-
tion of fragments of a particular size by EB
staininv, for demonstration of the product
has the following theoretical advantages:
simple to perform, cost effective and less
time consuming. Williams, et al. (31-33) have
used the hybridization of the probe to con-
firm the identity of the PCR product, and
have reported that this approach signifi-
cantly improves the detection, especially in
PB specimens ("). In the present study, the
positivity could be improved substantially
by carrying this analysis up to hybridization
with a probe. Not only was the sensitivity
improved, the confidence about the speci-
ficity also increased since these were
graded as suspicious by EB staining (14%).
Further, 3% of ER-negative and blot-posi-
tive specimens also could be considered
positive. Such findings also have been
recorded in the use of PCR methods for tu-
berculosis by Boddinghaus, et al. (') and de
Wit, et al. ( 5 ). Whether the same sensitivity
can be achieved by using other strategies,
such as the nested primer amplification ( 23 )
or by amplification of repetitive gene se-

(2, 4. 7-10, 20, 21, 23, 31-34, 36) .
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quences 0' 34 . 3 ') or by altering the numbers
and other cycle parameters, can be deter-
mined only after extensive trials. The nega-
tive results in more than one-fourth of the
clinically confirmed, smear-negative speci-
mens indicate the need and hope for im-
provement. The approach could be better
sampling/extraction procedures or an alter-
nate approach, such as targeting multiple
copy targets. It is suggested that hybridiza-
tion with a probe should be undertaken for
obtaining optimum results.

SUMMARY

Biopsy and skin-scraping specimens
from 130 leprosy cases across the disease
spectrum (56 TT/BT/I, 73 1313/BL/LL, and
1 neuritic case) and 50 healthy contacts
were studied to assess the application of
gene amplification. The nucleic acids from
these clinical specimens were extracted by
an integrated freeze-thawing—optimized
lysozyme-/proteinase-k treatment–purifica-
tion and fractionation procedure. The nu-
cleic acids from cultured organisms were
isolated by the stepwise procedure earlier
standardized at this laboratory. Gene ampli-
fication for a 360-bp fragment of the 18-
kDa protein gene was carried out using
primer and the procedure described by its
developers, and a 360-hp fragment on
Southern blot was taken as the yardstick of
positivity. The polymerase chain reaction
product was analyzed by electrophoresis,
ethidium-bromide (EB) staining, and blot
(B) hybridization. Overall sensitivity ranged
from 71% in specimens with undetectable
acid-fast organisms to 100% in specimens
with demonstrable acid-fast bacilli. A posi-
tivity of 73% in TT/BT/I specimens and
93% in BB/BL/LL specimens was ob-
served. Four combinations were discerned:
EB+, B+ (71%); EB-suspicious, B+ (14%);
EB–, B+ (3%) and EB–, 13– (12%). By
combining the blot hybridization with EB
staining, the sensitivity could be signifi-
cantly improved as compared to EB stain-
ing alone. The test was found to be ab-
solutely specific by the absence of any false
positivity in control specimens as well as
with purified DNAs from mycobacterial
as well as non-mycobacterial organisms
grown from these specimens. It is recom-
mended that for optimum sensitivity and

Specificity both EB staining and blot hy-
bridization should he done.

RES U M EN
Se estudiaron biopsias y raspados de piel de 130

casos de Icprzt (56 TT/13171, 73 1313/13L/LL, I caso
neuritico) y de 50 contactor sanos, para valorar Ia apli-
caci6n de Ia ampliticackin de genes. Los acidos
cleicos de estos especimenes se extrajeron y purifi-
caron por un proceso optimizado que incluye con-
gelaciOn y descongelaciOn, y tratamiento con lisozima
y proteinasa K. Las acidos nucleicos de los organismos
cultivables se aislaron por un proceso escalonado es-
tandarizaclo en este laboratorio. La amplificaciOn de un
fragment° de 360 by del gene de la proteina de IS kl)
se llcvo a cab° usando el "primer" y el procedimiento
descrito por sus inventores. La apariciOn de un frag-
ment° de 360 by en el "southern blot" se tome como la
medida de positividad. El product° de Ia reacciOn en
cadena de la pot imerasa se analizO por electroforesis,
por tincain con bromuro de etidio y por Inb-
ridizaciOn en el "blot". La sensihilidad global yariO del
71% en los especimenes sin bacilos detectables, al
100% en los especimenes con bacilos. Se observO una
positividad del 73% en los especimenes 7171071 y del
93% en los especimenes 1311/13L/LL. Se distinguieron
4 combinaciones: E13+, 13+ (71%); EB-sospechoso, 13+
(14%); Ell—, R-F (3%) y Ell—, 11— (12%). La sensibili-
dad pudo mejorarse de manera signiticativa combi-
nando Ia hibridizaciOn (13) con Ia tincion Ell. La
prueba result6 absolutamente especifica ya que no
hubo ninguna falsa-positividad en los especimenes
control o en los DNA de micobacterias y otros mi-
croorganismos cultivables. Para maxima sensibilidad y
especiticidad se recomiendo que se haga tanto la tin-
ciOn con [It como la hibridizaciOn en "el blot".

RESUME

Des biopsies et des echantillons de fronts cutanes
de 130 mzdades de la lepre a travcrs tout le spectre de
la mzdadie (56 17/11 . 171, 73 1313/I3L/LL, ct I cas nevri-
tique) et 50 contacts en bonne sante ont etc etudies
pour evaluer l'application de ('amplification de genes.
Les tickles nucleiques de ces echantillons chniques ont
etc extraits par un procede integre et optimise de gel-
degel, traitement au lysozyme-iproteinase-k, purifica-
tion et fractionnement. Les acidos nucleiques des or-
ganismes cultives out etc isoles par la procedure en
etapes standardisee pecedemment dans cc laboratoire.
L'amplitication genique d'un fragment de 360 hp de la
proteine de I S-kDa a etc realisee a ('aide d'une sonde
et de la procedure (Icrite par coax qui ont developpe
Ia technique, et un fragment de 360 by an Southern-
blot a etc prix conune mesure the positivit. Le produit
de la reaction de polymerase en chaine a etc analyse
par electrophorese, coloration ii l'ethidium-bromide
(EH) et blot hybridisation (13). La sensibilite globale
:titan de 71% pour Ics specimens pour lesquels des
bacilles acido-resistants n'etaient pas detectables a



64, 4^Sharma, et al.: Gene Amplification with M. leprae^415

100% pour les specimens pour lesquels la presence de
bacilles acido-resistants pouvait etre demontree. On a
observe tine positivite de 73% pour les specimens
11/13171 et de 93% pour les specimens 1113/13L/LL. On
a distingue quatre combinaisons: ER+, B+ (71%); EB
suspect, B+ (14.0%); ER-, 11+ (3%) et [13-, B-
(12%). En combinant Ia blot hybridisation et la co-
loration a l'EB, la sensibilite pouvait etre amelioree
significativement par rapport a la coloration a l'EB
seule. On a trouve que le test etait absolument speci-
fique, vu ('absence d'auctin faux positif parmi les
specimens de contrOle, aussi Bien avec les ADN puri-
ties des mycobacteries qu'avec des organismes non-
mycobacteriens ayant pousse a partir de ces speci-
mens. II est recommande, pour tine sensibilite et tine
specificite optimales, de faire Ia coloration a l'EB et la
blot hybridization.
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