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Selective amplification of a 187-bp fragment within the DT6 sequence using the AV6 and AV7 primers for
Mycobacterium avium and of a 666-bp fragment within the DT1 sequence of Mycobacterium intracellulare using
the IN38 and IN41 primers was performed for 69 clinical isolates identified as M. avium complex by conven-
tional methods. The results were compared in parallel with results with commercial M. avium and M.
intracellulare probes. A positive response to either of the two PCRs or M. avium-M. intracellulare AccuProbes
constituted positive detection as M. avium complex; this cumulative detection limit was 94.2% for PCR,
compared with 90% for AccuProbe. Concordance, on the other hand, was considered an identical species
identification using either DT1 PCR and the M. intracellulare probe or DT6 PCR and the M. avium probe. In
this investigation, 90% of isolates gave concordant results. We conclude that DT6 and DT1 PCRs are inex-
pensive and at least equally sensitive, in-house options to the AccuProbe system for species identification ofM.
avium and M. intracellulare.

Mycobacterium avium complex (MAC) is one of the major
opportunistic pathogens affecting mortality, morbidity, and
quality of life of patients infected with AIDS (20, 21). Slow
growth and lengthy biochemical testing for identifying MAC
clinical isolates pose all of the usual problems associated with
laboratory diagnosis of tuberculosis. MAC comprises two ge-
netically distinct but difficult to discriminate species:M. avium,
which predominates (87 to 98% of isolates) in AIDS patients,
and Mycobacterium intracellulare, which is more frequent
among non-AIDS patients (8). Conventional cultural and bio-
chemical tests give little information to separate these two
closely related and nearly undistinguishable species in a clinical
microbiology setting (13).
For the above reasons, development of rapid identification

methods using molecular probes and/or nucleic acid amplifi-
cation for MAC isolates would be particularly helpful in a
clinical laboratory. Moreover, identifying clinical isolates asM.
avium and M. intracellulare would have both clinical and epi-
demiological implications. DNA probes able to identify species
within the members of MAC include both in-house methods
(22, 25) and commercial tests (10, 31) (Gen-Probe Rapid Di-
agnostic System and AccuProbe Culture Identification Test
from Gen-Probe Inc., San Diego, Calif.).
The only commercialized probe today is the AccuProbe sys-

tem, which is based on detection of rRNA. Instead of the
125I-labelled probes used by the earlier Gen-Probe system,
AccuProbe uses a chemiluminescent, acridinium ester-labelled
probe detected with a luminometer with a sensitivity of $95%
(14, 17, 33, 34). However, this method remains expensive for
routine analysis and can be performed only after subculturing
bacilli from clinical specimens, which takes between 2 and 3
additional weeks. The development of simple, in-house nucleic

acid amplification methodology permitting direct detection
and species identification of MAC organisms in clinical spec-
imens would save both precious time and money.
Molecular methods such as 16S rRNA sequencing have been

particularly helpful to clarify the rather confusing taxonomy
within the M. avium-M. intracellulare complex (9, 15, 24), but
unfortunately, this methodology remains relatively cumber-
some, with application limited to reference laboratories. Al-
though amplification of conserved mycobacterial sequences
followed by either hybridization with species-specific probes to
variable regions within the amplified target (2, 12) or a restric-
tion enzyme analysis (26) has been reported, only few targets
specific for M. avium or for M. intracellulare have been de-
scribed (4).
Thierry et al. (29) recently described DT6 and DT1 se-

quences which provide a completely independent identification
system for the detection ofM. avium andM. intracellulare. PCR
based on the amplification of DT1 and DT6 sequences, report-
edly absent from all other mycobacterial species studies (29),
has already been used successfully for MAC reference strains
and clinical isolates (27–29); however, PCR results were not
compared with the full spectrum of commercially available
probes. The aim of the present study was both to corroborate
previously reported findings and to investigate simultaneous
detection and species identification by DT1-DT6 amplification
compared with those by the M. avium and M. intracellulare
probes of the AccuProbe system, considered a current “gold
standard” (14, 17, 33, 34).

MATERIALS AND METHODS

Origin and identification of isolates. All 69 strains (29 Caribbean and 40
European isolates) (Table 1) used in this study were grown as fresh Löwenstein-
Jensen slants at 378C. The Caribbean strains, from patients residing in Guade-
loupe and Martinique, were isolated at the Institut Pasteur of Guadeloupe from
clinical specimens, and all the assays (PCR and AccuProbe) were performed
locally. The European isolates, addressed to the National Reference Center for
Mycobacteria, Paris, France, were studied at the Institut Pasteur, Paris. The
majority of strains were isolated from blood, except that strains Gpe 1 and 2 and
Av 17 were isolated from sputum, Gpe 3 was isolated from pleural liquid, and
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strains Gpe 4, 11, 19, 23, and 24 and Av 6, 7, and 21 were isolated from gastric
washings. Strain identification was performed on the basis of biochemical and
cultural characteristics, including mycolic acid analysis (5). Serotyping was de-
termined by thin-layer chromatography of peptidoglycolipids (32, 33).
Preparation of genomic DNA. For PCR tests, the bacterial DNA was prepared

either by suspending the organisms in 100 ml of TE buffer (10 mM Tris, 1 mM
EDTA, pH 8) containing 1% (wt/vol) Triton and heating them at 1008C for 30
min or by using Chelex-100 (Bio-Rad, Richmond, Calif.) essentially as previously
described (16). In the latter case, a loop of bacteria from Löwenstein-Jensen
slants was scraped, suspended in 300 ml of a suspension of 10% (wt/wt) Chelex-
100 (containing 0.1% [wt/vol] sodium dodecyl sulfate, 1% [vol/vol] Nonidet P-40,
and 1% [vol/vol] Tween 20), incubated for 20 min at 958C, and centrifuged (5
min, 15,000 3 g), and the DNA from the supernatant was extracted with phenol-
chloroform and precipitated with ethanol. The preparation of DNA by either of
the two methods gave identical PCR results.
The AccuProbe system. The AccuProbe test is based on nucleic acid hybrid-

ization for the identification of M. avium or M. intracellulare from cultures and
uses acridinium ester-labelled, single-stranded DNA probes that are comple-
mentary to the rRNA of target organisms (10). One loopful of bacteria from
fresh Löwenstein-Jensen slants was lysed by sonication in a tube containing 100
ml each of lysis and hybridization reagents for 15 min; this was followed by
incubation of 100 ml of lysate with lyophilized DNA probe at 608C for 15 min.
The contents were mixed well after the addition of 300 ml of selection reagent,
incubated further at 608C for 5 min, and kept at room temperature for at least
5 min, and the results were expressed as photometric light units with an Ac-
cuLDR photometer or relative light units with a Leader luminometer. A positive
reaction was above the cutoff value of 900 photometric light units or 30,000
relative light units with a repeat range of 600 to 899 photometric light units or
20,000 to 29,999 relative light units. Parallel positive controls included M. avium
ATCC 25291 or M. intracellulare ATCC 13950 in agreement with the probes
tested.Mycobacterium tuberculosisATCC 25177 tested negative with all the three
probes used.
PCR assays. The PCR method used was essentially similar to that described by

Thierry et al. (29); AV6 and AV7 primers (59-ATGGCCGGGAGACGATCTA
TGCCGGCGTAC-39 and 59-CGTTCGATCGCAGTTTGTGCAGCGCGTAC
A-39, respectively) directed the amplification of a 187-bp fragment within the
DT6 sequence, whereas the IN38 and IN41 primers (59-GAACGCCCGTTGG
CTGGCCATTCACGAAGGAG-39 and 59-GCGCAACACGGTCGGACAGG
CCTTCCTCGA-39) directed the amplification of a 666-bp fragment within the
DT1 sequence. Briefly, amplification reactions were performed in 50-ml mixtures
containing 50 mM Tris-HCl (pH 8.5), 2 mM MgCl2, 100 mg of bovine serum
albumin per ml, 100 pmol of each primer, a 200 mM concentration of each of the

four deoxyribonucleoside triphosphates (dATP, dGTP, dTTP, and dCTP), 2 ng
of template DNA, and 2 U of Thermus aquaticus DNA polymerase (Gibco-BRL
Life Technologies, Cergy-Pontoise, France). The amplification mixture was over-
laid with 50 ml of mineral oil and was subjected to 30 cycles of amplification
(Perkin-Elmer Corp., Norwalk, Conn.) as follows. Samples were incubated at
948C for 1 min to denature the DNA, 608C for 1 min to anneal the primers, and
728C for 1 min to extend the annealed primers. Each amplification experiment
included a negative control sample without DNA and a positive control sample
with 2 ng ofM. avium ATCC 25291 (serotype 2) for DT6 primers and 2 ng ofM.
intracellulare (serotype 23) for the DT1 primers, as the latter serotype is known
to react uniquely with the DT1 probe (29). Fifty percent of the amplification
reaction mixture was analyzed by electrophoresis on a 3% NuSieve–agarose gel
(3:1; FMC BioProducts, Rockland, Maine) by using the 100-bp ladder (Pharma-
cia Biotech, Uppsala, Sweden) as a marker. Gels were stained with ethidium
bromide and photographed on a UV transilluminator.
A perfect agreement between PCR results using DT1- and DT6-derived prim-

ers with the results obtained by Southern hybridization analysis with entire DT1
and DT6 probes has been shown previously (29). We, however, reconfirmed the
lack of false-negative PCR tests for isolates that were M. avium and/or M.
intracellulare AccuProbe positive, by applying previously described Southern
hybridization methodology using DT1 and DT6 probes or IS1245 (11, 29).

RESULTS AND DISCUSSION

Selective amplification of an expected 187-bp fragment was
observed with DT6 primers, whereas the DT1 primers selec-
tively amplified a 666-bp fragment. The DT1 and DT6 ampli-
fication for all the isolates was compared with the AccuProbe
data in parallel, and the results obtained are summarized in
Table 1.
A positive response to either of the two PCRs or M.

avium-M. intracellulare probes constituted positive detection as
MAC, whereas concordance was considered an identical spe-
cies identification by either DT1 PCR and the M. intracellulare
probe or DT6 PCR and the M. avium probe. The cumulative
detection limit was 94.2% for PCR, compared with 90% for
AccuProbe, while 90% of isolates gave concordant results with
both methods. When the ability of a single test to detect either

TABLE 1. Comparison of PCR and AccuProbe resultsa for 69 Caribbean (Gpe) and European (Av) isolates

Strain(s)
PCR result AccuProbe resultb

DT1 DT6 Species identification M. avium M. intracellulare Species identification

Gpe 1–3, 6, 8–10 2 1 M. avium 1 2 M. avium
Gpe 12–14 2 1 M. avium 1 2 M. avium
Gpe 15 2 2 Untypeable 2 2 Untypeable
Gpe 16–18, 20 2 1 M. avium 1 2 M. avium
Gpe 21 2 2 Untypeable 2 2 Untypeable
Gpe 23 2 1 M. avium 1 2 M. avium
Gpe 24 1 2 M. intracellulare 2 1 M. intracellulare
Gpe 25–29 2 1 M. avium 1 2 M. avium
Av 1–14 2 1 M. avium 1 2 M. avium
Av 15c 1 2 M. intracellulare 2 1 M. intracellulare
Av 16–34 2 1 M. avium 1 2 M. avium
Av 36–39 2 1 M. avium 1 2 M. avium
Av 41 2 1 M. avium 1 2 M. avium

Gpe 4 2 1 M. avium 2 2 Untypeable
Gpe 5,d 11 2 2 Untypeable 2 1 M. intracellularee

Gpe 7, 19 1 2 M. intracellularee 2 2 Untypeable
Gpe 22f 1 1 M. avium-M. intracellulare 2 2 Untypeable
Av 40 2 1 M. avium 2 2 Untypeable

a The top part of the table shows results for 62 isolates which gave concordant results by the PCR method and the AccuProbe system, whereas the bottom part
illustrates discrepant data for 7 isolates.
b The MAC probe was used only if both theM. avium andM. intracellulare probes gave negative results; isolates Gpe 4, 7, 19, 15, 21, and 22 were MAC probe positive,

whereas isolates Gpe 5 and 11 and Av 40 were MAC probe negative.
c As no M. intracellulare strains were found among European isolates arbitrarily selected for this study, a previously confirmed M. intracellulare strain from our own

culture collection (Av 15) served as an internal control.
d This was the only isolate with a false-negative DT1 PCR result, as Southern hybridization confirmed the presence of the DT1 fragment.
e Contrary to DT6-positive isolates, DNA from DT1-positive isolates did not hybridize with IS1245.
f This isolate showed a mixed serovar (1120) and both DT1 and DT6 fragments as confirmed by Southern hybridization; it may represent a mixed culture.
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M. avium orM. intracellulare was assessed, DT6 PCR alone was
able to detect 61 of 69 isolates, compared with 58 of 69 isolates
with the M. avium AccuProbe.
Direct comparison of our PCR results with the MAC Accu-

Probe was not performed because of the reported inability of
this probe to detect all MAC isolates, including someM. avium
and/or M. intracellulare isolates (10), and also because of
marked genetic heterogeneity of M. avium-M. intracellulare
AccuProbe-negative, MAC AccuProbe-positive isolates (24).
The test was, however, performed on M. avium-M. intracellu-
lare AccuProbe-negative samples in this investigation, and
these results are indicated in footnote b of Table 1.
A total of 7 of 69 isolates gave discrepant results upon initial

analysis of data. DT1-DT6 PCR was able to detect all the five
AccuProbe-untypeable isolates; however, two isolates typed as
M. intracellulare by AccuProbe remained untypeable by PCR
(Table 1); the reconfirmation by Southern hybridization
showed that one isolate was truly DT1-DT6-negative whereas
one (isolate Gpe 5) effectively contained the DT1 fragment,
giving a false-negative DT1 PCR result in the present study.
Isolate Gpe 22 gave positive results for both DT1 and DT6
PCRs; it presented a mixed serotype, 1120, harboring both the
DT1 and DT6 fragments upon Southern hybridization, and
could represent a mixed infection, which may be responsible
for a false-negative AccuProbe test, as mentioned by the man-
ufacturer (10). Both isolate Gpe 4 (MAC AccuProbe positive;
M. avium and M. intracellulare probe negative) and isolate Av
40 (MAC AccuProbe negative; M. avium and M. intracellulare
probe negative) were typed as M. avium by DT6 PCR (Table
1). Further identification of the isolates giving discrepant re-
sults was performed using the recently described IS1245 probe,
which is highly discriminatory for M. avium (11). The results
confirmed that both Gpe 4 and Av 40 contained IS1245 and
were indeed M. avium. Of four isolates that were IS1245 neg-
ative and consequently were not M. avium (Gpe 5, 7, 11, and
19), at least three (Gpe 5, 7, and 19) did contain DT1 frag-
ments, as revealed upon Southern hybridization (Table 1), and
may represent M. intracellulare. These resolved results showed
that Gpe 11 was the only isolate among 69 strains studied
which was AccuProbe positive but lacked the corresponding
DT fragment.
It is noteworthy that 2 of the 62 concordant isolates (Gpe 15

and 21) were untypeable by both DT1 and DT6 PCRs as well
as M. avium and M. intracellulare AccuProbes (although they
were MAC AccuProbe positive) and did not probe positive
with either IS1245 or DT1-DT6 upon Southern hybridization,
corroborating previous observations (11, 29).
Scant biochemical differences between M. avium and M.

intracellulare partially lie in the activities of catalase (18) and
arylsulfatase (7, 30) and their ability to grow in the presence of
sodium nitrite (23). High-performance liquid chromatography
has been useful in the identification of M. avium or M. intra-
cellulare (3); however, it is time-consuming and not readily
available to most clinical laboratories. Serotyping based on the
detection of glycopeptidolipid antigens (6, 32, 33, 35) is often
used in reference laboratories as an important tool for epide-
miologic investigations, but it is not generally available for
routine clinical microbiology laboratories and is of limited use
in patient management (9).
Considering the reported heterogeneity of MAC organisms,

which may include taxonomically ill-defined species other than
M. avium and M. intracellulare (1, 8, 19, 20, 24), we intention-
ally chose to concentrate on relatively more homogeneous M.
avium andM. intracellulare typing methods. The present inves-
tigation was aimed at rapid identification to the species level of
M. avium and M. intracellulare. We chose the PCR methodol-

ogy based on DT1 and DT6 primers (27, 29), as they were
reported to amplify species-specific sequences and may be ap-
plicable in the future in a clinical setting for direct detection
and species identification of M. avium and M. intracellulare
after validation on clinical specimens.
Of 69 isolates, however, 2 remained untypeable by both PCR

and M. avium-M. intracellulare AccuProbe tests (Gpe 15 and
21; both MACAccuProbe positive), which corroborated recent
findings about the genetic variability of MAC organisms which
also contain species other than M. avium and M. intracellulare
(9, 24). In conclusion, our observations further extend the
results of previous studies on DT1-DT6 PCR and/or Accu-
Probe tests (9, 24, 27, 29, 31, 33) on Caribbean and European
clinical isolates. This study shows that compared with the M.
avium AccuProbe system, DT6 PCR is an at least equally
sensitive first-line test for M. avium detection in a European
and/or Caribbean setting. On the other hand, because of the
extremely low prevalence of M. intracellulare in these areas
(four isolates in 3 years in the French Carribean isolates and
none among the randomly chosen European isolates), the tax-
onomic status of DT1-containing clinical isolates will be fur-
ther clarified by 16S rRNA sequencing (15), once a sufficient
number of such isolates is collected.
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