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An easy-to-handle Mycobacterium-specific PCR assay for detection of the presence of a wide range of myco-
bacterial species in clinical samples was evaluated. The performance of the genus probe was compared with the
performance of probes specific for Mycobacterium tuberculosis and Mycobacterium avium and with that of stan-
dard culture. In addition, the utility of an internal control in monitoring amplification inhibitors was studied.
Of 545 respiratory and 325 nonrespiratory specimens (a total of 870 specimens), 58 (6.7%) showed the presence
of amplification inhibitors, as determined by a negative result for the internal control. Of these 58 specimens,
31 (53%) were stool specimens; other material, even citrate blood after lysis of erythrocytes, did not pose a prob-
lem with regard to inhibition of PCR amplification. Eighty-one of the remaining 812 specimens had a positive
Mycobacterium culture result. Of these culture-positive specimens, 58 (71.6%) showed a positive result with the
Mycobacterium genus-specific probe. Seventy-two samples had a positive result with the Mycobacterium-specific
probe but a negative culture result. Of these 72 samples, 26 samples were regarded as true positive, either
because the M. tuberculosis- or M. avium-specific probe was also positive at the same time or because other
specimens from the same patient taken at the same time were culture positive. The sensitivity of the Myco-
bacterium-specific probe was 78.5% and the specificity was 93.5%. This study showed that pretesting of clinical
specimens for mycobacteria to the genus level with a Mycobacterium-specific probe offers the routine clinical
laboratory the possibility of detecting tuberculous and nontuberculous mycobacteria with one test. Further-
more, specimens testing positive with the genus-specific probe can be immediately identified with species-

specific probes.

The need for rapid laboratory diagnosis of tuberculosis has
led to the development of a number of amplification-based
molecular diagnostic procedures for detecting and identifying
Mycobacterium tuberculosis. Various easy-to-use kits for M. tu-
berculosis detection and identification based on nucleic acid
amplification techniques are commercially available, such as
the AMPLICOR MTB (PCR) kit of Roche (5, 30), the MTD
(isothermal amplification of rRNA) kit of GenProbe (8, 22),
and the newly introduced ligase chain reaction of Abbott Lab-
oratories (available in Europe).

In addition to the resurgence of tuberculosis in developing
and developed countries (1), there remains a high rate of
recovery of mycobacteria other than M. tuberculosis (MOTT)
from clinical specimens (23, 25, 34, 35). MOTT play a partic-
ularly important role in patients with AIDS (14), in whom
M. tuberculosis is also often encountered as an infectious agent
(15, 31). It is therefore of great importance for a microbiolog-
ical laboratory which routinely diagnoses mycobacterial infec-
tions to detect M. tuberculosis and MOTT at a very early stage
of infection.

Numerous amplification assays for the specific detection of
different species of mycobacteria have been reported (4, 6, 7, 9,
11, 13, 26, 27, 29). However, use of a battery of species-specific
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assays is impractical, especially in a clinical laboratory setting.
Single assays that can detect and identify multiple mycobacte-
rial species have been reported (2, 10, 12, 20, 21, 32). Unfor-
tunately, the species identification methods used in these as-
says are cumbersome and are not easily accommodated in the
routine work of the clinical microbiology laboratory. The de-
velopment of an assay with pan-genus primers for the ampli-
fication of DNA from most species of mycobacteria and spe-
cies-specific probes for species identification was reported
recently (33). The pan-genus primers are not absolutely spe-
cific for the genus Mycobacterium, and DNAs from some spe-
cies of closely related genera such as Corynebacterium and
Nocardia are amplified. We report here the development of a
Mycobacterium-specific probe that can be used in conjunction
with the pan-genus primers to detect the presence of a wide
range of mycobacterial species.

The performance of the probe in detecting mycobacteria in
clinical specimens was evaluated. The performance of the ge-
nus-specific probe was compared with the performance of
probes specific for M. tuberculosis and M. avium and with that
of standard culture. We also determined whether the specific-
ity of the probe is acceptable for a routine laboratory and to
what extent this test is able to detect MOTT in clinical speci-
mens. To this end, respiratory and nonrespiratory specimens
were tested at the same time after amplification with the My-
cobacterium-, M. tuberculosis-, and M. avium-specific probes.
Direct microscopic examination (except stools, blood, and
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urine) and culture (culture on solid media and radiometric
culture) were performed for all specimens.

Another aspect of the current study examined the utility of
an internal control (IC) in monitoring amplification inhibitors.
The presence of inhibitors can compromise the performance of
nucleic acid amplification assays, leading to false-negative re-
sults. Because the internal control can be amplified by the
target-specific primers but is distinguishable from the target by
a unique probe-binding site, it is useful for routinely monitor-
ing for the presence of amplification inhibitors. The internal
control is introduced into the amplification mixture and is
coamplified with the specific target. In specimens negative for
the target of interest, a positive IC signal indicates the absence
of inhibitors and a true negative result. On the other hand, a
negative IC signal indicates the presence of inhibitors and the
possibility of a false-negative result. To ensure the validity of
the results in the clinical evaluation described above, the IC
was coamplified in all specimens.

MATERIALS AND METHODS

Specimens. Respiratory specimens (sputa and bronchial secretions obtained
by bronchoscopy) and nonrespiratory samples comprising pleural exudates,
lymph node, skin, or pleural biopsy specimens, and gastric aspirates, citrate
blood, and stool specimens were included in this study. The specimens were kept
at 2 to 8°C until they were ready for processing. Gastric aspirates were imme-
diately neutralized with trisodium phosphate buffer (pH 12.0) after retrieval.
Tissue specimens were sliced with a scalpel into small pieces and homogenized
in a mortar under sterile conditions before processing. Citrate blood was diluted
1:1 with distilled water directly after arrival in the laboratory, shaken for 20 min
at room temperature, and centrifuged at 3,500 X g for 25 min. The supernatant
was discarded, and the procedure was repeated four times. Decontamination of
all specimens except blood was performed by the NaOH-N-acetyl-L-cysteine
(NALC) procedure (17). An equal volume of digestant (0.0306 M NALC [Sigma
Chemical Co., St. Louis, Mo.], 0.05 M trisodium citrate, 1 M NaOH) was added
to each specimen, after which the specimens were briefly vortexed and then
shaken for 20 min. The specimens were then diluted with distilled water and
centrifuged at 3,500 X g for 25 min. The supernatant was discarded and the
sediment was resuspended in 2 ml of distilled water.

Two hundred microliters of each resuspended sediment was removed and was
kept at 2 to 8°C for subsequent PCR testing, which was performed at least once
a week. One hundred microliters was stored at —20°C. The remaining sediment
was used for acid-fast staining and culture.

Microscopy. Smears were stained with auramine-rhodamine fluorochrome.
Positive staining was confirmed by the Ziehl-Neelsen technique (17).

Culture. One milliliter (total) of the sediment was inoculated onto one slant
each of Lowenstein-Jensen medium and Stonebrink medium (both media were
produced in our laboratory), and a further 0.3 ml was inoculated into BACTEC
vials supplemented with 0.1 ml of polymyxin B, nalidixic acid, trimethoprim, and
azlocillin. Slants and vials were incubated at 36 + 1°C for up to 8 weeks. For the
identification of mycobacteria, the nitro-a-acetyl-amino-f-hydroxy-propiophe-
none test and other routine biochemical methods were used.

PCR. (i) Specimen preparation. After decontamination, all specimens except
stool specimens were processed with reagents from the AMPLICOR MTB test
(Roche Diagnostic Systems, Somerville, N.J.) following the manufacturer’s in-
structions. Briefly, 500 wl of wash solution was added to 100 pl of each decon-
taminated specimen. In the case of the stool specimens, a 1:10 dilution of the
original specimen was made with wash solution; otherwise, the procedure was
identical to that for the other specimens. The mixture was vortexed and centri-
fuged at 12,500 X g for 10 min. The supernatant was aspirated and 100 pl of lysis
reagent was added to the pellet. The samples were then vortexed and incubated
at 60°C in a heat block for 45 min. After the incubation, the tubes were pulse
centrifuged at 12,500 X g for 10 s, and 100 pl of neutralization reagent was
added, followed by vortexing. Fifty microliters of the prepared specimens were
amplified with 50 pl of a premade amplification mixture (33) containing 20
copies of the IC.

(ii) Amplification. Amplification reactions were carried out in a GeneAmp
System 9600 thermal cycler (Perkin-Elmer, Norwalk, Conn.) as described previ-
ously (33). The reaction mixtures were incubated at 50°C for 2 min, followed by
2 cycles consisting of 20 s at 98°C, 20 s at 62°C, and 45 s at 72°C and 35 cycles
consisting of 20 s at 94°C, 20 s at 62°C, and 45 s at 72°C. After the final cycle, the
tubes were incubated for an additional 5 min at 72°C. The amplification products
were denatured with 100 wl of denaturation solution, and the samples were
stored overnight at 4°C.

(iii) Detection. Amplification products were hybridized to probes used to coat
microwell plates as described previously (19). Briefly, 25 pl of the denatured,
amplified specimen was transferred to the wells of microwell plates (one plate
each was coated with the Mycobacterium-, M. tuberculosis-, or M. avium-specific
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TABLE 1. Numbers and types of specimens that
inhibit amplification

No. of specimens that
were inhibitory/total no.
of specimens (% inhibi-

tory specimens)

Specimen

Respiratory

7/281 (2.5)
5/264 (1.9)
12/545 (2.2)

Bronchial secretion....
Total respiratory

Nonrespiratory
31/43 (72.1)
Biopsy ..... .. 5/42(11.9)
4/49 (8.2)
2/88 (2.3)
2/2 (100)

Bone marrow..
Gastric juice
Pleural effusion

Cerebrospinal fluid .........coceveveceinneceninccrinecenne 0/25 (0)

Total nonrespiratory 46/325 (14.2)

Total for all specimens 58/870 (6.7)

probe or the IC probe) containing 100 .l of hybridization buffer. The plates were
covered and incubated for 1.5 h at 37°C. At the end of the incubation period, the
plates were washed five times. One hundred microliters of avidin-horseradish
peroxidase conjugate was added, followed by incubation for 15 min at 37°C. The
washing procedure was repeated and 100 wl of substrate was added, followed by
incubation for 10 min at room temperature. The reaction was stopped with 4.9%
H,SO,, and the optical density was measured at 450 nm in a microtiter plate
reader. A cutoff value of 0.35 was used for all probes.

Analysis of data. The results obtained with the Mycobacterium-specific probe
were compared with those obtained with the M. tuberculosis- and M. avium-
specific probes and with the results of culture (on Lowenstein-Jensen, Stone-
brink, and BACTEC media). True Mycobacterium-specific probe-positive spec-
imens were defined as those which tested positive at the same time with the
Mycobacterium-specific probe and with one other probe tested and/or by culture.
Also counted as true positives were those specimens collected from any patient
who, at the same time of specimen collection, gave another culture-positive
specimen.

RESULTS

Frequency of inhibitory specimens. A total of 545 respira-
tory and 325 nonrespiratory specimens (a total of 870 speci-
mens) were included in this study. The bronchopulmonary
samples consisted either of expectorated or induced sputa (n =
281) or bronchial secretions (n = 264) obtained by bronchos-
copy. The nonrespiratory samples included urine (n = 88),
citrate blood (n = 49), stool (n = 43), biopsy specimens of
tissues (lymph node, skin, and pleura) (n = 42), pleural exu-
dates (n = 40), aspirates of gastric juice (n = 33), cerebrospi-
nal fluid (n = 25), pus (n = 3), and bone marrow (n = 2).

Fifty-eight (6.7%) of the specimens showed the presence of
amplification inhibitors, as determined by negative IC signals
(Table 1). Of these 58 specimens, 31 (53%) were stool speci-
mens, a result which was not unexpected since stool specimens
are known to be inhibitory to PCR amplification. Other mate-
rial, even citrate blood after lysis of erythrocytes, did not seem
to pose a problem with regard to inhibition of PCR amplifica-
tion. Excluding stool specimens, only 3.3% of all specimens
tested, or 2.2% of respiratory and 5.3% of nonrespiratory spec-
imens, inhibited PCR amplification. For the purpose of this
clinical study, only results for specimens showing no evidence
of inhibition were included in the evaluation.

Performance of the Mycobacterium-specific probe. No spec-
imens showing a positive result with the M. tuberculosis- or
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TABLE 2. Different types of clinical material showing
positive culture results

Mycobacterial S | No. of
species ampie samples
M. tuberculosis Sputum 35
Bronchial secretion 16
Biopsy 3
Pleural effusion 3
Urine 2
Gastric juice 2
M. avium Biopsy 8
Sputa 2
Stool 1
Blood 1
Other mycobacteria“ Sputa
Bronchial secretion
Biopsy 1

“M. xenopi, (n = 5), M. marinum (n = 1), M. gordonae (n = 1), and a
Mycobacterium sp. (n = 1).

M. avium-specific probe had a negative result with the Myco-
bacterium-specific probe. Eighty-one of the 812 noninhibitory
specimens had a positive Mycobacterium culture result (Table
2). More specifically, 61 specimens grew M. tuberculosis, 12
grew M. avium, and 8 others grew mycobacteria (5 grew M. xe-
nopi, 1 grew M. marinum, 1 grew M. gordonae, and one grew a
Mycobacterium sp.). The different types of clinical material
giving a positive culture result are listed in Table 2. Of the 81
culture-positive specimens, 58 (71.6%) had a positive Myco-
bacterium-specific probe result. Among the 61 M. tuberculosis
culture-positive specimens, 43 were positive with the Mycobac-
terium-specific probe, in contrast to 37 which gave positive
results with the M. tuberculosis-specific probe. Only 9 of 59
(15.3%) M. tuberculosis culture-positive specimens had a pos-
itive smear result (2 urine specimens were not examined by
microscopy). All nine smear-positive specimens were positive
with the Mycobacterium-specific probe and the M. tuberculosis-
specific probe. Among the 12 samples culture positive for
M. avium, 9 were positive with the Mycobacterium-specific
probe and 7 were positive with the M. avium-specific probe.
For the eight specimens from which other mycobacteria could
be grown in culture, six (three that grew M. xenopi, one that
grew M. marinum, one that grew M. gordonae, and one that
grew Mycobacterium sp.) were positive with the Mycobacteri-
um-specific probe (Table 3). The performance of the Myco-
bacterium-specific probe was similar with both respiratory and
nonrespiratory specimens (data not shown). The results of
culture and the results obtained with the genus- and species-
specific probes for the 812 noninhibitory specimens are as
follows: 81 specimens were positive and 731 specimens were
negative by culture. With the Mycobacterium-, M. tuberculosis-,
and M. avium-specific probes, 130, 50, and 8 specimens, re-
spectively, were positive and 682, 762, and 804 specimens,
respectively, were negative.

Seventy-two samples had positive Mycobacterium-specific
probe results but negative culture results. Thirteen of these
samples were also positive with the M. tuberculosis-specific
probe and one was positive with the M. avium-specific probe.
For 11 other patients, other specimens taken at the same time
were culture positive; 9 for M. tuberculosis, 1 for M. avium, and
1 for M. xenopi. For one additional patient, the material orig-
inated from the site where, 3 weeks previously, a BCG vacci-
nation had been administered. These 26 samples among the 72
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samples with positive Mycobacterium-specific probe results but
negative culture results were considered to have true-positive
results, and the remaining 46 were considered to have false-
positive results. In summary, of the 130 specimens with a pos-
itive Mycobacterium-specific probe result, 84 were positive and
46 were negative. Of the 682 specimens with a negative Myco-
bacterium-specific probe result, 23 were positive and 659 were
negative. This gives a sensitivity of 78.5% and a specificity of
93.5% for the Mycobacterium-specific probe.

DISCUSSION

MOTT can be encountered throughout the environment, for
example, in water (3, 36), and pseudoepidemics with atypical
mycobacteria have been described (28). The presence of non-
clinically important mycobacteria or free DNA from these
organisms can lead to false-positive results that are not clini-
cally significant when a genus-specific probe is used. Steps
taken to remove DNA from sterile bronchoscopes and gastro-
scopes have recently been demonstrated to be useful in reduc-
ing false-positive PCR results, which emphasizes the impor-
tance of endoscope cleaning with respect to the validation of
PCR assay results in general (16, 24). However, pretesting of
specimens for mycobacterial DNA to the genus level could be
of great advantage, despite the increased concomitant risk of
detecting environmental or nonviable mycobacteria.

The findings of this study showed an overall specificity of
93.5% for the Mycobacterium-specific probe under study. The
false-positive rate (6.5%) can be considered very low, espe-
cially since in this calculation clinical signs were not taken into
account. This level of specificity is sufficiently high to warrant
use of the probe for preliminary screening of all specimens
arriving in the laboratory for PCR analysis. The observation
that no sample testing positive with the M. tuberculosis- or
M. avium-specific probe tested negative with the Mycobacteri-
um-specific probe supports the premise that pretesting to the
genus level would not miss an infection that would otherwise
be detected by the species-specific probes and is a feasible
procedure for a routine laboratory.

Not every sample which had a positive Mycobacterium-spe-
cific probe result and which was later found by culture to be
infected with M. tuberculosis or M. avium was positive with the
respective species-specific probes. Two different explanations
for this observation are possible. The genus-specific probe may
be more sensitive than the species-specific probes, or it may be
that the mycobacterial DNA detected by the genus-specific
probe is not from the cultured M. tuberculosis or M. avium

TABLE 3. PCR results for the 81 specimens showing
positive culture

No. of specimens with the indicated result
with the following probe:

Mycobacterial

Mycobacterium- M. tuberculosis- M. avium-

species specific probe specific probe specific probe
Positive Negative Positive Negative Positive Negative
M. tuberculosis 43 18 37 24 0 61
(n = 61)
M. avium 9 3 0 12 7 5
(n =12)
Other mycobac- 6 2 0 8 0 8

teria (n = 8)¢

“M. xenopi (n = 5), M. marinum (n = 1), M. gordonae (n = 1), and a
Mycobacterium sp. (n = 1).
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organism but rather is from nonculturable mycobacteria or
mycobacterial DNA present in the specimen.

Inhibition of PCR amplification proved to be an infrequent
occurrence in the current study, at least with respiratory spec-
imens. Of all respiratory specimens tested, only 2.2% inhibited
amplification, in contrast to levels of inhibition of 5.3% (ex-
cluding stool) or 14.2% (including stool) for nonrespiratory
specimens. The rate of inhibition of amplification observed in
this study is very low and is in contrast to other published data
(18), which indicated a much higher frequency of inhibition.
The method of primary specimen decontamination may have
an influence on the rate of inhibition. According to our results,
determination of inhibition is especially important for nonres-
piratory specimens in order to be certain that negative results
are not due to the presence of amplification inhibitors in the
sample.

In summary, this study showed that pretesting of clinical
specimens for mycobacteria to the genus level with a Mycobac-
terium-specific probe offers the routine clinical laboratory the
possibility of detecting tuberculous and nontuberculous myco-
bacteria with one test. Specimens that are positive with the
Mycobacterium-specific probe can then be identified by hybrid-
izing the products from the same amplification reaction to
species-specific probes. The specificity of the genus-specific
probe is suitable for a routine laboratory, and all specimens
found to be positive with the M. tuberculosis- and M. avium-
specific probes were also found to be positive with the Myco-
bacterium-specific probe.
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