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The new Roche Cobas Amplicor Mycobacterium tuberculosis assay, which is a semiautomated version of the
manually performed Roche Amplicor M. tuberculosis test, was compared to culture and an IS6110-based
in-house PCR protocol. A total of 1,681 specimens from 833 patients, including specimen types other than
sputum, were tested in parallel by both the in-house PCR and the Cobas Amplicor M. tuberculosis assay. After
we resolved discrepant PCR results, the sensitivity, specificity, and positive and negative predictive values for
the Cobas Amplicor M. tuberculosis assay were 66.33, 99.71, 94.36, and 97.66%, respectively. The corresponding
values for the in-house PCR were 91.08, 99.85, 97.87, and 99.37%, respectively. For culture- and smear-positive
specimens, the sensitivity of the Cobas Amplicor M. tuberculosis test was 96.42% (in-house PCR, 100%). If only
smear-negative sputum specimens were considered, the Cobas Amplicor M. tuberculosis assay exhibited a
sensitivity of 45.45% (in-house PCR, 63.63%) relative to that of culture. With a modified protocol for DNA
extraction (washing of samples plus ultrasonication), both PCR methods performed better with gastric
aspirates than with sputum samples (sensitivity of the Cobas Amplicor M. tuberculosis assay with smear-
negative gastric aspirates, 70.00%; sensitivity of in-house PCR, 90.00%). With dithiothreitol being used for
liquefaction of specimens in this study, the Cobas Amplicor M. tuberculosis assay exhibited an inhibition rate
of 9.16%. In our view, the new Cobas Amplicor M. tuberculosis test (i) is well suited for typing of smear-positive
specimens, (ii) may also be applied to gastric aspirates and other types of specimens if DNA extraction methods
are modified appropriately, and (iii) exhibits a sensitivity with smear-negative sputum specimens which makes
it recommendable that a minimum of three samples from the same patient be tested.

Since the beginning of this decade, PCR and other amplifi-
cation techniques have been introduced into the diagnosis of
infections with Mycobacterium tuberculosis (1, 6, 9, 14–16, 22,
25, 26). Although no amplification system known today pro-
vides sufficient sensitivity to replace culture as a reliable
screening tool, an increasing number of diagnostic laboratories
have established amplification techniques as supplementory
tests, because they provide good rates of positive results with
better turnaround times than culture (days versus weeks) and
they can specify positive smear results. The latter feature is
essential for laboratories dealing with a high portion of infec-
tions with mycobacteria other than M. tuberculosis (MOTT)
(9). Because establishing and maintaining in-house protocols
for any amplification method requires highly specialized per-
sonnel and enormous logistic efforts to control the well-known
contamination problem, there is an obvious need of commer-
cially available, easy-to-use diagnostic kits which have the po-
tential of automation. To date, a few diagnostic tests for de-
tection of M. tuberculosis in clinical specimens after DNA or
RNA amplification have been marketed. Of these, the Roche
Diagnostics (Grenzach-Whylen, Germany) Cobas Amplicor
M. tuberculosis test (CA) exhibits the highest degree of auto-
mation. The CA amplifies, hybridizes, and detects amplicons in
one run without the need of any manual intervention and offers
the possibility of processing PCR mixtures for different targets
in parallel. The aim of this study was to evaluate this new test
system by comparing it to culture and an in-house PCR pro-

tocol. In addition, we tested the CA with specimen types other
than sputum and evaluated the diagnostic value of the PCR
techniques investigated in this study in a case-oriented fashion.

MATERIALS AND METHODS

Clinical specimens. All specimens submitted to our institution for diagnosis of
tuberculosis (TB) from January to November 1996 were examined in parallel by
conventional analysis (fluorochrome stain and culture; see below) and PCR (CA
and in-house PCR; see below). The following restrictions applied: (i) if the actual
work load exceeded the capacities of the PCR working group, PCR was per-
formed on a subset of specimens which guaranteed that at least one specimen per
patient was examined by both PCR methods, (ii) only one smear-positive spec-
imen per smear-positive patient was tested in order to minimize the input of
genomic DNA into the DNA extraction area, (iii) small-volume specimens were
tested only by conventional methods, and (iv) stool and blood samples were not
examined by either PCR system. Specimens inhibitory to CA were not included
for calculation of sensitivity, specificity, and predictive values.

Specimen processing for conventional analysis. Sputa were mechanically ho-
mogenized and liquified with 1 volume of 0.1% (wt/vol) dithiothreitol (DTT) in
distilled water. The liquified material was split for further separate processing by
conventional analysis and PCR (approximately 1 ml for each method). Subse-
quently, bacteria were sedimented in a refrigerated centrifuge at 4,500 3 g for 10
min. A loopful of the resulting pellet was used to prepare a slide for acid-fast
staining, and the remaining material was further processed by the Zephirol-
trisodium phosphate method for decontamination (23). After neutralization, the
suspension was centrifuged at 4,500 3 g for 10 min and resuspended in 1 ml of
distilled water. Urine and other liquid samples were centrifuged at 4,500 3 g for
10 min, and the resulting pellets were treated as described above for sputum
sediments after liquefaction. Swab samples were squeezed into sterile distilled
water and centrifuged; the sediment was treated as described above. Cerebro-
spinal fluid was concentrated only by centrifugation; there was no further treat-
ment. Biopsy samples were mechanically homogenized, and the homogenate was
directly inoculated onto culture media. If the presence of a contaminating flora
was expected (e.g., in biopsies from abscess walls), the homogenate was decon-
taminated and neutralized as described above. The numbers of each specimen
type studied are given in the first row of Table 5.

Smear examination. Acid-fast stains of the homogenized specimens were
prepared with auramine-rhodamine and Ziehl-Neelsen stain and examined ac-
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cording to standard procedures (23). Urine samples were examined by micros-
copy only if urogenital TB was suspected.

Culture and identification. After decontamination as described above, 0.2 ml
of the resulting suspension was inoculated into one BACTEC 12B bottle (Becton
Dickinson, Heidelberg, Germany) supplemented according to the manufactur-
er’s instructions, 0.2 ml was inoculated onto one Stonebrink slant (Becton Dick-
inson), and 0.2 ml was inoculated into 2 ml of brain heart infusion broth as a
contamination control. Since July 1996, MGIT fluorescent liquid medium (Bec-
ton Dickinson) has been used instead of the BACTEC system. All culture media
were read twice weekly; all cultures suspected of growth were immediately
examined by acid-fast staining, the p-nitro-acetylamino-hydroxy-propiophenon
(NAP) test, and a PCR-restriction fragment length polymorphism technique
suited for typing of mycobacteria (28). In addition, all isolates were identified to
species level by standard techniques (23).

Specimen processing for in-house PCR. After homogenization and centrifu-
gation, sediments were washed twice with an equal volume of Tris-EDTA buffer
(10 mM Tris–HCl [pH 8.0], 0.5 mM EDTA) at 16,000 3 g for 5 min. The
resulting pellet was resuspended in an equal volume of Tris-EDTA buffer and
subjected to 5 min of ultrasonication in an ultrasonication water bath (80 W).
The sample was then boiled for 10 min, chilled on ice, and centrifuged at
16,000 3 g for 10 min, and 5 ml of the supernatant was analyzed by PCR in a
50-ml reaction mixture (see below).

DNAs from biopsy samples were extracted with a DNA tissue extraction kit
(Qiagen, Hilden, Germany) according to the manufacturer’s instructions except
that the sample was sonicated in the protease digestion mixture as described
above. The resulting eluate was heated to 100°C for 10 min and chilled on ice,
and 5 ml was used as input for a 50-ml PCR mixture.

Specimen processing for CA. A portion (0.1 ml) of the sample as obtained
after liquefaction was washed and further processed by alkaline lysis as recom-
mended by the manufacturer with the reagents provided in the sample prepa-
ration kit. For biopsy samples, DNAs were extracted as described above; 5 ml of
each resulting DNA solution was added to 50 ml of a mixture of lysis and
neutralization reagents (1:1 [vol/vol]). After being mixed, 50 ml was added to 50
ml of the master mix.

In-house PCR. An IS6110-based PCR was performed with primers developed
by Kolk et al. (18). The reaction mixture was modified to prevent amplicon
carryover by adding uracil-N-glycosylase (UNG) and using dUTP instead of
dTTP (21). In brief, after treatment of the specimens as described above, a PCR
with primers INS1 (59-CGTGAGGGCATCGAGGTGGC-39) and INS2 (59-GC
GTAGGCGTCGGTGACAAA-39) was performed. The reaction mixture (final
volume, 50 ml) consisted of 0.067 M Tris–HCl (pH 8.8), 0.016 M ammonium
sulfate, 0.01 M 2-mercaptoethanol, 0.02% (wt/vol) gelatin, 3 mM MgCl2, 1 U of
Taq polymerase (Pharmacia, Freiburg, Germany) per 50 ml, 1 U of UNG (Boehr-
inger Mannheim, Mannheim, Germany) per 50 ml, 200 mM dGTP, 200 mM
dATP, 200 mM dCTP, 600 mM dUTP, and 0.5 mM each primer (final concen-
trations). The temperature profile consisted of an initial 20 min at 25°C and then
an initial denaturation step at 95°C for 10 min, followed by 40 cycles at 94°C for
30 s (denaturation), 65°C for 30 s (annealing), and 72°C for 1 min (extension).
After completion of the amplification reaction the temperature was set to 72°C
until the reaction vessels were removed from the thermal cycler and immediately
chilled on ice. Five microliters of the reaction mixture was further analyzed by
agarose gel electrophoresis and Southern blotting according to standard proto-
cols. A DNA probe labelled with digoxigenin (DIG) as described in the following
paragraph was used for hybridization, and a commercially available kit (DIG
DNA luminescent kit; Boehringer Mannheim) was used for detection. All rec-
ommendations of the manufacturer were strictly followed, except that a ready-
for-use hybridization solution (QuickHyb; Stratagene, Heidelberg, Germany)
was used. The complete PCR working area was organized according to standard
recommendations, including separation of the entire workspace into three dis-
tinct areas, use and frequent change of gloves, and use of disposable filter pipette
tips. Inhibition testing was carried out by adding 10,000 molecules of amplicons
generated with INS1 and INS2 to the reaction mixture and performing the PCR
in the same run as the unspiked reaction. Inhibition testing was performed
retrospectively only on culture-positive samples where the in-house PCR failed
to detect M. tuberculosis DNA.

Preparation of the probe for the in-house PCR. Approximately 104 copies of
amplification product obtained with the primers INS1 and INS2 were subjected
to 40 amplification cycles with primers pt3 (59-GAACGGCTGATGACCAAAC
T-39) and pt6 (59-ACGTAGGCGAACCCTGCCCA-39). The reaction condi-
tions were the same as described above for primers INS1 and INS2 except that
the UNG was omitted and all of the dUTP was replaced by 150 mM dTTP and
50 mM DIG-dUTP. After completion of the PCR, the reaction mixtures were
stored at 4°C; 5-ml samples were used as probes without any further purification
in 5 ml of hybridization buffer.

PCR by CA. After adding 50 ml of sample to 50 ml of the master mix, PCR
amplification tubes were closed and the amplification ring was transferred into
the CA amplification system. One positive and one negative control per vessel
ring (12 vessels) provided with the kit were included in each run. The CA
automates the amplification and detection procedure for PCR. It should be
noted that the CA uses a UNG carryover prevention system (21) and a coam-
plified internal control (50 targets per reaction). For discrimination between

positive and negative results, the results were calculated by the CA software with
the cutoff set to an optical density at 650 nm of 0.35.

Handling of discrepant results and definition of an adapted gold standard.
Specimens with discrepant results by any of the PCR techniques were retested by
the same system; however, we used the primary results for calculating sensitivity,
specificity, and positive and negative predictive values (PPV and NPV, respec-
tively). False-negative specimens by in-house PCR were tested for inhibition as
outlined above, and the isolated strains were directly subjected to in-house PCR
in serial 10-fold dilutions to detect IS6110-negative strains. A discrepant positive
PCR result was considered a true positive if one or more of the following criteria
were met: (i) the sample originated from a patient from whom other samples
were culture positive, (ii) the sample originated from a patient under successful
therapy for TB (iii) the specimen was positive by both PCR methods, and (iv) the
patient’s clinical history, chest roentgenograms, and actual clinical presentation
were sufficiently indicative of TB for an empirical antituberculous therapy. Ad-
ditionally, all culture-negative, smear-positive specimens from patients with cul-
ture-proven TB were regarded true DNA positives. A positive culture result was
defined as a false positive if the specimen was negative by both PCR methods and
there was no clinical or further laboratory evidence of TB for the corresponding
patient. All patients’ medical records were reviewed as far as possible.

Assessment of the number of specimens necessary for diagnosis of smear-
negative TB patients by CA. For this analysis, we included from smear-negative
TB patients only specimens from the individual site of infection drawn before
initiation of therapy. Specimens were ordered by their time of receipt and
sequentially numbered, and the number of sequential specimens that had to be
tested until CA gave a positive result was determined.

RESULTS

Culture and acid-fast stain. Of 1,681 specimens tested, 154
(9.16%) were inhibitory for CA and thus were not further
regarded for calculation of sensitivity, specificity, and predic-
tive values. From the remaining 1,527 specimens from 833
patients, 65 samples from 27 patients were culture positive for
M. tuberculosis and 10 samples from 4 patients grew MOTT
(these samples were considered culture negative with regard to
growth of M. tuberculosis). Thirty-five of the culture-positive
samples were also smear positive (53.8%, of which 28 samples
were culture positive for M. tuberculosis and 7 samples exhib-
ited MOTT). Thirteen samples were positive by acid-fast stain
but negative by culture; of these, four were from patients under
antituberculous therapy, three were from patients under ther-
apy for MOTT infection, and six were considered unspecific
positive smear results, because they were negative by both
PCR systems (Fig. 1). For culture-positive specimens, the av-
erage turnaround time was 14.9 days. From the above data,
levels of prevalence of 4.25% for M. tuberculosis and 0.65% for
MOTT were calculated. These figures are representative for all
of the specimens examined by conventional methods in our
laboratory (approximately 4,500 to 5,000 samples per year).

Comparison of CA and in-house PCR with culture. Of 65
culture-positive samples, 50 were positive by CA (sensitivity,
76.92%; NPV, 98.97%) and 59 were positive by in-house PCR
(sensitivity, 90.76%; NPV, 99.58%). Fifteen culture-positive
samples were missed by CA, and six culture-positive samples
were missed by in-house PCR. Twenty-one culture-negative
samples were positive by CA (specificity, 98.56%; PPV,
70.42%), and 35 culture-negative samples were positive by
in-house PCR (specificity, 97.60%; PPV, 62.72%). Of 32 spec-
imens with a positive smear result, CA detected 27 of 28
culture-positive samples (sensitivity, 96.42%; NPV, 96.42%)
and in-house PCR detected all of them (sensitivity, 100%;
NPV, 100%). If only smear-negative samples are considered,
the figures are as follows: 23 of 37 culture-positive samples
were correctly identified as positive by CA (sensitivity, 62.16%;
NPV, 99.03%) and 31 were correctly identified as positive by
in-house PCR (sensitivity, 83.78%; NPV, 99.58%). Fourteen
culture-positive samples were missed by CA, and six were
missed by in-house PCR. There were 20 discordantly positive
results by CA (specificity, 98.62%; PPV, 53.48%) and 32 dis-
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cordantly
positive results by in-house PCR (specificity, 97.80%;
PPV, 46.20%) (Table 1).

Resolving discordant results. Fifteen of 21 discordantly pos-
itive CA samples originated from patients with culture-proven
TB, and 2 discordantly positive results could be confirmed by
in-house PCR. The remaining four discrepantly positive CA
results were obtained from patients 3, 58, 88, and 254. Patient
3 was a 4-month-old infant admitted to the hospital with an
acute severe respiratory infection. Standard microbiological
examination of pharyngeal swabs and nasal aspirates revealed
an infection with respiratory syncythial virus. In consideration
of this result, the age of the patient, and the baby’s clinical
presentation, a clinically relevant infection with M. tuberculosis
was considered highly improbable and the positive CA result
from one gastric aspirate was considered a false positive. Pa-
tient 58 was a 31-year-old woman with notoriously frequent
episodes of spontaneous staphylococcal abscesses. During the
course of the study she was admitted to the hospital for a
cesarean section; immediately thereafter she developed a
paraspinal abscess at the fourth cervical vertebra causing pro-
gressive tetraplegia. Two independently drawn abscess aspi-
rates revealed Staphylococcus aureus, and consequently, the
positive CA result from one of the abscess aspirates was there-
fore considered a false positive. From patient 88 only one pus
swab obtained upon lung surgery was submitted; bronchial
carcinoma was suspected. The positive CA result was consid-
ered false positive, because there were no further data avail-

able supporting a history of TB for this patient. From patient
254 only one sputum sample was available; the clinical diag-
nosis was atypical pneumonia. This patient had a high titer of
antibody against Coxiella burnetii by complement fixation (1:
80), thus making rickettsial pneumonia probable. Conse-
quently, we considered the positive CA result false. Taken
together, four positive CA results could not be confirmed by
either laboratory or clinical data and were considered false
positives according to the criteria set forward in Materials and
Methods (Table 2).

For in-house PCR, there were 35 discordantly positive re-
sults. Thirty-one of these originated from patients with culture-
proven TB, two were confirmed by CA, and two were obtained
from patients 57 and 253. Patient 57 was a 56-year-old woman
who was hospitalized with diffuse abdominal pain. Standard
imaging techniques revealed multiple retroperitoneal ab-
scesses. Several specimens from these abscesses obtained upon
surgery were examined; histological examination suggested ac-
tinomycosis. However, no pathogen could be cultivated despite
intense efforts with a broad spectrum of culture media and
culturing conditions. The patient recovered during a prolonged
stay at the hospital under broad antibiotic therapy with b-lac-
tams and aminoglycosides. The final success of conventional
antibiotic therapy led us to consider the positive in-house PCR
result for one of the abscess specimens a false positive. Patient
253 was a 4-year-old boy with frequent episodes of pulmonary
infections with common pathogens due to known multiple at-

FIG. 1. Results of conventional testing of noninhibitory specimens.

TABLE 1. Comparison of CA and in-house PCR with culture

Specimens Amplification
system

No. of culture-positive
specimensa that were

PCR:

No. of culture-negative
specimensb that were

PCR:
Sensitivity

(%)
Specificity

(%)
NPV
(%)

PPV
(%)

Positive Negative Positive Negative

All (n 5 1,527) CA 50 15 21 1,441 76.92 98.56 98.97 70.42
In house 59 6 35 1,427 90.76 97.60 99.58 62.72

Smear positive CA 27 1 1 3 96.42 75.00 75.00 96.42
(n 5 32)c In house 28 0 3 1 100.00 25.00 100.00 90.32

Smear negatived CA 23 14 20 1,438 62.16 98.56 99.03 53.48
(n 5 1,495) In house 31 6 32 1,426 83.78 97.60 99.58 46.20

a Includes only specimens growing M. tuberculosis.
b Includes 10 culture-positive specimens growing MOTT.
c Includes specimens from TB patients only.
d Includes six unspecific positive smears and 10 smear-positive specimens from patients infected with MOTT.
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electases; there had never been any clinical suspicion of TB.
According to the criteria outlined in Materials and Methods,
the positive PCR result for one tracheal aspirate was consid-
ered false positive. Additionally, one smear-positive, culture-
negative specimen from a patient with a previous series of
smear-positive specimens growing M. tuberculosis was consid-
ered a true positive. None of the culture-positive and PCR-
negative samples could be considered a false-positive culture
result.

Comparison of CA and in-house PCR with the extended gold
standard. After resolution of discrepantly positive results, 101
samples had to be considered true DNA positives. Of these,
the 67 recognized by CA gave a sensitivity of 66.33% and an
NPV of 97.66% and the 92 samples recognized by in-house
PCR gave a sensitivity of 91.08% and an NPV of 99.37%. From
the remaining four unconfirmed positive CA results, a speci-
ficity of 99.71% and a PPV of 94.36% could be calculated. The
corresponding figures for the in-house PCR were 99.85% for
specificity and 97.87% for the PPV. For smear-positive sam-
ples, the sensitivity of CA was 87.5% and the sensitivity of the
in-house PCR was 96.87%. Because there were no DNA-neg-
ative, smear-positive samples by definition, the specificities of
both PCR techniques could not be calculated. If only smear-
negative samples were considered, CA recognized 39 of 69
DNA-positive samples (sensitivity, 56.52%; NPV, 97.93%) and
in-house PCR recognized 61 of these (sensitivity, 88.40%;

NPV, 99.44%). The unconfirmed CA and in-house PCR re-
sults (four and two samples, respectively) mentioned above
gave specificities of 99.71 and 99.85% and PPV of 90.69 and
96.82%, respectively (Table 3).

Dependence of sensitivity on different types of specimens.
One aim of this study was to evaluate the sensitivity of CA
when it was applied to specimen types other than sputum. The
sensitivities of CA and in-house PCR compared to that of
culture are shown in Table 4 and demonstrate that CA per-
formed even better with gastric aspirates (sensitivity 70.00%
with smear-negative samples) than with respiratory specimens
(sensitivity, 45.45% with smear-negative samples). This effect
was also observed with in-house PCR (90.00 versus 63.63%,
respectively). For other specimen types the number of culture-
positive samples was too low for a valid analysis; however, the
data indicate that CA may also be suited for use on urine
specimens (sensitivity, 100%).

Correlation between specimen type and inhibition of PCR.
A total of 154 specimens were inhibitory to the CA system
(9.16%). Among these 154 samples were 9 culture-positive
samples which would thus have been missed by CA; however,
because multiple samples were examined from the same pa-
tient, no positive patient was missed because of PCR inhibi-
tion. When inhibition rates were calculated for individual spec-
imen types (Table 5), sputum and gastric aspirates exhibited
the highest inhibitory potential (10.71 and 12.71%, respective-
ly). The inhibition rates for all other specimen types ranged
between 2.54 and 7.37%. Among the six results falsely negative
by in-house PCR, there were no inhibitory samples; however,
it should be noted here that inhibition testing for the in-house
PCR detects only complete inhibition; strains isolated from
these samples exhibited a strong positive signal when they were
tested directly by in-house PCR, indicating that none of these
strains was IS6110 negative.

Patient-oriented analysis of the diagnostic value of in-house
PCR and CA. Among the 833 patients enrolled in this study, 46
exhibited positive results by at least one of the investigated
methods. Four patients had already been diagnosed with TB at
entry into this study by conventional methods and therefore
cannot be considered in this paragraph. The roles of the two
PCR systems for the diagnosis of the remaining 42 patients are
summarized in Table 6.

For four smear-positive patients with MOTT infections, an
infection with M. tuberculosis could be excluded by either PCR
system; one of these four patients was not human immunode-

TABLE 2. Adjustment of discrepant results to the adapted
gold standard

Test

No. of true-positive specimens for which:
No. of

specimens
for which

positive PCR
was not

confirmableb

Positive PCR
was confirmed

by other
culture-positive
samples from
same patient

Positive PCR
was confirmed
by other PCR

Negative PCR
was confirmed

by both
PCRsa

CA 15 2 4
In-house

PCR
31 2 2

Acid-fast
staining

1

a Smear-negative, culture-negative specimen from a patient with culture-
proven TB.

b False-positive PCR.

TABLE 3. Comparison of CA and in-house PCR to the adapted gold standard

Specimens Amplification
system

No. of adapted gold
standard-positive

specimensa that were
PCR:

No. of adapted gold
standard-negative

specimensb that were
PCR:

Sensitivity
(%)

Specificity
(%)

NPV
(%)

PPV
(%)

Positive Negative Positive Negative

All (n 5 1,527) CA 67 34 4 1,422 66.33 99.71 97.66 94.36
In house 92 9 2 1,424 91.08 99.85 99.37 97.87

Smear positive CA 28 4 0 0 87.50 99.37
(n 5 32)c In house 31 1 0 0 96.87 99.37

Smear negative CA 39 30 4 1,422 56.52 99.71 97.93 90.69
(n 5 1,495)d In house 61 8 2 1,424 88.40 99.85 99.44 96.82

a Specimens from patients with TB (for a definition, see Materials and Methods).
b Specimens from patients without any evidence of TB.
c Includes only specimens from TB patients.
d Includes six unspecific positive smears and 10 smear-positive specimens from patients infected with MOTT.
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ficiency virus positive and presented with clinical signs typical
of pulmonary TB. The negative PCR results gave the decisive
clue for correct anti-MOTT therapy. For four additional pa-
tients with unspecific positive smear results, TB could also be
ruled out by either PCR technique. This decision was essential
for one of these patients, for whom an already initiated un-
necessary antituberculous therapy could be withdrawn. All of
the 17 smear-positive TB cases included in this study could be
confirmed by either PCR system. Of the 11 smear-negative TB
patients, 7 (including 2 culture-negative patients) were diag-
nosed by either PCR system before positive culture results
were available, and 4 patients were diagnosed first by in-house
PCR (including 3 patients whose TB was missed by CA). No
case was missed by in-house PCR. CA and in-house PCR gave
false-positive results for four and two patients, respectively.
Because CA results were not given to our clinical colleagues,
we cannot estimate retrospectively if unnecessary therapy
would have been initiated. The two unconfirmed positive in-
house PCR results did not induce initiation of antituberculous
therapy after the corresponding cases had been thoroughly
discussed with the clinical colleagues.

Number of specimens necessary for diagnosis of smear-
negative TB patients by CA. Of the 11 smear-negative TB
patients enrolled in this study, 6 could be identified by CA by
testing two specimens; for an additional 2 patients, testing of 7
and 8 specimens was necessary. The conditions of three re-
maining patients were missed by CA (for more details, see
Table 7). If the level of bacterial shedding (as assessed from
the rate of true-positive specimens) is correlated with the num-
ber of CA testings necessary for a diagnosis, it can be demon-
strated that all patients with 100% true-positive specimens
except one (patient 354) could be diagnosed by testing two
specimens with CA. For patients with lower bacterial counts

(as concluded from the low rate of true-positive specimens),
the number of necessary CA testings was seven or more; how-
ever, there were too few patients for an extact estimation.

DISCUSSION

The available data about the CA test show an almost 100%
correlation of this test with the manually performed test (17),
so it is justified in our view to compare our data with research
evaluating the manually performed Amplicor MTB test, which
has been extensively studied during the last few years (2–4, 7,
8, 10, 11–13, 16, 20, 24, 27, 29). Although a wide range of
sensitivity has been reported for the manual Amplicor MTB
test, most publications reporting investigations of more than
500 specimens and providing separate data for smear-negative
samples demonstrate a sensitivity below 66% (D’Amato et al.
[10], 51.2%; Cartuyvels et al. [8], 46%; Carpentier et al. [7],
76%; Moore and Curry [20], 66%; Bennedsen et al. [3], 60.9%;
Bergmann and Woods [4], 40%; Wobeser et al. [29], 53%).
Our data show a similar sensitivity for the CA test, indicating
that this test works with a diagnostic efficiency comparable to
that of the manually performed Amplicor MTB test. Bodmer
et al. (5) have reported an overall sensitivity of 92.6% for the
new CA relative to that of culture; however, 95.6% of all
culture-positive samples were also smear positive. Although
the sensitivity for the smear-negative samples is not explicitly
given in the report of Bodmer et al. (5), the mean optical
density for these samples was 0.01 (cutoff; 0.35), strongly sug-

TABLE 4. Sensitivity of CA and in-house PCR compared to culture with different types of specimens

Specimen type

No. of all samples (sensitivity [%]) that were: No. of smear-negative samples (sensitivity [%]) that were:

Culture
positive CA positive

In-house
PCR

positive

Culture
positive CA positive

In-house
PCR

positive

Sputum or BALa 23 17 (73.91) 19 (82.60) 11 5 (45.45) 7 (63.63)
Gastric aspirate 34 27 (79.41) 32 (94.11) 20 14 (70.00) 18 (90.00)
Urine 4 4 (100.00) 4 (100.00) 4 4 (100.00) 4 (100.00)
Other 4 2 (50.00) 4 (100.00) 2 0 (0) 2 (100.00)

a BAL, bronchoalveolar lavage.

TABLE 5. Inhibition rates of CA with different specimen types

Specimen typea Total no. of
specimens

No. of
noninhibitory

specimens

No. of
inhibitory
specimens

Inhibition
rate (%)

Pus 47 45 2 4.25
Swab 32 31 1 3.12
Sputum or BALa 821 733 88 10.71
Gastric aspirate 354 309 45 12.71
Urine 157 153 4 2.54
Biopsy 86 83 3 3.48
Pleural fluid 122 113 9 7.37
CSFb 29 29 0 0.00
Other 33 31 2 6.06

Total 1,681 1,527 154 9.16

a BAL, bronchoalveolar lavage.
b CSF, cerebrospinal fluid.

TABLE 6. Role of PCR for the primary diagnosis of TB and
specification of positive smear results

Test(s) performed for
primary diagnosis

No. of
specimens Comment

Microscopy plus CA
or in-house PCR

4 Smear-positive MOTT infections

4 Unspecific smear results
17 Smear-positive TB cases

CA or in-house PCR 7 Smear-negative TB cases
(including 2 culture-negative
cases)

In-house PCR only 4 Smear-negative TB cases
(including 3 missed by CA)

In-house PCR 2 False-positive PCR results
CA 4 False-positive PCR results

Total 42 Cases with a positive result by
any of the investigated
methods
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gesting that most of the culture-positive and smear-negative
samples were negative by CA. The figures for our in-house
PCR are in agreement with those of previously published re-
ports comparing IS6110-based PCRs with culture in a large-
scale format (6, 19, 24). In summary, these data indicate a lack
of sensitivity for the Roche CA in comparison to the in-house
PCR. The reasons for this might be as follows. (i) CA uses a
single-copy gene as a target, whereas IS6110-based PCRs use a
multiple-copy gene, which increases sensitivity. Of course,
IS6110-based PCRs run a certain risk of missing M. tuberculosis
strains lacking this insertion element. (ii) A larger sample
volume was used for in-house PCR than for CA (1.0 versus 0.1
ml); however, the final volumes of DNA extract introduced
into the amplification reaction were the reverse (5 ml for in-
house PCR versus 50 ml for CA). As dilution effects varied with
the sediment volume obtained by the extraction protocol for
the in-house PCR, the impact of the larger sample volume on
the in-house PCR cannot definitely be estimated. (iii) Compe-
tition could have suppressed amplification of mycobacterial
DNA if it was present at concentrations far below the concen-
tration of the internal control. (iv) The CA uses an enzyme-
linked immunosorbent assay-based detection system, which is
less sensitive than Southern blotting. In summary, the issues
discussed above make it reasonable that the sensitivity of the
CA was found to be lower than that of the in-house PCR,
mainly for reasons related to the basic concept of the test.

The relatively high rate of inhibition of CA may be caused by
the use of DTT for liquefaction of samples, as this method is
not approved by the manufacturer; however, this is only spec-
ulative because we have not directly compared the results of
use of DTT with the results of use of the approved liquefier
(N-acetyl-cysteine–NaOH). Data indicating that use of benza-
lkonium chloride for decontamination decreases the sensitivity
of the manually performed Roche Amplicor MTB test have
been published (8, 19); however, for the present study we
separated liquefaction and decontamination into two steps and
performed PCR directly after liquefaction so that there was no
benzalkonium chloride present in the samples analyzed by
PCR. Interestingly, Cartuyvels et al. (8), who reported 46%
sensitivity for the manually performed Amplicor assay with
smear-negative specimens, also used benzalkonium chloride
for decontamination of samples before culture but not for
PCR; consequently the low sensitivity of PCR could also be a
result of a relatively high sensitivity of culture resulting from a

better yield of viable tubercle bacilli by the Zephirol-trisodium
phosphate procedure (23).

We want to point out here that the specificities of both PCR
methods never raised concern for clinical practice. Although
the PPV of both methods were not 100%, no unnecessary
therapy was initiated in response to PCR. Additionally, 8 of 26
smear-positive patients could be rapidly identified as having
non-TB conditions and inappropriate treatment could be pre-
vented. When we considered the cases where PCR made an
essential contribution to rapid confirmation of positive smear
results (17 of 28 confirmed TB cases) or rapid identification of
smear-negative TB cases (in-house PCR, 11 of 28 confirmed
TB cases; CA, 8 of 28 confirmed TB cases), the diagnostic
benefit of either method by far outweighed the problems aris-
ing from unconfirmable positive PCR results.

One aim of this study was also to evaluate the performance
of the CA with nonrespiratory specimens. Although there have
been publications reporting a lower sensitivity of the manually
performed Amplicor MTB for gastric aspirates than for respi-
ratory specimens (11), in this study the sensitivity of CA with
gastric aspirates compared to that of culture was even higher
than its sensitivity with respiratory specimens. This finding may
be explained by (i) a lower viscosity of gastric aspirates than
sputa, increasing the yield of bacterial cells by centrifugation;
(ii) high sample volumes (above 20 ml); and (iii) a high portion
of bacterial cells killed by gastric acid that thus decreases the
sensitivity of culture. Although we used different DNA extrac-
tion procedures for respiratory specimens and gastric aspirates
(alkaline lysis versus washing plus ultrasonication), this does
not seem to have played a major role in the better sensitivity of
CA with gastric aspirates, because our in-house PCR also ex-
hibited better sensitivity with gastric aspirates. However, for
in-house PCR there were no differences in DNA extraction
procedures for respiratory specimens and gastric aspirates.

If the three cases completely missed by CA are considered,
it can be stated that all three samples (from three patients)
probably contained low bacterial counts, as could be concluded
from the fact that only the liquid media became positive after
a prolonged period of incubation (.4 weeks). In addition, two
of the three specimens were biopsies, so there might not have
been an even splitting of the samples. Six of the 8 smear-
negative TB patients identified by CA were recognized by
testing one or two specimens; from this we conclude (also with
regard to the overall sensitivity of CA) that testing three sam-

TABLE 7. Assessment of the minimum number of specimens necessary for CA for smear-negative TB patients

Patient No. of
specimensa

No. of
true-positive
specimensb

Rate of
true-positive
specimens

(%)

No. of
CA-positive
specimens

Sequential
no. of first

CA-positive
specimenc

Localization of infection

55 4 4 100 4 1 Urogenital organs
543 5 5 100 2 1 Lungs
266 5 5 100 2 1 Lungs
176 1 1 100 1 1 Lungs
222 1 1 100 1 1 Lymph node
505 3 3 100 2 2 Lungs
287 10 1 10 1 7 Lungs
356 9 5 55.6 1 8 Lungs
354 3 3 100 0 Lungs
536 6 1 16.7 0 Mediastinal lymph node
587 3 1 33.3 0 Pulmonary lymph node

a Includes only specimens drawn from the site of infection before initiation of therapy. For details, see Materials and Methods.
b See also the definition of the adapted gold standard in Materials and Methods.
c As determined after ordering the specimens of each patient by the time of receipt.
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ples per patient with CA is a minimum requirement for smear-
negative patients. Of course, this will identify only patients with
considerable bacterial counts; in cases of lower numbers of
bacteria, excessive CA testing may be required. For these
cases, we cannot give any concrete recommendation based on
our data, however.

Although DNA extraction still absorbs the major portion of
the manpower involved, CA offers significant advantages with
regard to the amount of hands-on time required after DNA
extraction, compared to that of the manually performed Am-
plicor MTB test or our nonautomated in-house protocol. The
possibility of running the system overnight made it possible to
provide results at least by the morning after specimen receipt.
However, as the sensitivity with smear-negative specimens is
not satisfactory in our view, we recommend the use of this test
only in addition to conventional methods (i) for identification
of members of the M. tuberculosis complex in smear-positive
specimens and (ii) with smear-negative specimens, only if a
minimum of three samples from the same patient can be
tested.
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