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Original Article

Objective: Tuberculosis(TB) is a major public health threat worldwide. The incidence is still 
high in Southern Taiwan. Highly sensitive and reliable diagnostic methods for direct detection of 
Mycobacterium tuberculosis from respiratory specimens are necessary.
Methods: The performance of AsiaGen MTB detection assay was compared with that of Cobas 
Amplicor Mycobacterium system for M. tuberculosis rapid detection and Bactec MGIT 960 liquid 
culture system in clinical respiratory specimens at E-Da Hospital.
Results:
and 92.4%, and those of the Cobas Amplicor Mycobacterium system were 77.2% and 100%, 
respectively. Of the 121 cases with positive acid-fast stain, 98 (80%) were positive for TB by 
MGIT 960 TB culture, and 95 (80%) among them were positive by AsiaGen MTB detection 
assay. Of the 111 cases with stain-negative smears, 50 (45%) were positive for TB by MGIT 960 
TB culture, but only 9 (18%) among them were positive by AsiaGen MTB detection assay. The 

96.9%, 25%, 96.9%, and 86.9%, respectively. However, the values in smear-negative cases were 
18.0%, 84%, 52.9%, and 56.4%, respectively.
Conclusion: AsiaGen MTB detection assay has a similar diagnostic value compared with Cobas 
Amplicor Mycobacterium system for direct detection of M. tuberculosis from respiratory 
specimens. It might be helpful for clinical laboratory to detect tuberculosis infection immediately 
in smear-positive respiratory specimens; however, the performance is relatively low for smear-
negative specimens.

Key words: Mycobacterium tuberculosis, AsiaGen MTB detection assay, Cobas Amplicor 
Mycobacterium system, MGIT 960 TB culture, respiratory specimens
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Tuberculosis (TB) is an infectious disease 
of high prevalence worldwide. The World 

Health Organization reported an estimated 
8.3 million new TB cases in the world.1 Myco-
bacterium tuberculosis (MTB) is the principal 
TB etiological agent in humans; it is a weak 
Gram-positive rod-shaped bacterium that has 

toxins and has no capsule. The microbe’s width 
and height vary from 0.3 to 0.6 and 1 to 4 m, 
respectively, and it presents with a complex 
cellular envelope, considerably slow growth, 
and genetic homogeneity.2,3 In 2008, the inci-
dence and mortality of TB in Taiwan were 62 
and 3.3 per 100,000, respectively.4 The inci-
dence of TB is still very high in Southern 
Taiwan. Generally, successful control of tuber-

     noicipsus fo xedni hgih a no sdneped sisoluc
for rapid detection of M. tuberculosis to allow 

  ,stneitap fo noitalosi reporp dna tnemtaert ylrae
thereby decreasing the likelihood of dissemina-
tion.5 The conventional method for laboratory 
diagnosis of tuberculosis is based on acid-fast 
staining and culture by liquid and solid media. 
However, the staining lacks sensitivity (<50%), 
whereas culture results are usually not avail-

6-8 Various nucleic 

M. 
tuberculosis in clinical samples, and the results 
are usually obtained within hours of sample 
collection.9-11 The purpose of this study was 
to evaluate the performance of AsiaGen MTB 
detection assay (AsiaGen Corporation, Taiwan, 
ROC) compared with that of CobasAmpli-
cor Mycobacterium system (Roche Diagnos-
tic Systems, Inc., Branchburg, N.J.) for rapid 
detection of M. tuberculosis in clinical respira-
tory specimens.

Specimen collection and processing 
A total of 232 sputum specimens includ-

ing 121 smear-positive and 111 smear-negative 

on acid-fast stain from the patients with symp-
toms and/or signs suggesting pulmonary TB 
were collected from 2006 to Dec 2008 at E-Da 
hospital. 

All specimens were processed and treated 
as previously described.21 -
men was processed by adding an equal volume 
of NaOH-citrate-N-acetly-L-cysteine at room 
temperature for 15 min. Sterile phosphate 
buffer saline (PBS, pH 7.4) was added to the 

being centrifuged for 15 min at 3,000 g. After 
centrifugation, the supernatant was discarded 
and the sediment was resuspended with PBS 

-
ing smears, inoculating culture media, and 
performing PCR assays.

Smear and culture
Smears of the processed specimens 

for acid-fast bacilli were stained with aura-
-

ined by standard procedures.22 Fluorochrome 

the Kinyoun stain method.22 Cultures were 
performed by inoculating 0.5 ml portion of the 
sediment in the MGIT 960 system (Becton-
Dickinson Diagnostic Instrument Systems, 
Sparks, MD.). Vials were incubated in the 
appropriate incubator at 37°C for 8 weeks. O2 
consumption from growth of bacteria provokes 
a change in the color of the vial bottom, and 
alarms laboratory personnel with a sound 
signal.

AsiaGen MTB detection assay
This technique uses a nested PCR tech-

nique, which can improve the sensitivity of 
detection of MTB and decrease false-positive 
events. Extraction of DNA was started by 
resuspending pellet in 150 l of lysis buffer 
I (KOH, pH 13.1) at room temperature for 10 
min and at 10°C water bath for another 20 
min. Then, 140 l of lysis buffer II (HCl and 
acetic acid, pH 1.2) was added. After centri-

Materials and Methods
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Comparison of AsiaGen MTB detection assay 
and Cobas Amplicor Mycobacterium system

  44 gnidulcni snemiceps 011 fo latot A
culture-positive and 66 culture-negative for 
M. tuberculosis were included in this portion 
of comparison study. Of the 44 culture-posi-
tive specimens, only 23 were smear-positive 
on acid-fast stain. As shown in Table 1, the 
cumulative difference for all MTB-positive 
specimens (40 by AsiaGen MTB detection assay 
and 34 by Cobas Amplicor Mycobacterium 

samples that were smear-positive and culture-
positive for tuberculosis complex were AsiaGen 
MTB detection assay-positive but only 19 were 
Cobas Amplicor Mycobacterium system-posi-

fuging at 10,000 g for 2 min, a 10 l volume 
of supernatant was transferred to an ampli-

-
tion reagent (Tris-HCl, MgCl2, dATP, dGTP, 
dTTP, dCTP, external primer, and AmpliTaq 
DNA polymerase) for nested PCR. The prim-
ers for nested PCR were derived from the M. 
tuberculosis genome, encoding the inser-
tion sequence IS6110 with the sequence of 
the external primers: 5-GTGAGGGCATC-
GAGGTGG-3 and 5-CGTAGGCGTCGGT-
CACAAA-3 and internal primers: 5-GATG-
CACCGTCGAACG-3 and 5-biotin-CCACG-
GTAGGCGAACCCT-3. For each assay, one 
negative control containing the PCR mixture 
without the template DNA was prepared. In 
a hybridization tube, 10 l of each ampli-

reagent, containing 15 l of MagProbe (beads 
with probe; 5-amine-ACCTAACCGGCTGT-
GGGTAGCAGA) and 150 l of hybridization 
buffer, was added, vortexed, and incubated at 
95°C for 5 min and at 60°C for 20 min in a dry 
bath. Tubes were then transferred to magnetic 
wells for 5 min. The hybridization buffer was 
removed by aspiration without disturbing the 
Mag-Probe. After complete washing, blocking 
solution and streptavidin-horseradish peroxi-
dase were added, vortexed, and kept from light 
at room temperature for 20 min. After wash-
ing twice and resuspending with PBS, the tube 
was placed in a luminometer to determine the 
number of relative light units (RLU) produced 
by the reaction. When the RLU of the corre-
sponding control was less than 25,000, the 
sample was considered positive for M. tuber-
culosis complex if the sample’s RLU was equal 
to or greater than 100,000; and negative if the 
sample’s RLU was less than 25,000. If the 
sample’s RLU was between these values, the 
sample was retested to verify the results. The 
sample was considered positive if the retest 
RLU value was equal to or greater than 25,000 
and negative if it was less than 25,000.

Cobas Amplicor MTB test
This system is capable of semi-automat-

ically performing rapid detection of MTB 

designed to detect the presence of inhibit-
ing substances. The procedure was performed 
according to the manufacturer’s instruc-
tions, starting from a 100 l sediment sample 
portion. It is a two-step preparation process, 

detection. The internal control DNA sequence 
contained primer-binding regions identi-
cal to those of the MTB target sequence. A 
unique probe-binding region differentiated 
the internal control from the target amplicon. 
A colorimetric reading exhibiting absorbance 
values greater than 0.35 optical density units 
was considered positive. Since no equivocal 

-
ings of   0.35 were considered to be negative 
results, irrespective of observed inhibition. 
The test results were considered to be correct 
if the A450 values of the positive and negative 
controls were  2.0 and  0.25, respectively. If 

-
cation was repeated.

Results
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No. of samples
Assay AFS Culture(+) n=44 Culture(-) n=66 Sensitivity(%) Predictive Value(%)

PCR(+) PCR(-) PCR(+) PCR(-) Positive Negative

Asia Gene Positive(25)* 23 0 0 2# 100 100 100 100
Negative(85)* 17 4 5 59 80.9 92.1 77.3 93.7
Overall(110)* 40 4 5 61 90.9 92.4 88.6 93.8

Cobas Positive(25)* 19 4 0 2# 82.6 100 100 33.3
Amplicor Negative(85)* 15 6 0 64 71.4 100 100 91.4

Overall(110)* 34 10 0 66 77.2 100 100 85.7

*No of samples  #Non-Tuberculosis mycobacterium

Table 1.   
       110 respiratory specimens

Table 2.  Agreement between the results obtained with 
AsiaGen MTB detection assay and Cobas 
Amplicor Mycobacterium system in attempts to 
detect MTB in respiratory samples

AsiaGen Nested-PCR
Positive Negative

Cobas Amplicor-PCR Positive   34(19)a  0(0)
Negative 11(4) 65(2)

a Number in parentheses indicates the number of smear-
positive samples

tive. Of the 21 samples that were smear-nega-
tive but culture-positive for MTB, 17 (80.9%) 
were AsiaGen MTB detection assay-positive 
and 15 (71.4%) were Cobas Amplicor Myco-
bacterium system-positive. However, among 
66 samples with negative acid fast stain and 

be positive by AsiaGen MTB detection assay. 
All these 5 cases were previously diagnosed to 
have pulmonary tuberculosis and were receiv-
ing anti-TB treatment.

Table 1 shows comparison of these two 
M. 

tuberculosis in respiratory specimens in refer-
ence to the culture results. The AsiaGen MTB 
detection assay detected 40 of the 44 samples 
that were culture-positive for M. tuberculosis 
(sensitivity, 90.9%). Among the 66 culture-

-
tive and negative predictive values were 88.6% 
and 93.8%, respectively. The Cobas Amplicor 
Mycobacterium system detected 34 of the 44 
samples that were culture-positive for MTB 

66 culture-negative samples as positive (speci-

values for the Cobas Amplicor Mycobacterium 
system were 100% and 85.7%, respectively.

Table 2 shows the correlation between the 
results obtained with the AsiaGen MTB detec -
tion assay and the Cobas Amplicor Mycobacte-

rium system for the detection of MTB. Agree-
ment was 77.3% (34 of 44 samples) and 92.3% 
(65 of 66 samples) in MTB-positive and MTB-
negative samples, respectively. There were 4 
specimens of MTB culture-positive specimens 
not detected by both commercial kits, 6 speci-
mens were detected by AsiaGen MTB detection 
assay, but not by Cobas Amplicor Mycobac-
terium system. Five specimens among the 66 
MTB culture-negative specimens were demon-
strated to be positive by AsiaGen MTB detec -
tion assay. Sixty-one specimens were shown to 
be negative by both assay kits.

Correlation between AsiaGen MTB detection 
assay and culture results

Of the 121 cases with positive acid fast 
staining (AFS), 117 (96.7%) were positive for 
culture by MGIT 960 system, 98 (81.0%) were 

and only 95 (96.9%) were positive by AsiaGen 
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MTB detection assay. Of the 111 cases with 
negative AFS smears, 50 (45.0%) showed posi-
tive culture for MTB, and only 9 (18.0%) were 
positive by AsiaGen MTB detection assay.

As shown in Table 3, the cumulative 
difference for all MTB-positive specimens 
(98 positive by AFS methods and 104 posi-
tive by AsiaGen MTB detection assay) was 

and molecular methods for detecting MTB, 
-

tive and negative prediction values of AsiaGen 
MTB detection assay were 70.2%, 79.6%, 
90.4%, and 62.4%, respectively. However, the 
values in AFS positive detection were 96.5%, 
25.0%, 96.9%, and 86.9%, respectively. The 

-
cantly more sensitive for AFS-positive than 
for AFS-negative specimens (96.9% vs. 18.0%; 
p<0.001). The AsiaGen MTB detection assay 

all non-Tuberculosis mycobacterium (NTM) 
specimens were negative (Table 3).

It is important to diagnose TB as early 
as possible due to high incidence of spread-
ing of M. tuberculosis via person-to-person 
contact. Since conventional methods, includ-
ing acid-fast staining and culture, are insensi-
tive and time-consuming, new developments 
through application of molecular biology tech-
niques12,13 for rapid diagnosis of M. tubercu-
losis are of great interest in laboratory medi-

cine.14-16 Recently, the AsiaGen Corporation in 
Taiwan developed a new assay for detection of 
M. tuberculosis complex, AsiaGen MTB detec-
tion assay. This technique uses a nested PCR 
technique, which can improve the sensitivity of 
detection of M. tuberculosis complex.17,18 With 
this technique,  the false-positive events can 
be decreased since the probability of a wrong 

low. In addition, the overall time for process-
ing this assay requires only 5 hours. The  assay 

compared with conventional culture method. 

commercial kits for MTB detection in respira-
tory specimens were compared. The AsiaGen 
MTB detection assay is entirely manual, 
whereas the Cobas Amplicor Mycobacterium 
system is semi-automated. Our results demon-
strated that MTB in clinical samples can be 

  gnidulcni stik htoB .sruoh wef a nihtiw syassa
-

cation and detection are easy to prepare and 
the assays are easy to perform. The differ-
ences of the results from cutoff values, values 
in controls, and values in samples were broad 
enough to allow easy discrimination in both 
assays. We demonstrated that the AsiaGen 
MTB detection assay has a diagnostic value 
similar to that of the Cobas Amplicor Myco-
bacterium system for direct detection of MTB 
in clinical specimens. Since it is critical to 
identify all cases of active TB to interrupt the 
dissemination and transmission of the organ-

Discussion

Table 3.  Correlation of AsiaGen MTB assay for MTB detection and culture results among 232 respiratory  
specimens

AsiaGen
Culture (+); n=178 Culture(-) 

n=54 Sensitivity (%) Predictive value (%)
Positive     NegativeMTB; n=148 NTM; n=30

AFS(Positive;n=121) 95 3 0 19 3 1 96.9 25 96.9 86.9
AFS(Negative; n=111) 9 41 0 11 8 42 18 84 52.9 56.4
Overall; n=232 104 44 0 30 11 43 70.2 79.6 90.4 62.4

MTB: Mycobacteruium tuberculosis complex ; NTM: Non-Tuberculosis mycobacterium
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ism in the case of respiratory tract disease, the 
second part of our study aimed at evaluating 

MTB detection assay based on the results of 
acid-fast stain and MGIT liquid culture meth-
ods. In comparison with culture results of 
MGIT 960, three false-positive and three false-
negative results were observed in AFS-positive 
samples with AsiaGen MTB detection assays 
(Table 3). These 3 samples of false-positivity 
were demonstrated in patients with a previous 
diagnosis of pulmonary tuberculosis receiv-
ing anti-TB treatment. The dead mycobac-
teria in the specimens would have contrib-
uted to the positive results from the AsiaGen 
MTB assay. The false negative PCR results 
from 3 specimens that were both culture- and 
staining-positive might be explained by the 

-
tion and/or an unequal distribution in the test 
samples. For respiratory specimens, the sensi-

assay were 70.2 and 79.6%, respectively, and 
were lower compared to those reported by 
Wang et al.,19 96.7 and 95.2%. In our study, for 
the smear-positive specimens, the sensitivity 

For the smear-negative respiratory specimens, 
the sensitivity was 18.0%; only 17 specimen 
from 111 smear-negative specimens, including 
50 culture-positive for MTB and 50 culture-
negative for MTB, showed positive AsiaGen 
MTB results, the data indicate that the sensitiv-
ity of AsiaGen MTB detection assay is not high 
enough for smear negative specimens. The 
problem of smear-negative pulmonary tuber-
culosis is worth particular attention, because 
these patients have been reported to be respon-
sible for about 17% of tuberculosis transmis-
sion.20,21 Other reasons for a loss of sensitiv-
ity, besides PCR inhibitor, could be techni-
cal errors (e.g., accidental aspiration of pellet 
when removing supernatant after centrifuga-
tion), the presence of a low number of myco-
bacteria, especially in specimens from patients 

undergoing treatment, and/or an unequal distri-
bution of bacilli in the test suspension.22-26 It 
is well known that MTB have a tendency to 
form clumps and cords. Moreover, it must 
be mentioned that all 41 false-negative PCR, 
culture-positive specimens were recovered 
from the MGIT after a period of more than 20 
days of incubation, which indicates the pres-
ence of a small number of mycobacteria in the 
clinical specimen examined. However, with 
the implementation of nucleic acid-based test 
systems, the ability to detect MTB in most 
samples within a few hours rather than in 2 to 
6 weeks seems to be a considerable advance 
from the practical point of view. Samples that 
are negative by the direct test may still prove 
positive by culture, and a negative test result 
should not be interpreted as ruling out TB. 
Therefore, increased sensitivity for AsiaGen 
MTB would be desirable. 

In summary, the resurgence of tuberculo-
sis has highlighted the urgent need for sensi-
tive, correct, and fast methods for the labora-
tory detection of MTB. Our results indicate 
that the diagnostic value of AsiaGen MTB 
detection assay is comparable to that of Cobas 
Amplicor Mycobacterium system for respira-
tory specimens. We conclude that the AsiaGen 
MTB detection assay is a rapid and easy-to-
perform method for clinical laboratories to 
detect MTB infection immediately in AFS-
positive as well as AFS-negative respiratory 
specimens and is a useful tool for improving 
patient management.
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