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Since 2010, studies on the diagnostic accuracy of COBAS TagMan MTB (CTM) have been frequently
reported with an unignorable discrepancy. The key inclusion criterion for this systematic review was
original studies that could provide sufficient data for calculating the sensitivity and the specificity of
CTM for M tuberculosis (TB) or M tuberculosis complex. The reference test was Mycobacterium culture.
We used bivariate model for meta-analyses. Of the 201 candidate articles, we finally identified 17
eligible articles.Concerning the respiratory specimens, 1900 culture positive specimens and 20983
culture negative specimens from 15 studies were assessed. This provided the summary estimate
sensitivity of 0.808 (95%Cl 0.758-0.850) and the summary estimate specificity of 0.990 (95%Cl 0.981-
0.994). The area under curve was 0.956. The diagnostic odds ratio was 459 (95%Cl 261-805,

1226%). For the smear positive respiratory specimens, the sensitivity was 0.952 (95%Cl 0.926-0.969)
and the specificity was 0.916 (95%Cl 0.797-0.968). For the smear negative respiratory specimens,
the sensitivity and the specificity were 0.600 (95%Cl 0.459-0.726) and 0.989 (95%Cl 0.981-0.993),
respectively. The diagnostic accuracy was poorer for the non-respiratory specimens, than for the
respiratory specimens, but was acceptable. We believe that the information obtained from this study
will aid physicians’ decision making.

In 2013, approximately 1.5 million people died of Mycobacterium tuberculosis (M. tuberculosis). To provide appro-
priate antibiotic treatment, rapid and accurate detection of the M. tuberculosis, which has been a clinical challenge
for more than a century, is crucial’. Classical acid-fast stain and mycobacterium culture still play a central role in
the diagnosis of tuberculosis (TB), although they have considerable limitations: the acid-fast stain lacks specificity
and the culture needs weeks of the incubation time**. Nucleic acid amplification tests, such as polymerase chain
reaction (PCR) which was developed in 1983, are now an indispensable tool in the TB diagnosis as it provides
quick and specific results to clinicians within hours??.

The COBAS Amplicor PCR system was the first commercially available automated nucleic acid amplification
analyzer?. For the clinical evaluation, the COBAS Amplicor presented excellent sensitivity for smear-positive

1Department of Pulmonology, Yokohama City University Graduate School of Medicine. 3-9, Fukuura, Kanazawa,
Yokohama, Japan. 2Department of Biostatistics, Yokohama City University Graduate School of Medicine. 3-9, Fukuura,
Kanazawa, Yokohama, Japan. 3Division of Respiratory Medicine, Japan-Anti-Tuberculosis Association Fukujuji Hospital.
3-1-24, Matsuyama, Kiyose, Tokyo, Japan. Correspondence and requests for materials should be addressed to N.H.
(email: nobuyuki_horita@yahoo.co.jp)

|5:18113|DOI: 10.1038/srep18113


mailto:nobuyuki_horita@yahoo.co.jp

www.nature.com/scientificreports/

specimens, moderate sensitivity for smear-negative specimens, generally good specificity, and acceptable PCR
inhibition rate>~’. Later, Roche Diagnostics also developed a novel real-time PCR system, COBAS TagMan, which
is more widely accepted now. For the diagnosis of TB, COBAS TagMan MTB (CTM) focuses on a segment of the
16S rRNA gene®. Since 2010, studies on the diagnostic accuracy of CTM have been frequently reported with an
unignorable discrepancy®~'>. Some previous studies suggested that these heterogeneous results may be caused
by inconsistent specimen types and smear status®'!. Even though manufacturer instruction limited CTM appli-
cation only for the respiratory specimens!®, researchers often evaluated the diagnostic accuracy of CTM for the
non-respiratory specimens. It is because we have limited resources for extra-pulmonary TB. Therefore, in the
current systematic review and meta-analysis, we assessed the diagnostic accuracy of CTM for the non-respiratory
specimens in addition to the respiratory specimens.

Methods

We conducted this meta-analysis following pre-specified protocol (UMIN000018272) following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement!” and standard guidelines for
systematic review of diagnostic test accuracy®. Quality of included studies was assessed by Quality Assessment of
Diagnostic Accuracy Studies-2 (QUADAS2)Y. Approval of Institutional Review Board was waived for reviewing
nature of the current study.

Study Search

Two investigators (HN, NK) independently and systematically searched PubMed, PMC, Cochrane Library, and
Web of Science database. Our last search for these medical data base was done on June 13%, 2015. Hand search
was conducted by checking references of already included studies and published guidelines. In addition, Google
Scholar was searched. Articles in authors’ reference list were also considered candidates. The inclusion criterion for
this study was original studies that could provide sufficient data for calculating the sensitivity and/or the specificity
of CTM for M. tuberculosis or M. tuberculosis complex. The reference test was culture proven M. tuberculosis. The
composite reference standard combining the results of several reference tests was not allowed. The sensitivity
was defined as true positives/(true positives + false negatives). The specificity was defined as true negatives/(true
negatives + false positives). Cobas TagMan probes other than CTM was excluded. For instance, TagMan probe
designed for IS6110 was excluded. No age limit was set. No publication-date limit was set. No language restriction
was set, as long as an article provided sufficient data in English-written title, abstract, figure, or table. Besides full
articles, short articles were also considered for inclusion. Report with sample size less than 20 were excluded.
HIV status was not considered. We did not included a study that reported the respiratory and the non-respiratory
specimens collectively as we have to evaluate them separately. A study that reported only the sensitivity or the
specificity was excluded because we could not perform the bivariate meta-analysis for such a study. Duplicate use
of the same data was examined carefully and excluded.

Search formulas

We used following formulas. PubMed: (TagMan OR (Cobas real PCR)) AND tuberculosis AND (sensitivity OR
specificity OR positive OR negative OR (predictive value)). Cochrane library: (tuberculosis OR mycobacterium
OR TB) AND (diagnosis OR sensitivity OR specificity OR PCR OR TagMan). Web of Science: TagMan AND
tuberculosis AND (sensitivity OR specificity OR (predictive value)). PMC: TagMan MTB.

Cobas TagMan MTB preparation

Regardless of specimen types, i.e. the respiratory or the non-respiratory specimens, specimens were generally
liquefied and decontaminated with N-Acetyl-L-Cysteine-Sodium Hydroxide (NALC/NaOH), according to man-
ufacturer instruction'é. However, some investigators used other preparation methods (Table 1).

Outcome
The numbers of positive and negative results were counted specimen based, and not person based.

CTM rarely output invalid results suggesting PCR inhibition, contamination, internal control signal being out
of range, or low positive control. Therefore, samples with invalid results were excluded preceding the sensitivity
and specificity evaluations because the manufacturer instruction recommended to repeat the entire run for the
PCR procedure, and because most original researches reported only the numbers of positive and negative results.
The pooled invalid rate was estimated separately from diagnostic accuracy.

We divided specimens in each study based on specimen types because the respiratory and the non-respiratory
specimens should be evaluated independently. This was because CTM was originally designed only for the res-
piratory specimens'®. We classified the specimens into the respiratory and the non-respiratory categories based on
the description in each original report. The respiratory specimens included sputum, bronchial/tracheal aspirate,
bronchial/tracheal lavage, broncho-alveolar lavage. The non-respiratory specimens included lymph node, articular
fluid, ascites fluid, abscess/pus, urine, cerebrospinal fluid, other tissue, and other body fluids. Gastric fluid and
pleural fluid were classified either into the respiratory or the non-respiratory specimen in each original report.

In addition to classification based on the specimen origin mentioned above, we performed subgroup analyses
focusing on the smear status because we had acknowledged that the smear status affects the diagnostic accuracy
of CTM.

Statistics

We drew a paired forest plot and bivariate model summary receiver operating characteristics curves (SROC), which
showed potential trade-offs between the sensitivity and the specificity. The summary estimate of the sensitivity
and the specificity was also obtained from the bivariate model®.
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Country (In- Acid-fast | Specimen preparation Respiratory | Non-respira- | Specimen
Author Year | come class) Recruitment Study design | stain for Cobas TagMan Culture TB confirmation | specimen | toryspecimen | number
Antonenka . Genotype CM, R116
2013 Germany (A) Specimen bank R,EI AR NALC-NaOH MGIT, L] Genotype MTBC sp, ba NRO
Bloemberg Switzerland | Tertiary care diag- X sp, bal,ba, | ti,ur,csf,In, | R829NR
2013 (A) nostic center BRI AR,ZN NALC-NaOH MGIT, 7H11 16SrRNA other as, ab 280
. 7H9, L], liquid csf, pf, ar, as, RONR
Causse 2011 Spain (A) ? AR NALC-NaOH medium ? In, t, gf 340
gélla(;l dran India (C) Tb Control Program | Short article ? NALC-NaOH L] Genotype MTBC sp R72NR0
S . 2%0Ogawa, . sp,ba,bl, | pus,pf,csf,ur, | R2384
? _
Cho 2015 Korea (A) University hospital 1 ? NALC-NaOH MGIT multiplex PCR bal, ts ti, ab NR 626
Choi 2013 Korea (A) ? F, Korean, #1 | AR,ZN NALC-NaOH MGIT,VE:A)Oga- Seeplex sp, bal %%13
. . Liquid, solid cordE, MPT64, R 6772
Huh 2015 Korea (A) | Tertiary care hospital R#2 AR, ZN NALC-NaOH (2%) medium MTB-ID V3 ? NRO
Tkegame 2012 | Japan (A) ? R AR NaOH ? ? sp, bal, bl e
. . . AccuProbe, 16Sr-
Jonsson 2015 | Sweden (A) | UMiversity hospital R I ? NALC-NaOH L, MGIT | RNAGenoType | sp,bal,bl | bf, ti,ur,gf, csf| 2008
laboratory MTBC NR 1005
Kim JH 2011 Korea (A) Tertiary care hospital PL#2 ZN NALC-NaOH 3%0Ogawa Amplicor, history | sp, bal, pf ar, as, bf, ti R92NRO
Kim JW 2013 | Korea (A) ? E#1 ? NALC-NaOH MGIT PCR assay Smear | bal, ba, sp ab’p Cfsf’i o s, R 366% NR
. University hospital & . Middle- R 586
Lee 2013 Taiwan (B) General hospital PI AR, Ki NALC-NaOH MGIT, L] brook7H11 sp NRO
Lim 2014 Korea (A) University hospital P B ZN NALC-NaOH (4%) 3%O0gawa ? sp, bal 1%11137
;é’;;sm“a Thailand (B) | University hospital PI ? QIAGEN MGIT ? cervicalln | RONR73
cord F, con-
Terciary care MGIT, 3%Oga- ventional PCR R 320
Park 2013 Korea (A) hospital P, B, #2 AR,ZN NALC-NaOH (2%) wa MPT64, MTB.ID sp, bal NRO
V3,
. Reference center GenoType, ti, b, csf, pf, R 4340
Tortoli 2012 Italy (A) laboratory R AR NALC-NaOH (1%) MGIT, L] 16SrRNA bl, gf, sp ab, ur NR 1727
MPT64,
. University hospital . L], MGIT, GenoType, R 1093
Yang 2011 Taiwan (B) laboratory P AR, Ki NALC-NaOH JHIL Mycobacterium su, ba, bal NRO
CM assay

Table 1. Characteristics of the included studies. Income class: The World Bank income classification. A,
high-income economy; B, upper-middle-income economy; C, lower-middle-income economy; D, low-income
economy. Taiwan was classified as China for this table. Study design: P, prospective study; R, retrospective
study; F, using frozen specimen; B, TagMan MTB was conducted blindly; I, invalid rate was reported; if these
information was not provided, left blank. Short article and non-English article were also mentioned. #1, Choi
and Kim JW used data from same hospital in different time. #2, Huh, Kim JH, and Park used data from same
hospital in different time. Acid-fast stain: ZN, Ziehl-Neelsen; AR, auramine-rhodamine; Ki, Kinyoun. Specimen
preparation for Cobas TagMan: NALC-NaOH, N-acetyl-1-cysteine with sodium hydroxide; NaOH, sodium
hydroxide. Culture: MGIT, Mycobacteria Growth Indicator Tube; L], Léwenstein-Jensen; 7H9, Middlebrook
7H9 Broth; 7H10/11, Middlebrook 7H10/11 Agar; BacT/A, BacT/Alert. Tb confirmation: 16SrRNA, 16S rRNA
gene sequence; cordF, cord formation. Respiratory specimen: sp, sputum; ba, broncheal/tracheal aspirate;

bl, broncheal/tracheal lavage; bal, bronchialalveolar lavage; gf, gastric fluid; ts, throat swab. Non-respiratory
specimen: In, lymph node; pf, pleural fluid; ar, articular fluid; as, ascite fluid; ab, abcess/pus; ur, urine; csf,
cerebrospinal fluid; bf, body fluid; b, blood; gf, gastric fluid; ti, other tissue sample. Specimen number: R,
number of the respiratory specimens; NR, number of the non-respiratory specimens.

To assess the overall accuracy, we calculated diagnostic odds ratio (DOR) using DerSimonian-Laird
random-model and the area under SROC curve (AUC) using the bivariate model. We estimated the pooled inva-
lid rate using the simple random model with generic inverse valiance.

The heterogeneities for the DOR among studies and between subgroups were evaluated using I statistics
with the following interpretation: I>= 0, no heterogeneity; 0 < I < 25, mild heterogeneity; 25 < I> < 50, moder-
ate heterogeneity; 50 < 1?< 75, strong heterogeneity; 75 < 1?2 < 90, considerable heterogeneity; 90 < I, extreme
heterogeneity?®!. Publication bias was not evaluated as this is not usually recommended in the meta-analysis for
the diagnostic test accuracy'®.

The paired forest plot and the random-effect model meta-analysis were performed using Reviewing Manager
ver. 5.3 (Cochrane Collaboration, Oxford, UK). Following commands of “mada” package on free software R
were used: “madauni” for DOR and “reitsma” for SROC, AUS and summary estimate for the sensitivity and the

specificity?*?.
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Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).

459
Respiratory 15 22883 | 0.808 (0.758-0.850) | 0.990 (0.981-0.994) | (261-805), | 0.956

26%

269
Respiratory, smear+ 7 821 0.952 (0.926-0.969) | 0.916 (0.797-0.968) | (66-1104), | 0.961

0%

132
Respiratory, smear— 7 11621 | 0.600 (0.459-0.726) | 0.989 (0.981-0.993) | (71-243), | 0.971

14%
Non-respiratory 7 4116 0.586 (0.437-0.721) | 0.984 (0.955-0.994) | 26 (3;10;)217)’ 0.898

Table 2. Summary of the results. DOR: diagnostic odds ratio. I Higgins’ heterogeneity. AUC: area under
receiver operating characteristics curve.

Results
Study search. Of the 201 candidate articles, we finally identified 17 eligible articles (Fig. 1). Notably, two
candidate articles were excluded due to overlapping data®*?. The finally eligible 17 articles included 16 English-
language articles and one Korean-language article (Table 1). There were 16 full-length articles, and one non-full-
length article. Most of the studies were reported from high-income or upper-middle income Asian countries,
namely, Korea. From EU region, there was one article each from Germany, Italy, Spain, Sweden, and Switzerland.
One article focused only on adult cases, three articles declared inclusion of both adult and child cases, and the
others did not mention the age limitation. Three articles used frozen specimens and seven clearly wrote that the
studies were conducted prospectively (Table 1).

The number of specimens in an article ranged from 72 to 6772 with a median of 619 specimens. The total num-
ber of specimens that provided valid results amounted to 26999, which consisted of 22883 respiratory specimens
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Respiratpry specimens

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
Antonenka2013 48 0 17 51  0.74[0.61,0.84]  1.00[0.93, 1.00] —= -
Bloemberg2013 61 9 8 751  0.88[0.78,0.95]  0.99[0.98, 0.99] —= .
Chandran2010 35 1 0 36  1.00[0.90,1.00]  0.97[0.86, 1.00] = —=
Cho 2015 122 35 50 2177  0.71[0.64,0.78]  0.98[0.98, 0.99] - L
Choi 2013 3 0 9 572  081[0.67,091]  1.00[0.99, 1.00] —— =
Huh 2015 180 32 89 6471  0.67[0.61,073]  1.00[0.99, 1.00] - =
lkegame 2012 153 6 24 1562  0.86[0.80,0.91]  1.00[0.99, 1.00] d =
Jonsson2015 173 12 80 2123  0.68[0.62,0.74]  0.99[0.99, 1.00] - =
Kim JH 2011 19 3 5 65 079058093  0.96[0.88, 0.99] —=— =
Kim JW 2013 97 0 20 243  0.83[0.75,0.89]  1.00[0.98, 1.00] = -
Lee 2013 182 13 38 353  0.83[0.77,0.87]  0.96[0.94, 0.98] b =
Lim 2014 81 21 7 1058  092[0.84,097]  0.98[0.97,0.99] - u
Park 2013 20 6 8 286  071[051,087]  0.98[0.96, 0.99] —a— =
Tortoli 2012 158 2 37 4143  0.81[0.75,0.86]  1.00[1.00, 1.00] - =
Yang 2011 129 12 12 940  091[0.86,096] 099093099 , , , . . ® . . .  ®w

0020406081 002040608 1

Non-respiratory specimens

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
Bloemberg 2013 14 14 8 244 0.64 [0.41, 0.83] 0.95[0.91, 0.97] —a -
Causse 2011 32 5 9 204 0.780.62, 0.89] 0.98[0.96, 0.99)] — m
Cho 2015 6 8 12 600 0.33[0.13, 0.59] 0.99[0.97,0.99] —#— m
Jonsson 2015 65 9 63 868 0.511[0.42, 0.60] 0.99 [0.98, 1.00] - ]
Kim JW 2013 3 010 52 0.23[0.05, 0.54] 1.00[0.93, 1.00] —®—— -
Linasmita2012 23 4 6 40 0.79[0.60, 0.92] 0.91[0.78, 0.97] —a —=
Tortoli 2012 36 2 20 1669 0.64[0.50, 0.77] 1.00[1.00, 1.00] ,__, _, —=— ]

0 020406081 002040608 1

Figure 2. The paired forest plot for the diagnostic accuracy. TP: true positive. FP: false positive. FN: false
negative. TN: true negative.

and 4116 non-respiratory specimens (Table 1, Supplementary Table 1). In addition, our data included 68 specimens
that provided invalid results.

Quiality evaluation.  We assessed the quality of the studies using the QUADAS2. In two studies, samples were
used from already diagnosed TB and non-TB individuals. These studies were considered to have a case-control
design; thus, these two studies have a high risk of bias concerning patient selection. One study did not provide suffi-
cient description regarding the methodology concerning the reference tests, mycobacterial culture, and subsequent
TB confirmation. This study with insufficient description was considered to have a high risk of bias concerning
reference test. No other domain had a high risk of bias or a high applicability concern (Supplementary Figure 1).

Respiratory specimen. From 15 studies, 1900 culture positive specimens and 20983 culture negative spec-
imens were assessed (Table 2, Figs 2 and 3A). This provided the summary estimate sensitivity of 0.808 (95% CI
0.758-0.850) and the summary estimate specificity of 0.990 (95% CI 0.981-0.994). The AUC was 0.956. The DOR
was 459 (95% CI 261-805) with a moderate heterogeneity of 26%.

We performed subgroup analyses based on the smear status (Figs 2 and 3B). When focused on the smear positive
specimens, seven studies with 566 culture positive specimens and 255 culture negative specimens were assessed.
This yielded AUC of 0.961 and DOR was 269 (95% CI 66-1104) without heterogeneity. Concerning the smear
negative specimens, the same seven studies provided data for 498 culture positive specimens and 11123 culture
negative specimens. These yielded the AUC of 0.971 and the DOR of 132 (95% CI 71-243) with least heterogene-
ity of 14%. These data suggested that CTM provided the similar overall diagnostic accuracies for both the smear
positive and the negative specimens. However, the summary estimate sensitivity and specificity differed largely
based on the smear status. For the smear positive specimens, the sensitivity was 0.952 (95% CI 0.926-0.969) and
the specificity was 0.916 (95% CI 0.797-0.968). For the smear negative specimens, the sensitivity and the specificity
were 0.600 (95% CI 0.459-0.726) and 0.989 (95% CI 0.981-0.993), respectively.

As a sensitivity analysis, we conducted a subgroup analysis based on whether the M. tuberculosis was confirmed
after culture or not. For 13 studies with the TB confirmation, the sensitivity, the specificity, the AUC and the DOR
were 0.790, 0.990, 0.954, and 401, respectively. For two studies without the TB confirmation, the sensitivity, the
specificity, the AUC and the DOR were 0.895, 0.991, 0.966 and 978, respectively. The differences between sub-
groups were not so large. Overestimation of the specificity due to the lack of M. tuberculosis confirmation was not
strongly suggested.

Non-respiratory specimens. According to seven studies with 307 culture positive non-respiratory specimens
and 3809 culture negative specimens, the diagnostic accuracy was poorer than that for respiratory specimen but
still acceptable. The AUC was 0.898 and the DOR was 86 (95% CI 34-217, 12 7%). The summary estimate sensitivity
and specificity were 0.586 (95% CI 0.437-0.721) and 0.984 (95% CI 0.955-0.994), respectively (Table 2, Fig. 3C).
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Figure 3. The summary receiver operating characteristics curves. SROC: summary receiver operation
characteristics curve. conf. region: confidence region. sm+, smear positive. sm—, smear negative.

A subgroup analysis for the non-respiratory specimens based on the smear status was not conducted because
only one study reported the diagnostic accuracy based on the smear-status subgroup.

Invalid rate. Number of specimens with the invalid data was described in five original studies with 2403 spec-
imens. The pooled invalid rate was 4.1% (95% CI 2.3-6.0%) with considerable heterogeneity of 84% (Fig. 4). Ina
subgroup analysis, the invalid rate was higher for the non-respiratory specimens (6.5%) than for the respiratory
specimens (1.9%) (P < 0.001).

Discussion

To our knowledge, this is the first systematic review and meta-analysis for CTM diagnostic accuracy. According to
the AUC and the DOR, diagnostic accuracy of CTM was excellent for the respiratory specimens (Table 2). The inva-
lid rate was also as low as 1.9% for the respiratory specimens (Fig. 4). Even though both the diagnostic accuracy and
the invalid rate were poorer for the non-respiratory specimens, these results were acceptable for practice (Table 2,
Fig. 4). Worldwide, nearly 10 million people, including a million children, fell ill with TB every year. We strongly
hope CTM, which can provide the quick accurate result, will contribute to early and accurate diagnosis of TB.

In the current study, we conducted a subgroup analysis comparing the smear positive and the negative respira-
tory specimens. Heterogeneity assessed by I statics between these subgroups was generally not strong (Table 2),
which meant that CTM has the similar diagnostic accuracy for both subgroups. However, the summary estimates of
the sensitivity and the specificity of CTM for the culture-proven TB clearly depended on the smear status. It is not
surprising given the difference of bacterial load depending on the smear status. Positive sputum smear may reflect
the abundant bacterial load probably above a detection threshold. The CTM summary estimate sensitivity for the
smear-positive respiratory specimens was 0.952, which suggested that negative result in this category is reliable.
Thus, a CTM negative for a smear-positive respiratory specimen strongly suggests the presence of non-TB myco-
bacterium or a false-positive smear that is sometimes obtained on Auramine-Rhodamine staining. The moderate
CTM summary estimate sensitivity for the smear-negative specimen of 0.600 meant that CTM potentially have
inability to detect TB in 40% of the smear-negative culture-positive respiratory specimens. The CTM summary
estimate of specificity for smear-negative respiratory specimens of 0.989 meant that a CTM positive in this cate-
gory result strongly suggests TB diagnosis. The summary estimate specificity for the smear-positive respiratory
specimens of 0.916 was significantly lower than that for the smear-negative respiratory specimens, which meant
that, based on definition of specificity, there are non-negligible number of CTM false positives for smear-positive
specimens. However, this situation is caused by combinations of “smear positive, CTM positive, and culture nega-
tive,” or “smear positive, CTM positive, culture positive for non-TB Mycobacterium”. In such situations, we should
consider the possibility of culture false negative, misclassification of TB into non-TB Mycobacterium, and dead
TB bacilli. Cross reactivity for non-TB mycobacterium may be another concern. However, CTM cross reactivity
for non-TB mycobacterium is believed very rare?.

We compared the accuracies of CTM and other commercialized PCR methods. Cobas Amplicor was one
of the most commonly used commercialized PCR system until the Cobas TagMan system became available>~.
According to three large-scale studies that evaluated the diagnostic accuracy of Amplicor, the sensitivity ranged
from 93% to 98% for the smear-positive specimens and from 40% to 62% for the smear-negative specimens; and
the specificity ranged from 75% to 91% for the smear-positive specimens and from 99% to 99% the smear-negative
specimens. According to these existing reports and the current meta-analysis, CTM has the better specificity for
the smear-positive specimens. Xpert MTB/RIF is another currently available PCR technology, whose high per-
formance is supported by heminested real-time PCR technology and single-use cartridge system with low risk of
contamination’. Although a number of studies concerning the diagnostic accuracy of Xpert MTB/RIF have been
reported since 2010, very few head-to-head comparative studies have been conducted for CTM and Xpert MTB/
RIF'*1. Despite inconsistency, these head-to-head comparisons suggested that CTM and Xpert MTB/RIF had
the generally equivalent diagnostic accuracy'*-'*. Therefore, key features for Xpert MTB/RIF compared to CTM
are ability to detect resistance to rifampicin, simple procedure, and high cost. Thus, we believe Xpert MTB/RIF has
good indication in middle/high income regions such as EU, where drug-resistant TB is prevalent. Loop-mediated
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Invalid Valid Invalid rate Invalid rate
Study or Subgroup Invalidrate SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1 Respiratory specimens
Antonenka 2013 533 1.97 5 121 111% 5.33[1.47,9.19)
Bloemberg 2013 (Resp) 1.28 0.39 9 838 211% 1.28[0.52,2.04) (™
Kim JH 2011 (Resp) 57 2.28 4 96 9.5% 570([1.23,1017) —_——
Lee 2013 1.32 046 6 592 20.8% 1.32[0.42,2.22) ™
Subtotal (95% CI) 24 1647 62.4% 1.94[0.70,3.17] | €

Heterogeneity: Tau*= 0.75; Chi*=7.62, df= 3 (P = 0.05), F=61%
Test for overall effect: Z= 3.08 (P = 0.002)

2 Non-respiratory specimens

0 5 10
Invalid rate (%)

Bloemberg 2013 (Non-Resp) 8.06 1.49 25 305 141% 8.06([5.14,10.98] S
Kim JH 2011 {(Non-Resp) 543 1.25 16 310 15.7% 5.43(2.98,7.89) —
Linasmita 2012 6.16 2.69 3 73 78% 6.16(089,1143) | —
Subtotal (95% CI) 44 688 37.6% 6.48 [4.71,8.24] <>
Heterogeneity: Tau®= 0.00; Chi*=1.84, df= 2 (P = 0.40); F= 0%

Test for overall effect: Z=7.18 (P < 0.00001)

Total (95% ClI) 68 2335 100.0% 4.14[2.31,5.98] -

Heterogeneity: Tau®= 4.00; Chi*= 37.49, df= 6 (P < 0.00001), = 84%
Test for overall effect: Z= 4.43 (P < 0.00001)
Test for subaroup differences: Chi*=17.06, df=1 (P < 0.0001), F=94.1%

Figure 4. The forest plot for invalid rate. Valid: sum of positive and negative results.

isothermal amplification assay is also a recently developed gene amplification method?. In contrast to the PCR
technology in which the reaction is carried out with a series of alternating temperature steps, isothermal ampli-
fication can be carried out at a constant temperature. The pooled sensitivity and the pooled specificity based on
a meta-analysis published in 2014 were 80% (95% CI 78-83%), and 96% (95-97%), respectively?’, which seems
inferior to those by CTM in the current analysis. However, in the high-quality study subgroup, the pooled sensi-
tivity and the pooled specificity was 90.0% (95% CI, 86.0-93.0%) and 99.0% (95% CI, 98.0-100.0%), respectively.
Given the low cost and simplicity, these diagnostic accuracies of loop-mediated isothermal amplification assay are
acceptable, especially in the developing countries. The real-time PCR, developed two decades earlier, measures
PCR product accumulation by a dual-labeled fluorogenic TagMan Probe. Unlike the conventional quantitative PCR
methods, the real-time PCR does not demand post-PCR sample handling. This prevents potential PCR product
carry-over contamination and results in a faster and higher throughput analyses. Therefore, the real-time PCR
can provide the accurate and reproducible results?.

The primary limitations of the current meta-analyses stemmed from the study design of each original study.
The non-blinded examinations and the non-prospective study designs usually impair the quality of a study for a
diagnostic test accuracy'®. However, these factors probably may not have considerably affected our results, as both
the reference culture and the index CTM usually provide the inflexible non-subjective results. Another limitation
was the possibility of the false negatives from the reference test, the TB culture?*. One strategy to account for the
culture false negative is introducing a composite reference standard combining the results of several imperfect
references”. Although we acknowledged the merit of the composite reference standard for TB diagnosis, we could
not use this for the current meta-analysis because most researchers frequently used the non-composite culture
as the simple golden standard. The third possible limitation is that we did not consider the interaction between
CTM and HIV status, which potentially affected the results of CTM. Reviewing nature of the study also might be
a possible limitation.

In conclusion, based on the meta-analysis using the bivariate model and the sufficient number of specimens,
the diagnostic accuracy of CTM for the respiratory specimens was excellent. The summary estimates sensitivities
and specificities using for the culture proven TB as reference test were 0.952 and 0.916 for the smear positive spec-
imens and 0.600 and 0.989 for the smear negative specimens, respectively. The summary estimate sensitivity and
specificity were 0.586 and 0.984 for the non-respiratory specimens, respectively. We believe that the information
obtained from this study will aid the decision making of physicians who take care of patients with possible M.
tuberculosis infection.
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