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Abstract: 

Background: Numerous studies on in-house real-time PCR (hRT-PCR) assay for the detection of Mycobacterium 

tuberculosis (Mtb) have been reported. To assess the overall accuracy of the test in diagnosing pulmonary and extra-

pulmonary Mtb infection, a systematic review and meta-analysis was performed.  

Methods: Various databases like PUBMED, EMBASE, Web of Science, and Cochrane were searched for studies that 

estimated diagnostic sensitivity and specificity with the hRT-PCR assay in samples from pulmonary and extra-pulmonary 

Mtb infected patients, with Mtb culture as the reference standard. Bivariate random effect models were used to provide 

pooled estimation of diagnostic accuracy. Further, subgroup and meta-regression analyses were performed to explore 

sources of heterogeneity. The risk of bias was assessed by the QUADAS-2 tool. 

Results: Out of the 3589 studies, 18 studies met the inclusion criteria., The pooled sensitivity and specificity of hRT-PCR 

assay were 0.96 and 0.92, respectively when compared to Mtb culture data. The diagnostic odds ratio (DOR) was 192.96 

(95% CI 68.46, 543.90), and the area under the summary ROC curve (AUC) was 0.9791. There was significant 

heterogeneity in sensitivity and specificity among the enrolled studies (p < 0.001). The studies with high-quality assessment 

and involving respiratory specimen were associated with better accuracy.  

Conclusions: The results suggest the usefulness of hRT-PCR assay for the diagnosis of TB with high sensitivity and 

specificity in low-income/high-burden settings   
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Introduction: 

Tuberculosis (TB) continues to be a worldwide major public health problem. As per the Global TB Report 2021, the estimated 

incidence of all forms of TB in India for the year 2020 was 188 per 100,000 population (129-257 per 100,000 population). A total 

of 19,33,381 incident TB patients (new & relapse) were notified during 2021 which was 19% higher than that of 2020 

(16,28,161)
1.
  Hence rapid easier diagnosis and treatment are pivotal factors for the effective control of TB

2.
 Acid-fast staining 

and Mtb culture are classical Mtb diagnostic tests. The acid-fast stain lacks sensitivity, and the culture which is the gold standard 

test requires several weeks for incubation
3,4.

 These kind of limitations of the standard available tests lead to exploring newer 

options for early rapid laboratory diagnosis
5. 

Nucleic acid amplification tests (NAATs), are being used for TB diagnosis, but it 

carries the disadvantage of false positives
6.
 Some commercial tests like COBAS TaqMan, Xpert MTB/RIF and the Abbott Real-

Time MTB assay, are being used for TB diagnosis in recent times
7–9.

 However, many clinical laboratories in suburban areas with 

high TB burden cannot afford these assays due to limitations in infrastructure and resources
1.
 In-house polymerase chain reaction 

(hPCR) may be more affordable, feasible, and sustainable than Xpert MTB/RIF in resource limited settings
10.

 Several regions like 

IS6110 and 16S rDNA, have been used as targets for Mtb assays
11–13.

 PCR technologies have improved markedly with the 

development of RT-PCR for the detection of Mtb infection, having an edge over conventional PCR in speed, automation, high 

sensitivity and specificity, and a low risk of cross-contamination
17,18, 19. 

Inhouse RT-PCR would be particularly popular in 

resource limited countries like Brazil, India, China, the Russian Federation, Southeast Asian, South Africa, and East Africa. 

Although recent studies have revealed that RT-PCR assays have good diagnostic performance for TB, there are discrepancies 

between their results
10,20–32.

 Therefore, by systematic review and meta-analysis, we explored factors associated with heterogeneity 

as well as diagnostic accuracy of the hRT-PCR assay for TB using data from previous studies 

 

Methods: 

The current meta-analysis was conducted according to the PRISMA guidelines
33.

 Since the study was a systematic review and 

meta-analysis of published articles, patient consent or approval from the institutional ethics committee was not necessary.  

Search strategy: Databases like PUBMED, EMBASE, Web of Science and Cochrane Library were searched for “tuberculosis”, 

“Mycobacterium tuberculosis”, “nucleic acid amplification techniques”, “real time PCR”, “quantitative real-time polymerase 

chain reaction”, “PCR, quantitative real-time”, “quantitative realtime PCR”, “real-time PCR, quantitative”, “sensitivity and 

specificity”, or “predictive value”. In addition, the references of reviews on NAATs were searched for possible articles.  

Study selection: All available studies that reported the assessment of hRT-PCR assay for detection of TB were included in the 

analysis. The following type of studies were excluded (i) the reference standard was not culture proven Mtb; (ii) studies 

performed with other assays other than hRT-PCR assay; (iii) application of hRT- PCR assay for determining drug resistance; (iv) 

incomplete; (v) evaluation of hRTPCR assay on animal specimens; and (vi) conference abstracts, letters, case reports, editorials, 

and reviews without original data were excluded. We screened the literature by looking up the title and abstract. Then, the full 

texts were carefully read to determine whether they could be included.  

Data extraction and quality assessment: We extracted accurate information from the uincluded articles. The quality of the 

included studies was assessed using a Revised Tool for the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2), 
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which consists of seven domains
[34].

 A study with no domain of a high risk of bias and no domain of high applicability concerns 

were determined to be of high quality. 

Statistical analysis: Meta-Disc (version 1.4) software was used for analysis
[35].

 DerSimonian-Laird random effects model (REM) 

was used for pooling with the following estimates: sensitivity, specificity, positive likelihood ratio (LR+), negative likelihood 

ratio (LR-), and the diagnostic odds ratio (DOR). A summary receiver operating characteristic (SROC) curve was also constructed 

for the hRT-PCR assay
[36].

 A shoulder-like curve illustrates that the variability between studies may be due to the threshold effect. 

A non-shoulder-like curve indicates that sensitivity and specificity are not correlated. The overall diagnostic performance of that 

hRT-PCR assay was assessed as the area under the curve (AUC) (an AUC value of 100% indicates a perfect test, while an AUC 

of 50% signifies poor diagnostic accuracy)
[37, 38]. 

Chi-square and Fisher’s exact tests were used to detect statistically significant 

heterogeneity. Heterogeneity between included studies was evaluated with subgroup (stratified) analysis and meta-regression 

analysis
[39].

 In the subgroup analysis, we computed pooled DOR estimates in various strata. The following factors as potential 

sources of heterogeneity: study design, target sequence, respiratory specimen versus non-respiratory specimen, the distribution of 

TB, and components of study quality. The meta-regression model produces relative diagnostic odds ratios (RDOR) as the 

output
[39].

 An RDOR of 1.0 explains that a particular covariate does not affect the overall DOR. An RDOR> 1.0 explains that 

studies with a particular characteristic have a higher DOR than studies without this characteristic. For an RDOR< 1.0, the 

converse is true. The potential publication bias of included studies was assessed by Deeks’s funnel plot (Stata version 12.0; Stata 

Corp., College Station, TX) [40].  

 

Results  

Study search: Out of the 3589 articles, we identified 15 eligible articles representing 18 independent studies (Fig. 1). The 

performance of the hRT-PCR assay in Mtb detection of clinical specimens was evaluated from all included studies with Mtb 

culture as a reference standard. Summary characteristics of the included studies are shown in Table 1. Eleven studies used 

respiratory specimens, and five used non-respiratory specimens. Two studies focused on patients with HIV-associated TB. Five 

studies were from Brazil, two were from India, and the remaining studies were from eight different countries. Among them, eight 

are the high TB burden countries. Eleven studies used IS6110 as an amplification target, and 7 studies used other targets (e.g., 

MPT64 and SenX3- RegX3). A total of 3281 samples, including 2809 respiratory samples and 472 non-respiratory samples were 

used of results calculation. 

Quality evaluation: QUADAS2 was used for quality assessment. Three studies were deemed to be of case-control design, which 

compared diagnosed TB patients to non-TB individuals, hence had a risk of selection bias. Four studies failed to illustrate the 

blind working flow, hence failed to pass “index test” evaluation. Two studies did not provide sufficient description concerning the 

reference test results. No other domain had a high risk of bias or a high applicability concern (Fig. 2).  

Diagnostic accuracy of hRT-PCR assay: When all 18 studies using the hRT-PCR assay were evaluated together, the overall 

sensitivity and specificity estimates were 0.96 (95% CI 0.95, 0.96) and 0.92 (95% CI 0.90, 0.93), respectively. The sensitivity and 

specificity of all studies are shown in the forest plot (Fig. 3a, b). The overall LR+ was 16.90 (95% CI 7.22, 39.56), and LR- was 

0.11 (95% CI 0.06, 0.18). The pooled DOR was 192.96 (95% CI 68.46, 543.90). Heterogeneity was detected by chi-square 

analysis in the summary results. All measurements showed high heterogeneity (p < 0.001 for the test of heterogeneity). The 

accuracy was measured, and their corresponding chi-square test was applied to statistically analyse heterogeneity (Table 2). The 

overall accuracy of the hRT-PCR assay in a summary receiver operating characteristic (SROC) curve is displayed in Fig. 4, and 

the curve displayed a trade-off between sensitivity and specificity. The area under the SROC curve (AUC) was 0.9791, indicating 

a highly diagnostic accuracy. Overall, significant heterogeneity in sensitivity and specificity was observed in the clinical 

applications of the hRT-PCR assay in TB detection.  

Exploration of heterogeneity: The threshold effect, method differences and study characteristics may lead to the variability. The 

SROC curve with studies was weighted by their inverse variance, as shown in Fig. 4. The non-shoulder-like curve indicated no 

threshold effect in the current metaanalysis. Furthermore, the Spearman correlation coefficient was 0.147, and the p value was 

0.562. It illustrated no threshold effect. Subgroup analysis was also used to explore other factors that were associated with 

heterogeneity by stratifying data into relatively more homogeneous strata. The DOR estimates of the study characteristics are 

compared in Table 3. The heterogeneity could be explained in some strata, including specimen type, the distribution of TB, and 

quality of studies. However, even after stratification, the heterogeneity remained in the evaluation of diagnostic accuracy. We 

further performed a meta-regression analysis to explain the variation after subgroup analysis. As shown in Table 4, the RDOR 

was established from the meta-regression analysis using the restricted maximum likelihood (REML) method to measure between-

study variance. Studies with respiratory specimens produced RDOR values that were significantly higher than those used non-

respiratory specimens or both specimens. Studies with a high-quality level produced RDOR that were significantly higher than 

those with medium quality levels or low-quality levels. The distribution of TB displayed a slightly higher RDOR but no statistical 

significance in the final regression model. Study design and target sequence did not produce a significant RDOR, indicating that 

the use of any study design and target sequence did not substantially affect diagnostic accuracy. Therefore, specimen types and 

quality of studies may affect accuracy heterogeneity. Evaluation of the Deeks’ (p = 0.11) test did not show evidence of 

publication bias. Furthermore, the funnel plot did not display the presence of asymmetry (Fig. 5).  

 

Discussion  

Principal findings: The meta-analysis was performed on 18 independent studies with a total of 97% AUC, indicating that the 

hRT-PCR assay for TB detection was useful in rapidly identifying TB cases and that negative data guaranteed the certainty for 

ruling out active TB. Since there is significant heterogeneity, subgroup and metaregression analysis indicated that the use of 

respiratory specimens and studies with high quality were associated with better diagnostic accuracy of hRT-PCR.  
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Clinical implications: Even though the power in evaluating the overall diagnostic accuracy of hRT-PCR is significant, 

determination of clinical accuracy is difficult due to significant heterogeneity. Our results showed that respiratory specimens and 

high-quality design were associated with better diagnostic accuracy of the hRT-PCR assay, which was consistent with a recent 

meta-analysis of the Xpert MTB/RIF PCR assay for the diagnosis of extra-pulmonary TB. There was a performance difference in 

the specimen site, with low sensitivity in pleural fluid (37%) and cerebrospinal fluid samples (69%), given the paucibacillary 

nature of these specimen
42.

 Some researchers were concerned that the case-control study might overestimate the diagnostic 

accuracy since it samples patients from the extreme ends of the clinical spectrum (an ideal, “extreme contrast” setting). For 

example, the sensitivity of a test is evaluated in seriously diseased subjects, and the specificity in healthy individuals
43-46.

 In our 

meta-analyses, laboratory factors (such as target sequence and amplification technique) weighted more on accuracy than study 

design features. The IS6110 gene was widely used for both pulmonary and extra-pulmonary TB diagnosis
13, 47, 48.

 Due to its 

multiple copies in the genome of the Mtb complex, PCR might result in better sensitivity
[14].

 However, our data demonstrated that 

study design with IS6110 had little impact on diagnostic accuracy. This is possible because RT-PCR used in our enrolled studies 

carries better advanced technology compared to conventional PCR. RT-PCR uses built-in automated thermocyclers and 

fluorimeters to monitor PCR reactions in a single tube format in which the reaction processes rapidly and minimizes the risk of 

contamination from product carryover
49.

 Therefore, RT-PCR can provide reliable and repeatable results. The performance of 

hRT-PCR was heterogeneous across studies; some patients could have false-positive hRT-PCR results and others false negative. 

Accuracy is related to the standard/reference assay, TB culture. Reliability is based on clinical diagnosis of TB disease. However, 

not all recruited studies have evaluated their hRTPCR according to these standards. Caution is highly necessary for the clinical 

implications and applicability of hRT-PCR. The combination with other clinical information, such as the disease history, family 

medical records, microscopy screening and histopathology data, is recommended in clinical practice. 

Limitations of the review: Only one study evaluated the diagnostic test accuracy of the hRT-PCR assay for smear status, and 

only two studies included HIV-positive patients. Therefore, we could not determine the effect of smear and HIV status on the 

accuracy of the hRT-PCR assay. Second, we only included published studies in English, and this could have caused bias in our 

conclusion. Third, despite the fact that the subgroup analysis and meta-regression analysis could explain part of the observed 

heterogeneity in accuracy estimates, considerable heterogeneity remained unexplained. Finally, although we searched as many 

sources as possible, some eligible studies may have been missed. 

 

Conclusion:  
In conclusion, based on the meta-analysis using the bivariate model, the diagnostic accuracy of the hRT-PCR assay for TB 

detection was acceptable. Subgroup and meta-regression analyses were performed, and we found that the diagnostic 

characteristics were different, depending on the specimen type and quality of the studies. Thus, the hRT-PCR assay, a relatively 

inexpensive assay compared to other commercial kits, has potential practical value for diagnosing TB, especially in low-income/ 

high-burden settings, where infrastructures and medical resources are limited. 
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