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1.1 Xpert MTB/RIF and Xpert Ultra 

 
Population, Intervention, Comparison, Outcome (PICO) question 1: Among adults with signs and 
symptoms of pulmonary tuberculosis (PTB), seeking care at health care facilities should Xpert MTB/RIF / 
Xpert Ultra be used as an initial test for diagnosis of PTB and rifampicin resistance (RR)? 
 
What is impact of Xpert MTB/RIF on patient-important outcomes (cure; mortality; time to diagnosis; 
time to start treatment)? 

1. Ngwira LG, Corbett EL, Khundi M,Barnes GL,Nkhoma A,Murowa M,et al.. Screening for tuberculosis 

with Xpert MTB/RIF assay versus fluorescent microscopy among adults newly diagnosed with Human 

Immunodeficiency Virus in rural Malawi: a cluster randomized trial (Chepetsa). Clinical Infectious 

Diseases; 2019. 

2. Mupfumi L, Makamure B,Chirehwa M,Sagonda T,Zinyowera S,Mason P,Metcalfe JZ,Mutetwa R. Impact 

of Xpert MTB/RIF on Antiretroviral Therapy-Associated Tuberculosis and Mortality: A Pragmatic 

Randomized Controlled Trial. Open Forum Infect Dis; 2014. 

3. Cox HS, Mbhele S,Mohess N,Whitelaw A,Muller O,Zemanay W,Little F,Azevedo V,Simpson J,Boehme 

CC,Nicol MP. Impact of Xpert MTB/RIF for TB diagnosis in a primary care clinic with high TB and HIV 

prevalence in South Africa: a pragmatic randomised trial. PLoS Med; 2014. 

4. Churchyard GJ, Stevens WS,Mametja LD,McCarthy KM,Chihota V,Nicol MP,Erasmus LK,Ndjeka 

NO,Mvusi L,Vassall A,Sinanovic E,Cox HS,Dye C,Grant AD,Fielding KL.. Xpert MTB/RIF versus 

sputum microscopy as the initial diagnostic test for tuberculosis: a cluster-randomised trial embedded in 

South African roll-out of Xpert MTB/RIF. Lancet Glob Health.; 2015. 

5. Theron G, Zijenah L,Chanda D,Clowes P,Rachow A,Lesosky M,Bara W,Mungofa S,Pai M,Hoelscher 

M,Dowdy D,Pym A,Mwaba P,Mason P,Peter J,Dheda K, team., TB-NEAT. Feasibility, accuracy, and 

clinical effect of point-of-care Xpert MTB/RIF testing for tuberculosis in primary-care settings in Africa: a 

multicentre, randomised, controlled trial. Lancet; 2014. 

6. Durovni B, Saraceni V,van den Hof S,Trajman A,Cordeiro-Santos M,Cavalcante S,Menezes A,Cobelens F. 

Impact of replacing smear microscopy with Xpert MTB/RIF for diagnosing tuberculosis in Brazil: a 

stepped-wedge cluster randomized trial. PLoS Med; 2014. 

7. Trajman A, Durovni B,Saraceni V,Menezes A,Cordeiro-Santos M,Cobelens F,Van den Hof S. Impact on 

Patients' Treatment Outcomes of XpertMTB/RIF Implementation for the Diagnosis of Tuberculosis: 

Follow-Up of a Stepped-Wedge Randomized Clinical Trial. PLoS One; 2015. 

 

 
What is diagnostic accuracy of Xpert MTB/RIF for PTB and RR, as compares with microbiological 
reference standard (MRS)? 

1. Adelman MW, Tsegaye M, Kempker RR, Alebachew T, Haile K, Tesfaye A, et al. Intensified tuberculosis 

case finding among HIV‐infected persons using a WHO symptom screen and Xpert® 
MTB/RIF. International Journal of Tuberculosis and Lung Disease 2015;19(10):1197‐203. 

2. Al‐Darraji HA, Abd Razak H, Ng KP, Altice FL, Kamarulzaman A. The diagnostic performance of a single 

GeneXpert MTB/RIF assay in an intensified tuberculosis case finding survey among HIV‐infected 

prisoners in Malaysia. PLoS One 2013;8(9):e73717. 

3. Ali RH, Ibrahim NY, Elegail AM, Eltohami NA, Ebraheem RS, Ahmed SF, et al. Evaluation of GeneXpert 

MTB/RIF and line probe assay for rapid diagnosis of Mycobacterium tuberculosis in Sudanese pulmonary 

TB patients. Asian Pacific Journal of Tropical Disease 2017;7(7):426‐9. 

4. Atwebembeire J, Orikiriza P, Bonnet M, Atwine D, Katawera V, Nansumba M, et al. Xpert® MTB/RIF for 

detection of Mycobacterium tuberculosis from frozen string and induced sputum sediments. International 

Journal of Tuberculosis and Lung Disease 2016;20(8):1113‐7. 
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5. Balcells ME, García P, Chanqueo L, Bahamondes L, Lasso M, Gallardo AM, et al. Rapid molecular 

detection of pulmonary tuberculosis in HIV‐infected patients in Santiago, Chile. International Journal of 

Tuberculosis and Lung Disease 2012;16(10):1349‐53. 

6. Balcha TT, Sturegard E, Winqvist N, Skogmar S, Reepalu A, Jemal ZH, et al. Intensified tuberculosis case‐ 

finding in HIV‐positive adults managed at Ethiopian health centers: diagnostic yield of Xpert MTB/RIF 

compared with smear microscopy and liquid culture. PLoS One 2014;9(1):e85478. 

7. Barmankulova A, Higuchi M, Sarker MA, Alim MA, Hamajima N. Tuberculosis and rifampicin resistance 

among migrants in Kyrgyzstan: detection by a new diagnostic test. Nagoya Journal of Medical 

Science 2015;77(1‐2):41‐9. 

8. Barnard DA, Irusen EM, Bruwer JW, Plekker D, Whitelaw AC, Deetlefs JD, et al. The utility of Xpert 

MTB/RIF performed on bronchial washings obtained in patients with suspected pulmonary tuberculosis in 

a high prevalence setting. BMC Pulmonary Medicine 2015;15:103 

9. Bates M, Ahmed Y, Chilukutu L, Tembo J, Cheelo B, Sinyangwe S, et al. Use of the Xpert® MTB/RIF 

assay for diagnosing pulmonary tuberculosis comorbidity and multidrug‐resistant TB in obstetrics and 

gynaecology inpatient wards at the University Teaching Hospital, Lusaka, Zambia. Tropical Medicine & 

International Health 2013;18(9):1134‐40. 

10. Bjerrum S, Oliver‐Commey J, Kenu E, Lartey M, Newman MJ, Addo KK, et al. Tuberculosis and non‐ 

tuberculous mycobacteria among HIV‐infected individuals in Ghana. Tropical Medicine & International 

Health 2016;21(9):1181‐90. 

11. Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, Krapp F, et al. Rapid molecular detection of 

tuberculosis and rifampin resistance. New England Journal of Medicine 2010;363(11):1005‐15. 

12. Boehme CC, Nicol MP, Nabeta P, Michael JS, Gotuzzo E, Tahirli R, et al. Feasibility, diagnostic accuracy, 

and effectiveness of decentralised use of the Xpert MTB/RIF test for diagnosis of tuberculosis and 

multidrug resistance: a multicentre implementation study. Lancet 2011;377(9776):1495‐505. [PMC free 

article] [PubMed] [Google Scholar] 

13. Boum Y, Kim S, Orikiriza P, Acuna‐Villaorduna C, Vinhas S, Bonnet M, et al. Diagnostic accuracy of the 

small membrane filtration method for diagnosis of pulmonary tuberculosis in a high‐HIV‐prevalence 

setting. Journal of Clinical Microbiology 2016;54(6):1520‐7. [PMC free article] [PubMed] [Google 

Scholar] 

14. Calligaro GL, Theron G, Khalfey H, Peter J, Meldau R, Matinyenya B, et al. Burden of tuberculosis in 

intensive care units in Cape Town, South Africa, and assessment of the accuracy and effect on patient 
outcomes of the Xpert MTB/RIF test on tracheal aspirate samples for diagnosis of pulmonary tuberculosis: 

a prospective burden of disease study with a nested randomised controlled trial. Lancet Respiratory 

Medicine 2015;3(8):621‐30. 

15. Calligaro GL, Zijenah LS, Peter JG, Theron G, Buser V, McNerney R, et al. Effect of new tuberculosis 

diagnostic technologies on community‐based intensified case finding: a multicentre randomised controlled 

trial. Lancet Infectious Diseases 2017;17(4):441‐50. 

16. Carriquiry G, Otero L, González‐Lagos E, Zamudio C, Sánchez E, Nabeta P, et al. A diagnostic accuracy 

study of Xpert®MTB/RIF in HIV‐positive patients with high clinical suspicion of pulmonary tuberculosis 

in Lima, Peru. PLoS One 2012;7(9):e44626. 

17. Chaisson LH, Roemer M, Cantu D, Haller B, Millman AJ, Cattamanchi A, et al. Impact of GeneXpert 

MTB/RIF assay on triage of respiratory isolation rooms for inpatients with presumed tuberculosis: a 

hypothetical trial. Clinical Infectious Diseases 2014;59(10):1353‐60. 

18. Chen C, Yang CG, Gao X, Lu ZZ, Tang FX, Cheng J, et al. Community‐based active case finding for 

tuberculosis in rural western China: a cross‐sectional study. International Journal of Tuberculosis and Lung 

Disease 2017;21(11):1134‐9. 

19. Chew MY, Ng J, Cai HM, Lim TG, Lim TK. The clinical utility of Xpert MTB/RIF testing in induced 

sputum. International Journal of Tuberculosis and Lung Disease 2016;20(12):1668‐70. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085933/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085933/
https://www.ncbi.nlm.nih.gov/pubmed/21507477
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4879284/
https://www.ncbi.nlm.nih.gov/pubmed/27030493
https://scholar.google.com/scholar_lookup?journal=Journal%2Bof%2BClinical%2BMicrobiology&amp;title=Diagnostic%2Baccuracy%2Bof%2Bthe%2Bsmall%2Bmembrane%2Bfiltration%2Bmethod%2Bfor%2Bdiagnosis%2Bof%2Bpulmonary%2Btuberculosis%2Bin%2Ba%2Bhigh%E2%80%90HIV%E2%80%90prevalence%2Bsetting&amp;author=Y%2BBoum&amp;author=S%2BKim&amp;author=P%2BOrikiriza&amp;author=C%2BAcuna%E2%80%90Villaorduna&amp;author=S%2BVinhas&amp;volume=54&amp;issue=6&amp;publication_year=2016&amp;pages=1520-7&amp;pmid=27030493
https://scholar.google.com/scholar_lookup?journal=Journal%2Bof%2BClinical%2BMicrobiology&amp;title=Diagnostic%2Baccuracy%2Bof%2Bthe%2Bsmall%2Bmembrane%2Bfiltration%2Bmethod%2Bfor%2Bdiagnosis%2Bof%2Bpulmonary%2Btuberculosis%2Bin%2Ba%2Bhigh%E2%80%90HIV%E2%80%90prevalence%2Bsetting&amp;author=Y%2BBoum&amp;author=S%2BKim&amp;author=P%2BOrikiriza&amp;author=C%2BAcuna%E2%80%90Villaorduna&amp;author=S%2BVinhas&amp;volume=54&amp;issue=6&amp;publication_year=2016&amp;pages=1520-7&amp;pmid=27030493
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20. Chikaonda T, Nguluwe N, Barnett B, Gokhale RH, Krysiak R, Thengolose I, et al. Performance of Xpert® 

MTB/RIF among tuberculosis outpatients in Lilongwe, Malawi. African Journal of Laboratory 

Medicine 2017;6(2):464. 

21. Cowan JF, Chandler AS, Kracen E, Park DR, Wallis CK, Liu E, et al. Clinical impact and cost‐ 

effectiveness of Xpert MTB/RIF testing in hospitalized patients with presumptive pulmonary tuberculosis 

in the United States. Clinical Infectious Diseases 2017;64(4):482‐9. 

22. Davis JL, Kawamura LM, Chaisson LH, Grinsdale J, Benhammou J, Ho C, et al. Impact of GeneXpert 

MTB/RIF on patients and tuberculosis programs in a low‐burden setting. a hypothetical trial. American 

Journal of Respiratory and Critical Care Medicine 2014;189(12):1551‐9. 

23. Friedrich SO, Venter A, Kayigire XA, Dawson R, Donald PR, Diacon AH. Suitability of Xpert MTB/RIF 

and genotype MTBDRplus for patient selection for a tuberculosis clinical trial. Journal of Clinical 

Microbiology 2011;49(8):2827‐31. 

24. Geleta DA, Megerssa YC, Gudeta AN, Akalu GT, Debele MT, Tulu K D. Xpert MTB/RIF assay for 

diagnosis of pulmonary tuberculosis in sputum specimens in remote health care facility. BMC 

Microbiology 2015;15:220. 

25. Hanif SN, Eldeen HS, Ahmad S, Mokaddas E. GeneXpert® MTB/RIF for rapid detection 

of Mycobacterium tuberculosis in pulmonary and extra‐pulmonary samples. International Journal of 

Tuberculosis and Lung Disease 2011;15(9):1274‐5. 

26. Hanrahan CF, Selibas K, Deery CB, Dansey H, Clouse K, Bassett J, et al. Time to treatment and patient 

outcomes among TB suspects screened by a single point‐of‐Care Xpert MTB/RIF at a primary care clinic 

in Johannesburg, South Africa. PLoS One 2013;8(6):e65421 

27. Hanrahan CF, Theron G, Bassett J, Dheda K, Scott L, Stevens W, et al. Xpert MTB/RIF as a measure of 

sputum bacillary burden. Variation by HIV status and immunosuppression. American Journal of 

Respiratory and Critical Care Medicine 2014;189(11):1426‐34. 

28. Helb D, Jones M, Story E, Boehme C, Wallace E, Ho K, et al. Rapid detection of Mycobacterium 

tuberculosis and rifampin resistance by use of on‐demand, near‐patient technology. Journal of Clinical 

Microbiology 2010;48(1):229‐37. 

29. Henostroza G, Harris JB, Chitambi R, Siyambango M, Turnbull ER, Maggard KR, et al. High prevalence 

of tuberculosis in newly enrolled HIV patients in Zambia: need for enhanced screening 
approach. International Journal of Tuberculosis and Lung Disease 2016;20(8):1033‐9. 

30. Huang F, Dang L, Sun H, Yang H, Wu X. A study of the value of three molecular diagnostic techniques in 

the diagnosis of tuberculosis. Zhonghua Jie He He Hu Xi Za Zhi 2015;38(9):680‐5. 

31. Huh HJ, Jeong BH, Jeon K, Koh WJ, Ki CS, Lee NY. Performance evaluation of the Xpert MTB/RIF assay 

according to its clinical application. BMC Infectious Diseases 2014;14:589. 

32. Jo YS, Park JH, Lee JK, Heo EY, Chung HS, Kim DK. Discordance between MTB/RIF and real‐time 

tuberculosis‐specific polymerase chain reaction assay in bronchial washing specimen and its clinical 

implications. PLoS One 2016;11(10):e0164923. 

33. Kawkitinarong K, Suwanpimolkul G, Kateruttanakul P, Manosuthi W, Ubolyam S, Sophonphan J, et 

al. Real‐life clinical practice of using the Xpert MTB/RIF assay in Thailand. Clinical Infectious 

Diseases 2017;64(suppl_2):S171‐8. 

34. Kim CH, Hyun IG, Hwang YI, Kim DG, Lee CY, Lee MG, et al. Identification of Mycobacterium 

tuberculosis and rifampin resistance in clinical specimens using the Xpert MTB/RIF assay. Annals of 

Clinical and Laboratory Science 2015;45(1):32‐8. 

35. Ko Y, Lee HK, Lee YS, Kim MY, Shin JH, Shim EJ, et al. Accuracy of Xpert® MTB/RIF assay compared 

with AdvanSure TB/NTM real‐time PCR using bronchoscopy specimens. International Journal of 

Tuberculosis and Lung Disease 2016;20(1):115‐20. 
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36. Kurbaniyazova G, Joncevska M, Kalon S, Kalmambetova G, Mohr T, Toktogonova A, et al. Results of 

Xpert® MTB/RIF implementation in Kyrgyzstan. International Journal of Tuberculosis and Lung 

Disease 2017;21(3):333‐7. 

37. Kurbatova EV, Kaminski DA, Erokhin VV, Volchenkov GV, Andreevskaya SN, Chernousova LN, et 

al. Performance of Cepheid® Xpert MTB/RIF® and TB‐Biochip® MDR in two regions of Russia with a 

high prevalence of drug‐resistant tuberculosis. European Journal of Clinical Microbiology and Infectious 

Disease 2013;32(6):735‐43. 

38. Kwak N, Choi SM, Lee J, Park YS, Lee CH, Lee SM, et al. Diagnostic accuracy and turnaround time of the 

Xpert MTB/RIF assay in routine clinical practice. PloS One 2013;8(10):e77456. 

39. LaCourse SM, Cranmer LM, Matemo D, Kinuthia J, Richardson BA, John‐Stewart G, et al. Tuberculosis 

case finding in HIV‐Infected pregnant women in Kenya reveals poor performance of symptom screening 

and rapid diagnostic tests. Journal of Acquired Immune Deficiency Syndromes 2016;71(2):219‐27. 

40. Lawn SD, Brooks SV, Kranzer K, Nicol MP, Whitelaw A, Vogt M, et al. Screening for HIV‐associated 

tuberculosis and rifampicin resistance before antiretroviral therapy using the Xpert MTB/RIF assay: a 

prospective study. PLoS Medicine 2011;8(7):e1001067. 

41. Lee HY, Seong MW, Park SS, Hwang SS, Lee J, Park YS, et al. Diagnostic accuracy of Xpert® MTB/RIF 

on bronchoscopy specimens in patients with suspected pulmonary tuberculosis. International Journal of 

Tuberculosis and Lung Disease 2013;17(7):917‐21. 

42. Palud P, Cattoir V, Malbruny B, Magnier R, Campbell K, Oulkhouir Y, et al. Retrospective observational 

study of diagnostic accuracy of the Xpert® MTB/RIF assay on fiberoptic bronchoscopy sampling for early 

diagnosis of smear‐negative or sputum‐scarce patients with suspected tuberculosis. BMC Pulmonary 

Medicine 2014;14:137. 

43. Lippincott CK, Miller MB, Popowitch EB, Hanrahan CF, Rie A. Xpert MTB/RIF assay shortens airborne 

isolation for hospitalized patients with presumptive tuberculosis in the United States. Clinical Infectious 

Diseases 2014;59(2):186‐92. 

44. Liu Z, Pan A, Wu B, Zhou L, He H, Meng Q, et al. Feasibility of a new model for early detection of 

patients with multidrug‐resistant tuberculosis in a developed setting of eastern China. Tropical Medicine & 

International Health 2017;22(10):1328‐33. 

45. Lorent N, Kong C, Kim T, Sam S, Thai S, Colebunders R, et al. Systematic screening for drug‐resistant 
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46. Luetkemeyer AF, Firnhaber C, Kendall MA, Wu X, Mazurek GH, Benator DA, et al. Evaluation of Xpert 
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specificity of Xpert MTB/RIF among treatment‐experienced patients. European Respiratory 

Journal 2015;45(5):1504‐6. 



5  

51. Metcalfe JZ, Makumbirofa S, Makamure B, Sandy C, Bara W, Mason P, et al. Xpert MTB/RIF detection of 

rifampin resistance and time to treatment initiation in Harare, Zimbabwe. International Journal of 

Tuberculosis and Lung Disease 2016;20(7):882‐9. 

52. Meyer AJ, Atuheire C, Worodria W, Kizito S, Katamba A, Sanyu I, et al. Sputum quality and diagnostic 

performance of GeneXpert MTB/RIF among smear‐negative adults with presumed tuberculosis in 

Uganda. PLoS One 2017;12(7):e0180572. 

53. Mok Y, Tan TY, Tay TR, Wong HS, Tiew PY, Kam JW, et al. Do we need transbronchial lung biopsy if 

we have bronchoalveolar lavage Xpert® MTB/RIF?. International Journal of Tuberculosis and Lung 

Disease 2016;20(5):619‐24. 

54. Mokaddas E, Ahmad S, Eldeen HS, Al‐Mutairi N. Discordance between Xpert MTB/RIF assay and Bactec 

MGIT 960 Culture System for detection of rifampin‐resistant Mycobacterium tuberculosis isolates in a 

country with a low tuberculosis (TB) incidence. Journal of Clinical Microbiology 2015;53(4):1351‐4 

55. Mollel EW, Chilongola JO, Mpagama SG, Kibiki GS. Evaluation of XpertMTB/RIF performance for 

diagnosis of tuberculosis among HIV positive patients in northern Tanzania. Tanzania Journal of Health 

Research 2017;19(1):1. [DOI: 10.4314/thrb.v19i1.1 

56. Moure R, Muñoz L, Torres M, Santin M, Martín R, Alcaide F. Rapid detection of Mycobacterium 

tuberculosis complex and rifampin resistance in smear‐negative clinical samples by use of an integrated 

real‐time PCR method. Journal of Clinical Microbiology 2011;49(3):1137‐9. 

57. Moussa HS, Bayoumi FS, Ali AM. Evaluation of GeneXpert MTB/RIF assay for direct diagnosis of 

pulmonary tuberculosis. Saudi Medical Journal 2016;37(10):1076‐81. 

58. Mutingwende I, Vermeulen U, Steyn F, Viljoen H, Grobler A. Development and evaluation of a rapid 

multiplex‐PCR based system for Mycobacterium tuberculosis diagnosis using sputum samples. Journal of 

Microbiological Methods 2015;116:37‐43. 

59. N'Guessan Kouassi K, Riccardo A, Dutoziet Christian C, Andre G, Ferilaha C, Hortense SA, et 

al. Genotyping of mutations detected with GeneXpert. International Journal of 

Mycobacteriology 2016;5(2):142‐7. 

60. Ngabonziza JC, Ssengooba W, Mutua F, Torrea G, Dushime A, Gasana M, et al. Diagnostic performance 

of smear microscopy and incremental yield of Xpert in detection of pulmonary tuberculosis in 

Rwanda. BMC Infectious Diseases 2016;16(1):660. 

61. Nikam C, Kazi M, Nair C, Jaggannath M, Minoj M, Vinaya R, et al. Evaluation of the Indian TrueNAT 

micro RT‐PCR device with GeneXpert for case detection of pulmonary tuberculosis. International Journal 

of Mycobacteriology 2014;3(3):205‐10. 

62. Nliwasa M, MacPherson P, Chisala P, Kamdolozi M, Khundi M, Kaswaswa K, et al. The sensitivity and 

specificity of Loop‐Mediated Isothermal Amplification (LAMP) assay for tuberculosis diagnosis in adults 

with chronic cough in Malawi. PLoS One 2016;11(5):e0155101. 

63. Nosova EY, Krasnova MA, Galkina KY, Makarova MV, Litvinov VI, Moroz AM. Comparative analysis of 

TB‐Biochip, Xpert MTB/RIF, and GenoType MTBDRplus test systems for rapid determination of 

mutations responsible for drug resistance of M‐tuberculosis complex (in sputum from patients in Moscow 

region). Molecular Biology (Moscow) 2013;47(2):236‐41. 

64. O'Donnell MR, Pym A, Jain P, Munsamy V, Wolf A, Karim F, et al. A novel reporter phage to detect 

tuberculosis and rifampin resistance in a high‐HIV‐burden population. Journal of Clinical 

Microbiology 2015;53(7):2188‐94. 

65. Park KS, Kim JY, Lee JW, Hwang YY, Jeon K, Koh WJ, et al. Comparison of the Xpert 

MTB/RIF and Cobas TaqMan MTB assays for detection of Mycobacterium tuberculosis in 

respiratory specimens. Journal of Clinical Microbiology 2013;51(10):3225‐7. 



6  

66. Pimkina E, Zablockis R, Nikolayevskyy V, Danila E, Davidaviciene E. The Xpert® MTB/RIF assay in 

routine diagnosis of pulmonary tuberculosis: a multicentre study in Lithuania. Respiratory 

Medicine 2015;109(11):1484‐9. 

67. Pinyopornpanish K, Chaiwarith R, Pantip C, Keawvichit R, Wongworapat K, Khamnoi P, et 

al. Comparison of Xpert MTB/RIF assay and the conventional sputum microscopy in detecting 

Mycobacterium tuberculosis in northern Thailand. Tuberculosis Research and 

Treatment 2015;2015:571782. 

68. Rachow A, Zumla A, Heinrich N, Rojas‐Ponce G, Mtafya B, Reither K, et al. Rapid and accurate detection 

of Mycobacterium tuberculosis in sputum samples by Cepheid Xpert MTB/RIF assay‐‐a clinical validation 

study. PLoS One 2011;6(6):e20458. 

69. Reddy S, Ntoyanto S, Sakadavan Y, Reddy T, Mahomed S, Dlamini M, et al. Detecting Mycobacterium 

tuberculosis using the loop‐mediated isothermal amplification test in South Africa. International Journal of 

Tuberculosis and Lung Disease 2017;21(10):1154‐60. 

70. Reechaipichitkul W, Suleesathira T, Chaimanee P. Comparison of GeneXpert MTB/RIF assay with 

conventional AFB smear for diagnosis of pulmonary tuberculosis in northeastern Thailand. Southeast Asian 

Journal of Tropical Medicine and Public Health 2017;48(2):313‐21. 

71. Rice JP, Seifert M, Moser KS, Rodwell TC. Performance of the Xpert MTB/RIF assay for the diagnosis of 

pulmonary tuberculosis and rifampin resistance in a low‐incidence, high‐resource setting. PLoS 

One 2017;12(10):e0186139. 

72. Safianowska A, Walkiewicz R, Nejman‐Gryz P, Grubek‐Jaworska H. Two selected commercially based 

nucleic acid amplification tests for the diagnosis of tuberculosis. Pneumonologia Alergologia 
Polska 2012;80(1):6‐12. 

73. Sah AK, Joshi B, Khadka D, Gupta BP, Adhikari A, Singh SK, et al. Comparative study of GeneXpert 

MTB/RIF assay and Multiplex PCR assay for direct detection of Mycobacterium tuberculosis in suspected 

pulmonary tuberculosis patients. Current Microbiology 2017;74(9):1026‐32. 

74. Scott LE, McCarthy K, Gous N, Nduna M, Rie A, Sanne I, et al. Comparison of Xpert MTB/RIF with other 

nucleic acid technologies for diagnosing pulmonary tuberculosis in a high HIV prevalence setting: a 

prospective study. PLoS Medicine 2011;8(7):e1001061. 

75. Scott L, David A, Noble L, Nduna M, Silva P, Black A, et al. Performance of the Abbott RealTime MTB 

and MTB RIF/INH assays in a setting of high tuberculosis and HIV coinfection in South Africa. Journal of 

Clinical Microbiology 2017;55(8):2491‐501. 

76. Shao Y, Peng H, Chen C, Zhu T, Ji M, Jiang W, et al. Evaluation of GeneXpert MTB/RIF for detection of 

pulmonary tuberculosis at peripheral tuberculosis clinics. Microbial Pathogenesis 2017;105:260‐3. 

77. Sharma SK, Kohli M, Yadav RN, Chaubey J, Bhasin D, Sreenivas V, et al. Evaluating the diagnostic 

accuracy of Xpert MTB/RIF assay in pulmonary tuberculosis. PLoS One 2015;10(10):e0141011. 

78. Shenai S, Armstrong DT, Valli E, Dolinger DL, Nakiyingi L, Dietze R, et al. Analytical and clinical 

evaluation of the Epistem Genedrive assay for detection of Mycobacterium tuberculosis. Journal of Clinical 

Microbiology 2016;54(4):1051‐7. 

79. Singh UB, Pandey P, Mehta G, Bhatnagar AK, Mohan A, Goyal V, et al. Genotypic, phenotypic and 

clinical validation of GeneXpert in extra‐pulmonary and pulmonary tuberculosis in India. PLoS 

One 2016;11(2):e0149258. 

80. Sohn H, Aero AD, Menzies D, Behr M, Schwartzman K, Alvarez GG, et al. Xpert MTB/RIF testing in a 

low tuberculosis incidence, high‐resource setting: limitations in accuracy and clinical impact. Clinical 

Infectious Diseases 2014;58(7):970‐6. 

81. Ssengooba W, Nakiyingi L, Armstrong DT, Cobelens FG, Alland D, Manabe Y C, et al. Clinical utility of a 

novel molecular assay in various combination strategies with existing methods for diagnosis of HIV‐related 

tuberculosis in Uganda. PLoS One 2014;9(9):e107595. 



7  

82. Tadesse M, Aragaw D, Rigouts L, Abebe G. Increased detection of smear‐negative pulmonary tuberculosis 

by GeneXpert MTB/RIF® assay after bleach concentration. International Journal of 

Mycobacteriology 2016;5(2):211‐8. 

83. Tang T, Liu F, Lu X, Huang Q. Evaluation of GeneXpert MTB/RIF for detecting Mycobacterium 

tuberculosis in a hospital in China. Journal of International Medical Research 2017;45(2):816‐22. 

84. Theron G, Peter J, Zyl‐Smit R, Mishra H, Streicher E, Murray S, et al. Evaluation of the Xpert MTB/RIF 

assay for the diagnosis of pulmonary tuberculosis in a high HIV prevalence setting. American Journal of 

Respiratory and Critical Care Medicine 2011;184(1):132‐40. 

85. Theron G, Peter J, Meldau R, Khalfey H, Gina P, Matinyena B, et al. Accuracy and impact of Xpert 

MTB/RIF for the diagnosis of smear‐negative or sputum‐scarce tuberculosis using bronchoalveolar lavage 

fluid. Thorax 2013;68(11):1043‐51. 

86. Theron G, Zijenah L, Chanda D, Clowes P, Rachow A, Lesosky M, et al. Feasibility, accuracy, and clinical 

effect of point‐of‐care Xpert MTB/RIF testing for tuberculosis in primary‐care settings in Africa: a 

multicentre, randomised, controlled trial. Lancet 2014;383(9915):424‐35. 

87. Tsuyuguchi K, Nagai H, Ogawa K, Matsumoto T, Morimoto K, Takaki A, et al. Performance evaluation of 

Xpert MTB/RIF in a moderate tuberculosis incidence compared with TaqMan MTB and TRCRapid 

M.TB. Journal of Infection and Chemotherapy 2017;23(2):101‐6. 

88. Rie A, Page‐Shipp L, Hanrahan CF, Schnippel K, Dansey H, Bassett J, et al. Point‐of‐care Xpert® 

MTB/RIF for smear‐negative tuberculosis suspects at a primary care clinic in South Africa. International 

Journal of Tuberculosis and Lung Disease 2013;17(3):368‐72. 

89. Walusimbi S, Bwanga F, Costa AD, Haile M, Hoffner S, Joloba M. Evaluation of the Xpert MTB/Rif test, 

microscopic observation drug susceptibility test and nitrate reductase assay, for rapid and accurate 

diagnosis of smear‐negative tuberculosis in HIV patients. International Journal of 
Mycobacteriology 2013;2(3):148‐55. 

90. Williamson DA, Basu I, Bower J, Freeman JT, Henderson G, Roberts SA. An evaluation of the Xpert 

MTB/RIF assay and detection of false‐positive rifampicin resistance in Mycobacterium 

tuberculosis. Diagnostic Microbiology and Infectious Disease 2012;74(2):207‐9. 

91. Yoon C, Semitala FC, Atuhumuza E, Katende J, Mwebe S, Asege L, et al. Point‐of‐care C‐reactive protein‐ 

based tuberculosis screening for people living with HIV: a diagnostic accuracy study. Lancet Infectious 

Diseases 2017;17(12):1285‐92. 

92. Zeka AN, Tasbakan S, Cavusoglu C. Evaluation of the GeneXpert MTB/RIF assay for the rapid diagnosis 

of tuberculosis and detection of RIF‐resistance in pulmonary and extrapulmonary specimens. Journal of 

Clinical Micobiology 2011;49(12):4138‐41. 

93. Zetola NM, Shin SS, Tumedi KA, Moeti K, Ncube R, Nicol M, et al. Mixed Mycobacterium tuberculosis 

complex infections and false‐negative results for rifampin resistance by GeneXpert MTB/RIF are 

associated with poor clinical outcomes. Journal of Clinical Microbiology 2014;52(7):2422‐9. 

94. Zmak L, Jankovic M, Jankovic VK. Evaluation of Xpert MTB/RIF assay for rapid molecular diagnosis of 

tuberculosis in a two‐year period in Croatia. International Journal of Mycobacteriology 2013;2(3):179‐82. 

 

 
What is diagnostic accuracy of Xpert Ultra for PTB and RR, as compares with MRS? 

1. Barcellini L, Borroni E, Cimaglia C, Girardi E, Matteelli A, Marchese V, Stancanelli G, Abubakar I, Cirillo 

DM. App-based symptoms screening with Xpert MTB/RIF Ultra assay used for active tuberculosis 

detection in migrants at point of arrivals in Italy: The E-DETECT TB intervention analysis; PLoS One 

2019;14(7):e0218039 

2. Berhanu RH, David A, da Silva P, Shearer K, Sanne I, Stevens W, Scott L. Performance of Xpert 

MTB/RIF, Xpert Ultra, and Abbott RealTime MTB for Diagnosis of Pulmonary Tuberculosis in a High- 

HIV-Burden Setting; J Clin Microbiol Dec 2018;56(12): 2018 Dec 



8  

3. Chakravorty S, Simmons AM, Rowneki M, Parmar H, Cao Y, Ryan J, Banada PP, Deshpande S, Shenai S, 

Gall A, Glass J, Krieswirth B, Schumacher SG, Nabeta P, Tukvadze N, Rodrigues C, Skrahina A, Tagliani 

E, Cirillo DM, Davidow A, Denkinger CM, Persing D, Kwiatkowski R, Jones M, Alland D. The New 

Xpert MTB/RIF Ultra: Improving Detection of Mycobacterium tuberculosis and Resistance to Rifampin in 

an Assay Suitable for Point-of-Care Testing. MBio. 2017;8(4). 

4. Dorman SE, Schumacher SG, Alland D, Nabeta P, Armstrong DT, King B, Hall SL, Chakravorty S, Cirillo 

DM, Tukvadze N, Bablishvili N, Stevens W, Scott L, Rodrigues C, Kazi MI, Joloba M, Nakiyingi L, Nicol 

MP, Ghebrekristos Y, Anyango I, Murithi W, Dietze R, Lyrio Peres R, Skrahina A, Auchynka V, Chopra 

KK, Hanif M, Liu X, Yuan X, Boehme CC, Ellner JJ, Denkinger CM. Xpert MTB/RIF Ultra for detection 

of Mycobacterium tuberculosis and rifampicin resistance: a prospective multicentre diagnostic accuracy 

study. Lancet Infect Dis. 2018;18(1):76-84. 

5. Mishra H, Reeve B, Palmer Z, Caldwell J, Dolby T, Naidoo C, Jackson J, Schumacher S, Denkinger C, 

Diacon A, Helden PV, Marx FM, Warren R, Theron G. Xpert Ultra and Xpert MTB/RIF for tuberculosis 

diagnosis in an HIV-endemic setting with a high burden of previous tuberculosis: a two cohort diagnostic 

accuracy study. Lancet Resp Med in press. 

6. Opota O, Zakham F, Mazza-Stalder J, Nicod L, Greub G, Jaton K. Added Value of Xpert MTB/RIF Ultra 

for Diagnosis of Pulmonary Tuberculosis in a Low-Prevalence Setting. J Clin Microbiol Feb 2019;57(2): 

2019 Feb. 

7. Piersimoni C, Gherardi G, Gracciotti N, Pocognoli A. Comparative evaluation of Xpert MTB/RIF and the 

new Xpert MTB/RIF ultra with respiratory and extra-pulmonary specimens for tuberculosis case detection 

in a low incidence setting; Journal of Clinical Tuberculosis and Other Mycobacterial Diseases May 

2019;15 (no pagination)(100094): 2019 May 

8. Wang G, Wang S, Jiang G, Yang X, Huang M, Huo F, Ma Y, Dai G, Li W, Chen X, Huang H. Xpert 

MTB/RIF Ultra improved the diagnosis of paucibacillary tuberculosis: A prospective cohort study. J Infect 

Apr 2019;78(4):311-316 2019 Apr. 

 

 
PICO 2: Among children with signs and symptoms of PTB, seeking care at health care facilities should 
Xpert MTB/RIF / Ultra be used as an initial test for diagnosis of PTB and RR? 
 

What is diagnostic accuracy of Xpert MTB/RIF for PTB and RR in children, as compares with 

MRS and composite reference standard (CRS)? 

1. Anderson S, Kaforou M, Brent AJ, Wright VJ, Banwell CM, Chagaluka G, et al. Diagnosis of childhood 

tuberculosis and host RNA expression in Africa. New England Journal of Medicine 2014;370(18):1712-23. 

2. Andriyoko B, Janiar H, Kusumadewi R, Klinkenberg E, de Haas P, Tiemersma E. Simple stool processing 

method for the diagnosis of pulmonary tuberculosis using GeneXpert MTB/RIF. European Respiratory 

Journal 2019;53(3):pii: 1801832. [DOI: 10.1183/13993003.01832-2018] 

3. Atwebembeire J, Orikiriza P, Bonnet M, Atwine D, Katawera V, Nansumba M, et al. Xpert® MTB/RIF for 

detection of Mycobacterium tuberculosis from frozen string and induced sputum sediments. International 

Journal of Tuberculosis and Lung Disease 2016;20(8):1113-7. 

4. Bacha JM, Ngo K, Clowes P, Draper HR, Ntinginya EN, DiNardo A, et al. Why being an expert - despite 

Xpert -remains crucial for children in high TB burden settings. BMC Infectious Diseases 2017;17(1):123. 

5. Bates M, O'Grady J, Maeurer M, Tembo J, Chilukutu L, Chabala C, et al. Assessment of the Xpert 

MTB/RIF assay for diagnosis of tuberculosis with gastric lavage aspirates in children in sub-Saharan 

Africa: a prospective descriptive study. Lancet. Infectious Diseases 2013;13(1):36-42. 

6. Brent AJ, Mugo D, Musyimi R, Mutiso A, Morpeth SC, Levin M, et al. Bacteriological diagnosis of 

childhood TB: a prospective observational study. Scientific Reports 2017;7(1):11808. 



9  

7. Bunyasi EW, Tameris M, Geldenhuys H, Schmidt BM, Luabeya AKK, Mulenga H, et al. Evaluation of 

Xpert® MTB/RIF assay in induced sputum and gastric lavage samples from young children with suspected 

tuberculosis from the MVA85A TB vaccine trial. PLOS One 2015;10(11):e0141623. 

8. Causse M, Ruiz P, Gutiérrez-Aroca JB, Casal M. Comparison of two molecular methods for rapid 

diagnosis of extrapulmonary tuberculosis. Journal of Clinical Microbiology 2011;49(8):3065-7. 

9. Chipinduro M, Mateveke K, Makamure B, Ferrand RA, Gomo E. Stool Xpert® MTB/RIF test for the 

diagnosis of childhood pulmonary tuberculosis at primary clinics in Zimbabwe. International Journal of 

Tuberculosis and Lung Disease 2017;21(2):161-6. 

10. Chisti MJ, Graham SM, Duke T, Ahmed T, Ashraf H, Faruque AS, et al. A prospective study of the 

prevalence of tuberculosis and bacteraemia in Bangladeshi children with severe malnutrition and 

pneumonia including an evaluation of Xpert MTB/RIF assay. PLOS One 2014;9(4):e93776. 

11. Das A, Anupurba S, Mishra OP, Banerjee T, Tripathi R. Evaluation of Xpert MTB/RIF Assay for diagnosis 

of tuberculosis in children. Journal of Tropical Pediatrics 2019;65(1):14-20. 

12. Gous N, Scott LE, Khan S, Reubenson G, Coovadia A, Stevens W. Diagnosing childhood pulmonary 

tuberculosis using a single sputum specimen on Xpert MTB/RIF at point of care. South African Medical 

Journal 2015;105(12):1044-8. 

13. Hanrahan CF, Dansey H, Mutunga L, France H, Omar SV, Ismail N, et al. Diagnostic strategies for 

childhood tuberculosis in the context of primary care in a high-burden setting: the value of alternative 

sampling methods. Paediatrics and International Child Health 2018;39(2):88-94. 

14. Hasan Z, Shakoor S, Arif F, Mehnaz A, Akber A, Haider M, et al. Evaluation of Xpert MTB/RIF testing 

for rapid diagnosis of childhood pulmonary tuberculosis in children by Xpert MTB/RIF testing of stool 

samples in a low resource setting. BMC Research Notes 2017;10(1):473. 

15. Kasa Tom S, Welch H, Kilalang C, Tefuarani N, Vince J, Lavu E, et al. Evaluation of Xpert MTB/RIF 

assay in children with presumed pulmonary tuberculosis in Papua New Guinea. Paediatrics and 

International Child Health 2018;38(2):97-105. 

16. LaCourse SM, Chester FM, Preidis G, McCrary LM, Arscott-Mills T, Maliwichi M, et al. Use of Xpert for 

the diagnosis of pulmonary tuberculosis in severely malnourished hospitalized Malawian children. 

Pediatric Infectious Disease Journal 2014;33(11):1200-2. 

17. LaCourse SM, Pavlinac PB, Cranmer LM, Njuguna IN, Mugo C, Gatimu J, et al. Stool Xpert MTB/RIF 

and urine lipoarabinomannan for the diagnosis of tuberculosis in hospitalized HIV-infected children. AIDS 

(London, England) 2018;32(1):69-78. 

18. Malbruny B, Le Marrec G, Courageux K, Leclercq R, Cattoir V. Rapid and efficient detection of 

Mycobacterium tuberculosis in respiratory and non-respiratory samples. International Journal of 

Tuberculosis Lung Disease 2011;15(4):553-5. 

19. Marcy O, Ung V, Goyet S, Borand L, Msellati P, Tejiokem M, et al. Performance of Xpert MTB/RIF and 

alternative specimen collection methods for the diagnosis of tuberculosis in HIV-Infected children. Clinical 

Infectious Diseases 2016;62(9):1161-8. 

20. Moussa HS, Bayoumi FS, Mohamed AMA. Gene Xpert for direct detection of Mycobacterium tuberculosis 

in stool specimens from children with presumptive pulmonary tuberculosis. Annals of Clinical and 

Laboratory Science 2016;46(2):198-203. 

21. Myo K, Zaw M, Swe TL, Kyaw YY, Thwin T, Myo TT, et al. Evaluation of Xpert® MTB/RIF assay as a 

diagnostic test for pulmonary tuberculosis in children in Myanmar. International Journal of Tuberculosis 

and Lung Disease 2018;22(9):1051-5. 

22. Nhu NT, Ha DT, Anh ND, Thu DD, Duong TN, Quang ND, et al. Evaluation of Xpert MTB/RIF and 

MODS assay for the diagnosis of pediatric tuberculosis. BMC Infectious Diseases 2013;13:31. 

23. Nicol MP, Workman L, Isaacs W, Munro J, Black F, Eley B, et al. Accuracy of the Xpert MTB/RIF test for 

the diagnosis of pulmonary tuberculosis in children admitted to hospital in Cape Town, South Africa: a 

descriptive study. Lancet. Infectious Diseases 2011;11(11):819-24. 

24. Nicol MP, Spiers K, Workman L, Isaacs W, Munro J, Black F, et al. Xpert MTB/RIF testing of stool 

samples for the diagnosis of pulmonary tuberculosis in children. Clinical Infectious Diseases 

2013;57(3):e18-21. 

25. Nicol MP, Workman L, Prins M, Bateman L, Ghebrekristos Y, Mbhele S, et al. Accuracy of Xpert Mtb/Rif 

Ultra for the diagnosis of pulmonary tuberculosis in children. Paediatric Infectious Disease Journal 

2018;37(10):e261-3. 



10  

26. Orikiriza P, Nansumba M, Nyehangane D, Bastard M, Mugisha IT, Nansera D, et al. Xpert MTB/RIF 

diagnosis of childhood tuberculosis from sputum and stool samples in a high TB-HIV-prevalent setting. 

European Journal of Clinical Microbiology & Infectious Diseases 2018;37(8):1465-73. 

27. Pang Y, Wang Y, Zhao S, Liu J, Zhao Y, Li H. Evaluation of the Xpert MTB/RIF assay in gastric lavage 

aspirates for diagnosis of smear-negative childhood pulmonary tuberculosis. Paediatric Infectious Disease 

Journal 2014;33(10):1047-51. 

28. Rachow A, Clowes P, Saathoff E, Mtafya B, Michael E, Ntinginya EN, et al. Increased and expedited case 

detection by Xpert MTB/RIF assay in childhood tuberculosis: a prospective cohort study. Clinical 

Infectious Diseases 2012;54(10):1388-96. 

29. Raizada N, Sachdeva KS, Nair SA, Kulsange S, Gupta RS, Thakur R, et al. Enhancing TB case detection: 

experience in offering upfront Xpert MTB/RIF testing to pediatric presumptive TB and DR TB cases for 

early rapid diagnosis of drug sensitive and drug resistant TB. PLOS One 2014;9(8):e105346. 

30. Reither K, Manyama C, Clowes P, Rachow A, Mapamba D, Steiner A, et al. Xpert MTB/RIF assay for 

diagnosis of pulmonary tuberculosis in children: a prospective, multi-centre evaluation. Journal of Infection 

2015;70(4):392-9. 

31. Sabi I, Rachow A, Mapamba D, Clowes P, Ntinginya NE, Sasamalo M, et al. Xpert MTB/RIF Ultra assay 

for the diagnosis of pulmonary tuberculosis in children: a multicentre comparative accuracy study. Journal 

of Infection 2018;77(4):321-7. 

32. Saini I, Mukherjee A, Gautam H, Singla M, Jat KR, Lodha R, et al. Diagnostic yield of Xpert MTB/RIF in 

bronchoalveolar lavage in children with probable pulmonary tuberculosis. Indian Pediatrics 

2018;55(12):1062-5. 

33. Sekadde MP, Wobudeya E, Joloba ML, Ssengooba W, Kisembo H, Bakeera-Kitaka S, et al. Evaluation of 

the Xpert MTB/RIF test for the diagnosis of childhood pulmonary tuberculosis in Uganda: a cross-sectional 

diagnostic study. BMC Infectious Diseases 2013;13:133. 

34. Singh M, Sethi GR, Mantan M, Khanna A, Hanif M. Xpert® MTB/RIF assay for the diagnosis of 

pulmonary tuberculosis in children. International Journal of Tuberculosis and Lung Disease 

2016;20(6):839-43. 

35. Togun TO, Egere U, Sillah AK, Ayorinde A, Mendy F, Tientcheu L, et al. Contribution of Xpert® 

MTB/RIF to the diagnosis of pulmonary tuberculosis among TB-exposed children in The Gambia. 

International Journal of Tuberculosis and Lung Disease 2015;19(9):1091-7, i-ii. 

36. Tortoli E, Russo C, Piersimoni C, Mazzola E, Dal Monte P, Pascarella M, et al. Clinical validation of Xpert 

MTB/RIF for the diagnosis of extrapulmonary tuberculosis. European Respiratory Journal 2012;40(2):442- 

7. 

37. Walters E, Goussard P, Bosch C, Hesseling AC, Gie RP. GeneXpert MTB/RIF on bronchoalveolar lavage 

samples in children with suspected complicated intrathoracic tuberculosis: a pilot study. Pediatric 

Pulmonology 2014;49(11):1133-7. 

38. Walters E, van der Zalm MM, Palmer M, Bosch C, Demers AM, Draper H, et al. Xpert MTB/RIF on stool 

is useful for the rapid diagnosis of tuberculosis in young children with severe pulmonary disease. Pediatric 

Infectious Disease Journal 2017;36(9):837-43. 

39. Walters E, Scott L, Nabeta P, Demers AM, Reubenson G, Bosch C, et al. Molecular detection of 

Mycobacterium tuberculosis from stools in young children by use of a novel centrifugation-free processing 

method. Journal of Clinical Microbiology 2018;56(9):pii: e00781-18. 

40. Yin QQ, Jiao WW, Han R, Jiao AX, Sun L, Tian JL, et al. Rapid diagnosis of childhood pulmonary 

tuberculosis by Xpert MTB/RIF assay using bronchoalveolar lavage fluid. BioMed Research International 

2014;2014:310194. 

41. Zar HJ, Workman L, Isaacs W, Munro J, Black F, Eley B, et al. Rapid molecular diagnosis of pulmonary 

tuberculosis in children using nasopharyngeal specimens. Clinical Infectious Diseases 2012;55(8):1088-95. 

42. Zar HJ, Workman L, Isaacs W, Dheda K, Zemanay W, Nicol MP. Rapid diagnosis of pulmonary 

tuberculosis in African children in a primary care setting by use of Xpert MTB/RIF on respiratory 

specimens: a prospective study. Lancet. Global Health 2013;1(2):e97-104. 

43. Zar HJ, Workman LJ, Prins M, Bateman LJ, Mbhele SP, Whitman CB, et al. Tuberculosis diagnosis in 

children using Xpert Ultra on different respiratory specimens. American Journal of Respiratory and Critical 

Care Medicine 2019. [DOI: 10.1164/rccm.201904-0772OC] 



11  

What is diagnostic accuracy of Xpert Ultra for PTB and RR in children, as compares with MRS and CRS? 

1. Nicol MP, Workman L, Prins M, Bateman L, Ghebrekristos Y, Mbhele S, et al. Accuracy of Xpert Mtb/Rif 
Ultra for the diagnosis of pulmonary tuberculosis in children. Paediatric Infectious Disease Journal 

2018;37(10):e261-3. 

2. Sabi I, Rachow A, Mapamba D, Clowes P, Ntinginya NE, Sasamalo M, et al. Xpert MTB/RIF Ultra assay 

for the diagnosis of pulmonary tuberculosis in children: a multicentre comparative accuracy study. Journal 

of Infection 2018;77(4):321-7. 

3. Zar HJ, Workman LJ, Prins M, Bateman LJ, Mbhele SP, Whitman CB, et al. Tuberculosis diagnosis in 

children using Xpert Ultra on different respiratory specimens. American Journal of Respiratory and Critical 

Care Medicine 2019. [DOI: 10.1164/rccm.201904-0772OC] 

 

 
PICO 3: Among adults with signs and symptoms of extra-pulmonary (EP) TB, seeking care at health care 
facilities should Xpert MTB/RIF / Ultra used as an initial test for diagnosis of EP TB and RR? 
 
What is diagnostic accuracy of Xpert MTB/RIF for EP TB and RR in adults, as compares with MRS and CRS? 

1. Ablanedo-Terrazas Y, Alvarado-de la Barrera C, Hernandez-Juan R, Ruiz-Cruz M, Reyes-Teran G. Xpert 

MTB/RIF for diagnosis of tuberculous cervical lymphadenitis in HIV-infected patients. Laryngoscope 

2014;124(6):1382-5. 

2. Ajbani K, Kazi M, Naik S, Soman R, Shetty A, Rodrigues C. Utility of pyrosequencing for rapid detection 

of tubercular meningitis (TBM) and associated susceptibility directly from CSF specimens. Tuberculosis 

2018;111:54-6. 

3. Al-Ateah SM, Al-Dowaidi MM, El-Khizzi NA. Evaluation of direct detection of Mycobacterium 

tuberculosis complex in respiratory and non-respiratory clinical specimens using the Cepheid Gene 

Xpert(R) system. Saudi Medical Journal 2012;33(10):1100-5. 

4. Azevedo RG, Dinallo FS, de Laurentis LS, Boulware DR, Vidal JE. Xpert MTB/RIF((R)) assay for the 

diagnosis of HIV-related tuberculous meningitis in Sao Paulo, Brazil. The International Journal of 

Tuberculosis and Lung Disease 2018;22(6):706-7. 

5. Bahr NC, Tugume L, Rajasingham R, Kiggundu R, Williams DA, Morawski B, et al. Improved diagnostic 

sensitivity for tuberculous meningitis with Xpert((R)) MTB/RIF of centrifuged CSF. International Journal 

of Tuberculosis and Lung Disease 2015;19(10):1209-15. [CRSREF: 9074080] 

6. Bahr NC, Nuwagira E, Evans EE, Cresswell FV, Bystrom PV, Byamukama A, et al. Diagnostic accuracy of 

Xpert MTB/Rif Ultra for TB meningitis in HIV-infected adults: a prospective cohort study. Lancet 

Infectious Diseases 2017;18(1):68-75. 

7. Bera C, Michael JS, Burad D, Shirly SB, Gibikote S, Ramakrishna B, et al. Tissue XpertTM MTB/Rif 

assay is of limited use in diagnosing peritoneal tuberculosis in patients with exudative ascites. Indian 

Journal of Gastroenterology 2015;34(5):395-8. 

8. Biadglegne F, Mulu A, Rodloff A C, Sack U. Diagnostic performance of the Xpert MTB/RIF assay for 

tuberculous lymphadenitis on fine needle aspirates from Ethiopia. Tuberculosis (Edinburgh, Scotland) 

2014;94(5):502-5. 

9. Blaich A, Frei R. Performance of the Xpert MTB/RIF assay on nonrespiratory specimens and accuracy of 

this assay for detection of rifampin resistance in a low-prevalence setting. Journal of Clinical Microbiology 

2014;52(2):706. 

10. Causse M, Ruiz P, Gutierrez-Aroca JB, Casal M. Comparison of two molecular methods for rapid 

diagnosis of extrapulmonary tuberculosis. Journal of Clinical Microbiology 2011;49(8):3065-7. 

11. Che N, Yang X, Liu Z, Li K, Chen X. Rapid detection of cell-free Mycobacterium tuberculosis DNA in 

tuberculous pleural effusion. Journal of Clinical Microbiology 2017;55(5):1526-32. 

12. Chen C, Yang CG, Gao X, Lu ZZ, Tang FX, Cheng J, et al. Community-based active case finding for 

tuberculosis in rural western China: a cross-sectional study. International Journal of Tuberculosis and Lung 

Disease 2017;21(11):1134-9. 



12  

13. Christopher DJ, Schumacher SG, Michael JS, Luo R, Balamugesh T, Duraikannan P, et al. Performance of 

Xpert MTB/RIF on pleural tissue for the diagnosis of pleural tuberculosis. European Respiratory Journal 

2013;42(5):1427-9. 

14. Cresswell FV, Bangdiwala AS, Bahr NC, Trautner E, Nuwagira E, Ellis J, et al. Can improved diagnostics 

reduce mortality from Tuberculous meningitis? Findings from a 6.5-year cohort in Uganda. Wellcome 

Open Research 2018;3:64. 

15. Dhasmana DJ, Ross C, Bradley CJ, Connell DW, George PM, Singanayagam A, et al. Performance of 

Xpert MTB/RIF in the diagnosis of tuberculous mediastinal lymphadenopathy by endobronchial 

ultrasound. Annals of the American Thoracic Society 2014;11(3):392-6. 

16. Dhooria S, Gupta N, Bal A, Sehgal IS, Aggarwal A, Sethi S, et al. Role of Xpert MTB/RIF in 

differentiating tuberculosis from sarcoidosis in patients with mediastinal lymphadenopathy undergoing 

EBUS-TBNA: a study of 147 patients. Sarcoidosis Vasculitis and Diffuse Lung Disease 2016;33:258-266. 

17. Du J, Huang Z, Luo Q, Xiong G, Xu X, Li W, et al. Rapid diagnosis of pleural tuberculosis by Xpert 

MTB/RIF assay using pleural biopsy and pleural fluid specimens. Journal of Research In Medical Sciences 

2015;20(1):26-31. 

18. El-Din MG, Sobh E, Adawy Z, Farghaly N. Diagnostic utility of gene Xpert in the diagnosis of tuberculous 

pleural effusion. Infectious Diseases 2019;51(3):227-9. 

19. Feasey NA, Banada PP, Howson W, Sloan DJ, Mdolo A, Boehme C, et al. Evaluation of Xpert MTB/RIF 

for detection of tuberculosis from blood samples of HIV-infected adults confirms Mycobacterium 

tuberculosis bacteremia as an indicator of poor prognosis. Journal of Clinical Microbiology 

2013;51(7):2311-6. 

20. Friedrich SO, von Groote-Bidlingmaier F, Diacon AH. Xpert MTB/RIF assay for diagnosis of pleural 

tuberculosis. Journal of Clinical Microbiology 2011;49(12):4341-2. 

21. Ghariani A, Jaouadi T, Smaoui S, Mehiri E, Marouane C, Kammoun S, et al. Diagnosis of lymph node 

tuberculosis using the GeneXpert MTB/RIF in Tunisia. International Journal of Mycobacteriology 

2015;4(4):270-5. 

22. Gu Y, Wang G, Dong W, Li Y, Ma Y, Shang Y, et al. Xpert MTB/RIF and GenoType MTBDRplus assays 

for the rapid diagnosis of bone and joint tuberculosis. International Journal of Infectious Diseases 

2015;36:27-30. 

23. Hanif SN, Eldeen HS, Ahmad S, Mokaddas E. GeneXpert(R) MTB/RIF for rapid detection of 

Mycobacterium tuberculosis in pulmonary and extra-pulmonary samples. International Journal of 

Tuberculosis and Lung Disease 2011;15(9):1274-5. 

24. Heemskerk AD, Donovan J, Thu DDA, Marais S, Chaidir L, Dung VTM, et al. Improving the 

microbiological diagnosis of tuberculous meningitis: a prospective, international, multicentre comparison 

of conventional and modified Ziehl-Neelsen stain, GeneXpert, and culture of cerebrospinal fluid. Journal of 

Infection 2018;77(6):509-15. 

25. Hillemann D, Rusch-Gerdes S, Boehme C, Richter E. Rapid molecular detection of extrapulmonary 

tuberculosis by the automated GeneXpert MTB/RIF system. Journal of Clinical Microbiology 

2011;49(4):1202-5. 

26. Iram S, Zeenat A, Hussain S, Wasim Yusuf N, Aslam M. Rapid diagnosis of tuberculosis using Xpert 

MTB/RIF assay - report from a developing country. Pakistan Journal of Medical Sciences 2015;31(1):105- 

10. [CRSREF: 9074128] 

27. Kim YW, Kwak N, Seong MW, Kim EC, Yoo CG, Kim YW, et al. Accuracy of the Xpert(R) MTB/RIF 

assay for the diagnosis of extra-pulmonary tuberculosis in South Korea. International Journal of 

Tuberculosis and Lung Disease 2015;19(1):81-6. 

28. Li Y, Pang Y, Zhang T, Xian X, Wang X, Yang J, et al. Rapid diagnosis of extrapulmonary tuberculosis 

with Xpert Mycobacterium tuberculosis/rifampicin assay. Journal of Medical Microbiology 

2017;66(7):910-4. 

29. Liang Q, Pang Y, Yang Y, Li H, Guo C, Yang X, et al. An improved algorithm for rapid diagnosis of 

pleural tuberculosis from pleural effusion by combined testing with GeneXpert MTB/RIF and an anti-LAM 

antibody-based assay. BMC Infectious Diseases 2019;19(1):548. 

30. Ligthelm LJ, Nicol MP, Hoek KG, Jacobson R, van Helden PD, Marais BJ, et al. Xpert MTB/RIF for rapid 

diagnosis of tuberculous lymphadenitis from fine-needle-aspiration biopsy specimens. Journal of Clinical 

Microbiology 2011;49(11):3967-70. 



13  

31. Lusiba JK, Nakiyingi L, Kirenga BJ, Kiragga A, Lukande R, Nsereko M, et al. Evaluation of Cepheid's 

Xpert MTB/Rif test on pleural fluid in the diagnosis of pleural tuberculosis in a high prevalence HIV/TB 

setting. PLOS One 2014;9(7):e102702. 

32. Malbruny B, Le Marrec G, Courageux K, Leclercq R, Cattoir V. Rapid and efficient detection of 

Mycobacterium tuberculosis in respiratory and non-respiratory samples. International Journal of 

Tuberculosis and Lung Disease 2011;15(4):553-5. 

33. Meldau R, Peter J, Theron G, Calligaro G, Allwood B, Symons G, et al. Comparison of same day 

diagnostic tools including Gene Xpert and unstimulated IFN-gamma for the evaluation of pleural 

tuberculosis: a prospective cohort study. BMC Pulmonary Medicine 2014;14:58. 

34. Metcalf T, Soria J, Montano SM, Ticona E, Evans CA, Huaroto L, et al. Evaluation of the GeneXpert 

MTB/RIF in patients with presumptive tuberculous meningitis. PloS one 2018;13(6):e0198695. 

35. Nataraj G, Kanade S, Mehta P. Xpert((R)) MTB/RIF for improved case detection of extra-pulmonary TB in 

a tertiary care setting in urban India. International Journal of Tuberculosis and Lung Disease 

2016;20(7):890-4. 

36. Nhu NT, Heemskerk D, Thu do DA, Chau TT, Mai NT, Nghia HD, et al. Evaluation of GeneXpert 

MTB/RIF for diagnosis of tuberculous meningitis. Journal of Clinical Microbiology 2014;52(1):226-33. 

37. Ozkutuk N, Surucuoglu S. Evaluation of the Xpert MTB/RIF assay for the diagnosis of pulmonary and 

extrapulmonary tuberculosis in an intermediate-prevalence setting [Orta Prevalanslı Bölgede Akciğer ve 

Akciğer DışıTüberküloz Tanısında Xpert MTB/RIF Testinin Değerlendirilmesi]. Mikrobiyoloji Bulteni 

2014;48(2):223-32. 

38. Pandie S, Peter JG, Kerbelker ZS, Meldau R, Theron G, Govender U, et al. Diagnostic accuracy of 

quantitative PCR (Xpert MTB/RIF) for tuberculous pericarditis compared to adenosine deaminase and 

unstimulated interferon-gamma in a high burden setting: a prospective study. BMC Medicine 2014;12:101. 

39. Patel VB, Theron G, Lenders L, Matinyena B, Connolly C, Singh R, et al. Diagnostic accuracy of 

quantitative PCR (Xpert MTB/RIF) for tuberculous meningitis in a high burden setting: a prospective 

study. PLOS Medicine 2013;10(10):e1001536. 

40. Peñata A, Salazar R, Castano T, Bustamante J, Ospina S. Molecular diagnosis of extrapulmonary 

tuberculosis and sensitivity to rifampicin with an automated real-time method [Diagnóstico molecular de 

tuberculosis extrapulmonary sensibilidad a rifampicina con un método automatizado en tiempo real]. 

Biomedica 2016;36 Suppl 1:78-89. 

41. Rakotoarivelo R, Ambrosioni J, Rasolofo V, Raberahona M, Rakotosamimanana N, Andrianasolo R, et al. 

Evaluation of the Xpert MTB/RIF assay for the diagnosis of smear-negative pulmonary and 

extrapulmonary tuberculosis in Madagascar. International Journal of Infectious Diseases 2018;69:20-5. 

42. Rufai SB, Singh A, Kumar P, Singh J, Singh S. Performance of Xpert MTB/RIF Assay in diagnosis of 

pleural tuberculosis by use of pleural fluid samples. Journal of Clinical Microbiology 2015;53(11):3636-8. 

43. Rufai SB, Singh S, Singh A, Kumar P, Singh J, Vishal A. Performance of Xpert MTB/RIF on ascitic fluid 

samples for detection of abdominal tuberculosis. Journal of Laboratory Physicians 2017;9(1):47-52. 

44. Rufai SB, Singh A, Singh J, Kumar P, Sankar MM, Singh S. Diagnostic usefulness of Xpert MTB/RIF 

assay for detection of tuberculous meningitis using cerebrospinal fluid. Journal of Infection 

2017;75(2):125-31. 

45. Safianowska A, Walkiewicz R, Nejman-Gryz P, Grubek-Jaworska H. Two selected commercially based 

nucleic acid amplification tests for the diagnosis of tuberculosis. Pneumonologia Alergologia Polska 

2012;80(1):6-12. 

46. Sarfaraz S, Iftikhar S, Memon Y, Zahir N, Hereker FF, Salahuddin N. Histopathological and 

microbiological findings and diagnostic performance of GeneXpert in clinically suspected tuberculous 

lymphadenitis. International Journal of Infectious Diseases 2018;76:73-81. 

47. Scott LE, Beylis N, Nicol M, Nkuna G, Molapo S, Berrie L, et al. Diagnostic accuracy of Xpert MTB/RIF 

for extrapulmonary tuberculosis specimens: establishing a laboratory testing algorithm for South Africa. 

Journal of Clinical Microbiology 2014;52(6):1818-23. 

48. Sharma SK, Kohli M, Chaubey J, Yadav RN, Sharma R, Singh BK, et al. Evaluation of Xpert MTB/RIF 

assay performance in diagnosing extrapulmonary tuberculosis among adults in a tertiary care centre in 

India. European Respiratory Journal 2014;44(4):1090-3. 

49. Sharma JB, Kriplani A, Dharmendra S, Chaubey J, Kumar S, Sharma SK. Role of Gene Xpert in diagnosis 

of female genital tuberculosis: a preliminary report. European Journal of Obstetrics & Gynecology and 

Reproductive Biology 2016;207:237-8. 



14  

50. Sharma K, Sharma M, Chaudhary L, Modi M, Goyal M, Sharma N, et al. Comparative evaluation of Xpert 

MTB/RIF assay with multiplex polymerase chain reaction for the diagnosis of tuberculous meningitis. 

Tuberculosis (Edinburgh, Scotland) 2018 Dec;113:38-42. 

51. Siddiqi OK, Birbeck GL, Ghebremichael M, Mubanga E, Love S, Buback C, et al. Prospective cohort study 

on performance of cerebrospinal fluid (CSF) Xpert MTB/RIF, CSF Lipoarabinomannan (LAM) Lateral 

Flow Assay (LFA), and urine LAM LFA for diagnosis of tuberculous meningitis in Zambia. Journal of 

Clinical Microbiology 2019;57(8):pii: e00652-19. 

52. Suzana S, Ninan MM, Gowri M, Venkatesh K, Rupali P, Michael JS. Xpert MTB/Rif for the diagnosis of 

extrapulmonary tuberculosis - an experience from a tertiary care centre in South India. Tropical Medicine 
& International Health 2016;21(3):385-92. 

53. Tadesse M, Abebe G, Abdissa K, Aragaw D, Abdella K, Bekele A, et al. GeneXpert MTB/RIF assay for 

the diagnosis of tuberculous lymphadenitis on concentrated fine needle aspirates in high tuberculosis 

burden settings. PLOS One 2015;10(9):e0137471. 

54. Trajman A, da Silva Santos Kleiz de Oliveira EF, Bastos ML, Belo Neto E, Silva EM, da Silva Lourenco 

MC, et al. Accuracy of polymerase chain reaction for the diagnosis of pleural tuberculosis. Respiratory 

Medicine 2014;108(6):918-23. 

55. Ullah I, Javaid A, Masud H, Ali M, Basit A, Ahmad W, et al. Rapid detection of Mycobacterium 

tuberculosis and rifampicin resistance in extrapulmonary tuberculosis and sputum smear-negative 

pulmonary suspects using Xpert MTB/RIF. Journal of Medical Microbiology 2017;66(4):412-8. [CRSREF: 

9074194] 

56. Vadwai V, Boehme C, Nabeta P, Shetty A, Alland D, Rodrigues C. Xpert MTB/RIF: a new pillar in 

diagnosis of extrapulmonary tuberculosis? Journal of Clinical Microbiology 2011;49(7):2540-5. 

57. Van Rie A, Page-Shipp L, Mellet K, Scott L, Mkhwnazi M, Jong E, et al. Diagnostic accuracy and 

effectiveness of the Xpert MTB/RIF assay for the diagnosis of HIV-associated lymph node tuberculosis. 

European Journal of Clinical Microbiology & Infectious Diseases 2013;32(11):1409-15. 

58. Zeka AN, Tasbakan S, Cavusoglu C. Evaluation of the GeneXpert MTB/RIF assay for rapid diagnosis of 

tuberculosis and detection of rifampin resistance in pulmonary and extrapulmonary specimens. Journal of 

Clinical Microbiology 2011;49(12):4138-41. 

59. Zmak L, Jankovic M, Jankovic VK. Evaluation of Xpert MTB/RIF assay for rapid molecular diagnosis of 

tuberculosis in a two-year period in Croatia. International Journal of Mycobacteriology 2013;2(3):179-82. 

 
What is diagnostic accuracy of Xpert Ultra for EP TB and RR in adults, as compares with MRS? 

1. Chin JH, Musubire AK, Morgan N, Pellinen J, Grossman S, Bhatt JM, et al. Xpert MTB/RIF Ultra for 

detection of Mycobacterium tuberculosis in cerebrospinal fluid. Journal of Clinical Microbiology 

2019;57(6):pii: e00249-19. 

2. Meldau R, Randall P, Pooran A, Limberis J, Makambwa E, Dhansay M, et al. Same day tools, including 

Xpert Ultra and unstimulated IFN-gamma, for the rapid diagnosis of pleural tuberculosis - a prospective 

observational study. Journal of Clinical Microbiology 2019;57(9):e00614-19. 

3. Perez-Risco D, Rodriguez-Temporal D, Valledor-Sanchez I, Alcaide F. Evaluation of the Xpert MTB/RIF 

Ultra assay for direct detection of Mycobacterium tuberculosis complex in smear-negative extrapulmonary 

samples. Journal of Clinical Microbiology 2018;56(9):pii: e00659-18. 

4. Sun Q, Wang S, Dong W, Jiang G, Huo F, Ma Y, et al. Diagnostic value of Xpert MTB/RIF Ultra for 

osteoarticular tuberculosis. Journal of Infection 2019 August;79(2):153-8. 

5. Wang G, Wang S, Jiang G, Yang X, Huang M, Huo F, et al. Xpert MTB/RIF Ultra improved the diagnosis 

of paucibacillary tuberculosis: A prospective cohort study. The Journal of Infection 2019 Apr;78(4):311-6. 

6. Wu X, Tan G, Gao R, Yao L, Bi D, Guo Y, et al. Assessment of the Xpert MTB/RIF Ultra assay on rapid 

diagnosis of extrapulmonary tuberculosis. International Journal of Infectious Diseases 2019;81:91-6. 

 

 
PICO 4: Among children with signs and symptoms of EP TB, seeking care at health care facilities should 
Xpert MTB/RIF / Ultra be used as an initial test for diagnosis of EP TB and RR? 

1. Bhatia R, Dayal R, Jindal S, Agarwal D, Goyal A. GeneXpert for diagnosis of tubercular meningitis. Indian 

Journal of Pediatrics 2016;83(11):1353-5. 



15  

2. Bholla M, Kapalata N, Masika E, Chande H, Jugheli L, Sasamalo M, et al. Evaluation of Xpert® MTB/RIF 

and Ustar EasyNATTM TB IAD for diagnosis of tuberculous lymphadenitis of children in Tanzania: a 

prospective descriptive study. BMC Infectious Diseases 2016;16:246. 

3. Coetzee L, Nicol MP, Jacobson R, Schubert PT, van Helden PD, Warren RM, et al. Rapid diagnosis of 

pediatric mycobacterial lymphadenitis using fine needle aspiration biopsy. Pediatric Infectious Disease 

Journal 2014;33(9):893-6. 

4. Kim YW, Kwak N, Seong MW, Kim EC, Yoo CG, Kim YW, et al. Accuracy of the Xpert® MTB/RIF 

assay for the diagnosis of extra-pulmonary tuberculosis in South Korea. International Journal of 

Tuberculosis and Lung Disease 2015;19(1):81-6. 

5. Ligthelm LJ, Nicol MP, Hoek KGP, Jacobson R, van Helden PD, Marais BJ, et al. Xpert MTB/RIF for 

rapid diagnosis of tuberculous lymphadenitis from fine-needle-aspiration biopsy specimens. Journal of 

Clinical Microbiology 2011;49(11):3967-70. 

6. Solomons RS, Visser DH, Friedrich SO, Diacon AH, Hoek KG, Marais BJ, et al. Improved diagnosis of 

childhood tuberculous meningitis using more than one nucleic acid amplification test. International Journal 

of Tuberculosis and Lung Disease 2015;19(1):74-80. 

7. Vadwai V, Boehme C, Nabeta P, Shetty A, Alland D, Rodrigues C. Xpert MTB/RIF: a new pillar in 

diagnosis of extrapulmonary tuberculosis? Journal of Clinical Microbiology 2011;49(7):2540-5. 

 

PICO 5: Among people with signs and symptoms of pulmonary TB, seeking care at health care facilities 
does repeated Xpert (Ultra) tests on subsequent samples provide any increase in sensitivity/specificity as 
an initial test for diagnosis of pulmonary TB and RR? 
 
Xpert Ultra repeated test for the diagnosis of PTB in adults with signs and symptoms of PTB who have an 
initial Ultra trace result, against a MRS? 

1. Dorman SE, Schumacher SG, Alland D, Nabeta P, Armstrong DT, King B, Hall SL, Chakravorty S, Cirillo 

DM, Tukvadze N, Bablishvili N, Stevens W, Scott L, Rodrigues C, Kazi MI, Joloba M, Nakiyingi L, Nicol 

MP, Ghebrekristos Y, Anyango I, Murithi W, Dietze R, Lyrio Peres R, Skrahina A, Auchynka V, Chopra 

KK, Hanif M, Liu X, Yuan X, Boehme CC, Ellner JJ, Denkinger CM. Xpert MTB/RIF Ultra for detection 

of Mycobacterium tuberculosis and rifampicin resistance: a prospective multicentre diagnostic accuracy 

study. Lancet Infect Dis. 2018;18(1):76-84. 

2. Mishra H, Reeve B, Palmer Z, Caldwell J, Dolby T, Naidoo C, Jackson J, Schumacher S, Denkinger C, 

Diacon A, Helden PV, Marx FM, Warren R, Theron G. Xpert Ultra and Xpert MTB/RIF for tuberculosis 

diagnosis in an HIV-endemic setting with a high burden of previous tuberculosis: a two cohort diagnostic 

accuracy study. Lancet Resp Med in press. 

3. Piersimoni C, Gherardi G, Gracciotti N, Pocognoli A. Comparative evaluation of Xpert MTB/RIF and the 

new Xpert MTB/RIF ultra with respiratory and extra-pulmonary specimens for tuberculosis case detection 

in a low incidence setting; Journal of Clinical Tuberculosis and Other Mycobacterial Diseases May 

2019;15 (no pagination)(100094): 2019 May 

 

One Xpert MTB/RIF vs. more than one Xpert MTB/RIF to diagnose PTB in children with signs and 
symptoms of PTB, against a MRS? 

1. Bunyasi EW, Tameris M, Geldenhuys H, Schmidt BM, Luabeya AKK, Mulenga H, et al. Evaluation of 

Xpert® MTB/RIF assay in induced sputum and gastric lavage samples from young children with suspected 

tuberculosis from the MVA85A TB vaccine trial. PLOS One 2015;10(11):e0141623. 

2. Rachow A, Clowes P, Saathoff E, Mtafya B, Michael E, Ntinginya EN, et al. Increased and expedited case 

detection by Xpert MTB/RIF assay in childhood tuberculosis: a prospective cohort study. Clinical 

Infectious Diseases 2012;54(10):1388-96. 

3. Sabi I, Rachow A, Mapamba D, Clowes P, Ntinginya NE, Sasamalo M, et al. Xpert MTB/RIF Ultra assay 

for the diagnosis of pulmonary tuberculosis in children: a multicentre comparative accuracy study. Journal 

of Infection 2018;77(4):321-7. 

4. Zar HJ, Workman L, Isaacs W, Munro J, Black F, Eley B, et al. Rapid molecular diagnosis of pulmonary 

tuberculosis in children using nasopharyngeal specimens. Clinical Infectious Diseases 2012;55(8):1088-95. 



16  

5. Zar HJ, Workman L, Isaacs W, Dheda K, Zemanay W, Nicol MP. Rapid diagnosis of pulmonary 

tuberculosis in African children in a primary care setting by use of Xpert MTB/RIF on respiratory 

specimens: a prospective study. Lancet. Global Health 2013;1(2):e97-104. 

 

 
One Xpert Ultra vs. more than one Xpert Ultra to diagnose PTB in children with signs and symptoms of 
PTB, against a MRS? 

1. Zar HJ, Workman LJ, Prins M, Bateman LJ, Mbhele SP, Whitman CB, et al. Tuberculosis diagnosis in 

children using Xpert Ultra on different respiratory specimens. American Journal of Respiratory and Critical 

Care Medicine 2019. [DOI: 10.1164/rccm.201904-0772OC] 

2. Walters E, Scott L, Nabeta P, Demers AM, Reubenson G, Bosch C, et al. Molecular detection of 

Mycobacterium tuberculosis from stools in young children by use of a novel centrifugation-free processing 

method. Journal of Clinical Microbiology 2018;56(9):pii: e00781-18. 

3. Sabi I, Rachow A, Mapamba D, Clowes P, Ntinginya NE, Sasamalo M, et al. Xpert MTB/RIF Ultra assay 

for the diagnosis of pulmonary tuberculosis in children: a multicentre comparative accuracy study. Journal 

of Infection 2018;77(4):321-7. 

 

PICO 6: Among adults either with signs and symptoms of TB or chest radiograph with lung abnormalities 
suggestive of PTB or both, should Xpert MTB/RIF or Xpert Ultra alone, be used to define the case of 
active TB disease (19)? 

1. Reports from WHO-supported prevalence surveys in Bangladesh, Kenya, Viet Nam, Philippines, 

Myanmar, South Africa, Zambia. 

 
 

1.2 Truenat MTB, MTB Plus and MTB-RIF Dx 

8. Report for WHO: Diagnostic Accuracy of the Molbio Truenat Tuberculosis and Rifampicin-resistance 

Assays in the Intended Setting of Use. December 2019 

 
 

1.3 Moderate complexity automated NAATs (MC-aNAATs) 

9. Andrews K, Porter M, Anderson A, Bryan-McNeal K, Hamlet K, Zhang C et al. Evaluation of an MDR-TB 

assay for detection of Mycobacterium tuberculosis and rifampicin and isoniazid resistance on the BD 

MAXTM System. The International Journal of Tuberculosis and Lung Disease; Supplement 2 

2017;21(11):S343. 

10. Berhanu RH, David A, da Silva P, Shearer K, Sanne I, Stevens W, Scott L. Performance of Xpert 

MTB/RIF, Xpert Ultra, and Abbott Real Time MTB for the diagnosis of pulmonary tuberculosis in a high 

HIV burden setting. Journal of Clinical Microbiology 2018;56(12):e00560-18. 

2. Chen, J. H.; She, K. K.; Kwong, T. C.; Wong, O. Y.; Siu, G. K.; Leung, C. C. et al. Performance of the new 

automated Abbott RealTime MTB assay for rapid detection of Mycobacterium tuberculosis complex in 

respiratory specimens. European Journal of Clinical Microbiology & Infectious Diseases 2015;34(9):1827- 

32. 

3. De Vos M, Derendinger B, Dolby T, Simpson J, van Helden PD, Rice JE, et al. Diagnostic Accuracy and 

Utility of FluoroType MTBDR, a New Molecular Assay for Multidrug-Resistant Tuberculosis. Journal of 

Clinical Microbiology 2018;56(9):e00531-18. 

4. Eigner, U., Veldenzer, A., Holfelder, M. Evaluation of the FluoroType MTB assay for the rapid and 

reliable detection of Mycobacterium tuberculosis in respiratory tract specimens. Clinical Laboratory 

2013;59(9-10):1179-81. 

5. Genc GE, Satana D, Yildirim E, Erturan Z, Yegenoglu Y, Uzun M. Evaluation of FluoroType MTB for 

direct detection of Mycobacterium tuberculosis complex and GenoType MTBDRplus for determining 

rifampicin and isoniazid resistance. Biotechnology & Biotechnological Equipment 2018. 

6. Haasis C, Rupp J, Andres S, Schlüter B, Kernbach M, Hillemann D. Validation of the FluoroType® 

MTBDR assay using respiratory and lymph node samples. Tuberculosis113:76-80. 



17  

 

7. Hillemann, D.; Haasis, C.; Andres, S.; Behn, T.; Kranzer, K. Validation of the FluoroType MTBDR assay 

for detection of rifampin and isoniazid resistance in mycobacterium tuberculosis complex isolates. Journal 

of clinical microbiology 2018;56(6). 

8. Hinic, V.; Feuz, K.; Turan, S.; Berini, A.; Frei, R.; Pfeifer, K.; Goldenberger, D. Clinical evaluation of the 

Abbott RealTime MTB Assay for direct detection of Mycobacterium tuberculosis-complex from 

respiratory and non-respiratory samples. Tuberculosis 2017;104:65-9. 

9. Hofmann-Thiel, S., Hoffmann, H. Evaluation of Fluorotype MTB for detection of Mycobacterium 

tuberculosis complex DNA in clinical specimens from a low-incidence country. BMC Infectious Diseases 

2014;14:59. 

10. Hofmann-Thiel, S.; Molodtsov, N.; Antonenka, U.; Hoffmann, H. Evaluation of the Abbott RealTime MTB 

and RealTime MTB INH/RIF Assays for Direct Detection of Mycobacterium tuberculosis Complex and 

Resistance Markers in Respiratory and Extrapulmonary Specimens. Journal of Clinical Microbiology 

2016;54(12):3022-27. 

11. Hofmann-Thiel 2018. Unpublished data only 

12. Hofmann-Thiel S, Molodtsov N, Duffner C, Kadyrov A, Kalmambetova G, Kabirov O, et al.. Capacity of 

Abbott RealTime MTB RIF/INH to detect rifampicin and isoniazid resistant tuberculosis. International 

Journal of Tuberculosis and Lung Diseases 2018. 

13. Kostera, J.; Leckie, G.; Tang, N.; Lampinen, J.; Szostak, M.; Abravaya, K, et al.. Analytical and clinical 

performance characteristics of the Abbott RealTime MTB RIF/INH Resistance, an assay for the detection 

of rifampicin and isoniazid resistant Mycobacterium tuberculosis in pulmonary specimens. Tuberculosis 

2016;101:137-43. 

14. Kostera, J.; Leckie, G.; Abravaya, K.; Wang, H.. Performance of the Abbott RealTime MTB RIF/INH 

resistance assay when used to test Mycobacterium tuberculosis specimens from Bangladesh. Infection and 

Drug Resistance 2018;11:695-699. 

15. Obasanya, J.; Lawson, L.; Edwards, T.; Olanrewaju, O.; Madukaji, L.; Dacombe, R. et al. FluoroType 

MTB system for the detection of pulmonary tuberculosis. European Respiratory Journal Open Research 

2017;3. 

16. Paradis S. Pre-clinical validation of BD Max MDR-TB assay (BD internal validation report). 2018. 

Unpublished data. 

17. Paradis S. Multicentre Study of the accuracy of the BDMAx MDR-TB assay for the detection of 

M.tuberculosis complex and mutations associated with resistance to rifampicin or Isoniazid (BD internal 

validation report). 2018. Unpublished data 

18. Roche company evaluation. Cobas 6800/8800 MTB diagnostic accuracy validation. 2019. Unpublished 

data. 
19. Roche company evaluation. Unpublished data only 

20. Roche company evaluation. Cobas 6800/8800 RIF/INH diagnostic accuracy validation. 2019. 

21. Scott, L.; David, A.; Noble, L.; Nduna, M.; Da Silva, P.; Black, A. et al. Performance of the Abbott 

RealTime MTB and MTB RIF/INH Assays in a Setting of High Tuberculosis and HIV Coinfection in 

South Africa. Journal of Clinical Microbiology 2017;55(8):2491-501. 

22. Tam, K. K.; Leung, K. S.; To, S. W.; Siu, G. K.; Lau, T. C.; Shek, V. C. et al. Direct detection of 

Mycobacterium tuberculosis and drug resistance in respiratory specimen using Abbott Realtime MTB 

detection and RIF/INH resistance assay. Diagnostic Microbiology & Infectious Disease 2017;89(2):118-24. 

23. Tang, N.; Frank, A.; Pahalawatta, V.; Lampinen, J.; Coblenz-Korte, A.; Dunn, C. et al. Analytical and 

clinical performance of Abbott RealTime MTB, an assay for detection of Mycobacterium tuberculosis in 

pulmonary specimens. Tuberculosis 2015;95(5):613-9. 

24. Vinuesa, V.; Navarro, D.; Poujois, S.; Zaragoza, S.; Borras, R. Performance characteristics of the new 

Abbott Real Time MTB assay for detection of Mycobacterium tuberculosis complex in respiratory 

specimens. Diagnostic Microbiology & Infectious Disease 2016;84(3):212-4. 

25. Vinuesa, V.; Borras, R.; Briones, M. L.; Clari, M. A.; Cresencio, V.; Gimenez, E. et al. Performance of a 

highly sensitive mycobacterium tuberculosis complex real-time PCR assay for diagnosis of pulmonary 

tuberculosis in a low-prevalence setting: a prospective intervention study. Journal of clinical microbiology 

2018;56(5). 



18  

26. Wang, S. F.; Ou, X. C.; Li, Q.; Zheng, H. W.; Wang, Y. F.; Zhao, Y. L.. The Abbott RealTime MTB assay 

and the Cepheid GeneXpert assay show comparable performance for the detection of Mycobacterium 

tuberculosis in sputum specimens. International Journal of Infectious Diseases 2016;45:78-80. 
 

1.4 Loop-mediated isothermal amplification (LAMP) 

11. Hang PT, Peter J, Mello FCQ, Parraga T, Nguyen TNL, Nabeta P, et al. Performance of the TB-LAMP 

diagnostic assay in reference laboratories – results from a multi-centre study (Brazil, Peru, South Africa, 

Vietnam). Submitted to the International Journal of Tuberculosis and Lung Disease, April 2016. 

12. Gray CM, Katamba A, Narang P, Giraldo J, Zamudio C, Joloba M, et al. Feasibility and operational 

performance of TB LAMP in decentralized settings – results from a multi-centre study. Submitted to the 

Journal of Clinical Microbiology, April 2016. 

13. Study conducted under FIND LAMP Request for Applications Memorandum of Understanding: India. 

Unpublished. 

14. N’guessan K, Horo K, Coulibaly I, Adegbele J, Kouame-Adjei N, Seck-Angu H, et al. Comparison of 

pulmonary tuberculosis diagnosis by AFB detection, TB-LAMP and GeneXpert MTB/RIF in Ivory Coast. 

Unpublished (see the abstract in Annex 3). 

15. Study conducted under FIND LAMP Request for Applications Memorandum of Understanding: 

Madagascar. Unpublished. 

16. Nliwasa M, MacPherson P, Chisala P, Kamdolozi M, McEwen K, Kaswaswa K. The accuracy of loop- 

mediated isothermal amplification (LAMP) assay for tuberculosis diagnosis in adults with chronic cough in 

Malawi. Submitted to PLOS ONE, March 2016. 

17. Khalief MS, Doulla B, Mtunga DD, Adepoyibi T, Moriera R, Faulx D, et al. Evaluation of a loop-mediated 

isothermal amplification test kit for the diagnosis of pulmonary tuberculosis in the United Republic of 

Tanzania. Unpublished (see the abstract in Annex 3). 

18. Study conducted under FIND LAMP Request for Applications Memorandum of Understanding: Uganda. 

Unpublished. 

19. Study conducted under FIND LAMP Request for Applications Memorandum of Understanding: Viet 

Nam. Evaluation of Loopamp MTBC detection kit for diagnosis of pulmonary tuberculosis at peripheral 

laboratory in Vietnam. Unpublished (see the abstract in Annex 3). 

20. Kaku T, Minamoto F, D'Meza R, Morose W, Boncy J, Bijou J, et al. Assessment of accuracy of LAMP-TB 

method for diagnosing tuberculosis in Haiti. Japanese Journal of Infectious Diseases, Published online: 

March 18, 2016. DOI: 10.7883/yoken.JJID.2015.519 

 
 

1.5 Lateral flow urine lipoarabinomannan assay (LF-LAM) 

21. Bjerrum S, Kenu E, Lartey M, Newman MJ, Addo KK, Andersen AB, et al. Diagnostic accuracy of the 

rapid urine lipoarabinomannan test for pulmonary tuberculosis among HIV-infected adults in Ghana – 

findings from the DETECT HIV-TB study. BMC Infect Dis 2015;15(1) (http://dx.doi.org/10.1186/s12879- 

015-1151-1). 

22. Drain PK, Losina E, Coleman SM, Giddy J, Ross D, Katz JN, et al. Value of urine lipoarabinomannan 

grade and second test for optimising clinic-based screening for HIV-associated pulmonary tuberculosis. 

JAIDS. 2015;68(3):274–80 (http://dx.doi.org/10.1097/qai.0000000000000436). 

23. Drain PK, Gounder L, Sahid F, Moosa MY. Rapid urine LAM testing improves diagnosis of expectorated 

smear-negative pulmonary tuberculosis in an HIV-endemic region. Scientific Reports 2016;6(1) 

(http://dx.doi.org/10.1038/srep19992). 

24. Floridia M, Ciccacci F, Andreotti M, Hassane A, Sidumo Z, Magid NA, et al. Tuberculosis case finding 

with combined rapid point-of-care assays (Xpert MTB/RIF and Determine TB LAM) in HIV-positive 

individuals starting antiretroviral therapy in Mozambique. Clin Infect Dis. 2017;65(11):1878–83 

(http://dx.doi.org/10.1093/cid/cix641). 

25. Hanifa Y, Fielding KL, Chihota VN, Adonis L, Charalambous S, Karstaedt A, et al. Diagnostic accuracy of 

lateral flow urine LAM assay for TB screening of adults with advanced immunosuppression attending 

routine HIV care in South Africa. PLoS One 2016;11(6):e0156866 

(http://dx.doi.org/10.1371/journal.pone.0156866). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaku%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27000457
http://www.ncbi.nlm.nih.gov/pubmed/?term=Minamoto%20F%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27000457
http://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Meza%20R%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27000457
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morose%20W%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27000457
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boncy%20J%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27000457
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bijou%20J%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=27000457
http://dx.doi.org/10.1186/s12879-015-1151-1
http://dx.doi.org/10.1186/s12879-015-1151-1
http://dx.doi.org/10.1097/qai.0000000000000436
http://dx.doi.org/10.1038/srep19992
http://dx.doi.org/10.1093/cid/cix641
http://dx.doi.org/10.1371/journal.pone.0156866


19  

26. Huerga H, Ferlazzo G, Bevilacqua P, Kirubi B, Ardizzoni E, Wanjala S, et al. Incremental yield of 

including determine-TB LAM assay in diagnostic algorithms for hospitalized and ambulatory HIV-positive 

patients in Kenya. PLoS One 2017;12(1):e0170976 (http://dx.doi.org/10.1371/journal.pone.0170976). 

27. Juma FO, Yonga G, Waweru P, Revathi G, Nelson M, Shah R. The diagnostic accuracy of Determine TB 

LAM antigen in detection of extra pulmonary tuberculosis (EPTB). J Infect. 2017;75(6):583–6 

(http://dx.doi.org/10.1016/j.jinf.2017.08.011). 

28. LaCourse SM, Cranmer LM, Matemo D, Richardson B, Kinuthia J, John-Stewart G, et al. Active 

tuberculosis case finding in HIV-infected pregnant women in Kenya reveals poor performance of symptom 

screening and rapid diagnostic tests. JAIDS. 2016;71(2):219–27 

(http://dx.doi.org/10.1097/qai.0000000000000826). 

29. Lawn SD, Kerkhoff AD, Burton R, Schutz C, Boulle A, Vogt M, et al. Diagnostic accuracy, incremental 

yield and prognostic value of Determine TB-LAM for routine diagnostic testing for tuberculosis in HIV- 

infected patients requiring acute hospital admission in South Africa: a prospective cohort. BMC Med. 

2017;15(1) (http://dx.doi.org/10.1186/s12916-017-0822-8). 

30. Nakiyingi L, Moodley VM, Manabe YC, Nicol MP, Holshouser M, Armstrong DT, et al. Diagnostic 

accuracy of a rapid urine lipoarabinomannan test for tuberculosis in HIV-infected adults. JAIDS. 

2014;66(3):270–9 (http://dx.doi.org/10.1097/qai.0000000000000151). 

31. Pandie S, Peter JG, Kerbelker ZS, Meldau R, Theron G, Govender U, et al. The diagnostic accuracy of 

pericardial and urinary lipoarabinomannan (LAM) assays in patients with suspected tuberculous 

pericarditis. Sci Rep. 2016;6(1) (http://dx.doi.org/10.1038/srep32924). 

32. Peter JG, Theron G, van Zyl-Smit R, Haripersad A, Mottay L, Kraus S, et al. Diagnostic accuracy of a 

urine lipoarabinomannan strip-test for TB detection in HIV-infected hospitalised patients. Eur Respir J. 

2012;40(5):1211–20 (http://dx.doi.org/10.1183/09031936.00201711). 

33. Peter J, Theron G, Chanda D, Clowes P, Rachow A, Lesosky M, et al. Test characteristics and potential 

impact of the urine LAM lateral flow assay in HIV-infected outpatients under investigation for TB and able 

to self-expectorate sputum for diagnostic testing. BMC Infect Dis. 2015;15(1) 

(http://dx.doi.org/10.1186/s12879-015-0967-z). 

34. Peter JG, Zijenah LS, Chanda D, Clowes P, Lesosky M, Gina P, et al. Effect on mortality of point-of-care, 

urine-based lipoarabinomannan testing to guide tuberculosis treatment initiation in HIV-positive hospital 

inpatients: a pragmatic, parallel-group, multicountry, open-label, randomised controlled trial. Lancet. 

2016;387(10024):1187–97 (http://dx.doi.org/10.1016/s0140-6736(15)01092-2). 

35. Thit SS, Aung NM, Htet ZW, Boyd MA, Saw HA, Anstey NM, et al. The clinical utility of the urine-based 

lateral flow lipoarabinomannan assay in HIV-infected adults in Myanmar: an observational study. BMC 

Med. 2017;15(1) (http://dx.doi.org/10.1186/s12916-017-0888-3 

 
 

1.6 Low complexity automated NAATs (LC-aNAATs) 

36. Clinical evaluation of the Xpert® MTBXDR assay. Report R244C2 Xpert MTB/XDR Rev 1.0. Sponsor: 

Cepheid, Sunnyvale, USA 

37. DIAgnostics for Multidrug Resistant Tuberculosis in Africa (DIAMA). ClinicalTrials.gov Identifier: 

NCT03303963. Sponsor: NIH 

38. Analytical Performance and Clinical Diagnostic Accuracy of the Xpert MTB/XDR Assay for TB and 

Expanded Resistance Detection, September 2020. ClinicalTrials.gov Identifier: NCT03728725. Sponsor: 

Foundation for Innovative New Diagnostics, Geneva, Switzerland 
 

1.7 First-line line probe assay (FL-LPA) 

39. Al-Mutairi NM, Ahmad S, Mokaddas E (2011).Performance comparison of four methods for detecting 

multidrug-resistant Mycobacterium tuberculosis strains. Int J Tuberc Lung Dis. 2011;15(1):110–15. 

40. Albert H, Bwanga F, Mukkada S, Nyesiga B, Ademun JP, Lukyamuzi G, et al (2010). Rapid screening of 

MDR-TB using molecular line probe assay is feasible in Uganda. BMC Infect Dis.10:41. 

doi:10.1186/1471-2334-10-41. 

41. Anek-Vorapong R, Sinthuwattanawibool C, Podewils LJ, McCarthy K, Ngamlert K, Promsarin B, et al 

(2010). Validation of the GenoType MTBDRplus assay for detection of MDR-TB in a public health 

laboratory in Thailand. BMC Infect Dis. 10:123. doi:10.1186/1471-2334-10-123. 

http://dx.doi.org/10.1371/journal.pone.0170976
http://dx.doi.org/10.1016/j.jinf.2017.08.011
http://dx.doi.org/10.1097/qai.0000000000000826
http://dx.doi.org/10.1186/s12916-017-0822-8
http://dx.doi.org/10.1097/qai.0000000000000151
http://dx.doi.org/10.1038/srep32924
http://dx.doi.org/10.1183/09031936.00201711
http://dx.doi.org/10.1186/s12879-015-0967-z
http://dx.doi.org/10.1016/s0140-6736(15)01092-2
http://dx.doi.org/10.1186/s12916-017-0888-3
https://doi.org/10.1186/1471-2334-10-41
https://doi.org/10.1186/1471-2334-10-41
https://doi.org/10.1186/1471-2334-10-123


20  

42. Asante-Poku A, Otchere ID, Danso E, Mensah DD, Bonsu F, Gagneux S, et al (2015). Evaluation of 

GenoType MTBDRplus for the rapid detection of drug-resistant tuberculosis in Ghana. Int J Tuberc Lung 

Dis.19(8):954–59. doi:10.5588/ijtld.14.0864. 

43. Asencios L, Galarza M, Quispe N, Vásquez L, Leo E, Valencia E, et al (2012). [Molecular test Genotype® 

MTBDRplus, an alternative to rapid detection of multidrug resistance tuberculosis.] Rev Peru Med Exp 

Salud Publica. 29(1):92–98. doi:10.1590/S1726-46342012000100014. 

44. Aung WW, Ei PW, Nyunt WW, Swe TL, Lwin T, Htwe MM, et al (2015). Phenotypic and genotypic 

analysis of anti-tuberculosis drug resistance in Mycobacterium tuberculosis Isolates in Myanmar. Ann Lab 

Med. 35(5):494–99. doi:10.3343/alm.2015.35.5.494. 

45. Aurin TH, Munshi SK, Kamal SM, Rahman MM, Hossain MS, Marma T, et al (2014). Molecular 

approaches for detection of the multi-drug resistant tuberculosis (MDR-TB) in Bangladesh. PLOS ONE. 

9(6):e99810. doi:10.1371/journal.pone.0099810. 

46. Bablishvili N, Tukvadze N, Avaliani Z, Blumberg HM, Kempker RR (2015). A comparison of the Xpert 

MTB/RIF and GenoType MTBDRplus assays in Georgia. Int J Tuberc Lung Dis. 19(6):676–78. 

doi:10.5588/ijtld.14.0867. 

47. Banu S, Rahman SMM, Khan MSR, Ferdous SS, Ahmed S, Gratz J, et al (2014). Discordance across 

several methods for drug susceptibility testing of drug-resistant Mycobacterium tuberculosis isolates in a 

single laboratory. J Clin Microbiol. 52(1):156–63. doi:10.1128/JCM.02378-13. 

48. Barnard M, Albert H, Coetzee G, O'Brien R, Bosman ME (2008). Rapid molecular screening for 

multidrug-resistant tuberculosis in a high-volume public health laboratory in South Africa. Am J Respir 

Crit Care Med. 177(7):787–92. doi:10.1164/rccm.200709-1436OC. 

49. Brossier F, Veziris N, Jarlier V, Sougakoff W (2009). Performance of MTBDRplus for detecting high/low 

levels of Mycobacterium tuberculosis resistance to isoniazid. Int J Tuberc Lung Dis. 13(2):260–65. 

50. Bwanga F, Joloba ML, Haile M, Hoffner S (2010). Evaluation of seven tests for the rapid detection of 

multidrug-resistant tuberculosis in Uganda. Int J Tuberc Lung Dis. 14(7):890–95. 

51. Cabibbe AM, Miotto P, Moure R, Alcaide F, Feuerriegel S, Pozzi G, et al (2015). A lab-on-chip based 

platform for fast molecular diagnosis of multi-drug resistant tuberculosis. J Clin Microbiol. 53(12):3876– 

80. doi:10.1128/JCM.01824-15. 

52. Catanzaro A, Rodwell TC, Catanzaro DG, Garfein RS, Jackson RL, Seifert M, et al (2015). Performance 

comparison of three rapid tests for the diagnosis of drug-resistant tuberculosis. PLOS ONE. 

10(8):e0136861. doi:10.1371/journal.pone.0136861. 

53. Causse M, Ruiz P, Gutierrez JB, Zerolo J, Casal M (2008). Evaluation of new GenoType MTBDRplus 

for detection of resistance in cultures and direct specimens of Mycobacterium tuberculosis. Int J Tuberc 

Lung Dis. 12(12):1456–60. 

54. Chen C, Kong W, Zhu L, Zhou Y, Peng H, Shao Y, et al (2014). Evaluation of the GenoType 
MTBDRplus line probe assay on sputum-positive samples in routine settings in China. Int J Tuberc Lung 

Dis. 18(9):1034–39. doi:10.5588/ijtld.13.0857. 

55. Chryssanthou E, Angeby K (2012). The GenoType MTBDRplus assay for detection of drug resistance in 

Mycobacterium tuberculosis in Sweden. APMIS. 120(5):405–9. doi:10.1111/j.1600-0463.2011.02845.x. 

56. Crudu V, Stratan E, Romancenco E, Allerheiligen V, Hillemann A, Moraru N (2012). First evaluation of an 

improved assay for molecular genetic detection of tuberculosis as well as rifampin and isoniazid 

resistances. J Clin Microbiol. 50(4):1264–69. doi:10.1128/JCM.05903-11. 

57. Daum LT, Rodriguez JD, Worthy SA, Ismail NA, Omar SV, Dreyer AW, et al (2012). Next-generation ion 

torrent sequencing of drug resistance mutations in Mycobacterium tuberculosis strains. J Clin Microbiol. 

50(12):3831–37. doi:10.1128/JCM.01893-12. 

58. Dorman SE, Chihota VN, Lewis JJ, van der Meulen M, Mathema B, Beylis N, et al (2012). Genotype 

MTBDRplus for direct detection of Mycobacterium tuberculosis and drug resistance in strains from gold 

miners in South Africa. J Clin Microbiol. 50(4):1189–94. doi:10.1128/JCM.05723-11. 

59. Dubois Cauwelaert N, Ramarokoto H, Ravololonandriana P, Richard V, Rasolofo V (2011). DNA 

extracted from stained sputum smears can be used in the MTBDRplus assay. J Clin Microbiol. 

49(10):3600–3. doi:10.1128/JCM.00745-11. 

60. Eliseev PI, Maryandyshev AO, Nikishova EI, Tarasova IV, Gorina GP, Chryssanthou E, et al (2013). 

Epidemiological analyses of tuberculosis in Archangelsk, Russia, and implementation of a rapid assay for 

detection of resistance in this high burden setting. Int J Mycobacteriol. 2(2):103–8. 

doi:10.1016/j.ijmyco.2013.04.002. 

https://doi.org/10.5588/ijtld.14.0864
https://doi.org/10.1590/S1726-46342012000100014
https://doi.org/10.3343/alm.2015.35.5.494
https://doi.org/10.1371/journal.pone.0099810
https://doi.org/10.5588/ijtld.14.0867
https://doi.org/10.5588/ijtld.14.0867
https://doi.org/10.1128/JCM.02378-13
https://doi.org/10.1164/rccm.200709-1436OC
https://doi.org/10.1128/JCM.01824-15
https://doi.org/10.1371/journal.pone.0136861
https://doi.org/10.5588/ijtld.13.0857
https://doi.org/10.1111/j.1600-0463.2011.02845.x
https://doi.org/10.1128/JCM.05903-11
https://doi.org/10.1128/JCM.01893-12
https://doi.org/10.1128/JCM.05723-11


21  

61. Evans J, Stead MC, Nicol MP, Segal H (2009). Rapid genotypic assays to identify drug-resistant 

Mycobacterium tuberculosis in South Africa. J Antimicrob Chemother. 63(1):11–16. 

doi:10.1093/jac/dkn433. 

62. Fabre M, Hauck Y, Pourcel C, Vergnaud G, Vong R, Soler C (2011). [Performances of the assay 

MTBDRplus in the surveillance of rifampicin resistance in Mycobacterium tuberculosis.] Pathol Biol. 

59(2):94–96. doi:10.1016/j.patbio.2010.07.006. 

63. Farooqi JQ, Khan E, Alam SM, Ali A, Hasan Z, Hasan R (2012). Line probe assay for detection of 

rifampicin and isoniazid resistant tuberculosis in Pakistan. J Pak Med Assoc. 62(8):767–72. 

64. Felkel M, Exner R, Schleucher R, Lay H, Autenrieth IB, Kempf VA, et al (2013). Evaluation of 

Mycobacterium tuberculosis drug susceptibility in clinical specimens from Nigeria using Genotype 

MTBDRplus and MTBDRsl assays. Eur J Microbiol Immunol. 3(4):252-257. 

doi:10.1556/EuJMI.3.2013.4.3. 

65. Ferro BE, Garcia PK, Nieto LM, van Soolingen D (2013). Predictive value of molecular drug resistance 

testing of Mycobacterium tuberculosis isolates in Valle del Cauca, Colombia. J Clin Microbiol. 

51(7):2220–24. doi:10.1128/JCM.00429-13. 

66. Friedrich SO, Venter A, Kayigire XA, Dawson R, Donald PR, Diacon AH (2011). Suitability of Xpert 

MTB/RIF and genotype MTBDRplus for patient selection for a tuberculosis clinical trial. J Clin Microbiol. 

49(8):2827–31. doi:10.1128/JCM.00138-11. 

67. Gauthier M, Somoskovi A, Berland JL, Ocheretina O, Mabou MM, Boncy J, et al (2014). Stepwise 

implementation of a new diagnostic algorithm for multidrug-resistant tuberculosis in Haiti. Int J Tuberc 

Lung Dis. 18(2):220–26. doi:10.5588/ijtld.13.0513. 

68. Gitti Z, Mantadakis E, Maraki S, Samonis G (2011). GenoType MTBDRplus compared with 

conventional drug-susceptibility testing of Mycobacterium tuberculosis in a low-resistance locale. Future 

Microbiol. 6(3):357–62. doi:10.2217/fmb.11.8. 

69. Hillemann D, Rusch-Gerdes S, Richter E (2007). Evaluation of the GenoType MTBDRplus assay for 

rifampin and isoniazid susceptibility testing of Mycobacterium tuberculosis strains and clinical specimens. 

J Clin Microbiol. 45(8):2635–40. doi:10.1128/JCM.00521-07. 

70. Huang FL, Jin JL, Chen S, Zhou Z, Diao N, Huang HQ, et al (2015). MTBDRplus results correlate with 

treatment outcome in previously treated tuberculosis patients. Int J Tuberc Lung Dis. 19(3):319–25. 

doi:10.5588/ijtld.14.0406. 

71. Huang WL, Chen HY, Kuo YM, Jou R (2009). Performance assessment of the GenoType MTBDRplus test 

and DNA sequencing in detection of multidrug-resistant Mycobacterium tuberculosis. J Clin Microbiol. 

47(8):2520–24. doi:10.1128/JCM.02499-08. 

72. Huang WL, Hsu ZJ, Chang TC, Jou R (2014). Rapid and accurate detection of rifampin and isoniazid- 

resistant Mycobacterium tuberculosis using an oligonucleotide array. Clin Microbiol Infect. 20(9):O542- 

549. doi:10.1111/1469-0691.12517. 

73. Huyen MN, Tiemersma EW, Lan NT, Cobelens FG, Dung NH, Sy DN, et al (2010). Validation of the 

GenoType MTBDRplus assay for diagnosis of multidrug resistant tuberculosis in South Vietnam. BMC 

Infect Dis. 10:149. doi:10.1186/1471-2334-10-149. 

74. Imperiale BR, Zumarraga MJ, Weltman G, Zudiker R, Cataldi AA, Morcillo NS (2012). First evaluation in 

Argentina of the GenoType MTBDRplus assay for multidrug-resistant Mycobacterium tuberculosis 

detection from clinical isolates and specimens. Rev Argent Microbiol. 44(4):283–89. 

75. Jin J, Zhang Y, Fan X, Diao N, Shao L, Wang F, et al (2012). Evaluation of the GenoType MTBDRplus 

assay and identification of a rare mutation for improving MDR-TB detection. Int J Tuberc Lung Dis. 

16(4):521–26. doi:10.5588/ijtld.11.0269. 

76. Kapata N, Mbulo G, Cobelens F, de Haas P, Schaap A, Mwamba P, et al (2015). The Second Zambian 

National Tuberculosis Drug Resistance survey – a comparison of conventional and molecular methods. 

Trop Med Int Health. 20(11):1492–1500. doi:10.1111/tmi.12581. 

77. Khadka JB, Rai SK, Shrestha S, Maharjan B, Bhatta DR, Ghimire P (2011). Study of rifampicin and 

isoniazid resistance mutation genes of M. tuberculosis isolates in Nepal. Nepal Med Coll J. 13(3):147–51. 

78. Kumar P, Balooni V, Sharma BK, Kapil V, Sachdeva KS, Singh S (2014). High degree of multi-drug 

resistance and hetero-resistance in pulmonary TB patients from Punjab state of India. Tuberculosis. 

94(1):73–80. doi:10.1016/j.tube.2013.10.001. 



22  

79. Lacoma A, Garcia-Sierra N, Prat C, Ruiz-Manzano J, Haba L, Roses S, et al (2008). GenoType 

MTBDRplus assay for molecular detection of rifampin and isoniazid resistance in Mycobacterium 

tuberculosis strains and clinical samples. J Clin Microbiol. 46(11):3660–67. doi:10.1128/JCM.00618-08. 

80. Li Q, Dong HY, Pang Y, Xia H, Ou XC, Zhang ZY, et al (2015). Multicenter evaluation of the molecular 

line probe assay for multidrug resistant Mycobacterium tuberculosis detection in China. Biomed Environ 

Sci. 28(6):464–67. doi:10.3967/bes2015.066. 

81. Luetkemeyer AF, Kendall MA, Wu X, Lourenco MC, Jentsch U, Swindells S, et al (2014). Evaluation of 

two line probe assays for rapid detection of Mycobacterium tuberculosis, tuberculosis (TB) drug resistance, 

and non-TB mycobacteria in HIV-infected individuals with suspected TB. J Clin Microbiol. 52(4):1052– 

59. doi:10.1128/JCM.02639-13. 

82. Lyu J, Kim MN, Song JW, Choi CM, Oh YM, Lee SD, et al (2013). GenoType MTBDRplus assay 

detection of drug-resistant tuberculosis in routine practice in Korea. Int J Tuberc Lung Dis. 17(1):120–24. 

doi:10.5588/ijtld.12.0197. 

83. Macedo R, Amorim A, Pereira E (2009). Multidrug-resistant tuberculosis: rapid molecular detection with 

MTBDRplus assay in clinical samples. Rev Port Pneumol. 15(3):353–65. 

84. Maschmann Rde A, Sá Spies F, Nunes Lde S, Ribeiro AW, Machado TR, Zaha A, et al (2013). 

Performance of the GenoType MTBDRplus assay directly on sputum specimens from Brazilian patients 

with tuberculosis treatment failure or relapse. J Clin Microbiol. 51(5):1606–8. doi:10.1128/JCM.00364-13. 

85. Miotto P, Piana F, Cirillo DM, Migliori GB (2008). Genotype MTBDRplus: a further step toward rapid 

identification of drug-resistant Mycobacterium tuberculosis. J Clin Microbiol. 46(1):393–94. 

doi:10.1128/JCM.01066-07. 

86. Miotto P, Saleri N, Dembele M, Ouedraogo M, Badoum G, Pinsi G, et al (2009). Molecular detection of 

rifampin and isoniazid resistance to guide chronic TB patient management in Burkina Faso. BMC Infect 

Dis. 9:142. doi:10.1186/1471-2334-9-142. 

87. Mironova S, Pimkina E, Kontsevaya I, Nikolayevskyy V, Balabanova Y, Skenders G, et al (2012). 

Performance of the GenoType MTBDRplus assay in routine settings: a multicenter study. Eur J Clin 

Microbiol Infect Dis. 31(7):1381–87. doi:10.1007/s10096-011-1453-1. 

88. Mitarai S, Kato S, Ogata H, Aono A, Chikamatsu K, Mizuno K, et al (2012). Comprehensive multicenter 

evaluation of a new line probe assay kit for identification of Mycobacterium species and detection of drug- 

resistant Mycobacterium tuberculosis. J Clin Microbiol. 50(3):884–90. doi:10.1128/JCM.05638-11. 

89. N'Guessan K, Assi JS, Ouassa T, Ahui-Brou JM, Tehe A, Keita Sow M, et al (2014). Assessment of the 

Genotype MTBDRplus assay for rifampin and isoniazid resistance detection on sputum samples in Côte 

d'Ivoire. Eur J Microbiol Immunol. 4(3):166–73. doi:10.1556/EUJMI-D-14-00014. 

90. Nathavitharana RR, Hillemann D, Schumacher SG, Schlueter B, Ismail N, Vally Omar S, et al (2016). 

Multicenter noninferiority evaluation of Hain GenoType MTBDRplus version 2 and Nipro NTM+MDRTB 

line probe assays for the diagnosis of rifampin and isoniazid resistance. J Clin Microbiol. 54(6):1624–30. 

doi:10.1128/JCM.00251-16. 

91. Niehaus AJ, Mlisana K, Gandhi NR, Mathema B, Brust JC (2015). High prevalence of inhA promoter 

mutations among patients with drug-resistant tuberculosis in KwaZulu-Natal, South Africa. PLOS ONE. 

10(9):e0135003. doi:10.1371/journal.pone.0135003. 

92. Nikolayevskyy V, Balabanova Y, Simak T, Malomanova N, Fedorin I, Drobniewski F (2009). Performance 

of the Genotype MTBDRplus assay in the diagnosis of tuberculosis and drug resistance in Samara, 

Russian Federation. BMC Clin Pathol. 9:2. doi:10.1186/1472-6890-9-2. 

93. Nwofor AC, Nyamngee A, Nwabuisi C, Iwakun M, Gidado M, Mensah C, et al (2015). Performance of 

Genotype MTBDRplus in the detection of resistance to rifampicin and isoniazid among clinical 

mycobacteria isolates in Ilorin, Nigeria. Curr HIV Res. 13(4):308–14. 

doi:10.2174/1570162X13666150407143147. 

94. Ocheretina O, Escuyer VE, Mabou MM, Royal-Mardi G, Collins S, Vilbrun SC, et al (2014). Correlation 

between genotypic and phenotypic testing for resistance to rifampin in Mycobacterium tuberculosis clinical 

isolates in Haiti: investigation of cases with discrepant susceptibility results. PLOS ONE. 9(3):e90569. 

doi:10.1371/journal.pone.0090569. 

95. Raizada N, Sachdeva KS, Chauhan DS, Malhotra B, Reddy K, Dave PV, et al (2014). A multi-site 

validation in India of the line probe assay for the rapid diagnosis of multi-drug resistant tuberculosis 

directly from sputum specimens. PLOS ONE. 9(2):e88626. doi:10.1371/journal.pone.0088626. 



23  

96. Raveendran R, Wattal C, Oberoi JK, Goel N, Datta S, Prasad KJ (2012). Utility of GenoType MTBDRplus 

assay in rapid diagnosis of multidrug resistant tuberculosis at a tertiary care centre in India. Indian J Med 

Microbiol. 30(1):58–63. doi:10.4103/0255-0857.93034. 

97. Rienthong S, Boonin C, Chaiyasirinrote B, Satproedprai N, Mahasirimongkol S, Yoshida H, et al (2015). 

Evaluation of a novel line-probe assay for genotyping-based diagnosis of Mycobacterium tuberculosis in 

Thailand. Int J Tuberc Lung Dis. 19(7):817–22. doi:10.5588/ijtld.14.0311. 

98. Rigouts L, Hoza AS, De Rijk P, Torrea G, Chonde TM, Basra D, et al (2011). Evaluation of the 

Genotype MTBDRplus assay as a tool for drug resistance surveys. Int J Tuberc Lung Dis. 15(7):959–65. 

doi:10.5588/ijtld.10.0515. 

99. Rufai SB, Kumar P, Singh A, Prajapati S, Balooni V, Singh S (2014). Comparison of Xpert MTB/RIF with 

line probe assay for detection of rifampin-monoresistant Mycobacterium tuberculosis. J Clin Microbiol. 

52(6):1846–52. doi:10.1128/JCM.03005-13. 

100. Sangsayunh P, Chuchothawon C (2014). Genotype MTBDRplus (Hain) test in suspected MDR-TB 

patients. J Med Assoc Thai. 97(10):1028–32. 

101. Schön T, Jureen P, Chryssanthou E, Giske CG, Kahlmeter G, Hoffner S, et al (2013). Rifampicin-resistant 

and rifabutin-susceptible Mycobacterium tuberculosis strains: a breakpoint artefact? J Antimicrob 

Chemother. 68(9):2074–77. doi:10.1093/jac/dkt150. 

102. Scott LE, McCarthy K, Gous N, Nduna M, Van Rie A, Sanne I, et al (2011). Comparison of Xpert 

MTB/RIF with other nucleic acid technologies for diagnosing pulmonary tuberculosis in a high HIV 

prevalence setting: a prospective study. PLOS Med. 8(7):e1001061. doi:10.1371/journal.pmed.1001061. 

103. Shubladze N, Tadumadze N, Bablishvili N (2013). Molecular patterns of multidrug resistance of in 

Georgia. Int J Mycobacteriol. 2(2):73–78. doi:10.1016/j.ijmyco.2013.02.002. 

104. Simons SO, van der Laan T, de Zwaan R, Kamst M, van Ingen J, Dekhuijzen PN, et al (2015). Molecular 

drug susceptibility testing in the Netherlands: performance of the MTBDRplus and MTBDRsl assays. Int J 

Tuberc Lung Dis. 19(7):828–33. doi:10.5588/ijtld.15.0043. 

105. Singhal R, Arora J, Lal P, Bhalla M, Myneeedu VP, Behera D (2012). Comparison of line probe assay with 

liquid culture for rapid detection of multi-drug resistance in Mycobacterium tuberculosis. Indian J Med 

Res. 136(6):1044–47. 

106. Tessema B, Beer J, Emmrich F, Sack U, Rodloff AC (2012). Analysis of gene mutations associated with 

isoniazid, rifampicin and ethambutol resistance among Mycobacterium tuberculosis isolates from Ethiopia. 

BMC Infect Dis. 12:37. doi:10.1186/1471-2334-12-37. 

107. Tho DQ, Lan NT, Chau NV, Farrar J, Caws M (2011). Multiplex allele-specific polymerase chain reaction 

for detection of isoniazid resistance in Mycobacterium tuberculosis. Int J Tuberc Lung Dis. 15(6):799–803. 

doi:10.5588/ijtld.10.0599. 

108. Tolani MP, D'Souza DT, Mistry NF (2012). Drug resistance mutations and heteroresistance detected using 

the GenoType MTBDRplus assay and their implication for treatment outcomes in patients from Mumbai, 

India. BMC Infect Dis. 12:9. doi:10.1186/1471-2334-12-9. 

109. Tukvadze N, Kempker RR, Kalandadze I, Kurbatova E, Leonard MK, Apsindzelashvili R, et al (2012). Use 

of a molecular diagnostic test in AFB smear positive tuberculosis suspects greatly reduces time to detection 

of multidrug resistant tuberculosis. PLOS ONE. 7(2):e31563. doi:10.1371/journal.pone.0031563. 

110. Vijdea R, Stegger M, Sosnovskaja A, Andersen AB, Thomsen VO, Bang D (2008). Multidrug-resistant 

tuberculosis: rapid detection of resistance to rifampin and high or low levels of isoniazid in clinical 

specimens and isolates. Eur J Clin Microbiol Infect Dis. 27(11):1079–86. doi:10.1007/s10096-008-0548-9. 

111. Yadav RN, Singh BK, Sharma SK, Sharma R, Soneja M, Sreenivas V, et al (2013). Comparative evaluation 

of GenoType MTBDRplus line probe assay with solid culture method in early diagnosis of multidrug 

resistant tuberculosis (MDR-TB) at a tertiary care centre in India. PLOS ONE. 8(9):e72036. 

doi:10.1371/journal.pone.0072036. 

112. Yordanova S, Bachiyska E, Atanasova Y, Todorova Y, Baikova A, Kantardjiev T (2013). Multidrug 

resistant tuberculosis in Bulgaria – microbiological aspects. Probl Infect Parasit Dis. 41(1):5–8. 
 

1.8 Second-line line probe assay (SL-LPA) 

113. Ajbani K, Nikam C, Kazi M, Gray C, Boehme C, Balan K, et al. Evaluation of genotype MTBDRsl assay 

to detect drug resistance associated with fluoroquinolones, aminoglycosides and ethambutol on clinical 

sediments. PLoS One 2012;7(11):e49433. 



24  

114. Barnard M, Warren R, Gey Van Pittius N, van Helden P, Bosman M, Streicher E, et al. Genotype 

MTBDRsl line probe assay shortens time to diagnosis of extensively drug-resistant tuberculosis in a high- 

throughput diagnostic laboratory. American Journal of Respiratory and Critical Care Medicine 

2012;186(12):1298-305. 

115. Brossier F, Veziris N, Aubry A, Jarlier V, Sougakoff W. Detection by GenoType MTBDRsl test of 

complex mechanisms of resistance to second-line drugs and ethambutol in multidrug-resistant 

Mycobacterium tuberculosis complex isolates. Journal of Clinical Microbiology 2010;48(5):1683–9. 

116. Catanzaro A, Rodwell TC, Catanzaro DG, Garfein RS, Jackson RL, Seifert M, et al. Performance 

Comparison of Three Rapid Tests for the Diagnosis of Drug-Resistant Tuberculosis. PLoS One: 

2015;10(8):e0136861. 

117. Chikamatsu K, Aono A, Yamada H, Mitarai S. Evaluation of GenoType MTBDRsl for testing resistance of 

Mycobacterium tuberculosis isolates to fluoroquinolone, aminoglycoside, and ethambutol. Kekkaku 

(Tuberculosis) 2012;87(10):641–7. 

118. Fan QW, Guo J, Zhang HZ, Wu XY, Hu XN, Qian XQ, et al. The characteristics of drug resistant relevant 

genes in multidrug-resistant and extensively drug-resistant tuberculosis by fast molecular assay [Chinese]. 

Chinese Journal of Microbiology and Immunology 2011;31(12):1133-7. 

119. Ferro B, García P, Nieto LM, van Soolingen D. Predictive value of molecular drug resistance testing of 

Mycobacterium tuberculosis isolates in Valle del Cauca, Colombia. Journal of Clinical Microbiology 

2013;51(7):2220-4. 
120. FIND. Multi-country evaluation of MTBDRsl version 2.0. 2015. (unpublished) 

121. Hillemann D, Rüsch-Gerdes S, Richter E. Feasibility of the GenoType MTBDRsl assay for 

fluoroquinolone, amikacin-capreomycin, and ethambutol resistance testing of Mycobacterium tuberculosis 

strains and clinical specimens. Journal of Clinical Microbiology 2009;47(6):1767–72. 

122. Huang WL, Chi TL, Wu MH, Jou R. Performance assessment of the GenoType MTBDRsl test and DNA 

sequencing for detection of second-line and ethambutol drug resistance among patients infected with 

multidrug-resistant Mycobacterium tuberculosis. Journal of Clinical Microbiology 2011;49(7):2502–8. 

123. Ignatyeva O, Kontsevaya I, Kovalyov A, Balabanova Y, Nikolayevskyy V, Toit K, et al. Detection of 

resistance to second-line antituberculosis drugs by use of the genotype MTBDRsl assay: a multi-center 

evaluation and feasibility study. Journal of Clinical Microbiology 2012;50(5):1593-7. 

124. Jin J, Shen Y, Fan X, Diao N, Wang F, Wang S, et al. Underestimation of the resistance of Mycobacterium 

tuberculosis to second-line drugs by the new GenoType MTBDRsl test. Journal of Molecular Diagnostics 

2013;15(1):44–50. 

125. Kambli P, Ajbani K, Sadani M, Nikam C, Shetty A, Udwadia Z, et al. Correlating Minimum Inhibitory 

Concentrations of ofloxacin and moxifloxacin with gyrA mutations using the genotype MTBDRsl assay. 

Tuberculosis (Edinb) 2015;95(2):137-41. 

126. Kambli P, Ajbani K, Nikam C, Khillari A, Shetty A, Udwadia Z, Georghiou SB, Rodwell T, Catanzaro A, 

Rodrigues C. Determination of MICs of levofloxacin for Mycobacterium tuberculosis with gyrA mutations. 

The International Journal of Tuberculosis and Lung Disease 2015;19:1227-1229. 

127. Kiet VS, Lan NT, An DD, Dung NH, Hoa DV, van Vinh Chau N, et al. Evaluation of the MTBDRsl test 

for detection of second-line-drug resistance in Mycobacterium tuberculosis. Journal of Clinical 

Microbiology 2010;48(8):2934–9. 

128. Kontsevaya I, Mironova S, Nikolayevskyy V, Balabanova Y, Mitchell S, Drobniewski F. Evaluation of two 

molecular assays for rapid detection of Mycobacterium tuberculosis resistance to fluoroquinolones in high- 

tuberculosis and -multidrug-resistance settings. Journal of Clinical Microbiology 2011;49(8):2832–7. 

129. Kontsevaya I, Ignatyeva O, Nikolayevskyy V, Balabanova Y, Kovalyov A, Kritsky A, et al. Rapid 

diagnosis of extensively-drug resistant TB in HIV co-infected patients: diagnostic accuracy of the 

GenoType(R) MTBDRsl assay. Journal of Clinical Microbiology 2013;51(1):243-8. 

130. Lacoma A, García-Sierra N, Prat C, Maldonado J, Ruiz-Manzano J, Haba L, et al. GenoType MTBDRsl for 

molecular detection of second-line-drug and ethambutol resistance in Mycobacterium tuberculosis strains 

and clinical samples. Journal of Clinical Microbiology 2012;50(1):30–6. 

131. López-Roa P, Ruiz-Serrano MJ, Alcalá L, García-Escribano Ráez N, García de Viedma D, Bouza E. 

Susceptibility testing to second-line drugs and ethambutol by GenoType MTBDRsl and Bactec MGIT 960 

comparing with agar proportion method. Tuberculosis 2012;92(5):417–21. 

132. Miotto P, Cabibbe AM, Mantegani P, Borroni E, Fattorini L, Tortoli E, et al. GenoType MTBDRsl 

performance on clinical samples with diverse genetic background. European Respiratory Journal 

2012;40(3):690-8. 



25  

133. National Institute Communicable Diseases, South Africa. Validation study MTBDRsl version 2.0. 2015. 

(Unpublished) 

134. Said HM, Kock MM, Ismail NA, Baba K, Omar SV, Osman AG, et al. Evaluation of the GenoType® 

MTBDRsl assay for susceptibility testing of second-line anti-tuberculosis drugs. International Journal of 

Tuberculosis and Lung Disease 2012;16(1):104-9. 

135. Simons SO, van der Laan T, de Zwaan R, Kamst M, van Ingen J, Dekhuijzen PN, et al. Molecular drug 

susceptibility testing in the Netherlands: performance of the MTBDRplus and MTBDRsl assays. Int J 

Tuberc Lung Dis 2015;19(7):828-33. 

136. Surcouf C, Heng S, Pierre-Audigier C, Cadet-Daniel V, Namouchi A, Murray A, et al. Molecular detection 

of fluoroquinolone-resistance in multi-drug resistant tuberculosis in Cambodia suggests low association 

with XDR phenotypes. BMC Infectious Diseases 2011;11:255-62. 

137. Tagliani E, Cabibbe AM, Miotto P, Borroni E, Toro JC, Mansjö M, et al. Diagnostic Performance of the 

New Version (v2. 0) of GenoType MTBDRsl Assay for Detection of Resistance to Fluoroquinolones and 

Second-Line Injectable Drugs: a Multicenter Study. Journal of clinical microbiology 2015;53(9):2961-9. 

138. Tomasicchio M, Theron G, Pietersen E, Streicher E, Stanley-Josephs D, van Helden P, et al. The diagnostic 

accuracy of the MTBDRplus and MTBDRsl assays for drug-resistant TB detection when performed on 

sputum and culture isolates. Scientific Reports 2016;6:doi:10.1038/srep17850. 

139. Tukvadze N, Bablishvili N, Apsindzelashvili R, Blumberg HM, Kempker RR. Performance of the 

MTBDRsl assay in Georgia. International Journal of Tuberculosis and Lung Disease 2014;18(2):233-9. 

140. van Ingen J, Simons S, de Zwaan R, van der Laan T, Kamst-van Agterveld M, Boeree MJ, et al. 

Comparative study on genotypic and phenotypic second-line drug resistance testing of Mycobacterium 

tuberculosis complex isolates. Journal of Clinical Microbiology 2010;48(8):2749–53. 

141. Živanović I, Vuković D, Dakić I, Stefanović G, Savić B. Detection of drug-resistant Mycobacterium 

tuberculosis strains isolated in Serbia by the GenoType MTBDRsl assay. Archives of Biological Sciences 

2012;64(4):1311-8. 

 
 

1.9 High complexity reverse hybridization-based NAATs (HC-rhNAATs) 

142. Sekiguchi J, Nakamura T, Miyoshi-Akiyama T et al. Development and evaluation of a line probe assay for 

rapid identification of pncA mutations in pyrazinamide-resistant mycobacterium tuberculosis strains. J Clin 

Microbiol 2007; 45: 2802-7. 

143. Ando H, Mitarai S, Kondo Y et al. Pyrazinamide resistance in multidrug-resistant Mycobacterium 

tuberculosis isolates in Japan. Clinical microbiology and infection: the official publication of the European 

Society of Clinical Microbiology and Infectious Diseases 2010; 16: 1164-8. 

144. Mitarai S, Kato S, Ogata H et al. Comprehensive multicenter evaluation of a new line probe assay kit for 

identification of Mycobacterium species and detection of drug-resistant Mycobacterium tuberculosis. J Clin 

Microbiol 2012; 50: 884-90. 

145. Matsumoto T, Ogata H, Toyota E et al. [Clinical evaluation of a line probe assay kit for the identification of 

Mycobacterium species and detection of drug-resistant Mycobacterium tuberculosis]. Kekkaku 2013; 88: 

291-6. 

146. Rienthong S, Boonin C, Chaiyasirinrote B et al. Evaluation of a novel line-probe assay for genotyping- 

based diagnosis of Mycobacterium tuberculosis in Thailand. Int J Tuberc Lung Dis 2015; 19: 817-22. 

147. Willby MJ, Wijkander M, Havumaki J et al. Detection of Mycobacterium tuberculosis pncA Mutations by 

the Nipro Genoscholar PZA-TB II Assay Compared to Conventional Sequencing. Antimicrob Agents 

Chemother 2017; 62: e01871-17. 

148. Driesen M, Kondo Y, de Jong BC et al. Evaluation of a novel line probe assay to detect resistance to 

pyrazinamide, a key drug used for tuberculosis treatment. Clin Microbiol Infect 2018; 24: 60-4. 

149. ITM trial 2020. 

150. Burhan trial 2020. 

 

 

 

 

 

 



26  

1.10 Targeted next-generation sequencing (NGS) 
 

 

Published: 
1. GeneLEAD VIII DNA Platform Combined to Deeplex Myc-TB(®) Assay to Detect in 8 Days Drug 

Resistance to 13 Antituberculous Drugs and Transmission of Mycobacterium tuberculosis Complex Directly 

From Clinical Samples. Front Cell Infect Microbiol. 2021;11:707244. 

2. Feuerriegel S, Kohl TA, Utpatel C, Andres S, Maurer FP, Heyckendorf J, et al. Rapid genomic first- and 

second-line drug resistance prediction from clinical Mycobacterium tuberculosis specimens using Deeplex-

MycTB. Eur Respir J. 2021;57(1). 

3. Kambli P, Ajbani K, Kazi M, Sadani M, Naik S, Shetty A, et al. Targeted next generation sequencing directly 

from sputum for comprehensive genetic information on drug resistant Mycobacterium tuberculosis. 

Tuberculosis (Edinb). 2021;127:102051. 

4. Mansoor H, Hirani N, Chavan V, Das M, Sharma J, Bharati M, et al. Clinical utility of target-based next-

generation sequencing for drug-resistant TB. Int J Tuberc Lung Dis. 2023;27(1):41-8. 

Unpublished: 
1. FIND. Multicentre Clinical Trial to Assess the Performance of Culture-free, End-to-end Targeted NGS 

Solutions for Diagnosis of Drug Resistant TB. Registered at ClinicalTrials.Gov NCT04239326 (Manuscript in 

progress) 

2. Data from the Beijing Chest Hospital provided via personal communication by ShenTing Biotech, Beijing, 

China . 

3. Data from Eritrea Communicable Diseases Control Division and National Health Laboratory, Ministry of 

Health, Asmara, Eritrea, provided via personal communication by Emerging Bacterial Pathogens Unit, IRCCS 

San Raffaele Scientific Institute, Milan, Italy (Dataset is linked to a published paper, PMID: 33384044). 

4. Data provided via personal communication by Emerging Bacterial Pathogens Unit, IRCCS San Raffaele 

Scientific Institute, Milan, Italy. 

5. Data provided via personal communication by Infectious Diseases Division, International Centre for 

Diarrhoeal Disease Research (iccdr,b), Dhaka, Bangladesh. 

6. Data provided via personal communication by National Institute for Communicable Diseases, National Health 

Laboratory Service, South Africa. 

7. Data collected through ongoing study, Diagnosis of Multridrug-resistant Tuberculosis in Africa (DIAMA) and 

provided via personal communication by Institute of Tropical Medicine, Antwerp.  

 
Studies included in systematic review of costs, cost-effectiveness: 
 
Published: 

1. Cirillo DM, Miotto P, and Tortoli E. Evolution of Phenotypic and Molecular Drug Susceptibility Testing. Adv 

Exp Med Biol. 2017;1019:221-246. doi: 10.1007/978-3-319-64371-7_12. PMID: 29116638. 

2. Tafess K, Ng TTL, Lao HY, Leung KSS, Tam KKG, Rajwani R, Tam STY, Ho LPK, Chu CMK, Gonzalez D, 

Sayada C, Ma OCK, Nega BH, Ameni G, Yam WC, and Siu GKH. Targeted-Sequencing Workflows for 

Comprehensive Drug Resistance Profiling of Mycobacterium tuberculosis Cultures Using Two Commercial 

Sequencing Platforms: Comparison of Analytical and Diagnostic Performance, Turnaround Time, and Cost. 

Clin Chem. 2020 Jun 1;66(6):809-820. doi: 10.1093/clinchem/hvaa092. PMID: 32402055. 

3. Cates L, Codreanu A, Ciobanu N, Fosburgh H, Allender CJ, Centner H, Engelthaler DM, Crudu V, Cohen T, 

and Menzies NA. Budget impact of next-generation sequencing for diagnosis of TB drug resistance in 

Moldova. Int J Tuberc Lung Dis. 2022 Oct 1;26(10):963-969. doi: 10.5588/ijtld.22.0104. PMID: 36163669. 

4. Colman RE, Mace A, Seifert M, Hetzel J, Mshaiel H, Suresh A, Lemmer D, Engelthaler DM, Catanzaro DG, 

Young AG, Denkinger CM, and Rodwell TC. Whole-genome and targeted sequencing of drug-resistant 

Mycobacterium tuberculosis on the iSeq100 and MiSeq: A performance, ease-of-use, and cost evaluation. 

PLoS Med. 2019 Apr 30;16(4):e1002794. doi: 10.1371/journal.pmed.1002794.  



27  

5. Rowlinson MC, and Musser KA. Current Methods and Role of Next-Generation Sequencing in the Diagnosis 

of Antimicrobial Resistance in Tuberculosis. Clinical Microbiology Newsletter. 2022 Jan;44:1-12.doi: 

https://doi.org/10.1016/j.clinmicnews.2021.12.001. 

6. Chan WS, Au CH, Chung Y, Leung HCM, Ho DN, Wong EYL, Lam TW, Chan TL, Ma ESK, and Tang BSF. 

Rapid and economical drug resistance profiling with Nanopore MinION for clinical specimens with low 

bacillary burden of Mycobacterium tuberculosis. BMC Res Notes. 2020 Sep 18;13(1):444. doi: 

10.1186/s13104-020-05287-9. PMID: 32948225; PMCID: PMC7501614. 

7. Gliddon HD, Frampton D, Munsamy V, Heaney J, Pataillot-Meakin T, Nastouli E, Pym AS, Steyn AJC, 

Pillay D, and McKendry RA. A Rapid Drug Resistance Genotyping Workflow for Mycobacterium 

tuberculosis, Using Targeted Isothermal Amplification and Nanopore Sequencing. Microbiol Spectr.2021 Dec 

22;9(3):e0061021. doi: 10.1128/Spectrum.00610-21. Epub 2021 Nov 24. PMID: 34817282; PMCID: 

PMC8612157. 

8. He G, Li Y, Chen X, Chen J, and Zhang W. Prediction of treatment outcomes for multidrug-resistant 

tuberculosis by whole-genome sequencing. Int J Infect Dis. 2020 Jul;96:68-72. doi: 

10.1016/j.ijid.2020.04.043. Epub 2020 Apr 24. PMID: 32339719. 

9. Pankhurst LJ, Del Ojo Elias C, Votintseva AA, Walker TM, Cole K, Davies J, Fermont JM, Gascoyne-Binzi 

DM, Kohl TA, Kong C, Lemaitre N, Niemann S, Paul J, Rogers TR, Roycroft E, Smith EG, Supply P, Tang 

P, Wilcox MH, Wordsworth S, Wyllie D, Xu L, Crook DW; and COMPASS-TB Study Group. Rapid, 

comprehensive, and affordable mycobacterial diagnosis with whole-genome sequencing: a prospective study. 

Lancet Respir Med. 2016 Jan;4(1):49-58. doi: 10.1016/S2213-2600(15)00466-X. Epub 2015 Dec 4. PMID: 

26669893; PMCID: PMC4698465. 

10. Vogel M, Utpatel C, Corbett C, Kohl TA, Iskakova A, Ahmedov S, Antonenka U, Dreyer V, Ibrahimova A, 

Kamarli C, Kosimova D, Mohr V, Sahalchyk E, Sydykova M, Umetalieva N, Kadyrov A, Kalmambetova G, 

Niemann S, and Hoffmann H. Implementation of whole genome sequencing for tuberculosis diagnostics in a 

low-middle income, high MDR-TB burden country. Sci Rep. 2021 Jul 28;11(1):15333. doi: 10.1038/s41598-

021-94297-z. PMID: 34321545; PMCID: PMC8319420. 

11. Alleweldt F, Kara Ş, Best K, Aarestrup FM, Beer M, Bestebroer TM, Campos J, Casadei G, Chinen I, Van 

Domselaar G, Dominguez C, Everett HE, Fouchier RA, Grant K, Green J, Höper D, Johnston J, Koopmans 

MP, Oude Munnink BB, Myers R, Nadon C, Patel A, Pohlmann A, Pongolini S, Reimer A, Thiessen S, 

Wylezich C. Economic evaluation of whole genome sequencing for pathogen identification and surveillance - 

results of case studies in Europe and the Americas 2016 to 2019. Euro Surveill. 2021 Mar;26(9):1900606. doi: 

10.2807/1560-7917.ES.2021.26.9.1900606. PMID: 33663647; PMCID: PMC7934224. 

12. Dimitrov KM, Sharma P, Volkening JD, Goraichuk IV, Wajid A, Rehmani SF, Basharat A, Shittu I, Joannis 

TM, Miller PJ, Afonso CL. A robust and cost-effective approach to sequence and analyze complete genomes 

of small RNA viruses. Virol J. 2017 Apr 7;14(1):72. doi: 10.1186/s12985-017-0741-5. PMID: 28388925; 

PMCID: PMC5384157. 

13. Weinstein MC, Goldie SJ, Losina E, Cohen CJ, Baxter JD, Zhang H, Kimmel AD, Freedberg KA. Use of 

genotypic resistance testing to guide hiv therapy: clinical impact and cost-effectiveness. Ann Intern Med. 

2001 Mar 20;134(6):440-50. doi: 10.7326/0003-4819-134-6-200103200-00008. PMID: 11255519. 

14. Gachogo RW, Mwai DN, Onyambu FG. Cost analysis of implementing HIV drug resistance testing in Kenya: 

a case study of a service delivery site at a tertiary level hospital in Kenya. F1000Res. 2020 Jul 29;9:793. doi: 

10.12688/f1000research.23379.1. PMID: 32983418; PMCID: PMC7495211. 

15. Riaz N, Leung P, Barton K, Smith MA, Carswell S, Bull R, Lloyd AR, Rodrigo C. Adaptation of Oxford 

Nanopore technology for hepatitis C whole genome sequencing and identification of within-host viral 

variants. BMC Genomics. 2021 Mar 2;22(1):148. doi: 10.1186/s12864-021-07460-1. PMID: 33653280; 

PMCID: PMC7923462. 

16. Merel P, Pellegrin I, Garrigue I, Caumont A, Schrive MH, Birac V, Bonot P, Fleury H. Comparison of 

capillary electrophoresis sequencing with the new CEQ 2000 DNA Analysis System to conventional gel based 

systems for HIV drug resistance analysis. J Virol Methods. 2001 Oct;98(1):9-16. doi: 10.1016/s0166-

0934(01)00338-x. PMID: 11543879. 



28  

17. Chaturbhuj DN, Nirmalkar AP, Paranjape RS, Tripathy SP. Evaluation of a cost effective in-house method for 

HIV-1 drug resistance genotyping using plasma samples. PLoS One. 2014 Feb 12;9(2):e87441. doi: 

10.1371/journal.pone.0087441. PMID: 24533056; PMCID: PMC3922725. 

18. Dudley DM, Chin EN, Bimber BN, Sanabani SS, Tarosso LF, Costa PR, Sauer MM, Kallas EG, O'Connor 

DH. Low-cost ultra-wide genotyping using Roche/454 pyrosequencing for surveillance of HIV drug 

resistance. PLoS One. 2012;7(5):e36494. doi: 10.1371/journal.pone.0036494. Epub 2012 May 4. PMID: 

22574170; PMCID: PMC3344889. 

19. Ekici H, Rao SD, Sönnerborg A, Ramprasad VL, Gupta R, Neogi U. Cost-efficient HIV-1 drug resistance 

surveillance using multiplexed high-throughput amplicon sequencing: implications for use in low- and 

middle-income countries. J Antimicrob Chemother. 2014 Dec;69(12):3349-55. doi: 10.1093/jac/dku278. Epub 

2014 Jul 31. PMID: 25085657. 

20. Kunasol C, Dondorp AM, Batty EM, Nakhonsri V, Sinjanakhom P, Day NPJ, Imwong M. Comparative 

analysis of targeted next-generation sequencing for Plasmodium falciparum drug resistance markers. Sci Rep. 

2022 Apr 1;12(1):5563. doi: 10.1038/s41598-022-09474-5. PMID: 35365711; PMCID: PMC8974807. 

21. Patel N, Ferns BR, Nastouli E, Kozlakidis Z, Kellam P, and Morris S. Cost analysis of standard Sanger 

sequencing versus next generation sequencing in the ICONIC study. The Lancet Meeting Abstracts. 2016 Nov 

25. 

22. Taylor SM, Parobek CM, Aragam N, Ngasala BE, Mårtensson A, Meshnick SR, Juliano JJ. Pooled deep 

sequencing of Plasmodium falciparum isolates: an efficient and scalable tool to quantify prevailing malaria 

drug-resistance genotypes. J Infect Dis. 2013 Dec 15;208(12):1998-2006. doi: 10.1093/infdis/jit392. Epub 

2013 Aug 1. PMID: 23908494; PMCID: PMC3836461. 

23. Wales C, Corpus G, Chang C. Hepatitis C Virus Genotyping Using Next-Generation Sequencing: An Efficient 

Alternative to Sanger Sequencing. Arch Pathol Lab Med. 2017 Mar;141(3):323-324. doi: 10.5858/arpa.2016-

0338-LE. PMID: 28234569. 

Unpublished: 
1. FIND. Multicentre Clinical Trial to Assess the Performance of Culture-free, End-to-end Targeted NGS 

Solutions for Diagnosis of Drug Resistant TB. Registered at ClinicalTrials.Gov NCT04239326 (Manuscript in 

progress) 

2. Data provided by personal communication by Genoscreen, France. 

Studies included in qualitative work on feasibility, acceptability, user preferences: 
 

151. Engel N, Ochodo EA, Karanja PW, Schmidt BM, Janssen R, Steingart KR, et al. Rapid molecular tests for 

tuberculosis and tuberculosis drug resistance: a qualitative evidence synthesis of recipient and provider 

views. Cochr



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For further information, please contact:  
Global Tuberculosis Programme  
World Health Organization  
20 Avenue Appia CH-1211 Geneva 27 Switzerland  
Web site: https://www.who.int/teams/ 
global-tuberculosis-programme/overview 

https://www.who.int/teams/

