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Mycobacterium tuberculosis is a major health problem worldwide, especially 
in developing countries. The effective treatment of M. tuberculosis depends 
on early diagnosis. In this study, 1577 M. tuberculosis strains were evaluated 
retrospectively from clinical samples sent between March 2014 and June 2018. 
The rate of pulmonary samples was determined as 694 (44%). Positive sample 
rate was 74 (4.69%) in culture, 19 (1.20%) in EZN staining and 75 (4.75%) 
in Xpert MTB/RIF. Compared to standard culture, the sensitivity, specificity, 
positive and negative predictive values of the Xpert MTB / RIF system were 
100%, 99.93%, 98.66% and 100%, respectively. The sensitivity, specificity, 
positive and negative predictive values of EZN were 57.36%, 100%, 100% and 
96.46%, respectively. Early diagnosis and treatment of M. tuberculosis is of 
great importance. According to these results, it can be concluded that Xpert 
MTB / RIF is a fast and reliable system that can be used in the diagnosis of 
tuberculosis and when used together with conventional tests, it can make 
important contributions to the diagnosis of tuberculosis. 
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1. Introduction
Mycobacterium tuberculosis is still a significant 
health problem, particularly in developing countries 
(Forbes et al., 2007). Rapid and accurate diagnosis of 
tuberculosis (TB) is important to control the disease. 
Diagnosis of TB especially in developing countries 
continues to rely on smear microscopy, which detects 
40-60% pulmonary TB and 0-60% extrapulmonary 
TB (EPTB) cases (Mehta et al., 2012a; Mehta et al., 
2012b; Fuchs et al., 2014). In addition, in order to 
detect bacilli in stained preparations, there should be 
approximately 5.000-10.000 bacilli/mL. Therefore, 
negative microscopy does not exclude the presence 
tuberculosis (Çöplü, 2002).

 The gold standard and mostly used test for 
diagnosis of TB is the culture method (Trent, 2005). 
Culture method is not straightforward because isolation 
and drug susceptibility testing for this bacterium on 
solid media can take at least four to eight weeks or 
even longer. Furthermore, the turnaround time of M. 
tuberculosis is high and the method is not always 
accessible (Soini and Musser, 2001).
 Rapid, specific and sensitive methods for the 
detection and identification of tuberculosis is needed 
to avoid unnecessary delay in making appropriate 
decisions.  Molecular methods can advantageously 
complement and accelerate this process by minimizing 
the need to wait for a culture report (Sevilla et al., 2015).
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 The Xpert MTB/RIF assay (Xpert) was developed 
to improve TB and rifampin resistance (RIF-R) 
detection. This was accomplished by automating 
most of the steps required to process clinical samples 
and by improving the sensitive detection of both M. 
tuberculosis and RIF-R (Helb et al., 2010). This system 
is based on a fully automated nucleic acid amplification 
and detection, in which extraction, amplification and 
detection takes place inside a single-use cartridge, 
which is inserted into the GeneXpert Instrument System 
(Cepheid) (Vergara Gómez et al., 2017). The technique 
detects a fragment of the rpoB gene, which encodes 
for the subunit of RNA polymerase. Five molecular 
beacon type genetic probes are used, each labeled with 
a different fluorophore. They completely cover an area 
of 81 base pairs, RIF resistance determining region 
(RDRR), between the codons 507 and 533 (Vergara 
Gómez et al., 2017). The technique’s lower detection 
limit, with 95% confidence, is 5 copies of DNA or 
131 CFU/mL (World Health Organization, 2011). In 
comparison, the microscopic examination requires at 
least 10.000 CFU/mL while the culture between 100 
and 500 CFU/mL (Lawn and Nicol, 2011).
 The assay can be performed in approximately 2 h. 
Pooled data have shown Xpert MTB/RIF to have an 
overall sensitivity and specificity of approximately 
89% and 98%, respectively (Steingart et al., 2014). 
Xpert MTB/RIF system has many advantages but it is 
not cost-effective as culture method or staining.
 In this study we aimed to compare the results of 
the direct microscopic method of EZN, culture (LJ and 
MGIT 960), the Xpert MTB/RIF device, retrospectively.

2. Material and methods
A total of 1577 samples (694 pulmonary samples from 
sputum, bronchoalveolar lavage, and tracheal aspirate 
and 883 extrapulmonary samples from urine, pleural 
fluid, aspirate, cerebrospinal fluid [CSF], etc.) sent 
to the Ondokuz Mayıs University Medical Faculty 
Tuberculosis Laboratory between March 2014 and 
June 2018 on suspicion of tuberculosis disease were 
included in the study.
Culture
The M. tuberculosis culture and first-line phenotypic 
DST were performed in automated BD MGIT 960 (BD, 
USA) system. All sputum samples were processed 
using 4% sodium hydroxide (NaOH) method, and 
then cultured on MGIT 960 medium. M. tuberculosis 
strains grown on MGIT medium were tested for drug 
susceptibility in MGIT 960.
 Specimens were decontaminated using sodium 
hydroxide (NaOH). After concentration by 
centrifugation at 3000 g for 15 minutes, the sediment 
was resuspended in 1.5 ml of 0.5 M phosphate buffer 
(pH 6.8) and inoculated onto Lowenstein-Jensen (LJ) 

medium and MGIT-7H9 broth supplemented with 
oleic acid-albumin-dextrose-catalase (OADC) and 
PANTA (BD, USA).  Inoculated MGIT test tube were 
incubated using MGIT 960 instrument (BD, USA) 
and Lowenstein-Jensen (LJ) medium at 37°C in the 
incubator. M. tuberculosis strains grown on MGIT 
medium were tested for drug susceptibility in MGIT 
960.
Microscopy
Preparations were arranged from the same sample for 
EZN staining and examined under the light microscope 
at 1000x magnification.
Procedures for Xpert testing
Xpert MTB/RIF testing was performed on samples, using 
version 4 cartridges, according to the manufacturer’s 
recommendations. The Xpert assay sample reagent 
(containing NaOH and isopropanol) was added in a 1:3 
ratio to the tubes to kill the mycobacteria and liquefy 
the sample. The mixture was shaken vigorously and 
held for 15 minutes. It was left for another 5 minutes 
before shaking again. Finally, 2 ml was pipetted into the 
Xpert assay cartridge and inserted into the Xpert MTB/
RIF instrument for PCR testing. The measurement and 
analysis were conducted automatically and reported by 
the GeneXpert Dx software (version 4.0).
 The specificity, sensitivity, and positive and 
negative predictive values were used for the evaluation 
of the performance of Xpert MTB/RIF.

3. Results
A total of 1577 samples with suspected tuberculosis that 
had been tested by three methods were evaluated. Of 
the 694 (44%) pulmonary samples 308 (44.4%) were 
sputum, 255 (36.7%) were bronchoalveolar lavage fluid, 
120 (17.3%) were pleural fluid and 11 (1.6%) were endo 
tracheal aspirate. And of the extrapulmonary samples 
294 were gastric fluid, 215 of urine, 88 were exudate, 82 
were cerebrospinal fluid and 79 were surgical material.
 Culture, EZN, and Xpert MTB/RIF system positivity 
of the 1577 samples were 4.7% (n=74), 1.2% (n=19) 
and 4.75% (n=75), respectively. When compared with 
culture results, the sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value 
(NPV) of the Xpert MTB/RIF system for pulmonary 
samples were 100%, 99.7%, 96%, and 100%, 
respectively. These values for extrapulmonary samples 
were 96.3%, 100%, 100%, and 96.9%, respectively. 
The comparison of EZN staining with culture results 
revealed sensitivity of 61.5%, specificity of 100%, PPV 
of 100%, and NPV of 95.5% for respiratory samples; 
these values for nonrespiratory samples were 50.9%, 
100%, 100%, and 97.1%, respectively.
 Three isolates were determined positive for 
rifampicin by both two methods Xpert MTB/RIF 
system and MGIT automated system.
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4. Discussion
Rapid and accurate identification of mycobacterial 
infections is important to initiate appropriate treatment, 
contact precautions and prophylaxis (Kox et al., 1994; 
Field and Cowie, 2006; Mokaddas and Ahmad, 2007). 
Conventional diagnostic methods for detection of 
Mycobacterial infections are microscopic examination 
of samples with EZN staining and culturing on LJ 
medium (Mokaddas and Ahmad, 2007; Aryan et al., 
2010).
  Microscopic smear examination is a low-cost, 
rapid and easy to perform method while it has poor 
sensitivity and no distinctive specificity (Ritis et al., 
2000). It is known that 5.000 - 10.000 bacteria per mL 
are required for staining and smear microscopy (Çöplü, 
2002; Forbes et al., 2007; Babacan and Hasdemir, 
2008). The gold standart for diagnosis of mycobacterial 
infections are culture method. It has high specificity 
and its sensitivity is considered to be about 100 folds 
more than that of microscopic examination. But there 
are some disadvantages of the culture method, such as 
its prolonged hands-on time and the need for good and 
specific laboratory infrastructure, which is limited to 
reference centers (Aryan et al., 2004).
 PCR-based assays have been used to detect 
Mycobacterial  DNA with high sensitivity and specificity 
for rapid detection of mycobacterial infections (Kox et 
al., 1994; Soini and Musser, 2001; Espasa et al., 2005; 
Mokaddas and Ahmad, 2007; Elbir et al., 2008; Davis 
et al., 2009; Gopinath and Singh, 2009; Coelho et al., 
2010; Arjomandzadegan et al., 2011). In our study, we 
aimed to compare the EZN staining and culture with 
Xpert MTB/RIF system. Culture method was regarded 
as the gold standard of TB diagnosis.

 The Xpert MTB/RIF system provides determination 
of M. tuberculosis complex and rifampin resistance 
in a single test in a short time (less than 2h) directly 
from clinical sample via a semiquantitative nested real-
time PCR method. Since all reagents required for the 
test are kept in a closed cartridge, there is no cross-
contamination possibility between clinical samples 
(Durmaz, 2010).
 In the study by Bunsow et al. sensitivity, specificity, 
PPV, and NPV of the GeneXpert system for pulmonary 
samples and extrapulmonary samples were found to be 
97.1%, 98.6%, 95.7%, and 99.1% and 33.3%, 99.7%, 
80.0%, and 97.3% respectively (Bunsow et al., 2014).
In their study of 521 extrapulmonary samples, Hillemann 
et al. compared the results of the Xpert MTB/RIF 
system with those of conventional liquid (MGIT 960) 
and solid (LJ) culture methods and found sensitivity 
and specificity as 77.3% and 98.2%, respectively. They 
expressed that the Xpert MTB/RIF system is a rapid and 
useful technique in the identification of extrapulmonary 
tuberculosis (Hillemann et al., 2014).
 Ioannidis et al. compared the results of culture 
methods (LJ and MGIT 960) with those of the, Xpert 
MTB /RIF system and found sensitivity, specificity, 
PPV, and NPV as 90.6%, 94.3%, 93.5%, and 91.7% in 
respiratory samples and 100%, 91.6%, 50%, and 100% 
in nonrespiratory samples, respectively. At the end of 
the study, they concluded that the GeneXpert system, 
a NAA-based method, would be beneficial in treating 
tuberculosis (Ioannidis et al., 2011).
 Özkütük and Sürücüoğlu compared Xpert MTB/ 
RIF test results with culture results (BACTEC 
MGIT 960 and LJ medium). For pulmonary samples, 
specificity, sensitivity, PPV, and NPV were found to be 
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Table 1. Sensitivity, specificity, PPV, and NPV in comparison of Xpert MTB/RIF system and EZN with culture.

Sensitivity % Specifity% PPV% NPV%

Pulmonary 
Samples (694)

Sputum (308)
Xpert MTB/RIF 100 98.3 78.26 100

EZN 66.66 100 100 96.98

BAL* (255)
Xpert MTB/RIF 93.33 100 100 99.12

EZN 59.57 100 100 92.27

Pleural fluid (120)
Xpert MTB/RIF 50 100 100 98.33

EZN 50 100 100 98.33

ETA* (11)
Xpert MTB/RIF 0 91.66 0 100

EZN 0 100 0 100

Extra Pulmonary 
Samples (883)

Gastric fluid (294)
Xpert MTB/RIF 64.28 100 100 98.27

EZN 50 100 100 96.93

Urine (215)
Xpert MTB/RIF 100 100 100 100

EZN 50 100 100 99.06
Sterile body fluid 

(123)
Xpert MTB/RIF 100 99.18 66.66 100

EZN 50 100 100 98.5

Exudate (88)
Xpert MTB/RIF 100 95.4 55.55 100

EZN 55.55 100 100 95.4

CSF* (82)
Xpert MTB/RIF 100 100 100 100

EZN 50 100 100 95.12
Surgical material 

(81)
Xpert MTB/RIF 80 100 100 98.71

EZN 50 100 100 95.06
*BAL: Broncho alveolar alavage, ETA: Endotracheal aspirate, CSF; cerebrospinal fluid.
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80.8%, 98.8%, 84.9%, and 98.4%, respectively. These 
values for nonpulmonary samples were 58.2%, 98.4%, 
66.7%, and 97.7%, respectively. They suggested that 
Xpert MTB/RIF is a useful method for the diagnosis of 
tuberculosis (Özkütük and Sürücüoğlu, 2014).
 In a meta-analysis about accuracy of Xpert MTB/
RIF assay for extrapulmonary tuberculosis, thirty-six 
studies were identified, with a pooled sensitivity and 
specificity of respectively 77% (95% CI 66-85) and 
97% (95% CI 94-98). Among site specific estimates 
for lymph, pleural fluid, cerebrospinal fluid, gastro-
intestinal and urinary samples, the pooled sensitivity 
was lower in pleural fluid (37%, 95% CI 26-50, 
meta-regression p, 0.001) and higher in lymph node 
samples (87%, 95% CI 75-95, meta-regression P¼ 
0.03). And they reported that Xpert MTB/RIF has 
high specificity but limited sensitivity for the detection 
of extrapulmonary tuberculosis. In conclusion they 
reported that positive Xpert MTB/RIF test results may 
be useful in rapidly identifying the extrapulmonary 
tuberculosis, while negative test results provide less 
certainty for ruling out disease (Penz et al., 2015).
 In a study by Luetkemeyer et al. Xpert MTB/RIF 
was compared with acid-fast bacilli (AFB) smear and 
mycobacterial culture using liquid and solid culture 
media, from participants with suspected pulmonary 
tuberculosis from the United States, Brazil, and South 
Africa. They found the sensitivity of the Xpert MTB/
RIF result was 81.4% and sensitivity was 98.5% in 
AFB positive and 54.8% in AFB negative participants. 

Also they reported that the diagnostic performance 
of Xpert MTB/RIF in the United States was similar 
to higher-tuberculosis prevalence sites in Brazil and 
South Africa, and was comparable to other studies in 
higher-tuberculosis prevalence locations (Luetkemeyer 
et al., 2016). 
 In our study, sensitivity of Xpert MTB/RIF for 
pulmonary samples is higher than extrapulmonary 
samples but both of them have high sensitivity and 
specificity. The sensitivity of Xpert MTB/RIF for 
pulmonary samples is higher than a extrapulmonary 
samplesdue to the higher bacterial load in pulmonary 
samples. Also it was reported that sensitivity at 
extrapulmonary samples has differences among sample 
types, it is about 80% in lymph nodes however does 
not reach 50% at pleural fluids (Vergara Gomez et 
al., 2017). And in our result, one sample was positive 
for Xpert MTB/RIF but it was negative in culture. 
Sometimes due to the antituberculosis treatment 
growth on the culture cannot be detected but pcr assays 
can detect the bacterial DNA.
 Our study have some limitations such as we 
only evaluated the microbiological findings, but not 
radiological, histological and clinical findings for the 
diagnosis of tuberculosis.
 In summary, Xpert MTB/RIF is a rapid and 
reliable system that can be employed in the diagnosis 
of tuberculosis, and when utilized together with 
conventional tests, it can make significant contributions 
to tuberculosis diagnosis.

REFERENCES

Arjomandzadegan, M., Owlia, P., Ranjbar, R., Farazi, A.A, Sofian, M., Sadrnia, M., Surkova, L.K., Titov L.P., 2011. Rapid and 
simple approach for identification of Mycobacterium tuberculosis and M. bovis by detection of regulatory gene whiB7. Acta 
Microbiol. Immunol. Hung. 58, 65-74.

Aryan, E., Makvandi, M., Farajzadeh, A., Huygen, K., Bifani, P., Mousavi, S.L., Fateh, A.F., Jelodar, A., Gouya, M.M., 2010. A 
novel and more sensitive loop-mediated isothermal amplification assay targeting IS6110 for detection of Mycobacterium 
tuberculosis complex. Microbiol. Res. 165, 211-220.

Babacan, F., Hasdemir, U., 2008. Mycobacterium tuberculosis kompleks. In: Topçu, A.W., Söyletir, G., Doğanay, M., editors.: 
Enfeksiyon hastalıkları ve mikrobiyolojisi. 3rd ed. İstanbul, Turkey: Nobel Tıp Kitabevleri; pp. 2283-2302.

Bunsow, E., Ruiz-Serrano, MJ, Roa, P.L., Kestler, M., Viedma, D.G., Bouza, E., 2014. Evaluation of GeneXpert MTB/RIF for the 
detection of Mycobacterium tuberculosis and resistance to rifampin in clinical specimens. J. Infection. 68, 338-343.

Coelho, A.C., Pinto, M.L., Miranda, A., Coelho, A.M., Pires, M.A., Matos, M., 2010. Comparative evaluation of PCR in Ziehl-
Neelsen stained smears and PCR in tissues for diagnosis of Mycobacterium avium subsp. Paratuberculosis. Indian. J. Exp. 
Biol. 48, 948-950.

Çöplü, N., 2002. Tüberkülozda mikrobiyolojik tanı. In: Uzun Ö, Ünal S editors. Güncel bilgiler ışığında infeksiyon hastalıkları II. 
Ankara, Turkey: Bilimsel Tıp Yayınevi. 859-873.

Davis, J.L., Huang, L., Kovacs, J.A., Masur, H., Murray, P., Havlir, D.V., Worodria, W.O., Charlebois, E.D., Srikantiah, P., 
Cattamanchi, A., Huber, C., Shea, Y.R., Chow, Y., Fischer, S.H., 2009. Polymerase chain reaction of secA1 on sputum or 
oral wash samples for the diagnosis of pulmonary tuberculosis. Clin. Infect. Dis. 48, 725-732.

Durmaz, R., 2010. Molecular methods for detection of drug resistance in Mycobacterium tuberculosis strains: Current developments. 
ANKEM Derg. 24, 64-70.

Elbir, H., Abdel-Muhsin, A.M., Babiker, A., 2008. A one-step DNA PCR-based method for the detection of Mycobacterium 
tuberculosis complex grown on Lowenstein-Jensen media. Am. J. Trop. Med. Hyg. 78, 316-317.

Espasa, M., Gonzalez-Martin, J., Alcaide, F., Aragon, L.M., Lonca, J., Manterola, J.M., Salvado, M., Tudo, G., Orus, P., Coll, P., 
2005. Direct detection in clinical samples of multiple gene mutations causing resistance of Mycobacterium tuberculosisto 
isoniazid and rifampicin using fluorogenic probes. J. Antimicrob. Chemother. 55, 860-865.

Journal of Experimental and Clinical Medicine 37 (2020) 105-109



109

Field, S.K., Cowie, R.L., 2006. Lung disease due to the more common nontuberculous mycobacteria. Chest. 129, 1653-1672.
Forbes, B.A., Sahm, D.F., Weissfeld, A.S., 2007. Bailey Scott’s diagnostic microbiology. 12. Edition. Missouri: Mosby Elsevier. 

478.
Fuchs, M., Kampfer, S., Helmsing, S., Spallek, R., Oehlmann, W., Prilop, W., Frank R., Dübel S., Singh M., Hust M., 2014. Novel 

human recombinant antibodies against Mycobacterium tuberculosis antigen 85B. BMC Biotechnol. 14, 68.
Gopinath, K., Singh, S., 2009. Multiplex PCR assay for simultaneous detection and differentiation of Mycobacterium tuberculosis, 

Mycobacterium avium complexes and other Mycobacterial species directly from clinical specimens. J. Appl. Microbiol. 
107, 425-435. 

Helb, D., Jones, M., Story, E., Boehme, C., Wallace, E., Ho, K., Kop, J., Owens, MR, Rodgers, R., Banada, P., Safi, H., Blakemore, 
R., Lan, NT, Jones-López, EC, Levi, M., Burday, M., Ayakaka, I., Mugerwa, RD, McMillan, B., Winn-Deen, E., Christel, 
L., Dailey, P., Perkins, MD, Persing, DH, Alland, D., 2010. Rapid detection of Mycobacterium tuberculosis and rifampin 
resistance by use of on-demand, near-patient technology. J. Clin. Microbiol. 48, 229-237.

Hillemann, D., Rüsch-Gerdes, S., Boehme, C., Richter, E., 2011. Rapid molecular detection of extrapulmonary tuberculosis by the 
automated GeneXpert MTB/RIF system. J. Clin. Microbiol. 49, 1202-1205.

Ioannidis, P., Papaventsis, D., Karabela, S., Nikolaou, S., Panagi, M., Raftopoulou, E., Konstantinidou, E., Marinou, I., Kanavaki, S., 
2011. Cepheid GeneXpert MTB/RIF assay for Mycobacterium tuberculosis detection and rifampin resistance identification 
in patients with substantial clinical indications of tuberculosis and smear-negative microscopy results. J. Clin. Microbiol. 
49, 3068-3070.

Kox, L.F., Rhienthong, D., Miranda, A.M., Udomsantisuk, N., Ellis, K., van Leeuwen, J., van Heusden, S., Kuijper, S., Kolk, A.H., 
1994. A more reliable PCR for detection of Mycobacterium tuberculosis in clinical samples. J. Clin. Microbiol. 32, 672-
678.

Lawn, S.D., Nicol, M.P., 2011. Xpert®MTB/RIF assay: Development, evaluation and implementation of a new rapid molecular 
diagnostic for tuberculosis and rifampicin resistance. Future Microbiol. 6, 1067-1082.

Luetkemeyer, A.F., Firnhaber, C., Kendall, M.A., Wu, X., Mazurek, G.H., Benator, D.A., Arduino, R., Fernandez, M., Guy, 
E., Johnson, P., Metchock, B., Sattler, F., Telzak, E., Wang, Y.F. Weiner, M., Swindells, S., Sanne, I.M., Havlir, D.V. 
Grinsztejn, B., Alland, D., the AIDS Clinical Trials Group A5295 and Tuberculosis Trials Consortium Study 34 Teams., 
2016. Evaluation of Xpert MTB/RIF versus AFB smear and culture to identify pulmonary tuberculosis in patients with 
suspected tuberculosis from low and higher prevalence settings. Clin. Infect. Dis. 62, 1081-1088.

Mehta, P.K., Kalra, M., Khuller, G.K., Behera, D., Verma, I., 2012a. Development of an ultrasensitive polymerase chain reaction-
amplified immunoassay based on mycobacterial RD antigens: Implications for the serodiagnosis of tuberculosis. Diagn. 
Microbiol. Infect. Dis. 72, 166-174.

Mehta, P.K., Raj, A., Singh, N., Khuller, G.K., 2012b. Diagnosis of extrapulmonary tuberculosis by PCR. FEMS Immunol. Med. 
Microbiol. 66, 20-36.

Mokaddas, E., Ahmad, S., 2007. Development and evaluation of a multiplex PCR for rapid detection and differentiation of 
Mycobacterium tuberculosis complex members from non-tuberculous mycobacteria. Jpn. J. Infect. Dis. 60, 140-144.

Özkütük, N., Sürücüoğlu, S., 2014. Evaluation of the Xpert MTB/RIF assay for the diagnosis of pulmonary and extrapulmonary 
tuberculosis in an intermediate-prevalence setting. Mikrobiyol. Bul. 48, 223-232.

Penz, E., Boffa, J., Roberts, D.J., Fisher, D., Cooper, R., Ronksley, P.E., James, M.T., 2015. Diagnostic accuracy of the XpertW 
MTB/RIF assay for extrapulmonary tuberculosis: A meta-analysis. Int. J. Tuberc. Lung Dıs. 19, 278-284.

Ritis, K., Tzoanopoulos, D., Speletas, M., Papadopoulos, E., Arvanitidis, K., Kartali, S., Sideras P., 2000. Amplification of IS6110 
sequence for detection of Mycobacterium tuberculosis complex in HIV-negative patients with fever of unknown origin 
(FUO) and evidence of extrapulmonary disease. J. Intern. Med. 248, 415-424.

Sevilla, I.A., Molina, E., Elguezabal, N., Perez, V., Garrido, J.M., Juste, R.A., 2015. Detection of mycobacteria, Mycobacterium 
avium subspecies and Mycobacterium tuberculosis complex by a novel tetraplex real-time PCR. J. Clin. Microbiol. 53, 
930-940.

Soini, H., Musser, J.M., 2001. Molecular diagnosis of mycobacteria. Clin. Chem. 47, 809-814.
Steingart, K.R., Si, H.D.J., Pai, M., Boehme, C.C., Dendukuri, N., 2014. Xpert®MTB/RIF assay for pulmonary tuberculosis and 

rifampicin resistance in adults. Cochrane Database Syst Rev. 1:CD009593. 
Trent, R.J., 2005. Molecular Medicine: An Introductory Text. 3 ed. Elsevier Academic Press.
Vergara Gómez, A., González-Martín, J., García-Basteiro, A. L., 2017. Xpert®MTB/RIF: Utilidad en el diagnóstico de la 

tuberculosis y de la resistenciaa la rifampicina. Med. Clin. (Barc) 149, 399-405.
World Health Organization, 2011. Rapid implementation of the Xpert MTB/RIFdiagnostic test. Technical and operational “how 

to”; practical considerations. Ginebra, Suiza: World Health Organization 1-34 WHO/HTM/TB.

Çaycı et al.


