
Journal of Infection 79 (2019) 153–158 

Contents lists available at ScienceDirect 

Journal of Infection 

journal homepage: www.elsevier.com/locate/jinf 

Diagnostic value of Xpert MTB/RIF Ultra for osteoarticular tuberculosis 

Qing Sun 

a , 1 , Shuqi Wang 

a , 1 , Weijie Dong 

b , 1 , Guanglu Jiang 

a , Fengmin Huo 

a , Yifeng Ma 

a , 
Hairong Huang 

a , ∗, Guirong Wang 

a , ∗

a National Clinical Laboratory on Tuberculosis, Beijing Key Laboratory for Drug Resistant Tuberculosis Research, Beijing Chest Hospital, Capital Medical 

University, Beijing Tuberculosis and Thoracic Tumor Institute, Beiguan St #9, Beijing 101149, China 
b Department of Orthopedics, Beijing Bone and Joint Tuberculosis Diagnosis and Treatment Center, Beijing Chest Hospital, Capital Medical University, Beijing 

Tuberculosis and Thoracic Tumor Institute, Beijing, China 

a r t i c l e i n f o 

Article history: 

Accepted 10 June 2019 

Available online 14 June 2019 

Keywords: 

Xpert MTB/RIF Ultra 

Tuberculosis 

Osteoarticular 

s u m m a r y 

Objectives: The diagnosis of osteoarticular tuberculosis (TB) remains challenging and results in under- or 

over-diagnosis. The aim of the present study was to evaluate performance of the novel next-generation 

Xpert MTB/RIF Ultra (Xpert Ultra) in comparison to culture and Xpert MTB/RIF (Xpert) for osteoarticular 

TB diagnosis in high burden settings. 

Methods: Osteoarticular TB suspected cases were enrolled consecutively during June 2017 to June 2018 at 

Beijing Chest Hospital and their pus specimens were subjected to smear, culture, Xpert and Xpert Ultra. 

Drug susceptibility testing (DST) was conducted for all of the recovered isolates. The performances of 

Xpert Ultra and Xpert were evaluated using composite reference standard (CRS) as gold standard, which 

included clinical, laboratory, histopathological, radiological and ≥6 months’ follow-up data. 

Results: In total, 186 patients were recruited, and 132 of them were diagnosed with osteoarticular TB 

according to CRS. The direct head-to-head performance comparison for M. tuberculosis detection showed 

that Xpert Ultra (90.91%, 120/132) produced a higher sensitivity than Xpert (78.79%, 104/132, P = 0.006) 

and culture (39.39%, 52/132, P < 0.001). When Xpert Ultra outcomes were integrated, the percentage of 

confirmed osteoarticular TB case increased from 84.09% (111/132) to 93.94% (124/132). The specificities of 

Xpert and Xpert Ultra were 100% (34/34) and 97.06% (33/34), respectively. Both Xpert Ultra and Xpert ac- 

curately identified all of the 9 rifampicin (RIF)-resistant and 38 RIF-sensitive cases defined by phenotypic 

DST. Therefore, Xpert Ultra was 100% concordant with phenotypic DST for the detection of RIF resistance. 

Conclusions: Xpert Ultra detected significantly more osteoarticular TB cases than Xpert or culture, making 

it a useful tool for rapid diagnosis of osteoarticular TB. 

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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ntroduction 

Tuberculosis (TB) is one of the top ten causes of deaths and

he leading cause from a single infectious agent, with an estimated

.3 million deaths in 2017. 1 Extrapulmonary tuberculosis (EPTB)

ccounted for 14% of the 6.4 million incident cases. 1 Osteoartic-

lar TB is ranked as the third most frequent form of EPTB. 2 Early

iagnosis and initiation of appropriate therapy are the best ways

o prevent severe sequelae and mortality for osteoarticular TB pa-

ients. Therefore, continual progress in osteoarticular TB diagnosis

s highly important. 

The Xpert MTB/RIF (Xpert) (Cepheid, Sunnyvale USA) assay, can

etect Mycobacterium tuberculosis (Mtb) and its rifampicin (RIF)
∗ Corresponding authors. 

E-mail addresses: huanghairong@tb123.org (H. Huang), wangguirong1230@ 
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usceptibility within 2 h. 3 Besides pulmonary TB, the World Health

rganization (WHO) also endorsed this technique for EPTB diagno-

is in 2013. 4 Xpert sensitivity was > 80% and specificity was ≥90%

ith pus and tissue specimens of bone or joint for osteoarticular

B diagnosis. 5–10 A next generation Xpert MTB/RIF assay, termed

pert MTB/RIF Ultra (Xpert Ultra) (Cepheid, Sunnyvale USA), was

eveloped for increased sensitivity. Xpert Ultra had a substan-

ially lower limit of detection (LOD) i.e. 15.6 CFU/ml in contrast

ith Xpert (112.6 CFU/ml). 11 Several studies also demonstrated

hat Xpert Ultra had higher sensitivity in diagnosing PTB, 12–14 

PTB, 15–17 and pediatric TB 

18 in contrast with Xpert. As a new di-

gnostic tool, Xpert Ultra shows tremendous potential for TB di-

gnosis, especially for cases with paucibacillary characterizations.

owever, data on the diagnostic performance of Xpert Ultra in os-

eoarticular TB remains limited. The aim of the present study was

o analyze the diagnostic value of Xpert Ultra for osteoarticular TB

omparing with culture and Xpert in a high TB burden and low

IV burden setting. 
eserved. 
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Material and methods 

Ethical approval 

The ethical approvals for this study were obtained from the Bei-

jing Chest Hospital Ethics Committee. A written informed consent

was acquired from each participant. 

Study design and participants 

Adults with suspected osteoarticular TB were prospectively and

consecutively enrolled during June 2017 to June 2018 at Beijing

Chest Hospital (Beijing, China), which is the only national level

TB referral center in China. All the patients with clinical features

suggestive of osteoarticular TB were enrolled, and included lo-

cal symptoms such as pain, swelling in the joints, tenderness, ef-

fusion, restriction of movements, and systematic symptoms such

as fever, loss of weight/appetite, elevated erythrocyte sedimenta-

tion rate (ESR), and other clues of TB such as cough, breathless-

ness, and history of TB. All the patients were followed up for a

minimum of 6 months. Each pus specimen collected during op-

eration from each patient was subjected to smear microscopy,

culture, Xpert and Xpert Ultra, while tissue specimen was sub-

jected to histopathological examination, simultaneously. Drug sus-

ceptibility testing (DST) was conducted for all of the recovered

isolates. 

Patient categories 

Patients were divided into 4 groups according to the compos-

ite reference standard (CRS), 10 which was composed of clinical,

laboratory, histopathological, and radiological examinations and

follow-up data. (1) Definite or confirmed osteoarticular TB: bacte-

riological evidence was acquired by any of the smear microscopy,

culture or Xpert; (2) probable osteoarticular TB: bacteriological ev-

idence was negative; clinical symptoms, radiological findings, and

histopathological examinations were suggestive of TB; (3) possi-

ble osteoarticular TB: bacteriological evidence was negative; clin-

ical symptoms were suggestive of TB; histopathology examination

and/or radiological examination were mildly suggestive of TB; the

patient responded well to the empirical anti-tubercular treatment

during the follow-up term; and (4) non-osteoarticular TB: diag-

nosed as other disease, or the laboratory testing was not suggestive

of TB, and the patient improved without receiving anti-tubercular

treatment. 

Smear and culture 

Direct smear was prepared and stained with auramine and

examined by light-emitting diode microscopy. The smear was

read and interpreted in accordance with the WHO guidelines. 19 

After processing with N-acetyl- L -cysteine and sodium hydroxide

(NALC 

–NaOH) and centrifugation, the resuspended pellet was sub-

jected to cultivation on both solid Lowenstein-Jensen medium (En-

code Medical Engineering Co., Ltd, China) and liquid medium using

mycobacteria growth indicator tube (MGIT) 960 system (Becton,

Dickinson and Company, USA). The time to positivity was recorded.

For all the isolates, MPT64 antigen testing was performed to con-

firm the presence of Mtb complex. 

Histopathological examination 

The tissue specimens were fixed in neutral formalin, dehy-

drated and subsequently paraffin-embedded. Four-micrometer sec-

tions were stained with hematoxylin and eosin solution and

observed by light microscopy for patho-morphological changes.
cid-fast bacilli (AFB) or its DNA were detected from the fixed

pecimens either by ZN staining or by molecular testing as de-

cribed before. 20 The pathological diagnostic categories included

1) Confirmed TB: chronic granulomatous inflammation with or

ithout caseous necrosis were observed, and AFB or its DNA were

etected in the lesion; (2) suggestive of TB: typical chronic granu-

omatous inflammation with caseous necrosis observed but neg-

tive bacteriological examination; and (3) non-osteoarticular TB:

either granulomatous inflammation nor caseous necrosis was ob-

erved, and no bacteriological evidence was present. 

pert and Xpert Ultra 

The Xpert and Xpert Ultra assays were performed as per the

anufacturer’s instructions. Briefly, 1 ml pus specimen was mixed

ith 2 ml sample reagent, vortexed for at least 10 s, and incubated

t room temperature for 10 min. The mixture was vortexed for an-

ther 10 s and incubated at room temperature for 5 min. 2 ml of

he mixture was transferred into the cartridge and loaded into

he GeneXpert instrument. The automatic detection procedure was

hen run. For an invalid result, a repeat Xpert/ Xpert Ultra test was

erformed on the same sample. Semi-quantitative estimation of

tb load was also determined by Xpert Ultra as “high”, “medium”,

low”, “very low” or “trace”, depending on cycle threshold ( C T )

alue. 

rug susceptibility testing 

Culture positive samples were also subjected for drug suscep-

ibility testing (DST) with proportion method using Lowenstein-

ensen medium. The critical concentration of 40 μg/ml was used for

IF. 

tatistical analyses 

The sensitivity, specificity, positive predictive value (PPV) and

egative predictive value (NPV) of different assays were calculated

gainst the reference standard. We used SPSS version 19.0 (IBM,

rmonk, NY, USA) to compare baseline clinical characteristics and

emographic data by diagnosis via Manne-Whitney U test for con-

inuous variables and Chi-squared test for categorical variables.

ifferences were considered statistically significant at P < 0.05. 

esults 

atient characteristics 

In total, 186 osteoarticular TB suspected cases were recruited.

0 participants were excluded from the analysis due to lack of

efinite diagnosis ( n = 9), indeterminate Xpert results ( n = 5),

ndeterminate Xpert Ultra results ( n = 4) or absence of enough

pecimen ( n = 2). Thus, the final sample size for analysis was 166

atients ( Fig. 1 ), which included 132 (79.52%) osteoarticular TB

atients (including 111 definite cases, 9 probable and 12 possible

ases) and 34 (20.48%) non-osteoarticular TB patients (including

7 suppurative spondylitis, 3 rheumatoid arthritis, 2 brucellosis

nd 2 cancer cases). Osteoarticular TB patients were younger than

he non-osteoarticular TB patients ( P < 0.005). High proportion of

steoarticular TB patients (25.00%) also combined with pulmonary

B in contrast with the non-osteoarticular TB patients (6.06%,

 = 0.015). The recruited non-osteoarticular TB patients had higher

iabetes mellitus comorbidity than the TB group ( P < 0.001),

lthough the reason was not under investigation in this assay. All

f the patients were HIV-uninfected. Demographic and clinical

haracteristics are shown in Table 1 . 
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Fig. 1. Recruitment and diagnostic classification of the participants. 

Table 1 

Demographic and clinical characteristics of the participants. 

Characteristics Osteoarticular TB ( n = 132) Non-osteoarticular TB ( n = 34) P value 

Age, median (range), yr 51 (16–86) 58 (14–82) 0.005 

Gender 0.037 

Male 59(44.70) 22(64.71) 

Female 73(55.30) 12(35.29) 

Underlying condition 

Diabetes mellitus 14(10.61) 12(35.29) < 0.001 

Hypertension 33(25.00) 12(35.29) 0.229 

Chronic kidney disease 1(0.76) 0(0) 0.611 

Rheumatologic disease 2(1.52) 0(0) 0.470 

Combined TB 

Pulmonary TB 33(25.00) 2(6.06) 0.015 

Tuberculous meningitis 2(1.52) 0(0) 0.470 

Tuberculous pleurisy 5(3.79) 0(0) 0.249 

Infected site 

Cervical vertebra 2(1.52) 1(2.94) 0.578 

Thoracic vertebrae 36(27.27) 8(23.53) 0.659 

Lumbar vertebrae 35(26.52) 14(41.18) 0.095 

Hip joint 9(6.82) 0(0) 0.117 

Knee joint 8(6.06) 2(5.88) 0.969 

Elbow joint 5(3.79) 2(5.88) 0.588 

Shoulder joint 3(2.27) 1(2.94) 0.821 

Sacroiliac joint 3(2.27) 1(2.94) 0.821 

Ankle joint 2(1.52) 1(2.94) 0.578 

Femur 5(3.79) 0(0) 0.249 

Tarsal 4(3.03) 0(0) 0.304 

Humerus 4(3.03) 0(0) 0.304 

Rib 3(2.27) 2(5.88) 0.272 

Ilium 3(2.27) 0(0) 0.375 

Other bones 10(7.58) 2(5.88) 0.734 

Other bones including tibia, calcaneus, sternum, ulna, publis and sciatic bone. 

P
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erformance of Xpert Ultra in osteoarticular TB diagnosis 

All of the 132 osteoarticular TB patients enrolled had under-

one 2–4 weeks of anti-TB treatment before specimen collec-

ion. Among these osteoarticular TB patients, 19 were positive for

he smear test, 52 by any culture method, 104 by Xpert, and

20 by Xpert Ultra assay in pus. The direct head-to-head per-

ormance comparison for Mtb detection showed that Xpert Ultra
90.91%, 120/132) produced a higher sensitivity than Xpert (78.79%,

04/132, P = 0.006), culture (39.39%,52/132, P < 0.001) and smear

14.39%,19/132, P < 0.001), respectively ( Table 2 ). Stratified analy-

is of osteoarticular TB cases according to the smear and culture

tatus was conducted. Sensitivity of Xpert Ultra was higher than

pert among both smear-negative cases (89.38%, 101/113 vs 75.22%,

5/113; P = 0.005) and culture-negative cases (87.5%, 70/80 vs

7.5%, 54/80; P = 0.002). Xpert Ultra and Xpert had the same
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Table 2 

Performance of different methods for osteoarticular tuberculosis diagnosis. 

Patient group Smear Culture Xpert Xpert Ultra P value 

Culture positive osteoarticular TB 

Sensitivity 16/52(30.77) – 50/52(96.15) 50/52(96.15) 1 

Specificity 34/34(100) – 34/34 (100) 33/34(97.06) 0.314 

PPV 16/16(100) – 50/50(100) 50/51(98.04) 0.320 

NPV 34/70(48.57) – 34/36(94.44) 34/36(94.44) 1 

Definite osteoarticular TB 

Sensitivity 19/111(17.12) 52/111(46.85) 104/111(93.69) 107/111(96.40) 0.354 

Specificity 34/34(100) 34/34(100) 34/34(100) 33/34(97.06) 0.314 

PPV 19/19(100) 52/52(100) 104/104(100) 107/108(99.07) 0.325 

NPV 34/126(26.98) 34/93(36.56) 34/41(82.93) 33/37(89.19) 0.427 

Probable osteoarticular TB 

Sensitivity – – – 7/9(77.78) 

Specificity – – – 33/34(97.06) 

PPV – – – 7/8(87.50) 

NPV – – – 33/35(94.29) 

Possible osteoarticular TB 

Sensitivity – – – 6/12(50.00) 

Specificity – – – 33/34(97.06) 

PPV – – – 6/7(85.71) 

NPV – – – 33/39(84.62) 

Osteoarticular TB total 

Sensitivity 19/132(14.39) 52/132 (39.39) 104/132 (78.79) 120/132 (90.91) 0.006 

Specificity 34/34(100) 34/34(100) 34/34(100) 33/34(97.06) 0.314 

PPV 19/19(100) 52/52(100) 104/104(100) 120/121(99.17) 0.353 

NPV 34/147(23.13) 34/114(29.82) 34/62(54.84) 33/45(73.33) 0.051 

P values represent the difference between Xpert and Xpert Ultra. 

Fig. 2. Venn diagram of the overlap of between methods for osteoarticular TB di- 

agnostics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 

Correlation between Xpert Ultra semi-quantitative and smear results. 

Xpert Ultra 

semi-quantitative 

Smear microscopy % of smear positive 

specimens 

Negative 1 + 2 + Total 

Positive high 4 3 1 8 50.00 

Positive medium 8 7 0 15 46.67 

Positive low 49 8 0 57 14.04 

Positive very low 16 0 0 16 0 

Positive trace 24 0 0 24 0 

Negative 12 0 0 12 0 

Total 113 18 1 132 
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(  
sensitivity among smear-positive (both 100%, 19/19) and culture-

positive cases (both 96.15%, 50/52). The specificities of smear, cul-

ture, Xpert and Xpert Ultra were 100% (34/34), 100% (34/34), 100%

(34/34) and 97.06% (33/34), respectively. One fungal infection case

produced positive Xpert Ultra result. 

When Xpert Ultra outcomes were also integrated, 7 out of the 9

(77.78%) probable and 6 of the 12 (50.00%) possible osteoarticular

TB cases were re-classified as definite cases, the percentage of def-

inite osteoarticular TB patients showed an obvious increase from

84.09% (111/132) to 93.94% (124/132) ( P = 0.011). Ultimately, a to-

tal of 124 patients had evidence of Mtb in pus specimens, which

meant at least one positive outcome from smear, culture, Xpert or

Xpert Ultra. Among these 124 patients, 18 were detected by Xpert

Ultra assay only, compared to 0, 2 and 2 from smear, culture and

Xpert assay, respectively ( Fig. 2 ). 

Performance of Xpert Ultra in RIF resistance detection 

52 participants had pus culture-positive outcomes and pheno-

typic DST results. Among them, Xpert Ultra provided interpretable
IF resistance detection results for 47 participants and 3 trace

esults, whereas Xpert provided interpretable results for 50 par-

icipants. Among the 47 cases with phenotypic DST outcomes and

ligible Xpert and Xpert Ultra results, both Xpert Ultra and Xpert

orrectly identified all of the 9 RIF-resistant and 38 RIF-sensitive

ases defined by phenotypic DST. Therefore, the sensitivity and

pecificity for both Xpert Ultra and Xpert was 100%, respectively.

esides, among 80 culture-negative osteoarticular TB patients,

pert Ultra provided interpretable RIF resistance detection re-

ults for 49 patients including 4 RIF-resistant cases, while the

ounterpart for Xpert were 54 patients and 3 RIF-resistant cases. 

elationship between the semi-quantitative readouts of Xpert Ultra 

nd bacilli-load in the sample 

The semi-quantitative readouts for the positive Xpert Ultra

amples in this study were as follows: 6.67% (8/120) “high”, 12.50%

15/120) “medium”, 47.50% (57/120) “low”, 13.33% (16/120) “very

ow” and 20.00% (24/120) “trace”. Smear-positive specimens ac-

ounted for 50.00% (4/8), 46.67% (7/15), and 14.04% (8/57) of the

pert Ultra-positive readouts at “high”, “medium”, and “low” out-

omes, respectively ( Table 3 ). Specimens with Xpert Ultra-positive

eadouts at “very low” ( n = 16), “trace” ( n = 24), or “negative”

 n = 12) results were all smear negative. Time to positivity of
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Fig. 3. Turn-around time of positive culture for pus samples classified according to 

the semi-quantitative value provided by Xpert Ultra. 

Boxes represent 25th, 50th and 75th percentiles of the data. The length of the box 

is the interquartile range. The lower and upper whiskers represent minimum and 

maximum. 

Individual data points represent outliers. 
∗ represents statistically difference between “trace” and “medium” category 

( P = 0.004), and between “trace” and “high” category ( P = 0.004) by Manne–Whitney 

U test. 
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GIT960 is generally used to reflect the bacilli-load in the samples.

egarding the time required for culture-positive growth in this as-

ay ( Fig. 3 ), significant differences were found between specimens

hat produced category “trace” outcomes (26.5 ± 2.12 days) in con-

rast with “medium” (16.00 ± 3.32 days, P = 0.004) and “high” cat-

gory outcomes (16.50 ± 2.74 days, P = 0.004). 

iscussion 

Osteoarticular TB is an ancient disease that has disfigured and

isabled many patients around the world by causing skeletal defor-

ities and neurological sequelae. 21 An early and accurate diagnosis

s therefore highly important to avoid these severe consequences.

pert Ultra has shown improved sensitivity for diagnosis of pul-

onary TB. 12–14 , 18 Three studies have verified that the Xpert Ul-

ra also outperformed other tests currently used for EPTB diagno-

is. 15–17 In this study, we focused on osteoarticular TB, which has

ever been well evaluated with Xpert Ultra. The prospective design

nd ≥6 months of follow-up step were important strengths of this

tudy. 

In this assay, Xpert Ultra (90.91%) demonstrated higher sensitiv-

ty than Xpert (78.79%, P < 0.05), acquiring an incremental benefit

f 12.12%. The result is in line with the recent reports that uti-

ized the non-sterile fluids (including 8 joint fluids) and obtained

5.7–27% higher sensitivities with Xpert Ultra than Xpert. 16 In this

tudy, the sensitivity of Xpert Ultra (90.91%) was also significantly

igher than culture (39.39%, P < 0.001). Although Xpert Ultra (15.6

FU/mL) 11 has a similar limit of detection in vitro with liquid cul-

ure (10–50 CFU/mL), 22 Xpert Ultra has the added advantage of

eing able to detect non-viable Mtb bacilli in patients who had

ommenced anti-TB treatment prior to sample collection. 11 All of

he patients enrolled in our study had undergone 2–4 weeks of

nti-TB treatment before specimen collection, which may result in

he low sensitivity of culture. Furthermore, the value of concomi-

ant use of different tests was also considered. Because of the high

ensitivity of Xpert Ultra assay, concatenating it with culture or
pert did not show any obvious benefit. In our assay, the Xpert as-

ay greatly changed the composition percentage of confirmed cate-

ories. Without Xpert Ultra results, 84.09% of the osteoarticular TB

ere classified as confirmed cases that increased to 93.94% after

he integration of Xpert Ultra outcomes. In clinical practice, high

ensitivity of Xpert Ultra could facilitate diagnosis of osteoarticular

B at earlier stages of disease. Owing to shorter turnaround time,

 timely Xpert Ultra assay may change the algorithm of osteoartic-

lar TB patient care. 

Drug-resistant osteoarticular TB is an emerging health problem.

rom a public health perspective, reducing the time between di-

gnosis and treatment initiation has direct benefits for both the

atient and the community. 23 Phenotypic DST remains the gold

tandard for drug sensitivity testing, which depends on culturing

f Mtb. Due to the paucibacillary nature of osteoarticular TB, the

ensitivity of culture is relatively low. As a consequence, diagnosis

f drug-resistant osteoarticular TB is often difficult and delayed. In

his study, both Xpert Ultra and Xpert correctly identified all of the

 RIF-resistant and 38 RIF-sensitive cases defined by phenotypic

ST. Considering the accuracy, convenience, and rapid turnaround

ime, both Xpert Ultra and Xpert could shorten the whole course

f medical care and decrease the risk of disabling sequelae caused

y osteoarticular TB. 

An additional semi-quantitative category of “Trace” was intro-

uced for Xpert Ultra to identify the paucibacillary samples, which

ndicates that the amplification of IS6110/IS1081 sequence was suc-

essful but not the rpoB gene. 11 The “Trace” category is the result

f improved LOD of the Xpert Ultra. In our study, “Trace” played

n important role in improved performance of Xpert Ultra. 24 out

f 120 samples detected by Xpert Ultra were detected in trace

mounts. Among these 24 samples, 15 were positive by Xpert and

nly 3 by culture. However, the “Trace” category likely contributes

o the decreased specificity of the test. The association of the clin-

cal manifestations of the patient with Xpert Ultra “Trace” results

ould help to distinguish ongoing active paucibacillary tuberculo-

is from detection of dead bacilli from previous infections. 13 

Like pulmonary TB, 13 the Xpert Ultra semi-quantitative results

ere correlated with bacilli-load in the pus specimen in this as-

ay. Both, smear outcomes and time to positivity of liquid culture,

re commonly used as indirect indicators for bacterial load and are

orrelated with the positive outcome levels. This correlation indi-

ated that besides identifying the highly infectious patients (those

ith Xpert Ultra positive Medium and High), Xpert Ultra can also

ick up the cases with less infectiousness, which is very meaning-

ul for TB control. 

In conclusion, Xpert Ultra detected significantly more osteoar-

icular TB than Xpert or culture, making it a useful tool for rapid

iagnosis of osteoarticular TB. 
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