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Value of ultrasound guided biopsy combined with Xpert Mycobacterium tuberculosis/resistance to rifampin assay in the diagnosis of chest wall tuberculosis
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Abstract
BACKGROUND
The thoracic wall lesions, particularly chest wall tuberculosis, and chest wall tumors and other pyogenic wall and actinomycetes infections, almost always present as a diagnostic challenge.

AIM
To explore the value of ultrasound-guided biopsy combined with the Xpert Mycobacterium tuberculosis/resistance to rifampin (MTB/RIF) assay to diagnose chest wall tuberculosis.

METHODS
We performed a retrospective study of patients with chest wall lesions from March 2018 to March 2021. All patients received the ultrasound-guided biopsy for pathology examination, acid-fast Bacillus staining, mycobacterial culture, and Xpert MTB/RIF analysis. The sensitivity, specificity, and area under the curve (AUC) were calculated for these diagnostic tests, either individually or combined. Rifampicin resistance results were compared between the mycobacterial culture and the Xpert MTB/RIF assay.

RESULTS
In 31 patients with the chest wall lesion biopsy, 22 patients were diagnosed with chest wall tuberculosis. Of them, 3, 6, and 21 patients tested positive for mycobacterial culture, acid-fast stain, and Xpert MTB/RIF assay, respectively. The rifampicin resistance results of the 3 culture-positive patients were consistent with their Xpert MTB/RIF assay results. When considering the sensitivity, specificity, and AUC value, the Xpert MTB/RIF assay (95.5%, 88.9%, and 0.92, respectively) was a better choice than the acid-fast Bacillus stain (27.3%, 100.0%, and 0.64, respectively) and mycobacterial culture (13.6%, 100.0%, 0.57, respectively). No complications were reported during the procedure.

CONCLUSION
Ultrasound guided biopsy combined with Xpert MTB/RIF has high value in the diagnosis of chest wall tuberculosis, and can also detect rifampicin resistance.
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Core Tip: The thoracic wall lesions, particularly chest wall tuberculosis, and chest wall tumors and other pyogenic wall and actinomycetes infections, almost always present as a diagnostic challenge. Our study aims to explore the value of ultrasound guided biopsy combined with Xpert Mycobacterium tuberculosis/resistance to rifampin assay in the diagnosis of chest wall tuberculosis.

INTRODUCTION
Several studies have shown that, among all tuberculosis patients, the proportion of patients with extrapulmonary tuberculosis has steadily increased over the past two decades[1-3] due to improved diagnostic tests, such as imaging scans[2]. In 2019, extrapulmonary tuberculosis accounted for approximately 16% of all newly diagnosed tuberculosis worldwide[4]. Extrapulmonary tuberculosis can affect every organ and tissue structure, with the most common location at the lymph nodes, followed by the pleural space. Chest wall tuberculosis is one type of extrapulmonary tuberculosis that accounts for 1%-2% of all tuberculosis[5,6]. The thoracic wall lesions, particularly chest wall tumors and other pyogenic wall and actinomycetes infections, almost always present as a diagnostic challenge. Studies have reported that chest wall tuberculosis is often a sign of severe and disseminated tuberculosis[7,8] or is secondary to or occurs simultaneously with pulmonary tuberculosis or pleural tuberculosis[9]. Chest wall tuberculosis is a chest wall disease characterized by the formation of cold abscess masses. It is often caused by the primary lesion of the lung or pleura invading the chest wall lymph nodes, and then penetrating the lymph nodes to surrounding tissues in the chest wall[10]. Without appropriate treatments, the infection can form abscesses in the chest wall and destroy the ribs with subsequent developments of a sinus or fistula. Skeletal lesions are often caused through blood pathways[11]. Primary chest wall tuberculosis is rarely reported after the Bacillus-Calmette-Guerin vaccination. Color Doppler ultrasound is easy to detect the location, size, internal echo intensity, and blood flow of chest wall tuberculosis. It can accurately provide the depth and range of the involved surrounding tissues, and can clearly display the course and distribution of sinus fistula. The stage of the lesion can be evaluated based on the characteristics of the ultrasound image. However, ultrasound has difficulty in differentiating chest wall tuberculosis from chest tumors and other purulent infections. A definitive diagnosis requires biopsy and pathology evaluations.
The traditional method to diagnose tuberculosis requires the acid-fast Bacilli stain or mycobacterial culture. When diagnosing a patient with the suspected chest wall tuberculosis, ultrasound-guided biopsy is a safe method to localize the lesion for further pathology examinations. GeneXpert Mycobacterium tuberculosis/resistance to rifampin (MTB/RIF) technology is a semi-nested real-time fluorescence quantitative polymerase chain reaction in vitro diagnostic technology developed by Cepheid Company in the United States. The rifampicin resistance gene rpoB can be used as a target gene to simultaneously detect MTB and evaluate its resistance to rifampicin within 2 h[12]. This method was recommended by the World Health Organization (WHO) for the diagnosis of pulmonary tuberculosis in 2010[13,14]. In 2013, the WHO recommended it for the diagnosis of extrapulmonary tuberculosis. In recent years, an increasing number of studies have reported to use GeneXpert MTB for the diagnosis of various extrapulmonary tuberculosis, such as bone tuberculosis, tuberculous pleurisy, urinary tract tuberculosis, tuberculous meningitis[15-18]. However, there are limited reports on the diagnostic accuracy and safety of the combined ultrasound-guided biopsy and Xpert MTB/RIF assay to diagnose chest wall tuberculosis.
In the present study, we investigated the benefits and risks of combining the ultrasound-guided biopsy with the Xpert MTB/RIF assay to diagnose chest wall tuberculosis.

MATERIALS AND METHODS
Study design and participants
We performed a retrospective study at the Shandong Public Health Clinical Center, China, from March 2018 to March 2021. We conducted this study on August 26. Patients with chest wall tuberculosis received the ultrasound-guided biopsy and laboratory examinations. The study protocol was approved by the ethics committee of Shandong Public Health Clinical Center, Shandong Chest Hospital, (2021XKYYEC-23). All study steps adhered to the principles of the Declaration of Helsinki.
After reviewing the hospital patient records, we selected the study participants who received the ultrasound-guided biopsy and subsequent laboratory examinations, including pathology, acid-fast Bacillus stain, mycobacterial culture, and Xpert MTB/RIF analysis. Patients who received the anti-tuberculosis treatment prior to the biopsy or had incomplete medical records were excluded from the current study. Of the 22 selected patients, there were 13 males and 9 females with a mean age of 39.7 years ± 16.1 years (ranging from 16-67 years old).
Tuberculosis was diagnosed based on the WHO guidelines[19] and Chinese Medical Association Tuberculosis Clinical Diagnostic Standard[20]. Patients were clinically diagnosed with tuberculosis according to the following criteria: (1) Exhibited clinical tuberculosis symptoms; (2) had typical image findings consistent with tuberculosis; and (3) showed satisfactory responses to the anti-tuberculosis treatment. The patients’ ages, genders, laboratory examination results, treatment outcomes, and complications during the biopsy were retrieved from the medical records.

Ultrasound-guided biopsy
All biopsy procedures were performed by experienced ultrasonographers with the necessary technique skills for the ultrasound-guided biopsy. A Philips q7c ultrasound machine (Philips, Netherlands) was used for the procedure. The probe frequency was selected at 5-12 MH. The patient was placed in the supine, lateral, or sitting position according to the location of the lesion. The biopsy site was routinely disinfected, covered with the sterile towels, and locally anesthetized with 2% lidocaine. All biopsies were performed with a semi-automatic cutting biopsy needle (18G, 10-cm, Becton, Dickinson and Company, United States). The biopsy needle was slowly inserted into the lesion under continuous real-time ultrasound monitoring. Two or three punctures were performed in each patient for one biopsy (Figure 1). The specimens from the biopsy were sent for routine pathology, acid-fast Bacillus stain, BACTEC MGIT 960 mycobacterial culture, and Xpert MTB MTB/RIF assay.

Laboratory examinations
A pathological examination was performed in the 4 μm-thick slides sectioned from the chest wall specimens after being fixed with 10% formalin and embedded in paraffin. After the hematoxylin and eosin staining, the slides were inspected by two pathologists. Microscopic lesions that showed typical epithelial cell granulomas, Langlie Hans cells, and caseous necrosis, as well as fibrosis and calcification, were considered as the typical pathological characteristics of tuberculosis.
Laboratory tests included: (1) Acid-fast Bacillus stain; (2) mycrobacterial culture; and (3) Xpert MTB/RIF detection. For the acid-fast, stain, we used the improved alkaline reddening method and acid-fast staining solution and evaluated the results according to the instructions from the manufacture (Zhuhai beso, China). For the mycobacterial culture, a BACTEC MGIT 960 mycobacterial culture monitoring system and supporting reagents (Becton, Dickinson and Company, United States) were used for the strain identification. For Xpert MTB/RIF detection, the pathological specimens were homogenized with a micro grinder fast-prep-24 (MP biomedicals, United States) after adding an appropriate amount of phosphate buffer[21]. Then, an Xpert detection reaction box and automatic detection platform (Cepheid, United States) were used to detect the samples and obtain results. Xpert MTB/RIF detection is based on semi-nested PCR technology, fully automatic amplification of nucleic acid, and automatic fluorescence detection[22].

Statistical analysis
All data were entered into Excel 2010 (Microsoft, United States). Statistical analyses were performed in SPSS (version 24.0, IBM, United States). Continuous data are presented as mean with standard deviation (mean ± SD) or median with interquartile range (mean ± IQR), depending on the normality test results. Categorical data are presented as a frequency or ratio. Student t-test or Chi-square analysis were used when appropriate. McNemar’s Chi-square test was used to compare the different diagnostic tests, where P < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics of study participants
In 31 patients who underwent chest wall lesion biopsy, 22 patients (13 males and 9 females; mean age of 39.7 years ± 16.1 years, ranging 16-67 years) were diagnosed as chest wall tuberculosis. Of them, 8 (36.4%), 6 (27.3%), 2 (9.1%), and 5 (22.7%) patients exhibited local pain, mass with fluctuation, abscess rupture, and fever, respectively. In addition, 14 patients had concurrent pulmonary tuberculosis, and 18 patients had concurrent pleural tuberculosis.

Ultrasonic results
Based on the internal echo, the ultrasonic characteristics of chest wall tuberculosis were grouped into three types: (1) The solid echo type was found in 6 patients (27.3%), in which lesions were mostly disc-shaped or oval solid hypoechoic and limited to the subcutaneous soft tissue or intercostal space of the chest wall. Patchy strong echo was found in 2 patients (9.1%); (2) The liquid dark area type was observed in 4 patients (18.2%), in which most of the lesions were irregular liquid dark echo with weak fine dot hyperechos, and clear boundary with the surrounding tissues; and (3) The mixed echo type was seen in 12 patients (54.5%), where lesions were mostly circular and quasicircular mixed echo, with an unclear boundary, irregular shape, and a small amount of liquid dark area.

Pathological results
All 22 patients successfully completed the ultrasound-guided chest wall biopsy. The length of the puncture tissue strip was 0.5-1.8 cm. The patients were finally diagnosed with chest wall tuberculosis based on clinical, imaging, and laboratory examination.

Laboratory results
Among the 22 patients, 3, 6, and 21 patients were positive for the mycobacterial culture, acid-fast stain, and Xpert MTB/RIF (Table 1), with positive diagnostic rates of 13.6%, 27.3%, and 95.5%, respectively. The Xpert MTB/RIF assay having the highest positive rate. All 3 patients with positive results for the mycobacterial culture also tested positive in the Xpert MTB/RIF assay. The rifampicin resistance results in these 3 patients were consistent with the results of the Xpert MTB/RIF assay. The 5 patients with negative results of mycobacterial culture and acid-fast stain tested positive in the Xpert MTB/RIF assay. The Xpert MTB/RIF assay increased the pathogenic positive detection rate by 22.7% (5/22) (Table 2). The kappa values of the Xpert MTB/RIF assay, acid-fast stain, and mycobacterial culture were 0.84, 0.18, and 0.08, respectively. The area under the curve (AUC) values of the Xpert MTB/RIF assay, acid-fast stain, and mycobacterial culture were 0.92, 0.64, and 0.57, respectively (Figure 2). The AUC and kappa value of the combined test by the pathology examination and the Xpert MTB/RIF assay had the highest positive diagnostic rate of 100.0%, with AUC = 0.94 and kappa = 0.92.
Complications
One patient displayed the pleural reaction with nausea, vomiting, and dizziness during the puncture, which resolved after the symptomatic treatments and bed rest. No patients required closed thoracic drainage or an extended hospital stay. There were no other complications reported.

DISCUSSION
Pulmonary tuberculosis is the main type of tuberculosis disease, for which diagnosis is mainly based on the respiratory specimens. Patients with extrapulmonary tuberculosis but without any respiratory symptoms always present a diagnostic challenge. As the incidence of chest wall tuberculosis is relatively low, most cases are caused by secondary infection due to the tuberculosis foci from the lung or pleural space directly spreading to the chest wall after penetrating the pleura. Secondary infection can also occur when pulmonary tuberculosis or pleural tuberculosis invades the lymph nodes in the chest wall through the lymphatic system, then infiltrates the surrounding tissues in the chest wall[8]. They can lead to the formation of an abscess, sinus, or fistula in the chest wall, subsequently damaging the ribs[23,24]. Typical chest wall tuberculosis can be diagnosed based on clinical presentations and ultrasonic characteristics. If it is not clear, ultrasound-guided biopsy can be performance, which is an important method to diagnose the chest wall tuberculosis.
Chest wall tuberculosis is frequently reported in young or middle-aged patients[25]. The present study included 13 males and 9 females, with a mean age of 39.7 (± 16.1) years, which is consistent with the previous report.
Tuberculosis commonly causes a chronic infection and pathological changes, such as inflammatory exudation, nodular hyperplasia, and caseous necrosis. The fibrosis and calcification can gradually progress as the disease advances, which can further affect the pathological and ultrasonic findings[26]. Among the 22 patients, 6, 4, and 12 patients had the solid echo, liquid dark area, and mixed echo type of ultrasound images, respectively. The solid echo type needs to be differentiated from the chest wall soft tissue tumor[27]. Chest wall tumors typically have an irregular shape, some of which can bulge from the body surface as a chest wall mass[28] or protrude toward the lung. During the ultrasound examination, the mass does not move with the aerated lung tissue. Therefore, Color Doppler ultrasound is used to accurately measure the depth and extent of the mass, as well as potential penetrations into the surrounding tissues. It can also reveal the blood flow signals of the mass, which might be used to differentiate a tumor (rich signals) from tuberculosis infection (poor signals). The type of liquefied dark area in the chest wall should be distinguished from the abscess due to other pathogenic bacteria that mostly cause local and systemic symptoms. The mixed echo type should be differentiated from a metastatic tumor of the chest wall and primary bone tumor. Metastatic tumors of the chest wall are often not accompanied by calcification, while primary bone tumors mainly present with bone destruction and less soft tissue masses. Chest wall tuberculosis can easily cause sinus formation. In the present study, 15 patients exhibited sinus formation that was connected with the pleural lesions, presenting as a dumbbell lesion[29]. Considering the advantages of accuracy, real-time, and small trauma, ultrasound-guided puncture biopsy can be used to obtain specimens from chest wall lesions for further pathological examinations and laboratory tests when chest wall tuberculosis diagnosis is in question[30].
The Xpert MTB/RIF assay is a diagnostic test to detect the MTB DNA. When the MTB is found, the rifampicin resistance related to mutation of the rpoB gene is also examined. The test results can be obtained within 2 h, which can help achieve an early and rapid diagnosis, effectively avoid cross-contamination, and be less impacted by the anti-tuberculosis treatments[31]. Herein, we calculated the sensitivity, specificity, and AUC for the acid-fast stain, mycobacterial culture, and Xpert MTB/RIF assay in the diagnosis of chest wall tuberculosis (Table 2). The AUC value of the Xpert MTB/RIF assay was higher than that of the acid-fast staining, while the latter was higher than the mycobacterial culture. This suggests that the Xpert MTB/RIF assay has the high diagnostic value in chest wall tuberculosis. In addition, we also analyzed the diagnostic accuracy of the pathology examination combined with the three laboratory tests. Among them, the pathology examination combined with the Xpert MTB/RIF assay gave the best results, with a sensitivity of 100.0%, AUC value of 0.94, and kappa value of 0.92. Many previous studies have reported the diagnostic value of the Xpert MTB/RIF assay in extrapulmonary tuberculosis. For example, the sensitivity and specificity of the Xpert MTB/RIF assay in the diagnosis of lymph node tuberculosis were 74.4%-87.8% and 91.1%, respectively, which were significantly higher than those of smear microscopy and cytology[32,33]. Moreover, the sensitivity and specificity of the Xpert MTB/RIF assay in the diagnosis of bone and joint tuberculosis were reported to be 82.0% and 100.0%, respectively[15]. In addition, the Xpert MTB/RIF assay has been suggested as the gold standard diagnostic criterion for tuberculous pleurisy and tuberculous pericarditis, since it showed a high sensitivity (90.0% and 72.0%, respectively) and specificity (100.0% and 100.0%, respectively)[17]. Our current study further confirms the important clinical application of combing the pathology examination with the Xpert MTB/RIF assay in the diagnosis of chest wall tuberculosis.
No major complication was reported in our study. Ultrasound-guided biopsy was performed under direct visualization to observe the lesion and blood supply, as well as monitor the position of the needle in the real-time to ensure the accuracy and safety of the puncture. Therefore, ultrasound-guided biopsy is a safe procedure to perform in patients with suspected chest wall tuberculosis.
The limitations of our study included its small sample size, retrospective design, and single center research. In addition, a contrast-enhanced ultrasound or ultrasound elastography guided biopsy may facilitate the puncture and make the biopsy more accurate. Future multicenter prospective studies are required to confirm our study findings here.

CONCLUSION
Ultrasound guided biopsy combined with Xpert MTB/RIF detection can accurately and safely diagnose chest wall tuberculosis, while also determining rifampicin resistance with high sensitivity and specificity.

ARTICLE HIGHLIGHTS
Research background
The thoracic wall lesions, particularly chest wall tuberculosis, and chest wall tumors and other pyogenic wall and actinomycetes infections, almost always present as a diagnostic challenge.

Research motivation
Color Doppler ultrasound is easy to detect the location, size, internal echo intensity, and blood flow of chest wall tuberculosis. It can accurately provide the depth and range of the involved surrounding tissues, and can clearly display the course and distribution of sinus fistula. The stage of the lesion can be evaluated based on the characteristics of the ultrasound image. However, ultrasound has difficulty in differentiating chest wall tuberculosis from chest tumors and other purulent infections. A definitive diagnosis requires biopsy and pathology evaluations.

Research objectives
We investigated the benefits and risks of combining the ultrasound-guided biopsy with the Xpert MTB/RIF assay to diagnose chest wall tuberculosis.

Research methods
We performed a retrospective study of patients with chest wall lesions from March 2018 to March 2021. All patients received the ultrasound-guided biopsy for pathology examination, acid-fast Bacillus staining, mycobacterial culture, and Xpert MTB/RIF analysis. The sensitivity, specificity, and area under the curve (AUC) were calculated for these diagnostic tests, either individually or combined. Rifampicin resistance results were compared between the mycobacterial culture and the Xpert MTB/RIF assay.

Research results
Patients (3, 6, and 21) tested positive for mycobacterial culture, acid-fast stain, and Xpert MTB/RIF assay, respectively. The rifampicin resistance results of the 3 culture-positive patients were consistent with their Xpert MTB/RIF assay results. When considering the sensitivity, specificity, and AUC value, the Xpert MTB/RIF assay (95.5%, 88.9%, and 0.92, respectively) was a better choice than the acid-fast Bacillus stain (27.3%, 100.0%, 0.64, respectively) and mycobacterial culture (13.6%, 100.0%, 0.57, respectively). No complications were reported during the procedure.

Research conclusions
Ultrasound guided biopsy combined with Xpert MTB/RIF has high value in the diagnosis of chest wall tuberculosis, and can also detect rifampicin resistance.

Research perspectives
The precise, safe, and minimally invasive characteristics of ultrasound-guided puncture are combined with advanced genetic testing technology Xpert MTB/RIF technology to diagnose chest wall tuberculosis
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Figure Legends
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Figure 1 Ultrasound-guided biopsy. A: Gray scale ultrasound-guided (USG) images clearly reveals the lumps in the chest wall; B: Gray scale USG images clearly reveals the hypoechoic nodules in the chest wall; C: Color Doppler clearly shows the blood flow in a chest wall tuberculosis; D: The ultrasound directs the puncture needle when performing the biopsy.
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Figure 2 Receiver operating characteristic curve of pathology and three test methods in the diagnosis of the chest wall tuberculosis.

Table 1 Diagnostic results of pathology and three detection techniques for chest wall tuberculosis
	Detection techniques
	Results
	Clinical comprehensive diagnosis (n)

	
	
	Chest wall tuberculosis
	Non chest wall tuberculosis
	Total

	Pathology
	Positive
	18
	0
	18

	
	Negative
	4
	9
	13

	
	Total
	22
	9
	31

	Acid-fast stain
	Positive
	6
	0
	6

	
	Negative
	16
	9
	25

	
	Total
	22
	9
	31

	Mycobacterial culture
	Positive
	3
	0
	3

	
	Negative
	19
	9
	28

	
	Total
	22
	9
	31

	Xpert MTB/RIF
	Positive
	21
	1
	22

	
	Negative
	1
	8
	9

	
	Total
	22
	9
	31

	Pathology and acid-fast stain
	Positive
	18
	0
	18

	
	Negative
	4
	9
	13

	
	Total
	22
	9
	31

	Pathology and mycobacterial culture
	Positive
	18
	0
	18

	
	Negative
	4
	9
	13

	
	Total
	22
	9
	31

	Pathology and Xpert MTB/RIF
	Positive
	22
	1
	23

	
	Negative
	0
	8
	8

	
	Total
	22
	9
	31


MTB/RIF: Mycobacterium tuberculosis/resistance to rifampin.

Table 2 Diagnostic values of pathology and three detection methods for the chest wall tuberculosis
	Detection techniques
	AUC
	Sensitivity (%)
	Specificity (%)
	Positive predictive value (%)
	Negative predictive value (%)
	Kappa value
	P value
	Total coincidence rate (%)
	Jordan index

	Pathology
	0.909
	81.8%
	100.0%
	100.0%
	69.2%
	0.723
	0.000
	87.1%
	81.8%

	Acid-fast stain
	0.636
	27.3%
	100.0%
	100.0%
	36.0%
	0.179
	0.081
	48.4%
	27.3%

	Mycobacterial culture
	0.568
	13.6%
	100.0%
	100.0%
	32.1%
	0.084
	0.244
	38.7%
	13.6%

	Xpert MTB/RIF
	0.922
	95.5%
	88.9%
	95.5%
	88.9%
	0.843
	0.000
	93.6%
	84.3%

	Pathology and acid-fast stain
	0.909
	81.8%
	100.0%
	100.0%
	69.2%
	0.723
	0.000
	87.1%
	81.8%

	Pathology and mycobacterial culture
	0.909
	81.8%
	100.0%
	100.0%
	69.2%
	0.723
	0.000
	87.1%
	81.8%

	Pathology and Xpert MTB/RIF
	0.944
	100.0%
	88.9%
	95.7%
	100.0%
	0.913
	0.000
	96.8%
	88.9%


AUC: Area under the curve; MTB/RIF: Mycobacterium tuberculosis/resistance to rifampin.
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