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Abstract 

Background: Tuberculosis (TB) is a significant health problem in developing countries like India and 

remains a key challenge to public health due to inadequate diagnostic assays. While considerable 

advances have been made in diagnosing pulmonary tuberculosis, EPTB diagnosis and 

management remain challenging. Moreover, due to the paucibacillary nature of extrapulmonary 

specimens and sample collection often requiring invasive procedures, diagnosis of EPTB is often 

delayed. 

Aims and Objectives: Determine the prevalence of positivity of CBNNAT and detection of 

rifampicin resistance in EPTB samples   

Materials and Methods: This prospective observational study was conducted in a tertiary care 

hospital in Bhavnagar, Gujarat, from January 2021 to January 2022. The investigation comprised 

470 extrapulmonary clinical samples from patients suspected of having EPTB, including lymph 

nodes, pus, pleural fluid, CSF, ascitic fluid, and tissue aspirate analyzed. The samples were 

divided into two parts—Ziehl stained one part–Neelsen stain and auramine-rhodamine stain and 

examined under the conventional microscope. The second part used CBNAAT to detect MTB and 

rifampicin resistance. 

Results and Observations: Out of 470 samples, MTB was detected in 54(11%) samples. Of these 54 

samples, 47 were sensitive to rifampicin. 3(5.5%) were resistant to rifampicin, and 4(7.40%) were 

resistant indeterminate. While 16(3.4%) samples showed AFB by Ziehl–Neelsen stain, 26 samples 

(5.53%) were detected positive by a fluorescent stain. Out of these 470 samples, 19(12.4%) 

samples of pleural fluid, 12(21.4%) samples of lymph node aspirate, 2(10%) samples of 

empyema, 4(9.09%) samples of ascitic fluid, 11(14.8%) samples of pus, 6(5.9%) samples of CSF 

showed MTB detected 

Conclusion: CBNAAT has the potential to significantly improve and escalate the diagnosis of smear-

negative body fluid specimens in regions not only with high TB burden but also with overlapping 

HIV. Also, the detection of Rifampicin resistance aids in the prompt initiation of appropriate 

therapy, thus improving the overall quality of TB care. 

 

Keywords: Cartridge base nucleic amplification test (CBNAAT), extrapulmonary tuberculosis 

(EPTB), Acid fast bacilli (AFB) 
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Introduction:Tuberculosis (TB) is a contagious disease, predominantly involving the lungs, caused by 

Mycobacterium tuberculosis (MTB).
[1] 

Traditionally, it was believed that pulmonary TB constitutes around 

85% of total TB cases, whereas the remaining 15% are extrapulmonary tuberculosis (EPTB) cases.
[2] 

But, 

current data from around the world show a massive variation in the proportion of EPTB among all TB 

cases, ranging from 15% to 53%.
[3] 

Tuberculosis (TB),  Before the COVID-19 pandemic, was the world's 

leading cause of death from a single infectious agent. As per The Global TB Report 2022
[4]

, 10.6 million 

people fell ill with TB worldwide in 2021, whereas there were 1.4 million TB deaths among HIV-negative 

people and an additional 1,87,000 among HIV-positive people.
[5]

 

While significant advances have been made in diagnosing pulmonary tuberculosis, EPTB diagnosis and 

management remain a considerable challenge. EPTB, which can involve almost any system of the body, 

along with the ambiguity regarding clinical management, has made it a formidable enemy in the war 

against TB—clinical manifestations of EPTB range from nonspecific to mimicking any other disease. 

Moreover, due to the paucibacillary nature of extrapulmonary specimens and sample collection often 

requiring invasive procedures, diagnosis of EPTB is often delayed due to varying responses to treatment, 

and its duration further compounds the management of EPTB. Therefore, diagnosing and managing EPTB 

remains a challenge and a significant bottleneck in achieving TB elimination. 
[5]

 

The cartridge-based nucleic acid amplification test (CBNAAT) assay is a real-time polymerase chain 

reaction (PCR) cartridge-based assay for simultaneously detecting Mycobacterium tuberculosis complex 

and rifampicin resistance from biological specimen samples within two hours. This technology was 

endorsed by the World Health Organization (WHO) in December 2010 and is recognized as a significant 

advancement in global TB control. The WHO issued policy recommendations to perform the CBNAAT 

assay on respiratory samples in 2011.
[6]

 In the recently published meta-analysis by the WHO, the 

sensitivity of CBNAAT in diagnosing various EPTB, like lymph node TB, CNS TB, and pleural TB, are 

84.9%, 79.5%, and 43.7%, respectively, as compared to culture.
[7]

 However, clinicians in India have 

concerns regarding the yield of CBNAAT in EPTB, as it has often been seen that the yield does not match 

with the data in the WHO meta-analysis. Hence, we conducted this study to assess the diagnostic accuracy 

of CBNAAT in EPTB in our setting. 
[7]

 

 

Materials and Methods: This prospective observational study was conducted in a tertiary care hospital in 

Bhavnagar, Gujarat, from January 2021 to January 2022. During this period, all nonrespiratory clinical 

samples from clinically suspected patients with symptoms of suspected EPTB attending the outpatient 

department or admitted in the chest ward or other departments—Medicine and Pediatrics Departments of 

Bhavnagar Civil Hospital were collected and sent to our laboratory for further processing.  

All patients of both genders up to 80 years attending the hospital in this period with features of EPTB were 

included in the study. All sputum, urine, and blood samples are excluded from the study. 

The investigation comprised 470 extrapulmonary clinical samples from patients suspected of having 

EPTB, including lymph nodes, pus, pleural fluid, CSF, ascitic fluid, and tissue aspirate. 

The samples were divided into two parts—one part was stained by Ziehl–Neelsen stain and auramine–

rhodamine stain and examined under the conventional microscope under oil immersion (100 ×) 

magnification for 300 fields. Smears were similarly stained by auramine dye which enters the bacteria's 

cell wall, making it glow golden-yellow when examined by fluorescence microscopy under ultraviolet 

(UV) light for AFB.  

The second component was a sample that was tested using CBNAAT. It was placed in universal falcon 

tubes (30 mL capacity) with sampling reagent (NaOH and isopropanol at a 2:1 ratio) and maintained at 

room temperature for 15 minutes with intermittent shaking. The result was read two hours later. Cartridge-

based nucleic acid amplification test (CBNAAT) identifies the TB bacilli and the presence/absence of RIF 

resistance. It has a highly specific primer and five unique molecular probes that target the rpoB gene—

identifying the TB bacilli and RIF resistance. Data were entered into Microsoft Office Excel and analyzed 

using CDC Epi info software. 

Results and Observations: A total of 470 samples of suspected EPTB were received in the study period 

from different extrapulmonary sites.Most of the cases were of age group 20 to 50 years of age.55.6% were 

males and 44.4% were females. Mean age of the study population was 40.816.3 years with age ranging 

from 5 to 78years. In which 20.3% of the study population had diabetes mellitus, 14.4% had smoked 

previously, and 16.3% had a history of alcoholism. Diabetes mellitus was the most prevalent comorbidity. 

ESR was 41.22mm/hour on average. 

Out of 470 samples, samples from pleural fluid being the highest (153) and lymph node (56) Of the lymph 

nodes, the cervical lymph node was the most affected, site (53%), followed by the axillary(25%) and 

inguinal (16%). 

Out of 470 samplesMTB was detected in 54(11%) sample [Figure 1]. Of these 54 samples, 47 were 

sensitive to rifampicin and 3(5.5%) were resistant to rifampicin and 4(7.40%)were resistant 
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indeterminate.While 16(3.4%) samples showed AFB by the Ziehl–Neelsen stain, 26 samples (5.53%) were 

detected positive by fluorescent stain. 

 

Figure 1: Positivity of CBNAAT results among samples 

          (CBNAAT-Cartridge base nucleic amplification test; MTB –mycobacterium tuberculosis) 

 

 
 

Out of these 470 samples, 19(12.4%) patients of pleural fluid, 12(21.4%) patients of lymph node aspirate, 

2(10%) patients of empyema, 4(9.09%) patients of ascitic fluid, 11(14.8%) patients of pus, 6(5.9%) 

patients of CSF showed MTB detected and from no samples of synovial fluid, pericardial fluid and tissue 

samples mycobacterium tuberculosis (M TB) detected [Figure 2]. 

 

Figure 2: CBNAAT results among different EPTB samples 

(CBNAAT-Cartridge base nucleic amplification test; MTB –mycobacterium tuberculosis; EPTB –extra 

pulmonary tuberculosis) 

 
 

The sensitivity and specificity of CBNAAT in comparison with the Ziehl–Neelsen smear are 100% and 

91.62 %, respectively [Table 1]. At the same time, the sensitivity and septicity of CBNAAT and 

fluorescent stain are 100% and 93.69%, respectively [Table 2]. Overall positivity is shown in Table 3, 

which is 11% in CBNAAT. In males, MTB was detected in 30 (10.7%), and in females, MTB was 

detected in 24 (12.6%). Out of 470 patients, only 7 were HIV positive. MTB was detected in 3 (42.9%) 

patients.[Figure 3] 

Figure 3: CBNAAT results among HIV Positive patients 

                     (CBNAAT-Cartridge base nucleic amplification test; HIV- Human Immunodeficiency Virus) 
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Table 1: Comparison of the result of CBNAAT and ZN stain 

                                (CBNAAT-Cartridge base nucleic amplification test; ZN –Ziehl–Neelsen) 

CBNAAT status ZN stain smear status Total 

Smear Positive Smear negative 

CBNAAT positive 16 38 54 

CBNAAT negative 0 416 416 

Total 16 454 470 

 

                                          Table 2: Comparison of the result of CBNAAT and Florescent stain 

(CBNAAT-Cartridge base nucleic amplification test) 

CBNAAT status fluorescent stain smear status Total 

Smear Positive Smear negative 

CBNAAT positive 26 28 54 

CBNAAT negative 0 416 416 

Total 26 444 470 

 

Table 3:  Distribution of positivity in samples of CBNAAT and Microscopy 

                                (CBNAAT-Cartridge base nucleic amplification test; ZN –Ziehl–Neelsen) 

 

Total EPTB sample CBNAAT positive ZN stain Positive fluorescent stain 

positive 

470 54 16 26 

% 11.4 3.4 5.53 

 

Discussion:Extra pulmonary TB accounts for approximately 25% of TB cases caused by 

Mycobacterium complex worldwide, 
[8]

 thus being responsible to a great extent for the morbidity and 

mortality due to the bacteria. Because EPTB infection is usually deep-seated, biopsy by surgery is 

required to collect a sample for testing, making the diagnosis further difficult. Culture by liquid media 

by mycobacteria growth indicator tube (MGIT) system is costly and needs a lot of expertise to be done 

by trained laboratory technicians.
[9][10]

 

Cartridge-based nucleic acid amplification test is a simple, rapid, closed system working on the 

principle of nested semi-quantitative nucleic acid amplification method, which can be done quite 

quickly, giving early accurate results within 2 hours. 
[11]

 

In this 470-participant study, the study population had a mean age of 40.8 years and a slight male 

predominance of 53.8%. It was comparable to what had been seen in studies by N Nishal et al. 
[12]

 

According to NTEP reports, men are more likely than women to develop TB in India, with 62% of 

notified TB patients being men. 
[13]

 

 In this study, lymph node aspirate showed more positivity (21.4%) in CBNNAT compared to pleural 

fluid (12.4%), which is similar to the study done by Chattopadhyay et al. 
[14] 

Tubercular pleural effusion 

was the most common form of EPTB in the study conducted by Mukherjee et al., being found in 

58.17% of cases, followed by lymphadenopathy (22.71%) which is similar to this study. 
[15]

 

A study by Singh et al. 2020 detected RIF resistance by CBNAAT in 05 (6.8%) samples. They also 

found that out of 46 samples stained by Ziehl–Neelsen, which were negative, CBNAAT found MTB in 

27 samples—thus proving the fact that CBNAAT is a very sensitive test that could identify correctly 

false negative results given by Ziehl–Neelsen stain.[16] while in this study, similar results were found 

with 11% and rifampicin resistance in 5.5% samples. 

 

Conclusion:The detection of Rifampicin resistance facilitates prompt initiation of appropriate therapy,  

Improving the overall quality of TB care, and the CBNAAT has the potential to significantly improve and 

escalate the diagnosis of smear-negative body fluid specimens in regions not only with a high TB burden 

but also with overlapping HIV. 

 



European Journal of Molecular & Clinical Medicine  

ISSN 2515-8260 Volume 10, Issue 08, 2023 

 

66  

Source of funding:None 

 

Conflict of interest:None 

 

References: 

1. Doucette K, Cooper R. Tuberculosis. In: Grippi M, Elias J, Fishman J, Kotloff R, Pack A, Senior R, 

editors. Fishman's Pulmonary Diseases and Disorders. 5th ed. USA: McGraw Hill; 2015. pp. 2012–31. 

[Google Scholar] 

 

2. Sharma SK, Mohan A. Extrapulmonary tuberculosis. Indian J Med Res. 2004;120:316–53. [PubMed] 

[Google Scholar] 

 

3. Kruijshaar ME, Abubakar I. Increase in extrapulmonary tuberculosis in England and Wales 1999-2006. 

Thorax. 2009; 64:1090–5. [PubMed] [Google Scholar] 

 

4. Global Tuberculosis report 2022. Geneva: World Health Organization; 2022. 

 

5. Training module on extrapulmonary tuberculosis 2023, Ministry of health and family welfare, 

Government of India; 2023. 

 

6. World Health Organization. Automated Real-Time Nucleic Acid Amplification Technology for Rapid 

and Simultaneous Detection of Tuberculosis and Rifampicin Resistance Xpert MTB/RIF System. Geneva: 

WHO; 2011.  

 

7. World Health Organization. Xpert MTB/RIF assay for the diagnosis of pulmonary and extrapulmonary 

TB in adults and children. Geneva: WHO; 2018.  

 

8. Boehme CC, Nabeta P, Hillemann D, et  al. Rapid molecular detection of tuberculosis and rifampin 

resistance. N Engl J Med 2010;363:1005–1015. 

 

9. Namaji MA, Maheshkumar S, Nadgir SD. Comparison of Ziehl–Neelsen light microscopy and 

fluorescent (light-emitting diode) microscopy with solid culture for the diagnosis of tuberculosis with 

special reference to extrapulmonary cases. Egypt J Chest Dis Tuberc 2020;69(4):613–619 

 

10. AS Boinwad, JA Iravane. Comparison of ZN microscopy, culture on LJ media and gene Xpert 

MTB/RIF assay in diagnosis of extra-pulmonary tuberculosis. Acta Sci Microbiol 2021;4(10):68–74. 

 

11. Gupta S, Shenoy VP, Bairy I, et al. Diabetes mellitus and HIV as co-morbidities in tuberculosis 

patients of rural South India. J Infec Pub Heal 2011;4(3):140–144. 

 

12. Nishal N, Arjun P, Arjun R, Ameer KA, Nair S, Mohan A. Diagnostic yield of CBNAAT in the 

diagnosis of extrapulmonary tuberculosis: A prospective observational study. Lung India. 2022 Sep-

Oct;39(5):443-448. doi: 10.4103/lungindia.lungindia_165_22. PMID: 36629205; PMCID: PMC9623858. 

 

13. Ministry of Health, Family Welfare-Government of India. India TB report 2021 :Ministry of Health 

and Family Welfare. Gov.in. 

 

14. Chattopadhyay S, Biswas T, Banerjee A, et al. Diagnostic Approach to Extrapulmonary Tuberculosis 

by Cartridgebased Nucleic Acid Amplification Test. J Assoc Physicians India 2023;71(6):34–37. 

 

15. Mukherjee S, Biswas D, Begum S, et al. Role of cartridge based nucleic acid amplification testing in 

diagnosis of extrapulmonary tuberculosis- experience from a teaching institution in Eastern India. Int J Cur 

Res Rev Mar 2021;13(6):42–47  

 

16. Singh P, Ranjan PK, Kumar R, et al. A comparative study of the diagnostic efficacy of CBNAAT and 

ZN staining.Int J Health Clin Res 2020;3(12):153–15 

 


