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ABSTRACT Tuberculosis remains a significant global health challenge, with the 
re-emergence of Mycobacterium tuberculosis (MTB) posing serious concerns, especially in 
its extra-pulmonary forms. Rapid and accurate diagnosis is crucial for effective manage­
ment. This study evaluates the performance of the Xpert MTB/RIF Ultra assay compared 
with the Xpert MTB/RIF and traditional microscopy (Ziehl-Neelsen stain) in diagnosing 
extra-pulmonary tuberculosis (EPTB) in a tertiary care center in northern India. A total 
of 100 samples collected from September 2024 to February 2025 underwent testing 
using these methods. Our findings indicate that the Xpert MTB/RIF Ultra assay demon­
strated superior sensitivity and reliability compared with the Xpert MTB/RIF, whereas 
microscopy was the least effective. This study is the first of its kind in India, highlighting 
the enhanced diagnostic capabilities of the Xpert MTB/RIF Ultra assay for EPTB.

IMPORTANCE This is the first study to come out of India where the newly launched 
Xpert Ultra/RIF test has been used to detect Paucibacillary EPTB cases in comparison to 
the old Xpert MTB/RIF test.

KEYWORDS extra-pulmonary tuberculosis, EPTB, India, Mycobacterium tuberculosis, 
MTB, tuberculosis, rifampicin, Xpert MTB/RIF, Xpert MTB/RIF Ultra, Ziehl-Neelsen stain

T uberculosis (TB) remains a global threat despite the advent of new diagnostics and 
therapeutics. TB has returned to being the world’s leading cause of death from a 

single infectious disease after the deadly COVID-19 pandemic since 2020, marked by 
ongoing outbreaks. Over 10 million people die from TB annually, and the numbers have 
been rising since 2021. According to the World Health Organization (WHO)1 Global 
tuberculosis report 2024, 10.8 million people developed TB in the year 2023 (1), most 
being from South-East Asia (45%) and Africa (24%). Of the total number of cases, 
87% belong to the top 30 high TB burden countries, with India (26%) among the five 
countries contributing to 56% of the total. With this high burden of TB in the country, the 
mainstay of diagnostics used to detect the tubercle bacilli is molecular-based assays.

Tuberculosis outside the lung tissue is called extrapulmonary tuberculosis (EPTB), 
and this accounts for 15% of all reported cases (2, 3). Most of the EPTB samples are 
paucibacillary in nature with low bacterial load, making their diagnosis difficult using 
conventional methods. In the majority of the cases, treatment for TB is initiated based on 
clinical judgment, exposure history, clinical symptoms, and radiological investigations. 
This diagnostic gap was somewhat filled following the introduction of the Xpert MTB/RIF 
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(Cepheid, Sunnyvale, CA, USA) assay in December 2010 by the WHO. Xpert MTB/RIF 
is the first rapid 2 h point-of-care molecular test for Mycobacterium tuberculosis (MTB) 
and resistance to the antibiotic rifampicin (RIF), which was later introduced into the 
National Tuberculosis Elimination Program (NTEP) in India (4). However, despite its 
excellent performance in smear-positive sputum samples, the Xpert MTB/RIF had limited 
sensitivity in smear-negative samples and those with a low bacilli load (5). It also gave 
variable results when tested on different types of extra-pulmonary samples (6).

However, to overcome these limitations, in 2017, the technology was improved with 
the launch of Xpert MTB/RIF Ultra assay, a more rapid and improved sensitivity test 
with lower limit of detection (LOD: 15.6 CFU/mL) than Xpert (LOD: 112.6 CFU/mL) owing 
to the use of multi-copy insertion elements (IS1081 and IS6110) as MTB targets and 
gives an additional semi-quantitative “trace” result (7, 8). It gives excellent results in 
smear-negative patients, in cases with low bacterial loads, and for patients with human 
immunodeficiency virus–tuberculosis co-infections.

Most of the studies on Xpert MTB/RIF Ultra in India have been conducted in adults 
with pulmonary TB. To date, the NTEP uses the Xpert MTB/RIF cartridge. We conducted 
the study to compare the Xpert MTB/RIF Ultra assay with the earlier molecular assays, 
namely Xpert MTB/RIF, to detect EPTB in various types of samples from a tertiary care 
teaching hospital in Northern India.

MATERIALS AND METHODS

Study design and setting

This is a secondary data analysis of the available laboratory records of patients, 
conducted between September 2024 and February 2025 in a 750-bed tertiary care center 
located in the state of Uttar Pradesh, India. The records of the patients were extracted 
in the specified time period from the various data sources. Samples were collected from 
clinically suspected patients of EPTB and were subjected to testing first by conventional 
microscopy and then by Xpert MTB/RIF and Xpert MTB/RIF Ultra assays.

Study population and data source

The study population comprised all individuals with clinically suspected EPTB based on 
the clinical symptoms who visited the All-India Institute of Medical Sciences (AIIMS), 
Gorakhpur, during the study period. The samples were collected from various sites and 
sent to the microbiology laboratory of AIIMS Gorakhpur for evaluation.

Study tools

The study utilized multiple diagnostic tests, including Microscopy (Ziehl-Neelsen stain), 
Xpert MTB/RIF, and Xpert MTB/RIF Ultra. Additionally, a structured patient register form 
was employed to systematically record relevant data.

Diagnostic methods

Microscopy

All the samples were first examined grossly for quality of the specimen and then stained 
using the Ziehl-Nelsen staining procedure, and the results were reported as per the NTEP 
guidelines.

Xpert MTB/RIF and Xpert MTB/RIF Ultra

The sample reagent buffer, containing NaOH and isopropanol in a 2:1 ratio, was added, 
mixed, and then kept for incubation at room temperature for 15 min. The clinical 
sample (2 mL) was then transferred to either the Xpert MTB/RIF or Xpert MTB/RIF Ultra 
cartridge and loaded onto the respective instrument. The instrument performs all steps 
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automatically. It is based upon the hemi-nested real-time PCR amplification principle and 
detects the target region in approximately 2 h. Both the diagnostic modalities detect 
MTB as well as Rifampicin resistance if present in the pathogen.

Statistical analysis

The data collected from the records were entered in Microsoft Excel and cleaned 
before analysis. Analysis was performed using STATA-17 (College Station, Texas, USA). 
Descriptive, agreement, and diagnostic performance analyses were conducted. Positive 
TB case detection rates were calculated with 95% confidence intervals (CIs). Agreement 
analysis employed Kappa statistics to assess concordance between diagnostic tests. 
Diagnostic performance measures, including sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and overall accuracy, were computed using 
the Composite Reference Standard (CRS) as the gold standard. The receiver operating 
characteristic (ROC) curve analysis was performed to compare the diagnostic accuracy. 
The CRS is constructed based on a combination of results from Microscopy (Ziehl-Neel­
sen stain), Xpert MTB/RIF, and Xpert MTB/RIF Ultra. A participant is classified as EPTB-
positive under CRS if at least two of the tests yield positive results (9). This approach 
enhances diagnostic reliability by integrating multiple testing modalities.

RESULTS

Over a time period of 6 months between September 2024 and February 2025, a total of 
100 EPTB samples were tested using first the conventional Ziehl-Neelsen microscopy and 
then subsequently by both Xpert MTB/RIF and Xpert MTB/RIF Ultra for MTB. Among the 
samples, 37% belonged to the 1–25 age group, followed by 33% in the 26–49 age group 
and 30% in the 50+ age group (Table 1). The majority of the sampled population was
males (62%), followed by females (38%). Of the total samples, pleural fluid (25/100) and 
pus (25/100) contributed to 50%, whereas bronchoalveolar lavage (20/100) and gastric 
aspirates (15/100), along with others, made up the remaining (Table 1).

Among the 100 samples, conventional microscopy (Ziehl-Nelsen Stain) detected one 
as positive for the presence of acid-fast bacilli (1%; 95% CI: 0.1, 7.0). However, the Xpert 
MTB/RIF detected MTB in 16/100 samples (16%; 95% CI: 10.0, 24.7) (Table 2). Among 
these 16 positive samples, seven were classified as medium, seven as low, and two as 
very low. The RIF resistance was detected in 1/16 positive samples that had detected 
MTB load as the medium. In comparison, the Xpert MTB/RIF Ultra detected MTB in 
31/100 samples (95% CI: 22.6, 40.9) (Table 2). Of the 31 samples, 3 were classified as 
high, 3 as medium, 10 as low, 4 as very low, and 11 in the trace category. All samples 

TABLE 1 Sample demographic characteristics

Number of samples Percent

Age
  1–25 37 37
  26–49 33 33
  50+ 30 30
Sex
  Female 38 38
  Male 62 62
Sample type
  Pleural fluid 25 25
  Bronchoalveolar lavage fluid 20 20
  Gastric aspirate 15 15
  Pus 25 25
  Ascites fluid 8 8
  Other 7 7
Total number of samples 100
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detected positive for MTB under the Trace category showed RIF as indeterminate. Only 
2/31 positive samples on Xpert MTB/RIF Ultra were positive for RIF resistance.

As far as the agreement was concerned between the tests, conventional microscopy 
(Ziehl-Neelsen Stain) showed poor agreement with Xpert MTB/RIF (kappa = 0.1007, 85% 
agreement, P = 0.011) and Xpert MTB/RIF Ultra (kappa = 0.044, 70% agreement, P = 
0.067). The pattern was almost similar between Xpert MTB/RIF and Xpert MTB/RIF Ultra 
(kappa = 0.5955, 85% agreement, P ≤ 0.001). Table 3 shows a substantial variation in 
concordance levels among MTB diagnostic tests.

The diagnostic performance of the three MTB detection methods, microscopy 
(Ziehl-Neelsen Stain), Xpert MTB/RIF, and Xpert MTB/RIF Ultra, was assessed by consider­
ing the CRS as a gold standard (Table 4). Microscopy demonstrated poor sensitivity (3.0%, 
95% CI: 0.2–30.2) but perfect specificity (100%, 95% CI: 95.7–100), leading to an accuracy 
of 68% (95% CI: 58.9–77.1). In contrast, Xpert MTB/RIF Ultra exhibited the best diagnostic 
efficacy, with a high sensitivity of 93.9% (95% CI: 79.8–99.3) and perfect specificity (100%, 
95% CI: 94.6–100), achieving an accuracy of 98% (95% CI: 93.0–99.8). Notably, all tests 
with perfect specificity had a positive predictive value of 100%, ensuring no false-posi­
tive diagnoses, whereas Xpert MTB/RIF Ultra had the highest negative predictive value 
(97.1%, 95% CI: 89.9–99.6), showing it to be the most reliable test for detecting MTB 
cases.

Figure 1 displays the ROC curve of different MTB diagnostic tests considering the 
CRS as the gold standard. The highest diagnostic accuracy observed in cartridge-based 
nucleic acid amplification test (CBNAAT) of the Xpert MTB/RIF Ultra (AUC = 0.9697). 
Microscopy (Ziehl-Neelsen Stain) performed poorly (AUC = 0.5152), with very low 
sensitivity. Overall, CBNAAT using the Xpert MTB/RIF Ultra version of the test is the 
most effective diagnostic tool, whereas microscopy is the least reliable, performing only 
slightly better than random chance.

DISCUSSION

Herein we evaluated the correlation between the improved Xpert MTB/RIF Ultra assay 
with that of the Xpert MTB/RIF, which is now mostly available in most of the medical 
colleges and hospitals in India for the detection of EPTB. Both of the above tests work on 
the basis of amplifying the nucleic acids and therefore improving their detectability and 

TABLE 2 Patterns of M. tuberculosis detection across three diagnostic tests

Number of tests Percent 95% CI

Microscopy Ziehl-Neelsen Stain
  Negative 99 99 93, 99.9
  Positive 1 1 0.1, 7.0
Xpert MTB/RIF
  Not detected 84 84 75.3, 90
  Detected 16 16 10, 24.7
Xpert MTB/RIF Ultra
  Not detected 69 69 59.1, 77.4
  Detected 31 31 22.6, 40.9

TABLE 3 Kappa agreement analysis between tuberculosis diagnostic tests

Agreement Expected 
agreement

Kappa P-value

Microscopy Ziehl-Neelsen Stain vs. 
Xpert MTB/RIF

85.00% 83.32% 0.1007 0.011

Microscopy Ziehl-Neelsen Stain vs. 
Xpert MTB/RIF Ultra

70.00% 68.62% 0.044 0.067

Xpert MTB/RIF MTB vs. Xpert MTB/RIF 
Ultra

85.00% 62.92% 0.5955 ≤ 0.001
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identifying the pathogenic organism (6). The Xpert MTB/RIF Ultra assay to date has been 
approved by the WHO for the diagnosis of both pulmonary as well as EPTB; however, 
in India, to date, it has been recommended to only be used for unprocessed sputum 
samples or concentrated sediments prepared from induced or expectorated sputum. 
Although Xpert MTB/RIF performs well in most cases of TB, its performance is not as 
good in paucibacillary conditions of EPTB (10).

Our study is unique in nature, as it is the first study from India to evaluate both Xpert 
MTB/RIF and Xpert MTB/RIF Ultra and compare them for the detection of EPTB. Here, 
we included 100 extra-pulmonary samples with interpretable results in all 100 of them. 
Despite the limited sample size of the study, we have identified significant findings. As 
per the Global Tuberculosis Report 2024, the disease affects men more than women, and 
a similar finding was also observed in our study with 62% of the total being males.

FIG 1 ROC curve of different M. tuberculosis (MTB) diagnostic tests considering the CRS as reference.

TABLE 4 Sensitivity and specificity analyses considering CRS as the reference category

Measures Percent 95% CI

Microscopy Ziehl-Neelsen Stain
  Sensitivity 3.0 0.2, 30.2
  Specificity 100 95.7, 100
  Positive predictive value 100 2.5, 100
  Negative predictive value 67.7 57.5-76.7
  Accuracy 68 58.9, 77.1
  Observations (n, number) (n = 100)
Xpert MTB/RIF
  Sensitivity 48.5 30.8, 66.5
  Specificity 100 94.6, 100
  Positive predictive value 100 79.4, 100
  Negative predictive value 79.8 69.6, 87.7
  Accuracy 83 75.1, 89.3
  Observations (n, number) (n = 100)
Xpert MTB/RIF Ultra
  Sensitivity 93.9 79.8, 99.3
  Specificity 100 94.6, 100
  Positive predictive value 100 88.8, 100
  Negative predictive value 97.1 89.9, 99.6
  Accuracy 98 93, 99.8
  Observations (n, number) (n = 100)
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Of the total 100 extra-pulmonary samples included and tested by conventional 
microscopy and both by molecular assays, the Xpert MTB/RIF Ultra detected M. 
tuberculosis complex in 16 additional cases compared with the Xpert MTB/RIF. Conven­
tional Ziehl-Neelsen microscopy played a limited role, detecting acid-fast bacilli in 1/100 
samples, which was graded as Scanty. The improved sensitivity and specificity of Xpert 
MTB/RIF Ultra versus Xpert MTB/RIF (93.4% vs 48.5%) led to a more significant proportion 
of microbiologically confirmed EPTB. These findings are similar to those of Wu et al. 
(11), who also found improved sensitivity for Xpert MTB/RIF Ultra (83.7%) compared with 
Xpert MTB/RIF (67.4%). Our study illustrates a highly significant difference in sensitivity of 
more than 45% between Xpert MTB/RIF and Xpert MTB/RIF Ultra, which can be very well 
explained by the greater ability in view of the lower detection threshold of Xpert MTB/RIF 
Ultra. The improved sensitivity of Xpert MTB/RIF Ultra is due to the use of multi-copy 
IS1081 and IS6110 insertion elements specific to MTB as target sequences, allowing the 
detection of samples with lowest bacilli load (8, 12). Consistently, 15 extrapulmonary 
specimens with negative Xpert MTB/RIF results showed positive results in the Xpert 
MTB/RIF Ultra assay, demonstrating an improved EPTB detection. This is of utmost 
importance in extra-pulmonary samples, which are paucibacillary in nature and are very 
difficult to diagnose.

Second, out of the 31 samples that were detected positive for MTB-complex on 
Xpert MTB/RIF Ultra, 11 were classified as trace. These included a substantial amount 
of pleural fluid (45%) along with bronchoalveolar lavage and pus samples, illustrating 
that clinicians need to be careful when dealing with such patients. This is an additional 
semi-quantitative category that was not present in the Xpert MTB/RIF. All these 11 
samples when tested for RIF resistance gave indeterminate results, emphasizing the 
further need for drug susceptibility testing. Furthermore, of the 31 positive samples of 
Xpert MTB/RIF Ultra, only two samples demonstrated rifampicin resistance—one each 
with a low and high level of MTB complex. The use of Xpert MTB/RIF Ultra could 
reduce the dependency on multiple diagnostic modalities (e.g., microscopy and culture), 
thereby shortening the diagnostic timeline and reducing costs related to prolonged 
illness and empirical treatments. However, programmatic integration would require 
training, awareness, and logistical upgrades in peripheral settings.

Limitations

Since the data were obtained from a single hospital with a limited number of sam­
ples, generalizing the findings may be challenging. In addition, the various types of 
EPTB samples were very few in number, especially those of peritoneal fluid, urine, and 
pericardial fluid. Larger multi-center studies, with larger sample sizes, will be required to 
further evaluate the performance of Xpert MTB/RIF Ultra on such samples. Additionally, 
variations in test conditions and operator expertise could influence results, potentially 
affecting diagnostic accuracy. In terms of rifampicin resistance determination, all samples 
with trace levels of MTB-complex on Xpert MTB/RIF Ultra need to be sent for further 
testing, as they will give indeterminate results.
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