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Abstract:  
Background: Tuberculosis (TB) remains a global health challenge, with multidrug-resistant tuberculosis 
(MDR-TB) emerging as a major concern. Early and accurate detection of Mycobacterium tuberculosis (MTB) 
and rifampicin resistance is crucial for effective treatment and control of TB. This study aimed to compare the 
diagnostic utility of Ziehl-Neelsen (ZN) smear microscopy and GeneXpert MTB/RIF, a rapid molecular test, in 
detecting MTB and rifampicin resistance. 
Methods: A total of 1,959 clinical samples (including sputum, bronchial alveolar lavage, CSF, pleural fluid, 
pus, lymph node aspirates, and other extrapulmonary specimens) were processed from January 2024 to 
December 2024 at Pacific Institute of Medical Sciences, Udaipur. Samples were analyzed using both ZN smear 
microscopy and the GeneXpert MTB/RIF assay for the detection of MTB and rifampicin resistance. 
Results: Among the 1,959 samples, 389 (19.85%) tested positive for acid-fast bacilli (AFB) using ZN staining, 
while 475 (24.25%) tested positive by GeneXpert. Rifampicin resistance was detected in 16 samples (0.81%). 
The highest rifampicin resistance was found in sputum samples (0.62%). GeneXpert identified MTB in 6.43% 
of smear-negative samples, with 5 of them being rifampicin-resistant. GeneXpert showed higher sensitivity and 
specificity compared to ZN smear microscopy, especially in smear-negative and extrapulmonary TB cases. 
Conclusion: The GeneXpert MTB/RIF assay offers a reliable and rapid diagnostic solution for detecting MTB 
and rifampicin resistance, surpassing the limitations of ZN smear microscopy. Incorporating this molecular 
diagnostic method into routine laboratory practices will significantly improve the detection of drug-resistant TB, 
facilitating better treatment outcomes and the containment of MDR-TB. 
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Introduction 

Tuberculosis (TB) remains a significant global 
health issue, ranking among the top 10 causes of 
death worldwide and as a leading cause of 
mortality from a single infectious agent. TB is 
caused by Mycobacterium tuberculosis (MTB), an 
airborne pathogen transmitted through aerosolized 
droplets containing the bacilli. While pulmonary 
TB is the most common manifestation, MTB can 
infect other sites, resulting in extrapulmonary TB, 
which is often more challenging to diagnose. 
(World Health Organization, 2021). [1] 

According to WHO reports, approximately 10 
million TB cases were reported globally in 2019, 
with the highest burden observed among men aged 
15 years and older, accounting for 56% of all cases. 
TB affects individuals across all age groups and 
genders but disproportionately impacts 
socioeconomically disadvantaged populations. Key 

factors driving the sustained transmission of TB 
include the co-infection with human 
immunodeficiency virus (HIV), delayed diagnosis, 
and inadequate control measures (WHO, 2021). [1] 

The rising number of TB cases poses a significant 
challenge to current control efforts, especially with 
the emergence of drug-resistant strains. Resistance 
to anti-tuberculosis medications primarily arises 
from spontaneous genetic mutations in the 
Mycobacterium tuberculosis genome, occurring at 
predictable rates. Multidrug-resistant TB (MDR-
TB), characterized by resistance to isoniazid (INH) 
and rifampicin (RIF), is a growing concern and has 
been reported across the globe. [2-3]  

Africa and Asia carry the highest burden of 
tuberculosis (TB), accounting for 95% of new cases 
globally (WHO, 2020). [4-5] India leads the world 
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in TB cases, contributing 27% of new global cases 
annually [6-7]. In 2018, an estimated 4,84,000 
cases of multidrug-resistant TB (MDR-TB) or 
rifampicin-resistant TB were reported worldwide, 
with 6.2% classified as extensively drug-resistant 
TB (XDR-TB). MDR-TB involves resistance to 
isoniazid and rifampicin, with or without resistance 
to other first-line drugs. Globally, 3.4% of new 
cases and 18% of previously treated cases are 
MDR-TB or rifampicin-resistant. XDR-TB 
includes additional resistance to fluoroquinolones 
and second-line injectable drugs making it one of 
the most challenging forms of TB to treat. [6]  

Treatment for drug-resistant TB, including MDR-
TB and XDR-TB, is possible but costly, prolonged, 
and associated with higher failure and mortality 
rates. [5] In MDR-TB, genetic mutations are 
responsible for resistance, with the katG gene 
linked to isoniazid resistance and the rpoB gene to 
rifampicin resistance. [8] 

Accurate and early detection of MTB is critical for 
reducing transmission and improving treatment 
outcomes. Smear microscopy, particularly using 
Ziehl-Neelsen (ZN) staining, has long been the 
cornerstone of TB diagnosis in resource-limited 
settings due to its simplicity and low cost. This 
method involves direct microscopic examination of 
sputum smears to detect acid-fast bacilli (AFB). 
However, it has significant limitations, including 
low sensitivity, particularly in paucibacillary cases 
and extrapulmonary TB. Detection by ZN smear 
microscopy requires a bacillary load of at least 
10,000 organisms per milliliter of sputum, which 
often results in missed diagnoses, especially in HIV 
co-infected individuals or children (Chakravorty et 
al., 2017). [9] 

To address these limitations, the WHO endorsed 
the Cartridge-Based Nucleic Acid Amplification 
Test (CBNAAT) in 2011 as a rapid and automated 
diagnostic tool. CBNAAT, also known as 
GeneXpert. GeneXpert not only detects MTB but 
also confer mutational resistance with help of three 
specific primers and ensure a high specificity. This 
cartridge based testing platform with fully 
automated DNA detection used in MTB diagnosis 
with rifampicin resistance within two hours. Its 
sensitivity is markedly higher than smear 
microscopy, as it can detect as few as 131 colony-
forming units per milliliter of sputum or five 
genome copies per reaction. CBNAAT is 
particularly beneficial for diagnosing smear-
negative and extrapulmonary TB, although it 
cannot differentiate between active and cured TB 
due to its ability to detect both live and dead 
bacteria (Lawn et al., 2013; Steingart et al., 2014). 
[10-11] 

This study aims to evaluate and compare the 
diagnostic utility of ZN smear microscopy and 

CBNAAT in detecting MTB. By highlighting their 
respective sensitivities, specificities, and 
limitations, this research seeks to provide insights 
into optimizing TB diagnostic strategies, 
particularly in resource-limited settings. 

Materials and Methods 

All clinical samples (2009) were processed from 
January 2024 to December 2024 at Pacific Institute 
of Medical Sciences, Udaipur. The sample sources 
were sputum, bronchial alveolar lavage, CSF 
followed by pleural fluid, endotracheal, PUS, 
Lymph-node aspirate, Liver abscess, Pericardial 
fluid, Ascitic fluid, Urine and all samples were 
further processed.  

1. Sample Collection  

Before collection of samples, all patients enrolled 
on NIKSHAY online portal. NIKSHAY is the 
official online portal launched by the Government 
of India for tracking and managing tuberculosis 
(TB) patients under the National TB Elimination 
Program (NTEP). For pulmonary tuberculosis, two 
sputum samples (one spot sample and the second 
one on the next day morning), measuring 50 mL, 
were collected in wide-mouthed sterile containers 
and all extrapulmonary samples were collected 
according to the National Tuberculosis Elimination 
Program (NTEP) guidelines. [12] Microscopy 
using Ziehl-Neelsen (ZN) staining was conducted, 
along with sample decontamination procedures. 
[13] 

2. Preparation of Sample 

All specimens were decontaminated using 5.0 mL 
of NaCl solution with N-acetyl-L-cysteine (NALC) 
and sodium hydroxide (NaOH). After a 15-minute 
incubation at room temperature, the specimens 
were neutralized with phosphate-buffered saline 
(PBS) at pH 6. The samples were then centrifuged 
at 4500 rpm for 20 minutes at 10°C. Finally, the 
pellets were suspended in 1.5 mL of sterile PBS 
and collected for further analysis. [14-16] 

3. Microscopic Examination  

3.1 Ziehl-Neelsen Staining 

The purulent portion of the specimen was selected 
to prepare a direct smear on a clean 2 × 1 cm slide. 
After air-drying, the slides were heat-fixed and then 
subjected to Ziehl-Neelsen (ZN) staining. The 
smears were subsequently graded according to the 
National Tuberculosis Elimination Program 
(NTEP) guidelines. [13,17] 

4. Xpert MTB/RIFAssay (Cartridge Based 
Nuclear Acid Amplification Test, CBNAAT) 

A 1 mL sample was analyzed using the CBNAAT 
system on the Xpert MTB/RIF. The machine used 
for processing contained four cartridges. A 
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sampling reagent was added to the sample in a 2:1 
ratio and incubated at room temperature with 
intermittent shaking for 15 minutes, following the 
standard operating procedure. Afterward, 2 mL of 
the sample was transferred to the cartridge and 
placed into the CBNAAT machine module. The 
tests were performed according to the 
manufacturer's user manual, with results generated 
in approximately 1 hour and 50 minutes. This 
process allowed for the detection of 
Mycobacterium species and rifampicin resistance 
simultaneously. [18-19] 

Results  

A total of 2,009 pulmonary and extrapulmonary 
samples were collected from patients with clinical 
and radiological suspicion of tuberculosis. Out of 
these 2,009 MTB-suspected samples, 50 samples 
were excluded from the study. The reasons for 
exclusion included inadequate sample quantity, 
contamination, and machine test errors. The 
sources of the remaining samples are shown in 
Table 1. Samples were collected from both male 
and female patients. A total of 1,520 (77.60%) 
samples were obtained from male patients, while 
439 (22.40%) samples were collected from female 
patients (Figure 1). Male patients were more 
predominant than females. 

 

 
Figure 1: Gender distribution 

 
Table 1: Sample distribution in patients of MTB. 

Source of sample No. of samples (n=1959) % 
Sputum 1293 66.00 
BAL 299 15.26 
ETA 37 1.89 
PF 129 6.60 
CSF 52 2.59 
PUS 33 1.69 
Pericardial Fluid 05 0.26 
Liver Abscess 14 0.69 
Lymph-node  03 0.14 
AF 75 3.83 
Tissue 03 0.154 
Urine 03 0.14 
GL 13 0.68 
Total 1959 100% 

 
[BAL-Bronchial Alveolar Lavage, ETA- Endotracheal aspirate, PF- Pleural Fluid, CSF- Cerebrospinal Fluid, 
AF- Ascitic Fluid, GL- Gastric Lavage] 
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Table 2: Sample distribution of patients in ZN smear positive, Gene Xpert (CBNAAT) positive with 
Rifampicin resistance. 

Source of sample No. of samples 
n=1959, (%) 

ZN Smear posi-
tive, (%) 

Gene Xpert 
(CBNAAT) Posi-
tive, (%) 

Rifampicin 
Resistance, 
% 

Sputum 1293, (66.00) 285, (22.04)  338, (26.14) 12, (0.92) 
BAL 299, (15.26 ) 69, (23.07) 87, (29.09) 01, (0.33) 
ET 37, (1.89 ) 8, (21.62) 9, (24.32)  0  
PF 129, (6.60 ) 9, (6.97) 15, (11.62) 01, (0.77)  
CSF 52, (2.59 ) 4, (7.69) 7, (13.46)  01, (1.92)  
PUS 33, (1.69) 8, (24.24) 13, (39.39) 01, (03.03) 
Pericardial Fluid 05, (0.26) 0 0 0 
Liver Abscess 14, (0.69 ) 0 1, (7.14) 0 
Lymph-node 03, (0.14) 2, (66.66) 2, (66.66) 0 
AF 75, (3.83) 3, (4) 2, (2.66) 0 
Tissue 03, (0.154 ) 0 0 0 
Urine 03, (0.14) 0 0 0 
GL 13, (0.68 )  1, (7.69) 1, (7.69) 0 
Total 1959, (100%) 389, (19.85) 475, (24.25) 16 (0.81) 

 
Microscopic examination revealed that 389 samples (19.85%) tested positive for Acid-Fast Bacilli (AFB) using 
the ZN staining method. In contrast, 1,570 samples (80.15%) were smear-negative (Table 2). The AFB grading 
based on the samples is presented in Figure 2. Grading was done only for sputum samples. 
 

 
Figure 2: patients sample with AFB grading 

 
In the study, out of 1,959 samples, 389 (19.85%) 
were smear-positive, as shown in Table 2. 
Additionally, 475 samples (24.25%) tested positive 
using CBNAAT. By CBNAAT positive samples, 
Rifampicin resistance was detected in 16 samples 
(16/1959, 0.81%). Highest rifampicin resistance 
was detected from sputum samples (08/1293). 
Among the 1,570 smear-negative samples 
processed directly for CBNAAT-Gene Xpert, 101 
samples (6.43%) were found to be positive with 5 
samples resistance to rifampicin and all other 
susceptible to Rifampicin. 

Discussion   

The rising incidence of MDR-TB in India and other 
developing nations poses a significant challenge to 
tuberculosis control efforts. One of the key issues 
in TB treatment is the delay in diagnosis and lack 
of drug sensitivity testing, which often results in 
the development of MDR-TB. The global 
prevalence of MDR-TB is increasing rapidly, 
highlighting the need for accurate and swift 
diagnostic methods. Such advancements are crucial 
to assist clinicians in the effective treatment, 
management, and control of TB. Consequently, this 
study was undertaken to assess the significance of 
the GeneXpert MTB/RIF, a new PCR-based 
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technology, in detecting MTB and rifampicin 
resistance. 

In this study, a total of 1959 samples were 
analyzed. The male population constituted 77.60%, 
making it more predominant compared to the 
female population, which accounted for 22.40%. 
The age range of participants was between 4 and 94 
years. Our findings were consistent with the study 
conducted by Abyot Meaza et al. [20] . Among the 
182 cases, 118 patients (65%) were male, while 64 
patients (35%) were female. 

The median age in our study was 49 years, with a 
range spanning from 4 to 94 years. This differs 
from the findings of Kandha Kumara et al. [21], 
who reported a median age of 26 years, with an age 
range from 1 to 68 years. 

In our study, out of 1959 samples, 389 (19.85%) 
tested positive for AFB on smear examination, 
while 1570 (80.15%) tested negative. Among the 
1959 pulmonary and extra-pulmonary samples ana-
lyzed, including sputum, pleural fluid, bronchial 
alveolar lavage, endotracheal aspirate, CSF, pus, 
lymph nodes, gastric lavage, pleural fluid, and as-
citic fluid, CBNAAT Gene Xpert testing identified 
1332 negative samples. The study also revealed a 
rifampicin resistance rate of 0.81%. 

In our study, among the cohort of 1570 smear-
negative samples, MTB was detected in 101 
patients using CBNAAT. Of these, 5 were 
rifampicin-resistant, while 96 were rifampicin-
sensitive. CBNAAT identified 101 cases (6.43%) 
from smear-negative samples, which was lower 
compared to the findings of Dash Manoranjan et al. 
[22]. The rifampicin sensitivity pattern observed in 
our study was consistent with the results reported 
by Vishal Chopra et al. [23]. 

In our study, sputum smear testing revealed AFB 
positivity in 389 patients (19.85%), while 
CBNAAT detected MTB in 353 patients (18.02%). 
This is may be due to mycobacteria other than 
tuberculosis (MOTT). Among these, 10 patients 
were found to have rifampicin resistance, aligning 
with the findings of Anushree Chakraborty et al. 
[24]. 

Various studies evaluating the performance of 
GeneXpert (MTB/RIF) have reported test 
sensitivities ranging from 57% to 76.9% in culture-
positive but smear-negative cases. In culture-
positive and smear-positive cases, sensitivities were 
observed to be between 98% and 100%. Overall, 
the specificity of GeneXpert has consistently been 
reported at 99% to 100%. [25-28] 

Our study confirms that the Z-N smear is less 
sensitive than the GeneXpert MTB/RIF test. This 
difference can be attributed to the higher bacillary 
load required for a positive result with the Z-N 
smear method, which necessitates 5x10³ to 1x10⁴ 

bacilli/ml of specimen. In contrast, the GeneXpert 
assay can detect as few as 131 bacilli/ml. [29-30] 
Additionally, the GeneXpert MTB/RIF test 
identifies the DNA of Mycobacterium tuberculosis 
(MTB). In this study, isolates were detected by the 
Z-N stain but tested negative with the GeneXpert 
MTB/RIF assay. This discrepancy arises because 
GeneXpert is a nucleic acid amplification test 
designed to detect specific DNA of the MTB 
complex, excluding Mycobacteria other than 
tuberculosis (MOTT). [31] 

Multidrug-resistant tuberculosis (MDR-TB) is 
defined as tuberculosis caused by strains of M. 
tuberculosis that are resistant to at least isoniazid 
and rifampicin. While mono-resistance to 
rifampicin is uncommon, 90% of rifampicin-
resistant isolates are also resistant to isoniazid. As a 
result, the detection of rifampicin resistance can act 
as a reliable surrogate marker for MDR M. 
tuberculosis. The Xpert® MTB/RIF test provides 
accurate results for rifampicin resistance detection, 
enabling the rapid initiation of MDR-TB treatment. 
[32-34] 

In our study, 16 (0.81%) of the samples were found 
to be rifampicin-resistant, while the remaining 
samples were rifampicin-sensitive. These results 
were lower compared to the studies by Olusoji et 
al., [35] Lawson et al., [36] and Ganguly et al., [37] 
which reported rifampicin resistance rates of 7.2%, 
8.6%, and 19%, respectively. Similarly, Idigbe et 
al. [38] found a 2% rifampicin resistance rate in 
Lagos, Nigeria. However, Rasaki et al. [39] did not 
report any rifampicin-resistant strains in their 
findings. 

Conclusion 

The GeneXpert MTB/RIF assay offers a simple, 
rapid, and reliable method for detecting M. 
tuberculosis in sputum specimens. It is less reliant 
on the operator's expertise, meaning that even staff 
with minimal training can effectively use the 
system. While the GeneXpert MTB/RIF assay has 
significant advantages, it is important to note that, 
like other diagnostic tests for tuberculosis, a 
negative result does not completely rule out the 
disease. To confirm the diagnosis, patients with 
negative results should undergo further evaluation, 
including Z-N smear tests, culture, clinical 
symptoms, and radiographic findings. On the other 
hand, positive results from GeneXpert should be 
integrated into a comprehensive assessment. The 
assay's high sensitivity and specificity for detecting 
rifampicin resistance make it an excellent choice 
for initial testing of drug resistance. The 
incorporation of molecular diagnostic methods, 
such as GeneXpert, into routine laboratory 
practices would significantly enhance the 
adaptation of treatment regimens and help in 
limiting the spread of MDR-TB strains. 
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Furthermore, the development of a highly sensitive 
diagnostic screening test, which directly detects M. 
tuberculosis from decontaminated sputum without 
the need for time-consuming nucleic acid 
extraction, makes it especially suitable for point-of-
care use, with results available within 
approximately two hours. 
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