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ABSTRACT 

Background:  Pulmonary tuberculosis (PTB) is a significant public health challenge in developing countries, and it is 

one of the leading causes of infection-related morbidity and mortality. Early and accurate diagnosis is crucial for 

controlling its transmission and improving patient outcomes. 

Material and Methods:  This cross-sectional study was carried out at the microbiology laboratory of Indus Hospital 

and Health Network, Karachi, from February 1, 2023, to July 31, 2023. A consecutive (non-probability) sampling 

technique was employed. We performed Xpert MTB/RIF, fluorescence microscopy, and mycobacterial cultures on all 

pulmonary samples. The sensitivity, specificity, predictive values, and diagnostic accuracy of Xpert MTB/RIF and 

fluorescence microscopy were calculated and compared with culture as the gold standard.  

Results: A total of 386 sputum samples were included in the study. More samples tested positive with Xpert MTB/RIF 

(n = 77, 20%) than fluorescence microscopy (n = 52, 13%). Xpert MTB/RIF demonstrated higher sensitivity (95%) than 

fluorescence microscopy (64%), while both methods showed comparable specificity (100%) and positive predictive 

values (100%). The negative predictive value of Xpert MTB/RIF (99%) exceeded that of fluorescence microscopy 

(91%). Likewise, the diagnostic accuracy of Xpert MTB/RIF (99%) was higher than fluorescence microscopy (97%). 

Conclusion: The Xpert MTB/RIF demonstrated better diagnostic efficacy, highlighting its importance for prompt and 

accurate diagnosis of PTB. However, the accessibility and utility of fluorescence microscopy in low-resource settings 

cannot be overlooked. 

Keywords: Microscopy, Fluorescence; Mycobacterium tuberculosis / microbiology, Nucleic acid amplification 

techniques, Predictive value of tests, Tuberculosis, Pulmonary, Sensitivity and specificity 

 
BACKGROUND 

Tuberculosis (TB), often considered a disease of the 

past, remains a significant challenge in the modern 

world. In 2023, the World Health Organization (WHO) 

reported 10.8 million cases of TB worldwide, a rise from 

previous years, with a global incidence of 134 cases per 

100,000 population. With an estimated 686,000 

incident TB cases in 2023, Pakistan stood fifth among 

30 high-burden countries, adding 6.3% to the worldwide 

burden of TB disease.1 Pulmonary tuberculosis (PTB) is 

a highly contagious infection, as one smear-positive, 

untreated case can infect 10-15 persons per year in high-

burden countries.2  

Early and accurate diagnosis is crucial for curtailing its 

transmission, improving patient management, and 

alleviating the financial burden on the healthcare 

system.3 The National Guidelines for Tuberculosis 

Control in Pakistan recommend Acid-Fast Bacilli 

(AFB) smear testing for non-immunocompromised 

adults who are not at risk of acquiring drug-resistant TB 

and for whom Xpert MTB/RIF is inaccessible.4 Smear 

microscopy for TB uses two methods: the Ziehl-Neelsen 

(ZN) and auramine-rhodamine (fluorescent) stains. The 

auramine-rhodamine stain shows 8% to 10% greater 

sensitivity than the ZN stain, making it a more reliable 

diagnostic tool.5 Fluorescence microscopy is less 

sensitive compared to other advanced diagnostic tests 

because of its higher limit of detection, which is 5000-

10000 bacilli per milliliter.6 Therefore, paucibacillary 

TB, people living with HIV, and children with TB might 

not be positive when tested for AFB smear only.7 

Observer variability, inability to differentiate between 

dead and viable bacilli, and inability to perform 

susceptibility testing are a few additional limitations of 

smear microscopy.5 

The Xpert MTB/ RIF was a cutting-edge diagnostic test 
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for TB and was endorsed by the WHO in 2010.8 The 

various benefits offered by Xpert MTB/RIF include 

enhanced diagnostic accuracy due to its lower limit of 

detection (131 bacilli per milliliter of sample), 

simultaneous detection of rifampicin resistance, and a 

rapid turnaround time of 2 hours.9 However, it is a 

nucleic acid amplification test; we cannot assess bacilli's 

viability, and it cannot identify non-tuberculous 

mycobacteria (NTM).10 The gold standard test for TB 

diagnosis is mycobacterial culture, with an extremely 

low limit of detection (10 bacilli per milliliter of 

sample), enabling performance of phenotypic drug 

susceptibility testing and differentiation of 

Mycobacterium tuberculosis (MTB) from NTM. The 

requirement for a Biosafety Level 3 (BSL-3) laboratory, 

longer turnaround times, and MTB's slow growth pose 

therapeutic challenges.11  

Pakistan is a TB-endemic country. Despite the broad 

utility of fluorescence microscopy and Xpert MTB/RIF 

for diagnosing PTB, comparative data on their 

diagnostic performance with culture results in routine 

clinical settings are limited. While Xpert MTB/RIF is 

known to have superior sensitivity compared to 

fluorescence microscopy12, no recent regional studies 

have validated this in PTB. This lack of evidence 

hinders the informed selection of diagnostic methods for 

rapid and accurate disease detection and, consequently, 

its effective control. 

To address this gap, the present study evaluated the 

diagnostic accuracy of Xpert MTB/RIF and 

fluorescence microscopy, comparing them with culture 

in PTB patients in routine clinical settings in Pakistan. 

 

MATERIAL AND METHODS 

This cross-sectional study was performed at the 

microbiology section of the clinical laboratory at Indus 

Hospital and Health Network, Karachi, from February 

1, 2023, to July 31, 2023.  

The Sample size was calculated by using Dr. Lin 

Naing’s sensitivity and specificity calculator, with a 

prevalence of 8%, a margin of error of 5%, and a 

confidence level of 95%. The sensitivity of Xpert 

MTB/RIF was 87.1%, and the specificity was 98.7%, 

respectively. The sensitivity and specificity of the AFB 

smear were 83.9% and 95%, respectively. The total 

calculated sample size was 80.11 Ethical approval was 

obtained before initiation of the study from the 

Institutional Review Board of the Indus Hospital & 

Health Network (Ref# IHHN_IRB_2022_12_009) on 

January 27, 2023. 

We performed Xpert MTB/RIF, fluorescence 

microscopy, and culture on all sputum samples from 

patients aged 2–75 years presenting with cough and 

fever for >2 weeks. Samples not meeting these criteria, 

as well as duplicates and follow-up specimens, were 

excluded to ensure uniformity. Each sputum sample was 

divided into three aliquots for the respective tests. Xpert 

MTB/RIF was performed following the manufacturer’s 

instructions. Fluorescence microscopy was done using 

auramine–rhodamine staining and interpreted using 

WHO grading. All procedures were carried out in an 

accredited laboratory under standard operating 

procedures. Fluorescence slides were read 

independently by two technologists, and discrepancies 

were resolved by a third reader. Routine internal quality 

control and blinded re-reading of 10% of slides 

minimized observational bias. For culture, we 

inoculated specimens into BD BACTECTM 

Mycobacteria Growth Indicator Tube (MGIT) and 

Lowenstein-Jensen (LJ) medium, and incubated them at 

37°C for 42 and 56 days, respectively. We confirmed 

MTB using an immunochromatography test kit, 

Mycobacterium protein tuberculosis 64 (MPT 64) by 

BDTM. We extracted patient demographic data from the 

hospital's electronic database and documented it on a 

standardized proforma. To maintain confidentiality, we 

assigned codes to the datasets. Variables recorded 

include age, gender, and the results of Xpert MTB/RIF, 

fluorescence microscopy, and culture. We used Xpert 

MTB/RIF and fluorescence microscopy as index tests, 

and culture as the gold standard. Data were entered into 

Microsoft Excel and then transferred to Statistical 

Package for the Social Sciences (SPSS) version 26.0. 

Normality was checked for the continuous variable, i.e., 

age, using the Shapiro–Wilk test, which showed 

significant deviation from normality (p < 0.001). The 

median and interquartile range were calculated for age, 

while frequencies and percentages were calculated for 

gender, culture, Xpert MTB/RIF, and smear results. We 

categorized age into three groups (0-15 years, 16-29 

years, and ≥30 years). We analyzed the diagnostic 

accuracy of Xpert MTB/RIF and fluorescence 

microscopy for sensitivity, specificity, and positive and 

negative predictive values using SPSS v26 and MedCalc 

Statistical Software version 23.3.7 (MedCalc Software 

Ltd, Ostend, Belgium; https://www.medcalc.org). The 

https://www.medcalc.org/
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data are presented as numbers and percentages in the 

main tables. To assess the association between 

categorical variables (age groups, gender, and culture 

results) and Xpert MTB/RIF and smear results, a chi-

square test was performed. A p-value less than 0.05 was 

considered statistically significant. These analyses are 

presented in Supplementary Table S1.  

 

RESULTS 

We performed Xpert MTB/RIF, fluorescence 

microscopy, and culture on 386 sputum samples. Our 

study population had an average age of 36.8 ± 18.7 

years. The age distribution of study participants showed 

that 56 (15%) were 0–15 years old, 87 (22%) were 16–

29 years old, and 243 (63%) were ≥30 years old. 

Regarding gender, 241 participants (62%) were male, 

while 145 (38%) were female (Table-I).  

5 of 386 samples were excluded from the analysis due 

to contamination. Table-II presents a contingency table 

of Xpert MTB/RIF and fluorescence microscopy with 

culture, along with the calculated sensitivities, 

specificities, positive predictive values, and negative 

predictive values. In culture-positive specimens, Xpert 

MTB/RIF accurately identified 77 cases but missed 4. 

These 4 cases were considered false negatives and later 

identified as NTM on culture. In culture-negative 

specimens, 300 were correctly reported as negative by 

Xpert MT/RIF, with no false positives. Of the culture-

positive samples, fluorescence microscopy correctly 

detected 52 cases but missed 29 cases. Among culture-

negative samples, 300 were accurately identified as 

negative, while none were falsely detected as positive. 

Xpert MTB/RIF showed sensitivities, specificities, 

positive predictive values, and negative predictive 

values of 95%, 100%, 100%, and 99%, respectively. In 

comparison, smear microscopy demonstrated 

sensitivities, specificities, positive predictive values, 

and negative predictive values of 64%, 100%, 100%, 

and 91%, respectively.

 

Table-I: Demographic characteristics of study participants (n=386). 

  Age (years) n (%) 

0 – 15 56 (15) 

16 – 29 87 (22) 

≥ 30 243 (63) 

Gender n (%) 

Male 241 (62) 

Female 145 (38) 
 

Table-II: Contingency table showing the diagnostic performance of Xpert MTB/RIF and smear with culture. 

 Xpert MTB/RIF 

Positive 

Xpert MTB/RIF 

Negative 

Smear 

positive 

Smear  

negative 

Culture Positive 77 04 52 29 

Culture Negative 00 300 00 300 

Sensitivity 95% 64% 

Specificity 100% 100% 

Positive Predictive 

Value 

100% 100% 

Negative Predictive 

Value 

99% 91% 

 

DISCUSSION  

In our study, Xpert MTB/RIF demonstrated excellent 

performance with a sensitivity of 95%, specificity of 

100%, positive predictive value of 100%, and negative 

predictive value of 99%. These findings are consistent 

with previous studies. Kiran et al. reported a higher 

sensitivity of Xpert MTB/RIF (90.2%) than 

fluorescence microscopy (78.5%).13 Similarly, Khan et 

al. demonstrated that Xpert MTB/RIF has higher 

sensitivity (73%) and specificity (100%) than 

fluorescence microscopy (40% and 100%, 

respectively).14 Moreover, a Cochrane review reported 

Xpert MTB/RIF sensitivity ranging from 67% to 98% 

and a specificity of 99%.15 Further supporting our 

findings, Zaporojan et al. found that Xpert MTB/RIF 

detected TB in about 16% of cases, compared to 9% by 

microscopy. Notably, the Xpert MTB/RIF showed 

higher sensitivity and specificity.16 Likewise, 

Chaudhary et al. demonstrated that the Xpert MTB/RIF 

assay has a sensitivity of 100% and specificity of 99.5%. 

In comparison, AFB microscopy showed a sensitivity of 

45.3% and specificity of 99.5% in 473 pulmonary 
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samples.17 Rimal et al. evaluated Xpert MTB/RIF in 162 

smear-negative sputum samples of presumptive TB 

patients at the Nepal Tuberculosis Center. Xpert 

MTB/RIF detected 19.1% out of 21.6% culture-positive 

samples. The Xpert MTB/RIF showed a sensitivity of 

74.3%, specificity of 96.6%, positive predictive value of 

86.7%, and negative predictive value of 92%. Xpert 

MTB/RIF.11 

Although Xpert MTB/RIF shows higher sensitivity, 

especially in smear-negative cases, the importance of 

smear microscopy cannot be denied in resource-limited 

settings, where it remains a primary diagnostic tool. In 

our study, we observed a sensitivity of 64% with high 

specificity (100%), high positive predictive value 

(100%), but slightly lower negative predictive value 

(91%) for fluorescence microscopy. The sensitivity of 

fluorescence microscopy can be improved by testing 

multiple samples, as demonstrated by Ahmad et al. He 

evaluated three consecutive sputum samples to 

determine the sensitivity of fluorescence microscopy 

and found it increased to 93.2%.18 

In concordance with our results, Fatima et al. reported a 

sensitivity of 55%, specificity of 99.5%, PPV of 100%, 

and NPV of 79%.19 Similarly, in a five-year 

retrospective study of 6,019 suspected tuberculosis 

cases at Cape Coast Teaching Hospital, smear 

microscopy detected TB in 6.6% of first sputum samples 

and 6.07% of second samples. The Xpert MTB/RIF 

assay identified an additional 2.93% of cases in first 

smear-negative samples and 5.44% in second smear-

negative samples, uncovering cases that microscopy 

missed. Although smear microscopy showed low false-

negative rates, the Xpert MTB/RIF assay's enhanced 

sensitivity explains why newer molecular methods 

should be preferred in the routine diagnostic algorithm 

for TB.6 

In our study, 329 cases (86.3%) were smear-negative; 

29 (8.8%) were culture-positive, and the Xpert 

MTB/RIF correctly identified them as positive, 

indicating that they were false negatives by fluorescence 

microscopy. The 52 smear-positive cases (13.64%) 

were identified correctly by Xpert MTB/RIF and 

culture. The higher diagnostic accuracy of Xpert 

MTB/RIF (99%) compared with fluorescence 

microscopy (97%) reinforces its role as a rapid point-of-

care diagnostic modality. In a high-burden setting, its 

ability to deliver fast, accurate results can reduce 

misdiagnosis, avoid unnecessary treatment of false-

positive cases, and ease the burden on the healthcare 

system.  

Our study has some limitations. It was conducted at a 

single center, and therefore, the results cannot be 

generalized to a larger population. Although Indus 

Hospital & Network is one of the largest hospitals in 

Karachi, Pakistan, serving approximately 2.5 million 

people, a multi-center study would provide more 

compelling evidence. Additionally, our study primarily 

focused on the diagnostic accuracy of the different 

modalities. It did not incorporate clinical variables, such 

as comorbidities and treatment history, which may 

affect interpretation. Furthermore, rifampicin is a key 

first-line antimicrobial agent; the study did not report 

rifampicin resistance. We intend to conduct a more 

comprehensive study involving a broader, more diverse 

population to enhance the validity of the findings. 

Incorporating clinical variables and reporting drug 

resistance patterns will further strengthen the clinical 

relevance. 

 

CONCLUSION 

We observed high efficiency for Xpert MTB/RIF, 

highlighting its key role in PTB diagnosis. 

Although fluorescence microscopy was less 

sensitive in our study population, it remains an 

indispensable tool in low-resource settings. When 

fluorescence microscopy is used as a single 

diagnostic tool, strategies to overcome its 

limitations are essential to optimize diagnostic 

accuracy. 
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