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ABSTRACT

This study aimed to evaluate the diagnostic accuracy of GeneXpert MTB/ RIF Ultra in patients with suspected
pulmonary tuberculosis. Culture was used as the reference standard. Rifampicin resistance detection was also assessed.
This diagnostic accuracy cross-sectional study was conducted at Bolan Medical College, Quetta, Pakistan, over one
year after ethical approval. A total of 348 patients with suspected pulmonary tuberculosis were included using non-
probability consecutive sampling. Patients aged 18 years or older presenting with cough, fever, weight loss, or night
sweats were enrolled. Two sputum samples were collected and tested using smear microscopy, GeneXpert MTB/RIF,
GeneXpert MTB/ RIF Ultra, and culture as standard. Data were analyzed using SPSS version 25. Sensitivity,
specificity, positive predictive value, and negative predictive value were calculated The mean age was 44 years, with
226 males (64.9%) and 122 females (35.1%). Mean cough duration was 4.8 weeks. Fever was noted in 244 (70.1%)
and weight loss in 201 (57.8%). Chest X-ray showed abnormalities in 279 (80.2%). Mean hemoglobin was 10.6 g/dL,
leukocyte count 10.1 x103/mm3, neutrophils 67%, lymphocytes 25%, platelets 365 x103/mms3, and ESR 56 mm/hr.
Sputum smear was positive in 202 (58.0%). GeneXpert MTB/RIF ultra-detected 216 (62.1%), including rifampicin
resistance in 13 (3.7%). Culture confirmed tuberculosis in 240 (69.0%) and was negative in 108 (31.0%). GeneXpert
MTB/RIF ultra-showed higher sensitivity and specificity than smear microscopy and GeneXpert MTB/RIF. Rifampicin
resistance was also swiftly identified. significantly enhanced diagnosis of pulmonary tuberculosis in high-burden
environments.

Keywords: Culture, Diagnostic accuracy, GeneXpert MTB/RIF, Pulmonary tuberculosis, Rifampicin resistance,
Smear microscopy, Tuberculosis

INTRODUCTION

Tuberculosis (TB) is one of the infectious diseases and remains a major public health concern across the world.
In 2022, more than 10.6 million people were infected, and 1.3 million deaths were reported (Fig.1) by the World
Health Organization (WHO). This huge number makes it the second to COVID-19 (Wang et al., 2025). Pulmonary
TB is the most common and communicable form. Countries in South Asia, such as Pakistan, India, and Bangladesh,
carry a heavy burden and contribute a large share of global cases. Pakistan is ranked among the top eight countries
with a high frequency of this menace at a rate of 265 per 1x10 "5 populations (Saati et al., 2021). The intensity of
TB is increasing due to delays in diagnosis, which places a heavy strain on healthcare. Accurate and early diagnostic
measures are therefore central to TB control strategies (Khan et al., 2020).

The conventional diagnostic methods have many limitations, such as the sputum smear microscopy. It is
inexpensive and widely used but has low sensitivity, especially in smear (-) or HIV (+) patients. Culture is
considered the universal standard and provides a definitive diagnosis, but it requires several weeks. The Molecular
methods, such as the GeneXpert MTB/RIF (Xpert) assay, were developed to overcome these gaps (Shapiro et al.,
2021). GeneXpert detects Mycobacterium tuberculosis DNA and rifampicin resistance using real-time PCR within
two hours (Dorman et al., 2018). The newer GeneXpert MTB/RIF ultra (Xpert Ultra) improves detection by
lowering the limit of bacterial load required for positivity. Ultra is expected to increase sensitivity in cases with
paucibacillary disease, such as Xpert-negative pulmonary TB and HIV-associated TB (Wang et al., 2025; Shapiro et
al., 2021).
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Fig. 1. It shows the regions and population across the world suffering from TB. The most incident reported is South
Asia and Africa.

Several studies have assessed the performance of Xpert Ultra. Chakravorty and colleagues reported that Xpert
Ultra had higher sensitivity than the standard Xpert, particularly in patients with low bacillary burden (Dorman et
al., 2018). A multicenter study in Africa showed that Ultra significantly improved detection among smear (-) and
infected individuals from HIV (Boloko et al., 2022). Regional research from India and Bangladesh confirmed
similar findings, demonstrating greater sensitivity compared to conventional methods (Bhadra et al., 2024). In
countries like Pakistan, medical tests in tertiary care hospitals have generated mixed results. A scientific study from
Pakistan found that Ultra detected more cases than smear microscopy and standard Xpert (Khan et al., 2020; Ullah
et al., 2025). Other local and regional trials, however, found some extra effect, which may be a result of variations in
characteristics of patients, laboratory capacity, or selection of sample (Wang et al., 2025). The greater sensitivity of
Ultra is generally supported by advanced research, although variance between contexts highlights the significance of
producing local data.

Despite these developments, there are still significant information gaps. First, there are very few studies from
Pakistan, and most of the published data are from multicenter trials or high-income settings. Second, there is a
dearth of consistency in local research outcomes. Third, there is no complete and proper documentation in this area
relating to the diagnostic accuracy of Xpert Ultra in patients with strong clinical and medical suspicion of pulmonary
tuberculosis, including those who are smear (-). Additionally, there is still a shortage of information on the
effectiveness of Ultra in Pakistani tertiary care hospitals. These drawbacks and limitations make it more difficult for
medical professionals and technicians to make choices on the basis of evidence about the use of Ultra in regional TB
control initiatives (Wang et al., 2025).

In order to reduce these gaps, this scientific study assessed the accuracy of Xpert Ultra in patients in a regional
tertiary care hospital who had a clinical suspicion of pulmonary tuberculosis. The time is crucial since,
notwithstanding current controls, the local population still has a heavy TB burden measures especially in rural areas
(Wang et al., 2025). This study offers useful proof of the performance of Ultra in an actual environment by
contrasting it with smear microscopy and culture. Such data must be produced and documented in order to assist
clinical decision-making, optimise diagnostic algorithms during the drive national TB control initiatives.
Additionally, the results and data will cut diagnostic delays, decrease empirical therapy, and enhance case detection
in settings with limited resources with high professionalism.

The main goal and objective of this research study is to determine the accuracy of Xpert Ultra in patients
suffering from clinical suspicion of pulmonary tuberculosis, using culture for Mycobacterium tuberculosis as the
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reference and gold standard. The medical study also evaluates the ability of the assay to detect rifampicin resistance.
We, the researchers, hypothesize that Xpert Ultra may demonstrate higher sensitivity than Xpert and provide
improved diagnostic yield in pulmonary TB cases that are negative by Xpert (Boloko et al., 2022; Khan et al.,
2020).

MATERIALS AND METHODS

This research was intended to be a cross-sectional investigation of diagnostic accuracy, and it was conducted at
the Department of Medicine, Bolan Medical College, Quetta, Pakistan. After receiving permission from the
institutional ethics committee, the research took place over one year. A tertiary care teaching hospital that accepts
referrals fron rural and urban areas of Balochistan served as the study center. Both indoor and outdoor services are
offered by the facility. It features a separate diagnostic laboratory with culture and instrumental facilities, and Xpert
Ultra with the facility of smear microscopy. Biosafety regulations were fully followed, keeping standard protocols.
The government hospital, which serves as a significant referral center and handles a sizable number of TB patients
annually, was selected as the research site. The strategy guaranteed sufficient patient enrolment over the trial period
and enabled assessment of the accuracy of Xpert Ultra in actual clinical settings.

The study was initiated following permission from the Institutional Review Board (IRB No.
1062/BUMHS/IRB/24, dated 10.01.2024), Bolan University of Medical and Health Sciences. Every procedure
adhered to the ethical guidelines of the Helsinki Declaration. Before enrolment in the research, each subject
provided written informed consent. The goals, risks, and medical advantages of the study were described in
straightforward terms. The Patients were permitted to stop participating at any moment without losing their medical
care, and participation was entirely optional. At every stage, patient data confidentiality was upheld. Identifying
information was coded for analysis and was only accessible to study investigators. There were no cash rewards
offered. Respect for patient rights and scientific integrity was guaranteed by ethical approval and rigorous adherence
to consent standard procedures.

Non-probability consecutive sampling was used for participant selection. Indoor and outdoor patients aged 18
years or above with clinical suspicion of pulmonary tuberculosis were considered. The appearance of a cough lasting
longer than two weeks, fever, sweats at night, and weight loss raised suspicions. Men and women from various
ethnic backgrounds were registered. Age, sex, and ethnicity were among the demographic information self-reported
and documented on a standardised proforma. Patients with extrapulmonary tuberculosis, those currently on anti-TB
treatment, and those refusing to give written consent were among the exclusion criteria. Because pulmonary cases
are the most infectious and account for the bulk of TB cases, the study concentrated on them. Eliminating extra-
pulmonary TB guaranteed a consistent patient population for assessing test accuracy and decreased diagnostic
variability. The OpenEpi calculator was used to determine the sample size. The research "Prevalence of Pulmonary
Tuberculosis in the District Bannu, Khyber Pakhtunkhwa, Pakistan™ provided an estimated prevalence of 34.59% for
a limited population of 100,000. 348 individuals were found to be the necessary sample size using an absolute
precision of 5%, a 95% confidence level (Z = 1.96), and a design effect of 1. For the current cross-sectional
investigation, this figure was chosen.

Standardised clinical and laboratory investigations were performed on each subject. In accordance with national
recommendations, two sputum samples—one spot sample and one early morning sample—were taken from each
patient under observation. To guarantee sufficient sample quality, patients were taught the deep cough method. For
Xpert, Xpert Ultra, and smear microscopy examination, each specimen was split into three sections. Ziehl-Neelsen
staining and light microscopy for acid-fast bacilli were used in smear microscopy. Using cartridges and reagents
provided by the manufacturer, Xpert and Xpert Ultra were performed on the GeneXpert platform (Cepheid,
Sunnyvale, CA, USA). For Xpert, Xpert Ultra, and smear microscopy examination, each specimen was split into
three sections. All samples were subjected to both GeneXpert tests; however, Ultra's improved molecular probes and
lower detection threshold increase the possibility of finding patients with low bacillary load that Xpert would
overlook.

The Data was gathered prospectively. All laboratory and clinical data were put into a safe electronic database
using organised forms. Clinical complaints, laboratory data, chest X-ray findings, and demographic information
were among the variables. For Xpert, Xpert Ultra, and smear microscopy examination, each specimen was split into
three sections. All samples were subjected to both GeneXpert tests; however, Ultra's improved molecular probes and
lower detection threshold increase the possibility of finding patients with low bacillary load that Xpert would
overlook. Culture results were used as the gold standard to classify cases as true positive, true negative, false
positive, or false negative. Diagnostic accuracy of Xpert Ultra was evaluated in terms of sensitivity, specificity,
positive predictive value, and negative predictive value. Smear microscopy results were analyzed in the same way
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for comparison. Data were analyzed using SPSS version 25 (IBM Corp., Armonk, NY, USA). Quantitative variables
such as age were presented as mean * standard deviation (SD). Categorical variables such as gender and test results
were shown as frequencies and percentages. The chi-square test was applied to compare categorical variables. A p-
value less than 0.05 was considered statistically significant (Boloko et al., 2022).

RESULTS

The demographic and clinical characteristics of participants are shown in Table 1. Among the total of 348
participants enrolled in the study, HIV testing was performed in 137 individuals (39.3%). Of those tested, 5
participants (1.4%) were found to be HIV positive and 132 (37.9%) were HIV negative. The HIV status of the other
211 individuals (60.6%) was not available for analysis, and they were not tested for the virus. It is impossible to do
diagnostic comparisons specific to HIV subgroups due to this dispersion.

Table 1. Demographic and Clinical Characteristics of Participants (N = 348).

Variable n (%) or Mean = SD
Age (years) 440+ 16.5

Male sex 226 (64.9)

Female sex 122 (35.1)

Cough duration (in weeks) 48+21

Fever 244 (70.1)

Weight loss 201 (57.8)

Night sweats 176 (50.6)

Past TB history 68 (19.5)

Contact with a TB patient 112 (32.2)

The data presents the demographic and clinical characteristics of the subjects under trial (N=348), showing a
predominantly the male population with a mean age of 44 years. The most common symptoms included were fever,
weight loss, and sweats at late night, with notable proportions having prior TB medical history or contact with TB
patients.

The medical fingdings of chest X-ray are documented in Table 2 below. Procedural laboratory working showed
abnormalities in multiple hematological parameters. The mean hemoglobin concentration was 10.6 = 1.9 g/dL. The
mean total leukocyte count was 10.1 £ 4.5 x 103%/mm3. Neutrophils accounted for 67 + 10%, while lymphocytes
comprised 25 + 9%. The mean platelet count was 365 + 112 x 103/mmg2. The rate of erythrocyte sedimentation was
elevated, with a mean of 56 = 23 mm in the first sixty minutes.

Table 2. The chest X-ray findings (N = 348).

Radiological Feature Present n (%0) Absent n (%)
Abnormal suggestive of TB 279 (80.2) 69 (19.8)
Cavitary lesions 121 (34.8) 227 (65.2)
Infiltrates/Consolidation 212 (60.9) 136 (39.1)
Hilar/Mediastinal nodes 87 (25.0) 261 (75.0)

The chest X-ray findings (N = 348). with 80.2% showing abnormalities suggestive of TB.
Infiltrates/consolidation were the most common finding, followed by cavitary lesions and hilar/mediastinal
lymphadenopathy.

The diagnostic test results are shown in Table 3. Comparison of Xpert Ultra against culture identified 211
(60.6%) true positive results and 103 (29.6%) true negatives. False positive results were recorded in 5 (1.4%) cases,
while false negatives were identified in 29 (8.3%) participants. Based on these outcomes 211 (60.6%) true positives,
103 (29.6%) true negatives, 5 (1.4%) false positives, and 29 (8.3%) false negatives, the assay demonstrated a
sensitivity of 211/240 (87.9%), specificity of 103/108 (95.4%), and overall diagnostic accuracy of 314/348 (90.2%).
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Table 3. Diagnostic Test Results (N = 348).

Test Positive n (%) Negative n (%)
Smear microscopy 202 (58.0) 146 (42.0)
GeneXpert Ultra 216 (62.1) 132 (37.9)
Rifampicin resistance (Ultra) 13 (3.7) 335 (96.3)
Culture (reference) 240 (69.0) 108 (31.0)

It outlines the diagnostic test outcomes, indicating that culture identified the highest proportion of cases
(69.0%), followed by GeneXpert Ultra (62.1%) and smear microscopy (58.0%), with rifampicin resistance detected
in a small fraction (3.7%).

The diagnostic accuracy of Xpert Ultra and Xpert against culture is presented in Table 4. Statistical testing
confirmed the relative performance of diagnostic modalities when assessed against culture as the gold standard. For
smear microscopy, the chi-square value was 78.2 with a p-value of less than 0.001, confirming significant
differences in detection rates. For Xpert MTB/UlItra, the chi-square value was higher at 102.4, also with a p-value of
less than 0.001. Sensitivity for Xpert was 82.0%, corresponding to 197/240 (82.0%) positive detections, while Xpert
Ultra achieved 211/240 (87.9%). Specificity increased from 100/108 (93.0%) with Xpert MTB/RIF to 103/108
(95.4%) with Xpert Ultra. The positive predictive value was 197/207 (95.0%) for Xpert and 211/216 (97.7%) for
Xpert Ultra. The negative predictive value rose from 100/143 (70.0%) with the earlier assay to 103/132 (78.0%)
with Xpert Ultra. These figures summarize the statistical improvements obtained with the newer version of the
diagnostic platform among 348 (100%) participants enrolled in the study.

Table 4. Diagnostic Accuracy of Xpert Ultra vs. Xpert (Culture as Gold Standard).

Parameter Xpert %* Xpert Ultra % 1 p-value
Sensitivity 82.0 87.9 96.4 <0.001
Specificity 93.0 95.4 104.7 <0.001
PPV 95.0 97.7 - -

NPV 70.0 78.0 - -

Table 4 compares diagnostic accuracy, showing that Xpert Ultra demonstrated higher sensitivity, specificity, PPV,
and NPV than Xpert, with statistically significant differences (p < 0.001).
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Fig. 1. Clinical and Demographic Characteristics of Study Participants, where the Bar chart showing the distribution
of key clinical and demographic features among 348 patients with suspected pulmonary tuberculosis. Values
represent percentages. Fever was the most prevalent symptom (70.1%), followed by weight loss (57.8%) and night
sweats (50.6%). The Males constituted 64.9% of cohort. Previous TB history was reported in 19.5% and contact
with a patient suffering from TBt in 32.2% of participants.
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Fig. 2. The distribution of chest X-ray results across research participants is shown with a high frequency of anomalies
compatible with tuberculosis. The most common findings were infiltrates or consolidation, followed by cavitary lesions and hilar
or mediastinal lymphadenopathy, suggesting that the cohort's radiological presentations varied.
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Fig. 3. Culture produced the highest detection rate, followed by GeneXpert Ultra and smear microscopy, according to Figure 3,
which compares the positivity rates of diagnostic techniques. The Rifampicin resistance was also noticed in a small percentage of
cases, which is highlighting the need of advancemolecular testing in detecting drug resistance.
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Fig. 4. The comparative diagnostic performance is shown, where GeneXpert Ultra consistently outperformed GeneXpert

MTB/RIF in terms of accuracy across all assessed parameters. Its enhanced reliability for both pulmonary TB detection and
exclusion is highlighted by this trend.
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Fig. 5. Anaemia, an elevated leukocyte count with neutrophil predominance, and a noticeably higher ESR are all indicative of an
underlying inflammatory state associated with active tuberculosis and summarise the haematological profile of the subject.

DISCUSSION

For study and detection of pulmonary tuberculosis, Xpert Ultra showed higher sensitivity than any other
method, i.e., smear microscopy. 87.9% of culture-confirmed cases were found by Ultra, compared to 82.0% by
Xpert and almost 80.0% by smear microscopy. Moreover, the specificity of Ultra was greater at 95.4% as compared
to the value of Xpert, which was 93.0%, and that of smear microscopy was 92.6%. Ultra had a negative predictive
value of 78.0% and a positive predictive value of 97.7%. Furthermore, according to Ultra, 3.7% of patients have
rifampicin resistance. These findings demonstrate that Gene Ultra outperformed smear microscopy and the previous
Xpert test in terms of diagnostic accuracy, and its performance was comparable to the culture reference standard,
which is still the standard in spite of operating delays (Wang et al., 2025; Mekkaoui et al., 2021).

There are significant clinical ramifications for increased sensitivity of Xpert Ultra. More significant percentage
of suspected patients of TB in high burden nations like Pakistan have smear (-) pulmonary tuberculosis, which is
frequently misdiagnosed or detected too late which cause consequences. This diagnostic gap is closed by higher
detection rates of Ultra, allowing more patients to get treatment on time and get rid from the menace of TB at very
early stages. Increased specificity also reduces the possibility of false (+), which lowers the danger of anti-
tuberculosis therapy being started inappropriately and carrying toxicity, social stigma, and financial expenses,
especially in third-world countries. The simultaneous identification of rifampicin resistance enhances the usefulness
of Ultra by enabling the prompt start of suitable treatment in drug-resistant individuals suffering from this disease.
Together, all these characteristics place Ultra in clinical practice as a diagnostic tool that lowers underdiagnosis,
facilitates more precise treatment choices, and helps prevent community transmission.

These research findings are consistent with a large body of international evidence. Chakravorty and co-workers
demonstrated higher sensitivity of Ultra than the standard Xpert, particularly in cases with low bacillary load, such
as HIV (+) individuals and pediatric populations (Dorman et al., 2018; Signorino et al., 2022). A multicenter trial in
Africa reported that Ultra improved detection among smear (-) and HIV infected patients, with sensitivity gains of
approximately 5% to 10%, which is comparable to the 5.9% gain observed in the present analysis (Boloko et al.,
2022). Research Studies conducted in India and Bangladesh similarly confirmed the superiority of Ultra, particularly
in paucibacillary disease (Bhadra et al., 2024).

In Pakistan, there has been some diversity in the evidence. Khanzada and his colleagues reported improved case
detection with Ultra compared to smear microscopy and standard Xpert, a finding consistent with the current
analysis (Zahid et al., 2024; Khan et al., 2020). However, lesser incremental benefits of Ultra were reported in other
local laboratory investigations, which may have been caused by variations in case selection, laboratory techniques,
or study community epidemiological features. For example, the lower prevalence of HIV in Pakistan compared with
African cohorts may reduce the observed incremental yield of Xpert Ultra, as HIV (+) individuals often present with
paucibacillary disease where Ultra demonstrates the greatest advantage (Bahr et al., 2018). Such heterogeneity
highlights the importance and necessity of context-specific evidence to guide diagnostic standard methods.

The number of characteristics was reinforced by the dependability of results. A strong medical diagnostic
parameter estimate was made possible by a comparatively large sample size of 348 patients, which resulted in
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smaller confidence intervals for greater sensitivity and exact specificity. Genuine (+) and genuine (-) were
accurately and properly classified it became possible due to the use of culture as the reference standard. By covering
all eligible selected patients who presented during the scientific trial period, consecutive enrolment reduced selection
bias. Internal validity was more enhanced by standardised scientific procedures for the collection of samples, i.e.,
sputum, smear microscopy, Xpert Ultra, and culture. A more representative cohort was produced because the
medical study was carried out in a tertiary care hospital that serves a large referral base in both urban, peri-urban,
and rural Balochistan. By addressing a crucial component of TB control in high-burden environments, the addition
of rifampicin resistance testing significantly enhanced clinical relevance.

It is also pertinent and important to note some core limits. Because it was a single-center trial, the results might
not significantly apply to various other areas of Pakistan or another region, which differ in terms of TB
epidemiology, diagnostic resources, healthcare infrastructures, and professionals. The diagnostic usefulness of Ultra
for non-pulmonary subject samples could not be assessed because extra-pulmonary TB cases were deliberately
omitted. Analysis and study of the effectiveness of Ultra among HIV (+) people was not possible due to insufficient
HIV testing, which left about 60.6% of subject patients untested. Despite its practicality, non-probability
consecutive sampling may result in selection bias. Additionally, due to resource constraints, repeat culture for
contaminated or inconclusive results was not carried out, which would have resulted in a slight misclassification.
The primary finding that Ultra performed better than smear microscopy and ordinary Xpert is unaffected by these
restrictions.

The results possess important implications for clinical practice. Smear microscopy remains the most widely
used diagnostic method in many hospitals at the district level and peripheral centers in Pakistan due to its low cost
and easy implementation. However, low sensitivity results in missed diagnoses and continues ongoing community
transmission. Incorporating Xpert Ultra into diagnostic algorithms could markedly reduce undetected cases
professionally, especially among smear-negative individuals who are often diagnosed late or empirically treated.

Rapid detection of rifampicin resistance in less than 120 minutes further enhances and boosts the clinical utility
of Xpert Ultra practically. In regions with a growing burden of multidrug-resistant TB strains, such rapid resistance
testing allows immediate initiation of second-line chemotherapy, preventing both clinical deterioration and
transmission of resistant strains (AlShahrani et al., 2021). The operational and practical simplicity of Xpert Ultra,
which requires minimal training for technicians compared with culture techniques, makes it more suitable for
scaling up in resource-limited health systems across poor regions.

The master use of Xpert Ultra in national TB control efforts has the potential to greatly boost case detection
rates at the population level in any region. In Pakistan, one of the top eight high-burden regions, the transmission is
increased several-fold due to delays in diagnostic methods. This detection gap may be reduced, treatment initiation
delays could be minimised, and TB-related mortality could be lessened with widespread and handy use of Ultra.

However, from a policy point of view, execution necessitates meticulous resource planning. Because Xpert
Ultra cartridges and equipment are more costly than smear microscopy and culture, the low-resource settings are
causing financial difficulties. However, cost-effectiveness studies from other regions indicate that the advantages of
lower long-term costs of managing MDR-TB, fewer hospitalisations, and decreased transmission frequently exceed
the initial expenses of testing at molecular (Santos et al., 2024; Mansfield et al., 2022). Partnerships with donors
from foreign governments, government finance initiatives, and incorporation into current TB control programs may
help to integrate Ultra at basic levels in any corner of Pakistan. Xpert Ultra machines could be strategically
positioned in high-volume centers to optimise cost-effectiveness and diagnostic coverage.

To build on these scientific studies and discoveries, more procedural investigation is needed. Comprehensive
multicenter research carried out across Pakistan would provide stronger evidence for national and provincial-level
policy decisions. Future studies should include and take into consideration the extrapulmonary TB cases to further
understand the effectiveness of Ultra in non-pulmonary diseases, where identification is frequently even more
difficult (Park and Kon, 2021; Slail et al., 2023). The future cohorts must undertake comprehensive HIV testing to
evaluate diagnosis accuracy in immunocompromised patients, a group where molecular methods have proven
significantly helpful (Bahr et al., 2018; Boloko et al., 2022).

The policy makers in Pakistan may be satisfied by cost-effectiveness analyses to assess the financial
sustainability of nationwide Xpert Ultra implementation. Scientific research may also evaluate the specific and long-
term impact of Ultra on treatment results, relapse rates, and transmission dynamics at the community level.
Extensive studies at primary healthcare and district facilities are particularly needed, as these represent the first point
of contact for most patients suffering from TB. Additionally, comparisons between Ultra and other emerging
molecular diagnostic technologies at laboratory would provide a clear picture of how Ultra fits into the evolving
diagnostic methodologies.
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CONCLUSION

The scientific research study revealed that Xpert Ultra practically proved to be specific, higher in sensitivity,
and more reliable than other laboratory techniques, such as smear microscopy and Xpert, for diagnosing pulmonary
tuberculosis. The Ultra also offered more rapid detection of rifampicin resistance, which is more crucial for guiding
treatment of the disease. The findings through this study support its use as a major frontline diagnostic tool in high-
burden regions like Pakistan. The use and incorporation of Ultra into routine medical practice may reduce missed
cases, improve early treatment initiation, and strengthen tuberculosis control strategies in the future.
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