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Abstract 
Tuberculosis (TB), caused by Mycobacterium tuberculosis, remains a major public health challenge 
globally and in Nigeria, where delayed diagnosis continues to undermine case detection and treatment 
outcomes. Although molecular diagnostic tools such as Xpert Mycobacterium tuberculosis/rifampicin 
(Xpert MTB/RIF) have improved case detection and enabled rapid identification of drug-resistance, 
their impact in Nigeria has been constrained by persistent health-system limitations. This review 
evaluates advances in molecular TB diagnostics and provides a systems-level analysis of barriers to 
optimal GeneXpert utilization in Nigeria. Evidence indicates that despite substantial expansion of 
GeneXpert capacity between 2012 and 2023, utilization remains suboptimal due to unreliable 
electricity supply, weak specimen referral networks, cartridge stock-outs, workforce limitations, and 
inequitable distribution of diagnostic infrastructure. Conventional diagnostic methods continue to play 
a role but are limited by low sensitivity, delayed turnaround time, and inability to detect drug 
resistance. Emerging platforms such as Xpert MTB/RIF Ultra, Xpert MTB/XDR, Truenat, and other 
molecular tools offer important advantages; however, their effectiveness depends on infrastructure, 
affordability, regulatory alignment, and health system readiness. Overall, the evidence suggests that 
the principal challenge in Nigeria is not the availability of diagnostic technologies, but the limited 
capacity of the health system to deploy and sustain them efficiently and equitably. Addressing these 
constraints through infrastructure strengthening, workforce development, improved supply chains, 
and sustainable domestic financing will be essential to enhance TB diagnosis and accelerate progress 
toward End TB targets. 
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INTRODUCTION 
Tuberculosis (TB), caused by Mycobacterium tuberculosis, remains a major global public health 
challenge despite decades of control efforts. In 2023, an estimated 10.8 million new TB cases 
and 1.25 million deaths were reported worldwide, with low- and middle-income countries 
bearing the greatest burden. Nigeria accounts for approximately 467,000 cases, representing a 
substantial proportion of the global burden, and continues to face challenges related to 
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delayed diagnosis and treatment. (WHO, 2024a). These figures highlight the urgency of 
strengthening diagnostic systems to improve case detection and treatment outcomes. Delayed 
diagnosis remains the leading cause of TB transmission and poor treatment outcomes 
(Ogunniyi et al., 2024). Although national TB case detection rates have improved to about 70%, 
a substantial proportion of individuals with active disease remain undiagnosed or are 
diagnosed late, allowing silent community transmission and increasing the risk of drug-
resistance development (Chukwu et al., 2024). 
 
Despite long-standing reliance on conventional diagnostic methods such as sputum smear 
microscopy and culture, their limited sensitivity, prolonged turnaround time, and inability to 
detect drug resistance continue to undermine effective TB control, particularly in resource-
constrained settings (Caulfield & Wengenack, 2016). These limitations are compounded by 
weak laboratory systems, inadequate workforce capacity, and poor access to diagnostic 
services, particularly in rural and underserved areas (Ukwaja et al., 2016). Against this 
backdrop, molecular diagnostic tools have emerged as critical innovations for improving TB 
detection and management. These technologies, including Xpert MTB/RIF and its newer 
iterations, have significantly improved diagnostic accuracy and reduced time to detection 
(Heidt et al., 2020, MacLean et al., 2020).  
 
Few reviews have provided a systems level analysis of the barriers to optimal use of molecular 
diagnostics in Nigeria (Ogunniyi et al., 2024; Opeyemi et al., 2024). However, persistent 
challenges related to infrastructure, workforce capacity, and service delivery continue to limit 
optimal utilization (Gidado et al., 2019). We therefore evaluate advances in molecular TB 
diagnostics and critically examine their implementation within the Nigerian health system. 
By doing so, we aim to identify practical pathways for improving diagnostic impact and 
supporting national and global efforts toward TB elimination. 
 
CONVENTIONAL DIAGNOSTIC METHODS AND THEIR LIMITATIONS 
Conventional diagnostic approaches have long formed the foundation of tuberculosis control 
programs worldwide (Campelo et al., 2021). It remains central to TB detection in many low 
and middle income countries, including Nigeria, largely due to their affordability and long 
standing integration into national TB control programs (Ibrahim et al., 2025). However, their 
effectiveness varies depending on their diagnostic purpose, and their limitations collectively 
constrain timely and accurate case detection (table 1).  
 
Diagnosis of Active TB Disease 
Sputum smear microscopy (SSM) remains the most widely used diagnostic tool for 
pulmonary TB in Nigeria because of its low cost and ease of use. However, its sensitivity is 
limited, detecting only about 50–60% of active TB cases, and it performs poorly in individuals 
with low bacillary loads, such as children and people living with HIV (Campelo et al., 2021). 
In addition, SSM does not detect drug-resistance, leading to reliance on empirical treatment 
and increasing the risk of undiagnosed multidrugresistant TB. Culture based methods are 
considered the reference standard for TB diagnosis due to their high sensitivity and ability to 
support drug susceptibility testing (Caulfield & Wengenack, 2016). Despite this, their routine 
application is constrained by long turnaround times of up to six weeks, the need for biosafety 
level 3 laboratory infrastructure, and significant technical expertise. In Nigeria, these 
requirements limit accessibility, particularly in peripheral health facilities, resulting in 
delayed diagnosis and treatment. Chest radiography (CXR) is widely used as a screening tool 
and offers high sensitivity for detecting pulmonary abnormalities suggestive of TB (Schwalb 
et al., 2022). However, its low specificity necessitates confirmatory testing, and over reliance 
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on radiographic findings in the absence of bacteriological confirmation can lead to diagnostic 
uncertainty and inefficient use of limited resources. 
 
Detection of Latent TB Infection 
Immunological tests, including the tuberculin skin test (TST) and interferon gamma release 
assays (IGRAs), are primarily used to detect latent TB infection rather than active disease. 
While IGRAs provide improved specificity and are not affected by Bacillus Calmette-Guérin 
(BCG) vaccination, their high cost and limited availability restrict their use in routine clinical 
practice in Nigeria (Sadoh et al., 2022). The TST, although inexpensive and widely available, 
has reduced specificity in BCG vaccinated populations, limiting its diagnostic reliability. 
Antigen-based skin tests have been developed to improve specificity compared to TST (WHO, 
2022a).  
 
Limitations of Conventional TB Diagnostic Methods in Nigeria 
The limitations of conventional diagnostic methods interact to create significant diagnostic 
gaps within Nigeria’s health system (Oga-Omenka et al., 2020). The low sensitivity of sputum 
smear microscopy contributes to missed cases, particularly among vulnerable populations, 
while delays associated with culture based methods hinder timely treatment initiation. The 
absence of rapid drug-resistance detection further increases the risk of inappropriate therapy 
and the spread of multidrug resistant TB (Ibrahim et al., 2025). In addition, reliance on 
screening tools such as chest radiography without adequate confirmatory testing, combined 
with limited access to immunological diagnostics, worsens diagnostic uncertainty. These 
challenges are further compounded by systemic constraints, including weak laboratory 
infrastructure, inadequate workforce capacity, and poor access to diagnostic services in rural 
and underserved areas (Hamada et al., 2021). Collectively, these interacting limitations 
contribute to delayed diagnosis, ongoing transmission, and suboptimal TB control outcomes 
in Nigeria. 
 
Table 1: Conventional methods of TB diagnosis 

Technique Year 
Established/Endorsed 

Advantages Disadvantages References 

SSM 1974  Rapid, low-cost) Low sensitivity, no 
resistance 
detection 

Campelo et al., 
2021; (WHO, 2022a) 

Culture Based 
Methods 

1963 Gold standard, 
high specificity 

1 - 6 weeks 
turnaround, 
requires BSL 3 
laboratory 

(Sorlozano et al., 
2009) 

Chest 
Radiography 
(CXR) 

2016  High sensitivity 
for PTB screening 

Non-specific, 
needs confirmation 

(Schwalb et al., 
2022) 

IGRAs 2011  Unaffected by 
BCG vaccination 

Expensive, not for 
active TB 

(WHO, 2022b) 

TST 1939 Cost effective, 
field applicable. 

Low specificity in 
BCG vaccinated 
populations 

(WHO, 2024b) 

MTB Antigen 
Based Skin Tests 

2020 (WHO) Improved 
specificity over 
TST 

Limited 
availability in 
LMICs 

(Hamada et al., 
2021) 

Keys: PTB = Pulmonary Tuberculosis; BCG = Bacillus Calmette-Guérin; BSL-3 = Biosafety Level 3; LMICs = Low- 
and Middle-Income Countries SSM = Sputum Smear Microscopy; IGRAs = Interferon-Gamma Release Assays; TST 
= Tuberculin Skin Test 
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ADVANCES IN MOLECULAR DIAGNOSTIC TECHNIQUES 
Molecular diagnostic technologies have transformed tuberculosis (TB) detection by enabling 
rapid and more accurate identification of Mycobacterium tuberculosis and drug-resistance 
(MacLean et al., 2020). However, their effectiveness in Nigeria depends not only on diagnostic 
performance but also on cost, infrastructure requirements, and suitability for different levels 
of the health system. A comparative assessment of these platforms is therefore essential to 
determine their optimal use in Nigerian. Line probe assays (LPAs), endorsed by the World 
Health Organization (WHO) in 2008, enable rapid detection of resistance to rifampicin and 
isoniazid with high sensitivity of approximately 98% and 84%, respectively (MacLean et al., 
2020). However, LPAs are typically performed on smear-positive samples or culture isolates, 
limiting their utility in patients with low bacillary loads. This is particularly problematic in 
Nigeria, where HIV-associated TB and smear-negative disease are common, thereby 
restricting the applicability of LPAs at peripheral levels of care (Li et al., 2025). Consequently, 
LPAs are best suited to reference laboratories for confirmatory testing and drug-resistance 
profiling rather than frontline diagnosis. 
 
The introduction of the Xpert MTB/RIF assay marked a major advancement in TB diagnostics 
by providing automated, cartridge-based detection within two hours. With an overall 
sensitivity of approximately 89%, the assay significantly improves detection compared to 
sputum smear microscopy, particularly in smear-positive cases (Keller et al., 2025). Its 
successor, Xpert MTB/RIF Ultra, provides improved sensitivity primarily in smear-negative 
and paucibacillary cases due to a lower limit of detection. While the numerical increase in 
sensitivity appears modest, the clinical benefit is more pronounced in populations such as 
children and people living with HIV, where bacillary loads are typically low (Horne et al., 
2025). Despite these advantages, both platforms depend on stable electricity, temperature 
control, and continuous cartridge supply, which limit their consistent performance in 
resource-constrained settings. 
 
Loop-mediated isothermal amplification (LAMP), endorsed by WHO in 2016 as Loopamp 
MTBC, provides a simpler and more affordable alternative for TB detection. Unlike Xpert 
platforms, LAMP operates under isothermal conditions and requires minimal equipment, 
making it less dependent on stable electricity and therefore more suitable for decentralized 
testing in rural settings (Donkeng-Donfack et al., 2022). With a sensitivity of approximately 
78%, it is less sensitive than Xpert platforms but offers advantages in cost and operational 
feasibility (WHO, 2016a). In Nigerian, these characteristics make LAMP particularly relevant 
for primary healthcare facilities where infrastructural constraints limit the effective use of 
more complex molecular systems. However, its lower sensitivity in smear-negative cases and 
limited integration into national diagnostic algorithms have constrained its adoption (Ibrahim 
et al., 2025). Other emerging platforms, such as Truenat and digital polymerase chain reaction 
(dPCR), aim to address some of these limitations. Truenat, a battery-operated molecular assay, 
reduces dependence on stable electricity and offers greater portability, making it well suited 
for peripheral and hard to reach settings (Ihesie et al., 2024). In contrast, dPCR provides very 
high sensitivity but requires advanced laboratory infrastructure and is therefore more 
appropriate for research or reference settings. 
 
Evaluation of diagnostic platforms using criteria such as cost, power dependency, specimen 
flexibility, and performance in HIV-associated TB highlights important differences in their 
suitability for use in Nigeria. Xpert MTB/RIF and Xpert Ultra offer high diagnostic accuracy 
and integrated drug-resistance detection, making them most suitable for secondary and 
tertiary healthcare facilities where infrastructure can support their operation (Keller et al., 
2025). However, their dependence on stable electricity and supply chains limits their 
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effectiveness in rural settings. In contrast, LAMP and Truenat offer greater feasibility for 
decentralized use due to lower power requirements and operational simplicity, although with 
some compromise in sensitivity compared to Xpert-based platforms (WHO, 2016b; WHO, 
2020; MacLean et al., 2020). Line probe assays (LPAs), although highly accurate for drug-
resistance detection, are constrained by their reliance on smear-positive specimens and 
advanced laboratory infrastructure, thereby restricting their use primarily to specialized 
reference laboratories (WHO, 2016b). 
 
Overall, advances in molecular diagnostics have substantially narrowed the gap between TB 
suspicion and confirmed diagnosis, enabling faster treatment initiation and improved 
detection of drug-resistance. However, the performance of these technologies is closely tied 
to health system capacity, laboratory infrastructure, and workforce competence. As shown in 
Table 2, no single molecular platform is universally optimal; rather, each involves balances 
between sensitivity, cost, turnaround time, and operational requirements. Understanding 
these strengths and limitations is essential for selecting and deploying diagnostic tools that 
are both technically effective and contextually appropriate for Nigeria’s diverse healthcare 
settings. 
 
Table 2: Molecular diagnostic techniques for TB detection 

Technique WHO 
Endorsement 

Year 

Sensitivity 
(%) 

Specificity 
(%) 

Turnaround 
Time (h) 

Cost (Nigeria 
Context) 

References 

First Line 
Probe 
Assays 

2008 98 (RIF), 84 
(INH) 

> 99 ~ 5 High, lab 
dependent 

(WHO, 
2016b) 

Xpert 
MTB/RIF 

2010 89 overall, 
70 (smear 
negative) 

98 < 2 Expensive (WHO, 
2024b) 

Second 
Line Probe 
Assays 

2016 86 (FLQ), 87 
(SLID) 

99 ~ 5 Lab based (WHO, 
2016b) 

Loopamp 
MTBC 
(LAMP) 

2016 78 pooled 98 < 2 Moderate (WHO, 2016a) 

Xpert 
MTB/RIF 
Ultra 

2017 90 pooled, 
94 (RIF) 

96 < 2 Expensive (WHO, 
2024b) 

Keys: INH = Isoniazid; RIF = Rifampin; FLQ = Fluoroquinolone; SLID = Second Line Injectable Drugs. 

 
Emerging Molecular Methods and Future Prospects 
Innovation in molecular diagnostics for tuberculosis continues to evolve, with emerging 
technologies aiming to improve sensitivity, reduce turnaround time, and enhance accessibility 
in resource-limited settings (Table 3). Xpert Mycobacterium tuberculosis/Extensively Drug-
Resistant (Xpert MTB/XDR) represents an extension of the GeneXpert platform, enabling 
detection of resistance beyond rifampicin to include isoniazid, fluoroquinolones, and second-
line injectable drugs (Pillay et al., 2022). While this provides clinically valuable information for 
managing drug-resistant TB, its higher cost and continued dependence on stable electricity 
and cartridge supply limit its scalability in many Nigerian settings. Digital polymerase chain 
reaction (dPCR) offers very high sensitivity and the ability to detect low bacterial loads, 
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making it potentially useful for paucibacillary disease (Yang et al., 2017). However, despite its 
analytical advantages, dPCR requires advanced laboratory infrastructure, remains costly, and 
is not currently endorsed by the World Health Organization (WHO) for routine TB diagnosis, 
limiting its applicability to research and specialized settings. 
 
CRISPR-based diagnostic systems have gained attention due to their potential for rapid, low-
cost detection using minimal equipment. Recent studies have demonstrated promising 
sensitivity using Cas12a- and Cas13a-based assays (Gootenberg et al., 2017; Ai et al., 2019). 
However, CRISPR-based diagnostics remain in early stages of clinical validation and are yet 
to be endorsed by the World Health Organization for routine TB diagnosis, limiting their 
immediate application (Qi et al., 2022). Whole-genome sequencing (WGS) provides 
comprehensive resistance profiling and high diagnostic accuracy, making it valuable for 
surveillance and research purposes (Gilchrist et al., 2015). According to National Institute for 
Health and Care Research, Global Health Research Unit on Genomic Surveillance of Anti-
Microbial Resistance (2020), opined that WGS is better positioned as a surveillance and 
epidemiological tool rather than a frontline diagnostic method due to its high cost, technical 
complexity, and longer turnaround time. 
 
Truenat, a battery-operated, chip-based molecular assay originally developed in India, 
represents another promising advance for decentralized TB diagnosis. By 2023, Truenat had 
been deployed to approximately 372 sites across Nigeria, offering performance comparable to 
LAMP-based assays while requiring less laboratory infrastructure (Eneogu et al., 2024). 
Beyond Nigeria, multi-country validation studies and WHO evaluations have demonstrated 
that Truenat exhibits diagnostic accuracy comparable to Xpert MTB/RIF for both tuberculosis 
detection and rifampicin resistance, supporting its use in peripheral and resource limited 
settings (Meaza et al., 2021; Nikam et al., 2013; Penn-Nicholson et al., 2021; WHO, 2024b). Field 
evaluations in primary healthcare settings have further shown that its battery-operated 
design, portability, and minimal infrastructure requirements facilitate near point-of-care 
testing, particularly in settings with unreliable electricity supply (Eneogu et al., 2024). Its 
portability and independence from stable electricity make it particularly attractive for 
peripheral health facilities in Nigeria. However, sustained impact will depend on consistent 
supply chains, quality assurance mechanisms, and ongoing training of laboratory personnel. 
Integration with digital health platforms for result reporting and monitoring could further 
enhance its effectiveness. 
 
Collectively, these emerging molecular methods signal a gradual shift toward more equitable 
and decentralized TB diagnostic strategies. However, not all emerging molecular diagnostic 
tools have received WHO endorsement for routine TB diagnosis. While Truenat has been 
endorsed and incorporated into WHO guidelines, advancement in CRISPR-based assays and 
dPCR remain in experimental or early validation stages (WHO, 2024b). This lack of regulatory 
approval limits their immediate integration into national TB control programs, including in 
Nigeria, where policy adoption is closely aligned with WHO recommendations. The challenge 
moving forward lies on health-system constraints that limit utilization and also in ensuring 
that these advances are translated into accessible, reliable, and sustainable diagnostic services. 
 
 
 
 
 
 
 

https://en.wikipedia.org/wiki/National_Institute_for_Health_and_Care_Research
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Table 3: Emerging TB diagnostic methods 

Method Sensitivity 
(%) 

Specificity 
(%) 

Strengths Weaknesses Nigeria 
Feasibility 

References 

Xpert XDR 85 - 90 (INH, 
FLQ, SLID) 

98 Detects XDR-
TB rapidly 

High cost  Piloted, 
limited scale 

(Keller et al., 
2025) 

dPCR > 95 > 95 Detects low 
bacterial 
loads 

Expensive 
equipment  

Central labs 
only 

(Yang et al., 
2017) 

CRISPR / 
Cas12a 

90 98 Low cost, 
POC capable 

Limited field 
validation 

High 
potential for 
rural areas 

(Ai et al., 2019) 

WGS > 95  > 95 Comprehensi
ve resistance 
profiling 

Costly, 
requires 3 to 
14 days 

For 
surveillance, 
not routine 

(Gilchrist et 
al., 2015) 

Keys: XDR = Extensively Drug Resistant; POC = Point of Care; WGS = Whole genome sequencing; dPCR = digital 
polymerase chain reaction. 

Implementation Challenges in Nigeria 
Nigeria formally adopted GeneXpert as the primary diagnostic tool for tuberculosis in 2016 
under the National Tuberculosis, Leprosy and Buruli Ulcer Control Programme (NTBLCP), 
with support from the Global Fund and other development partners (NTBLCP, 2023). 
Evidence from Nigeria suggests that from an initial deployment of 32 GeneXpert machines in 
2012, national capacity expanded to approximately 513 machines by 2023, achieving coverage 
across all 36 states and the Federal Capital Territory (Ali et al., 2023). This scale-up is consistent 
with national and international reports, although increased availability has not translated into 
proportional utilization. This expansion also aligns with the World Health Organization’s End 
TB Strategy and has contributed to an increase in TB treatment coverage from about 20% in 
2012 to nearly 70% by 2024 (Gidado et al., 2019). One of the most significant barriers is 
suboptimal utilization of available diagnostic capacity. National utilization rates for 
GeneXpert machines are estimated at only 40–50% (Gidado et al., 2015). Programmatic 
analyses have reported utilization levels as low as 33.6% in some settings, with variability 
across facility types and regions. Unreliable electricity supply remains a major constraint, with 
power outages reported to disrupt 30–50% of diagnostic tests in rural facilities (Gidado et al., 
2019). Similar infrastructure-related challenges have been reported in other studies, indicating 
that these are systemic rather than isolated issues (Lee et al., 2022). In addition, weak specimen 
transport networks and recurrent cartridge stock-outs further undermine consistent service 
delivery, particularly in remote and underserved areas. Comparable implementation 
challenges have also been observed in other high-burden settings, suggesting that these 
limitations reflect broader health system constraints (Basu et al., 2012). 

Geographic inequities in the distribution of diagnostic platforms compound these challenges. 
As illustrated in Figure 1, urban centers have a disproportionately higher concentration of 
GeneXpert machines (Ali et al., 2023). This pattern reflects broader disparities in health system 
investment and is consistent with national evidence showing uneven access to diagnostic 
services between urban and rural populations (Gidado et al., 2019). In contrast, conflict 
affected regions in the North-East remain relatively under-resourced, limiting access for 
populations that already face heightened vulnerability. Given that an estimated 70% of 
Nigerians reside in rural areas, this urban bias in diagnostic infrastructure perpetuates 
inequities in TB detection and care (Adamu et al., 2018). Human resource constraints also limit 
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diagnostic performance. Inadequate training and high staff turnover contribute to operational 
inefficiencies. Facility-level studies indicate that while GeneXpert improves detection, its 
effectiveness remains highly dependent on local infrastructure and workforce capacity 
(Gidado et al., 2019).  Facilities managed by the private sector often report higher utilization 
rates of 60–70%, largely due to better maintenance practices and more stable power supply 
(Williams et al., 2022). However, this increased efficiency is often associated with user fees, 
which create financial barriers to access and limit equitable service delivery. Evidence from 
comparable settings suggests that public–private partnership models may improve efficiency 
but require strong regulatory oversight and subsidy mechanisms to ensure equitable access 
(Basu et al., 2012). 

These health-system challenges disproportionately affect vulnerable populations despite the 
availability of molecular tools (Oga-Omenka et al., 2020). Pediatric TB and TB among people 
living with HIV remain particularly challenging to diagnose, as lower bacillary loads reduce 
the sensitivity of GeneXpert and other nucleic acid-based assays. In high HIV burden regions 
such as North Central Nigeria, smear-negative pulmonary TB is common, raising concerns 
about the limitations of conventional microscopy and reinforcing the need for more sensitive 
molecular approaches (Tiamiyu et al., 2020). These findings highlight how patient related 
factors interact with system limitations to further constrain diagnostic performance. While 
Truenat has been rolled out to 372 sites nationwide, its long-term impact will depend on 
sustained training, quality assurance systems, and reliable maintenance support. Recent pilot 
evaluations conducted in Nigeria suggest that laboratory personnel perceive Truenat as user-
friendly following appropriate training, with high acceptance of its rapid, battery-operated 
workflow in peripheral health facilities (Ihesie et al., 2024). However, similar to GeneXpert, its 
effectiveness will depend on broader system readiness, including supply chain stability and 
ongoing technical support. Nonetheless, these early gains risk being undermined without 
consistent investment in supervision, external quality assessment, and supply chain 
management. 

These diagnostic challenges reflect systemic weaknesses within Nigeria’s health system, 
including underfunding. In 2023, only about 50% of the country’s estimated TB funding needs 
were met, limiting the scale and sustainability of diagnostic and treatment interventions 
(Ogunniyi et al., 2024). These challenges further illustrate the need for diagnostic strategies 
that are both clinically and contextually adapted to patient populations.  

 
Figure 1: Regional deployment and ownership of GeneXpert machines in Nigeria. (Adapted from Ali et al., 2023). 
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CONCLUSION AND FUTURE PERSPECTIVES 
The scale-up of molecular diagnostics, including the expansion to more than 500 GeneXpert 
machines nationwide, represents a significant milestone in Nigeria’s tuberculosis control 
efforts. These advances have improved diagnostic capacity and increased case detection. 
However, evidence from this review indicates that the availability of diagnostic technologies 
has not translated into optimal utilization, largely due to persistent systemic and operational 
constraints. Key challenges include infrastructure gaps, workforce limitations, and 
inequitable access to diagnostic services. These findings highlight that improving TB 
diagnosis in Nigeria requires strengthening of the health system components necessary for 
effective implementation. Emerging tools such as Truenat and CRISPR-based assays offer 
potential advantages, particularly in decentralized settings, but their impact will depend on 
validation, regulatory approval, and alignment with national policies 

This review has several important limitations. First, reliance on published literature and 
programmatic reports may introduce publication bias toward urban and facility-based 
settings, potentially underrepresenting challenges in rural and hard-to-reach areas. Second, 
there is limited availability of data on key populations, particularly children and individuals 
with HIV co-infection, where diagnostic performance is less well characterized. Third, 
heterogeneity in study design, reporting standards, and outcome measures across the 
included studies limits direct comparability of findings. Finally, some implementation data 
are context-specific and may not fully capture recent changes in Nigeria’s rapidly evolving TB 
diagnostic landscape.  
 
RECOMMENDATIONS 
To maximize the impact of molecular tuberculosis diagnostics in Nigeria, coordinated action 
across government, development partners, and the private sector is essential. In the 
immediate term, priority should be given to deploying solar-powered backup systems and 
strengthening maintenance frameworks in remote and underserved communities. 
Addressing these infrastructural gaps would substantially improve machine utilization and 
diagnostic reliability. Furthermore, there is a need to institutionalize sustained, competency-
based capacity-building programs for frontline laboratory personnel, supported by 
government funding and partner engagement, to strengthen skills in molecular testing 
procedures, troubleshooting, and quality assurance, thereby reducing operational errors and 
improving test performance. 
 
The phased introduction of emerging platforms such as CRISPR-based assays and expanded 
deployment of Truenat at local health facilities should be supported through targeted funding 
and rigorous field validation, particularly among children, people living with HIV, and 
patients with extrapulmonary TB. In the medium to long term, efforts should focus on 
equitable distribution of diagnostic resources and strengthening public–private partnerships 
while ensuring affordability which is critical for reducing geographic inequities and 
increasing national utilization rates beyond current levels. 
 
Importantly, addressing the persistent funding gap in TB control will require increased 
domestic financing commitments, including greater allocation from national health budgets 
and integration of TB diagnostic services into national health insurance schemes to ensure 
sustainability. 
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