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Abstract: 

Central nervous system tuberculosis (CNS-TB) is one of the most serious and complicated forms of 

extrapulmonary tuberculosis (EP-TB) and has a high mortality rate, neurological disability and delayed 

diagnosis, especially in developing countries. In resource limited settings, the challenges in the diagnosis 

and treatment of CNS-TB are significant because of the lack of adequate healthcare infrastructure, lab 

capacity, access to advanced neuro-imaging techniques, and trained medical personnel. Common 

laboratory tests like smear microscopy and culture of the cerebrospinal fluid (CSF) have low sensitivity 

and are time-consuming, and molecular testing is not available in many rural and impoverished areas. In 

addition, vague symptoms, overlapping clinical features, co-infection with HIV, malnutrition and a late 

seeking of care make the diagnosis difficult in the early stages. The critical diagnostic problems of CNS 

tuberculosis in the developing world are critically discussed and the role of socioeconomic, 

infrastructural, and technological barriers on the outcome of the disease is explained. The review also 

includes discussion of some of the new diagnostic options that are emerging and the need for complex 

health strategies to enhance early detection and minimize the morbidity and mortality associated with 

CNS-TB. 
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I. INTRODUCTION 

Central nervous system tuberculosis (CNS-TB) is one of the most devastating forms of tuberculosis 

infection, and a major cause of neurological morbidity and mortality in the world [1]. It manifests 

mainly in the form of tuberculous meningitis (TBM), intracranial tuberculoma, spinal arachnoiditis, and 

tuberculous abscess, the most common being tuberculous meningitis [2]. Although there are 

improvements in the treatment of anti-tubercular drugs and molecular diagnostics, CNS-TB still presents 

significant diagnostic and therapeutic difficulties, especially for LMICs, where tuberculosis burden is 

highest [3]. According to the World Health Organization (WHO), tuberculosis is one of the leading 

public health challenges in developing countries where South Asia and Sub-Saharan Africa are 

responsible for 60% of the disease burden [4]. In these environments, poverty, overcrowding, 

malnutrition, HIV co-infection and poor health systems lead to a high risk of contracting TB and a poor 

outcome of the disease [5]. The mortality rate for CNS-TB is 20-50% and survivors are often left with 
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neurological sequelae such as hydrocephalus, seizures, cranial nerve palsies, cognitive dysfunction and 

stroke [6]. 

 

The diagnosis of CNS-TB is challenging due to the lack of specificity of the clinical features of the 

disease which may include fever, headache, vomiting, altered consciousness, and focal neurological 

deficits which overlap with other bacterial, viral, fungal and autoimmune neurological disorders [7]. The 

low sensitivity of the conventional microbiological diagnosis is due to the fact that the CSF is 

paucibacillary in most cases [8]. These difficulties are compounded in resource-poor environments, 

where there is a lack of sophisticated imaging systems and prompt referral systems, as well as 

inadequate laboratory infrastructure [9]. While newer technologies like GeneXpert MTB/RIF, Xpert 

Ultra and nucleic acid amplification tests have increased diagnostic sensitivity, they are not widely 

available to rural healthcare centres because of the complexity of infrastructure and cost [10]. Many 

clinicians therefore continue to use clinical judgment and empirical treatment 

strategies, and risk delayed diagnosis and inappropriate management [11]. 

 

II. BURDEN OF CNS TUBERCULOSIS IN DEVELOPING COUNTRIES 

Central nervous system (CNS) tuberculosis (TB) is still a significant public health problem in 

developing countries and is responsible for a significant proportion of TB-associated morbidity and 

mortality in the world [1]. TB is more common in low and middle income countries with high TB 

transmission potential in these areas from poverty, overcrowding, malnutrition, poor sanitation, and 

substandard health care systems [2]. The majority of reports of CNS-TB have been reported in countries 

with a high burden of pulmonary TB and growing populations of immunocompromised people, 

including those in South Asia, Sub-Saharan Africa and Southeast Asia [3]. CNS-TB is regarded as one 

of the most serious clinical presentations of extrapulmonary tuberculosis as it has a high mortality rate 

and can result in irreversible neurological damage [4]. The most common form of CNS tuberculosis is 

tuberculous meningitis (TBM) with mortality rate between 20% to 50% despite anti-tubercular therapy 

(ATT) [5]. Common and long-term complications for survivors include hydrocephalus, seizures, cranial 

nerve palsies, stroke, hearing loss, cognitive deficits, and motor loss [6]. 

 

India is the largest contributor of TB cases in the world, and has a substantial number of CNS-TB cases 

reported each year [7]. The burden of TB on rural population in India is high due to late diagnosis, poor 

access to healthcare, lack of neurological diagnostic facilities, and lack of awareness among the 

population about neurological complications of TB [8]. These patterns also have been described in other 

nations, including Indonesia, South Africa, Nigeria, Bangladesh, and Pakistan, where socioeconomic 

factors and a lack of health care resources still hinder early diagnosis and treatment of disease [9]. 

Children are one of the most susceptible groups to be impacted by CNS TB in developing nations [10]. 

Maturity of the immune system, malnutrition and late clinical recognition are associated with severe 

tuberculous meningitis in children [11]. For most of the healthcare facilities in low resource areas, 

diagnosis is often made when the patients have reached more advanced neurological stages, leading to 

higher mortality and disability rates [12]. 

 

HIV co-infection also increases the disease burden of CNS TB in resource-limited areas [13]. 

Disseminated and extrapulmonary tuberculosis with involvement of the central nervous system occurs in 
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immunocompromised people at much higher frequencies [14]. HIV associated CNS-TB may have 

atypical clinical presentation, limited inflammatory response, and lack of effective treatment outcomes, 

which adds complexity to diagnosis and it is associated with higher mortality rates [15]. 

 

Socioeconomic factors also are important determinants of disease burden and treatment outcomes. Poor 

adherence to anti-tubercular therapy is significantly attributed to poverty [16], illiteracy, unemployment, 

malnutrition, and limited access to health care services [16] which delay the diagnosis of their illness. 

Access to neurologists, neuroimaging centers, advanced laboratory diagnostics is further limited in 

remote rural areas by geographic barriers [17]. Besides clinical problems, developing countries often 

have infrastructural problems like poor laboratory settings, dearth of qualified health care workers, weak 

surveillance system and irregular availability of ATDs [18]. Although smear microscopy and CSF 

sampling for culture are not sensitive and have a long turnaround time, they are still widely used in most 

peripheral healthcare centers [19]. The high operational cost of cost-sensitive equipment and technical 

requirements for advanced molecular diagnostic methods make their availability in tertiary care hospitals 

the norm [20]. 

 

Multidrug-resistant tuberculosis (MDR-TB) is now a significant problem in developing countries as well 

[21]. Treatment outcomes for drug-resistant CNS tuberculosis are much lower as delayed diagnosis and 

poor access to DST decreases treatment efficacy [22]. CNS TB remains a significant clinical, economic 

and public health problem in developing countries overall. Persistent high morbidity and mortality rates 

are attributed to delayed diagnosis, inadequate healthcare system and infrastructure, poverty, HIV co-

infection, and limited diagnostic accessibility [23]. Increasing the effectiveness of TB control programs, 

increasing access to health care, and increasing rapid molecular diagnostic services are important to 

reduce the burden of CNS-TB in resource limited settings [24]. 

 

Figure 1 Comparative burden of central nervous system tuberculosis (CNS-TB) in selected developing 

countries. The graph highlights the disproportionately high disease burden in regions with limited 

healthcare infrastructure, delayed diagnostic accessibility, high tuberculosis prevalence, and increased 

socioeconomic vulnerability. 
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III. CLINICAL CHALLENGES IN EARLY DIAGNOSIS 

A. Nonspecific Clinical Presentation 

Culture The clinical presentation of CNS tuberculosis is extremely variable and non-specific, one of the 

major diagnostic problems [19]. Fever, headache, malaise, vomiting and lethargy are early signs of many 

infectious and inflammatory neurological diseases [20]. 

 

In a resource-limited setting, patients often do not appear at healthcare facilities until they are severely 

ill, because of poor health awareness, financial constraints and transportation limitations [21]. Thus 

severe neurological complications—seizures, hydrocephalus, and/or changes in consciousness—are 

often present when CNS-TB is diagnosed [22]. 

 

B. Overlapping Neurological Disorders 

CNS-TB closely mimics numerous neurological diseases including bacterial meningitis, fungal 

meningitis, viral encephalitis, neurocysticercosis, brain tumors, and autoimmune encephalitis [23]. In 

rural healthcare settings where advanced neurodiagnostic facilities are unavailable, differentiation 

between these conditions becomes extremely difficult [24]. 

 

Misdiagnosis frequently leads to inappropriate treatment, delayed anti-tubercular therapy, and increased 

mortality [25]. 

 

IV. LABORATORY DIAGNOSTIC CHALLENGES 

A. Limitations of Smear Microscopy 

In developing countries, the Ziehl–Neelsen smear microscopy method continues to be used widely, due 

to its low cost and simplicity [26]. Its diagnostic sensitivity for CNS-TB is very low, however, because it 

is not a very concentrated specimen of CSF [27]. 

 

It has been demonstrated in several studies that smear microscopy is not able to detect a significant 

proportion of tuberculosis cases, especially in extrapulmonary and HIV-related disease [28]. In addition, 

peripheral healthcare centers suffer from the lack of trained laboratory staff, as well as from the poor 

staining quality affecting the accuracy [29]. 

 

B. Challenges Associated with CSF Culture 

Culture methods like Lowenstein–Jensen media and MGIT systems are very specific and have a longer 

incubation time (days to weeks) [30]. Delayed diagnosis greatly limits the clinical usefulness because 
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CNS-TB requires immediate entry into treatment (EIT) [31]. 

 

Culture facilities are frequently lacking in places with limited resources, because of their high operating 

costs, lack of biosafety laboratories, and lack of technical skills. 

 

C. Limited Access to Molecular Diagnostics 

The use of advanced molecular diagnostics has recently become available for rapid diagnosis of CNS 

TB, with GeneXpert MTB/RIF and Xpert Ultra having made significant contributions [33]. These 

approaches have quicker results and greater sensitivity than standard microscopy [34]. 

 

The main challenges to adoption in developing countries are however equipment cost, limited electricity 

supplies, cartridge costs, maintenance demands and a shortage of trained operators [35]. As a result, 

most molecular testing occurs at tertiary care centres within urban areas [36]. 

 

V. NEUROIMAGING CHALLENGES 

A. Limited MRI Accessibility 

Magnetic resonance imaging (MRI) is the most sensitive imaging modality for CNS-TB, which can 

detect basal meningeal enhancement, tuberculomas, infarctions and hydrocephalus [37]. 

 

But MRI services are still limited in rural and economically depressed areas [38]. Patients have to travel 

long distances to tertiary hospitals and this leads to delayed imaging and late diagnosis [39]. 

 

B. Limited MRI Accessibility 

However, the cost of the investigations such as CT or MRI is high among the poor in developing 

countries [40]. Some patients do not have the financial means to repeat imaging exams and thus do not 

receive thorough diagnostic testing and treatment [41]. 

 

VI. IMPACT OF HIV CO-INFECTION AND MALNUTRITION 

HIV co-infection significantly complicates diagnosis of CNS tuberculosis because immunosuppression 

alters typical inflammatory responses and clinical manifestations [42]. HIV-positive patients frequently 

demonstrate atypical CSF findings and increased risk of disseminated disease [43]. 
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Malnutrition, which remains highly prevalent in developing countries, further weakens immune function 

and contributes to poor treatment outcomes [44]. 

 

VII. INFRASTRUCTURAL AND HEALTHCARE SYSTEM LIMITATIONS 

Healthcare systems in resource-limited settings face multiple infrastructural challenges affecting CNS-

TB diagnosis, including shortage of neurologists, inadequate laboratory capacity, delayed referral 

systems, poor specimen transportation, limited biosafety facilities, and inconsistent drug availability 

[45]. 

 

VIII. SOCIOECONOMIC AND GEOGRAPHIC BARRIERS 

Socioeconomic and geographic barriers play a major role in delayed diagnosis, poor treatment 

accessibility, and increased mortality associated with central nervous system tuberculosis (CNS-TB) in 

developing countries [1]. The burden of CNS tuberculosis is disproportionately concentrated among 

economically disadvantaged populations living in rural, overcrowded, and resource-constrained 

environments where healthcare accessibility remains severely limited [2]. Poverty, illiteracy, 

malnutrition, unemployment, and inadequate healthcare infrastructure collectively contribute to delayed 

healthcare-seeking behavior and poor disease outcomes [3]. 

 

One of the most important socioeconomic determinants affecting CNS-TB diagnosis is poverty [4]. 

Individuals from low-income families often lack financial resources necessary for transportation, 

neuroimaging investigations, laboratory testing, hospitalization, and prolonged anti-tubercular therapy 

[5]. Since CNS tuberculosis frequently requires repeated diagnostic procedures such as lumbar puncture, 

CT scanning, MRI imaging, and molecular testing, treatment costs become unaffordable for many 

patients in low-resource settings [6]. Consequently, patients frequently delay medical consultation until 

severe neurological symptoms develop, including seizures, altered consciousness, cranial nerve palsies, 

or paralysis [7]. 

 

Illiteracy and low public awareness regarding tuberculosis-associated neurological manifestations 

further complicate early diagnosis [8]. In many developing countries, individuals remain unaware that 

tuberculosis can affect the brain and spinal cord in addition to the lungs [9]. Early symptoms such as 

headache, fever, vomiting, fatigue, and behavioral changes are often ignored or misinterpreted as minor 

illnesses, resulting in substantial diagnostic delays [10]. Misconceptions, social stigma, and reliance on 

traditional healers may additionally prevent timely access to qualified healthcare professionals [11]. 

 

Malnutrition represents another critical socioeconomic factor associated with increased CNS-TB burden 

[12]. Nutritional deficiency weakens host immune response, thereby increasing susceptibility to 

disseminated and extrapulmonary tuberculosis [13]. Malnourished children and immunocompromised 

adults are particularly vulnerable to severe forms of tuberculous meningitis and poor treatment 

outcomes [14]. In developing countries where food insecurity remains prevalent, malnutrition 

significantly contributes to disease progression and mortality [15]. 

Geographic barriers also substantially affect diagnosis and management of CNS tuberculosis [16]. Rural 

and remote regions frequently lack specialized healthcare facilities, neurologists, microbiology 

laboratories, and neuroimaging services [17]. Patients often need to travel long distances to tertiary care 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 

 
E-ISSN: 2582-2160   ●   Website: www.ijfmr.com   ●   Email: editor@ijfmr.com 

 

IJFMR260183857 Volume 8, Issue 1, January-February 2026 7 

 

hospitals for advanced investigations such as MRI, CSF culture, or molecular testing [18]. Delayed 

referral systems and poor transportation infrastructure further prolong diagnostic timelines and treatment 

initiation [19]. 

 

In many developing countries, primary healthcare centers are inadequately equipped to diagnose CNS-

TB [20]. Peripheral hospitals may lack lumbar puncture facilities, trained laboratory personnel, 

molecular diagnostic platforms, and radiological services [21]. Consequently, patients are frequently 

managed empirically without microbiological confirmation, increasing the risk of misdiagnosis and 

inappropriate therapy [22]. 

 

Healthcare accessibility is further complicated by unequal distribution of medical resources between 

urban and rural regions [23]. Urban tertiary hospitals generally possess better diagnostic infrastructure 

and specialist availability, whereas rural communities remain dependent on under-resourced healthcare 

units [24]. This urban-rural healthcare disparity contributes significantly to late-stage presentation and 

poor neurological outcomes in CNS tuberculosis patients [25]. 

 

Social stigma associated with tuberculosis and HIV co-infection also acts as a barrier to healthcare-

seeking behavior [26]. Fear of discrimination and social exclusion may discourage patients from seeking 

early medical attention or adhering to long-term anti-tubercular therapy [27]. Women and children in 

socioeconomically disadvantaged communities often face additional barriers related to dependency, 

gender inequality, and limited healthcare decision-making authority [28]. 

 

Financial limitations also affect continuity of treatment and follow-up care [29]. CNS tuberculosis 

requires prolonged multidrug therapy, repeated neurological assessments, and monitoring for 

complications such as hydrocephalus and drug toxicity [30]. Patients from economically unstable 

backgrounds frequently discontinue therapy because of medication costs, transportation expenses, and 

loss of daily wages during hospitalization [31]. Treatment interruption significantly increases the risk of 

relapse, drug resistance, and mortality [32]. 

 

Another major challenge involves poor public health infrastructure and weak surveillance systems in 

developing countries [33]. Many remote areas lack effective tuberculosis screening programs, 

community health education, and rapid referral mechanisms [34]. Delayed case detection contributes to 

continued disease transmission and increased burden of extrapulmonary tuberculosis including CNS 

involvement [35]. 

 

Natural disasters, political instability, armed conflict, and migration further worsen healthcare 

accessibility in several low-income regions [36]. Displacement and overcrowding increase tuberculosis 

transmission while simultaneously disrupting continuity of healthcare services and medication 

availability [37]. 

Overall, socioeconomic inequality and geographic inaccessibility remain major contributors to the 

persistent burden of CNS tuberculosis in developing countries [38]. Addressing these barriers requires 

strengthening rural healthcare infrastructure, expanding affordable diagnostic services, improving public 

awareness, reducing poverty-related healthcare disparities, and implementing community-based 
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tuberculosis control programs [39]. Integrated public health strategies focused on equitable healthcare 

delivery are essential for improving early diagnosis and reducing CNS-TB-associated morbidity and 

mortality in resource-limited settings [40]. 

 

IX. FUTURE PERSPECTIVES & CONCLUSION 

Central nervous system tuberculosis (CNS-TB) is still considered one of the most serious and life-

threatening forms of TB that occurs especially in developing countries where resources for health care 

and diagnostic facilities are limited [1]. Although global efforts to control TB have made great strides, 

CNS-TB still dramatically impacts clinical, neurological, socioeconomic, and public health outcomes by 

delaying diagnosis, restricting access to advanced diagnostics tools, and failing to provide access to 

health care systems and services [2]. The diagnosis of CNS tuberculosis is extremely difficult due to its 

clinical non-specificity, low bacillary load of CSF, overlapping clinical symptoms and underperforming 

sensitivity of classical diagnostic tools [3]. Although their usefulness is low and the turnaround time is 

long, methods like smear microscopy and CSF culture are still being used widely in resource poor areas 

[4]. While advanced molecular technologies such as GeneXpert MTB/RIF, Xpert Ultra, and nucleic acid 

amplification tests are associated with improved diagnostic sensitivity and speed, adoption is limited in 

many rural and economically disadvantaged areas due to a high operational cost, need for infrastructure 

and lack of trained personnel [5]. 

 

In some developing countries, socio-economic inequalities, malnutrition, poverty, overcrowding, 

illiteracy and HIV co-infection exacerbate the burden of CNS-TB [6]. Access to neuroimaging, 

laboratory diagnostics and specialized neurological care is significantly delayed by geographic barriers 

and disparities between urban and rural areas [7]. As a result, patients are often diagnosed at a later 

stage of the disease, when neurological complications are more severe and mortality rates are higher [8]. 

All of these findings point to the great need of increasing the capacity of the healthcare system, the 

capacity of the laboratory and the accessibility of rapid molecular diagnostic platforms in developing 

countries suffering from the relentless impact of CNS tuberculosis [9]. The use of affordable point-of-

care diagnostic tools, better availability of neuroimaging, better clinician training, and efficient referral 

systems need to be integrated to enable timely diagnosis and initiation of treatment [10]. Awareness 

creation in the community, TB screening programs, nutritional interventions and socioeconomic 

development can also play a significant role in reducing disease burden and treatment success [11]. 

Some emerging technologies such as artificial intelligence-driven neuroimaging, biomarker-based 

diagnostics, loop-mediated isothermal amplification, and metagenomic next-generation sequencing 

could provide advantages in increasing the accuracy of diagnosis in resource-limited settings [12]. These 

technologies however, need to be implemented on a large scale, which demands international 

cooperation, governmental investment and formation of cost-effective healthcare policies appropriate 

to the low and middle income countries [13]. Finally, CNS tuberculosis remains an important clinical 

and therapeutic problem in developing countries due to various clinical, socioeconomic and 

infrastructural constraints [14]. Strengthening integrated healthcare, expanding rapid diagnostics and 

increasing equitable healthcare accessibility is vital to reducing the size of the burden of morbidity, 

neurological disability and mortality due to CNS-TB globally [15]. 
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