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ABSTRACT 

Pulmonary tuberculosis is commonly caused by Mycobacterium tuberculosis. Tuberculosis 

pathogenesis is based on immune cell depletion and immune system evasion. Peripheral blood 

mononuclear cells from pulmonary tuberculosis clients were studied for transcription patterns 

associated with immune cell exhaustion, cellular activity, and inflammatory response at various 

therapeutic stages of anti-TB therapy at the Chest Clinic of Tamale Teaching Hospital, an 

experimental study was carried out with twenty-five clients diagnosed with pulmonary 

tuberculosis and five healthy control clients, making a total of thirty clients. Based on the different 

stages of the anti-TB treatment, the clients were divided into six groups; namely: newly diagnosed 

(zero month), intensive phase (≤ 2 months), continuous phase I (>2 & ≤ 5 months), continuous 

phase II (>5 & ≤ 6 months), completed phased (>6) and healthy control group. Blood specimens 

were taken from every client in each group. Peripheral blood mononuclear cells were isolated, 

followed by Ribonucleic acid extraction, then complementary deoxyribonucleic acid synthesis, 

polymerase chain reaction of the biomarkers of T cells exhaustion, inflammatory cytokines and 

cellular activities markers. 1% agarose gel electrophoresis was used for the deoxyribonucleic acids 

bands visualization. The deoxyribonucleic acid gene expression and quantification were carried 

out using Image J software and Graph pad Prism version 8 statistical tool on the genes of T cell 

exhaustion, inflammatory cytokine and cellular activities markers. P-values of less than 0.05 were 

considered statistically significant between the groups. 

Programme cell death 1 protein, cytotoxic T lymphocytes associated protein 4, CD244 and 

lymphocyte activated gene 3 in peripheral blood mononuclear cells predict positive pulmonary 

tuberculosis prognosis during treatment. Correlation analysis suggests CD244 could be a strong 

marker for monitoring pulmonary tuberculosis treatment outcomes. Transcription of inflammatory 

cytokines was restored to normal following the initiation of anti-TB treatment. Cellular activity 

markers CD69, Ki67, Interleukin 7R, Interleukin 15R, GATA-3, CD4 and CD8 were restored to 

normal and could be used to monitor PTB treatment outcome. The study demonstrated the  

potential value of T-cell exhaustion markers, specifically PD-L1, inflammatory markers like 

Interleukin 2, Interferon-gamma and Tumor necrosis factor-a, as well as cellular activity indicators 

Kiel 67, CD69, GATA-3, CD4, and CD8 blood-based biomarkers can be used in place of sputum 

in monitoring treatment progress of pulmonary tuberculosis clients. 
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CHAPTER 1 

INTRODUCTION 

1.0 BACKGROUND 

Pulmonary tuberculosis remains a major global health challenge, significantly impacting 

morbidity and mortality worldwide. Despite advancements in diagnosis, treatment, and prevention, 

tuberculosis remains among the top infectious disease killers, alongside HIV/AIDS and malaria 

(H. Yang et al., 2024). According to the World Health Organization Global Tuberculosis Report 

2023, an estimated 10.6 million people fell ill with TB in 2022. Of these, around 6 million (57%) 

were cases of pulmonary TB, the most common and transmissible form of the disease. TB caused 

approximately 1.3 million deaths among HIV-negative individuals and 167,000 deaths among 

HIV-positive individuals in 2022. The TB incidence rate is approximately 134 per 100,000 

population, varying across regions (Ummah, 2019). According to WHO Over 85% of TB cases 

occur in 30 high-burden countries, with the highest cases reported in: India (27%), China (7%), 

Indonesia (10%), Philippines (7%), Pakistan, Nigeria, Bangladesh, and South Africa (each 

contributing 4-5%) (Raghav et al., 2021) 

 

In Ghana, Pulmonary tuberculosis remains a significant public health concern, with recent data 

indicating a higher disease burden than previously estimated (Abdul et al., 2020). The 2013 

national TB prevalence survey revealed 290 cases per 100,000 population, which was four times 

higher than the World Health Organization's estimate of 71 per 100,000 for that year. More recent 

studies have reported a prevalence of bacteriologically confirmed TB at 356 per 100,000 

population (Iddrisu et al., 2024).  Annually, approximately 44,000 individuals develop TB in 

Ghana, with an estimated 6,600 cases occurring in children. TB is the seventh leading cause of 

death in Ghana, responsible for about 4.9% of all mortalities. In 2018, there were over 15,000 TB-

related deaths reported (Owusu et al., 2024). In 2023, over 19,000 TB cases were detected, marking 

an improvement from the 16,500 cases identified in 2022. Despite these efforts, the case 

notification rate has remained relatively stagnant at around 60 per 100,000 population over the 

past five years   (Kwabla et al., 2025).  

TB disproportionately affects low- and middle-income countries due to poverty, malnutrition, 

overcrowding, and poor healthcare access. TB can lead to long-term disability, economic hardship, 

and stigma (Hargreaves et al., 2011). 
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Pulmonary tuberculosis an intracellular pathogen that primarily infects the lungs. The disease 

progression is determined by complex host-pathogen interactions, where the immune response 

plays a critical role in controlling or exacerbating the infection. Mycobacterium tuberculosis is 

transmitted via aerosol droplets from an infected person (Moule & Cirillo, 2020). Once inhaled, 

Mycobacterium tuberculosis reaches the alveoli, where it is engulfed by alveolar macrophages. 

The bacteria can survive intracellularly by inhibiting phagosome-lysosome fusion, preventing its 

degradation. Macrophages produce pro-inflammatory cytokines (TNF-α, IL-12, IL-6) to recruit 

immune cells (Maphasa et al., 2021). Neutrophils and dendritic cells contribute to early bacterial 

control and antigen presentation to T cells. Infected macrophages and immune cells form a 

granuloma to contain the bacteria. The granuloma consists of macrophages, epithelioid cells, 

multinucleated giant cells, and T lymphocytes. The bacteria remain dormant inside the granuloma, 

leading to latent TB infection in 90-95% of cases (Sholeye et al., 2022). In some individuals, 

granuloma breakdown occurs due to immune suppression, leading to active TB. Mycobacterium 

tuberculosis escapes into the lung parenchyma, causing tissue necrosis, cavitation, and bacterial 

dissemination, uncontrolled inflammation results in caseous necrosis and lung damage (Elkington 

et al., 2022). 

T cells play a crucial role in immune defense against TB. CD4+ T Cells (Helper T Cells) secrete 

IFN-γ and TNF-α, activating macrophages to kill Mycobacterium tuberculosis. Th1 cells are 

protective, while Th2 and Th17 responses may contribute to pathology (Dis et al., 2022). CD8+ T 

Cells (Cytotoxic T Cells) directly kill infected macrophages through perforin and granzymes, 

contribute to Mycobacterium tuberculosis clearance but can be dysfunctional in chronic infection. 

Regulatory T Cells (Tregs) suppress excessive inflammation but can inhibit effective 

Mycobacterium tuberculosis control. Increased Treg activity is associated with TB progression 

(Ashenafi & Brighenti, 2022). 

T cell exhaustion is a state of immune dysfunction characterized by progressive loss of T cell 

function due to chronic antigen exposure and persistent inflammation. In TB, chronic infection 

and high bacterial load lead to T cell exhaustion, reducing the ability to clear Mycobacterium 

tuberculosis (Kahan et al., 2015). Characteristics of T Cell Exhaustion in TB include the exhausted 

T cells produce less IFN-γ, IL-2, and TNF-α. Increased Expression of Inhibitory Receptors such 

as Programmed death-1, T cell immunoglobulin and mucin-domain containing-3 Cytotoxic T 
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lymphocyte-associated protein 4, Lymphocyte activation gene-3, T cell immunoreceptor with Ig 

and ITIM domains. Reduced ability to expand and kill infected cells (Kahan et al., 2015). 

The persistent exposure to Mycobacterium tuberculosis antigens leads to sustained T cell 

activation and eventual exhaustion. Increased levels of IL-10, TGF-β, and IDO (indoleamine 2, 3-

dioxygenase) contribute to immune suppression. Myeloid-derived suppressor cells (MDSCs) and 

exhausted macrophages impair T cell function leading to low oxygen tension in granulomas limits 

T cell function and survival (Kotzé et al., 2020). 

Inflammatory Cytokines play a crucial role in modulating immune responses, either promoting 

protective immunity or contributing to excessive inflammation. Interferon-Gamma (IFN-γ) 

produced by Th1 cells, CD8+ T cells, NK cells activates macrophages to enhance phagosome-

lysosome fusion (Alspach et al., 2019). Stimulates nitric oxide and reactive oxygen species 

production, aiding in Mycobacterium tuberculosis killing. IFN-γ deficiency leads to uncontrolled 

bacterial growth and disseminated TB. Excessive IFN-γ activation can cause tissue damage and 

necrosis. Tumor Necrosis Factor-Alpha (TNF-α) produced by Macrophages, T cells, dendritic cells 

promotes granuloma formation and maintenance, enhances macrophage activation and apoptosis 

of infected cells. High TNF-α levels contribute to immune-mediated tissue damage in active TB 

(Tiwari & Martineau, 2023).  Interleukin-6 (IL-6) produced by Macrophages, epithelial cells, T 

cells Induces acute-phase response and promotes differentiation of Th17 cells, regulates 

inflammation and recruitment of immune cells. High IL-6 levels correlate with disease severity 

and poor TB outcomes. Interleukin-1 Beta (IL-1β) produced by Macrophages, neutrophils, 

dendritic cells enhances neutrophil recruitment to infection sites, stimulates TNF-α and IL-6 

production (Grebenciucova & VanHaerents, 2023).  

Excessive IL-1β leads to hyperinflammation and tissue necrosis. Interleukin-10 (IL-10) produced 

by Regulatory T cells (Tregs), macrophages, dendritic cells suppresses Th1 responses, reducing 

TNF-α and IFN-γ production, limits tissue damage by dampening excessive inflammation (Ng et 

al., 2013). High IL-10 levels in active TB impair macrophage bactericidal activity, facilitating 

Mycobacterium tuberculosis persistence. TB pathogenesis is driven by a delicate cytokine balance 

that determines whether the immune response controls or exacerbates disease (Sankar & Mishra, 

2023). While pro-inflammatory cytokines (IFN-γ, TNF-α, IL-6) are crucial for bacterial 

containment, their dysregulation can lead to immune-mediated pathology. Conversely, excessive 

anti-inflammatory cytokines (IL-10, TGF-β) may promote bacterial persistence (Cicchese, 2018).  
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The host immune response plays a crucial role in controlling or exacerbating TB, with T cell 

exhaustion, inflammatory and cellular activity markers being essential for monitoring disease 

progression and treatment response. These markers can help in evaluating immune activation, 

inflammation, and bacterial clearance (Ghoshal et al., 2024). 

One of the important factors to consider in PTB treatment is monitoring the progress of treatment. 

However, patients at certain stages of treatment find it difficult to produce sputum for examination, 

especially in younger patients and the elderly. In view of this, we hypothesize that there could be 

blood-borne markers to monitor the positive prognosis of PTB treatment. In this regard, this study 

explored potential T cell exhaustion, inflammatory cytokines and cellular activity markers for 

monitoring PTB treatment other than sputum. 

 

1.1 PROBLEM STATEMENT AND JUSTIFICATION 

The immune system is vital in immune defense against tuberculosis infection, which is still a 

serious public health concern, particularly in low- and middle-income nations. T-cell exhaustion 

may result from a persistent TB infection. T-cell exhaustion is important in tuberculosis, but little 

is known about how TB causes exhaustion at different stages of anti-TB treatment or how it affects 

the course of the disease. Given this, it's critical to look at T-cell exhaustion markers at various 

PTB disease stages and how they relate to the severity of the illness. It is possible that utilizing T 

cell exhaustion markers can greatly assist tuberculosis management. Thus, the goal of the study 

was to investigate the relationship between M. tuberculosis and host immunity, with a particular 

emphasis on the T cell exhaustion makers, inflammatory cytokines and cellular activity markers. 

Investigating and comprehending T-cell exhaustion in PTB patients might offer important insights 

into the way the immune system reacts to tuberculosis infection, which may result in the 

development of more diagnostic tools and therapeutic strategies., Blood-based biomarkers could 

be identified as alternatives to or addition to sputum specimens for laboratory diagnosis, especially 

when sputum production becomes problematic.   

 

1.2 HYPOTHESIS:   

In the Northern Region, there are significant differences in T-cell exhaustion makers across 

different groups of individuals with Mycobacterium tuberculosis infection. 
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1.3 NULL HYPOTHESIS:   

Among the many clients in the Northern Region infected with Mycobacterium tuberculosis, there 

is no statistically significant difference in T-cell exhaustion makers.  

 

1.5 RESEARCH QUESTION 

i. In individuals with PTB, what is the pattern of T-cell exhaustion biomarkers? 

ii. How do T-cell exhaustion biomarker levels in pulmonary tuberculosis patients alter at the 

anti-TB treatment? 

iii. What is the relationship, can the levels of T-cell exhaustion biomarkers be predictive of 

treatment response and differences between the stages of anti-TB therapy (intensive, 

continuous and cured stages) and the levels of T-cell exhaustion biomarkers in PTB 

patients?  

 

1.6 AIM 

The aim of this study was to investigate T-cells exhaustion among pulmonary tuberculosis clients 

in Northern Region-Ghana. 

 

 

1.7 OBJECTIVES 

To determine the pattern of T-cells exhaustion markers in patients with pulmonary TB at 

different stages of anti-TB therapy. 

To investigate the inflammatory cytokine expression at different stages of anti-TB therapy. 

To investigate the expression of cellular activities and proliferation makers at different 

stages of anti-TB therapy. 

 

 

 

 

www.udsspace.uds.edu.gh 

 

 

 

 



6 
 

CHAPTER 2 

LITERATURE REVIEW 

2.0 Introduction 

Pulmonary tuberculosis remains a major global health challenge, significantly impacting 

morbidity and mortality worldwide. Despite advancements in diagnosis, treatment, and prevention, 

tuberculosis remains among the top infectious disease killers, alongside HIV/AIDS and malaria 

(H. Yang et al., 2024). According to the World Health Organization Global Tuberculosis Report 

2023, an estimated 10.6 million people fell ill with TB in 2022. Of these, around 6 million (57%) 

were cases of pulmonary TB, the most common and transmissible form of the disease. TB caused 

approximately 1.3 million deaths among HIV-negative individuals and 167,000 deaths among 

HIV-positive individuals in 2022. The TB incidence rate is approximately 134 per 100,000 

population, varying across regions (Ummah, 2019). According to WHO Over 85% of TB cases 

occur in 30 high-burden countries, with the highest cases reported in: India (27%), China (7%), 

Indonesia (10%), Philippines (7%), Pakistan, Nigeria, Bangladesh, and South Africa (each 

contributing 4-5%) (Raghav et al., 2021) 

 

2.1 Brief overview of tuberculosis  

In Ghana, Pulmonary tuberculosis remains a significant public health concern, with recent data 

indicating a higher disease burden than previously estimated (Abdul et al., 2020). The 2013 

national TB prevalence survey revealed 290 cases per 100,000 population, which was four times 

higher than the World Health Organization's estimate of 71 per 100,000 for that year. More recent 

studies have reported a prevalence of bacteriologically confirmed TB at 356 per 100,000 

population (Iddrisu et al., 2024).  Annually, approximately 44,000 individuals develop TB in 

Ghana, with an estimated 6,600 cases occurring in children. TB is the seventh leading cause of 

death in Ghana, responsible for about 4.9% of all mortalities. In 2018, there were over 15,000 TB-

related deaths reported (Owusu et al., 2024). In 2023, over 19,000 TB cases were detected, marking 

an improvement from the 16,500 cases identified in 2022. Despite these efforts, the case 

notification rate has remained relatively stagnant at around 60 per 100,000 population over the 

past five years   (Kwabla et al., 2025).  
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TB disproportionately affects low- and middle-income countries due to poverty, malnutrition, 

overcrowding, and poor healthcare access. TB can lead to long-term disability, economic hardship, 

and stigma (Hargreaves et al., 2011). 

 

It is notable for being among the cause of death related to a single infectious agent, and the majority 

of deaths and highest incidence are found in developing and low-income nations. The bacteria 

Mycobacterium tuberculosis is the source of TB, a chronic global health issue Mycobacterium 

tuberculosis (Alsayed & Gunosewoyo, 2023). Although it can also affect other organs in the body, 

the lungs are the primary target of this infectious disease. When someone with tuberculosis coughs 

or sneezes, they release droplets into the air that contain germs. People who breathe in these 

droplets run the risk of contracting the spread of the bacteria (Bussi & Gutierrez, 2019). The 

intensity of tuberculosis symptoms varies, but frequent ones include fever, weight loss, chronic 

coughing, and chest pains. Severe instances of tuberculosis can result in problems such organ 

damage and respiratory failure (Bussi & Gutierrez, 2019). Early diagnosis and appropriate 

treatment are crucial to preventing the spread of the disease and reducing its impact on affected 

individuals. 

 

Despite significant progress in understanding TB, challenges exist in combating the epidemic. The 

emergence of drug-resistant strains of Mycobacterium tuberculosis is a significant worry as it 

presents a significant risk to international health initiatives (Heidary et al., 2022). Drug-resistant 

TB complicates treatment regimens and requires more specialized and costly medications. 

Additionally, the intersection of tuberculosis with other health issues, such as HIV, further 

exacerbates the challenges in managing and controlling the disease (Koch et al., 2018). 

Efforts to control TB involves a combination of strategies, including widespread testing, contact 

tracing, and the administration of appropriate antibiotic treatments (WHO, 2008). Immunizations, 

with the Bacillus Calmette-Guérin (BCG) vaccine, have been developed to stop severe TB, 

especially in infants. However, these measures are not foolproof, and ongoing research is essential 

to improving diagnostic tools, treatment options, and preventive measures (Dara et al., 2014). The 

WHO and other global health organizations continue to prioritize the fight against TB. 

International collaboration, research initiatives, and public health campaigns aim to raise 

awareness and reduce the incidence of TB. A focus on vulnerable people, enhanced access to 
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diagnosis and treatment, and an improved healthcare infrastructure are all essential elements of 

global efforts to manage and finally eradicate tuberculosis (WHO, 2022). TB is still a major public 

health concern, especially in underdeveloped areas (Bai & Ameyaw, 2024). While progress has 

been made in understanding and addressing the disease, ongoing research and global collaboration 

are essential to develop more effective prevention, diagnosis, and treatment strategies (Cole et al., 

2020). The ultimate goal is to reduce the burden of TB and work towards its eradication on a global 

scale  

2.2 Pathogenesis of pulmonary TB 

Pulmonary tuberculosis an intracellular pathogen that primarily infects the lungs. The disease 

progression is determined by complex host-pathogen interactions, where the immune response 

plays a critical role in controlling or exacerbating the infection. Mycobacterium tuberculosis is 

transmitted via aerosol droplets from an infected person (Moule & Cirillo, 2020). Once inhaled, 

Mycobacterium tuberculosis reaches the alveoli, where it is engulfed by alveolar macrophages. 

The bacteria can survive intracellularly by inhibiting phagosome-lysosome fusion, preventing its 

degradation. Macrophages produce pro-inflammatory cytokines (TNF-α, IL-12, IL-6) to recruit 

immune cells (Maphasa et al., 2021). Neutrophils and dendritic cells contribute to early bacterial 

control and antigen presentation to T cells. Infected macrophages and immune cells form a 

granuloma to contain the bacteria. The granuloma consists of macrophages, epithelioid cells, 

multinucleated giant cells, and T lymphocytes. The bacteria remain dormant inside the granuloma, 

leading to latent TB infection in 90-95% of cases (Sholeye et al., 2022). In some individuals, 

granuloma breakdown occurs due to immune suppression, leading to active TB. Mycobacterium 

tuberculosis escapes into the lung parenchyma, causing tissue necrosis, cavitation, and bacterial 

dissemination, uncontrolled inflammation results in caseous necrosis and lung damage (Elkington 

et al., 2022). 

2.4 Relevance to TB 

TB represents a significant global health challenge, characterized by a wide clinical spectrum and 

a notable mortality rate (Heidary et al., 2022). It is instigated by Mycobacterium tuberculosis, a 

slow-growing, aerobic, acid-fast bacillus, and can manifest either as pulmonary or extrapulmonary 
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disease (Alsayed & Gunosewoyo, 2023). Transmission of the disease occurs through the inhalation 

of MTB droplet nuclei, potentially leading to lung tuberculosis infection (Tuberculosis, 2019). 

Predominantly affecting the lungs, TB accounts for over 80% of cases related to this infectious 

disease (Tuberculosis, 2019). Health professionals must grasp the essential aspects of TB, 

including symptoms, diagnosis, treatment, and prevention methods, to effectively control its 

dissemination (Cole et al., 2020). 

2.5 Importance of the immune response in TB 

TB is a contagious ailment instigated by Mycobacterium tuberculosis. The management and 

eradication of TB infections are significantly influenced by the immune response (Sia & 

Rengarajan, 2019b). The immune system mounts a defense during Mycobacterium tuberculosis 

infection with the goal of containing and eliminating the bacteria (Martino et al., 2019). This 

response involves multiple immune system components, including T cells, cytokines, and 

macrophages. Together, these immune components form an intricate network aimed at containing 

and getting rid of the bacteria (Martino et al., 2019). 

 

The immune response in TB holds importance for several reasons. Firstly, it aids in regulating the 

initial infection by stimulating macrophages to engulf and obliterate the bacteria. Secondly, the 

immune response deters bacterial dissemination by generating cytokines that entice and activate 

other immune cells (Carabalí-Isajar et al., 2023). These immune cells can subsequently construct 

granulomas, organized structures that confine the TB infection and impede its spread. 

Additionally, the immune response in TB contributes to shaping the infection's outcome (Cronan, 

2022). In particular, a strong and effective immune response may lead to the bacterial containment 

and elimination, ultimately resulting in the infection's resolution. On the other hand, a weak or 

dysregulated immune system might result in a chronic infection and the emergence of active 

tuberculosis (Chandra et al., 2022). 

 

An important aspect of tuberculosis infection is the immunological response, which focuses on the 

development and maintenance of granulomas (Pagán & Ramakrishnan, 2015). Specific cytokines, 

including TNF-a, play a major role in the immune response to MTB. Phagocytosis, granuloma 

development, and a complex network of cytokines and chemokines are all part of the early host 
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immune response against Mycobacterium tuberculosis  (Yuk et al., 2024). The adaptive immune 

response, in which T cells and B cells coordinate intricate interactions, is essential to the fight 

against tuberculosis. Research by Cooper, (2009) emphasizes how important CD4+ T cells 

especially Th1 cells are in triggering macrophages to regulate Mycobacterium tuberculosis 

replication. For the adaptive immune system to effectively battle the intracellular infection, it must 

be able to mount a strong and coordinated response. Cytokines serve as key messengers in the 

immune response against TB. IFN-g, highlighted by Cooper, (2009) emerges as a central player, 

promoting macrophage activation and antimicrobial mechanisms. Additionally, TNF-a contributes 

significantly to the immune response, as discussed by (Orme, 2016). During MTB infection, 

inflammatory cytokines play a pivotal role as mediators, influencing the immunological 

environment. The innate immune system is responsible for the early detection of tuberculosis and 

the start of the immunological response against it (Cooper et al., 2011).  

 

The importance of macrophages and dendritic cells—which have Pattern Recognition Receptors 

(PRRs) that recognize MTB-associated chemical patterns—has been underlined (Mogues et al., 

2001). An efficient immune response against tuberculosis  is facilitated by the interaction between 

the innate and adaptive components (Shabariah et al., 2022). While an effective immune response 

is necessary, an imbalance can lead to immunopathology. O’Garra et al.,(2013) emphasizes that 

TB pathogenesis may be exacerbated by increased inflammation. How the delicate balance 

between immunopathology and an efficient immune response is crucial in determining the clinical 

presentation of tuberculosis emphasized by Persons et al., (2018).  

2.6 T-cell exhaustion 

T-cell fatigue is a dysfunctional condition that manifests as poor effector function and persistent 

expression of inhibitory receptors in cancer and chronic infections (Wherry, 2011). Aspects of 

tiredness include an increase in inhibitory receptors, a decrease in cytokine production, and a 

compromise in cytotoxicity and proliferation (Jiang et al., 2015). T-cells subjected to extended 

antigen stimulation and inflammatory cytokines, particularly in the setting of persistent viral 

infections, experience T-cell exhaustion, which is characterized by decreased function and 

responsiveness in T-cells (Wherry & Kurachi, 2016). T-cells eventually lose their capacity to 

respond to infections and carry out their immunological duties while in this state. This results in a 
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weakened immune system and reduced ability to fight off diseases. Furthermore, cytokine 

production gradually declines with T-cell exhaustion, and the expression of inhibitory receptors 

like CTLA-4 and PD-1 rises and dampens T-cell activation and effector functions (Blank et al., 

2019). Hence, T-cell exhaustion is a regulatory mechanism that may compromise immunological 

responses in order to prevent excessive inflammation and immune-mediated harm (Gao et al., 

2022). T-cell exhaustion occurs when T-cells progressively lose their capacity to react to infections 

and carry out their immunological duties. This leads to a compromised immune system and 

decreased protective immunity against infections (Brunell et al., 2023). 

2.7 Some Exhaustion markers and their significance 

Certain indicators of T cell exhaustion include T cell expression of the inhibitory receptor PD-1, 

which binds to the ligand of antigen-presenting cells, PD-L1. Because TB results in T cell 

exhaustion, one of the key ways it evades the host immune response is through the interplay 

between PD-1 and PD-L1 (Ghosh et al., 2021). Another inhibitory receptor that is expressed on T 

cells and is elevated in chronic tuberculosis is called TIM-3. TIM-3 binds to its receptor, galectin-

9, to promote T cell exhaustion (Das et al., 2017). T cells produce the surface protein LAG-3, 

which attaches itself to Major Histocompatibility ComplexClass II molecules on antigen-

presenting cells. T cell dysfunction results from an increase in LAG-3 in exhausted T cells during 

a protracted MTB infection (Receptor, 2020). T cells produce CTLA-4, an inhibitory receptor that 

competes with CD28 to attach to CD80/CD86 on APC (Sansom, 2000). When an MTB infection 

persists, CTLA-4 signaling is elevated and causes T cell exhaustion (Kennedy et al., 2023). 

2.8 Overview of T-Cell Functions 

T cells perform a variety of roles in immunological responses and are a crucial part of the adaptive 

immune system (Kurd et al., 2017). Mechanical cues exert an influence on T cells, modulating 

aspects such as adhesion, migration, and the initiation of immune functions  Chen (2013). Within 

the thymus, T cell development takes place, involving a selection process that leads to the 

expression of diverse antigen receptors (Walker, 2015). These receptors give T cells the ability to 

recognize and react to particular antigens, which in turn triggers effector T cell responses such 

cytokine production and target cell lysis (Cells et al., 2019). The diversity within T cell subsets, 
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encompassing both conventional and nonconventional types, further underscores their critical role 

in the immune system (Walker, 2015). 

2.9 Role of T-Cells in TB 

T-cells are essential for the body's reaction to an Mycobacterium tuberculosis infection. Th1 and 

Th17 cells in particular highlight the importance of T-cell subsets in protecting against MTB 

infection (Abebe, 2014; Lyadova & Panteleev, 2015). These particular T-cell subsets activate 

macrophages' antimycobacterial properties and start an inflammatory response by releasing 

cytokines including IFN-g and TNF-a (Damsker et al., 2010). The contribution of T-cell-derived 

TNF-a to maintaining defense against long-term Mycobacterium tuberculosis infection is further 

highlighted (Allie et al., 2013). However, Hougardy et al., (2007) draws attention to the possibility 

that regulatory T-cells in active tuberculosis may attenuate immunological responses to protective 

antigens, suggesting a complex interaction between various T-cell subsets in the immune response 

to Mycobacterium tuberculosis infection. 

2.10 Importance of T-Cell response in controlling TB 

The control of tuberculosis infection is largely dependent on the T-cell response. Data from animal 

models confirm the importance of CD8 T cells in limiting Mycobacterium tuberculosis spread, 

highlighting their non-redundant role (Lin & Flynn, 2015). Efficient T-cell responses play a vital 

role in tuberculosis immunity by helping to regulate the steady-state infection in the lungs 

(Manuscript, 2013). T-cell-produced TNF-a, vital for the sustained control of TB infection, with 

TNF from myeloid cells facilitating early immune function and T-cell-derived TNF ensuring 

protection throughout chronic infection (Allie et al., 2013). However, the onset of detectable T-

cell responses is delayed in tuberculosis, and multiple mechanisms pathogen-induced apoptosis 

suppression, delayed dendritic cell migration, and regulatory T cell influence affect this delay  

2.11 Nutritional status in TB 

Numerous studies have brought attention to the elevated prevalence of undernutrition among 

individuals with TB, with a notable portion experiencing severe undernourishment (Anbese et al., 

2021). This state of undernutrition has been linked to unfavorable treatment outcomes and an 

increased risk of mortality (Pandey, 2019;Shukla, 2019; Bhargava, 2013). Nevertheless, there is 
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also evidence indicating a shift toward overweight and obesity among TB patients, suggesting a 

multifaceted relationship between TB and nutritional status (Campos-góngora et al., 2019). These 

findings emphasize the significance of proper nutritional management and counseling for 

individuals with TB, along with the necessity for further research to comprehensively comprehend 

the nutritional status within this population (Id et al., 2021). 

2.12 T-cell exhaustion in chronic infections 

T-cell exhaustion is a critical feature of chronic infections and it is characterized by decreased 

effector cell functioning and extended expression of inhibitory receptors (Wherry & Kurachi, 

2016). This state of exhaustion results from a combination of active suppression and inherent 

deficiencies in signaling and metabolism (Wherry & Kurachi, 2016). Promising research in this 

field focuses on the potential to reverse T-cell exhaustion and rejuvenate immune responses, 

emphasizing interventions such as inhibitory receptor blockade and metabolic targeting (Saeidi et 

al., 2018). Our comprehension of this phenomena is further complicated by the complex nature of 

exhausted T-cells, which includes the identification of a subgroup displaying stem cell-like 

characteristics (Hashimoto et al., 2018). 

2.13 T-cell exhaustion in infectious diseases 

T-cell exhaustion, characterized by dysfunction or elimination, is a prevalent feature in chronic 

infections like HIV, HBV, and HCV (Saeidi et al., 2018). This state is not exclusive to infections; 

it has also been identified in immune-mediated inflammatory diseases (IMIDs) (Gao et al., 2022).  

When it comes to HIV, T-cell fatigue results from long-term antigen exposure without CD4 

support, which ultimately leads to memory T-cell failure. This exhaustion may result in inadequate 

immunological response to viral infections, (Fenwick et al., 2019). 

2.14 Examples from other infections 

Individuals with HIV face an increased risk of Mycobacterium tuberculosis infections, with 

prevalent infections including Streptococcus pneumoniae, Haemophilus influenzae, Salmonella 

spp., and Pseudomonas aeruginosa (Rameshkumar, 2018). The transmission of infectious agents 

between humans and animals, particularly nonhuman primates, is a significant concern, with 

zoonotic pathogens presenting a particular threat (Rahman et al., 2020). The field of epidemiology 
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and control of bacterial infections in humans is intricate, involving consideration of a diverse array 

of pathogens and diseases (Straif-bourgeois & Ratard, 2014). The distinction between classical 

and host-specific bacteria is important for the diagnosis and management of illnesses in humans, 

and microorganism quantification is essential to these processes (Casadevall & Pirofski, 2000). 

2.15 T-Cell Exhaustion in Pulmonary TB 

One important feature of the immune response to pulmonary tuberculosis is T-cell fatigue, which 

is characterized by decreased cytokine production and increased expression of inhibitory receptors 

(Wong et al., 2018; Jacques 2016). This state of exhaustion can be influenced by the presence of 

inhibitory molecules like Tim3 and PD1, and blocking them has shown the potential to enhance 

T-cell function and improve infection outcomes (Sakuishi et al., 2010; Jacques 2016). Checkpoint 

inhibitors may play a specific role in restoring T-cell fatigue in tuberculosis, but this involvement 

is still unknown (Khan 2017). To lay the foundation for the management of successful 

immunotherapies, it is critical to understand the underlying mechanisms and investigate potential 

therapeutic interventions for T-cell exhaustion in tuberculosis (Zebley & Youngblood, 2022). 

2.16 Evidence from clinical studies 

Research on T-cell exhaustion in pulmonary TB has unveiled a complex association of factors, 

leading to varied findings. The discovery of minimal T-cell depletion levels within TB lung 

granulomas implies that additional mechanisms may contribute to the immunological landscape in 

pulmonary TB (Wong et al., 2018). This underscores the importance of exploring alternative 

factors that could influence the T-cell response during TB infection. Contrastingly, Kahan et al., 

(2015) work has shed light on the potential involvement of checkpoint inhibitors in preventing T-

cell exhaustion in TB. This highlights the need for more research into the complex regulatory 

processes controlling T-cell responses during TB infection and points to a potentially effective 

route for intervention. Understanding the role of checkpoint inhibitors could provide new 

therapeutic strategies to modulate the immune response and enhance T-cell functionality in TB 

patientscite here. 

The identification of depressed T-cell interferon-gamma responses in pulmonary TB adds another 

layer to the complexity of T-cell exhaustion. The potential link between depressed interferon-

gamma responses and T-cell exhaustion highlights the multifaceted nature of the immune 
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dysregulation in TB (Hirsch et al., 1999). Since T-cell depletion can be reversed clinically in the 

context of pulmonary sarcoidosis, more research into the molecular and cellular mechanisms 

causing these reduced responses may reveal new targets for therapeutic approaches. The finding 

suggests that there might be dynamic and reversible aspects to T-cell exhaustion, opening 

possibilities for interventions aimed at restoring T-cell function in TB patients. The correlation 

between clinical resolution and the reversal of T-cell exhaustion in sarcoidosis implies that similar 

strategies can be explored in the context of TB to improve treatment outcomes. 

2.17 Results Concerning T-Cell Exhaustion 

Paley et al., (2013) investigates the collaboration between progenitor and terminal subsets of CD8+ 

T cells in containing chronic viral infections. The study provides insights into the dynamics of T-

cell responses during persistent infections, highlighting the importance of both early progenitor 

cells and terminally differentiated effector cells in controlling viral replication. Wherry & Kurachi, 

(2016) an overview of the cellular and molecular pathways underlying T-cell exhaustion is 

provided by this work. It explored the signaling pathways, transcriptional changes, and epigenetic 

modifications associated with T-cell exhaustion, shedding light on the complex interplay of factors 

that contribute to the dysfunction of T cells during chronic infections and cancer. Vansteenkiste et 

al., (2014) looked at the emerging immunotherapeutic approaches aimed at reinvigorating 

exhausted T cells, including checkpoint blockade therapies and adoptive cell transfer. The goal 

was to provide insights into potential interventions for restoring T-cell function. Conversely, 

however, a study by Mackie, (2017) explores the coregulation of CD8+ T-cell exhaustion by 

multiple inhibitory receptors during chronic viral infections. The research identifies the existence 

of a hierarchy of inhibitory receptors that collectively contribute to T-cell exhaustion, providing 

valuable insights into potential targets for immunotherapy in chronic infections and cancer. 

2.18 Diagnostic markers for T-cell exhaustion 

Gupta et al., (2015) identified CD39 as a marker indicative of exhausted CD8+ T cells, particularly 

in the context of chronic viral infections like HCV and HIV. This marker was observed to be co-

expressed with PD-1 and showed correlation with viral load. Supporting this, Henao-Tamayo et 

al., (2011) endorsed the use of exhaustion markers, specifically PD-1 and TIM-3, as potential 

biomarkers to determine the effectiveness of tuberculosis chemotherapy. Building on these 

www.udsspace.uds.edu.gh 

 

 

 

 



16 
 

findings, Riches et al., (2013) demonstrated that T cells from patients with chronic lymphocytic 

leukemia (CLL) show signs of T-cell exhaustion, including elevated expression of exhaustion 

markers and the capacity to produce cytokines. Collectively, these investigations highlight the 

potential of exhaustion markers as useful diagnostic instruments for detecting T-cell exhaustion in 

various disease conditions. 

2.19 Biomarkers associated with exhaustion in TB 

Exhaustion in TB, a disease with a complex immunopathology, is manifested by modifications to 

T cell surface markers on CD8 T cells, namely PD-1, TIM-3, and KLRG-1. (Henao-Tamayo et al., 

2011) . These markers serve as indicators of the immune system's state and its response to the 

infection. Additionally, biomarkers such as SAA1 (Serum Amyloid A1), PCT (Procalcitonin), IL-

1β (Interleukin-1 beta), IL-6 (Interleukin-6), CRP (C-Reactive Protein), PTX-3 (Pentraxin 3), and 

MMP-8 (Matrix Metallopeptidase-8) have been identified as potential tools for monitoring disease 

severity and evaluating treatment efficacy in TB (Sigal et al., 2017). These biomarkers provide 

physicians with important insights into the intricate interactions that occur between the pathogen 

and the human immune response. 

2.20 Blood-Based Biomarkers for TB Patient Care 

Recent research has brought attention to the exciting possibilities of using immune profiling to 

manage TB. By analyzing immune molecules, this approach has shown promise in enhancing TB 

diagnosis, monitoring treatment progress, and predicting outcomes (Thu et al., 2023). In addition, 

multidimensional omics, including molecular diagnostics and personalized care, have been 

suggested as ways to improve TB detection and patient well-being (Buzimkic et al., 2021). The 

application of systems biology techniques, such as genomics, transcriptomics, and 

immunophenotyping, can further enhance TB management by offering insights into disease 

mechanisms, identifying biomarkers, and optimizing prevention, diagnosis, and treatment 

(Kontsevaya et al., 2021). 

 

Notably, Mabwe et al., (2019) and Adekambi et al., (2015) have identified specific blood-based 

biomarkers that could assist in diagnosing and monitoring TB treatment. Duffy's research with 

TruCulture has shown the ability to distinguish active TB cases from latent infections, while 
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Adekambi's identification of immunological activation markers on CD4+ T cells specific to 

Mycobacterium tuberculosis offers a useful set of instruments for tracking therapy responses. 

Collectively, these studies emphasize the potential of immune profiling in improving the care 

provided to TB patients. 

2.21 Challenges and Future Directions 

The ongoing worldwide health crisis of TB calls for a better comprehension of the immunological 

assessment. T-cell exhaustion has received attention in relation to tuberculosis. This review of the 

literature discusses the challenges now facing the area and suggests potential future directions for 

it. Research has revealed that T-cell exhaustion markers persist during TB infections include PD-

1, Tim-3, and Lag-3 (Sakuishi et al., 2010). Despite advancements in the fight against TB 

infections, challenges exist in understanding the specific mechanisms driving T-cell exhaustion in 

TB. Limited access to clinical samples, heterogeneity in TB manifestations, and the influence of 

comorbidities contribute to the complexity of research in this field. 
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CHAPTER 3 

METHODOLOGY 

3.0 Ethical approval  

The study was approved by the University for Development Studies' (UDS) Institutional Review 

Board (UDS/RB/125/23). Site permission at the Tamale Teaching Hospital (TTH) was granted by 

the facility's administration. Also, permission was given by the head of the Chest Clinic Unit. In 

addition, formal consent from all the study participants was sought. 

 

3.1 Samples collection site 

Samples were collected at the Tamale Teaching Hospital located in Tamale in the Northern Region 

of Ghana, and serves as a referral hospital for the sector (Northern, Savana, North-East, Upper 

East, and Upper West). The Tamale Teaching Hospital has a bed capacity of 800 and offers general 

medicine, surgery, obstetrics and gynecology, pediatrics, orthopedics, ophthalmology, 

dermatology, psychiatry, and other services. The hospital contains specialized departments and 

sections that are staffed by skilled medical staff and administrative personnel who are dedicated 

to giving patients high-quality care. In addition to offering clinical services, the Tamale Teaching 

Hospital is actively engaged in research, which advances knowledge and promotes healthcare. 

3.2 Characteristics of patients  

A structured questionnaire was used to obtain demographic and clinical information such as age, 

sex and duration on the anti-TB drugs, which were also confirmed by the TB register 04. In all, 30 

clients we recruited for the study. The clients were grouped into apparently healthy control (H-

control) not on medication, newly diagnosed i.e. month zero (0T), intensive phase of treatment i.e. 

within two months on the anti-TB drugs (1T), three months to four months on anti-TB drugs (2T), 

five to month six on anti-TB drugs (3T), and. completed therapy group. Per the treatment modality 

for the patients, those in the intensive phase (0 - ≤ 2, months), designated 1T were on Rifampicin, 

Isoniazid, Ethambutol and Pyrazinamide. For the continuation phase of treatment (2T and 3T), the 

clients were on Rifampicin and Isoniazid. There was no case of multidrug resistance (MDR) 

among the clients.   
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3.3 Exclusion criteria  

Clients diagnosed with other chronic conditions such as HIV, HBsAg, HCV, Hb SS, Diabetes, 

hypertension, and asthma were verified from TB register 04 and confirmed by laboratory test were 

excluded from the study. Also, those on herbal treatment and pregnant mothers were excluded.. 

3.4 Blood sample collection  

Patient charter (Scale, 1998) and infection prevention and control guidelines (Ministry of Health 

et al., 2015) were strictly adhered to before, during and after blood sample collection. Clients were 

recruited and bled between 16th October 2023 to 23rd February 2024. 3ml of venous blood sample 

from the antecubital fossa was collected from each client into labeled K2 

Ethylenediaminetetraacetic acid (EDTA) tubes. Samples were arranged according with the 

questionnaire, packaged carefully and transported on cold-chain immediately to the postgraduate 

research laboratory for further analysis (Geneva, 2021). 

3.5 Peripheral blood mononuclear cells (PBMC) isolation  

In a labeled, sterile 15mls falcon tubes (Jiangsu Huida Medical Instruments Co., Ltd.). 2ml of 

freshly drawn whole blood samples that had been obtained in an EDTA anticoagulant tube were 

diluted with an equivalent volume of Phosphate buffered saline (PBS). Falcon tubes were caped, 

and samples were gently mixed by inversion 5 to 8 times. The diluted blood in the falcon tubes 

was carefully placed in a second, sterile falcon tube with a label, over a 1.5 ml solution of Ficoll-

Paque lymphocyte separation medium (Tianjin Haoyang Biological Products Technology, China). 

Without disturbing the two layers of solution in the falcon tubes, the samples were centrifuged 

(Centurion scientific centrifuges-UK) at 2,000g for 10 minutes.  After centrifugation, three distinct 

layers were observed. The yellowish top, creamy layer in the middle and reddish layer at the 

bottom. The creamy layers containing the PBMC were transferred into a clean labelled 1.5ml 

Eppendorf tube, and more PBS was added to wash the PBMC collected. After carefully mixing 

the Eppendorf tubes with the PBMC, the samples were centrifuged at 1,000g for 10 minutes. 

Following centrifugation, the PBMC pellet was left behind after the supernatants were carefully 

collected and disposed of. The PBMC pellets were suspended in 500µl PRImeZOL RNA isolation 

reagent (Canvax - Boecillo Technological Park, Spain) for nucleic acid extraction. 
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3.6 Ribonucleic acid (RNA) isolation using Canvax reagents with spin columns 

The PBMC pellets were lysed with 500µl PRImeZOL by passing through the pipette tip several 

times and incubated at room temperature for 5 minutes. 200µl of chloroform was added per 500µl 

of PRImeZOL used. The Eppendorf tubes were capped securely and shook vigorously by hand for 

15 seconds. The samples were then incubated for 3 minutes at room temperature. They were 

centrifuged at 13,000Xg for 5 minutes at 4OC. The samples were separated into a red lower organic 

layer, an interphase, and a colourless upper aqueous layer that contained the total RNA. 

500µl chilled isopropyl alcohol was measured and transferred into a new labelled spin column, the 

aqueous phase was then transferred into the new spin column tube containing the chilled isopropyl 

alcohol without disturbing the interphase. The samples were incubated for 5 minutes at room 

temperature, then centrifuged at 13,000Xg for 1 minute. The flow-through was discarded, RNA 

precipitation was repeated with 500µl chilled isopropyl alcohol, centrifuged at 13,000Xg for 1 

minute and discarded the flow-through. 600µl chilled 70% ethanol was added, centrifuged at 

13,000Xg for 1 minute and discarded the flow through., another 600µl chilled 70% ethanol was 

added, centrifuged at 13,000Xg for 4 minutes and discarded the flow through, the columns were 

transferred onto a new labelled Eppendorf tube, the RNA was eluted with 20µl PCR grade water 

and centrifuged at 13,000Xg for 3mins. The purity and the concentration of the RNA were checked 

with Lasany Nanodrop spectrophotometer (Chennai Technologies, India),   

 

3.7 complementary DNA synthesis using Canvax reagents, gene amplification and 

quantification 

New sterile PCR tubes were labelled, and the following molecular reagents were carefully 

measured per one reaction, as indicated by the kit manufacturer (Canvax reagents). Briefly, 50ng 

of RNA template was added to a cocktail of oligo dT (1µl), dNTP (1µl), and nuclease-free water 

to make 12.5µl, then heated for five minutes at 65°C. The mixture was put on ice, and 5X cDNA 

buffer (4µl), DTT 0.1M (2 µl), RNAse (0.5µl), and reverse transcriptase (1µl) making a total of 

20µl. The cDNA synthesis was done in a PCR thermal cycler set for incubation at 50oC for 60 

minutes, inactivate the reaction by heating at 85oC for 5 minutes, then to 0oC holding, the cDNA 

products synthesized was then followed by polymerase chain reaction (PCR).  

The cDNA synthesis was followed with PCR with immune cell exhaustion makers namely, PDL-

1, CTLA-4, CD244, LAG-3 along with house-keeping gene GAPDH. Also, inflammatory 
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cytokines makers namely, IL2, INF-g, TNF-a, and Granzyme B, and cellular activity and 

proliferation makers namely, CD 69, Ki67, IL-7R, IL-15R, GATA-3, CD4, CD8 alongside with 

GAPDH for genes amplifications (primers shown in Table 1). Following the manufacturer's 

instructions, 1µl of the cDNA was added to the PCR reaction mixture.  

3.8 1% Agaro gel electrophoresis 

After gene amplification, the visualizations were done with 1% Agarose gel electrophoresis.  

0.2g of agarose powder was weighed, poured in 20mls of 1 X TAE buffer, and swiveled to 

dissolve. The solution was microwaved to completely melt agarose powder. After melting/boiling, 

0.5µl Ethidium bromide was added to stain the agarose solution, and then, the agarose solution 

was gently poured into the casting block. The combs were gently placed into agarose solution for 

the creation of wells, the gel was allowed to set/solidify. 1 X TAE buffer was poured into the 

electrophoresis tank. After the gel had been set, the combs were gently removed to see the wells 

that had been created. The solidified gel was placed into the electrophoretic tank, more 1 X TAE 

buffer was added to completely submerge the gel. The 10µl of amplified DNA samples and 0.5µl  

100 bp molecular ladder were loaded from the negative pole. The negative end of the power pack 

was connected to the negative end of the electrophoretic tank and the positive end of the power 

pack to the positive end of the electrophoretic tank. Switch on the power of the power pack was 

switched on, the voltage and the current were adjusted to 100V and 90A and time 30mins to run. 
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Table 1: List of primer sequences used. 

GENE 

ACCESS 

NUMBER 

PRIMER 

DIRECTION PRIMER QUENCE 

PRIMER 

LENGTH TM GC% 

PRODUCT 

LENGTH 

(BP) 

PD-L1 (CD274) 

Human mRNA NM_014143 Forward TGCCGACTACAAGCGAATTACTG 23 61.22 47.83 150 

  Reverse CTGCTTGTCCAGATGACTTCGG 22 61.25 54.55  
Lymphocyte 

Activation Gene 3 

(LAG-3) Human 

Mrna NM_002286 Forward GCAGTGTACTTCACAGAGCTGTC 23 61.4 52.17 143 

  Reverse AAGCCAAAGGCTCCAGTCACCA 22 64.42 54.55  
CD244 Human 

mRNA  NM_016382 Forward TCTACTGCCTGGAGGTCACCAG 22 63.14 59 152 

  Reverse GACCAAGCAAGACAGAGCCACT 22 62.77 54.55  
CTLA4 Human 

mRNA NM_005214 Forward ACGGGACTCTACATCTGCAAGG 22 61.79 54.55 121 

  Reverse GGAGGAAGTCAGAATCTGGGCA 22 61.75 54.55  
Ki67 (MKI67) 

Human mRNA NM_002417 Forward GAAAGAGTGGCAACCTGCCTTC 22 61.97 54.55 151 

  Reverse GCACCAAGTTTTACTACATCTGCC 24 60.38 45.83  
CD69 Human 

mRNA NM_001781 Forward GCTGGACTTCAGCCCAAAATGC 22 62.86 54.55  

  Reverse AGTCCAACCCAGTGTTCCTCTC 22 61.62 54.55 121 

Granzyme B 
(GZMB) Human 

mRNA NM_004131 Forward CGACAGTACCATTGAGTTGTGCG 23 62.23 52.17 122 

  Reverse TTCGTCCATAGGAGACAATGCCC 23 62.23 52.17  
GATA-3 Human 

mRNA NM_001002295 Forward ACCACAACCACACTCTGGAGGA 22 63.23 54.55 132 

  Reverse TCGGTTTCTGGTCTGGATGCCT 22 63.67 54.55  
CD4 Human 
mRNA NM_000616 Forward CCTCCTGCTTTTCATTGGGCTAG 23 61.5 52.17 126 

  Reverse TGAGGACACTGGCAGGTCTTCT 22 63.02 54.55  
CD8 Human 

mRNA NM_001768 Forward ACTTGTGGGGTCCTTCTCCTGT 22 62.99 54.55 106 

  Reverse TGTCTCCCGATTTGACCACAGG 22 62.25 54.55  
IL-2 Human 

mRNA NM_000586 Forward AGAACTCAAACCTCTGGAGGAAG 23 59.67 47.83 153 

  Reverse GCTGTCTCATCAGCATATTCACAC 24 60.03 45.83  
Interferon gamma 

(IFN-g) Human 

mRNA NM_000619 Forward GAGTGTGGAGACCATCAAGGAAG 23 60.62 52.17 124 

  Reverse TGCTTTGCGTTGGACATTCAAGTC 24 62.79 45.83  
TNF alpha (TNF-a) 
Human mRNA NM_000594 Forward CTCTTCTGCCTGCTGCACTTTG 22 62.27 54.55 135 

  Reverse ATGGGCTACAGGCTTGTCACTC 22 62.33 54.55  
IL7R alpha (IL-7R) 
Human mRNA NM_002185 Forward ATCGCAGCACTCACTGACCTGT 22 62.2 54.55 101 

  Reverse TCAGGCACTTTACCTCCACGAG 22 62.98 54.55  
IL-15RA Human 

mRNA NM_002189 Forward TGGCTATCTCCACGTCCACTGT 22 63.13 54.55 116 

  Reverse CATGGCTTCCATTTCAACGCTGG 23 63.06 52.17  
GAPDH Human 
mRNA NM_002046 Forward GTCTCCTCTGACTTCAACAGCG 22 60.92 54.55 131 

  Reverse ACCACCCTGTTGCTGTAGCCAA 22 64.41 54.55  
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3.9 Statistical analysis 

The software ImageJ was used to quantify the DNA bands. Microsoft Excel was used to construct 

the gene expression in relation to GAPDH, which was then exported to Graph Pad Prism version 

8 for analysis. Three duplicate ImageJ results were subjected to the Graph Pad column analysis. 

The groups were compared using a one-way ANOVA, and multiple comparisons were performed 

using Tukey analysis. Pearson correlation analysis was performed to assess the direction of 

association among the variables measured. In every instance, P-values of less than 0.05 were 

deemed statistically significant when comparing groups. 
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CHAPTER 4 

RESULTS 

4.1  Demographic characteristics of the study participants 

All clients were males with ages ranging from 25 to 88 years. Healthy controls were drawn from 

qualified blood donors at the Tamale Teaching Hospital blood bank. The clients were grouped into 

6 experimental categories based on the stage of anti-TB therapy and the age of the clients as shown 

in Table 2. 

 

Table 2: Experimental groupings of the study participants. 

 Healthy 

Control 

Group A 

(0T) 

Group B 

(1T) 

Group C 

(2T) 

Group D 

(3T) 
Group E 

EXPERIMENT PN (Age in 

years) 

PN (Age in 

years) 

PN (Age in 

years) 

PN (Age in 

years) 

PN (Age in 

years) 

PN (Age in 

years) 

Experiment 1 
N001 (40) A001 (58) B001 (50) C001 (43) D001 (49) E001 (52) 

Experiment 2 
N002 (30) A002 (38) B002 (35) C002 (43) D002 (58) E002 (31) 

Experiment 3 
N003 (38) A003 (88) B003 (71) C003 (34) D003 (26) E003 (70) 

Experiment 4 
N004 (30) A004 (25) B004 (47) C004 (34) D004 (40) E004 (55) 

Experiment 5 
N005 (35) A005 (75) B005 (53) C005 (45) D005 (53) E005 (65) 

 

Key: Participant’s number (PN); month zero (0T) yet to start treatment, intensive phase of treatment i.e. 

within two months on the anti-TB drugs (1T), three months to four months on anti-TB drugs (2T), five to 

month six on anti-TB drugs (3T), and completed therapy.  

Patients’ treatment regimen: Intensive phase (0 - ≤ 2, months), 1T; Rifampicin, Isoniazid, Ethambutol and 

Pyrazinamide. Continuation phase of treatment (2T and 3T); Rifampicin and Isoniazid. There was no case 

of multidrug resistance (MDR) among the patients. 

 

4.2 CD244 in PBMCs predicts positive PTB prognosis during treatment. 

The transcription pattern of T cell exhaustion markers PD-L1, CTLA4, CD244 and LAG3 were 

assessed in PBMCs from patients at varied stages of PTB treatment. Compared to the control, it 

was observed that PD-L1 was profoundly expressed in newly diagnosed PTB patients. However, 

following the onset of treatment, PD-L1 gene expression significantly decreased especially from 

the second phase of treatment through to the cured state. The pattern of CTLA4 gene expression 

was significantly low in healthy control but profound during the treatment phases, particularly 1T 

and diminished in the cured state. The gene expression pattern of CD244 was like that seen in 

www.udsspace.uds.edu.gh 

 

 

 

 



25 
 

CTLA-4. Interestingly, an increased transcription of LAG-3 gene was noticed in the healthy 

control compared to the diseased phase but comparable to the cured persons. Generally, among 

the T cells exhaustion markers invested in PBMCs from PTB patients, PD-L1 gene produced a 

consistent pattern suggesting its potential as a marker for monitoring PTB treatment outcome 

(Figure 1). The correlation analysis revealed a strong negative relationship with CD244 

expression, particularly between 1T and 2T (r=-0.94; p=0.018), and 3T (r=-0.95; p=0.013), 

suggesting DC244 as a relatively strong marker for monitoring PTB treatment progress. 

Comparing 0T and 3T, a negative correlation existed in PD-L1 (r=-0.74) but was statistically 

insignificant, as seen in CTLA4 and LAG-3 expressions (Figure 4 A to D). 

 

 

Figure 1: The T cell exhaustion gene pattern at different PTB therapy phases 

(A) Gel electrophoresis bands of amplicons with their respective base pairs. B, C, D, E The respective 

relative expression of PD-L1, CTLA4, and LAG-3 to GAPDH. Results are a representation of triplicate 

experiments. Every data point is shown as mean ± SEM (n = 5). Compared to a healthy control, *p < 

0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. +p <0.05, ++p <0.01, + ++p <0.001, + +++p <0.0001 

in comparison to a newly diagnosed patient who has not yet begun treatment. H-control (healthy 

control), 0T (newly diagnosed yet to start treatment), 1T (first phase of treatment), 2T (second phase of 

treatment), 3T (third phase of treatment). Cured means those who have completed treatment and 

tested negative for Mycobacterium tuberculosis.4.3 Transcription of inflammatory cytokines is 

restored to normal following the initiation of PTB treatment.  
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The transcription of four inflammatory markers were examined in PBMCs from PTB patients at 

varied levels of treatment. IL-2 was significantly elevated in the 0T group when compared to the 

healthy control but showed undulating expression pattern during the treatment phase. However, 

the cured group had similar IL-2 expression when compared to the healthy control group. The 

transcription of IFN-g significantly diminished in the newly diagnosed (0T) group, but it was 

restored right at the initiation of treatment and sustained till completely cured. The pattern of TNF-

a expression was like that of IFN-g. Even though diminished Granzyme B expression was restored 

during the early phase of treatment, it remained significantly low throughout the other treatment 

phases and cure stage. Overall, the inflammatory markers assessed were restored to normancy and 

sustained through treatment to cure, except for Granzyme B which remained low after the cured 

stage (Figure 2). TNF-a expression in 0T group negatively correlated to 2T (r=-0.10), 3T (r=-

0.98), and cured (r=-0.31). IL-2 expression in the 0T group negatively correlated to 1T (r=-0.79), 

2T (r=-0.83) and completed phase (r=-0.80), but the p-values (association) were not statistically 

significant, Figure 4 E and F. 

 

Figure 2: Transcription of inflammatory cytokines in various stages of PTB treatment  

(A) Gel electrophoresis bands of amplicons with their respective base pairs. B, C, D, E The relative expression of IL-

2, IFN-g, TNF-a and Granzyme B to GAPDH. Results are a representation of triplicate experiments. Every data point 

is shown as mean ± SEM (n = 5). Compared to a healthy control, *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 

0.0001. +p <0.05, ++p <0.01, + ++p <0.001, + +++p <0.0001 in comparison to a freshly diagnosed patient who has 

not yet begun therapy (0T). H-control (healthy control), 0T (newly diagnosed yet to start treatment), 1T (first phase 

of treatment), 2T (second phase of treatment), 3T (third phase of treatment). Cured means those who have 

completed treatment and tested negative for Mycobacterium tuberculosis. 
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4.4 Cellular activity markers could be used to monitor PTB treatment outcome. 

PBMCs from PTB patients at various stages of treatment were examined for the transcription 

pattern of cellular activity genes. These genes included CD69, Ki67, IL-7R, IL-15R, GATA-3, 

CD8 and CD4. The group that was recently diagnosed and has not yet started therapy had 

significantly higher levels of CD69, IL-7R, and IL-15R expression. However, at the cured stage 

CD69 expression was comparable to the healthy control. The transcription of Ki67, GATA-3 and 

CD4 were not detectable in the 0T group but their activities increased once treatment was started, 

and those of the cured stage were comparable to the healthy control. For CD8, the downregulation 

observed in the 0T group was significantly elevated during the first treatment phase and reversed 

to that of the healthy control in the subsequent treatment phase until cure. Possibly, these cellular 

activity markers could be used to monitor the progress of PTB treatment (Figure 3). The 

correlation investigation revealed relatively strong negative association between 1T and cured for 

GATRA-3 (r=-0.98), 1T and 3T (r=-0.97) for CD4, 1T and 2T (r=-0.99) for Ki67, but p-values 

were statistically not significant, (Figure 4 G to I). 

 

 

Figure 3: Transcription pattern of cellular activity markers in various stages of PTB treatment 

(A) Gel electrophoresis bands of amplicons with their respective base pairs. B, C, D, E, F, G and H. The relative 

expression of CD69, Ki67, IL-7R, IL-15R, GATA-3, CD8, and CD4 respectively, to GAPDH. Results are a 

representation of triplicate experiments. Every data point is shown as mean ± SEM (n = 5). Compared to a healthy 

control, *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. +p <0.05, ++p <0.01, + ++p <0.001, + +++p 

<0.0001 in comparison to a freshly diagnosed patient who has not yet begun therapy (0T). H-control (healthy control), 
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0T (newly diagnosed yet to start treatment), 1T (first phase of treatment), 2T (second phase of treatment), 3T (third 

phase of treatment). Cured means those who have completed treatment and tested negative for MTB. 

 

 

 

 

Figure 4. Correlation analysis for expression pattern of markers associated with T cell exhaustion, 

inflammatory and cellular activity genes. H-control (healthy control), 0T (newly diagnosed yet to start 

treatment), 1T (first phase of treatment), 2T (second phase of treatment), 3T (third phase of treatment), 

Cured phase. 
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CHAPTER 5 

DISCUSSION 

 

Even with the significant advancements in the fight against TB in recent decades, tuberculosis 

remains the world's worst communicable disease (WHO, 2023), it suggests that further knowledge 

of the immunological characteristics of M. tuberculosis infection is necessary. The PTB control 

programs require TB-specific blood-based biomarkers instead of sputum specimens for assessing 

its progression, predicting reactivation, prognosis and vaccine-induced immunity protection; and 

differentiating between various stages of PTB infection (Goletti et al., 2016). Since 

Mycobacterium tuberculosis pathogenesis is mostly T-cell dependent, it might be useful to 

measure these changes in terms of T-cell exhaustion biomarkers, inflammatory cytokines and 

cellular activities (Goletti et al., 2016). At the gene level, the study investigated exhaustion markers 

of immune cells (PD-L1, CTLA-4, CD244 and LAG-3), inflammatory cytokine patterns (IL-2, 

INF-g, TNF-a and Granzyme B) as well as patterns for cellular activities (CD69, Ki67, IL-7R, IL-

15R, GATA-3, CD8 and CD4) among PTB patients on anti-TB regimens at different treatment 

stages, newly diagnosed clients yet to start treatment and healthy control. 

 

Given that PDL-1 expression is comparatively low in healthy individuals, this shows that PDL-1 

serves as a biomarker of immunological dysregulation in tuberculosis. Blocking PD-1 can increase 

T cell activation when used to cancer treatment, where PD-1 inhibition is already used as a 

therapeutic strategy (Jubel et al., 2020). The severity of tuberculosis can be decreased in patients 

by inhibiting the PDL-1 axis and enhancing T-cell immunity. Immune control against 

Mycobacterium tuberculosis can be strengthened by boosting T-cell immunity (M. Ahmed et al., 

2022). T-cell activity has restored after the TB therapy began, and the immunological weariness 

has subsided as seen by the decline in PDL-1 expression. Prior research has demonstrated that T 

lymphocytes are prevented from eradicating tumor cells within the body when PD-L1 attaches to 

PD-1. Anti-PD-L1 or anti-PD-1 immune checkpoint drugs function by stopping PD-L1 from 

sticking to PD-1, enabling T lymphocytes to destroy tumor cells (Tezera et al., 2020). These results 

demonstrate the potential benefits of PDL-1 targeting as a therapeutic approach to enhance host 

immunity and improve tuberculosis treatment outcomes. 

When it comes to preserving immunological homeostasis, CTLA-4 is essential. It helps avoid the 

immune system overreacting to a TB infection, which could result in tissue damage. The dynamic 
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expression of CTLA-4 reflects the balance the immune system strikes between combating M. 

tuberculosis and preventing autoimmunity (Inoue et al., 2011). In this study, the pattern of CTLA-

4 gene expression showed significant variations at various stages of anti-TB treatments. T cells 

express the inhibitory receptor CTLA-4 to suppress immunological responses and avoid 

autoimmunity. When tuberculosis is not present, its expression stays at normal levels (Buchbinder 

& Desai, 2016). The immune system is more active when tuberculosis is active because the body 

is trying to fight off the Mycobacterium tuberculosis M. tuberculosis infection. In order to balance 

the immune response and avoid excessive inflammation, T cells are activated to combat the M. 

tuberculosis infection, which results in an increase of CTLA-4. The increased synthesis of CTLA-

4 provides a regulatory mechanism to regulate immune activation and minimize tissue damage 

from an overactive M. tuberculosis (Sia & Rengarajan, 2019a).  

 

During anti-TB treatment, the TB bacilli load decreases, and the immune system gradually shifts 

from an active disease-fighting mode to a resolution and healing mode. The (1T) phase of TB 

treatment might still show significantly elevated CTLA-4 expression as the immune system 

continues to deal with the residual TB bacilli and inflammation (Tiwari & Martineau, 2023b).  As 

treatment progresses and the patient approaches a cured TB state, the immune system's activation 

diminishes, leading to a reduction in CTLA-4 expression. By this stage, the immune response has 

been largely successful, and the regulatory mechanisms of CTLA-4 return to baseline levels as the 

immune system no longer needs to control Mycobacterium tuberculosis (Zhang et al., 2023). 

 

Overall, in this study, the pattern of CTLA-4 gene expression changes in response to the immune 

system's needs at various stages of Mycobacterium tuberculosis and anti-TB treatment. Low 

expression in healthy controls reflects the absence of immune activation, increased expression 

during active disease (0T) indicates regulatory mechanisms to control inflammation, and reduced 

expression in the 2T, 3T and cured TB state signifies the resolution of the infection and return to 

immune homeostasis (Figure 1C). Therefore, CTLA-4 can be used as a therapeutic strategy to 

enhance host immunity and improve TB treatment outcomes. 

 

CD244 expression was more expressed in (1T) intensive than in newly diagnosed (0T) PTB 

patients. It was the only marker that showed significant association and a strong negative 
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correlation, particularly between 1T and 2T (r=-0.94; p=0.018), and 3T (r=-0.95; p=0.013), 

suggesting DC244 as a relatively strong marker for monitoring PTB treatment progress. The host's 

immune response determines how long the TB infection lasts, and CD244's immunological activity 

influences the emergence of active PTB (Sun et al., 2021). Its expression in newly diagnosed PTB 

clients was low, this did not support a similar study conducted (Wang et al, 2015). Nevertheless, 

because TCR signal upon antigenic contact and a variety of signals from costimulatory molecules, 

including CD244, regulate CD244 activation and effector activities, there was a dramatic increase 

in CD244 expression during the first tumorous phase of the anti-TB treatment (Wang et al., 2015). 

As the treatment progresses and the infection is brought under control, this may lead to alterations 

in CD244 expression. Once the TB infection is successfully treated and the patient enters the cured 

stage, CD244 expression diminishes (B. Yang et al., 2013).   

 

There was an increased transcription of the LAG-3 gene in the apparently healthy controls 

compared to (0T) PTB phase. By preventing T cell activation, proliferation, cytokine generation, 

and cytolytic activity, LAG-3 is thought to support immunological homeostasis (Gertel, 2021). 

The function of LAG-3 in preserving body immune system hemostasis and preventing the immune 

system from overreacting to exposure to M. tuberculosis in the absence of active disease may be 

indicated by the increased transcription of LAG-3 in healthy controls (Infections, 2023). During 

the TB diseased phase, there is an active immune response aimed at controlling and eliminating 

the M. tuberculosis, and LAG-3 expression can be downregulated during this phase (Phillips et al., 

2015). Consequently, lower levels of LAG-3 may correlate with the heightened immune activity 

observed in (0T) PTB disease phase (Phillips et al., 2015). In healthy controls, higher LAG-3 

transcription may indicate a more robust regulatory network preventing unwarranted immune 

activation. In contrast, during active (0T) PTB disease, the immune system prioritizes an 

aggressive response over regulation, potentially leading to reduced LAG-3 expression (M. Ahmed 

et al., 2022).  

 

In healthy individuals, a stable cytokine environment supports the expression of various regulatory 

molecules, including LAG-3. In (0T) PTB disease, the pro-inflammatory cytokine environment 

driven by M. tuberculosis infection might downregulate LAG-3 expression as part of the immune 

system's effort to maximize the inflammatory response required to control the infection (Li et al., 
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2023). Overall, the immune system's dynamic modification in response to various stages of PTB 

infection is likely reflected in the enhanced transcription of the LAG-3 gene in healthy TB controls 

compared to the (0T) TB sick phase. LAG-3 is essential for immune regulation and homeostasis 

in the healthy state, but in active (0T) PTB disease, the immune system adopts a less controlled 

and more aggressive response, which changes the expression of the immune checkpoint protein 

LAG-3. 

Furthermore, in the inflammatory cytokine patterns, the observed elevation of IL-2 in (0T) PTB 

clients suggests a hyperactive immune response, possibly indicative of early-stage inflammation 

ref. The dynamic changes in IL-2 expression during anti-TB treatment and its normalization upon 

cured implied its potential as a biomarker for monitoring therapeutic efficacy (De Oyarzabal et al., 

2019). The initial elevation in IL-2 levels in the 0T patients may indicate an immune response to 

an underlying infection, which is not present in the healthy controls. This could be due to an 

ongoing inflammatory process at the time of baseline measurement (Perry, 2018). These feedback 

loops may be reflected in the undulating expression pattern observed during anti-TB medication. 

For instance during treatment, IL-2 can promote Treg cell growth, which in turn releases cytokines 

that inhibit IL-2 synthesis, causing fluctuations (Sa et al., 2013).  

 

Genetic, environmental, and disease-specific factors can cause large variations in an individual's 

response to anti-TB medication. These variations can cause differences in IL-2 cytokine 

production and response to anti-TB treatment, resulting in the observed undulating pattern (Turner 

et al., 2011). Fluctuations in IL-2 levels could also be attributed to the variations in PTB patient 

adherence to treatment protocols, or other external factors that influence IL-2 cytokine levels 

(Tirore et al., 2024). Overall, the undulating expression pattern of IL-2 during the treatment phase 

is likely due to a combination of treatment effects, immune regulation, individual patient 

variability, and the natural course of the disease. 

 

IFN-g is secreted mainly by activated T cells and NK cells. It can mediate antiviral and 

antibacterial immunity, enhance antigen presentation, orchestrate innate immune system 

activation, coordinate interaction between lymphocytes and endothelium, and regulate Th1/Th2 

balance (Davies et al., 2023). IFN-g was significantly expressed in the healthy control compared 

to the (0T) PTB. The healthy control group may have a more activated immune response against 
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Mycobacterium tuberculosis compared to those who are newly diagnosed (0T) PTB. This 

heightened immune response could result in increased production of IFN-g as part of the body's 

defense mechanism against infections (Scriba et al., 2017). The (0T) PTB group may represent 

individuals whose immune system have been deleted to the infection with compromised 

containment of the bacterium (Carabalí-Isajar et al., 2023).  

 

The fluctuation in IFN-g transcription observed in the (0T) PTB group suggests a dynamic 

interplay between the immune response and the disease progression. Upon initial diagnosis, the 

immune system might be dysregulated, leading to a decrease in IFN-g transcription (Berns et al., 

2022). However, as anti-TB treatment begins, the immune system is activated and responds to the 

infection, leading to a restoration of IFN-g transcription (Maison, 2022). The body's attempt to 

fight the TB infection by boosting the activity of immune cells like T cells and NK cells, which 

release IFN-g as part of the immunological response against Mycobacterium tuberculosis, is 

probably what caused this reaction (Shanmuganathan et al., 2022). The sustained elevation of IFN-

g transcription throughout the course of treatment to complete cured indicates the effectiveness of 

the anti-TB treatment in controlling the TB infection and restoring immune function (Ivashkiv et 

al., 2019).  All things considered, the pattern of IFN-g that has been seen highlights how dynamic 

the IFN-g immune response is both during TB infection and treatment. 

 

TNF-a is crucial for the immune system's reaction, which includes containing mycobacteria in 

granulomata during PTB infection and managing chronic infection (Harris & Keane, 2010). The 

significant reduction in TNF-a levels observed in the (0T) PTB group suggests that there may be 

an initial suppression of this cytokine during active TB infection. However, the subsequent 

restoration of TNF-a levels upon initiation of anti-TB treatment indicates that this suppression is 

reversed by the therapeutic intervention (Harris & Keane, 2010). During active TB infection, the 

immune response may initially suppress TNF-a production as part of the host defense mechanism 

or due to the immune-modulatory effects of the Mycobacterium tuberculosis (Carabalí-Isajar et 

al., 2023). TNF-a decrease during an active TB infection may be due to the body's attempt to lessen 

excessive inflammation, which is a defining feature of the pathology associated with TB 

(Sasindran & Torrelles, 2011).  
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The first step in treating tuberculosis is to give isoniazid, rifampicin, pyrazinamide, and 

ethambutol. These drugs directly target the Mycobacterium tuberculosis leading to reduced 

pathogen burden and consequently, normalization of immune responses including TNF-a 

production (Khadka et al., 2023). As the infection is brought under control, immune cells regain 

their functionality, including the ability to produce TNF-a. TNF-a levels may return as the course 

of treatment progresses and the equilibrium between host defenses and pathogen control changes. 

Overall, the observed pattern of TNF-a transcription in (0T) PTB patients, its restoration at 

treatment initiation, and sustained levels until cured, likely resulted from a complex interaction 

between the host immune response, the actions of antibiotics, and the dynamics of tuberculosis 

pathogenesis. 

 

Granzyme B is a caspase-like serine protease that tumor and virus-infected cells are killed by 

cytotoxic lymphocyte discharge  (Lo et al., 2020). Compared to the (0T) PTB group, the healthy 

control group had higher levels of Granzyme B expression which may indicate a more robust 

immune response (Shen et al., 2023). Granzyme B expression ranged from low during the (0T) TB 

treatment phase to high during the (1T) TB treatment phase. Granzyme B is mainly produced by 

cytotoxic T cells and NK cells, and its expression levels can be lowered when the TB bacilli first 

avoid the immune response (Dyatlov et al., 2019). During the (1T) phase of TB treatment, which 

typically involves a combination of potent anti-TB drugs, the TB bacilli load decreases 

significantly. The body's increased immune system activity may result from this decrease in TB 

bacilli burden when the body starts to eliminate contaminated cells (Patil et al., 2018).  

 

As a result, immune effector activities are upregulated. Activated cytotoxic T cells and natural 

killer cells that target infected cells produce more Granzyme B. During active TB disease, there 

may be a shift towards an anti-inflammatory state, which could dampen the expression of 

Granzyme B (Llibre et al., 2022). PTB infection can cause tissue damage in the lungs, this damage 

can affect the local immune response and may result in reduced expression of Granzyme B (Panetti 

et al., 2022). Granzyme-B's significance in the host defense mechanism is shown by the notable 

decrease in Granzyme-B from PBMCs of active PTB that was seen following therapy. This 

suggests that the infection has been successfully controlled, and the immune response has returned 

to normal.   
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CD69 serves as a co-stimulatory signal and biomarker for cell activation. Research has 

demonstrated that CD69+T cells rise in response to IL-12β, IL-18α, and IL-16β mRNA levels. 

Additionally, the production of IFN-g is promoted in the presence of recombinant IL-12 or IL-18 

(Mahdavi et al., 2020).. The expression of CD69 was greatly elevated in the newly diagnosed (0T) 

TB clients. However, at the cured stage, CD69 expression was similar to the healthy control. In 

the (0T) TB patients, the immune system is actively responding to the TB bacilli, leading to the 

upregulation of activation CD69. This elevated expression of CD69 indicates an ongoing immune 

response against the TB bacteria (Chen et al., 2020). After anti-TB treatment, there was significant 

downregulation of CD69 expression, as the TB bacilli load diminishes, the antigenic stimulation 

that drives the activation of immune cells also reduces (Chen et al., 2020).  

 

As a result, the immune system's need to sustain a high degree of activity is reduced, which lowers 

the expression of CD69. Anti-TB medication reduces Mycobacterium tuberculosis, burden which 

helps to reduce inflammation. As the inflammatory signals decreased, the activation status of 

immune cells normalized, resulting in lower CD69 expression (Chen et al., 2020). T cells and other 

immune cells are more activated and proliferate during a (0T) TB infection. An effective anti-TB 

treatment brought the immune system back into balance, decreased over-activity, and promoted 

regulatory mechanisms that decreased the activation of CD69 biomarkers (Ahmed, 2020). Overall, 

once the TB infection is brought under control, the downregulation of CD69 following anti-TB 

treatment represents the immune system's recovery from antigenic stimulation and inflammation, 

immunological balance restoration, and overall immune system healing. 

 

Transcription of Ki67 was not detectable in the (0T) PTB patients, but Ki67 biomarker activities 

detected when anti-TB treatment started, and those of the cured stage were comparable to the 

healthy control. Because of the tremendous impact that an active Mycobacterium tuberculosis 

infection has on the immune system, the transcription of Ki67 may not be detectable (Díaz-

fernández et al., 2022). During (0T) PTB, the immune system is heavily engaged in combating the 

infection, and T cell proliferation, which is indicated by Ki67 expression, might be suppressed as 

the immune response is initially exhausted (Marshall et al., 2018). Once anti-TB treatment begins, 

the TB bacilli load starts to decrease. The immune system can recover and mount a more potent 
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response thanks to this decrease in the burden of Mycobacterium tuberculosis (Kaufmann et al., 

2023).  

 

As the immune system begins to recover, T cell proliferation increases, which is reflected by an 

increase in Ki67 biomarker activities (Bengsch et al., 2017). Ki67 is a biomarker for cell 

proliferation, so its increased activity indicates that the immune cells are actively proliferating to 

combat the infection and repair the damage caused by Mycobacterium tuberculosis. When TB is 

cured, the immune system stabilizes to a level similar to that of a healthy person, T cell 

proliferation returns to normal, and Ki67 biomarker activities are similar to those seen in healthy 

controls (Díaz-fernández et al., 2022). This implies that the immune system has recovered to a 

homeostatic state in which normal processes of cell proliferation are occurring. 

 

The PTB patients' (0T) increased expression of IL-7R and IL-15R is suggestive of the immune 

system's response to the Mycobacterium tuberculosis. T-cell proliferation and control are critical 

for the immune system's defense against Mycobacterium tuberculosis, and they are made possible 

by the vital cytokines IL-15 and IL-7 (Mhatre V. Ho, Ji-Ann Lee & Craik, 2012; Maeurer et al., 

2000). The body intensifies its immune response during a (0T) PTB infection, which raises the 

expression of IL-7R and facilitates the growth and upkeep of T cells that are necessary to fight the 

infection. IL-15 also encourages T-cells, such as NK cells and CD8+ T-cells, to survive and 

proliferate. Elevated IL-15R expression reflects the body's need to bolster these immune cell 

populations to fight the Mycobacterium tuberculosis effectively (Schluns & Anthony, 2015).  

 

As the anti-TB treatment progresses, the bacterial load decreases, leading to a reduced antigenic 

stimulus. This diminishes the need for an intense immune response. With effective anti-TB 

treatment reducing the infection, the demand for T-cell proliferation and activation above 

physiological demands decreases. Consequently, as the immune system lowers its heightened state 

of activation, the expression levels of IL-7R and IL-15R decrease (Rochman et al., 2010). The 

body then begins to return to a state of immune homeostasis, where the heightened levels of 

cytokine receptors are no longer necessary. The reduction in IL-7R and IL-15R expression is part 

of this process, reflecting the resolution of the infection and a return to restoration of immune 

homeostasis activity. 
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The transcriptions of GATA-3 and CD4 were not detectable in the (0T) PTB patients, however, 

GATA-3 and CD4 expression increased when anti-TB treatment started. The expression of these 

biomarkers reduced at the cured stage comparable to the healthy control. This implies that during 

the (0T) phase of PTB infection, these indicators are inhibited (Shaukat et al., 2023). This might 

be because Mycobacterium tuberculosis uses immunological evasion techniques. The expression 

of GATA-3 and CD4 increased after anti-TB medication started. This shows that as the TB bacilli 

burden drops as a result of anti-TB therapy, the immune system starts to recuperate and react to 

the infection (Téllez-Navarrete et al., 2021). One transcription factor that is essential for Th2 cell 

development is GATA-3 (Wilson, M.S. , Metink-Kane, 2012), whereas CD4 is a helper T cell 

biomarker, which both are crucial for putting up a successful immune response (Luckheeram et 

al., 2012).  

 

GATA-3 and CD4 expression levels dropped to levels similar to those in healthy controls at the 

cured stage (Acharya et al., 2023) . This return to normalcy implies that the immune system has 

been successfully resolved, ending in inflammation and immune activation, and returning to a 

condition akin to that of healthy regulation. GATA-3 and CD4 may be used as biomarkers to track 

the development of tuberculosis and the efficacy of treatment (Laufer et al., 2022). Their increased 

expression can be a sign of a therapeutic response going well. Initially suppressed during active 

infection, the immune system’s recovery during treatment is marked by the resurgence of these 

biomarkers. 

 

The best host defense after M. tuberculosis infection depends on CD8+ T cells, which has 

prompted research into the mechanism behind this protective effect. (Woodworth & Behar, 2006). 

CD8 was downregulated in the (0T) PTB patients, but it was significantly elevated during the first 

phase (1T) of anti-TB treatment and reversed to that of the healthy control in the subsequent 

treatment phases (2T, 3T) until the cured stage. In order to avoid being found and eliminated, 

Mycobacterium tuberculosis has the ability to control the host's immune response. The bacilli may 

suppress the immune response in order to ensure their survival and reproduction within the host, 

which could lead to the initial downregulation of CD8 T cells (Carabalí-Isajar et al., 2023). Chronic 

inflammation and extended antigen exposure in (0T) TB patients can cause T cell exhaustion, a 
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state in which CD8 T cells are downregulated and lose some of their functional ability (Lombardi 

et al., 2021).  

 

When anti-TB treatment begins, the TB bacilli load decreases, reducing the immunosuppressive 

effects of Mycobacterium tuberculosis. This may result in the immune system being reconstituted, 

with CD8 T cells being reactivated and multiplying to aid in the removal of the TB infection. Anti-

TB treatment reduces immune-suppressive factors such as high levels of regulatory T cells or 

myeloid-derived suppressor cells, which aids in CD8 T cell recovery (Ayodele et al., 2023). As 

anti-TB treatment progresses and the TB bacilli burden continues to decrease, the immune system 

shifts from an active infection response to a more regulated state. The numbers of CD8 T cells 

return to normal when the immune system is not needed to sustain an elevated response 

(Katrachanca & Koleske, 2017). The immune system aims to return to homeostasis after the initial 

phase of combating the infection. This involves regulating CD8 T cell levels back to those similar 

to healthy controls once M. tuberculosis is controlled and eventually eliminated. 
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CHAPTER 6  

CONCLUSION, LIMITATIONS AND FUTURE STUDIES 

 

6.1 CONCLUSION 

TB remains a major world health problem, requiring ongoing improvements in management 

techniques, treatment plans, and diagnostic tools. Immune profile may be crucial for tracking the 

effectiveness of PTB treatment particularly when sputum production becomes problematic for the 

clients.  It was observed that CD244 expression in treatment naïve PTB patients strongly correlated 

negatively to 1T, 2T and 3T treatment phases, suggesting its potential as a marker for monitoring 

the progress of PTB treatment. The adoption and utilization of blood-based biomarkers and 

exhaustion markers for a comprehensive immune profiling approach represent significant strides 

in the fight against TB. Possibly, the integration of immuno-omics into TB management could be 

beneficial to patient care. Expanded immune profiling could provide additional details to 

unearthing potential immune biomarkers for TB diagnosis, treatment options and treatment 

outcome monitoring. 

 

6.2 LIMITATIONS AND FUTURE STUDIES 

The study's variances may have been influenced by patients' physiological differences, the length 

of time it took for their illness to manifest before visiting a physician, their use of self-medication 

prior to consulting a physician, and other confounders that the exclusion criteria were unable to 

rule out. The initial M. tuberculosis load was not captured since diagnosis was via GeneXpert. 

Therefore, a future study will be designed to follow newly diagnosed patients and will include 

microscopy to estimate the bacilli load prior to commencement of treatment, then through to 

completion, and targeting markers at both the transcription level and protein phase at various stages 

of PTB treatment. Only male participants could be included, and expanded study will pave way 

for gender inclusion.  
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APPENDIX IV: CONSENT FORM FOR STUDY PARTICIPANTS 

 

Form number……………………….. 

Project Title: T cell exhaustion among pulmonary tuberculosis clients in Northern Region-Ghana  

 

Name and Address of Principal Investigator  

Ankrah Jacob Nii Otinkorang, Department of Clinical Microbiology, School of Medicine and 

Health Sciences, University for Development Studies, Tamale. 

 

Introduction  

I am a student from the department of clinical microbiology, school of medicine and health science, 

university for development studies-Tamale conducting research on cell exhaustion among 

pulmonary tuberculosis clients in Northern Region. All information collected will be treated as 

confidential and no one will be able to trace any information back to you.  

 

Procedure  

The study is targeted at patients with pulmonary tuberculosis. Participation is voluntary. 

Participants will be made to complete a questionnaire and return it to the principal investigator.  

Participants will also be required to give a 5mL blood sample to the principal investigator. 

 

Risks and Benefits  

Participants may feel uncomfortable with some of the questions and also during the sample 

collection period, however, they will be helpful for the purpose of the research and may contribute 

to evidence that has the ability to alter treatment regimen for patients with chronic hepatitis b 

infection. 

 

Right to refuse  

Your consent to participate in this study is voluntary, you are not under any obligation to 

participate, and you are at liberty to withdraw from this study at any point in time. I will however 

appreciate it, if you could stay on till the completion of the study.  

 

UNIVERSITY FOR DEVELOPMENT STUDIES 
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Anonymity and confidentiality  

I assure you that any information given will be used purely for the purpose of this academic 

research. All information given will not be disclosed to anyone.  

 

Voluntary agreement form for study participants 

I have read and understood the content of this consent form. I have been given an opportunity to 

ask question(s) about the research. I agree to participate as a participant.  

 

Name:………………………………………………………………………..……………..  

 

Signature: ………………………………… Date:…………………………  

 

 

Interviewer’s statement  

 

I ………………………………………………………., the undersigned, have explained to the 

subject in the language he/she understand and the participant has agreed to take part in the study.  

 

Signature: ………………………………… Date:……………………………. 
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APPENDIX V: QUESTIONNAIRE 

 

Questionnaire on T-Cell Exhaustion among pulmonary tuberculosis clients in Northern 

Region-Ghana  

Instructions 

Please note that by completing this questionnaire you are voluntarily agreeing to participate in this 

research. You will remain anonymous and your data will be treated confidentially at all times. You 

may withdraw from this study at any time. Please complete the questionnaire in full. Mark in the 

appropriate response with a cross or write in the space provided. (√ means YES, X means NO) 

 

Path. Number:…………………… Age:……..  Sex:…  Date:……………….. 

Duration of treatment 

1. Yet to start treatment:  YES {    },   NO {    } 

2. ≤ 2 months on treatment (Intensive phase):  YES  {    },    NO {    } 

3. >2 months and ≤ 5 months on treatment:  YES {    },    NO {    } 

4. 5 months & ≤ 6 months: YES {    },    NO {    } 

5. >6 months (Cured):  YES {    },  NO {    } 

6. Weight: ……………..kg 

7. Height: ……………..m 

8. Waist Circumference: ............... cm 

 

Other known Conditions 

1. Hypertensive: YES {     },  NO {     }  

2. Asthmatic :  YES {     },   NO {     }                        

3. Diabetes:  YES {     },   NO {     }              

4. Sickle cell positive:  YES {     }, NO {     }                                                              

5. Pregnancy: YES  {      }, NO {     }                    

6. HBsAg:  YES  {      },  NO {     }             

7. HCV:  YES  {      }, NO {     }  

8. Retro:  YES  {      }, NO {     }                        

9. Others:…………………………………………… 
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