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Summary 

Mycobacterium (M.) tuberculosis (Mtb) is a globally prevalent pathogen that threatens humans since 
ancient time. Exposure to Mtb infection leads to a spectrum of outcomes including an asymptomatic state, 
known as latent tuberculosis (LTBI) and an active, symptomatic infectious state, tuberculosis (TB).   

T-cells and canonical T helper type 1 (TH1) cytokines, including the key effector Interferon-γ (IFN-γ), 
centrally contribute to protection against Mtb and impaired T-cell response can lead to disease progression.  
However, Mtb immunodiagnostic IFN-γ release assays (IGRA), like the QuantiFERON, are unable to 
discriminate LTBIs from active TB suggesting more complex mechanisms involved in immune protection 
against TB. The underlying hypothesis of this thesis was that TB pathognomonic features affect T-cell 
mediated protection because of impaired T-cell response to mitogen and limited sensitivity of the IGRA 
tests in highly endemic populations had been shown. In an initial approach, the capacity of altered in-vitro 
assay conditions and alternative Mtb antigen usage to improve sensitivity of immune tests was investigated. 
Finally, the capacity of alternative Mtb antigens (i.e. dormancy antigens) were analyzed to unravel 
differences of immune responses between TB patients and LTBI. 

Included in this thesis, are four independent studies from TB patients and potentially latently Mtb infected 
healthy (LTBI) contacts recruited from Ghana, West Africa. Using standard IGRA test (QuantiFERON), 
we confirmed own previous studies of assays’ suboptimal performance in detection of Mtb infection in both 
study groups. To explore factors that might contribute to limited sensitivity and/or improve IGRA test, we 
initially, analyzed the serum cytokine milieu from TB patients and healthy LTBI contacts. IL6 and IL-10 
were significantly higher in both serum and QuantiFERON supernatants of TB patients as compared to 
healthy LTBI contacts. High IL6/IL-10 expression in TB patients was accompanied by constitutive STAT3 
phosphorylation and high SOCS3 levels, indicating aberrant functional cytokine signaling effects on T-
cells from TB patients. Pathognomonic TB effects on T-cell biology were also identified by T-cell 
immunophenotyping showing low CD27 and IL-7R expression. Finally, possibilities to circumvent 
impaired T-cell functions on Mtb-specific immune tests were assessed by alternative assay conditions and 
Mtb-specific latency antigen usage. A two-hit in-vitro assay improved detection of Mtb infection also in 
IGRA non responders from both TB patients and healthy LTBI contacts. Interestingly, Mtb latency antigen 
specific T-cell responses were highly capable of discriminating healthy LTBI contacts from active TB 
patients. Thus, optimized assay conditions have the potential to overcome pathognomonic TB effects and 
thereby improving the sensitivity for detection of Mtb infection in an endemic population.  

Together, these findings offer crucial insights into potential pathognomonic features/markers which 
characterize impaired T-cell function in tuberculosis and introduce a novel assay with the capacity to 
improve Mtb infection detection in an endemic population. 
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1.0. Introduction 

1.1. Biology of Mycobacterium tuberculosis 

Human tuberculosis (TB) is a chronic infectious disease caused by bacteria of the Mycobacterium 

Tuberculosis Complex (MTBC) (Pai et al., 2016). MTBC species are responsible for most 

pulmonary and extrapulmonary TB cases. The complex includes Mycobacterium tuberculosis 

(Mtb), the most common causative agent of TB in humans and M. africanum that causes human TB 

only in limited geographic regions in Africa (de Jong et al., 2010; Pai et al., 2016). Besides M. 

cannetti which is presumed environmental from origin, other members of the MTBC like M. bovis, 

M. caprae, M. microti are known to cause TB in wild and domesticated animals (Koeck et al., 

2011). However, M. bovis and M. cannetti may also sporadically cause TB in humans (Davidson 

et al., 2017). These strains are distributed across the world and they account for most of reported 

TB cases (Coscolla and Gagneux, 2014).  Mtb is a slowing growing bacterium with a replication 

time of approximately 20 hours. The rate of growth accounts for the chronicity of infection, increase 

difficulty in microbial diagnosis and requirement of prolonged drug treatment for TB patients 

(Kaufmann, 2001). It has a peculiar mycobacterial cell wall structure that enables survival in host 

phagocytes contributing to virulence (Kaufmann, 2001). In addition, the main virulence factors for 

most pathogens is through the use of protein secretion systems and in Mtb, it has five type 7 

secretion systems known as (ESX1-5) (Abdallah et al., 2007). Region of difference 1 (RD1) in the 

Mtb genome contains genes that encode for ESX1 secretion system and this has been well-

characterized (Abdallah et al., 2007). Contextually, the ESX1 is absent in attenuated Baccille 

Calmette and Guerin (BCG) and non-tuberculosis mycobacteria strains (Abdallah et al., 2007). Mtb 

maintains persistence and virulence by using this as a secretion system to translocate from 

phagosome to the cytosol of infected macrophages (Ernst, 2012). The ESX1 secrete among other 

proteins early secretory antigen target-6 (ESAT-6) and culture filtrate protein-10 (CFP-10). These 

two antigens are highly immunogenic and this forms the basis for their use in interferon gamma 

release assay (IGRA) tests for Mtb infection diagnosis (Delogu et al., 2013; Ernst, 2012). 

Importantly, since BCG lack ESX1 and cannot express ESAT-6 and CFP-10, IGRA are most useful 

in the diagnosis of Mtb infection in individual previously vaccinated with BCG (Abdallah et al., 

2007; Pai et al., 2016).  
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Further, Mtb  also utilizes another unique set of so-called latency-associated proteins that are 

regulated by the dormancy survival regulon (DosR)  in response to hypoxia, low-dose nitric 

oxide and carbon monoxide (Barry et al., 2009). These conditions are encountered by Mtb 

during its long-term persistence in immunocompetent hosts. DosR can control the expression 

of more than 40 latency-associated genes (Voskuil et al., 2003; Meier et al., 2018).  These 

genes provide Mtb with a niche to survive and overcome immune surveillance in a state of 

dormancy for a long time until it reverts to its proliferating state (Ulrichs & Kaufmann, 2006).  

1.2. Epidemiology of human tuberculosis  

 Mtb is known to affect about 2 billion people of the world's population, making it the most 

efficient human pathogen to plaque mankind (Kaufmann, 2001; Yong et al., 2019). It remains 

one of the topmost killers from an infectious disease with 10 million infected cases and 

approximately 1.6 million deaths recorded in 2017, translating to 4000 deaths per day (WHO, 

2018; Yong et al., 2019). Although, TB is a major treat globally, its impact on developing 

countries in Africa is alarming. It accounts for more than 4 million of active TB cases with the 

increase rates being driven by the HIV epidemic (Kaufmann & Parida, 2008). TB-related 

deaths of about 650,000 are reported every year with one-third of these deaths occurring in 

HIV co-infected individuals (Kaufmann & Parida, 2008). The treat of TB in sub-Saharan 

Africa is exacerbated due to inefficiency of current diagnostic tools, for example, the most 

common diagnostic test for TB in these regions is sputum smear microscopy which detects 

acid-fast Mtb bacilli. However, its detects less than half of individuals with active TB disease 

(Yong et al., 2019). Also, current drug regimen for treatment of tuberculosis need a 

combination of 3 to 4 drugs for over a period of 6 to 9 months. This is logistically inefficient 

and leads to poor compliance which contribute to the rise in multidrug-resistant cases 

(Kaufmann & Parida, 2008; Pai et al., 2016). Moreover, BCG - the only licensed vaccine for 

TB, is only effective against disseminated TB in children and cannot prevent active pulmonary 

TB in adolescents and adults (Yong et al., 2019). To overcome this treat, an improved vaccine 

and complete coverage of drugs supplied for TB treatment alongside better diagnostic tools are 

needed. 
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1.3. Pathophysiology: Latent infection vs. active tuberculosis 

Mtb infection can affect different organs of the body but most frequently leads to a pulmonary 

TB manifestation. Extrapulmonary TB may affect any part of the body and accounts for up to 

15-20 % of TB cases.50-60% HIV-coinfected cases are usually extrapulmonary (Blankley et 

al., 2016). Mtb is transmitted through aerosol droplets containing few bacilli exhaled by 

individuals with active pulmonary tuberculosis. Upon entry into the lung, the bacilli are 

engulfed by alveolar macrophages, the dominant cell type infected by Mtb (Pai et al., 2016). 

Immune cells, particularly T-cells, are activated in draining lymph nodes. The interplay 

between alveolar macrophages and sensitized T-cells results in bacterial containment through 

the formation of granulomatous lesions. These consist of an aggregation mature macrophage 

in a fibrotic matrix, neutrophils, DC and different T cell population in the lung (Figure 1). 

Bacterial containment by immune surveillance is known as a state of latency (LTBI) and can 

persistent for probably lifelong. When this containment fails (due to changes in host immunity 

or be overwhelmed), active disease can occur (Figure 1). LTBIs do not show any clinical 

symptoms and their diagnosis depend solely on immunodiagnostic test (Pai et al., 2006). About 

90% of the infected remain LTBI. Increase risk of active TB in LTBIs occurs within the first 

two years and approximately 10% will develop active TB in their lifetime (Kaufmann, 2001; 

Nieuwenhuizen & Kaufmann, 2018; Prezzemolo et al., 2014). In LTBI, progression to disease 

is usually not the result of primary infection but a reactivation of existing foci. Primary 

infection translates to disease more frequently in immunologically naïve and 

immunosuppressed individuals (Hunter, 2018; Kaufmann, 2001). It is now becoming 

increasingly clear that the state of latency involves a range of clinical outcomes and it is 

characterized by the degree of pathogen replication, inflammation and host immune resistance 

(Cadena et al., 2017; Ling &Flynn, 2012). Active TB disease on the other hand, is markedly 

diverse and differs according to bacterial load and replication, degree of pathology, immune 

activation and inflammation, area of infected lung and rate of disease progression (Cadena et 

al., 2017). Thus, active interaction of immune players in fight against this intracellular 

pathogen play a crucial role as they can lead to these Mtb infection outcomes; total eradication 

of the bacteria, containment in granulomatous lesions, primary active disease and reactivation 

of latent infection.  Overall, Mtb infection outcome is not just a simple two-way arm including 

TB and LTBI but represent a complex continuous spectrum that can differ based on host 
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immune activity and pathogen factors. Therefore, stage and status of Mtb infection must be 

accurately diagnosed to ensure effectiveness of treatment regimens and diagnostic tools.  

                   

 

 

Figure 1: Interplay of host immune cells in Mtb infection. Figure adapted from Cadena et al., 2017 and reprinted 
by permission Springer Nature: Nature reviews. 
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1.4. The central role of T-cells for immune surveillance against Mtb infection 

The outcome of Mtb infection is known to largely rely on the type and the extent of host 

immune response to mycobacteria. Host immune surveillance is essential as it can induce 

protective immune cues against Mtb infection (Pai et al., 2016). After Mtb infection, numerous 

innate and adaptive effector pathways are induced. However, the adaptive immune response 

especially T-cells are critical for the control of infection whereas the role of B-cells is not clear 

(Prezzemolo et al., 2014). Additionally, the intracellular location of the bacteria shields it from 

the influence of antibody-mediated effects and thus, the involvement of T-cell subsets become 

paramount for control (Ernst, 2012; Kaufmann, 2002). The initiation of the adaptive immune 

response to Mtb is a delayed CD4+ T-cells driven type IV hypersensitivity response that 

becomes detectable in about 3-8 weeks after infection (Urdahl et al., 2011). This delayed 

response is exemplified in antigen-induced reactivity response in majority of Mtb infected 

individuals to the administration of Mtb purified protein derivative (PPD) or tuberculin skin 

test (TST), in which visible reaction are detected 24-72 hours (Jasenosky et al., 2015). 

Importantly, the generation of memory T-cell after antigen exposure is essential for Mtb 

control. Memory T-cells that remain after infection is cleared, proliferate and elicit strong 

effector mediated function on subsequent exposure. Consequently, the quality of memory 

response make a significant difference between protective response against Mtb infection and 

disease progression (Prezzemolo et al., 2014).   

The protective role of T-cells in TB immunity only began to be understood through studies 

using mice models, in which prevention of infection was based on the absence of T-cells 

subsets (Cooper et al., 1997; Pai et al., 2016). Subsequently, the role of T-cell immunity in the 

control of Mtb infection was described in humans and non-human primates (Cadena et al., 

2017; Jasenosky et al., 2015; Pai et al., 2016). Mycobacterial-host interactions induce a 

dynamic immune response that usually requires the participation of both conventional and 

unconventional T cells (Kaufmann, 2001). However, the major effector cell types involve 

CD4+ T cells and a supporting role for CD8+ T cells (Jasenosky et al., 2015). Resident Mtb 

inside host phagosome secretes antigens that are processed by MHC class II antigen processing 

machinery which are present on monocytes, dendritic cells and macrophages (Urdahl et al., 

2011). Antigens present on MHC II are recognized by CD4+ T cells, typically helper T cell 
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(TH1) resulting in their activation. These Mtb-specific CD4+ T cells become potent producers 

of IFN-γ, that is, involved in activating macrophages, induction of phagocytosis, phagosome 

maturation, and production of reactive nitrogen intermediates. These effector functions restrict 

intracellular bacteria growth and promote in-vivo killing (Kaufmann, 2001; Urdahl et al., 

2011). During acute infection, specific cytokines like IL-12, IL-18 and other co-stimulatory 

molecules are released and they promote the differentiation of CD4+ T cells to T helper type 

1 (TH1) cells (Lyadova & Panteleev, 2015). These induced cytokines milieu and activated T-

cell sub-populations are essential in fine-tuning of Mtb-specific immune response (Kaufmann, 

2001; Prezzemolo et al., 2014). It has been shown that genetic defects in IL-12 or IFN-γ 

increase susceptibility to TB disease progression (Jasenosky et al., 2015; Rook et al., 2005). 

Additionally, HIV-infected patients with low CD4+ T cells count are highly susceptible to 

reactivation of latent infection and active disease (Lyadova & Panteleev, 2015). In view of 

this, Mtb specific TH1 and its canonical cytokine, IFN-γ are now well-established markers that 

are prerequisite for protection against TB. However, it must be noted that frequencies of Mtb-

specific IFN-γ producing T cells or IFN-γ levels do not correlate to protection and this has 

been demonstrated by several studies in mice and humans (Majlessi et al., 2006; Mittrücker et 

al., 2007; Sakai et al., 2016). Although IFN-γ is the influential factor in Mtb infection control, 

other cytokines, in particular TNF-α also play a role. The importance of  TNF-α came to light 

when rheumatoid arthritis patients showed increased risk of reactivation of tuberculosis after 

anti-TNF-α therapy (Kaufmann, 2002; Urdahl et al., 2011).   

CD8+T cells activation are restricted to MHC class-I antigen presention and Mtb has been 

shown to induce this class presentation that also contribute to host protection (Brighenti & 

Andersson, 2010; Bruns et al., 2009). CD8+ T cells like CD4+T cells also produce IFN-γ but 

their main role is associated with target-mediated killing. This involves the direct killing of 

Mtb through the secretion of granulysins and perforins, where antigen-specific killing is 

achieved through the induction of apoptosis (Prezzemolo et al., 2014). Other T cells subset are 

involved in the control or suppression of Mtb-specific immune response. For example, T helper 

type 2 (TH2) and regulatory T cells can counter-regulate the effects of TH1 cells leading to 

impaired TH1 mediated immunity against TB (Lyadova & Panteleev, 2015). In recent times, 

IL-17 producing T helper 17 (TH17) cells have been described to play a protective role against 

TB by mediating proinflammatory response during the early stages of infection (Jasenosky et 
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al., 2015; Prezzemolo et al., 2014).  Together, Mtb infection induce a broad range of immune 

response. Better understanding of host immune players in the fight against Mtb infection is 

crucial, in order to inform the development of effective TB vaccines, and to monitor disease 

progression and treatment efficacy and the implementation of interventional strategies for TB 

control. 

1.5. Pathognomonic effects of Tuberculosis on Host immune response 

Cellular immunity especially T-cells mediated immune response against Mtb is crucial for 

protection but unrestricted response can result in damage of host tissues promoting disease 

severity (Prezzemolo et al., 2014). To maintain balance, host cells utilize different mechanisms 

including molecular restraints using cytokines and growths factors, initiating regulatory 

function of lymphoid subpopulation and upregulation of effector molecules (Rottenberg & 

Carow, 2014). Active TB  is characterize by diverse inflammatory response associated with 

dysregulation of inflammatory cytokines and effector pathways that can affect T- cell function 

in the blood and site of infection (Pai et al., 2016; Rottenberg & Carow, 2014). Several 

cytokines involved in this immune process signal via receptor complexes that active Janus 

kinases (JAK) and signal transducers and activators of transcription (STATs) pathway and they 

play important role in protective immune response against active TB (Rottenberg & Carow, 

2014). It is now only becoming clear that aberrant regulation of cytokines in TB disease in 

particular, IL-6, IL-10 and IL-7, have the potential to reveal underlying disease mechanisms 

that may indicate impaired role of T-cells in TB pathology. 

1.5.1. The role of IL-10 in immunity to tuberculosis 

IL-10 is a central  anti-inflammatory cytokine originally described as a TH2 related but in 

recent times  other IL-10 related cell types like type 1 regulatory T-cells and TH17 effector cells 

have also been identified (Lyadova & Panteleev, 2015). It is produced by many hematopoietic 

cells and it plays a key role in maintaining optimal immune response and balance. In TB, it has 

inhibitory effects on the functions on DCs and macrophage that are required for uptake, control 

and initiation of cellular immunity against Mtb (P. S. Redford et al., 2011). IL-10 has been 

associated with immunosuppressive functions that results in susceptibility to TB disease in 

humans and mice models (Rottenberg & Carow, 2014). It is known to antagonize IL-12 release 
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and IFN-γ mediated killing of infected Mtb macrophages through downregulation of antigen 

presentation by DCs and impairment of the production of reactive oxygen and nitrogen 

intermediates (Abdalla et al., 2016; P. S. Redford et al., 2011). In Mtb infected mice, IL-10 has 

been shown to impair the migration of T-cells to the site of infection, the lungs, limiting the 

capacity of TH1-mediated  response (Redford et al., 2010). In humans, immunosuppressive 

effects of IL-10 on immune response against Mtb was first described in immunocompetent 

active TB patients which showed anergy to TST skin test. T-cells from these patients, upon 

antigen stimulation, produced high levels of IL-10 that inhibited T-cell proliferation. 

Conversely, blocking IL-10 restored proliferation of these cells (Boussiotis et al., 2000). 

O'Leary and co-authors also demonstrated that IL10 impairs phagosome maturation in infected 

macrophages that promoted Mtb growth and survival with partial dependency on STAT3 

induction (O’Leary et al., 2011). Further, several other studies have shown significant levels 

IL-10 in the lung and serum of tuberculosis patients with potential effect on T-cell function 

(Abdalla et al., 2016; Chowdhury et al., 2014). Collectively, these studies show that IL-10 has 

immunosuppressive effects on immune response and, therefore, may contribute to TB 

pathology. 

1.5.2. IL-6, effect on T-cells subsets and M. tuberculosis 

IL-6 is a multifunctional cytokine that is involved in the regulation of acute-phase response, 

differentiation of B cells and T cells activation (Hunter & Jones, 2015). IL-6 serum levels are 

low (1-5pg/ml) in physiological conditions but their levels get rapidly elevated in disease 

settings (Hunter & Jones, 2015). Previous studies showed that IL-6 is lymphocyte stimulating 

factor and lack of IL-6 signaling leads to impaired innate and adaptive immune response to 

viral and bacterial infections (Hoge et al., 2013; Longhi et al., 2008). Thus, a role of IL-6 has 

been implicated in many infectious and auto-immune diseases (Hunter & Jones, 2015). IL-6 

induces functional activities via STAT3 signaling and genetic mutation of this transcription 

factor have been associated with impaired IL-6 activity and recurrent infection (Freeman & 

Holland, 2010). Also, it has a polarizing effect on distinct populations of T helper cells like IL-

17 producing TH17 cells and drives their expansion in humans and mice disease models 

(Dileepan et al., 2011; Lyadova & Panteleev, 2015; Nowell et al., 2009). While IL-6 is known 

to dampen immunosuppressive effect on T- cell function by inhibiting regulatory T-cells , it 
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can also promote IL-10 production by T-cells, counteracting this effect (Hunter & Jones, 2015; 

Singh & Goyal, 2013). Further, IL-6 functions synergistically with other cytokines like TNF-

α and IL-1β to promote pro-inflammatory response (Singh & Goyal, 2013). Importantly, the 

protective role of IL-6 Mtb infection outcomes has been described  (Singh & Goyal, 2013). It 

known to drive TH1-mediated protective immune responses against Mtb infection (Nowell et 

al., 2009). However, its paradoxical role in promoting intracellular growth of mycobacterial 

species and the dampening of IFN-γ response in Mtb-infected macrophages has been reported 

(Leal et al., 2001). Collectively, IL-6 has a broad effect on immune response in several diseases 

setting but its influence and impact on TB pathology is still under investigation. 

1.5.3. Role of IL-7 in tuberculosis 

IL-7  regulate T-cell homeostasis by promoting cellular survival and proliferation (Lundtoft,et 

al., 2017; Lawson et al., 2015). Its role in the modulation of T-cell mediated antigen-specific 

response has also been described (Lawson et al., 2015). IL-7 mediated effects on T-cells 

depends on membrane bound IL-7Rα receptor (IL-7Rα) expression. This receptor is highly 

expressed on  conventional T cell subsets including naive and memory with the exception T 

regulatory cells (Heninger et al., 2012; MacKall et al., 2011). IL-7 signaling requires the 

recruitment of IL-7Rα and common-γ chain that activates JAK/STAT pathway via the 

phosphorylation of STAT5 (MacKall et al., 2011). Compared to other cell types that express 

IL-7Rα, TH1 cells showed improve cellular response after IL-7 stimulation (Arbelaez et al., 

2015). Earlier studies in animal models showed the potential role of IL-7 in T-cell immunity 

against tuberculosis, as adoptive transfer of Mtb-specific immune cells after IL-7 treatment 

showed decrease Mtb load and prolonged survival of mice (Maeurer et al., 2000). Similarly, 

co-administration of IL-7 and IL-15 promoted survival and enhanced BCG vaccination 

efficacy against Mtb (Singh et al., 2010). Additionally, it was shown that TB infected non-

human primates had elevated levels of lL-7 and soluble IL-7Rα in their lung tissue, indicating 

an underlying  role for IL-7 in TB pathology (Rane et al., 2011). Interestingly, the role of IL-

7 in the improvement of sensitivity standard IFN-γ release assay in children and 

immunocompromise patients has also be demonstrated. It was shown that co-incubation with 

IL-7 improved cytokine release in response to acute Mtb antigens resulting in increased 

sensitivity of assay (Feske et al., 2008). Other studies  identified that in chronic viral infections, 
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especially in AIDS, impaired IL-7 regulation affects T-cell function (Benito et al., 2008; 

Tanaskovic et al., 2014). For example, immune reconstitution in AIDS patients during anti-

viral therapy is affected by impaired T-cell response to IL-7 (Tanaskovic et al., 2014). 

Furthermore, our own study described impaired IL-7 mediated T cell function as a feature of  

TB disease (Lundtoft et al., 2017). Indeed, IL-7 is important in TB disease but its regulatory 

role in Mtb infection remains largely unexplored.    

1.6.  Mtb infection diagnosis: prospects and challenges diagnostic tools 

Fast and accurate diagnostic methods are important for the control of tuberculosis. Diagnosis 

of tuberculosis for the past years has been based on bacterial cultures and a triage of clinical 

symptoms, chest x-rays and sputum smear analysis (Wallis et al., 2010). However, analysis of 

sputum smears for Mtb detects less than half of active tuberculosis cases while as a negative 

chest x-ray do not exclude pulmonary TB especially in children (Qiu et al., 2019; Yong et al., 

2019). Although Mtb bacterial culture is the most accurate tool for diagnosis, it is time 

consuming, specimen quality dependent and limited to active TB (Qiu et al., 2019). The 

introduction of molecular-based technique for Mtb DNA amplification i.e. GeneXpert 

MTB/RIF represent a great achievement in TB diagnosis. This diagnostic tool has two major 

advantages; it detects both Mtb infection and rifampicin resistant Mtb in approximately 2 hours 

and its user-friendly set-up requires minimum training of laboratory personnel. Nonetheless, 

its usage is limited to active TB diagnosis with other inherent limitations including; inability 

to differentiate live and dead mycobacteria and lower sensitivity in the diagnosis of  

paucibacillary pulmonary and extra-pulmonary TB in children (Yong et al., 2019).  

Importantly, T-cell immune responses to Mtb antigens can be evaluated with better consistency 

as indicators of Mtb infection, in contrast to antibody-mediated responses (Pinto et al., 2011; 

Yong et al., 2019). Additionally, T-cell based  immune tests especially those performed on 

blood are attractive options as they meet the target product profile for point-of-care testing as 

recommended by World Health organization (World Health Organization, 2014).  

1.6.1. Interferon-γ release assay (IGRA) 

Despite the fact that different diagnostic tools exist for active TB, diagnosis of latent infection 

on the other hand relies heavily on the use of T-cell based immune tests (i.e. IGRA). IGRA 
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test utilizes the recall of IFN-γ production by T-cells sensitized with Mtb antigens i.e. Early 

Secreted Antigenic Target-6 (ESAT-6) and Culture Filtrate Protein-10 (CFP-10) to indicate 

evidence of previous exposure in absence of clinical symptoms (Kwon et al., 2015). Two 

commercialized IGRA-based formats, TST.SPOTB and QuantiFERON, are commonly used  

(Kwon et al., 2015; Pinto et al., 2011). In addition to these IGRA tests, TST  a century old 

diagnostic test  is still in used especially in some endemic countries (Pinto et al., 2011). It 

measures local response to Mtb antigens i.e. purified protein derivative after intradermal 

administration. However, its specificity is greatly reduced in BCG-vaccinated individuals and 

immunocompromised individual (Pinto et al., 2011; Yong et al., 2019). IGRA tests were 

introduced to overcome this limitation of TST. However, previous studies have indicated 

limited sensitivity especially in children and highly TB endemic population (Lundtoft et al., 

2017; Nausch et al., 2017). Further,  a negative or positive IGRA test result  cannot 

conclusively rule out or confirm Mtb infection  (Rangaka et al., 2012). In high burden 

countries, false negatives associated with IGRA tests have been described (De Visser et al., 

2015; Masood et al., 2020; Rangaka et al., 2012). Thus, improved understanding and 

evaluation of factors associated with suboptimal performance of IGRA are required. Previous 

studies have indicated different potential etiological factors that may account for inconclusive 

IGRA test results. These included; age, immunodeficiency, extra- pulmonary TB, genetic 

variability and the immunomodulatory action of  regulatory T cells (Cho et al., 2012; De Visser 

et al., 2015; Kwon et al., 2015). These factors have the potential to increase the number of 

missed Mtb infected cases which can perpetuate the spread of the disease. Moreover, factors 

that clearly elucidate why Mtb specific adaptive immune response remains undetectable at the 

time of diagnosis for TB or LTBIs particularly in endemic populations remains unclear.  

 

 

1.6.2. T-cell activation markers 

TST and IGRA tests, as diagnostic tools, are not able to discriminate LTBIs from active TB. 

In view of this, host biomarkers that have the potential to diagnose and classify LTBIs and TB 

patients are needed. Cellular phenotypic markers of T cells associated with T-cell activation 
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and antigenic dependent differentiation have been demonstrated to show promise as candidate 

biomarkers (Lyadova & Panteleev, 2015). Among these, CD27 a T-cell maturation marker and 

a co-stimulatory receptor, has been best characterized (Ahmed et al., 2018; Yong et al., 2019). 

Naïve T-cells show high CD27 expression which is downregulated at the effector cell level  

(Lyadova & Panteleev, 2015). Loss of CD27 expression in Mtb infected murine model 

indicates TB activity with enhanced  lung migratory properties and are potent in IFN-γ 

production (Lyadova et al., 2004). In humans, low CD27 expression on CD4+ T-cells  has also 

been shown to be associated with TB disease (Adekambi et al., 2012; Streitz et al., 2007). 

Additionally, T cells with this phenotype have been linked with degree of Mtb replication and 

might be a useful indicator for sub clinical Mtb infection (Schuetz et al., 2011). Further, the 

examination of CD27 expressing IFN-γ T cells  subsets have been described by several studies 

to distinctively classify LTBIs from active TB patients (Adekambi et al., 2012; Ahmed et al., 

2019; Lyadova & Panteleev, 2015; Portevin et al., 2014). Interestingly, Portevin and colleagues 

adapted T cell activation marker-tuberculosis (TAM-TB) approach, where they showed utility 

of CD27 expression was able to achieve 83.3% sensitivity and 96.8% specificity in children 

with culture confirmed TB cases (Portevin et al., 2014).   

Similarly, diagnostic utility of other markers like CD38; an immune activation marker and 

Ki67; proliferation marker, for Mtb infection have been shown (Ahmed et al., 2019; Mupfumi 

et al., 2020). Ahmed and co-authors, showed the discriminatory potential of CD38/CD27, 

HLADR and Ki67 expression in active TB and LTBIs (Ahmed et al., 2018). Increase 

proportions of CD38+CD27low T cells and CD38lowCD27high were associated with active TB 

or LTBI respectively. Additionally, the expression of CD38, HLA-DR and Ki67 were shown 

to be stable markers that could predict time of sputum conversion and serve as surrogates for 

monitoring treatment efficacy and disease progression (Ahmed et al., 2018, 2019; Riou et al., 

2014). Collectively, T-cells immune effector markers may prove to be reliable biomarkers for 

TB but robust validation and evaluation of their suitability for use especially in an endemic 

population is required.  

1.6.3. Mtb latency antigen in immune-based tests 

The nature of acute antigens used i.e secretory antigens, ESAT-6 and CFP-10 may be a 

compelling reason for limited sensitivity of IGRA tests in Mtb infection diagnosis. These 
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antigens are expressed early in acute tuberculosis and may partially reflect the dynamic 

spectrum of host immune response (Coppola & Ottenhoff, 2018). Hence, the use of alternative 

Mtb-stage specific antigens is required. Non-active stage antigens of Mtb is the so-called 

latency antigens. These are regulated by a set of Mtb genes that resides in the dormancy 

survival regulon (DosR) and play a role in adaptation of Mtb during dormancy (Barry et al., 

2009; Meier et al., 2018). DosR antigens show moderate immunogenicity in humans (Schuck 

et al., 2009). Interestingly, adapted BCG with adjuvant of latency associated antigens conferred 

improved protection against TB than conventional BCG in murine model (Nieuwenhuizen & 

Kaufmann, 2018; Reece et al., 2011). Others also showed that latency proteins expressed at 

different stage of Mtb infection elicits strong TH1-type  immune response (Rakshit et al., 2017). 

Notably, several studies have described the potential of latency-related antigens to differentiate 

LTBIs from active TB disease (Meier et al., 2018; Rakshit et al., 2017; Schuck et al., 2009). 

In particular, Rakshit and co-authors, demonstrated that latent Mtb infection as compared to 

active TB, was significantly associated with latency-associated specific central memory T 

cells, polyfunctional and regulatory TH17 T cells. Further, others also described differential 

cytokines induced by latency-associated antigens as useful candidates (Arroyo et al., 2018; 

Chegou et al., 2012; Kassa et al., 2012). Thus, measuring host T-cell immune response against 

latency antigens may serve as important biomarker for latent infection. Together, the 

incorporation of latency antigens in current diagnostic tool may become useful indicators not 

only for Mtb infection but also in monitoring of TB disease progression. 

 

 

 

2.0. Research Objectives 

In the four research articles included in this dissertation, we aimed to identify potential 

mechanisms underlying immune failure in Mtb infection leading to TB disease progression. In 

this regard we compared healthy LTBI contacts with TB patients to identify pathognomonic 

features and potentially biomarkers of immune protection in LTBI. Importantly, 

pathognomonic features may also affect sensitivity of immune-based test for Mtb infection. In 
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view of this, possibilities to circumvent Mtb-mediated effects on immune-based tests were also 

investigated. 

These were included objectives: 

- identification of T-cell phenotype differences and serum markers of TB patients and 

healthy LTBI contacts. 

- characterization of mechanisms underlying impaired T-cell functions in TB patients 

through the identification components of T-cell effector and cytokine expression 

signaling pathways. 

- optimization of immune tests for diagnosis of Mtb infection. 

- characterization of antigen specific differences between healthy LTBI contacts and TB 

patients. 

- evaluate host biomarkers that robustly discriminate TB patients from healthy LTBI 

contacts. 

 

 

 

 

 

 

 

 

3.0. Paper I: Two-Hit in vitro T-Cell stimulation detects Mycobacterium tuberculosis infection in 

QuantiFERON Negative tuberculosis patients and healthy Contacts from Ghana 

 

Adankwah, E., Lundtoft, C., Güler, A., Franken, K.L.M.C., Ottenhoff, T.H.M., Mayatepek, E., 
Owusu-Dabo, E., Phillips, R.O., Nausch, N. & Jacobsen, M.  Two-Hit in vitro T-Cell stimulation 
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detects Mycobacterium tuberculosis infection in QuantiFERON Negative tuberculosis patients and 
healthy Contacts from Ghana. Frontiers in Immunology. 2019; 10:1518 

 

 

Contribution to this publication: 90% 

- Patients recruitment 

- FACS analysis 

- ELISA 

- Ex-vivo & In-vitro assays 

- Data analysis 

- Writing of the manuscript 
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3.1. Paper II: Constitutive STAT3 phosphorylation and IL-6/IL-10 co-expression are associated 

with impaired T-cell function in tuberculosis patients 

 

Harling, K., Adankwah, E., Güler, A., Afum-Adjei Awuah, A., Adu-Amoah, L., Mayatepek, E., 
Owusu-Dabo, E., Nausch, N. & Jacobsen, M. Constitutive STAT3 phosphorylation and IL-6/IL-
10 co-expression are associated with impaired T-cell function in tuberculosis patients. Cellular 
and Molecular Immunology. 2018;16(3):275-87 

 

Contribution to this publication: 40% 

- ELISA 

- CBA 

- Data analysis 

- Writing of the manuscript 
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3.2. Paper III: CD27 expression of T-cells discriminates IGRA-negative TB patients from 

healthy contacts in Ghana.  
 

Adankwah E, Guler A, Mayatepek E, Phillips RO, Nausch N, and Jacobsen M. CD27 expression 

of T-cells discriminates IGRA-negative TB patients from healthy contacts in Ghana. Microbes & 

Infection 2020;22(1): 65-68. 

Contribution to this publication: 90% 

- Patients recruitment 

- ELISA 

- Ex-vivo & In-vitro assays 

- Data analysis 

- Writing of the manuscript 
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3.3. Paper IV: Aberrant plasma IL-7 and soluble IL-7 receptor levels indicate impaired T cell 

response to IL-7 in human tuberculosis 

 

Lundtoft, C., Afum-Adjei Awuah, A., Rimpler, J., Harling, K., Nausch, N., Kohns, M., Adankwah, 

E., Lang, F., Olbrich, L., Mayatepek, E., Owusu-Dabo, E. & Jacobsen, M. Aberrant plasma IL-7 

and soluble IL-7 receptor levels indicate impaired T-cell response to IL-7 in human tuberculosis. 

PLOS Pathogens 2017: 13, e1006425. 

 

Contribution to this publication: 20% 

- ELISA 

- Data analysis 

- Writing of the manuscript 
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4.0. Discussion  

4.1. IGRA tests and Mtb infection diagnosis in high TB burden population 

Study subjects were mostly adults recruited in high TB burden regions in Ghana, West Africa. 

Commercialized QuantiFERON® Gold Plus test (QFT) was used to confirm Mtb infection or 

evidence of exposure, and we showed that majority of  confirmed TB and healthy contacts were 

either negative or had inconclusive results (Adankwah et al., 2019). Low sensitivity of QFT in Mtb 

infection detection confirmed our own previous findings in Ghanaian children with tuberculosis 

(Lundtoft et al., 2017; Nausch et al., 2017). Interestingly, a parallel study in TB and LTBI children 

from Germany showed higher sensitivity for  QFT in Mtb infection detection (Nausch et al., 2017). 

In support, a meta-analysis of IGRA tests in Mtb infection diagnosis, showed that QFT sensitivity 

was 0.79 in high income countries but only 0.57 in low-income countries (Sollai et al., 2014). 

Specifically, we showed that lower QFT sensitivity was not only found in children but affected 

adults with latent Mtb infection and acute tuberculosis from Ghana (Adankwah et al., 2019).  The 

use of IGRA test as evidence of Mtb infection exposure is apparently better and well-defined in low 

endemic settings in contrast to high endemic areas (Pai et al., 2006). The reason for this 

phenomenon still remains unclear. However, several factors including low mitogen response, 

impaired T-cell response, genetic variation and tropical infections have been suggested (Pai et al., 

2006; Pinto et al., 2011). Indeed, we identified high IFN-γ background and impaired T-cell response 

to mitogen as possible confounding factors for inconclusive QFT results in TB patients  (Adankwah 

et al., 2019). To further characterize underlying causes for inconclusive QFT results, we analyzed 

the effects of modified short termed (i.e 16-24hrs) in-vitro conditions. However, sensitivity for Mtb 

infection detection was only marginally improved. Importantly, none of these conditions were 

robust to distinguish between active and latent infection (Adankwah et al., 2019). It is likely that 

aberrant serum levels of pro and anti-inflammatory cytokines found in TB patients may account for 

assays’ suboptimal performance (Chowdhury et al., 2014). In line with this, our serum cytokine 

measures identified potential immune modulating factors in tuberculosis patients (Harling et al., 

2018). Additionally, it has been suggested that limited sensitivity might be due to the use of 

peripheral blood, as number of potent IFN-γ producing effector T-cells are low in the blood and 

that the use of purified immune cells might offer a better sensitivity (Lange et al., 2009). 

Conversely, we showed that short term assays using blood or purified immune cells and only acute 

Mtb antigens may not be sufficient in improving sensitivity for Mtb infection detection, but better 



- 70 - 
 

sensitivity may be associated with validated long-term assays that incorporate the usage of 

alternative Mtb antigens (Adankwah et al., 2019). 

4.2. Effects of pathognomonic markers on T-cell functions with potential impact on IGRA 

tests 

Several risk factors has been described to be associated with limited sensitivity or inconclusive test 

results of IGRAs including immunodeficiency, age, lymphocytopenia and malignancy (Kwon et 

al., 2015). These are linked with low cell -mediated host immune response. Indeed, IGRAs are T-

cell based assays and host factors that characterize impaired T-cell function can potentially lead to 

limited sensitivity. 

4.2.1. IL6/IL-10 concentrations as potential causes for impaired T-cell function 

We found higher concentrations of IL-6/IL-10 concomitantly expressed in cell culture supernatants 

after Mtb specific stimulation and in plasma of TB patients as compared to healthy contacts (Harling 

et al., 2018). This was consistent with other studies where  higher expression of IL-6 by T-cells and 

high levels of  IL-6/IL-10 levels in serum of tuberculosis patients were shown (Chowdhury et al., 

2014; Joshi et al., 2015). Indeed, how these two cytokines with opposing cellular functions (i.e. pro 

& anti-inflammatory), are preferentially induced in TB patients warrant further investigation. 

However, it is possible for Mtb to exploits the mechanistic interaction of IL6/IL-10 to favour its 

survival and persistence. To evaluate this further, we hypothesized that since IL6/IL-10 are 

regulated by transcriptional and regulatory elements, aberrant levels are associated with perturbed 

cytokine signaling components with implicating effects on T-cell function. Interestingly, we 

demonstrated that high levels of IL6/IL-10 in TB patients were associated with aberrant cytokine 

signaling function involving constitutive pSTAT3 and high protein expression of SOCS3, a 

negative regulator of STAT3 mediated signaling (Harling et al., 2018). This is supported by findings 

from cancers, autoimmune and inflammatory diseases, where constitutive pSTAT3 expression is 

associated with severity of disease (Sugimoto, 2008; Yuan et al., 2015). Additionally, increase 

SOCS3 mRNA expression levels in T-cells during Mtb infection with potential influence on T-cell 

function has been shown (Ashenafi et al., 2014; Jacobsen et al., 2011). Accordingly, we showed 

that high SOCS3 protein expression levels in both naive and memory T cell subsets and this was 

associated with impaired T cell function in study cohorts (Harling et al., 2018). Although Carow 
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and colleagues earlier described a dispensable role of SOCS3 expression  in impaired T cell 

response in Mtb infection, we showed that high SOCS3 levels in CD4+ T-cells rather correlated 

with impaired TH1 cytokine response in TB patients and healthy contacts (Carow et al., 2013; 

Harling et al., 2018). In accordance with previously described (Jacobsen et al., 2011; Matsumoto et 

al., 2003), we identified that SOCS3 might have suppressive effects on T- cell activation through 

the inhibition of IL-2 co-stimulation (Harling et al., 2018). Overall, aberrant IL-6/ IL-10 and 

constitutive expression of pSTAT3/SOCS3 promote immune suppressive effects on T-cell function 

in TB disease. 

4.2.2. Down regulation of CD27 and IL-7R 

Antigen dependent activation of T-cells results in stage-specific (early, late and terminal) 

differentiated effector cells. These stages up or down-regulate  the expression of specific immune 

markers on T-cell cells (Lyadova & Panteleev, 2015). Phenotypic and functional characterization 

of immune markers especially, CD27 expression, involved in these differentiation processes have 

been implicated TB disease. We demonstrate that proportions and median expression of CD27 were 

significantly lower in TB patients than healthy contacts (Adankwah et al., 2020). This finding is 

consistent with previous studies where loss of CD27 expression were found in TB patients and this 

was associated with bacterial load and TB disease ( Jiang et al., 2010; Lyadova & Panteleev, 2015). 

Notably, Rakshit and co-authors also identified that effector memory (i.e CD45RA-CD27low) 

subsets were significantly increased in TB patients, possibly because antigen persistence linked 

with high bacterial load can lead to increased effector memory responses (Rakshit et al., 2017).  

Interestingly, several studies had described the loss of CD27 expression on CD4 T cells as an Mtb-

specific feature in TB patients, by excluding its expression on non-Mtb specific T cells (Ahmed et 

al., 2018; Latorre et al., 2019; Portevin et al., 2014; Streitz et al., 2007). In contrast, we demonstrate 

that CD27low expression as a feature of non-Mtb specific CD4 T cells in TB patients  (Adankwah et 

al., 2020). Importantly, our findings indicate that aberrant low CD27 expression in TB patients is 

likely not a consequence of antigen-specific stimulation. Rather other mechanisms e.g. a 

pathognomonic cytokine profile or possible bystander effects are causative. However, whether loss 

of CD27 is a feature of impaired T-cell function will be required further evaluation. 
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IL-7 plays a crucial role in T-cell homeostasis and its dysregulation during infection leads to 

impaired T-cell function (Lundtoft et al., 2017). We showed that high plasma levels of IL-7 in TB 

patients as compared to healthy contacts (Lundtoft et al., 2017) This could be due to decreased T-

cell consumption, impaired T-cell receptivity or low T-cell count as indicated by previous studies 

where high plasma levels of IL-7 are associated with low T cell numbers or lymphopenia 

(Napolitano et al., 2001; Ponchel et al., 2011). Importantly, evaluation of membrane bound IL-7R 

on CD4+T cells showed that TB patients had significantly increased proportions of mIL-7Rlow 

CD4+ and CD8+ T cells, suggesting that impaired mIL-7R expression is a contributory factor to 

increase percentage of mIL7Rlow T cells in tuberculosis patients (Lundtoft et al., 2017). These 

findings are similar in chronic viral infections like HIV where impaired IL-7 signaling has been 

described (Benito et al., 2008; Tanaskovic et al., 2014). IL-7 mediate its functions via receptor 

signaling through activation of STAT5 through a phosphorylation process. We show that low mIL-

7R expression was associated with low pSTAT5 levels in TB patients, suggesting an impaired T-

cell function in response to IL-7 (Lundtoft et al., 2017).   

Interestingly, a recent report suggests a  modulation effect of CD27 signaling on IL-7Ra expression 

on T -cells and function (Dong et al., 2019). Dong and co-authors, showed that CD27 co-stimulation 

enhanced IL-7R expression and this contributed to long-term memory generation and survival 

CD8+Tcells (Dong et al., 2019).Whilst CD27 mediated effect on IL-7R in tuberculosis remains to 

be explored, these findings demonstrate that loss of CD27 expression in TB patients may 

significantly contribute to aberrant T-cell phenotype. Indeed, lower CD27 expression and impaired 

IL-7 signaling in TB patients from high burden population characterizes a pathognomonic state 

with significant impact T-cell function in TB pathology. 
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4.3. Mtb infection diagnosis: Potential of novel Two-Hit assay and usage of latency antigens 

Control of Mtb infection which usually results in latent infection, is mediated by specific cell-

mediated immune response. This state of latency is associated with non-active state of the pathogen 

and antigens expressed in these conditions are candidate indicators for latent infection and 

reactivation. These antigens have been described to induce differential response in active TB and 

latent infection (Meier et al., 2018; Rakshit et al., 2017). Already, we identified that short term 

assays are suboptimal in the detection of Mtb infection and previous studies indicated relative 

higher sensitivity of long term assays (i.e 5 to 7 days) (Cehovin et al., 2007; Schuck et al., 2009; 

Serra-Vidal et al., 2014). Therefore, we performed a novel long term two-hit assay described 

previously by Schuck et al (2009), which is based the detection of Mtb-specific T-cell responses 

after two rounds of in-vitro re stimulation with the same antigen followed by intracellular cytokine 

measure. Included in this assay are both Mtb secretory antigens (i.e. ESAT-6/CFP10) and selected 

latency antigens. In contrast to the short-term assays, where majority of both study cohorts did not 

show detectable T-cell responses, the two-hit assay markedly improved T-cell response to secretory 

antigen in both study cohorts. A notable observation of our study is non-responders (i.e IGRA 

negative/indeterminate) as indicated by short term assay in both study subjects showed improved 

detectable T-cell response after restimulation with secretory antigens (Adankwah et al., 2019). This 

is of great relevance as most studies exclude non-responders to avoid including misdiagnosed Mtb 

infected patients (Latorre et al., 2019; Rakshit et al., 2017). It must be noted that, since IFN-γ-

negative CD4+T cells may produce alternative cytokines in T-cell immunity against TB, it is 

possible that negative IGRA results does not exclude Mtb infection.  

Importantly, we identified that our selected latency antigen candidates in particular, Rv2628 and 

Rv1733 also showed enhanced the detection of IGRA non-responders after two-hit latency-antigen 

specific stimulation. Additionally, two-hit assay showed high sensitivity for the detection of Mtb 

infection in almost 100% of healthy contacts (Adankwah et al., 2019). However, further studies 

will be needed to verify if high sensitivity to detect LTBI in our study bears the brunt of specificity.  

Although, poly functional Mtb and latency antigen specific T-cells have been reported as promising 

candidates by previous studies, these were not evaluated in this study. 
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 Importantly, we are the first to comprehensibly demonstrate the potential of this long-term two-hit 

assay in enhancing sensitivity for detection of Mtb infection in IGRA non-responders in both TB 

patients and healthy contacts.  

4.4. Potential host candidate biomarkers for the discrimination latent infection from TB 

disease 

Global control of TB disease can be achieved by the identification of host immune biomarkers that 

can differentiate active TB from latent infection. These biomarkers could serve as guidelines for 

monitoring TB treatment efficacy, vaccine-induced immunity and disease progression (Kaufmann 

& Parida, 2008; Yong et al., 2019). We identified CD27 expression and latency antigens i.e Rv1733 

and Rv2628 as promising candidates. By analyzing differential CD27 expression, we demonstrated 

it had a strong capacity to distinctively classify TB patients from healthy contacts independent of 

different stimuli conditions (Adankwah et al., 2020). Our findings corroborated with several studies 

where CD27 expression differentiated TB patients from latent infection (Ahmed et al., 2018, 2019; 

Latorre et al., 2019). Interestingly,  CD27 expression efficiently discriminated among subgroup of 

study cohorts that were IGRA non-responders (Adankwah et al., 2020). Importantly, CD27 

expression also classified TB from healthy contacts with antigen stimulation and it might be useful 

tool in TB diagnosis especially among IGRA non-responders. However, it must be noted that 

heterogeneity among study cohort limited the efficacy for the use of CD27 expression only for 

discrimination purposes. Further studies that validate CD27 in combination of other host candidates 

may have improved diagnostic potential. On the other hand, we showed two-hit assay induce strong 

T-cell response against secretory antigens but this did not discriminate between TB and healthy 

contacts. Conversely, latency-associated antigens induced strong T-cell response that distinctively 

classified healthy contacts from active TB patients. Our ROC analyses confirmed Mtb-specific IFN-

γ response against latency antigens (i.e Rv1733 and Rv2628) showed robust capacity to 

discriminate healthy contacts from TB patients with area under the curve (AUC) 0.81 and 0.88 

respectively (Adankwah et al., 2020). Our findings are in support with previous studies who also 

identified Rv628 and Rv733 as promising host candidates for Mtb infection detection (Chegou et 

al., 2012; Chen et al., 2009; Rakshit et al., 2017).  

It is worthwhile to note, very few successes have been achieved in search of TB biomarkers with 

current rise in a number of biomarker studies. This is largely due to heterogeneity of Mtb-specific 
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immune response that may exist in human populations. Moreover, immune response may be 

influence by confounding immune genetic factors, HIV co-infection and other environmental 

factors. Therefore, rigorous validation of these candidate host biomarkers in both endemic and low 

endemic areas are needed before they can be rolled out as Mtb diagnostic tools. 

 

4.5. Outlook 

We described here that immunomodulatory factors including aberrant serum levels of IL-6/IL-10/ 

IL-7, high pSTA3/SOCS3 protein expression and low CD27/IL-7R expression in TB patients 

described a pathognomonic state that is associated with impaired T-cell function. In addition, these 

factors may be associated with limited sensitivity of IGRA tests in highly endemic regions. In view 

of this, interpretation of IGRA tests results in endemic regions must be done in the context of a full 

evaluation of these immunomodulatory factors. Our two-hit assay showed promise in 

circumventing the effects of these factors, as it improves sensitivity for Mtb infection detection. 

Additionally, we identified CD27 and selected latency antigens (i.e Rv1733 and Rv2628) as 

potential diagnostic tools for discriminating LTBIs from active TB disease. However, a holistic 

multi-center, large and longitudinal studies are required to validate the utility and applicability of 

these tools in TB endemic setting. 
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