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ABSTRACT

Background: Infection with HIV and TB leads to Inflammation. Markers of inflammation include TNF-α, IFN-γ, CD38 and HLA-DR. In HIV infection these markers create an environment which favours reactivation of latent TB to TB disease. TNF-α, IFN-γ, CD38, HLA-DR and CD4 cell count can be used to predict possible reactivation of latent TB to disease in HIV patients on HAART. The level of these inflammatory markers in HIV and HIV/TB co-infection in Kenya is unknown. The purpose of this study was to investigate inflammatory markers TNF-α, IFN-γ, CD38, and HLA-DR levels in patients with HIV-infection only and HIV-TB co-infected patients attending AMPATH clinic at MTRH-Eldoret, Kenya. 

Objective: To determine Th1 cytokine levels (TNF-α and IFN-γ) and cell activation markers (CD38 and HLA-DR) and CD4 cell count in HIV-TB co-infected and patients with HIV-infection only attending AMPATH clinic at MTRH-Eldoret, Kenya. 
Methods: This was a cross-sectional comparative study in which 168 patients were enrolled, 84 HIV-TB co-infected and 84 HIV patients. The patients comprised of 84 males and 84 females who had been on HAART for periods between 6 months to 10 years. Clinical and demographic information was obtained from the patients files. Blood samples from each patient were collected into EDTA tubes. Separation of plasma was done within 2 hours of sample collection at 3,000 r.p.m for 3 minutes and kept at -800C till the day of analysis. Activation markers CD38 and HLA-DR and CD4 count were analysed by flow Cytometry on whole blood samples, while analysis for the representative Th1 cytokines (TNF-α and IFN-γ) was done on the plasma samples by ELISA (Genway’s®). The levels of inflammatory markers were compared in HIV/TB co-infected patients and patients with HIV-infection only . An interview guide was the main research instrument. Data was analysed using STATA version 13.  P-value ≤ 0.05 was considered significant.

Results: The mean age for both HIV-TB and HIV patients was 42 years. The median (IQR) levels for TNF-α (pg/ml) was 7.26 (6.76- 8.12), IFN-γ (pg/ml) 26.3 (25.18- 27.22), CD38(%) 4.36 (2.06-6.31), HLA-DR(%) 92.44 (90.52-95.51) and CD4 (cells/mm3) 231 (117-350) in HIV-TB co-infected patients, while in HIV patients the levels were  TNF-α 10.72 (8.12-12.13), IFN-γ 25.40 (23.59-27.67), CD38 5.94 (4.44-7.41), HLA-DR 93.33 (90.24-96.56) and CD4 383 (318-543). patients with HIV-infection only had higher levels of TNF-α (p=<0.001), CD38% (p=0.0002) and CD4 (p=<0.001) compared to those of TB-HIV co-infected patients. No significant difference was observed in the levels of IFN-γ and HLA-DR (p=0.1559) and (p=0.1754) respectively.

Conclusion: Higher levels of TNF-α, CD38, and CD4 were found in patients with HIV-infection only compared to HIV-TB co-infected patients. This high level of inflammation may be a potential lead to TB reactivation. 
Recommendations: Further studies need to be done to find mechanisms which will help to control inflammation in HIV patients  to lower TB reactivation.

Assumptions /limitations: The only Th1 cytokines analysed were TNF-α and IFN- γ. The TNF-α and IFN-γ cytokine response was specific for HIV-TB co-infection and patients with HIV-infection only in the study subjects. Confounding factors by other infections was not considered, and this could have had some effect on the cytokine levels found.
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CHAPTER ONE

INTRODUCTION

1.0 Background to the study
Cytokines are cell signalling molecules that aid cell to cell communication in immune responses and stimulate the movement of cells towards sites of inflammation, infection and trauma (Cavalcanti et al.,2012). T-helper1 (Th1) cells play an important role in viral infection as cytokine levels by these cells is shown by a dysfunction  characterised by the progressive loss of cell differentiation-4 (CD4 T cells) in Human Immunodeficiency virus (HIV) infection (Philana et al.,2007). Protection against Mycobacterium tuberculosis (MTB) requires Th1 cytokines particularly Interferon gamma(IFN-γ) and Tumour necrosis factor-alpha (TNF-α)  produced by activated CD4 T cells early in TB infection (Tatiana et al.,2013, Cavalcanti et al.,2012). The Th1 cytokines direct immune responses against intracellular pathogens particularly MTB  and works by activating macrophages allowing them to kill the mycobacterium (Cavalcanti et al.,2012). 
Worldwide, TB causes more deaths annually compared to HIV infection as it is one of the top ten causes of death, than malaria and HIV (World Health Organisation, 2015, World Health Organisation, 2016). The risk of developing Tuberculosis (TB) in HIV patients is high compared to people who are not infected with HIV (WHO,2016). The high risk of developing TB in HIV patients is caused by the lowered immune system as a result of HIV virus infecting CD4 cells leading to the destruction of the CD4 cells (Corkery,2016) destruction of the CD4 cells as a result of HIV infection leads to weakening the immunity of patients with HIV, which predisposes them to TB (Luetkemeyer et al.,2013). HIV patients who have a weakened immunity as a result of reduced CD4 count have virus replication and multiplication which is as a result of increases in Th1 cytokine (TNF-α and IFN-γ) levels and cell activation markers (CD38 and HLA-DR) (Cavalcanti et al.,2012) . HIV-TB patients have greater chances of dying or getting Acquired immunodeficiency syndrome (AIDS) defining events (Diedrich et al., 2011). Criteria for diagnosing AIDS include a CD4 count of less than 200cells/µl and presence of AIDS defining conditions such as TB, which most often are life threatening (Luetkemeyer et al.,2013). 
Latent TB is an infection with Mycobacterium tuberculosis that remains within macrophages without replicating, but retains ability to change from latency and cause active disease when the immune system is altered for example in HIV infection (Cavalcanti et al.,2012). When latent TB is not contained, development of active TB disease could occur which may pose a health threat to the individual, and the community through spread. In HIV co-infection, TB leads to incapacitation, a waste of resources, and when not well managed, may cause loss of life. The ability to control Mycobacterium tuberculosis infection is impaired by HIV infection as HIV infection leads to depletion of CD4 T cells (Diedrich et al.,2011, Myoung et al.,2005). The control of MTB infection is dependent partly on the presence of CD4 T cells, CD8 T cells, and the production of Th1 cytokines such as TNF-α and IFN-γ (Sullivan et al., 2015). In this era of Highly Active Antiretroviral Therapy (HAART), understanding what forms protective immunity to Tuberculosis (TB) in HIV patients is paramount for development of immunotherapy to minimise active TB development in these patients. In the course of HIV infection, TB occurs earlier than many other opportunistic infections (Annabel and Kanabus, 2015). Immune response to host TB through production of IFN-γ has been shown to increase HIV-1 replication, and acceleration of the natural progression of HIV to AIDS (Mbow et al.,2013). HIV-related CD4 deficiency is associated with increases in Th1 cytokines particularly TNF-α and IFN-γ which are found in high levels in patients with AIDS, (Fatma et al.,2016, Thea et al., 2016). Host protective immunity involving Th1 cytokines against mycobacterium is mediated by cellular immunity comprising of interaction between CD4 T cells, CD8 T cells and macrophages (Cavalcanti et al.,2012). 
CD4 cells are the cells that the HIV virus kills, and numbers of these cells reduces as HIV infection progresses (Yaou et al.,2005, Gascon et al.,2002). If the cells falls below 200cells/µl due to advanced HIV disease, that leads to a diagnosis of AIDS (Selywn et al.,1999). Normal range for CD4 cell count is 500-1500cells/ µl (https://www.hiv.va.gov). Low CD4 cell count signifies a weaker immune system. The weaker the immune system, the more likely an individual is at increased risk for opportunistic infections such as TB (Annabel and Kanabus, 2015, Walker et al.,2013). The regulatory function of macrophages is exerted by CD4 T cells, and the effecter function for killing the mycobacterium is done by macrophages activated by IFN-γ and TNF-α (Cavalcanti et al.,2012). CD4 cell count is supposed to go up when a HIV infected patient is on HAART (Otieno et al.,2013).

A dysfunctional immune system, chronic activation, and reduction in CD4 cells favour the development of active TB in HIV patients (Cavalcanti et al.,2012, Mbow et al.,2013). 
This study investigated the role of Th1 (TNF-α and IFN- γ) cytokines, cell activation markers (CD 38 and HLA DR) and CD4 cell count, and their  interaction in HIV/TB co-infection and patients with HIV-infection only, to elucidate immune responses directed against these infections .

1.1 Research problem/statement

Immunocompromised persons such as those infected with HIV, who have latent Tuberculosis are at increased risk for Tuberculosis (TB) reactivation compared with those whose immune system is not compromised (Respir et al.,2013). In 2014, more people lost their lives due to TB , and between 2014 and 2015, the rate of decline in TB incidences remained at 1.5%, when it was expected to go up to 4-5%,in order to meet the target of end TB strategy by 2030 (World Health Organisation, 2016).  According to World Health Organisation 2016, Kenya was rated among countries which had a reduction in HIV-TB deaths of between 25-50% from 2004-2012. It is expected that by 2030, there should be a 90% reduction in HIV-TB deaths (World Health Organisation, 2016). Immunological changes that take place leading to active TB development in HIV patients on HAART are less documented in Kenya in this era of HAART. TNF-α increased levels signify HIV replication, while  IFN- γ is a key cytokine in MTB containment within granulomas.  CD 38 and HLA DR are known to be markers that indicate CD4 T cell activation when there is an infection. Levels of CD4 count signify  immune deterioration or recovery in HIV patients on HAART.

The objective of this study was to examine TNF-α and IFN-γ cytokine response and cell activation markers (HLA DR and CD 38) in HIV-TB patients and patients with HIV-infection only, as immunological factors that could lead to  the development of active TB disease in  HIV co-infection. 

1.2 Significance

According to the Ministry of Health 2015, one in every three Kenyans had the TB bacteria, but were not ill and did not have symptoms (World Health Organisation, 2016). This meant approximately 14.4 million Kenyans who had the latent TB infection, which was not contagious, but  could turn into active TB when their immune system was compromised , such as in HIV-infected people. In 2014, Kenya was rated among the TB high burden countries (World Health Organisation, 2015). Thus, there is a burden to the Kenyan health system, patients, families , and the community at large. This requires better and diverse strategies of preventing the development of TB among HIV patients. The role of Th1 cytokines and cell activation markers in the development of TB in HIV patients on HAART in Kenya has not been elucidated. Individuals without a previous history of TB and exposed to Mycobacterium tuberculosis showed a Th1 (TNF-α and IFN- γ)  profile of cytokines (Cavalcant et al.,2012). These cytokines are thought to be involved in shifting the state of latency to the stage of clinical TB. CD 38 and HLA-DR indicate active viral replication. There is need to reconsider the relationship between TNF-α , IFN- γ, CD 38, HLA DR and CD4 levels in development of active TB in HIV patients on HAART, which may help in the design of  immunotherapy to TB in  HIV infected individuals. 

1.3 Research question

What are  the levels of TNF-α, IFN-γ, activation markers (CD38 and HLA-DR) and CD4 cells in patients with HIV-infection only  and HIV-TB co-infected patients?

1.4 Study Objectives


1.4.1 Broad objective
To determine the levels of Th1 cytokines and cell activation markers in HIV infected and  HIV-TB co-infected patients attending AMPATH clinic at MTRH-Eldoret, Kenya.
1.4.2 Specific objectives

1. To determine the levels of TNF-α and IFN- γ in patients with HIV-infection only and HIV-TB co-infected patients attending AMPATH clinic at MTRH- Eldoret.

2. To determine the levels of CD38 and HLA-DR activation markers and CD4 cells in HIV-TB co-infected patients and patients with HIV-infection only.

3. To compare the levels of TNF-α, IFN- γ, CD38, HLA-DR and CD4 between HIV-TB co-infected patients and  patients with HIV-infection only.  

CHAPTER TWO

LITERATURE REVIEW

2.0 Introduction

Worldwide, 9.6 million new cases of active Tuberculosis (TB) were diagnosed in 2014, of which 12% were estimated to have been among people living with HIV. In 2015, 10.4 Million new cases were estimated, and 1.8 Million died from TB , 0.4 Million of whom were co-infected with HIV (World Health Organisation, 2015). This implied that, TB among HIV infected patients was on the rise worldwide. Latently infected TB patients are not contagious, but infection is contagious in patients with active tuberculosis (Philana et al.,2007). HIV and TB co-infection is when patients have active TB disease and also HIV infection (Annabel and Kanabus, 2015). In a latent mycobacterium infection, there no signs or symptoms of TB present, but a tuberculin skin test reveals a positive delayed type hypersensitivity reaction (Philana et al.,2007). 
In HIV-TB co-infection, the risk of TB reactivation from latency is 5-15% in  lifetime , having been increased by the HIV pandemic  (Annabel and Kanabus, 2015).  In a state of co-infection, each disease speeds up the progress of the other; HIV infection speeds up progression from latent to active TB, and TB bacteria also speeds up progress of HIV infection (Annabel and Kanabus, 2015).

According to CDC reports 2015, in Kenya, 90,000 new cases of TB were reported in 2013, 32,000 of them being patients who were HIV co infected. The risk of latent TB development to TB disease is estimated to be between twelve  and twenty times  greater in people living with HIV than among those without HIV infection (Annabel and Kanabus, 2015, World Health Organization,2015).

 One of the health targets of the sustainable development goals is eliminating TB epidemic by 2030 (World Health Organisation, 2015, Ugochukwu et al.,2009). Targets agreed upon by Governments to end TB epidemic include a 90% reduction in TB deaths, and 80% reduction in TB cases by 2030 (World Health Organisation, 2016). Among  the Global objectives to stop TB strategy of 2006-2015 was to protect and promote human rights in TB prevention (World Health Organisation, 2015). In patients not receiving HAART there is speed up of active disease development due to the weak immunity (Annabel and Kanabus, 2015).

  Increased access to HAART has led to a reduction in HIV associated opportunistic infections and mortality but the concurrent management of HIV-TB co-infection remains a challenge ( Shankar et al., 2014, Wahid et al.,2013, Liuyx et al 2011). HIV disease progression is in part caused by continued immune activation which adversely affects the immune system by causing a reduction in CD4 T cells (Redd et al.,2016). In HIV infection there is progressive reduction in CD4 cell count, immune activation, and inreases in levels of Th1 cytokines particularly TNF-α and IFN- γ when the patient is not on HAART (Fatma et al.,2016). Chances of a co-infected patient dying are twice that of HIV infected patients without TB, even when CD4 cell count level is within normal range and the patient is on HAART (Annabel and Kanabus, 2015). Studies have shown that both HIV and HIV-TB patients displayed increased T-cell activation (Mbow et al.,2013, Vikram et al.,2012, Venturi et al.,2014). Soluble markers of immune activation predict HIV disease progression to development of AIDS and the main characteristic of HIV pathogenesis is immunological impairment (Wenzhen et al.,2012, Leslie et al.,2004). Patients started on HAART have shown reduction in viral load, increase in CD4 counts and improved clinical presentation (Tatiana et al.,2013). HAART reduces the pool of activated infected CD4 T cells, reduces inflammation, and increases CD4 T cell count to levels closer to normalcy (Murray et al.,2014). High levels of TNF-α are found in acute and chronic HIV-1 infections when the patient is not on HAART (Tatiana et al.,2013). Immune activation as a result of HIV infection causes an increase in proliferation of CD4 cells, making the cells vulnerable to HIV destruction, increasing progressive exhaustion of the CD4 cells (Mbow et al.,2013). HIV infection leads to depletion of CD4 T cells by directly infecting the CD4 cells, which are later destroyed by apoptosis (Diedrich et al.,2011, Kesters et al.,2014). Depletion of CD4 cells in HIV infection is a risk factor for progression to AIDS, which in turn leads to active TB disease development from latent state (Cavalcanti et al.,2012). Characteristics of HIV-1 infection involve immune-suppression usually associated with immune activation indicated by specific immune activation markers  (Tatiana et al.,2013).  

HIV patients not receiving HAART have a damaged immune system and therefore this alters the natural history of TB (Annabel and Kanabus, 2015).
2.1 Cytokines in HIV and HIV/TB co-infection

In HIV/TB co-infection, the immunologic environment is characterised by cytokine shifts that has been shown to increase immune activation, viral replication, and problems associated with T- cell function such as autoimmunity (Barlett et al., 2013). 
Th1 cytokines play a critical role in host immune response against Mycobacterium tuberculosis (Cavalcanti et al.,2012). Studies have shown that, immune response to MTB involves IFN-γ as a Th1 cytokine which plays the role of containment of mycobacterium within granulomas ,and functions in macrophage activation by enhancing antigen presentation to class II MHC molecules and also promotes the differentiation of CD4 T cells to the Th1 sub population (Cavalcanti et al.,2012, Falvo et al.,2013). IFN- γ is  induced early in infection, and is protective against many pathogens including HIV and TB infection, ( Cavalcanti et al.,2012, Sivro et al., 2014). IFN-γ also plays the function of  immune regulation and pro inflammatory antiviral activity which has made it posssible to be used as an alternative biomarker to assess immune capabilities and antiviral response in HIV  patients (Roff et al., 2014). Antimicrobial molecules produced by IFN-γ include oxygen free radicals and nitric oxide which have effecter mechanisms for killing of Mycobacterium tuberculosis  (Cavalcanti et al.,2012). TNF-α works in synergy with IFN- γ to stimulate the production of reactive nitrogen intermediates, which enable migration of immune cells to the infection site, contributing to granuloma formation thereby controlling disease progression (Cavalcanti et al.,2012).   IFN- γ and TNF-α levels were found to be high in HIV-TB and TB patients due to increased immune activation in patients not on HAART (Nireekshara et al., 2016, Dahir et al.,2008). According to Barlett et al., (2013), HIV positive and negative TB patients displayed similar plasma cytokine  pattern and, anti-TB treatment  reduced the Th1 cytokine levels  but did not restore the immune response in HIV positive individuals. TNF-α release from infected cells was stimulated by both HIV and MTB, where the  stimulated TNF-α enhanced HIV replication, and inhibited MTB growth (Lancioni et al., 2012). It has been shown that an increase in HIV viral load leads to development of active TB, in patients not on antiretroviral therapy (Kwara et al., 2005,Oxford journal,2009). This indicates that high viral load has negative effects on the immune system  by weakening the natural immunity mechanisms, leading to development of opportunistic infections such as TB. Immunological pattern of patients on  HAART was found to be similar to non-infected individuals, showing that when the patient was on HAART, immune recovery returned to about normal (Milena et al.,2015). Biomarkers of immune activation and inflammation in patients on HAART shifted towards levels found in HIV negative patients (Wada et al., 2015). Thus, HIV patients not on HAART were in an inflammatory state, which was shown by varying levels of Th1 cytokines and activation markers (Milena et al.,2015). In patients on HAART there was reduced plasma levels of TNF-α implying that there was immune recovery and reduced viral replication (Aukrust et al.,1999). This however has been shown to reverse after some period of treatment with HAART, implying that there could be immunological stimulation  shown by increased viral replication as a result of high TNF-α levels (Wasim et al.,2013). Protection against Mycobacterium tuberculosis infection requires activation of Th1 cells and subsequent  production of TNF-α and IFN-γ ( Mihret et al., 2014). Studies have shown that, for TB to remain in a latent state, there should be higher levels of Th1  cytokines, to be able to contain the infection within granulomas (Fleury et al., 2007, Huang et al.,2014, Nawal et al.,2013). It has been shown that, where TNF-α is unavailable, the integrity of granulomas is disrupted and infection exacerbates (Cavalcanti et al.,2012). However, high levels of TNF-α in patients on HAART has been shown to indicate treatment failure, and reflect immune activation  (Dee Dee Wu, 2004, Aukrust et al.,1999). The excess of pro-inflammatory cytokines such as TNF-α leads to increased HIV virus replication (Lancioni et al., 2012). This would imply that, higher levels of TNF-α creates an environment that favoures HIV replication, increasing viral load, which in turn accelerates AIDS disease development. AIDS development subsequently leads to TB disease development, which is one of the opportunistic infections in HIV infected /AIDS patients (Emer et al.,2009). Progression of HIV infection is related to increases in levels of TNF-α as the high levels propagate viral replication (Wasim et al.,2013, Amirajan et al.,2000). Studies have indicated that patients with advanced immune deficiency have high levels of TNF-α and this correlate with HIV infection progression (Hav Lir et al.,2011, Dahir et al.,2008). TNF-α was elevated in HIV patients before HAART, and the levels were observed to be elevated in patients failing HAART, indicating treatment failure (Mahlerbe et al.,2014). This would imply that in patients with HIV-TB co-infection, the TNF-α levels are expected to be high, when the patient is not on HAART and anti-TB treatment. Thus, the immunological response involving high TNF-α levels may indicate  immune activation occasioned by latent HIV virus which persists in the anatomical and cellular components during HAART (Trono et al.,2010,  Richman et al.,2009). This may lead to activation of protective latent TB to development of  TB disease. 
2.2 Activation markers

Expression of HLA DR and CD38 on T cells in HIV infection has been shown to increase as disease progresses (Kesters et al.,2014). HIV infected TB patients, and HIV patients not infected with TB displayed higher levels of HLA DR and CD 38 immune activation markers when the patients were not on HAART (Wyndham et al., 2016). Persistent virus infection was associated with high immune activation causing continual exhaustion of the immune system and the onset of opportunistic infections such as TB (Sauce et al., 2013). Treatment of HIV patients with HAART reduces immune activation as HAART leads to a reduction in viral load by inhibiting virus replication (French et al.,2009). Reduced immune activation leads to a reduction in activation markers expression by infected cells.
2.2.1 CD 38 and HIV/TB co-infection

  CD 38 is found on many immune cells including CD4 cells, and functions in cell adhesion, signal transduction and calcium signalling when there is infection. It is a marker of T cell activation, and has been connected to HIV infection (WH0 2015). CD38 is an immune activation marker in HIV/TB co-infection and high levels denote  HIV disease progression  (Sullivan et al., 2015, Santos et al., 2013). Levels of CD38 decreased when the patients were on HAART, and were elevated when there was chronic HIV infection.  This implies that there was immune recovery when the patient was HAART, indicated by  the reduced levels of CD38, and high levels of CD 38 imply there was increase in viral load (Benito et al., 2004). Studies have shown that levels of CD38 increased with viral replication and higher levels were observed in HIV patients not on HAART (Benito et al.,2004, Santos et al., 2013). Thus, higher levels of CD38 when the patient was on HAART would indicate treatment failure as there was viral replication and increase in viral load. The immune response in patients who have been on HAART and there is failing in treatment tends towards a HAART naive HIV individual, which is detrimental and could lead to acceleration to opportunistic infections such as TB and development of AIDS.
2.2.2 HLA DR and HIV-TB co-infection

Antigens are presented by HLA-DR , which is a major histocompatibility complex class II molecule that presents antigens to antigen presenting cells (APCs) and acts as a marker of T cell stimulation and activation (Sullivan et al.,2015). HLA-DR presents peptides derived from extracellular proteins, and it is expressed on antigen presenting cells such as B lymphocytes, dentritic cells, and macrophages. Increased levels of HLA DR on the cell surface is in response to antigen stimulation , thus it is a marker for immune activation (Sullivan et al., 2015, Yashihito et al.,2015, Wikipedia encyclopedia). In HIV-TB co-infection there is high immune activation and this contributes to pathogenesis of HIV disease through production of biomarkers which accelerate HIV replication (Quinglai et al., 2016). Regardless of the immune  suppression profile at baseline, HIV-TB patients on HAART have recovered CD4 T cell count, and there is control of viral replication and immune activation after a period of treatment. There was increase in CD4 T cell count and reduction in viral load in patients on HAART and anti-TB treatment  (Tatiana et al.,2013). High levels of HLA-DR were observed in HIV infected patients despite of the long term control of viral load, indicating that there is still immune activation after long term treatment with HAART, which may be related to virus replication by residual virus (Zeidan et al.,2014).
2.3 CD4 cell count in HIV-TB co-infection

CD4 cells are activated by infection, and HIV replicates inside the activated CD4 cells, leading to a destruction of the cells and hampering the infection management ability of the immune system (World Health Organisation, 2016). T cell activation increase in persons with both latent and active TB infection, indicating that there is immune activation whenever there is infection (Sullivan et al., 2015). CD4 counts in HIV infection indicates how well the immune system is and helps predict HIV progression, the higher number of CD4 count being an indication of a stronger immune system (Michael Carter, 2016). The CD4 count of an average adult ranges between 500 cells/mm3-1600 cells/mm3 and this may vary in individuals based on gender, genetic background and presence of other conditions and infections  (AIDS.gov.Mission and team, 2016).  A CD4 count of less than 200 cells/mm3indicates progression of HIV to stage 3, moving towards development of full blast AIDS by increasing the viral load. High viral load causes damage to the immune system and predisposes the system to opportunistic infections such as TB (Charan, 2014).  CD4 counts are done every 3-6 months after starting HAART, to monitor response to treatment, then 6-12 months after treatment has increased the CD4 levels and viral load gone down (AIDS.gov.Mission and team, 2016). 
Other immunological factors may be involved in shifting the state from latent TB to TB disease including a variation in the cytokine profiles. Opportunistic infections were found mostly in people who had weak immune systems such as those with HIV infection whose CD4 counts are as low as 200cells/µl (World Health Organisation, 2016). HAART is meant to maintain and achieve lifelong viral suppression, while CD4 is meant to support the overall function of the immune system (World Health Organisation 2014). Defective immune system and diminished CD4 T cells lead to the development of active TB in HIV patients as a result of deteriorating immune function (Santos et al., 2013).  In HIV patients on HAART, CD4 levels were expected to increase owing to reduction in viral load. Reduction in CD4 cell count results in reactivation of MTB in HIV infected individuals due to a weakened immune system ( Prezzemolo et al., 2014). A study has shown that T cell counts are stabilised and activation reduced in HIV-infected adults with TB and CD4 cell counts greater than 350cell/mm3 if the individual was on HAART and TB treatment (Lancioni et al., 2010). This implies that HAART improves the immune response shown by the increase in CD4 count.
Key Th1 cytokines (TNF-α and IFN- γ ) and cell activation markers (CD 38 and HLA DR) and CD4 cell count in HIV patients can be investigated as a milestone in the quest to finding a solution in retaining the TB infection in a latent state, which would increase productivity and reduce mortality. 

CHAPTER THREE

MATERIALS AND METHODS

3.1 Study area

The study was carried out at AMPATH clinic at MTRH Eldoret, Kenya. The clinic provides health services for HIV infected patients from the western region, covering Kitale, Kapenguria, Teso, Mosoriot, Turbo, Burnt-forest, Webuye, Naitiri, Chulaimbo and Amukura. MTRH is the teaching hospital for Moi university-school of medicine, and other institutions. AMPATH also works to address the epidemic of TB, with a keen emphasis on  HIV co-infection. AMPATH has over 60 urban and rural clinic sites, running programmes such as research, social health, primary care and chronic diseases, maternal and child health, communicable diseases, agriculture and nutrition, and children's services (www.ampathkenya.org). The United States Agency for International Development-Academic Model Providing Access to Health care (USAID-AMPATH) clinic is located in western Kenya, Eldoret headquarter (www.ampathkenya.org).

3.2 Study design


The study was a cross sectional comparative study of   representative Th1 cytokine (IFN-γ and TNF-α) levels and cell activation markers (CD 38, HLA DR) and CD4 counts in HIV-TB co-infected and HIV only infected patients attending AMPATH clinic at MTRH-Eldoret. 

3.3 Study population

The study population consisted of patients attending AMPATH clinic at MTRH-Eldoret.

3.4 Sampling criteria

3.4.1 Inclusion criteria


HIV-TB co-infected and HIV only infected patients who were above 18 years of age and on HAART for periods ranging between 6 months and 10 years.
Those  patients who gave consent.

3.4.2 Exclusion criteria

HIV-TB co-infected and patients with HIV-infection only who were not on HAART. 

3.5 Sample size determination


Sample size for comparison of two independent means, (Pagano and Gauvreau, 2005).

n=   2(Zα+Zβ)2 δ2 /∂2 

Where; 

n is the sample size required in each group   

Zα is the desired level of statistical significance 1.96 for 95% confidence interval

Zβ is the desired power 0.84 for 80%

δ is the standard deviation of the outcome variable

∂ is the difference of the means

- δ was obtained from a previous similar study in which the IFN-γ levels had a standard deviation of 2.61 (Tahla et al., 2014). The mean was 61.20pg/ml for IFN-γ in cases and 62.33 pg/ml for control. 

 n=   2(1.96+0.84)2 6.812 /1.277

n=84 per group

A total of 168 patients were enrolled, of which 84 were HIV-TB co-infected and 84 were HIV positive patients on HAART.  They both met inclusion and exclusion criteria.

 Sampling technique
Sampling was done consecutively, based on patient's hospital number . All patient’s HIV and HIV-TB status were established first, and whether they were on HAART.  The clinicians at the AMPATH and TB-clinics manage HIV positive patients, and those co-infected with TB.  The clinical data was sought from the clinicians, as they saw the patients. This was filled in the interview guide and data sheet (appendix I), as the patients presented themselves for routine check-up and drugs collection. The two groups were matched on the basis of age and gender with the help of clinicians and records.
3.7 Data collection 
3.7.1 Data collection instruments and procedures
An interview guide was used to collect data (appendix I). Blood samples from each patient were collected into EDTA tubes. Separation of plasma was done within 2 hours of sample collection at 3,000 r.p.m for 3 minutes and kept at -800C till the day of analysis. Activation markers CD38 and HLA DR and CD4 count were analysed by flow Cytometry on whole blood samples, while analysis for the representative Th1 cytokines (TNF-α and IFN-γ) was done on the plasma samples by ELISA (Genway’s®). The controls comprised of patients with HIV-infection only on HAART. 

3.7.2 Laboratory Procedures 

3.7.2.1 Determination of IFN- γ and TNF-α level 

Genway’s ELISA kit was used. The ABC working solution and TMB colour developing agent was kept warm at 370C for 30minutes before use. 0.1ml of samples and standards was added to each well and incubated at 370C for 90min. Biotinylated antibodies were added and incubation done at 370C for 60min. The plate was washed 3 times with 0.01M TBS. ABC working solution was added and the plate incubated at 370C for 30min. It was washed 5 times with 0.01M TBS. TMB colour developing agent was added and incubation of the plate done at 370C in dark for 20-30min. TMB stop solution was added, and reading was done at the O.D. absorbance at 450nm in a micro plate reader within 30min after adding the stop solution.

3.7.2.2 Determination of CD4 counts and activation markers HLA DR and CD38 

Blood for CD4 counts and activation markers HLA DR and CD 38 was collected in EDTA anti-coagulated tubes and taken to the lab. The TriTEST CD3 FITC/CD4 PE/CD45PerCP test (BD Biosciences, USA) was used. For each patient sample, 12x75mm tube was labelled with sample identification number. 20µl of TriTEST CD3/CD4/CD45 reagent was added to the bottom of the tubes. The tubes were capped and vortexed gently to mix, then they were incubated for 15 min, in dark room temperature (20-250C). 450µl FACs lysing solution was added to the tube. The tubes  were capped, and vortexed gently then incubated for 15minutes in the dark. The samples were then analysed on the BD's FACS calibur . Absolute counts were automatically calculated using BD software when TruCOUNT tubes were used.  

Activation markers were realised from gated populations of cells, analysed on the BD's FACS calibur. The percentages of CD 38 and HLA DR were automatically calculated using BD software when TruCOUNT tubes were used. 

3.8 Data management and statistical analysis

Filled data forms were checked for completeness, forms that had gaps were taken back to the respective points for verification and re-filling. Data was entered in a spreadsheet. It was later exported to STATA V.13 for analysis. Since the subjects were matched on the basis of age and gender, these variables were not analysed. Normality tests were performed using the Shapiro wilks test. The measure of central tendency (Median (IQR) was used to summarize the data. Since the data was skewed, Mann Whitney U-test was used to compare the medians between the two groups (HIV-TB and patients with HIV-infection only). P-value less than 0.05 was considered statistically significant. Data is presented in form of  tables and box plots. 

3.9 Ethical considerations

The study protocol was approved by the institutional research and ethics committee (IREC) MTRH, Ref. No. RES/STUD/1/2016 (appendix VII). Written informed consent was sought from each participant prior to sample collection (appendix II). Numbers were used on the data collection form. Hard copies were kept in a lockable cabinet while data in the computer was protected using password.

CHAPTER FOUR

RESULTS

 A total of 168  patients comprising of 84 for HIV-TB  (test group) and 84 for patients with HIV-infection only (control group) who had been on HAART for periods between six months to ten years were analyzed from February to May 2016.
The age group range was between 22 and 55 years with a majority of the population being between ages of 38-47 years with a total of  39.6%  patients. The least age bracket was 18-27 years with a total of 14.2% patients.

Male to female ratio was 1:1.
The patients were marched for age and gender as shown in table 1.
Table 1: Demographic data of  the study population

	Age bracket (years)
	Males

Freq.( %)
	Females 

Freq.( %)
	Total

Freq.

( %) 

	
	HIV 
	HIV/TB
	Total
	HIV
	HIV/TB
	Total
	

	18-27
	5(2.98)
	7(4.17)
	12(7.14)
	6(3.63)
	6(3.66)
	12 (7.14)
	24(14.2)

	28-37
	14(8.33)
	12(7.14)
	26(15.4)
	13(7.86)
	13(7.93)
	 26(15.45)
	52(30.95)

	38-47
	15(8.93)
	16(9.52)
	31(18.45)
	16(9.67)
	15(9.15)
	31(18.45)
	62(36.90)

	48-57
	8(4.77)
	7(4.17)
	15(8.94)
	8(4.83)
	7(4.25)
	15(9.08)
	30(17.86)

	TOTAL
	42(25)
	42(25)
	84(50)
	43(26)
	41(25)
	84 ( 50)
	168(100)


Clinical data of  the study population
All patients sampled had been on HAART for periods ranging  between six months to ten years. HIV-TB patients had been started on anti-Tb treatment.

Main findings of this study indicated higher levels of TNF-α, CD38 and CD4 in patients with HIV-infection only and similar levels of IFN-γ and HLA DR in both patients with HIV-infection only and HIV/TB co-infected patients. 
4.1  Levels of TNF-α and IFN-γ in HIV-TB co-infected patients and patients with HIV-infection only.
The median (IQR) TNF-α and IFN-γ in HIV-TB co-infected patients were 7.26 (6.76, 8.12) and 26.30 (25.18, 27.22) respectively while for patients with HIV-infection only the  median (IQR) TNF-α and IFN-γ were 10.72 (8.12-12.13) and 25.40 (23.59-27.67) respectively as indicated in Fig. 1


[image: image1]
Fig 1: Box plot- Levels of  TNF-α and IFN-γ in HIV-TB co-infected and patients with HIV-infection only.

4.2 Levels of CD 38 and HLA DR activation makers  and CD4 in HIV-TB co-infected patient and patients with HIV-infection only.
The median (IQR) CD38, HLA-DR and CD4  in HIV-TB co-infected patients were 4.36 (2.06- 6.31), 92.44(90.52-95.51), 231(117-350) respectively and in patients with HIV-infection only the median (IQR) CD38, HLA-DR and CD4 were 5.94 (4.44-7.41), and 93.33 (90.24-96.56) 383 (318-543) respectively as  indicated in fig. 2
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Fig 2: Box plot - levels of  HLA-DR, CD38 and CD4 in HIV/TB co-infected patients  and HIV only patients.
4.3 Relationship in cytokine levels between HIV-TB co-infected patients and patients with HIV-infection only.
There was a statistically significant difference in the levels of TNF-α, CD38 and CD4 between HIV-TB co-infected patients and patients with HIV-infection only as shown in Table 2. Patients with HIV-infection only had higher levels of TNF-α, CD38 and CD4 compared to those of HIV-TB co-infected patients (p<0.05). However, no significant difference was observed in the levels of IFN-γ and HLA-DR ( p=0.1559) and (p=0.1754)  respectively.
Table 2: Comparison of representative Th1(TNF-α and IFN- γ ) Cytokine levels and  activation markers  (CD 38 and HLA DR) and CD4 in HIV-TB and patients with HIV-infection only.
	Markers
	HIV-TB
	HIV only
	Z-value
	p-value

	Median TNF-α pg/ml(IQR)
	7.26 (6.76-8.12)
	10.72 (8.12-12.13)
	7.962
	<0.001

	Median IFN-γ pg/ml (IQR)
	26.30(25.18- 27.22)
	25.40 (23.59-27.67)
	1.419
	0.1559

	Median CD38% (IQR)
	4.36 (2.06- 6.31)
	5.94 (4.44-7.41)
	3.671
	0.0002

	Median CD4cells/µl(IQR)
	231 (117-350)
	383 (318-543)
	6.722
	<0.001

	Median HLA-DR% (IQR)
	92.44 (90.52-95.51)
	93.33 (90.24-96.56)
	1.355
	0.1754


CHAPTER FIVE

DISCUSSION

Th1 cytokines (TNF-α and IFN-γ), cell activation markers (CD38  and  HLA-DR)  and CD4 cell count affect the risk of HIV replication and progression to AIDS, and subsequent latent TB development to TB disease (Luetkemeyer et al.,2013).  This study examined  levels of TNF-α, IFN-γ, CD38, HLA-DR and CD4 cell count in HIV patients with TB on HAART, and patients with HIV-infection only as controls in patients attending AMPATH clinic at MTRH-Eldoret, Kenya. 

5.1  TNF-α and IFN-γ in HIV-TB co-infected patients and patients with HIV-infection only.
Lower levels of TNF-α were found in HIV-TB co-infected patients compared to  patients with HIV-infection only. TNF-α levels  in HIV-TB co-infected patients on both HAART and anti-TB treatment shifts  towards immune status of an individual without HIV and TB, and this may indicate treatment success (Milena et al.,2015, Wada et al.,2015). A similar study found lower levels of TNF-α soon after  anti-TB  initiation in  HIV-TB co-infected  patients, indicating that anti-TB treatment has an effect on the level of TNF-α in HIV-TB co-infected patients and works by reducing immune activation (Barlett et al., 2013).  The lower levels of TNF-α found  in the HIV-TB co-infected patients in this study may indicate immune recovery since the HIV-TB patients in the current study were on HAART and anti-TB treatment.  Other studies found lower levels of both TNF-α and IFN-γ in HIV-TB patients on anti-TB therapy (Wen-Hui-Su et al.,2010, Cunha et al.,2005). It has been shown that, TNF-α increases capacity of phagocytosis by macrophages, enhancing their ability to kill mycobacterium and also stimulating apoptosis of macrophages thereby killing the bacilli by depriving them of host cells, but after the clearance of  mycobacterium by anti-TB treatment, the  levels of TNF-α go down   (Cavalcanti et al.,2012).  This indicates the successful elimination of mycobacterium and hence the lower levels of TNF-α. This shows there was successful antimicrobial killing of the bacilli, and also containment of the HIV virus in HIV-TB co-infected patients on HAART and anti-TB.  
Patients with HIV-infection only had higher levels of TNF-α compared to those of HIV-TB co-infected patients. According to Barlett et al.,(2013), and Emer et al.,(2009) both HIV and MTB stimulated TNF-α release from infected cells, and TNF-α prevented bacterial growth but enhanced HIV replication. This indicates that the high level of TNF-α found in the patients with HIV-infection only is a factor which may contribute to increase in HIV replication. Other studies indicated that, development of active TB was associated with increase in HIV viral  load (Kwara et al., 2005). Increased TNF-α level has been shown to signify HIV virus replication in HIV positive patients on HAART (Mahlerbe et al.,2015). TNF-α has also been shown to favour the persistence of HIV by propagating low levels of ongoing viral replication, even after a long period of HAART. This leads to HIV latency  (Claire et al.,2012).  In HIV latency, there is continued immune activation by the HIV virus which persists in cellular components and anatomical reservoirs such as lymph nodes during HAART (Trono et al.,2010,  Richman et al.,2009). The presence of HIV affects the positive role of latent TB infection by weakening the immune system, rendering the protective role of the tubercle bacilli  pathogenic by reverting to active TB disease (Jason et al.,2012, JoAnne and Chan, 2001). 
A study showed that,  TNF-α was elevated in HIV patients before HAART, and the levels were seen high in patients failing HAART (Mahlerbe et al.,2014), indicating that even with HAART, there is still residual virus which persistently activates the immune system, as shown by increased levels of TNF-α. Hence  patients with HIV-infection only on HAART need close monitoring of TNF-α levels to help in the management of  the patients in order to prevent  virus proliferation and subsequent acceleration to AIDS, and latent TB development to TB disease. The immunological response involving high TNF-α levels may signify continued  HIV virus  proliferation and  replication, and in patients on HAART, high TNF-α levels suggests persistent immune activation. The control of the levels of TNF-α may therefore help in the retaining of mycobacterium in a latent state, and clearance of mycobacterium products leads to decreased TNF-α levels (Hav Lir et al.,2011). 
In studies where higher levels of TNF-α levels were found in HIV-TB co-infected  patients, (Cavalcanti et al.,2012), the patients under study were HAART naive and anti-TB naive, this suggesting that HAART and anti-TB treatment had a significant impact on the level of cytokines found in this study, and lead to subsequent immune restoration.
Findings of this study contradict with findings by Abebe et al.,(2014) who found lower levels of TNF-α in patients with HIV infection only. This may be attributed to the fact that, patients in Abebe et al.,(2014) study had been on HAART for periods not exceeding two years. Lower levels of TNF-α in  patients started on HAART and responding well to HAART imply that there is immune recovery and reduced viral replication (Aukrust et al.,1999). This however has been shown to reverse after a period of treatment with HAART, which may signify  that there could be immune deterioration shown by increased viral replication as a result of high TNF-α levels (Wasim et al.,2013). 
There was no significant difference observed in the levels of IFN-γ . Patients with HIV-infection only and HIV-TB co-infected patients displayed similar IFN-γ levels. These results are similar with those attained by Abebe et al., (2014) and Cunha et al.,(2005) who found no difference in the level of IFN-γ in HIV patients only and HIV-TB co-infected patients. IFN- γ levels after active TB treatment indicated successful antibiotic-induced killing of all bacilli (Sauzullo et al., 2014). This implies that, in both HIV and HIV-TB co infection there was successful destruction of the bacilli, as a result, the levels of IFN-γ were similar. Also in the presence of TB in patients with HIV-infection only , TB did not alter the level of IFN-γ. 
5.2  CD38 , HLA-DR , and CD4 count in HIV-TB co-infected patients and patients with HIV-infection only.
There was a high level of CD38 and CD4 cell count in patients with HIV-infection only. This contrasted with the findings by Mbow et al.,(2013), Meng et al.,(2016) and Sharada et al.,(2012) who found lower levels of CD38 and CD4 cell count in patients with HIV-infection only and higher levels in the HIV-TB patients. The higher levels in the co-infected patients were prior to tuberculosis treatment in the study groups.  Findings of the current study agree with those reported by Santos et al., (2013) and  Wyndham et al., (2016) which found high levels of CD 38 and CD4 cell count in HIV infected only patients, and lower levels of CD38 and CD4 in HIV-TB co-infected patients. The patients had been on HAART for periods ranging between six months to ten years and so, the high CD38 activation markers indicate immune activation from HIV replication. Excessive immune activation by CD38 expression leads to HIV progression (Zuri et al., 2015, Santos et al., 2013). HIV progression leads to disease development, due to high expression of CD38, and this may signify HIV persistence even when the patient was on HAART. Expression of  CD38  on T cells was shown to have  lead to a shorter lifespan in HIV-TB co-infection (Santos et al.,2013). This may have  been  as a result  of virus replication and reduced immunity predisposing to fatal opportunistic infections (Sullivan et al., 2015). When the patient was on HAART, immune activation still occurred as shown by CD38 activation markers, indicating virus proliferation. Levels of CD38 went down when the patients were on HAART, and went up when there was chronic HIV infection, showing that when there was immune recovery in patients on HAART, the levels of CD38 were reduced (Benito et al.,2004, Santos et al., 2013). Patients not on HAART have a continued stimulation of the immune system from the replicating virus, which is not being controlled. Higher levels of CD38 when the patient was on HAART would indicate increased activation of the immune system by the presence of HIV virus. This would imply that even when the patient is on HAART, there is still residual HIV which is intergrated in the cellular and anatomical sites, which keeps on stimulating the immune system (Trono et al.,2010,  Richman et al.,2009).
No significant difference was seen in  the level of HLA-DR. The HLA-DR levels were similar  in both HIV-TB co-infected patients and patients with HIV-only infection .  This may indicate that the level of HLA DR is not affected when there is TB in HIV infection in patients on HAART. High levels of HLA-DR  in patients with HIV-infection only despite the long term control of viral load by use of HAART  indicate there is immune activation even after long term treatment with HAART, which may be related to virus replication and subsequent immune activation. The results agree with findings by Tatiana et al.,(2013) who found similar levels of HLA DR in HIV-TB patients and patients with HIV-infection only. Findings contradict with those by Zeidan et al.,(2014) who found higher levels of HLA DR in HIV-TB patients. The virus replication leads to acceleration of HIV to AIDS, and opportunistic infections such as TB which may be fatal to the patient.

CD4 levels were significantly high in HIV only infected patients and low in HIV-TB co-infected patients. Patients infected with HIV only on HAART had a recovered immune system  indicated by increase in CD4 count, and there was control of viral replication and immune activation after a period of treatment. This indicates there was  immune restoration in these patients since they  were on HAART. The state of the immune system in HIV infection is defined by the number of CD4 cells (Kesters et al.,2014). Although the levels of CD4 were significantly higher in patients with HIV-infection only, these levels were still low as compared to levels found in HIV negative people who have a normal range of 500-1500cells/µl (Shebi et al.,2012). Patients responding well to HAART have their CD4 levels going up, almost similar to HIV negative people, but with very minimal variations (Murray et al.,2014). Studies have shown that HIV infected patients who are started on HAART at a delayed stage of disease display incomplete restoration of CD4 count despite them being on HAART (Trono et al.,2010,  Richman et al.,2009). This would partly explain why the mean CD4 count in HIV only patients on HAART was still below normal minimum, despite being higher when compared to the HIV-TB patients. Incomplete CD4 cell count restoration and persistent immune activation may be a reason that promotes proviral  production during HAART (Trono et al.,2010,  Richman et al.,2009)

This could partly explain why the HIV-TB patients got TB infection ; the level of CD4 cell count had gone down to the extent of latent TB reactivation to TB disease due to the much weakened immune system. It has been reported that HIV-related CD4 deficiency increases Th1 cytokines (Fatma et al.,2016). This may explain why higher levels of TNF-α were found in patients with HIV-infection only. The reduced cells/µl signifies reduction of CD4 cells in patients with HIV-infection only, and reduction usually as a result of HIV virus infecting the CD4 cells leading to their destruction and subsequent reduction in number and hence creating an environment for HIV replication. Increased proliferation and replication weakens the immune system, increases chances of HIV  progression to AIDS and latent TB development to TB disease. It should also be noted that, TB is among the infections in patients whose CD4 count ranges between 200-500 cells/µl (HIV/AIDS veterans). Since the median CD4 count in this study was 383 cells/µl for patients with HIV-infection only, this means that a majority of the patients had greater chances of getting TB infection, which is one of the opportunistic infections in patients whose CD4 count ranges between 200-500 cells/µl.
5.3 Relationship of key Th1 cytokine levels in HIV-TB co-infected patients and  patients with HIV-infection only.
Findings from the current study indicated a significant statistical difference in the levels of TNF-α, CD38 and CD4  between HIV-TB co-infected patients and patients with HIV-infection only. Patients with HIV-infection only had higher levels of TNF-α, CD38 and CD4 compared to those of HIV-TB co-infected patients. However, no significant difference was observed in the levels of IFN-γ and HLA DR. These results are similar to those  by Abebe et al, 2014 , Wanchu et al.,2009 and Riou et al.,2012 who found higher levels of these immune markers in patients infected with HIV only. The elevated levels of TNF-α, CD38 and CD4 in the HIV only group show that there was viral replication, and a possibility of increased viral load, even when the patient was on HAART, and particularly after a long period of being on HAART. TNF-α is important in granuloma formation and maintenance and prevents reactivation of tuberculosis (Philana et al.,2007). The high TNF-α in this context could be linked to it being directed towards latent TB, to prevent reactivation to TB disease.  Increased TNF-α levels was linked to increased viral replication, high viral load, acceleration to disease, and low CD4 count (Emer et al.,2009). This may indicate rigorous immune activation resulting from virus replication and proliferation.
This is in contrast with findings by Adane et al., (2014). When the patient was on both HAART and Anti​-TB, there was immune restoration, which tended to reduce the levels of Th1 cytokines. These findings suggest that, in the co-infected  persons on HAART and anti-TB, there is subsequent immune restoration, and  in patients with HIV-infection only on HAART for periods ranging between six months  to ten years, there is vigorous immune activation that leads to polarised  cytokine  production towards Th1 response. According to Wanchu et al., 2010, TB infection had an effect on the reduction of CD4 cell count in HIV patients as the patient’s immune system was at constant activation due to dual infection. Opportunistic infections in HIV patients with CD4 counts between 200-500 cells/mm3 included pulmonary TB, and CD4 counts less than 200 cells included extra-pulmonary TB, (WHO, 2016).  Thus, lower CD4 count levels predisposed the patient to opportunistic infections such as TB. A combination of anti-TB and HAART in HIV-TB  patients resulted to immune restoration,  and  reversal of the immune markers (Murray et al.,2014), hence the lower levels of TNF-α, CD38 and CD4 in HIV-TB patients found may be attributed to the fact that the majority of patients in this category had already been initiated on anti-TB treatment. 

Conclusively, the difference in CD4 cell count in patients with HIV-infection only and HIV-TB patients was statistically significant, but the overall immune status for both groups was below threshold, considering that the patients were on HAART. This would suggest residual virus persistence  in patients on HAART for periods ranging between 6 months -10years. 
This calls for measures to be put in place to monitor the levels of Th1 cytokines and activation markers in HIV patients who have been on HAART for more than six months, to help in the control of inflammation and to minimise latent TB development to TB disease.
CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions
Th1 cytokines and cell activation markers are immune markers which create an environment that favours reactivation of latent TB to TB disease.

This study looking at levels of Th1 cytokines (TNF-α and IFN-γ), cell activation markers (CD38 and HLA-DR) and CD4 cell count in HIV-TB patients and Patients with HIV-infection only found similarities and differences in some investigated markers, which gives the explanation for the need to assess the levels of the markers in HIV patients on HAART, which will add to existing management strategies in these patients. 

TNF-α, CD38% and CD4 levels were lower in HIV-TB patients and high in patients with HIV-infection only signifying that these markers may help give strong prediction of inflammation in patients with HIV-infection only.
Higher levels of TNF-α and CD38 could be a risk factor for development of active TB in HIV infected  patients. 
Patients with HIV-infection only and HIV positive tuberculosis patients displayed similar  IFN-γ and HLA DR  levels , this indicating  in HIV infection, the presence of TB does not affect the level of these markers. 

6.2 Recommendations
The higher levels of  TNF-α in patients with HIV-infection only signify that there is need to look at TNF-α  which may be useful for monitoring patients response on treatment and to control inflammation in patients with HIV-infection  to prevent TB reactivation.
6.2.1 Area for future studies

 follow-up studies need to be done to determine the changes in TNF-α cytokine levels over time to evaluate the levels of the cytokines in view of TB development.
Correlation of viral load and CD38 activation markers in patients on HAART requires investigation.
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APPENDICES

Appendix I: Interview Guide and Data Sheet
Section 1: patient details

Age (years)------------Gender:       Male------------    Female------------

Section 2:  Clinical Data

1. Infection type: HIV only--------------------HIV/TB co-infection

2. Is the patient on treatment?  Yes---------------   No----------
if yes, for how long has the patient been on treatment?  (1-6months)---------(6months-1year) --------(more than 1 year)

3. What kind of drug regimen is the patient on?  3TC/TDF/EFV---------------Rifadin--------------Rifinah---------------Septrine----------------
4. Which is the site of TB infection?  Pulmonary----------extra-pulmonary------------(bone marrow, bone, urinary and gastrointestinal tracts, liver, regional lymph nodes, central nervous system)
Section 3: Results of tests performed

1. TNF-α------------------------

2.  INF-γ  assay---------------- 

3. CD4 count------------------

4. CD 38%---------------------

5. HLA DR%-------------------

Interview conducted by:--------------------------------------------------   

Appendix II: Information Sheet For Participants
The study intends to look at inflammatory cytokine response in HIV/TB co-infected patients, to assess the levels cytokines and activation markers, which could be a reason for reactivation of latent TB to TB disease in patients on HAART.

You have been chosen because you attend AMPATH clinic, and you are HIV/TB co-infected and on treatment for both HIV and TB, or you are HIV positive and on HAART at the time of study.

The study is voluntary, and you do not have to participate if you so do not wish.

A venous blood sample will be collected from the arm 9antecubital vein) at the time of recruitment.

There are no risks at the time of taking the sample, though the puncture of the vein may cause some little pain.

There are no immediate benefits involved in the study, but findings of the research will add to existing knowledge and future solutions formulated.

The study is being organised by Rose Undisa, Moi university, department of immunology, P. O Box 3900 Eldoret, and has been approved by IREC.

The information will remain confidential. The information will be destroyed after 6 years.

Nakala Ya Maelezo Kwa Wahusishwa
Utafiti huu umelenga kuangalia viwango vya inflammatory cytokines na activation markers kwa watu wanaoishi na virusi vya ukimwi na wanaougua kifua kikuu, kuona iwapo viwango hivi ndivyo husabisha ugonjwa wa kifua kikuu kwa watu wanaotumia madawa ya kupunguza makali ya virusi vya ukimwi.

Matokeo yatatumiwa kama suluhisho kuzuia kifua kikuu kwa waadhiriwa wa virusi vya ukimwi.

Umechaguliwa kwasababu wewe huja kwenye kliniki ya AMPATH kwa ajili ya matibabu, na umeadhiriwa na virusi vya ukimwi na pia kifua kikuu, au virusi vya ukimwi , wakati wa utafiti huu.

Utafiti ni wa kujitolea, na hulazimishwi iwapo hupendi kuhusishwa.

Ukikubali kuhusishwa, damu kidogo itatolewa kwenye mshipa wa mkono. Hakuna madhara yoyote ijapokuwa utahisi uchungu kidogo wakati wa kudungwa sindano ya kutoa damu.

Hakuna faida kutokana na utafiti huu kwa sasa, lakini matokeo yataongezea kwa utafiti uliofanywa, na unaoendelea, na suluhisho la kudumu kupatikana baadaye.

Utafiti unafanywa na Rose undisa, chuo kikuu cha Moi, kitengo cha immunologia, S.L.P. 3900, Eldoret, na umeruhusiwa na IREC.

Maelezo haya yatabaki siri, na yataharibiwa baada ya miaka sita.

Appendix III: Participant Consent Form
I have been fully made aware of the nature of study, and i consent willingly to participate in the study. I have read this form, or had it read for me. I have been given opportunity to ask questions, and they have been answered. I understand that the decision to take part in the study is voluntary. I also understand that i can decide to join or withdraw from study at my wish.

I therefore agree to take part in the study.

Participant

Name------------------------------signature--------------------------date---------------

Investigator

Name----------------------------------signature---------------------date--------------------

Nakala Ya Mhusishwa Ya Kukubali Kwa Kujua
Nimejulishwa kikamilifu kuhusu namna ya utafiti huu, na ninakubali bila kushurutishwa kuhusishwa katika utafiti. Nimesoma nakala hii,/nimesomewa. Nimepewa nafasi ya kuuliza maswali, na yamejibiwa. Ninaelewa kuwa uamuzi kuhusika katika utafiti huu ni kwa kujitolea. Pia ninaelewa kuwa ninaweza  kuamua kujiondoa kutoka katika utafiti huu kwa hiari yangu.

Kwa hivyo nimekubali kuhusishwa katika utafiti huu.

Mhusishwa

Jina---------------------------------------sahihi-----------------tarehe----------------

Mtafiti

Jina------------------------------------sahihi----------------------tarehe------------------
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Moi University, School of Medicine
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ELDORET

Dear Ms. Undisa,
RE: PERMISSION TO CONDUCT RESEARCH AT AMPATH

This is to kindly inform you that your study “Inflamatory Cytokine Responses in HIV-TB Co-Infected patients
attending AMPATH Clinic at MTRH-Eldoret” has been reviewed by the AMPATH Research Program Office.
Permission is therefore granted to begin collecting your data at the AMPATH Lab.

Please note that your research activities should not in any way interfere with the care of patients. This
approval does not support access to AMRS data at AMPATH.

You are required-to-submit a final report of your findings to the AMPATH Research Prdéiain Oiﬁc;

Should you wish to publish your research findings, permission has to be sott from AMPATH Publications
Committee. Please contact the AMPATH-Research Office in case of any enquiry regarding this matter.

e b 1y "’}"&‘,

Thank you,

Assistant Program Manager - Research.

CC:  Chief of Party, AMPATH
Deputy Chief of Party, Research and Training
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Appendix IV: Map of AMPATH clinics in Western Kenya
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Appendix VIII:IRE Approval 
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Approval Number: 0001535

Ms. Rose Undisa,
Moi University, i T T
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Dear Ms. Undisa,
RE: FORMAL APPROVAL

The Institutional Research and Ethics Committee has reviewed your research proposal titled:-

“Inflammatory Cytokine Responses in HIV-TB Co-Infected Patients Attending AMPATH Clinic at
MTRH-Eldoret”.

Your proposal has been granted a Formal Approval Number: FAN: IREC 1535 on 11" December, 2015.
You are therefore permitted to begin your investigations.

Note that this approval is for 1 year; it will thus expire on 10% December, 2016. If it is necessary to
continue with this research beyond the expiry date, a request for confinuation should be made in writing to

IREC Secretariat two months prior to the expiry date.

You are required to submit progress repori(s) regularly as dictated by your proposal. Furthermore, you
must notify the Committee of any proposal change (s) or amendment (s), serious or unexpected outcomes
related to the conduct of the study, or study termination for any reason. The Committee expects to receive

a final report at the end of the study.

Sincerely, I
/ N
iROF. E. WE ‘
CHAIRMAN
INSTITUTIONAL RESEARCH AND ETHICS COMMITTEE

cc Director -  MTRH Dean - SOP
. . D 3
Principal -  CHS Dean - SON Dg:rr: -
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