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ABBREVIATIONS AND DEFINITIONS  

AIDS                               Acquired Immune Deficiency Syndrome  

AZT                                Zidovudine  

CD4                                 Cluster of Differentiation  
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CRP                                  C-Reactive protein  

COX-2                              Cycloxygenase 2   

EBV                                  Epstien-Bar virus  

ELISA                              Enzyme-Linked-Immuno-sorbent Assay  

HAART                            Highly Active Antiretroviral Therapy  

Hb                                     Hemoglobin  

HCT                                  Hematocrit  

HI                                      Humoral immune response  

HIV                                   Human Immuno-deficiency Virus  

HRP                                  Horseradish Peroxidase  
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IFN-α                               Interferon-alpha   

IL                                      Interleukin  

IL-2                                   Interleukin-2  

IL-6                                   Interluekin-6  

LPS                                   Lipopolysaccharide  

LTR                                  Long Terminal Repeat  

MBP                                 Mannose-binding Protein   

MCH                                Mean Cell Haemoglobin   

MCHC                             Mean Cell Haemoglobin Concentration   

MCV                                Mean Cell Volume  

MHC                                Major Histocompatibility Complex  

MT                                   Microbial Translocation  

MTCT                             Mother to Child Transmission  

NACP                              National AIDS Control Programme  

Nef                                   Negative factor  

NFkB                               Nuclear Factor kappa B   

NK                                   Natural Killer  
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PAMPs                            Pathogen-association molecular pattern  

PBMC                             Peripheral Blood Monocular Cell   

PLWHAs                        People Living with HIV/AIDS  

PRR                                 Pattern Recognition Receptors  

RBC                                 Red Blood cell  

ROS                                 Reactive Oxygen Species  

SIV                                  Simian Immuno-deficiency Virus  

TH1                                  T helper 1   

TH2                                  T helper 2  

TLR                                Toll-like receptor  

TMB                               Tetramethylbenzidine  

TNF-α                            Tumor Necrosis Factor alpha  

WBC                              White Blood Cell  

WHO                              World Health Organization  

ABSTRACT  

BACKGROUND/INTRODUCTION  

Objective: The objective of the study was to evaluate the correlation of the inflammatory 

markers with absolute CD4 count in on HAART and HAART naïve HIV patients.  
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 Methods: one hundred and fifty participants, comprising of 50 on-treatment and 50 

treatment naïve HIV patients, and 50 sero-negative subjects were recruited for the study.  

Serum CRP, IL-6 and TNF- α were measured using ELISA, CD4 count analysis was done 

using the BD FACS count and hematology parameters were measured using an XS500i 

automatic blood cell analyzer (Sysmex Corporation Co. Ltd, Japan).   

Results: IL-6 and TNF- α concentrations in HIV-seropositive group were significantly 

higher than those in seronegative group, and mutually correlated. No significant 

differences in serum IL-6, CRP and TNF-α level between on HAART, and HAART naïve, 

groups were observed. Median levels of proinflammatory cytokines (IL-6, CRP and TNF-

Alpha) significantly increased with decreasing CD4 count. Subjects with CD4 count less 

than 200 cells/mm3 were associated with significantly higher median levels of IL-6, CRP 

and TNF-Alpha compared to those with CD4 count of 500 cells/mm3 and more. The data 

observed indicated an association between CD8 and CD3 and between the ratio of 

CD4/CD8 and the ratio of CD4/CD3. A significant and negative correlation of  

CD8 was observed with the ratio of CD4/CD8 and CD4/CD3 and TNF-alpha with Hb; 

HCT and RBC but not WBC in all the studied participants. A negative correlation between 

TNF-alpha and Hb, HCT, RBC and WBC count and also between TNF-alpha and the ratio 

of CD4/CD8 among HAART naïve HIV participants were observed.  

Meanwhile Hb, HCT, RBC and WBC were not significantly associated with both IL-6 and 

CRP.  

Conclusion: Regardless of the source and initial stimulus, continued immune activation 

and inflammation results in the over-production of IL-6, CRP and TNF-α and thus create 
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an oxidised environment replication of new virion of HIV. The attack of these viruses will 

decrease CD4 T cell which will speed up the progression of HIV pathogenesis.  
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CHAPTER ONE INTRODUCTION  

1.1 STUDY BACKGROUND  

Immune activation and inflammation has been identified as the leading cause of 

pathogenesis of   heart disease (Hansson 2005), stroke (Grau 1997, Vaughan 2003), and 

Alzheimer’s disease (Aisen and Davis 1994, Wyss-Coray 2006). When the immune 

system senses the presence of antigens or foreign particles, the immune cells increase 

in number and produce molecules that will destroy the pathogen as well as the cells that 

accommodate these pathogens. Although essential for host defense mechanism, 

prolonging for a long time becomes deleterious to the host cell, as in chronic infection 

like Human immuno-deficiency virus (HIV) and Simian Immunodeficiency Virus 

(SIV). Several conditions may trigger immune activation and the destruction caused to 

the immune system may not be the same in all diseases and may differ in different 

patients. Lymphomas, a tumor, are observed in HIV induced AIDS patients when their 

immune system is subjected to Chronic activation (Dalgleish 1992, Habeshaw, 

Hounsell and Dalgleish 1992). Chronic immune activation has also been noted to speed 

up immunological ageing and cardiovascular, renal, and liver diseases and malignancies 

which are age related ailment seen in HIV infection (French et al. 2009, Brenchley, 

Price and Douek 2006a, Ciccone et al. 2010).  

The body defense mechanism lessens when HIV directly attacks CCR5 CD4 activated 

T cells. This triggers the adaptive immune system to produce HIV-specific CD4+cells 

and CD8+ cells. Whiles CD4+ T cells helps in the defense mechanism, CD8+ T cells 

eliminates the virus infected cells together with the virus. The virus intends infect new 

CD4+ T cells to ensure survival. The continuous attack and destruction of CD4+ T cells 

initiate a destructive cycle.   
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The heightened systemic immune activation leads to the numerical and functional loss 

of CD4+ T lymphocytes (Aukrust et al. 1995a, Bass et al. 1992, Mahalingam et al. 

1993).This causes gradual breakdown of the immune system with sustained immune 

activation and inflammation. At the mucosal lymphoid site especially the 

gastrointestinal tract were majority of the CCR5 CD4 activated T cells are located, 

drastic depletion of the activated CD4 T cells will lead to the erosion of the epithelial 

lining. This bleach will cause the translocation of the pathogens (bacteria, 

peptidoglycan, lipopolysaccharides, and flagellin) that are harbored in the gastro-

intestinal tract in to the intracellular tissue fluid a process called microbial translocation. 

The intracellular mast cell degranulates to release inflammatory mediator, histamine, 

which activates resident macrophages through Pattern recognition receptors (PRRs) and 

intracellular sensors to release proinflammatory cytokines (Brenchley et al. 2006b). The 

immune cells, that are attracted to site of infection by the TNF-α released from resident 

macrophages, are incited when exposed to these bacteria and their products to secrete a 

lot more of TNF-α and IL-6  (Bergamini et al. 1999). The expansion of activated T 

effector cell may be accompanied by the production of pro-inflammatory cytokines like 

TNF-α and IL-6. Increased level of TNF-α decreases trans epithelial resistance in 

mucosal tissue (Stockmann et al. 2000), thereby promoting microbial translocation and 

further activation. The chronic pro-inflammatory environment especially the TNF-α 

and IL-6 exerts a suppressive effect on the architecture thymus. The thymus is unable 

to produce enough functional Th1 and Th2 T cells. Th1 T cell secrete IL-2 which aids 

in the proliferation of Th1T cell and CD8 T cells and Th2 T cell secrete IL-6 which 

helps in the proliferation of B cells into plasma cell to produce antibodies. Therefore 

increased levels of the inflammatory cytokines  interfers with the function of B cells, T 

cells, dentritic cells and monocytes (Braun et al. 1988). This affects the ability of the 
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immune system to produce new immune cells at the level of the bone marrow, thymus 

and the lymph node (Dion et al. 2004, Zhou et al. 2003). Therefore the increase of 

inflammatory cytokines (TNF-α, CRP and IL-6) may results in decreased levels of 

CD4+T cells and CD8+ T cells. Increased secretion of Il-6 from macrophage and 

adipocytes (Lau et al. 2005) triggers the liver (Pepys and Hirschfield 2003) to secret C-

reactive protein. HIV disease at the acute phase is therefore characterized by massive 

increment of cytokine production (Stacey et al. 2009).   

The inability of the immune system   to make new cells at the levels of bone marrow, 

thymus, and lymph nodes (Haynes et al. 1999, Schacker et al. 2002, Dion et al. 2004, 

Estes et al. 2007) compromise its ability to constitute effective defense mechanism  to 

adequately respond to opportunistic infection.   

Interestingly, HIV patients on High Active Anti-retroviral Therapy (HAART) have been 

reported to have low plasma viral load and a stepwise buildup of their immune system 

(Hammer et al. 1997, Lederman et al. 1998). This enormous shift in viral and cellular 

dynamics in HIV patients placed on HAART inures to an overall reduced rate of 

immune activation. The viral receptors on the cell surface of CD8+ (Bisset et al. 1998, 

Evans et al. 1998, Giorgi et al. 1998) and CD4+ (Bisset et al. 1998) T cells and 

monocytes (Amirayan-Chevillard et al. 2000) in peripheral blood becomes inactive , 

this reduces the cellular expression of CCR5 and CXCR4 viral coreceptors (Andersson 

et al. 1998) and soluble adhesion molecules (Mastroianni et al. 2000) resulting in a low 

secretion of  proinflammatory cytokines(Amirayan-Chevillard et al.  

2000). This will reduce suppressive effect of inflammatory cytokines (IL-6 and TNF- 

α) on thymus. This enables the thymus to produce enough Th1 which restores IL-2 

secretion to rejuvenate the non-functional CD4 T cells. This in effect ensures the 
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enormous restoration of peripheral CD4+ T-lymphocyte population (Weiss et al. 1999). 

With this, HAART to a greater extent of inhibiting viral multiplication revamps the 

immune system of HIV patients.  

Reduction in HIV viral load commensurate with lower numbers activated T cells and 

low levels of many inflammation indicators including CRP, IL-6 and TNF-α; 

conversely, stopping treatment can worsen inflammation. Moreover, CD4 T-cell counts 

less than 200 cells/μl does little to make better the health condition of HIV patient when 

placed on ART (Lewden et al. 2008). Increased immune activation in  

HIV patient place on long-term suppressive ART (Chege et al. 2011, French et al.  

2009, Piconi et al. 2010) has been associated with increased mortality (Sandler et al.  

2011, Hunt et al. 2011) and both AIDS and non-AIDS-defining illnesses (Tincati et al.  

2009, Vassallo et al. 2013). This suggests that increased morbidity and mortality in HIV 

patients may have strong tides with chronic immune activation.  

1.2 PROBLEM STATEMENT   

The survival rates of HIV-infected patients are threatened since they are exposed to a 

lot of opportunistic infection the longer they live even when their CD4 count improves. 

HIV being a chronic infection is associated with continuous immune activation and 

inflammation. T cells and other immune cells supplant most of the activities of 

neutrophils as they become dormant during chronic inflammation. The continuous 

immune activation experience in chronic infection, as in HIV, speeds up T cells 

maturation which shortens the time required for their growth and division through the 

cell life cycle. As a result the T cells may not be well developed and may undergo 

apoptosis or lose their ability to multiply. The aberrant immune activation coupled with 

the increase levels of pro-inflammatory cytokines, weakens the immune system and 
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cause damage to the whole body. Such patients may experience cardiovascular, liver, 

kidney, bone and neurologic diseases. The high level of inflammatory makers creates 

an oxidized for the replication of new virion. Increase in viral load will result in low 

level of CD4 T cells which is associated with the survival of HIV patient.     

The Combined effect of two or more antiretroviral therapy boost the immune function 

and reduce complications associated with AIDS but does not guarantee full recovery in 

HIV patients.   

The present study is therefore designed to evaluate the correlation of the inflammatory 

markers with absolute CD4 count in on HAART and HAART naïve HIV patients. It is 

likely that knowledge gained on how inflammation affects HIV disease would help us 

understand other chronic inflammatory diseases.  

1.3 JUSTIFICATION  

HIV has become a public health concern since its discovery in 1983(Barre-Sinoussi et 

al. 1983) and a global health issue with a sum of 33.3 million HIV-infected people as at 

2009.   

The stigmatization associated with HIV infection coupled with lack of health care 

facilities, economic difficulties and scarcity of equipment to manage HIV infection to 

name a few makes people living with HIV/AIDS (PLWHAs) report late for treatment. 

Although absolute CD4 count of such patients may improve when placed on highly 

active antiretroviral therapy (HAART) which may translate in dramatic change in 

disease course, long term therapy leads to development of resistance and toxicity. This 

may account for decrease CD4+ T cell and increase inflammatory markers in  
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HIV patients. Chronic inflammation has been noted as one of the leading cause of 

mortality and morbidity in HIV patients. High levels TNF-α is understood to speed up 

pathogenesis in HIV patient (Matsuyama, Kobayashi and Yamamoto 1991) by  

supporting the NF-κB pathway  transcription of new virion which are able to escape 

macrophages and T lymphocyte(Matsuyama et al. 1991, Clouse et al. 1989, Folks et al. 

1989, Okamoto et al. 1989). In monocytic cells, IL-6 co-operates with TNF-α to 

augment HIV-1 replication at transcriptional and posttranscriptional levels (Poli et al. 

1990). CRP have been related to cardiovascular disease (Ridker et al. 2002) and 

atherosclerotic disease as well as some of the common diseases in PLWHAs. Thus the 

complications associated with the replication and pathogenesis with regards to increase 

levels of inflammatory cytokines in HIV patient cannot be underestimated.   

In Ghana, strategies targeted at improving the health of PLWHAs place more emphasis 

on initiating them on antiretroviral drugs but research has proven that proinflammatory 

markers (TNF-α, CRP and IL-6) play a pivotal role in the pathogenesis of HIV. But 

there are no readily available data on the correlation of inflammatory markers and 

absolute CD4 count in HIV patients in Ghana. It is therefore imperative to evaluate 

TNF-α, CRP and IL-6 as inflammatory markers in HIV patients in Ghana.  

We envisage that such findings will help improve the care and management of 

PLWHAs.   

1.4 STUDY HYPOTHESIS  

Proinflammatory cytokines have correlation with absolute CD4 count of On HAART 

and HAART naïve HIV patients.   

  

1.5 STUDY AIMS AND OBJECTIVES    
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1.5.1 Main Aim of the Study   

The study aims to determine the correlation between the levels of inflammatory 

cytokines and the CD4 count of HIV patients before and during treatment.   

1.5.2 Specific Objectives   

1. To determine proinflammatory markers among HIV patients on HAART and 

HAART naïve patients   

2. To determine lymphocyte subset among HIV patients on HAART and HAART 

naïve patients    

3. To determine correlation between proinflammatory markers in relation to the 

lymphocytes subset.  

4. To determine the effect of proinflammatory cytokines on the lymphocyte subset 

and hematological parameters.  

1.6 SCOPE OF THE STUDY  

The details of the study included taken blood sample of on HAART and HAART naïve 

HIV patients together with seronegative HIV group. CD4 count and Full Blood Count 

(FBC) alongside with Tumor Necrosis Factor Alpha (TNF-α), Interluekin-6  

(IL-6) and C-reactive protein (CRP) were determined for the three groups, using 

ELISA.    

  

CHAPTER TWO LITERATURE REVIEW  

2.1 THE STRUCTURE OF HIV   
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Figure 1.1: A diagrammatic representation of HIV  

Source: US National Institute of Health (2005)   

The viral envelop of HIV may alternate from spherical shape to oval or sometimes 

irregular outlines but it is known to be roughly circular in shape. At maturity the virus 

comprises of a bar-shaped electron dense core which enclose the viral genome. The 

viral genome consist of 9200 nucleotides base pair of short strands of ribonucleic acid 

(RNA) surrounded by enzyme reverse transcriptase, protease, ribonuclease, and 

integrase, all encased in an outer lipid envelop. Projections on the surface of the outer 

lipid envelop contain gp120, and help the virus to binds to the target cell. When 

observed under an electronic microscope a budding virus particle of 90-100 nanometers 

in diameter is seen in the plasma membrane of an infected CD4+ lymphocyte (Greene 

1993, Ferguson et al. 2002).  

2.2 TYPES OF HIV  
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HIV-1 and HIV-2 are the only types discovered with the same mode of transmission 

which leads to AIDS pathogenesis. But transmission of HIV-2 seems a little slower than 

HIV-1, which accounts for an extended period between infection and the later stage of 

AIDS in HIV-2 patients. HIV-1 strain is more common worldwide than HIV2 strains, 

with West Africa recording the highest number of HIV-2 strains. HIV-1 strains can be 

classified into Group M which is the major group and Group O, the catch all category. 

Group M are dotted throughout the world and have 10 subtypes (A-J) of viruses. The 

subtypes are distributed as follows subtypes A and D in SubSahara Africa region; 

subtype C in South Africa; subtype E in Central Africa  

Republic with subtype B commonly found in industrialized world but less common in 

Africa.   

2.3 TRANSMISSION MECHANISMS  

HIV infection is mostly transmitted through sexual intercourse whether homosexual or 

heterosexual engagement from the body fluid of the infected individual to his/her 

partner. Mothers having the virus can also transmit it to their babies during pregnancy, 

at the point of delivery or through breast feeding that is Mother-To-ChildTransmission 

(MTCT). Drug users can also be infected with the virus when they administer injections 

using a single infected syringe.   

  

  

  

2.4 REPLICATION OF HIV   

The absence of deoxyribonucleic acid (DNA) in Retroviruses makes it impossible for 

it to make a copy of itself outside the infected host cells. Pathogenesis in HIV infected 
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person may include a lot of factors but not limited to virus life cycle, cellular 

environment of the host, and the viral load of the infected individual. The virus upon 

gaining access into the body attaches itself to the host cells through surface CD4 

receptor. After which it empties it viral genome by fusion or endocytosis into the host 

cells. It then integrates its viral genome into the DNA of the host and then makes similar 

copies thereof. The rate of infection may depend on the number of HIV virion in the 

infected individual and the number of cells having the appropriate CD4 receptors when 

they make contact (Ferguson et al., 2002).   

2.5 PATHOGENESIS OF HIV INFECTION.   

HIV destroys the immune system by invading the CD4 cells in the blood. The more  

CD4 cells that are destroyed by the virus, the weaker the immune system becomes. 

Reduction in CD 4 T cell level are as results of cytotoxic effect of CD8 lymphocyte, 

programmed cell death of infected cells and the viral attack. The virus may target 

immune cells like macrophages, and dendritic cells (Cunningham et al. 2010)  

Pathogenesis in HIV infection primarily begins with the attack of the virus on activated 

CCR5+CD4+ T cells (Siliciano and Siliciano 2000). The lymph node harbors milliard 

of these types of lymphocytes, it becomes inflamed with increase adhesive molecule 

upon incessant attacks from the virus. This may result in lymphadenopathy syndrome 

at the early stage of HIV infection. Similar attack happens at mucosal membrane of the 

gastrointestinal tract with also harbors a lot of activated CD4+ memory T cells with HIV 

co-receptor CCR5  (Veazey, Marx and Lackner 2003,  

Brenchley et al. 2004). As the infection progress with time a lot of memory CD4+ T 

cells in the lymphoid and circulation site are discriminately  destroyed which 

completely eliminates the presence of naive and memory phenotype CD4+ T cells 

http://en.wikipedia.org/wiki/Macrophage
http://en.wikipedia.org/wiki/Dendritic_cell
http://en.wikipedia.org/wiki/Dendritic_cell
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(Roederer et al. 1995). The rate of depletion of CD4+ T cells in the peripheral blood is 

much slower as compare to the excessive deterioration at the mucosal sites. 

Nevertheless, the depletion observed in the peripheral blood gives us a clue on the 

progress of HIV pathogenesis. The high extent of depletion of CD4+ T cells both in the 

mucosal sites and the peripheral blood circulation are accompanied with a rise of 

systemic immune activation  (Aukrust et al. 1995a, Bass et al. 1992, Mahalingam et al. 

1993) which results in high levels of serum inflammatory cytokines. When CD4+ T cells 

number fall far below normal, the immune system ability to fight the HIV virus becomes 

lessens and that exposes the body to other infections. Certain stage of infection records 

complete absence CD4+ T cells both in the lymphoid and circulation sites. At this stage 

the infected HIV individual starts experiencing AIDS condition (Douek et al. 2002). 

AIDS ushers the gradual breakdown of the immune status as a result of the reduced 

level of CD4 T cell and high levels of inflammatory cytokines which suppresses other 

immune cells from replenishing lost ones.   

Contrarily to CD4+ T cell, CD8+ T-cell rather increase in their numbers due to the  

expansion of memory CD8+ T cells usually HIV-reactive cells during the early stage of 

HIV infection. Expansion of CD8+ T cell may reduce at the later stage of HIV infection 

(Margolick et al. 1995). Although naïve CD8+ T cell may decrease during the beginning 

of HIV infection, absolute count of CD8 T cells only declines when HIV disease 

progresses (Roederer et al. 1995).   

  

This therefore makes it expedient to get credible CD4 count results in order to estimate 

immunity buildup and properly manage the health of persons infected with  

HIV (Turner, Hecht and Ismail 1994, Fei, Paxton and Chen 1993, Hoover et al. 1992, 

Mandy et al. 2002). It  is important that clinicians  request for CD4 count to be done for 
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HIV infected patients every 3-6 months, so that those with low levels of CD4 count are 

placed on antiretroviral therapy (De Gruttola, Gelman and Lagakos 1993).  Presentation 

of low absolute CD4 counts and the perturbed high level of cytokines indicates break 

down of the immune system of HIV patient.   

2.6 EPIDEMIOLOGY OF HIV INFECTION    

Since its discovery in 1983 (Barre-Sinoussi et al. 1983),HIV/AIDS has become a major 

public health concern and a global health issue with about 33.3 million people infected 

with the virus worldwide as at 2009. About 30 million people had died out of HIV 

pandemic for the past 30 years. In sub-Saharan Africa about 22.9 million people were 

living with HIV as at 2012 (2013).  

Although the least affected with HIV/AIDS in Sub-Sahara Africa, some countries of 

West Africa had seen some significant appreciation in HIV prevalence rate. Nigeria as 

at 2012 had HIV prevalence rate of 3.6% which translated to about 3.3 million of its 

total population living with HIV. Cameroon and Gabon had HIV prevalence  rate of 5.3 

and 5.2 respectively.   

Ghana first reported Human Immune-Deficiency Virus / Acquired Immune Deficiency 

Syndrome (HIV/AIDS) cases in 1986, mainly among women who had travelled outside 

the country. Total cumulative cases of 37,298 was recorded at the end 1999. Close to 

90% of the 37,298 were between the age of 15-49 and 63% were female. HIV 

prevalence increased from 1.7 % to 1.9% from 2008 to 2009 but decreased to 1.5 for 

both 2010 and 2011 fiscal year. In 2011 the national HIV prevalence of 1.5% translated 

to about 225,478 people living with HIV/AIDS in  

Ghana, out of which 100,334 were men and 125,144 women. The country’s HIV 

prevalence rate of as at 2015 stands at 1.6%.   

http://en.wikipedia.org/wiki/HIV
http://en.wikipedia.org/wiki/HIV
http://en.wikipedia.org/wiki/AIDS
http://en.wikipedia.org/wiki/AIDS
http://en.wikipedia.org/wiki/AIDS
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2.7 HIV AND IMMUNE RESPONSE  

2.7.1 Immune activation in HIV infected individuals  

The presence of HIV in the host cell induces response which culminates into immune 

activation. Immune activation though important for host in wading effective immune 

response against HIV, its repeated occurrence creates an oxides environment for the 

virus to replicate. Active molecular and cellular processes are among the several events 

that characterize immune activation in HIV patient.  

During the early stage of HIV infection a lot of people initiate an effective immune 

response but it becomes ineffective over time. CD4 and CD8 T cells form the pillar of 

cellular response whiles humoral response involves the antibody production and its 

related activities. CD8 T cells exercise its cytotoxic effect on the virus as well as secrete 

some chemokines during the primary stage of HIV infection. Some HIV patient are able 

to maintain high level of CD8+ specific T cell which control viral replication but it falls 

after infection in most  patients. CD8 T cells can therefore be used to ascertain 

pathogenesis in HIV infected persons. Clinical studies conducted by Golgi and 

colleagues concluded that excessive immune activation leads to immune dysfunction in 

chronic HIV patients. The findings showed that CD38 a maker of CD8 T cell and HLA-

DR expression negatively correlate better with the worse condition of  HIV infected 

persons than viral load (Liu et al. 2011, Giorgi et al. 1999, Deeks et al.  

2004, Giorgi et al. 2002). So as CD4+ T-cell numbers decrease in HIV condition,  

HLA-DR+ and CD38+ CD8+ T lymphocytes rather appreciates in numbers (Giorgi et 

al. 1999). Further studies has also established that viral load cannot separately 

determine the rate of progression to AIDS, and that immune activation better reflects 

variations in CD4+ T-cell stronger and independent of viral load(Hunt et al. 2008, 

Rodriguez et al. 2006, Hazenberg et al. 2003, Jiang et al. 2009).  
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Several researches conducted in the past two decades such as those stated below 

confirms that immune activation is associated with  pathogenesis in HIV patients;  

Firstly the survival rate of HIV patient is closely related to the levels of activated CD8+ 

T cells than CD4+ T cells or viral load (Giorgi et al. 1999); secondly high viremia in 

some HIV patient is not an indication of HIV pathogenesis (Choudhary et al. 2007, 

Rotger et al. 2011) ; thirdly in 2002 Sousa et al   findings indicated a direct negative 

correlation between immune activation and CD4+ T-cell depletion in HIV-2 patient but 

not virus replication rate(Sousa et al. 2002); fourthly immune activation is highly 

related to high incidence of  diseases and death in  successfully HAARTtreated patients 

with undetectable viremia (Sauce et al. 2011); and finally  T – cell activation is higher 

in elite controllers of HIV (HIC) and even higher in HAARTsuppressed individuals than 

healthy donors (Hunt et al. 2008). In conclusion immunological studies conducted in 

mice by Tesselaar et al indicated that the mice immune system breaks down when it 

experienced a lot of chronic immune activation even in absence of viral infection 

(Tesselaar et al. 2003).  

2.7.2 Cells associated with chronic immune activation.  

 A lot of cells play different roles during chronic immune activation and inflammation 

in HIV infection. Notable among them are T-regulatory (Treg) cells and T cells that 

produce TGF-β and IP-10 respectively (Estes et al. 2006, Durudas et al. 2011). IFN-1 

are mostly secreted by plasmacytoid dendritic cells (pDCs) but at the later part of 

infection some other cells may produce this cytokine (Nascimbeni et al. 2009, Harris et 

al. 2010). TNF-α is normally produced by macrophages, monocytes and  

lymphocytes in response to lipopolysaccharide but can be overproduced by M-DC8+ 

monocytes (Dutertre et al. 2012).  
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Cells like B cells, neutrophils and natural killer T (NKT) cells can augment 

inflammatory and immunosuppressive conditions by secreting chemokines which alter 

cellular distributions. Cervical epithelial cells can also secrete chemokines when 

exposed to HIV-1. (Berlier et al. 2006, Li et al. 2009)  

2.7.3 Causes of immune activation  

Immune activation and inflammation comes to play base on several processes that 

emanate from viral replication directly or indirectly.  

The entry of the HIV virus into the host elicits antiviral immune response from the host 

cell ranging from innate to adaptive or vice versa which induces systemic immune 

activation. Immune response at the innate level begins with the stimulation of  

Toll-like receptor (TLR) of the plasmacytoid dendritic cells (Fonteneau et al. 2004, 

Beignon et al. 2005) which triggers the activation of adaptive HIV-specific immune 

responses. CD8+ T cells initiate an unyielding immune response at the early stage of 

HIV infection which is maintained for a longer period due to the replicative effect of 

the virus. CD8+ HIV-specific T cells accounts for about 20% of the total CD8+ T cells 

population in HAART naïve HIV patient at chronic stage of infection (Betts et al. 2001, 

Papagno et al. 2002). Contrarily to the HIV specific CD4+ T cell accounting for only 

3% of the circulating CD4+ T cell (Betts et al. 2001), which reflects the deterioration 

effect of the virus attack on them (Douek et al. 2002). Meanwhile important as virus-

specific adaptive immune response may serve, it can equally catalyze chronic T-cell 

activation once the virus escape immune defense which can be inimical to the host 

immune system.   

Secondary intracellular signaling induces by the binding of envelope protein gp120/160 

to CD4 and/or CCR5 can trigger immune activation (Ascher and Sheppard 1991, 
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Herbeuval et al. 2005b, Sailaja et al. 2007). Immune activation can be augmented 

through the activation of lymphocyte by accessory protein Nef (Wang et al. 2000, 

Simmons, Aluvihare and McMichael 2001), or through the attachment accessory 

protein Nef to residence macrophages (Swingler et al. 1999).  

Thirdly, microbial translocation a condition in HIV infection also causes immune 

activation (Brenchley et al. 2006a, Brenchley et al. 2006b). Microbial translocation is 

characterized by the depletion of majority of CD4 T cells and monocyte/macrophage 

located in the intestinal lamina propria by the HIV virus. As a results of this, microbial 

organism (bacteria) and/its products in the intestinal lumen makes its way into the 

systemic circulation. When LPS or other microbial components enter the bloodstream 

as a result of this breach, they bind to TLR4, activating T cell. This may culminate into 

systemic activation and differentiation of lymphocytes and monocytes and the 

establishment of a proinflammatory milieu. The high levels of plasma LPS levels 

recorded during microbial translocation can be directly associated with high level of 

immune activation (Brenchley et al. 2006b). Other pathogens, including but not limited 

to those causing Opportunistic Infection (OI)  such helminth infection may speed up 

the rate of HIV pathogenesis to AIDS at the tail end of HIV infection (Bafica et al. 2004, 

Borkow and Bentwich 2006).   

   

 Fourthly, CD4 regulatory T cells (Treg) which suppress immune activation by either 

direct cell-to-cell contact, secretion of cytokines, or restraining the activities of 

dendritic cell are expended and/ or dysfunction by the HIV virus (Aandahl et al. 2004, 

Andersson et al. 2005). The depletion or dysfunction of these cells further increases 

immune activation.   
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Lastly the persistent virus like cytomegalovirus (CMV) that appears recurrently in 

health donors (Papagno et al. 2002) reactivates and replicates due to the repeated 

antigenic stimulation during HIV infection. The various immune activation causes by 

the virus and other pathogens during HIV infection put too much pressure on the 

immune system thereby weakening it.   

2.7.4 Consequences of immune activation and inflammation in HIV infection When 

conditions like immune activation and inflammation last longer due to the presence of 

an antigen in this case HIV, it poses a threat to the immune system and human health. 

The presence of HIV in the host cell causes persistent T cell activation and which 

provide the right environment for the virus to replicate effectively and destroy the  

activated CD4+ T lymphocytes together with the host cells that harbors it  (Cullen and 

Greene 1989). The rise in the level of intracellular nuclear factor kappa B due to 

persistent immune activation enhances the production of new virion that target naïve T 

cell. This establishes a vicious cycle where immune activation promotes the virus 

replication and the virus replication causes immune activation. The outcome of which 

is infection, activation and killing of HIV specific CD4 T cells (Douek et al. 2002). 

During activation of the T cell  both CD4 and CD8 lineages differentiate from naïve T 

cells to antigen experience T cells (Hazenberg et al. 2003, Silvestri and  

Feinberg 2003, Grossman et al. 2002). Activation, expansion and apoptosis varied 

between CD4+ and CD8+ (Ferreira et al. 2000, Homann, Teyton and Oldstone 2001, 

Foulds et al. 2002).Contrary to the maintance of a stable pool of memory cells by the 

CD8+ cell, majority of the memory CD4+cell dies off due to the extensive expansion 

during activation. This creates a gap in the CD4+ T cell pool. HIV-specific CD4 T cells 

may decrease as low as 0.01-1% compare to the total CD4 T cells in the peripheral 

blood (Haase et al. 1996, Lassen et al. 2004, Douek et al. 2002).    
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 In effect chronic immune activation speeds up maturation of the T-cell pool through it 

life cycle which greatly affect the number of memory CD4+ T Cell available to 

recognized the virus(Okoye et al. 2007). As a results of this the immune system of  

HIV-infected patient normally develops prematurely (Appay and Rowland-Jones 

2002). Pro-inflammatory and pro-apoptotic cytokines like IL-1β, TNFα and IL-6 are 

release from activated T effector cells anytime it expands during the vicious cycle of 

chronic immune activation further incites T cell activation(Decrion et al. 2005).IL-1β 

and TNFα are noted to erode trans epithelial resistance in mucosal tissues (Stockmann 

et al. 2000), hence facilitating microbial translation and further activation. Immune 

cells such as B cells, NK, T-cells, dendritic cells, and monocytes are affect by chronic 

pro-inflammatory environment (Lane et al. 1983, Braun et al.  

1988, Crowe and Kornbluth 1994, Martinez-Maza et al. 1987, Poccia et al. 1996, Zhou 

et al. 2003) , and may hamper the ability of the immune system to replace damage 

immune cells at the levels of bone marrow, thymus, and lymph nodes (Haynes et al. 

1999, Schacker et al. 2002, Dion et al. 2004).  

2.8 INFLAMMATION  

Inflammation is the immune response of the body to infection and injury.  

Inflammation aims at eliminating the pathogen or causative agent, removing necrotic 

cells and tissues and initiating repair process. Whenever the body sustains injury, mast 

cell at the site of injury degranulates to release histamines, bradykines, leukotrienes 

which cause the endothelial cell to contract. This widens the venule and allows a lot of 

blood to flow to the site of infection.  The dilation of the capillary increase it 

permeability for fluids and protein in the blood to cross to the interstitial space. 

Neutrophils and macrophages (monocytes in blood) also migrate across the capillary 

into the interstitial space. Histamine then incites the resident macrophages through 
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pattern recognition receptors and intracellular sensors to release TNF-α and other 

cytokines. The TNF-α exerts a ‘‘domino effect’ ’this aids in the release of lipid 

mediators, cytokines and chemokines. This attracts more inflame cells to the site of 

infection. The acute inflammatory response results in swelling, heat, redness and pain 

at the site of infection. Acute inflammation resolves in hours or few days to restore 

equilibrium. But sometimes acute inflammation can generates into chronic 

inflammation if the pathogen persist for a longer period. High levels of TNF-α secreted 

during chronic inflammation results in excessive production of Reactive Oxygen 

Species (ROS). Oxidative stress in HIV patient create oxidized environment for the 

virus to replicate (Das et al. 1990). Plasmacoid, lymphocytes, fibroblast and 

macrophages are the major immune cells involved in chronic inflammation with 

primary mediators like reactive oxygen species (ROS), hydrolytic enzymes, 

INFcytokines and growth factors. Chronic inflammation can last for several days or 

even years and may differ for different patient.  The outcome of chronic inflammation 

is tissue destruction, thickening and scaring of connective tissue (fibrosis) and death of 

cells or tissues (necrosis).  

For the purpose of this research we will be looking at these inflammatory markers  

TNF-α, IL-6 and CRP.  

2.8.1 Role of Tumor Necrosis Factor alpha (TNF-α) in HIV pathogenesis  

           Tumor necrosis factor a glycoprotein of 185-amino acid was isolated in 1975. It is 

connected to the cell surface of mononuclear phagocytes by 212 amino-acid peptide. 

TNF is located on chromosome 7p21 in human and functions in inciting growth of some 

tumors. Macrophages are the main source of TNF although T cells, NK cells and mast 

cells when activated may secrete TNF. Interferon also supplements TNF synthesis. TNF 

attracts more inflammatory cells to the site of infection and elevated levels causes’ heat, 
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swelling, redness and pain at the site of infection. It also exerts systemic protective 

effect on the hypothalamus region of brain which causes fever. TNF have a suppressive 

effect on appetite and regenerative ability of the bone marrow stem cell division and a 

depressive effect on myocardial contractility through the perfusion of its tissues. . High 

levels TNF-α is understood to speed up pathogenesis in HIV patient (Matsuyama et al. 

1991) by  supporting the NF-κB pathway  transcription of new virion (Matsuyama et 

al. 1991, Clouse et al. 1989, Folks et al. 1989, Okamoto et al. 1989).  

2.8.2 Role of Interluekin-6 (Il-6) in HIV pathogenesis  

In human IL-6 is encoded as IL-6 gene and acts as pro-inflammatory and 

antiinflammatory myokine. Macrophage, T cell, fibroblast and vascular endothelial 

cells release IL-6 when the body experience inflammation, burns and tissue damage. It 

induces osteoclast formation when released from osteoblast. Just as TNF and IL-1, IL6 

also causes fever. IL-6 aids in the attraction of neutrophils to the site of infection and 

also initiate differentiation of B cells. Mobilization of energy in the fatty and muscle 

tissue instigated by IL-6 raise the body temperature. IL-6 also stimulates the 

hypothalamus to synthesize Prostaglandin E2 which ensures changes in the set point of 

the body temperature.  As a myokine, IL-6 elevation triggers muscle contraction.  

High levels of IL-6 in children can results in the development of encephalitis. IL-6 is 

noted to be high in retroviral infection, autoimmune diseases and benign or malignant 

tumor patients and promotes HIV (Poli et al. 1990, Poli and Fauci 1992). It  mediates 

T-cell activation, stimulates proliferation of keratinocytes (Sehgal 1990), and, at the 

beginning of acute inflammation, mediates the acute phase responses (Ishihara and 

Hirano 2002).There is increasing evidence that Il-6 is an important factor in 

pathogenesis of atherosclerotic disease and associated abnormalities of the serum lipid  
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(Rifai et al. 1999, Gierens et al. 2000). In monocytic cells, IL-6 co-operates with TNF-

α to augment HIV-1 replication at transcriptional and posttranscriptional levels (Poli et 

al. 1990).  

2.8.3 Role of C-reactive protein in HIV pathogenesis  

During Acute phase response of chronic inflammation caused by bacteria, virus and 

other pathogens, there is an increase secretion of Il-6 from macrophage and 

adipocytes(Lau et al. 2005). The rise in Il-6 level triggers the liver (Pepys and 

Hirschfield 2003) to secret C-reactive protein (CRP). CRP is a ring-shaped, pentameric 

protein synthesize by activated hepatocytes in response to acute inflammation. It is 

located at chromosome, 1q21-q23 and have a molecular mass of 25106 Da and 224 

amino acids. CRP ensures phagocytosis by macrophage through it attachment to the 

phosphocholine on the surface of the antigen and then links it to the macrophage CRP 

receptor to complete opsonin-mediated phagocytosis. It may increase 50,000 times its 

initial level within two hour during inflammation and sustains for 48 hours. At a serum 

concentration of 10mg/L in healthy human, it can increase as high as 40mg/L during 

viral infection; 40-200mg/L in bacterial infection and >200mg/L during severe bacterial 

infection and burns(Clyne and Olshaker 1999). CRP can be a good indicator of immune 

activation in response to inflammatory damage or infection and has been shown to 

increase in HIV-1 infected individuals (Lau et al. 2006, Pepys and Hirschfield 2003). 

CRP have been related to  

cardiovascular disease (Ridker et al. 2002) and atherosclerotic disease as well as some 

of the common diseases in PLWHAs.  

2.9 ANTIRETROVIRAL DRUG AND HIV  
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Before its advent in 1997 several immunomodulation therapeutic strategies had been 

used to suppress immune activation in HIV replication. The use of antiretroviral drugs 

is noted to drastically reduce viral load in the plasma and help the immune system to 

progressively improve on it defense mechanism (Hammer et al. 1997, Lederman et al.  

1998). Patients with low basal viral load (Renaud et al. 1999, Connick et al. 2000) 

,genetic factors (Rodriguez et al. 2006), younger age (Lederman et al. 2000, Kalayjian 

et al. 2003), and the small percentage of naive cells (Gandhi et al. 2006) have a greater 

chance of redeeming or appreciating their CD4 T-cell levels when initiated on ART. 

Conversely complications like residual viral replication (Wood et al. 2000), altered 

thymic function (Teixeira et al. 2001), older age (Viard et al. 2001), immune activation 

(Hunt et al. 2003, Giorgi et al. 1999), apoptosis, and viral coinfections (Greub et al. 

2000, Al-Harthi et al. 2006) may hinder CD4 T cell restoration even when placed on 

ART. Although ART acts in reducing T cell activation in HIV patient, it has been noted 

to increase in many HIV patient who had many years been on ART with minimal sign 

of CD4 recovery (Hunt et al. 2003, Gandhi et al. 2006, Valdez et al. 2002, Kaufmann et 

al. 1999, Goicoechea et al. 2006). Such patient with suppress viremia but low level of 

CD4+ T-cells have high level of pro-inflammatory cytokine (French et al. 2009)and 

independently predicts cardiovascular disease and mortality (Kuller et al. 2008).   

For close to 30 years (1997) since the manufacturing of Zidovudine (AZT) drug for 

HIV treatment about 30 new drugs have been introduced. These antiretroviral drugs can 

be categorized into five classes. Each implores different procedure in suppressing viral 

replication. Combining more than two different classes for one medication effectively 

lowers viremia and boosts the immune system. The classes include:  
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Nucleoside/Nucleotide Reverse Transcriptase Inhibitors (NRTIs): Sometimes 

called "nukes." These classes of drugs interfere with the reproductive process of the  

HIV virus. The NRTI’s dissembles itself as one of the building block of the viral DNA. 

As a result of this the viral reverse transcriptase enzyme fails to make new  

copies of itself.     

Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs): These are also called 

"non-nukes." NNRTIs prevent the virus from replicating its own DNA by directly 

interfering with the enzyme reverse transcriptase. Therefore the enzyme reverse 

transcriptase is not able to effectively carry out its duty in ensuring that new virions are 

replicated.  

Protease Inhibitors (PIs): As the name implies it inhibits/blocks protease from 

effectively incising the long strand of viral genetic material into short functional units.   

Entry/Fusion Inhibitors: These classes of drugs align itself to the receptor sites on 

either the CD4 T cell or HIV. In so doing prevents the virus from infecting other cells.   

Integrase Inhibitors: integrase as the name implies is the viral enzyme that aids the 

virus to effectively combine it genetic material with the host DNA. The drug therefore 

blocks the integrase and prevent the virus from incorporating it genome into the host  

DNA. This terminates the replicative ability of the virus.   

When more than two classes of the above drug are combined together as one drug it is 

referred as Fixed-dose combinations. These drugs (ART) are very effective for HIV 

treatment. This helps reduce the chance of the virus developing resistance for a 

particular class of drug.    
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CHAPTER THREE MATERIALS AND METHODS  

3.1 STUDY DESIGN  

The study is hospital-based, case control study, where we sought to evaluate 

inflammatory markers and the CD4 count of HIV patients and normal healthy 

participants asked to undergo blood screening for donation as a control. The test group 

was classified into two subgroups; HIV patients’ on HAART and HAART naïve HIV 

patients. After informed consent has been sought from the participants, their personal 

information and clinical histories were recorded before their blood samples were taken 

for laboratory investigations.  

3.2 STUDY SITE   

The Komfo Anokye Teaching Hospital (KATH), situated in the Ashanti Region, 

Kumasi, is one of the leading tertiary hospitals and a major referral Centre in the 

country. KATH serves the Ashanti, Brong Ahafo, Northern, Upper East and Upper West 

regions of Ghana and also serves as the teaching Hospital for both medical and 

paramedic students of Kwame Nkrumah University of Science and Technology. It has 

an HIV clinic with over 10,000 clients at various levels and stages of treatment. The 

Clinical Diagnostic Department of the Hospital has various units equipped with the 

requisite equipment/machines to check the various parameters needed in the treatment 

and management of HIV client including, Biochemistry, Haematology, Parasitology 

and serology units.   

  

  

3.3 STUDY POPULATION  

The study was conducted from June to November 2014. 150 participants in all were 

recruited for this study, hundred participants were recruited from the HIV clinic at 
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KATH out of which 50 were on ART and the other 50 participants were treatment 

naïve. The 50 control group was selected from client visiting the blood bank unit of 

KATH to make voluntary donation or replacement of blood given to their relations.  

Blood samples taken were analyses at the serology and hematology unit at KATH. The 

patients were informed that the study was confidential, and that the information 

provided by them will not affect their laboratory results or the management of their 

disease status.    

3.3.1 Inclusion criteria:  

Participants with the under listed criteria were selected for the study   

1. HIV patients between 18-45years.   

2. Newly diagnosis patient for at most six months for HAART naive.  

3. HIV patient on HAART for at most one year.   

4. HIV patients without Immuno-compromised infection (example Tuberculosis, 

HCV, HBV).   

3.3.2 Exclusion criteria:  

Participants with the under listed criteria were not selected for the studies   

1. Patients with Hemoglobin levels less than 8g/dl.    

2. Those having any Immuno-compromised infection (example Tuberculosis,  

HCV, HBV)  

 3.3.3  Control Selection   
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Fifty (50) blood donors were recruited as the control group from the Regional Blood 

Transfusion Centre KATH, Kumasi. The exclusion criteria for the control group were 

the same as those of the patients aside being negative for HIV.  

ETHICAL ISSUES   

The study protocol was sent for review and approval from the Committee on Human  

Research, Publications and Ethics, School of Medical Sciences, Kwame Nkrumah 

University of Science and Technology and Komfo Anokye Teaching Hospital, in 

Kumasi. Permission was sought from the Head of Diagnostic Directorate to undertake 

the study at the serology unit of the Komfo Anokye Teaching Hospital. Subjects who 

accepted to be part of the study were made to sign an informed consent form.  

3.4 SAMPLE COLLECTION  

Seven milliliters (7mls) of venous blood was drawn from each of the participant by 

venipuncture; three milliliter (3mls) into K3 EDTA vacutainer tube and four milliliters 

(4mls) in coagulated tube. A complete blood count and CD4 counts were done on each 

sample in the anti-coagulated tube. However, the blood samples in the BD Vacutainer® 

SST™ Gel Separator Tubes were allowed to clot and serum obtained by centrifuging it 

at 3000 revolutions per minute (rpm). The serum samples were pipetted into cryogenic 

storage tubes and accumulated for a month at -20˚C prior to immunological analyses.   

3.5 HAEMATOLOGICAL ANALYSES  

The hematological parameters that were analyzed were: hemoglobin concentration, 

total white blood cell count, lymphocyte count, neutrophil count and platelet count.  

XS-500i automatic blood cell analyzer (Sysmex Corporation Co., Ltd., Japan) was used 

in the determination of these parameters.   
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The XS-500i automatic blood cell analyzer determines the hemoglobin concentration 

just as the colorimetric method whiles the platelets and the WBCs are counted similarly 

as the impedance method. A control specimen was run before the samples of the 

participants. The EDTA tube containing the blood specimen was inverted about 5 – 10 

times to ensure that the content of the tube was well mixed. The tube was uncapped and 

then placed under the sample probe of the analyzer. The aspirate button was pressed for 

the analyzer to aspirate the required volume of blood for the analyses. After about 20sec, 

the result was ready and printed from the analyzer. This procedure was followed for all 

the samples of the participants.  

3.6 IMMUNOLOGICAL ASSAY   

The immunological markers that were determined were absolute cell counts of 

CD4,CD8 and CD3 T lymphocytes in unlysed whole blood, serum CRP,TNF-α and  

IL-6. The CD4, CD8 and CD3 T lymphocytes counts were determined using the Becton 

Dickinson (BD) FACSCount system (Becton, Dickinson and Company, Califonia, 

USA). Serum CRP, TNF and IL-6 were measured using ELISA.   

3.6.1 BD FACS Count System By Flow Cytometry For The Quantification Of CD4 

And CD3 Lymphocyte.  

The BD FACSCount machine is a complete system that comes with its own reagent, 

control and inbuilt software for the analysis of the sample ran. Only whole blood sample 

are ran on the machine with no lyse or wash step required. The machine determines 

CD4+, CD8+ and CD3 T lymphocytes and counts them by using flow cytometry for 

quantification. The lymphocyte of interest is then calculated by the inbuilt software. 

The precise and accurate figure given for the CD4+ T lymphocyte will help determine 

the progress of HIV pathogenesis. Other results like the absolute CD3 count, CD8 + T 

lymphocyte and the CD4+/ CD8 + helps determines the immune  
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status of the patient.  

Principle of the Test    

The BD FACSCount reagent contains antibodies that are flourochrome labelled which 

binds with the antigen on the surface of the lymphocyte in the whole blood that is added 

to it. The fluorescent nuclear dye binds to the nucleated blood cells. The sample is then 

run on the machine after a fixative in added to it and incubated for some time. The BD 

FACSCount machine have an in-built laser light which cause the fluorochrome-labelled 

cells to fluoresce as they pass by the laser light. The CD4 lymphocytes and other 

lymphocytes are counted depending on the fluoresce light that are emitted and 

quantified by the machine. The in-built software of the machine then calculate and 

generate CD4 count per sample ran.     

Methodology  

The CD4 count reagent was inverted up and down for 10 sec in order to suspend the 

bead and then uncorked with the coring station. After which 50μl of the sample (whole 

blood) was added to the corresponding tube. The mixture was vortexed and incubated 

at room temperature in the dark for 60-120 minutes. 50μl of the fixative solution was 

added, caped and incubated for 15 mins. It was then immediately analyzed on the 

FACScount instrument after vortexing upside down for 5 sec.   

The in-built software then analyze and quantifies the CD4+ lymphocyte, CD8+ 

lymphocytes, CD4+/ CD8+ ratio and the absolute CD3 count of each sample.  

  

  

3.7 Determination of Tumor Necrosis Factor- Alpha, C - reactive protein and 

Interleukin- 6 Concentrations   
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Principle for the Test  

ELISA Assay Kit (Greenstone Swiss Company limited, China) was used for the 

analysis. Sandwich ELISA principle was employed in measuring the serum levels of 

TNF-α, IL-6 and CRP. Monoclonal antibody to human antibody immobilized on the 

micro titer plate bind to the human antigen in the sample or standard. After incubation 

with a specimen, the excess specimen is washed out and a horseradish peroxidase  

(HRP) conjugated anti-human antibody is added. This antibody binds to the human  

TNF-α captured on the plate. After another incubation, the excess antibody is washed 

out and a tetramethylbenzidine (TMB)-peroxide substrate colour developer is added. 

The peroxidase present will react with the peroxide substrate and TMB chromogen, 

resulting in blue colour development. The enzymatic reaction is terminated by the 

addition of an acidic stop solution (sulphuric acid) which turns the blue colour to yellow. 

The absorbance of the solution, measured at 450nm, correlates to the concentration of 

the human antigen bound to the well. The same principle was used in the determination 

of TNF-α, C-reactive protein and IL-6.  

Methodology   

All reagents were brought to stand on the bench for 30 minutes before it was used for 

the analysis. The samples were prediluted in a 1:150 ratio with a zero standard.   

After the dilution, 40µl of the standards (TNF-α or IL-6 or CRP) and 10µl patient 

sample were pipetted into the respective micro titer wells. The plate was tapped gently 

to mix the content; the plate was sealed and incubated at 37 °C for 30 mins. The wells 

were washed five (5) times with diluted wash buffer (diluted 30 folds with distilled 

water). After drying, 50µl horseradish peroxidase (HRP)-Conjugate reagent was added 

to each well, except blank well. The plate was then covered and incubated at 37ºC for 
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30 minutes. The liquid was discarded after incubation and washed with a buffer solution 

repeatedly for five times and dried by patting. After that 50 µl of tetramethylbenzidine 

(TMB)-peroxide substrate colour developer was added to each well and incubated for 

10 min at 37 ºC. Finally 50 µl of stop solution is added to each well to stop the reaction. 

Absorbance was read at 450nm within 15min with Mindray MR-96A reader.   

Serial dilutions of standard of TNF-α, IL-6 and CRP were done as listed in the table 

below.  

Table 3.1: A table representing serial dilutions of TNF-α standard  

400 µg/L  
5 standard  150 µl original density standard + 150 µl Standard diluent   

200 µg/L  
4 standard  150 µl 5 standard + 150 µl Standard diluent  

100 µg/L  
3 standard  150 µl 4 standard + 150 µl Standard diluent  

50 µg/L  
2 standard  150 µl 3 standard + 150 µl Standard diluent  

25 µg /L  1standard  150 µl 2 standard + 150 µl Standard diluent  

Table 3.2: A table representing serial dilutions of CRP standard  

2400 µg/L  
5 standard  150 µl original density standard + 150 µl Standard diluent   

1200 µg/L  
4 standard  

150 µl 5 standard + 150 µl Standard diluent  

600 µg /L  3 standard  150 µl 4 standard + 150 µl Standard diluent  

300 µg /L  2 standard  150 µl  3 standard + 150 µl Standard diluent  

150 µg /L  1 standard  150 µl 2 standard + 150 µl Standard diluent  

Table 3.3: A table representing serial dilutions of IL-6 standard  

20 ng/L  
5 standard  150 µl original density standard + 150 µl Standard diluent   

10 ng/L  
4 standard  150 µl 5 standard + 150 µl Standard diluent  
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5 ng/L  
3 standard  150 µl 4 standard + 150 µl Standard diluent  

2.5 ng/L  
2 standard  150 µl 3 standard + 150 µl Standard diluent  

1.25 ng/L  1standard  150 µl 2 standard + 150 µl Standard diluent  

3.8 DATA ANALYSIS  

The data obtained was analyzed using the Statistical Package for Social Scientist (SPSS) 

Statistical Software (version 17.0, SPSS Inc., Chicago, IL, USA). Continuous variables 

which were expressed as mean ± standard deviation (SD) and nonparametric were 

express as median with interquartile range, whiles categorical variables were expressed 

in proportions. The confidence intervals of the proportions were calculated using the 

binomial test. Correlations were evaluated using the  

Pearson’s correlation analysis. For all statistical comparisons, the level of significance 

was set at p<0.05.   

CHAPTER FOUR RESULTS  

Hundred and fifty participants, comprising of one hundred HIV patients (fifty on 

antiretroviral therapy (on-treatment) and 50 who had not been given any antiretroviral 

therapy (treatment naïve) patients) and 50 HIV sero-negative patients were recruited 

for this project. The biochemical/immunological parameters analyzed were TNF-α, 

CRP and Il-6 in all the three groups and the results are shown in Tables 4.4 and 4.5. 

Tables4.6, 4.7, 4.8 relate the three cytokines with CD4 count including figures 4.1, 4.2, 

and 4.3. Table 4.3 shows CD4 count analyzed in the various groups. Table 4.2 shows 

analyses of full blood count in the participants and Table 4.9 relates some of the 

hematological parameters to the proinflammatory cytokines. Table 4.1 shows the 

demographic characteristics of studied participants.    

4.1 DEMOGRAPHIC CHARACTERISTICS  
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The mean age of the HIV patients (38.57 ± 1.13 for those on treatment and 37.25 ± 1.19 

for treatment naive) were significantly higher (P<0.0001) respectively than that of the 

controls (22.35 ± 1.03). The female participants (42 for those on treatment and 36 for 

the treatment naïve) far outnumber the male participants (8 for on-treatment and 14 for 

treatment naïve). However for the controls the number of males (37) was almost three 

times the number of females (13) (Table 4.1).    

    

Table 4.1: Sociodemographic Characteristics of study participants  

 

    HIV Patients    

 

 Control (n=50)  On HAART (n=50)  HAART Naïve(n=50)  P-value  

Age (years)  

  

22.35 ± 1.03  

  

38.57 ± 1.13†††  

  

37.25 ± 1.19†††  

  

< 0.0001  

  

Gender n (%)  

Male  37(74.0%)  8(16.0%)  14 (28.0%)  

 

Female  13(26.0%)  42(84.0%)  36(72.0%)  
 

Values are presented as mean ± standard deviation (SD) and frequency (percentage)  

4.2 HAEMATOLOGICAL PROFILE OF THE STUDY POPULATION  

Full blood count analysis indicated that White Blood Cells (WBC), Red Blood 

Cells(RBC), Hematocrit (HCT), and Hemoglobin (Hb) were significantly lower among 

treatment and treatment naïve HIV infected participants compared to control (p<0.05). 

Meanwhile Mean Platelet Volume (MPV) were significantly higher among treatment 

and treatment naïve HIV infected participants compared to control (p<0.05). Absolute 
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and differential eosinophil count was significantly lower whiles absolute and 

differential monocyte count were significantly higher in treatment naïve HIV infected 

participants compared to control (p<0.05) (Table 4.2).    

  

  

Table 4.2: Hematological Profile of studied participants  

 

HIV   

 

Control  

FBC  (n=50)  

 On HAART  

(n=50)  

HAART  

Naïve(n=50)   
P-value  

WBC (10ˆ3/µL)  6.12 ± 0.24  5.19 ± 0.24††  5.35 ± 0.23†  0.0118  

RBC (10ˆ6/µL)  5.07 ± 0.08  4.20 ± 0.09†††  4.226 ± 0.09†††  < 0.0001  

Hb (g/dl)  14.36 ± 0.20  12.26 ± 0.28†††  12.13 ± 0.27†††  < 0.0001  

HCT (%)  44.85 ± 0.73  37.41 ± 0.73†††  36.74 ± 0.96†††  < 0.0001  

MCV (fL )  88.97 ± 1.22  90.27 ± 1.62  87.31 ± 1.65  0.3842  

MCH (pg)  28.50 ± 0.35  29.55 ± 0.65  28.80 ± 0.44  0.2991  

MCHC(g/dl)  32.11 ± 0.28  32.69 ± 0.28  33.18 ± 0.33†  0.0438  

PLT (10ˆ3/µL)  241.0 ± 7.80  244.2 ± 12.05  261.2 ± 18.21  0.5194  
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RDW-SD (fL)  47.68 ± 0.82  49.66 ± 1.02  47.11 ± 1.24  0.1977  

RDW-CV (%)  15.17 ± 0.24  14.82 ± 0.32  14.78 ± 0.32  0.5882  

PDW (fL)  13.86 ± 0.34  14.47 ± 0.29  13.77 ± 0.36  0.2824  

MPV (fL)  10.99 ± 0.14  10.18 ± 0.18††  13.77 ± 0.36†††  < 0.0001  

P-LCR (%)  32.32 ± 0.97  32.08 ± 1.83  28.73 ± 2.06  0.1900  

PCT (%)  

WBC differential count  

0.26 ± 0.01  

  

0.2513 ± 0.01  

  

0.2592 ± 0.02  

  

0.9039  

  

 

NEUT (10ˆ3/µL)  2.24 ± 0.13  2.083 ± 0.19  2.202 ± 0.16  0.7906  

LYM (10ˆ3/µL)  3.020 ± 0.13  2.37 ± 0.10  4.274 ± 1.73  0.4126  

MONO (10ˆ3/µL)  0.5784 ± 0.03  0.57 ± 0.04   0.65 ± 0.05††  0.3540  

EOSIN (10ˆ3/µL)  0.26 ± 0.05  0.36 ± 0.10  0.12 ± 0.03†  0.0546  

BASO (10ˆ3/µL)  0.04 ± 0.003  0.05 ± 0.009  0.03 ± 0.008  0.0738  

Absolute WBC count          

NEUT (%)  36.10 ± 1.52  37.30 ± 2.03  39.17 ± 2.21  0.5195  

LYM (%)  49.96 ± 1.57  48.53 ± 2.19  46.86 ± 2.30  0.5534  

MONO (%)  9.282 ± 0.31  11.56 ± 0.54†††  10.70 ± 0.58††  0.0010  

EOSIN (%)  3.70 ± 0.53  5.88 ± 1.43  2.06 ± 0.39†  0.0139  
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BASO (%)  0.65 ± 0.05  0.98 ± 0.19  0.51 ± 0.11  0.0189  

 

Values are presented as mean ± SD. † p<0.05; †† p<0.001; †††p<0.0001 HIV 

patients (on-treatment and treatment naïve groups) compared to control  

4.3 CD4 COUNT ANALYSIS FOR THE STUDY POPULATION   

Mean levels of CD8, CD4, and the ratio of CD4/CD8 were significantly lower among 

treatment and treatment naïve HIV infected participants compared to control 

(p<0.0001). Moreover, the ratio of CD4/CD3 was significantly lower among treatment 

and treatment naïve HIV infected participants compared to control (p<0.0001) (Table 

4.3) but difference between treatment and treatment naïve was not significant.  

  

Table 4.3: Levels of Lymphocyte Subset in studied group  

 

HIV Patient  

 

 Control   

(n=50)  

On HAART   

(n=50)  
HAART Naïve (n=50)  P-value  

CD3 (cells/mm3)  1867 ± 99.72   1639 ± 96.56   1755 ± 139.3   0.3674  

CD8 (cells/mm3)  662.0 ± 45.84   1091 ± 74.81†††  1210 ± 125.3†††  < 0.0001  

CD4 (cells/mm3)  1084 ± 55.40   498.5 ± 43.85†††  506.7 ± 60.58†††  < 0.0001  

CD4/CD3  0.59 ± 0.01  0.30 ± 0.02†††  0.28 ± 0.03†††  < 0.0001  
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CD4/CD8  1.73 ± 0.06  0.53 ± 0.06†††  0.55 ± 0.08†††  < 0.0001  

Values are presented as mean ± SD. † p<0.05; †† p<0.001; †††p<0.0001 HIV 

patients (On-treatment and treatment naïve groups) compared to control  

4.4 PROINFLAMMATORY CYTOKINES   

Table 4 shows median levels of proinflammatory cytokines in the study population. 

There was a significantly higher median levels of IL-6, CRP and TNF-α in the order of 

Control<on-treatment group< treatment naïve group (p<0.0001) (Table 4.4).   

    

Table 4.4: Level of Proinflammatory markers in general studied population  

 

HIV Patient  

 

Biomarkers  Control (n=50)  On HAART (n=50)  HAART Naïve (n=50)  P-value  

IL-6 (ng/L)  4.454(1.274 - 8.725)  14.98(5.875 - 24.93)†††  

17.66(13.00  -  24.10)  

†††  
< 0.0001  

CRP (µg/L)  156 (117.1 - 582.2)  1450(251.3 - 2688)†††  1453(328.8 - 2510)†††  < 0.0001  

TNF-α (ng/L)  40.28 (24.73 - 81.00)  297.4 (150.2 - 419.7)†††  

318.3  (123.0  -  

497.9)†††  
< 0.0001  

Values are presented as Median (25th to 75th quartile range).  † p<0.05; †† p<0.001; 

†††p<0.0001 HIV patients (On-treatment and treatment naïve groups)  

compared to control  
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Figure 4.1: IL- 6 relation to the severity of CD4 count among the studied population. 

*P<0.05; **p<0.001 ***p<0.0001. Each CD4 count <200 and 200-499 compared 

>500cells/mm3.  

 
        

Figure 4.2: CRP relation to the severity of CD4 count among the studied population. 

*P<0.05; **p<0.001 ***p<0.0001. Each CD4 count <200 and 200-499 compared 

>500cells/mm3.    
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Figure 2.3: TNF- α relation to the severity of CD4 count among the studied 

population. *P<0.05; **p<0.001 ***p<0.0001. Each CD4 count <200 and 200-499 

compared >500cells/mm3.  

4.4.1 Proinflammatory cytokines in relation to the severity of CD4 count  

Median levels of proinflammatory cytokines (IL-6, CRP and TNF-Alpha) significantly 

increased with decreasing CD4 count. Subjects with CD4 counts less than 200 

cells/mm3 were associated with a significantly higher median levels of IL-6, CRP and 

TNF-Alpha compared to those with CD4 count of 500 cells/mm3 and more (p<0.05) in 

all the three groups.   

Table 4.5: Proinflammatory cytokines stratified by gender  

Study groups  Male (n=59)  Female (n=91)  p-value  

Control  

IL-6  
2.90 (0.97 - 6.78)  8.33 (3.98 -14.41)   0.0091  

CRP  156 (123.8 -542.5)   260.8 (96.88 - 1442)  0.4518  

TNF-Alpha  40.86(24.45 - 77.32)  39.7(20.33 - 112.0)  0.8944  
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On HAART  

IL-6  10.44(3.57 - 25.00) †††  15.23 (7.48 - 24.93) †††  0.4196  

CRP  1653 (282.8 - 2513)†††  1398 (328.8 - 2510) †††  0.8634  

TNF-Alpha  180.3 (150.1 - 345.0)†††  302.3 (151.4 - 428.6)†††  0.435  

HAART Naïve   

IL-6  17.54(12.51 - 23.28)†††  17.66(12.99 - 24.68)†††  0.9569  

CRP  1894 (426.0 - 3264)†††  1450 (187.9 -2648)†††   0.3473  

TNF-Alpha  321(270.2 - 427.4)†††  318.3(108.0 - 500.9)†††  0.9054  

Values are presented as Median (25th to 75th quartile range). † p<0.05; †† p<0.001; 

†††p<0.0001 (On- treatment and treatment naïve groups compared to control)  

4.5 CORRELATION OF PROINFLAMMATORY CYTOKINES WITH 

IMMUNE LYMPHOCYTE CELLS  

There was a significant positive correlation between TNF-alpha and the ratio of 

CD4/CD8 (r=0.315; p=0.026) among HAART naïve HIV patients (Table 4.8). CD4 

count levels of HAART naïve subjects negatively correlated with CD8 (r=-0.334; 

p=0.018) but positively correlated with CD4/CD3 ratio (r=0.395; p=0.005) and 

CD4/CD8 ratio (r=0.476; p<0.0001) (Table 4.8). Meanwhile there was a significant 

positive correlations between CD8 and CD3 and between the ratio of CD4/CD8 and the 

ratio of CD4/CD3 (p<0.0001).  A significant and negative correlation of CD8 was 

observed with the ratio of CD4/CD8 and CD4/CD3 (p<0.05) in all the studied 

participants (Table 4.6, 4.7 and 4.8).   

Table 4.6: Pearson moment correlation of proinflammatory cytokine with immune 

lymphocyte cells in Control  
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   CD4  IL-6  CRP  TNF- 

α  

CD3  CD8  
CD4/  

CD3  

CD4/  

CD8  

CD4  r  1  -0.125  -0.126  -0.041  -0.038  -0.081  0.204  0.160  

 
p-value    

 
0.385  0.382  0.778  0.792  0.576  0.156  0.266  

IL-6  r    1  0.027  0.018  -0.006  -0.025  -0.023  -0.020  

 
p-value      

 
0.850  0.904  0.969  0.863  0.876  0.890  

CRP  r      1  -0.010  0.133  0.070  0.073  0.049  

 
p-value        

 
0.947  0.356  0.627  0.614  0.735  

TNF-α  r        1  0.163  0.158  0.142  0.026  

 

 p-value          0.257  0.272  0.325  0.860  

CD3 r     1 0.936** -0.143 -0.133 p-value      0.000 0.323 0.357  

CD8  r            1  - -0.426**  

0.389**  

 p-value              0.005  0.002  

CD4/  r              1  0.911**  

CD3  

 p-value                0.000  
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CD4/  r                1  

CD8  

 p-value                  

 

r=correlation coefficient. **. Correlation is significant at the 0.01 level (2-tailed).  

Table 4.7: Pearson moment correlation of proinflammatory cytokine with immune 

lymphocyte cells in On HAART group  

   CD4  IL-6  CRP  TNF-α  CD3  CD8  
CD4/  

CD3  

CD4/  

CD8  

CD4  r  1  0.090  0.111  -0.142  0.122  0.019  0.082  0.045  

 
p-value    

 
0.535  0.444  0.324  0.397  0.896  0.570  0.756  

IL6  r    1  0.043  0.069  0.114  -0.100  0.201  0.266  

 
p-value      

 
0.767  0.634  0.432  0.488  0.161  0.062  

 

CRP  r      1  0.126  0.126  0.181  -0.187  -0.219  

 
p-value        0.384  0.381  0.209  0.193  0.126  

TNF-α  r        1  -0.169  -0.104  -0.031  0.032  

 
p-value          0.241  0.471  0.828  0.823  

CD3  r          1  0.846**  0.121  0.078  

 
p-value            0.000  0.403  0.592  
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CD8  r            1  -0.281*  -0.352*  

 
p-value              0.048  0.012  

CD4/  

CD3  

r              1  0.908**  

 p-value                0.000  

CD4/  

CD8  

r                1  

 p-value                  

 

r=correlation coefficient. **. Correlation is significant at the 0.01 level (2-tailed).  

*. Correlation is significant at the 0.05 level (2-tailed).  

    

Table 4.8: Pearson moment correlation of proinflammatory cytokine with immune 

lymphocyte cells in HAART naïve  

   CD4  IL-6  CRP  TNF- 

α  

CD3  CD8  CD4/  

CD3  

CD4/  

CD8  

CD4  r  1  0.263  -0.060  0.226  -0.115  -0.334*  0.395**  0.476**  

 
p-value    

 
0.065  0.678  0.115  0.428  0.018  0.005  0.000  

IL6  r    1  0.155  0.233  -0.009  -0.142  0.177  0.231  

 
p-value      

 
0.281  0.103  0.952  0.325  0.219  0.107  

CRP  r      1  0.070  0.137  0.063  0.025  0.026  

 
p-value        

 
0.629  0.344  0.665  0.864  0.858  

TNF- α  r        1  -0.114  -0.227  0.271  -0.315*  

 
p-value          

 
0.432  0.112  0.057  0.026  
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CD3  r          1  0.863**  0.075  0.137  

 
p-value            

 
0.000  0.605  0.343  

CD8  r            1  -0.337*  -0.326*  

 
p-value              

 
0.017  0.021  

CD4/  

CD3  

r  

p-value  

  

  

  

  

  

  

  

  

  

  

  

    

1  
0.939**  

0.000  

CD4/  

CD8  

r  

p-value  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

1  

r=correlation coefficient. *Correlation is significant at the 0.05 level (2-tailed).  

**Correlation is significant at the 0.01 level (2-tailed).  

  

4.6 CORRELATION OF PROINFLAMMATORY CYTOKINES WITH HB, 

HCT, RBC AND WBC  

Table 9 shows correlation of proinflammatory markers with Hb, HCT, RBC and WBC 

count among HAART naïve HIV participants. TNF-alpha was significantly higher and 

positively correlated with Hb (r=0.310; p=0.028); HCT (r=0.307; p=0.030) and RBC 

(r=0.323; p=0.022) but not WBC (r=0.117; p=0.420). Meanwhile Hb, HCT,  

RBC and WBC were not significantly associated with both IL-6 and CRP (p<0.05) 

(Table 4.9).   

Table 4.9: Correlation of proinflammatory cytokine with Hb, HCT, RBC and  

WBC  

 
IL-6  CRP  TNF-alpha  

HB  r=--0.020; p=0.891  r=-0.193; p=0.179  r=-0.310; p=0.028  
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HCT  r=0.025; p=0.865  r=0.130; p=0.368  r=-0.307; p=0.030  

RBC  r=-0.043; p=0.768  r=-0.048; p=0.743  r=-0.323; p=0.022  

WBC  r=0.012; p=0.932  r=0.026; p=0.855  r=0.117; p=0.420  

r=correlation coefficient  

  

    

CHAPTER FIVE DISCUSSION  

This study sought firstly: to assess proinflammatory markers among HIV seropositive 

on HAART and HAART naïve patients at the HIV clinic in KATH, and secondly, to 

assess the correlation between proinflammatory markers, lymphocyte subsets and their 

hematological parameters. Proinflammatory markers were analyzed using ELISA. Our 

results indicated that the proinflammatory markers correlated with some of the 

lymphocyte subset and hematological parameters.  

5.1 LYMPHOCYTE SUBSETS  

The study observed a significant decrease of CD4 T cell in seropositive HIV studied 

group compared to seronegative group (Table 4.3).Generally CD4 count in HIV patient 

have been observed to decline as the disease progresses  (Fahey et al. 1990, Burcham 

et al. 1991) and is a vascular risk factor among HIV-infected individuals (Hsue et al. 

2004). The increased rates of apoptosis within blood lymphocyte subsets in HIV 

positive individuals (Gougeon et al. 1996) could contribute to lower lymphocyte levels. 

Secondly, the interactions between the virus g120 and the CD4 T cell of the host cell 

induce by IFN can result apoptosis of the host cell due to the deleterious effect of the 

virus activity on the CD4+ T cell (Herbeuval et al. 2005a). Thirdly the thymosupressive 
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effect of pro-inflammatory cytokines (IL-6) (Sempowski et al. 2000) can affect the 

thymus output. This leads to fibrosis of the lymphatic tissue damaging the architecture 

and preventing normal T cell homeostasis (Schacker et al. 2002, Schacker et al. 2005). 

Due to this there is a reduction in the number of new cell that is churns out by the 

thymus in seropositive HIV patient (Douek et al. 1998). The ability of HIV infected 

patient in replacing lost T cells becomes compromised. As the naïve T cell pool are not 

been replenished, with time there will not be any T cell to supplant the old CD8 and 

CD4 T cell when they die out. At such situation attack by new strain of the virus receive 

less resistance from the CD8 T cells resulting in the reduction in the numbers of the 

CD4 T cells.  There was no significant difference between the CD4+T cell of the On-

treatment and treatment naïve group probably because, effective HAART regimes 

results in similar decay of plasma HIV-RNA (Huang et al. 2001).   

There was a significant high level of CD8+ T cell in seropositive HIV compared to 

control group (Table 4.3). In HIV infected individuals CD8+subset in the blood from 

site such as the lung are unable to migrate into high endothelia venule-containing 

lymphoid tissue due to insufficient expression L-selectin homing receptor(s) or an 

inability to transduce G-protein-associated signals leading to its accumulation in the 

peripheral blood. CD8+ T cell are also known to expand more extensively than CD4+ T 

cells during immune response. This might have accounted for the overall increase in 

CD8+ T cell in HIV infected individual. As the blood CD4+ T cells declines, CD8+ T 

cell levels are either maintained or increased, this will therefore result in CD4/CD8 ratio 

decreasing in order to maintain homeostatic mechanisms. This trend was consistent 

with this study results (table 4.3) which indicates a significant decrease of  

CD4/CD8 ratios of the seropositive HIV group compared to the control group. 

However, the ratio of CD4/CD3 was significantly lower among treatment and treatment 
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naïve HIV infected participants compared to control. The low level of CD4/CD3 exhibit 

a steady progression of the HIV infection (Landay, OhlssonWilhelm and Giorgi 1990) 

and is used to monitor some forms of immunodeficiency  

(Nicholson 1989, Nikulin 1994, Schmidt 1989). The association between low CD4+ T-

cell count may possibly be explained by chronic inflammation (Lau et al. 2006) in 

immunosuppressed HIV-infected individuals. Meanwhile there was a significant 

positive correlation between CD8 T cell and CD3 T cells and between the ratio of  

CD4/CD8 and the ratio of CD4/CD3.  A significant and negative correlation of CD8 T 

cell was observed with the ratio of CD4/CD8 and CD4/CD3 in all the studied 

participants (Tables 4.6, 4.7 and 4.8).  

5.2 PRO-INFLAMMATORY CYTOKINES     

This study observed a significant increase TNF-α, CRP and IL-6 in HIV patients (Table 

4.4). In effect, the cycle of HIV infection, immunosuppression, opportunistic disease, 

high TNF levels, and further induction of HIV expression could explain at least in part 

the progression of disease in HIV infected individuals. This study findings show six 

fold increase of TNF-α in HIV seropositive patient compare to the control group. 

Generally HIV infected persons are exposed to microbial translocation due to the 

preferential attack of the CD4 T cell at the mucosal tissue site like the gastrointestinal 

tract. The presence of the bacteria in the interstitial space triggers immune response 

leading to the release of TNF-α by macrophage during the inflammation process. As 

this condition persists in HIV infection due the replicative effect of the virus there is a 

continuous rise in the level of TNF-α in the serum. High level of TNF-α have been 

noted to aid in the expression of HIV in infected cells (Lahdevirta et al. 1988, Michie 

et al. 1988) which confirms that pathogenesis of HIV is associated with high level of 
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TNF-α. This increased level of TNF-α induces the production of IL-6 by monocytic 

cells (Davis et al. 1987).  

This could have accounted for the significant increase in IL-6 level recorded in 

seropositive HIV groups than that of the control group, (Table 4.4). Other cells may 

also secrete IL-6 during inflammation and tissue damage together with vascular 

endothelial cells and fibroblasts in HIV infected patient. Persistent IL-6 production 

could therefore be an additional risk factor for the development of hyperlipidemia in 

patient receiving HAART. Co-operation between IL-6 and TNF-α results in the 

upregulation of HIV production and potentiates the TNF-α- induced transcription of 

NFκB (Poli et al. 1990, Poli, Kinter and Fauci 1994). The high level of IL-6 induces the 

hepatocytes of the liver to secrete of C- reactive protein (Gauldie et al. 1989).  

Serum C-reactive protein concentration raise as the arterial walls inflames during 

atherosclerosis which is common in HIV infected patients. The C-reactive protein 

concentration increased by more than eight folds in the seropositive HIV groups 

compared to the control group in our study. CRP is capable of acting as an opsonin in 

the host response to infection and at the same time, limiting excessive damaging 

inflammatory response to the host (Black, Kushner and Samols 2004). Individual with 

High level of CRP have an increased risk for cardiovascular disease relative to those 

with lower CRP concentrations (Ridker et al. 2002, Ridker 2003).  

5.3 HEMATOLOGICAL PARAMETERS  

The study observed that lower levels of some hematological parameters were associated 

with seropositive HIV group than the control group (Table 4.2). Generally  

HIV ailments have been associated with hematological abnormalities   (Harbol et al. 

1994, Ballem et al. 1992) with prevalence and severity of the anemia correlating with 
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the progression of HIV infection (Sullivan et al. 1998). An HIV patient with CD4 count 

of 200 cells/μL or less and anemic has a low survival rate. Increase in viral load results 

in low CD4 count and high levels of pro-inflammatory cytokine. The suppressive effect 

of some of the cytokines (TNF-α and IL-6) on the bone marrow can lead to anemia. The 

results of this study analyses on anemic condition of seropositive HIV patient were 

consistent with the study of anemia as a prognostic factor in HIV infection (Morfeldt-

Manson et al. 1991).  

Hemoglobin (HB) level was lower in seropositive HIV patient compared to control 

group. There was not much difference between on-treatment and treatment naïve group. 

Ledru et al in his study in West Africa identify hemoglobin as a diagnostic indicator in 

the management of HIV patient (Ledru et al. 1998). Clinicians managing HIV patient 

normally lookout for the Hb level of their client to decide the next action to take. 

Regular checking of Hb level therefore gives a clue of HIV progression and also helps 

the Clinician to determine which patient needs or may requires further treatment.  The 

suppressive effect of the proinflammatory cytokine on the bone marrow, internal 

bleeding, lack of proper diet intake are some but few causes of low hemoglobin 

recorded in HIV patients.   

Red Blood Cell (RBC) decreased in HIV infected patient as compare to the control 

group. But there was no significant difference between on-treatment and treatment 

naïve patients. This may be due to the decrease in RBC production as result of 

opportunistic infection, direct effect of the HIV infection, mylosuppressive medication 

and decrease in production of erythropoietin. It can also be inefficient production of 

RBC as a result of folic acid and vitamin B12 deficiencies. And finally increased RBC 

destruction resulting from autoimmune hemolytic anemia, thrombotic 
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microangiopathy, disseminated intravascular coagulation may have accounted for the 

low RBC observed. The study result was consistent with the findings of Antelman et al 

(Antelman et al. 2000).  

There were lower white blood cells (WBC), recorded in HIV positive individuals as 

compared to the seronegative group. The immune system of a host in a bid to defend 

itself against infection and intrusion of foreign particle employs white blood cells in it 

defense mechanism. Therefore during inflammation, bacterial or viral infection one 

would expect some changes in the WBC level. The decrease in white blood cells 

observed in HIV patients may be due to the deleterious effect of the HIV virus on the 

immune system.   

Meanwhile MPVs were significantly higher among treatment and treatment naïve HIV 

infected participants compared to control (p<0.05), which is an indication of a certain 

inherited disorder.  

5.4 EFFECT OF INFLAMMATORY MARKERS ON THE LYMPHOCYTE 

SUBSET AND THE HEMATOLOGICAL PARAMETERS  

Median levels of proinflammatory cytokines (IL-6, CRP and TNF-Alpha) significantly 

increased with decreasing CD4 count as shown in Fig 4.1,4.2 and 4.3, which clearly 

indicates that the concentration of these proinflammatory cytokines have an effect on 

the disease progression of HIV (Aukrust et al. 1995b, Lau et al. 2006).  

HIV been a chronic infection is characterize by chronic immune activation which result 

in proliferative senescence of the T-cell pool particularly at the level of CD4 +T memory 

cell (Okoye et al. 2007). The expansion of activated T effector cell may be accompanied 

by the production of pro-inflammatory cytokines like TNF-α and IL-6.  
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Increased level of TNF-α decreases transepithelial resistance in mucosal tissue 

(Stockmann et al. 2000), thereby promoting microbial translocation and further 

activation. The chronic pro-inflammatory environment especially the TNF-α and IL-6 

exerts a suppressive effect on the architecture thymus. The thymus is unable to produce 

enough functional Th1 and Th2 T cells. Th1 cell secrete IL-2 which aids in the 

proliferation of Th1 cell and CD8 T cells and Th2 T cell secrete IL-6 which helps in the 

proliferation of B cells into plasma cell to produce antibodies. Therefore increased 

levels of the inflammatory cytokines  interfers with the function of B cells, T cells, 

dentritic cells and monocytes (Braun et al. 1988). This affects the ability of the immune 

system to produce new immune cells at the level of the bone marrow, thymus and the 

lymph node (Dion et al. 2004). This to a larger extent may have resulted in the increase 

of inflammatory cytokines (TNF-α, CRP and IL-6) as CD4+T cells depreciate. This 

might also have accounted for the significant negative correlation observed between 

TNF-alpha and the ratio of CD4/CD8 among treatment naïve HIV patients (Table 4.8).   

Moreover, in response to inflammatory cytokines, increasing IL-6 causes the liver to 

produce high amount of Hepcidin which stops ferroportin from been released from iron 

stores. Iron utilization is impaired, with decreased serum iron and transferrin 

concentrations and an increased synthesis of ferritin (Goodnough and Marcus 1997) 

decreasing the ability of the bone marrow to respond to erythropoietin. The subsequent 

effect is increased lactoferrin resulting in anemia (Tanaka et al. 1999). TNF-α 

suppresses bone marrow stem cell division and decreasing the ability of the bone 

marrow to respond to erythropoietin. This will adversely aggravate the anemic 

condition of HIV patients. This is in support of the study findings which indicate a 

negative significant correlation between TNF-α and Hb, HCT and RBC in HAART  

naive patients (table 4.9).   
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This study indicated slight difference between pro-inflammatory cytokine; 

hematological parameters and CD4 count of on HAART and HAART naïve  

participants. This may be as a result of the baseline level of the CD4 count of the on  

HAART participants when they were placed on the antiretroviral therapy.   

In Ghana, at the period the study HIV patients were placed on HAART when their CD4 

counts were below 350 cells. But most of the patient that begins taking  ART medication 

have their CD4 count below 200 cells/µl. Lewden et al in a cross-sectional found 

reduced life expectancy in HIV infected patients that are placed on ART with CD4 T-

cell below 200 cells/µl (Lewden et al. 2008). At such stage most of the T-cells burnt out 

prematurely and may undergo apoptosis or lost their ability to divide. Therefore 

capacity of the immune system to restore peripheral CD4 + T cell lymphocyte 

population remains compromised. So the reversal of the functional impaired CD4 T 

cells which will aid the restitution of IL-2 secretion becomes apparently difficult. This 

therefore extends the time that immune system could reverse the immune-pathological 

process of the HIV infection. Secondly our study considered HAART naïve participants 

that were newly diagnosed in 2014 and HAART patient most of whom had been on 

ART for not more than a year. Therefore not much of an improvement required of the 

immune response of HIV patient on ART was seen in the on HAART patients.     

Thus immune activation in such patient on ART may show no significant difference 

from HAART naïve patients (newly diagnose). This might have accounted for the 

insignificant difference of the pro-inflammatory cytokines (TNF-α, CRP and IL-6), 

lymphocytes subset and hematological parameters observed between the on-treatment 

and treatment naïve participant of our study. That notwithstanding we observed a 

significant positive correlation between TNF-alpha and the ratio of CD4/CD8 (r=0.315; 

p=0.026) among treatment naïve HIV patients (Table 4.8). CD4 count levels of HAART 
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naïve subjects negatively correlated with CD8 (r=-0.334; p=0.018) but positively 

correlated with CD4/CD3 ratio (r=0.395; p=0.005) and CD4/CD8 ratio  

(r=0.476; p<0.0001) (Table 4.8). This may indicate a need for antiretroviral therapy at 

an early stage of HIV infection in order to manage the effect of inflammatory cytokines 

(TNF-alpha) on the lymphocyte subset of HAART naïve participants.  
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CHAPTER SIX CONCLUSIONS AND RECOMMENDATIONS  

6.1 CONCLUSION  

Many human immunodeficiency viruses (HIV)-infected patients suffer from chronic 

immune activation resulting from an increase in proinflammatory cytokines, which may 

lead to a systematic reduction in CD4+ T cell and anemia.  

From the study results it was evident that HIV infection is more prevalent among 

females than males. It was clear in our study that the pathogenic effect of HIV virus 

resulted in significantly low mean levels of CD4, CD8, CD4/CD3 and CD4/CD8 ratio 

among on HAART and HAART naïve patients compared to control group (p<  

0.0001).  

Hematological abnormalities were also recorded in HIV infected participant compared 

to control group. This gives a clear indication of the deleterious effect of the HIV virus 

which results in decreased in red blood cell (RBC) production and increased in RBC 

destruction which will lead to anemia.     

The present study confirmed that there are elevated levels of proinflammatory cytokines 

(IL-6, CRP and TNF-Alpha) in seropositive HIV groups compared to seronegative 

group.   

The data supports a modest correlation between the level of inflammatory markers and 

the degree of immunosuppression in HIV patients.  Increasing levels of inflammation 

for individuals with progression to AIDS may have a potential link with cardiovascular 

disease, especially as seropositive patient continues to live on  

HAART.   
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We thus conclude that HIV progression to AIDS is not a single cellular event but a 

combination of other previously less observed factors like chronic inflammation which 

this study has confirmed. The overall effect is the selective and progressive destruction 

of cells through apoptosis and finally cell death. Early initiation on HAART may also 

help improve CD4 count which may lead to the reduction of proinflammatory cytokine 

secretion.  

6.2 RECOMMENDATIONS AND SUGGESTIONS  

Based on the results of this study the following ideas are highly recommended:  

We recommend that care managers of PLWHAs should include inflammatory  

cytokines in the laboratory investigations of HIV patients.  

A future study should evaluate total antioxidant capacity, free radicals in addition to 

other inflammatory markers and also establish the reasons for these elevations in 

inflammatory markers and the interventions required to lower them. And for such 

research we would advise that participants on-treatment recruited should have been on 

ART for more than two years.  This will help ascertain the effect of oxidative stress and 

inflammatory markers in the pathogenesis of HIV patients and further enhance effective 

management of People living with HIV/AIDS (PLWHAs) in Ghana.  

 .  

  

  

  

REFERENCE  

(2013) Voluntary medical male circumcision - southern and eastern Africa, 2010- 



 

55  

  

2012. MMWR Morb Mortal Wkly Rep, 62, 953-7.  

Aandahl, E. M., J. Michaelsson, W. J. Moretto, F. M. Hecht & D. F. Nixon (2004) 

Human CD4+ CD25+ regulatory T cells control T-cell responses to human 

immunodeficiency virus and cytomegalovirus antigens. J Virol, 78, 2454-9.  

Aisen, P. S. & K. L. Davis (1994) Inflammatory mechanisms in Alzheimer's disease: 

implications for therapy. Am J Psychiatry, 151, 1105-13.  

Al-Harthi, L., J. Voris, W. Du, D. Wright, M. Nowicki, T. Frederick, A. Landay & A. 

Kovacs (2006) Evaluating the impact of hepatitis C virus (HCV) on highly 

active antiretroviral therapy-mediated immune responses in 

HCV/HIVcoinfected women: role of HCV on expression of primed/memory T 

cells. J Infect Dis, 193, 1202-10.  

Amirayan-Chevillard, N., H. Tissot-Dupont, C. Capo, C. Brunet, F. Dignat-George, Y. 

Obadia, H. Gallais & J. L. Mege (2000) Impact of highly active antiretroviral 

therapy (HAART) on cytokine production and monocyte subsets in HIV-

infected patients. Clin Exp Immunol, 120, 107-12.  

Andersson, J., A. Boasso, J. Nilsson, R. Zhang, N. J. Shire, S. Lindback, G. M. Shearer 

& C. A. Chougnet (2005) The prevalence of regulatory T cells in lymphoid 

tissue is correlated with viral load in HIV-infected patients. J  

Immunol, 174, 3143-7.  

Andersson, J., T. E. Fehniger, B. K. Patterson, J. Pottage, M. Agnoli, P. Jones, H. 

Behbahani & A. Landay (1998) Early reduction of immune activation in 

lymphoid tissue following highly active HIV therapy. AIDS, 12, F123-9.  



 

56  

  

Antelman, G., G. I. Msamanga, D. Spiegelman, E. J. Urassa, R. Narh, D. J. Hunter & 

W. W. Fawzi (2000) Nutritional factors and infectious disease contribute to 

anemia among pregnant women with human immunodeficiency virus in 

Tanzania. J Nutr, 130, 1950-7.  

Appay, V. & S. L. Rowland-Jones (2002) Premature ageing of the immune system: the 

cause of AIDS? Trends Immunol, 23, 580-5.  

Ascher, M. S. & H. W. Sheppard (1991) A unified hypothesis for three cardinal features 

of HIV immunology. J Acquir Immune Defic Syndr, 4, 97-8.  

Aukrust, P., N. B. Liabakk, F. Muller, T. Espevik & S. S. Froland (1995a) Activation of 

tumor necrosis factor--alpha system in HIV-1 infection: association with 

markers of immune activation. Infection, 23, 9-15.  

Aukrust, P., A. M. Svardal, F. Muller, B. Lunden, R. K. Berge & S. S. Froland (1995b) 

Decreased levels of total and reduced glutathione in CD4+ lymphocytes in 

common variable immunodeficiency are associated with activation of the tumor 

necrosis factor system: possible immunopathogenic role of oxidative stress. 

Blood, 86, 1383-91.  

Bafica, A., C. A. Scanga, M. Schito, D. Chaussabel & A. Sher (2004) Influence of 

coinfecting pathogens on HIV expression: evidence for a role of Toll-like 

receptors. J Immunol, 172, 7229-34.  

Ballem, P. J., A. Belzberg, D. V. Devine, D. Lyster, B. Spruston, H. Chambers, P. 

Doubroff & K. Mikulash (1992) Kinetic studies of the mechanism of 

thrombocytopenia in patients with human immunodeficiency virus infection.  



 

57  

  

N Engl J Med, 327, 1779-84.  

Barre-Sinoussi, F., J. C. Chermann, F. Rey, M. T. Nugeyre, S. Chamaret, J. Gruest, C.  

Dauguet, C. Axler-Blin, F. Vezinet-Brun, C. Rouzioux, W. Rozenbaum & L. 

Montagnier (1983) Isolation of a T-lymphotropic retrovirus from a patient at 

risk for acquired immune deficiency syndrome (AIDS). Science, 220, 868-71.  

Bass, H. Z., P. Nishanian, W. D. Hardy, R. T. Mitsuyasu, E. Esmail, W. Cumberland & 

J. L. Fahey (1992) Immune changes in HIV-1 infection: significant correlations 

and differences in serum markers and lymphoid phenotypic antigens. Clin 

Immunol Immunopathol, 64, 63-70.  

Beignon, A. S., K. McKenna, M. Skoberne, O. Manches, I. DaSilva, D. G. Kavanagh,  

M. Larsson, R. J. Gorelick, J. D. Lifson & N. Bhardwaj (2005) Endocytosis of 

HIV-1 activates plasmacytoid dendritic cells via Toll-like receptor-viral RNA 

interactions. J Clin Invest, 115, 3265-75.  

Bergamini, A., E. Faggioli, F. Bolacchi, S. Gessani, L. Cappannoli, I. Uccella, F.  

Demin, M. Capozzi, R. Cicconi, R. Placido, S. Vendetti, G. M. Colizzi & G. 

Rocchi (1999) Enhanced production of tumor necrosis factor-alpha and 

interleukin-6 due to prolonged response to lipopolysaccharide in human 

macrophages infected in vitro with human immunodeficiency virus type 1. J  

Infect Dis, 179, 832-42.  

Berlier, W., M. Cremel, H. Hamzeh, R. Levy, F. Lucht, T. Bourlet, B. Pozzetto & O. 

Delezay (2006) Seminal plasma promotes the attraction of Langerhans cells via 

the secretion of CCL20 by vaginal epithelial cells: involvement in the sexual 

transmission of HIV. Hum Reprod, 21, 1135-42.  



 

58  

  

Betts, M. R., D. R. Ambrozak, D. C. Douek, S. Bonhoeffer, J. M. Brenchley, J. P. 

Casazza, R. A. Koup & L. J. Picker (2001) Analysis of total human 

immunodeficiency virus (HIV)-specific CD4(+) and CD8(+) T-cell responses:  

relationship to viral load in untreated HIV infection. J Virol, 75, 11983-91.  

Bisset, L. R., R. W. Cone, W. Huber, M. Battegay, P. L. Vernazza, R. Weber, P. J. Grob 

& M. Opravil (1998) Highly active antiretroviral therapy during early  

HIV infection reverses T-cell activation and maturation abnormalities. Swiss 

HIV Cohort Study. AIDS, 12, 2115-23.  

Black, S., I. Kushner & D. Samols (2004) C-reactive Protein. J Biol Chem, 279,  

48487-90.  

Borkow, G. & Z. Bentwich (2006) HIV and helminth co-infection: is deworming 

necessary? Parasite Immunol, 28, 605-12.  

Braun, D. P., H. Kessler, L. Falk, D. Paul, J. E. Harris, B. Blaauw & A. Landay (1988) 

 Monocyte  functional  studies  in  asymptomatic, 

 human  

immunodeficiency disease virus (HIV)-infected individuals. J Clin Immunol, 8, 

486-94.  

Brenchley, J. M., D. A. Price & D. C. Douek (2006a) HIV disease: fallout from a 

mucosal catastrophe? Nat Immunol, 7, 235-9.  

Brenchley, J. M., D. A. Price, T. W. Schacker, T. E. Asher, G. Silvestri, S. Rao, Z. Kazzaz, E. 

Bornstein, O. Lambotte, D. Altmann, B. R. Blazar, B. Rodriguez,  

L. Teixeira-Johnson, A. Landay, J. N. Martin, F. M. Hecht, L. J. Picker, M. M. 

Lederman, S. G. Deeks & D. C. Douek (2006b) Microbial translocation is a 



 

59  

  

cause of systemic immune activation in chronic HIV infection. Nat Med, 12, 

1365-71.  

Brenchley, J. M., T. W. Schacker, L. E. Ruff, D. A. Price, J. H. Taylor, G. J. Beilman, P. 

L. Nguyen, A. Khoruts, M. Larson, A. T. Haase & D. C. Douek (2004) CD4+ T 

cell depletion during all stages of HIV disease occurs predominantly in the 

gastrointestinal tract. J Exp Med, 200, 749-59.  

Burcham, J., M. Marmor, N. Dubin, B. Tindall, D. A. Cooper, G. Berry & R. Penny  

(1991) CD4% is the best predictor of development of AIDS in a cohort of HIV-

infected homosexual men. Aids, 5, 365-72.  

Chege, D., P. M. Sheth, T. Kain, C. J. Kim, C. Kovacs, M. Loutfy, R. Halpenny, G.  

Kandel, T. W. Chun, M. Ostrowski, R. Kaul & G. Toronto Mucosal Immunology 

(2011) Sigmoid Th17 populations, the HIV latent reservoir, and microbial 

translocation in men on long-term antiretroviral therapy. AIDS, 25, 741-9.  

Choudhary, S. K., N. Vrisekoop, C. A. Jansen, S. A. Otto, H. Schuitemaker, F. Miedema 

& D. Camerini (2007) Low immune activation despite high levels of pathogenic 

human immunodeficiency virus type 1 results in long-term asymptomatic 

disease. J Virol, 81, 8838-42.  

Ciccone, E. J., S. W. Read, P. J. Mannon, M. D. Yao, J. N. Hodge, R. Dewar, C. L. 

Chairez, M. A. Proschan, J. A. Kovacs & I. Sereti (2010) Cycling of gut mucosal 

CD4+ T cells decreases after prolonged anti-retroviral therapy and is associated 

with plasma LPS levels. Mucosal Immunol, 3, 172-81.  

Clouse, K. A., D. Powell, I. Washington, G. Poli, K. Strebel, W. Farrar, P. Barstad, J. 

Kovacs, A. S. Fauci & T. M. Folks (1989) Monokine regulation of human 



 

60  

  

immunodeficiency virus-1 expression in a chronically infected human T cell 

clone. J Immunol, 142, 431-8.  

Clyne, B. & J. S. Olshaker (1999) The C-reactive protein. J Emerg Med, 17, 1019-25.  

Connick, E., M. M. Lederman, B. L. Kotzin, J. Spritzler, D. R. Kuritzkes, M. St Clair,  

A. D. Sevin, L. Fox, M. H. Chiozzi, J. M. Leonard, F. Rousseau, J. D'Arc Roe, 

A. Martinez, H. Kessler & A. Landay (2000) Immune reconstitution in the first 

year of potent antiretroviral therapy and its relationship to virologic response. J 

Infect Dis, 181, 358-63.  

Crowe, S. M. & R. S. Kornbluth (1994) Overview of HIV interactions with 

macrophages and dendritic cells: the other infection in AIDS. J Leukoc Biol, 56, 

215-7.  

Cullen, B. R. & W. C. Greene (1989) Regulatory pathways governing HIV-1  

replication. Cell, 58, 423-6.  

Cunningham, A. L., H. Donaghy, A. N. Harman, M. Kim & S. G. Turville (2010)  

Manipulation of dendritic cell function by viruses. Curr Opin Microbiol, 13,  

524-9.  

Dalgleish, A. G. (1992) The pathogenesis of AIDS: classical and alternative views. J  

R Coll Physicians Lond, 26, 152-8.  

Das, U. N., M. Padma, P. S. Sagar, G. Ramesh & R. Koratkar (1990) Stimulation of free 

radical generation in human leukocytes by various agents including tumor 

necrosis factor is a calmodulin dependent process. Biochem Biophys Res 

Commun, 167, 1030-6.  



 

61  

  

Davis, M. G., S. C. Kenney, J. Kamine, J. S. Pagano & E. S. Huang (1987) Immediate-

early gene region of human cytomegalovirus trans-activates the promoter of 

human immunodeficiency virus. Proc Natl Acad Sci U S A, 84, 8642-6.  

De Gruttola, V., R. Gelman & S. Lagakos (1993) Uses of CD4-lymphocyte count in  

AIDS treatment decisions. Infect Agents Dis, 2, 304-13.  

Decrion, A. Z., I. Dichamp, A. Varin & G. Herbein (2005) HIV and inflammation.  

Curr HIV Res, 3, 243-59.  

Deeks, S. G., C. M. Kitchen, L. Liu, H. Guo, R. Gascon, A. B. Narvaez, P. Hunt, J. N. 

Martin, J. O. Kahn, J. Levy, M. S. McGrath & F. M. Hecht (2004) Immune 

activation set point during early HIV infection predicts subsequent CD4+ Tcell 

changes independent of viral load. Blood, 104, 942-7.  

Dion, M. L., J. F. Poulin, R. Bordi, M. Sylvestre, R. Corsini, N. Kettaf, A. Dalloul, M. 

R. Boulassel, P. Debre, J. P. Routy, Z. Grossman, R. P. Sekaly & R. Cheynier 

(2004) HIV infection rapidly induces and maintains a substantial suppression of 

thymocyte proliferation. Immunity, 21, 757-68.  

Douek, D. C., J. M. Brenchley, M. R. Betts, D. R. Ambrozak, B. J. Hill, Y. Okamoto,  

J. P. Casazza, J. Kuruppu, K. Kunstman, S. Wolinsky, Z. Grossman, M. Dybul, 

A. Oxenius, D. A. Price, M. Connors & R. A. Koup (2002) HIV preferentially 

infects HIV-specific CD4+ T cells. Nature, 417, 95-8.  

Douek, D. C., R. D. McFarland, P. H. Keiser, E. A. Gage, J. M. Massey, B. F.  

Haynes, M. A. Polis, A. T. Haase, M. B. Feinberg, J. L. Sullivan, B. D. Jamieson, 

J. A. Zack, L. J. Picker & R. A. Koup (1998) Changes in thymic function with 

age and during the treatment of HIV infection. Nature, 396, 690- 



 

62  

  

5.  

Durudas, A., H. L. Chen, M. A. Gasper, V. Sundaravaradan, J. M. Milush, G. Silvestri, 

W. Johnson, L. D. Giavedoni & D. L. Sodora (2011) Differential innate immune 

responses to low or high dose oral SIV challenge in Rhesus macaques. Curr HIV 

Res, 9, 276-88.  

Dutertre, C. A., S. Amraoui, A. DeRosa, J. P. Jourdain, L. Vimeux, M. Goguet, S.  

Degrelle, V. Feuillet, A. S. Liovat, M. Muller-Trutwin, N. Decroix, C. Deveau, 

L. Meyer, C. Goujard, P. Loulergue, O. Launay, Y. Richard & A. Hosmalin 

(2012) Pivotal role of M-DC8(+) monocytes from viremic HIVinfected patients 

in TNFalpha overproduction in response to microbial products. Blood, 120, 

2259-68.  

Estes, J. D., Q. Li, M. R. Reynolds, S. Wietgrefe, L. Duan, T. Schacker, L. J. Picker,  

D. I. Watkins, J. D. Lifson, C. Reilly, J. Carlis & A. T. Haase (2006) Premature 

induction of an immunosuppressive regulatory T cell response during acute 

simian immunodeficiency virus infection. J Infect Dis, 193, 703- 

12.  

Estes, J. D., S. Wietgrefe, T. Schacker, P. Southern, G. Beilman, C. Reilly, J. M. Milush, 

J. D. Lifson, D. L. Sodora, J. V. Carlis & A. T. Haase (2007) Simian 

immunodeficiency virus-induced lymphatic tissue fibrosis is mediated by 

transforming growth factor beta 1-positive regulatory T cells and begins in early 

infection. J Infect Dis, 195, 551-61.  

Evans, T. G., W. Bonnez, H. R. Soucier, T. Fitzgerald, D. C. Gibbons & R. C.  

Reichman (1998) Highly active antiretroviral therapy results in a decrease in  

CD8+ T cell activation and preferential reconstitution of the peripheral CD4+  



 

63  

  

T cell population with memory rather than naive cells. Antiviral Res, 39, 163- 

73.  

Fahey, J. L., J. M. Taylor, R. Detels, B. Hofmann, R. Melmed, P. Nishanian & J. V. 

Giorgi (1990) The prognostic value of cellular and serologic markers in 

infection with human immunodeficiency virus type 1. N Engl J Med, 322, 166-

72.  

Fei, D. T., H. Paxton & A. B. Chen (1993) Difficulties in precise quantitation of  

CD4+ T lymphocytes for clinical trials: a review. Biologicals, 21, 221-31.  

Ferguson, M. R., D. R. Rojo, J. J. von Lindern & W. A. O'Brien (2002) HIV-1 replication 

cycle. Clin Lab Med, 22, 611-35.  

Ferreira, C., T. Barthlott, S. Garcia, R. Zamoyska & B. Stockinger (2000) Differential 

survival of naive CD4 and CD8 T cells. J Immunol, 165, 3689-94.  

Folks, T. M., K. A. Clouse, J. Justement, A. Rabson, E. Duh, J. H. Kehrl & A. S.  

Fauci (1989) Tumor necrosis factor alpha induces expression of human 

immunodeficiency virus in a chronically infected T-cell clone. Proc Natl Acad 

Sci U S A, 86, 2365-8.  

Fonteneau, J. F., M. Larsson, A. S. Beignon, K. McKenna, I. Dasilva, A. Amara, Y. J. 

Liu, J. D. Lifson, D. R. Littman & N. Bhardwaj (2004) Human  

immunodeficiency virus type 1 activates plasmacytoid dendritic cells and 

concomitantly induces the bystander maturation of myeloid dendritic cells. J 

Virol, 78, 5223-32.  



 

64  

  

Foulds, K. E., L. A. Zenewicz, D. J. Shedlock, J. Jiang, A. E. Troy & H. Shen (2002) 

Cutting edge: CD4 and CD8 T cells are intrinsically different in their 

proliferative responses. J Immunol, 168, 1528-32.  

French, M. A., M. S. King, J. M. Tschampa, B. A. da Silva & A. L. Landay (2009)  

Serum immune activation markers are persistently increased in patients with 

HIV infection after 6 years of antiretroviral therapy despite suppression of viral 

replication and reconstitution of CD4+ T cells. J Infect Dis, 200, 1212-5.  

Gandhi, R. T., J. Spritzler, E. Chan, D. M. Asmuth, B. Rodriguez, T. C. Merigan, M.  

S. Hirsch, R. W. Shafer, G. K. Robbins & R. B. Pollard (2006) Effect of 

baseline- and treatment-related factors on immunologic recovery after initiation 

of antiretroviral therapy in HIV-1-positive subjects: results from ACTG 384. J 

Acquir Immune Defic Syndr, 42, 426-34.  

Gauldie, J., C. Richards, W. Northemann, G. Fey & H. Baumann (1989) IFN beta 

2/BSF2/IL-6 is the monocyte-derived HSF that regulates receptor-specific acute 

phase gene regulation in hepatocytes. Ann N Y Acad Sci, 557, 46-58; discussion 

58-9.  

Gierens, H., M. Nauck, M. Roth, R. Schinker, C. Schurmann, H. Scharnagl, G. 

Neuhaus, H. Wieland & W. Marz (2000) Interleukin-6 stimulates LDL receptor 

gene expression via activation of sterol-responsive and Sp1 binding elements. 

Arterioscler Thromb Vasc Biol, 20, 1777-83.  

Giorgi, J. V., L. E. Hultin, J. A. McKeating, T. D. Johnson, B. Owens, L. P. Jacobson,  

R. Shih, J. Lewis, D. J. Wiley, J. P. Phair, S. M. Wolinsky & R. Detels (1999) 

Shorter survival in advanced human immunodeficiency virus type 1 infection is 



 

65  

  

more closely associated with T lymphocyte activation than with plasma virus 

burden or virus chemokine coreceptor usage. J Infect Dis, 179, 859-70.  

Giorgi, J. V., R. H. Lyles, J. L. Matud, T. E. Yamashita, J. W. Mellors, L. E. Hultin,  

B. D. Jamieson, J. B. Margolick, C. R. Rinaldo, Jr., J. P. Phair, R. Detels & A. 

C. S. Multicenter (2002) Predictive value of immunologic and virologic 

markers after long or short duration of HIV-1 infection. J Acquir Immune Defic 

Syndr, 29, 346-55.  

Giorgi, J. V., M. A. Majchrowicz, T. D. Johnson, P. Hultin, J. Matud & R. Detels (1998) 

Immunologic effects of combined protease inhibitor and reverse transcriptase 

inhibitor therapy in previously treated chronic HIV-1 infection.  

AIDS, 12, 1833-44.  

Goicoechea, M., D. M. Smith, L. Liu, S. May, A. R. Tenorio, C. C. Ignacio, A. Landay 

& R. Haubrich (2006) Determinants of CD4+ T cell recovery during suppressive 

antiretroviral therapy: association of immune activation, T cell maturation 

markers, and cellular HIV-1 DNA. J Infect Dis, 194, 29-37.  

Goodnough, L. T. & R. E. Marcus (1997) The erythropoietic response to  

erythropoietin in patients with rheumatoid arthritis. J Lab Clin Med, 130, 381- 

6.  

Gougeon, M. L., H. Lecoeur, A. Dulioust, M. G. Enouf, M. Crouvoiser, C. Goujard, T. 

Debord & L. Montagnier (1996) Programmed cell death in peripheral 

lymphocytes from HIV-infected persons: increased susceptibility to apoptosis 

of CD4 and CD8 T cells correlates with lymphocyte activation and with disease 

progression. J Immunol, 156, 3509-20.  



 

66  

  

Grau, A. J. (1997) Infection, inflammation, and cerebrovascular ischemia. Neurology,  

49, S47-51.  

Greene, W. C. (1993) AIDS and the immune system. Sci Am, 269, 98-105.  

Greub, G., B. Ledergerber, M. Battegay, P. Grob, L. Perrin, H. Furrer, P. Burgisser, P.  

Erb, K. Boggian, J. C. Piffaretti, B. Hirschel, P. Janin, P. Francioli, M. Flepp & 

A. Telenti (2000) Clinical progression, survival, and immune recovery during 

antiretroviral therapy in patients with HIV-1 and hepatitis C virus coinfection: 

the Swiss HIV Cohort Study. Lancet, 356, 1800-5.  

Grossman, Z., M. Meier-Schellersheim, A. E. Sousa, R. M. Victorino & W. E. Paul 

(2002) CD4+ T-cell depletion in HIV infection: are we closer to understanding 

the cause? Nat Med, 8, 319-23.  

Haase, A. T., K. Henry, M. Zupancic, G. Sedgewick, R. A. Faust, H. Melroe, W. Cavert, 

K. Gebhard, K. Staskus, Z. Q. Zhang, P. J. Dailey, H. H. Balfour, Jr., A. Erice & 

A. S. Perelson (1996) Quantitative image analysis of HIV-1 infection in 

lymphoid tissue. Science, 274, 985-9.  

Habeshaw, J., E. Hounsell & A. Dalgleish (1992) Does the HIV envelope induce a 

chronic graft-versus-host-like disease? Immunol Today, 13, 207-10.  

Hammer, S. M., K. E. Squires, M. D. Hughes, J. M. Grimes, L. M. Demeter, J. S. 

Currier, J. J. Eron, Jr., J. E. Feinberg, H. H. Balfour, Jr., L. R. Deyton, J. A. 

Chodakewitz & M. A. Fischl (1997) A controlled trial of two nucleoside 

analogues plus indinavir in persons with human immunodeficiency virus 

infection and CD4 cell counts of 200 per cubic millimeter or less. AIDS Clinical 

Trials Group 320 Study Team. N Engl J Med, 337, 725-33.  



 

67  

  

Hansson, G. K. (2005) Inflammation, atherosclerosis, and coronary artery disease. N  

Engl J Med, 352, 1685-95.  

Harbol, A. W., J. L. Liesveld, P. J. Simpson-Haidaris & C. N. Abboud (1994)  

Mechanisms of cytopenia in human immunodeficiency virus infection. Blood 

Rev, 8, 241-51.  

Harris, L. D., B. Tabb, D. L. Sodora, M. Paiardini, N. R. Klatt, D. C. Douek, G. Silvestri, 

M. Muller-Trutwin, I. Vasile-Pandrea, C. Apetrei, V. Hirsch, J. Lifson, J. M. 

Brenchley & J. D. Estes (2010) Downregulation of robust acute type I interferon 

responses distinguishes nonpathogenic simian immunodeficiency virus (SIV) 

infection of natural hosts from pathogenic SIV infection of rhesus macaques. J 

Virol, 84, 7886-91.  

Haynes, B. F., L. P. Hale, K. J. Weinhold, D. D. Patel, H. X. Liao, P. B. Bressler, D. M. 

Jones, J. F. Demarest, K. Gebhard-Mitchell, A. T. Haase & J. A. Bartlett  

(1999) Analysis of the adult thymus in reconstitution of T lymphocytes in  

HIV-1 infection. J Clin Invest, 103, 921.  

Hazenberg, M. D., S. A. Otto, B. H. van Benthem, M. T. Roos, R. A. Coutinho, J. M. 

Lange, D. Hamann, M. Prins & F. Miedema (2003) Persistent immune  

activation in HIV-1 infection is associated with progression to AIDS. Aids, 17, 

1881-8.  

Herbeuval, J. P., J. C. Grivel, A. Boasso, A. W. Hardy, C. Chougnet, M. J. Dolan, H. 

Yagita, J. D. Lifson & G. M. Shearer (2005a) CD4+ T-cell death induced by 

infectious and noninfectious HIV-1: role of type 1 interferon-dependent, 

TRAIL/DR5-mediated apoptosis. Blood, 106, 3524-31.  



 

68  

  

Herbeuval, J. P., A. W. Hardy, A. Boasso, S. A. Anderson, M. J. Dolan, M. Dy & G. M. 

Shearer (2005b) Regulation of TNF-related apoptosis-inducing ligand on 

primary CD4+ T cells by HIV-1: role of type I IFN-producing plasmacytoid 

dendritic cells. Proc Natl Acad Sci U S A, 102, 13974-9.  

Homann, D., L. Teyton & M. B. Oldstone (2001) Differential regulation of antiviral T-

cell immunity results in stable CD8+ but declining CD4+ T-cell memory.  

Nat Med, 7, 913-9.  

Hoover, D. R., N. M. Graham, B. Chen, J. M. Taylor, J. Phair, S. Y. Zhou & A. Munoz 

(1992) Effect of CD4+ cell count measurement variability on staging HIV-1 

infection. J Acquir Immune Defic Syndr, 5, 794-802.  

Hsue, P. Y., J. C. Lo, A. Franklin, A. F. Bolger, J. N. Martin, S. G. Deeks & D. D. Waters 

(2004) Progression of atherosclerosis as assessed by carotid intimamedia 

thickness in patients with HIV infection. Circulation, 109, 1603-8.  

Huang, W., V. De Gruttola, M. Fischl, S. Hammer, D. Richman, D. Havlir, R. Gulick,  

K. Squires & J. Mellors (2001) Patterns of plasma human immunodeficiency  

virus type 1 RNA response to antiretroviral therapy. J Infect Dis, 183, 1455- 

65.  

Hunt, P. W., J. Brenchley, E. Sinclair, J. M. McCune, M. Roland, K. Page-Shafer, P.  

Hsue, B. Emu, M. Krone, H. Lampiris, D. Douek, J. N. Martin & S. G. Deeks 

(2008) Relationship between T cell activation and CD4+ T cell count in 

HIVseropositive individuals with undetectable plasma HIV RNA levels in the 

absence of therapy. J Infect Dis, 197, 126-33.  

Hunt, P. W., H. L. Cao, C. Muzoora, I. Ssewanyana, J. Bennett, N. Emenyonu, A.  



 

69  

  

Kembabazi, T. B. Neilands, D. R. Bangsberg, S. G. Deeks & J. N. Martin (2011) 

Impact of CD8+ T-cell activation on CD4+ T-cell recovery and mortality in 

HIV-infected Ugandans initiating antiretroviral therapy. AIDS, 25, 2123-31.  

Hunt, P. W., J. N. Martin, E. Sinclair, B. Bredt, E. Hagos, H. Lampiris & S. G. Deeks 

(2003) T cell activation is associated with lower CD4+ T cell gains in human 

immunodeficiency virus-infected patients with sustained viral suppression 

during antiretroviral therapy. J Infect Dis, 187, 1534-43.  

Ishihara, K. & T. Hirano (2002) IL-6 in autoimmune disease and chronic inflammatory 

proliferative disease. Cytokine Growth Factor Rev, 13, 357-68.  

Jiang, W., M. M. Lederman, P. Hunt, S. F. Sieg, K. Haley, B. Rodriguez, A. Landay, J. 

Martin, E. Sinclair, A. I. Asher, S. G. Deeks, D. C. Douek & J. M. Brenchley 

(2009) Plasma levels of bacterial DNA correlate with immune activation and the 

magnitude of immune restoration in persons with  

antiretroviral-treated HIV infection. J Infect Dis, 199, 1177-85.  

Kalayjian, R. C., A. Landay, R. B. Pollard, D. D. Taub, B. H. Gross, I. R. Francis, A.  

Sevin, M. Pu, J. Spritzler, M. Chernoff, A. Namkung, L. Fox, A. Martinez, K.  

Waterman, S. A. Fiscus, B. Sha, D. Johnson, S. Slater, F. Rousseau, M. M. 

Lederman, A. C. T. G. P. T. Adult & A. C. T. G. P. T. Adult (2003) Agerelated 

immune dysfunction in health and in human immunodeficiency virus (HIV) 

disease: association of age and HIV infection with naive CD8+ cell depletion, 

reduced expression of CD28 on CD8+ cells, and reduced thymic volumes. J 

Infect Dis, 187, 1924-33.  



 

70  

  

Kaufmann, G. R., J. J. Zaunders, P. Cunningham & D. A. Cooper (1999) Phenotypic 

analysis of CD8+ T lymphocytes in a cohort of HIV type 1-infected patients 

treated with saquinavir, ritonavir, and two nucleoside analogs for 1 year, and 

association with plasma HIV type 1 RNA. AIDS Res Hum Retroviruses, 15, 963-

72.  

Kuller, L. H., R. Tracy, W. Belloso, S. De Wit, F. Drummond, H. C. Lane, B.  

Ledergerber, J. Lundgren, J. Neuhaus, D. Nixon, N. I. Paton & J. D. Neaton 

(2008) Inflammatory and coagulation biomarkers and mortality in patients with 

HIV infection. PLoS Med, 5, e203.  

Lahdevirta, J., C. P. Maury, A. M. Teppo & H. Repo (1988) Elevated levels of 

circulating cachectin/tumor necrosis factor in patients with acquired 

immunodeficiency syndrome. Am J Med, 85, 289-91.  

Landay, A., B. Ohlsson-Wilhelm & J. V. Giorgi (1990) Application of flow cytometry 

to the study of HIV infection. Aids, 4, 479-97.  

Lane, H. C., H. Masur, L. C. Edgar, G. Whalen, A. H. Rook & A. S. Fauci (1983) 

Abnormalities of B-cell activation and immunoregulation in patients with the 

acquired immunodeficiency syndrome. N Engl J Med, 309, 453-8.  

Lassen, K., Y. Han, Y. Zhou, J. Siliciano & R. F. Siliciano (2004) The multifactorial 

nature of HIV-1 latency. Trends Mol Med, 10, 525-31.  

Lau, B., A. R. Sharrett, L. A. Kingsley, W. Post, F. J. Palella, B. Visscher & S. J. Gange 

(2006) C-reactive protein is a marker for human immunodeficiency virus 

disease progression. Arch Intern Med, 166, 64-70.  



 

71  

  

Lau, D. C., B. Dhillon, H. Yan, P. E. Szmitko & S. Verma (2005) Adipokines:  

molecular links between obesity and atheroslcerosis. Am J Physiol Heart Circ 

Physiol, 288, H2031-41.  

Lederman, M. M., E. Connick, A. Landay, D. R. Kuritzkes, J. Spritzler, M. St Clair,  

B. L. Kotzin, L. Fox, M. H. Chiozzi, J. M. Leonard, F. Rousseau, M. Wade, J. 

D. Roe, A. Martinez & H. Kessler (1998) Immunologic responses associated 

with 12 weeks of combination antiretroviral therapy consisting of zidovudine, 

lamivudine, and ritonavir: results of AIDS Clinical Trials Group Protocol 315.  

J Infect Dis, 178, 70-9.  

Lederman, M. M., R. McKinnis, D. Kelleher, A. Cutrell, J. Mellors, M. Neisler, E. 

Cooney, D. W. Haas, R. Haubrich, J. Stanford, J. Horton, A. Landay & W. 

Spreen (2000) Cellular restoration in HIV infected persons treated with abacavir 

and a protease inhibitor: age inversely predicts naive CD4 cell count increase. 

AIDS, 14, 2635-42.  

Ledru, E., S. Diagbouga, N. Meda, P. T. Sanou, H. Dahourou, S. Ledru, A. Dembele, A. 

Zoubga & G. Durand (1998) A proposal for basic management of HIV disease 

in west Africa: use of clinical staging and haemogram data. Int J STD AIDS, 9, 

463-70.  

Lewden, C., T. May, E. Rosenthal, C. Burty, F. Bonnet, D. Costagliola, E. Jougla, C. 

Semaille, P. Morlat, D. Salmon, P. Cacoub & G. Chene (2008) Changes in causes 

of death among adults infected by HIV between 2000 and 2005: The "Mortalite 

2000 and 2005" surveys (ANRS EN19 and Mortavic). J Acquir Immune Defic 

Syndr, 48, 590-8.  



 

72  

  

Li, Q., J. D. Estes, P. M. Schlievert, L. Duan, A. J. Brosnahan, P. J. Southern, C. S.  

Reilly, M. L. Peterson, N. Schultz-Darken, K. G. Brunner, K. R. Nephew, S. 

Pambuccian, J. D. Lifson, J. V. Carlis & A. T. Haase (2009) Glycerol 

monolaurate prevents mucosal SIV transmission. Nature, 458, 1034-8.  

Liu, L., H. Z. Tuo, R. J. Wang, L. Yi, J. W. Wang & D. X. Wang (2011) Human 

cytomegalovirus-IgM seropositivity is not associated with atherogenic 

alterations of lipid profiles and inflammatory status in ischemic stroke patients: 

a preliminary study. Neurol Res, 33, 473-81.  

Mahalingam, M., M. Peakman, E. T. Davies, A. Pozniak, T. J. McManus & D. Vergani 

(1993) T cell activation and disease severity in HIV infection. Clin Exp 

Immunol, 93, 337-43.  

Mandy, F., J. Nicholson, B. Autran & G. Janossy (2002) T-cell subset counting and the 

fight against AIDS: reflections over a 20-year struggle. Cytometry, 50, 39- 

45.  

Margolick, J. B., A. Munoz, A. D. Donnenberg, L. P. Park, N. Galai, J. V. Giorgi, M.  

R. O'Gorman & J. Ferbas (1995) Failure of T-cell homeostasis preceding  

AIDS in HIV-1 infection. The Multicenter AIDS Cohort Study. Nat Med, 1, 674-

80.  

Martinez-Maza, O., E. Crabb, R. T. Mitsuyasu, J. L. Fahey & J. V. Giorgi (1987) 

Infection with the human immunodeficiency virus (HIV) is associated with an 

in vivo increase in B lymphocyte activation and immaturity. J Immunol, 138, 

3720-4.  



 

73  

  

Mastroianni, C. M., M. Lichtner, F. Mengoni, C. D'Agostino, G. d'Ettorre, G. Forcina, 

P. Santopadre, A. P. Massetti & V. Vullo (2000) Changes in circulating levels of 

soluble cell adhesion molecules following highly active antiretroviral treatment 

of HIV-1-infected patients. Clin Immunol, 95, 212-7.  

Matsuyama, T., N. Kobayashi & N. Yamamoto (1991) Cytokines and HIV infection: is 

AIDS a tumor necrosis factor disease? Aids, 5, 1405-17.  

Michie, H. R., K. R. Manogue, D. R. Spriggs, A. Revhaug, S. O'Dwyer, C. A. Dinarello, 

A. Cerami, S. M. Wolff & D. W. Wilmore (1988) Detection of circulating tumor 

necrosis factor after endotoxin administration. N Engl J Med, 318, 1481-6.  

Morfeldt-Manson, L., B. Bottiger, B. Nilsson & L. V. von Stedingk (1991) Clinical 

signs and laboratory markers in predicting progression to AIDS in HIV-1 

infected patients. Scand J Infect Dis, 23, 443-9.  

Nascimbeni, M., L. Perie, L. Chorro, S. Diocou, L. Kreitmann, S. Louis, L. Garderet, 

B. Fabiani, A. Berger, J. Schmitz, J. P. Marie, T. J. Molina, J. Pacanowski, J.  

P. Viard, E. Oksenhendler, S. Beq, O. Abehsira-Amar, R. Cheynier & A. 

Hosmalin (2009) Plasmacytoid dendritic cells accumulate in spleens from 

chronically HIV-infected patients but barely participate in interferon-alpha 

expression. Blood, 113, 6112-9.  

Nicholson, J. K. (1989) Use of flow cytometry in the evaluation and diagnosis of 

primary and secondary immunodeficiency diseases. Arch Pathol Lab Med, 113, 

598-605.  



 

74  

  

Nikulin, B. A. (1994) [The procedures for using immunological study methods in 

different diseases]. Voen Med Zh, 26-31, 80.  

Okamoto, T., T. Matsuyama, S. Mori, Y. Hamamoto, N. Kobayashi, N. Yamamoto, S.  

F. Josephs, F. Wong-Staal & K. Shimotohno (1989) Augmentation of human 

immunodeficiency virus type 1 gene expression by tumor necrosis factor alpha. 

AIDS Res Hum Retroviruses, 5, 131-8.  

Okoye, A., M. Meier-Schellersheim, J. M. Brenchley, S. I. Hagen, J. M. Walker, M. 

Rohankhedkar, R. Lum, J. B. Edgar, S. L. Planer, A. Legasse, A. W. Sylwester, 

M. Piatak, Jr., J. D. Lifson, V. C. Maino, D. L. Sodora, D. C. Douek, M. K. 

Axthelm, Z. Grossman & L. J. Picker (2007) Progressive CD4+ central memory 

T cell decline results in CD4+ effector memory insufficiency and overt disease 

in chronic SIV infection. J Exp Med, 204, 2171-85.  

Papagno, L., V. Appay, J. Sutton, T. Rostron, G. M. Gillespie, G. S. Ogg, A. King, A.  

T. Makadzanhge, A. Waters, C. Balotta, A. Vyakarnam, P. J. Easterbrook & S. 

L. Rowland-Jones (2002) Comparison between HIV- and CMV-specific T cell 

responses in long-term HIV infected donors. Clin Exp Immunol, 130, 509-17.  

Pepys, M. B. & G. M. Hirschfield (2003) C-reactive protein: a critical update. J Clin  

Invest, 111, 1805-12.  

Piconi, S., D. Trabattoni, A. Gori, S. Parisotto, C. Magni, P. Meraviglia, A. Bandera, A. 

Capetti, G. Rizzardini & M. Clerici (2010) Immune activation, apoptosis, and 

Treg activity are associated with persistently reduced CD4+ T-cell counts during 

antiretroviral therapy. AIDS, 24, 1991-2000.  



 

75  

  

Poccia, F., S. Boullier, H. Lecoeur, M. Cochet, Y. Poquet, V. Colizzi, J. J. Fournie & M. 

L. Gougeon (1996) Peripheral V gamma 9/V delta 2 T cell deletion and anergy 

to nonpeptidic mycobacterial antigens in asymptomatic HIV-1-infected persons. 

J Immunol, 157, 449-61.  

Poli, G., P. Bressler, A. Kinter, E. Duh, W. C. Timmer, A. Rabson, J. S. Justement, S. 

Stanley & A. S. Fauci (1990) Interleukin 6 induces human immunodeficiency 

virus expression in infected monocytic cells alone and in synergy with tumor 

necrosis factor alpha by transcriptional and post-transcriptional mechanisms. J 

Exp Med, 172, 151-8.  

Poli, G. & A. S. Fauci (1992) The effect of cytokines and pharmacologic agents on 

chronic HIV infection. AIDS Res Hum Retroviruses, 8, 191-7.  

Poli, G., A. L. Kinter & A. S. Fauci (1994) Interleukin 1 induces expression of the 

human immunodeficiency virus alone and in synergy with interleukin 6 in 

chronically infected U1 cells: inhibition of inductive effects by the interleukin 1 

receptor antagonist. Proc Natl Acad Sci U S A, 91, 108-12.  

Renaud, M., C. Katlama, A. Mallet, V. Calvez, G. Carcelain, R. Tubiana, M. Jouan,  

E. Caumes, H. Agut, F. Bricaire, P. Debre & B. Autran (1999) Determinants  

of paradoxical CD4 cell reconstitution after protease inhibitor-containing 

antiretroviral regimen. AIDS, 13, 669-76.  

Ridker, P. M. (2003) Clinical application of C-reactive protein for cardiovascular 

disease detection and prevention. Circulation, 107, 363-9.  



 

76  

  

Ridker, P. M., N. Rifai, L. Rose, J. E. Buring & N. R. Cook (2002) Comparison of 

Creactive protein and low-density lipoprotein cholesterol levels in the prediction 

of first cardiovascular events. N Engl J Med, 347, 1557-65.  

Rifai, N., R. Joubran, H. Yu, M. Asmi & M. Jouma (1999) Inflammatory markers in 

men with angiographically documented coronary heart disease. Clin Chem, 45, 

1967-73.  

Rodriguez, B., A. K. Sethi, V. K. Cheruvu, W. Mackay, R. J. Bosch, M. Kitahata, S.  

L. Boswell, W. C. Mathews, D. R. Bangsberg, J. Martin, C. C. Whalen, S. Sieg, 

S. Yadavalli, S. G. Deeks & M. M. Lederman (2006) Predictive value of plasma 

HIV RNA level on rate of CD4 T-cell decline in untreated HIV infection. Jama, 

296, 1498-506.  

Roederer, M., J. G. Dubs, M. T. Anderson, P. A. Raju, L. A. Herzenberg & L. A. 

Herzenberg (1995) CD8 naive T cell counts decrease progressively in 

HIVinfected adults. J Clin Invest, 95, 2061-6.  

Rotger, M., J. Dalmau, A. Rauch, P. McLaren, S. E. Bosinger, R. Martinez, N. G.  

Sandler, A. Roque, J. Liebner, M. Battegay, E. Bernasconi, P. Descombes, I. 

Erkizia, J. Fellay, B. Hirschel, J. M. Miro, E. Palou, M. Hoffmann, M. 

Massanella, J. Blanco, M. Woods, H. F. Gunthard, P. de Bakker, D. C. Douek,  

G. Silvestri, J. Martinez-Picado & A. Telenti (2011) Comparative transcriptomics of extreme 

phenotypes of human HIV-1 infection and SIV infection in sooty mangabey and rhesus 

macaque. J Clin Invest, 121, 2391400.  



 

77  

  

Sailaja, G., I. Skountzou, F. S. Quan, R. W. Compans & S. M. Kang (2007) Human 

immunodeficiency virus-like particles activate multiple types of immune cells. 

Virology, 362, 331-41.  

Sandler, N. G., H. Wand, A. Roque, M. Law, M. C. Nason, D. E. Nixon, C. Pedersen, 

K. Ruxrungtham, S. R. Lewin, S. Emery, J. D. Neaton, J. M. Brenchley, S. G.  

Deeks, I. Sereti, D. C. Douek & I. S. S. Group (2011) Plasma levels of soluble  

CD14 independently predict mortality in HIV infection. J Infect Dis, 203, 780- 

90.  

Sauce, D., M. Larsen, S. Fastenackels, M. Pauchard, H. Ait-Mohand, L. Schneider, A.  

Guihot, F. Boufassa, J. Zaunders, M. Iguertsira, M. Bailey, G. Gorochov, C.  

Duvivier, G. Carcelain, A. D. Kelleher, A. Simon, L. Meyer, D. Costagliola, S. 

G. Deeks, O. Lambotte, B. Autran, P. W. Hunt, C. Katlama & V. Appay (2011) 

HIV disease progression despite suppression of viral replication is associated 

with exhaustion of lymphopoiesis. Blood, 117, 5142-51.  

Schacker, T. W., P. L. Nguyen, G. J. Beilman, S. Wolinsky, M. Larson, C. Reilly & A. 

T. Haase (2002) Collagen deposition in HIV-1 infected lymphatic tissues and T 

cell homeostasis. J Clin Invest, 110, 1133-9.  

Schacker, T. W., C. Reilly, G. J. Beilman, J. Taylor, D. Skarda, D. Krason, M. Larson  

& A. T. Haase (2005) Amount of lymphatic tissue fibrosis in HIV infection 

predicts magnitude of HAART-associated change in peripheral CD4 cell count. 

AIDS, 19, 2169-71.  

Schmidt, R. E. (1989) Monoclonal antibodies for diagnosis of immunodeficiencies. 

Blut, 59, 200-6.  



 

78  

  

Sehgal, P. B. (1990) Interleukin-6: molecular pathophysiology. J Invest Dermatol, 94,  

2s-6s.  

Sempowski, G. D., L. P. Hale, J. S. Sundy, J. M. Massey, R. A. Koup, D. C. Douek,  

D. D. Patel & B. F. Haynes (2000) Leukemia inhibitory factor, oncostatin M, 

IL-6, and stem cell factor mRNA expression in human thymus increases with 

age and is associated with thymic atrophy. J Immunol, 164, 2180-7.  

Siliciano, J. D. & R. F. Siliciano (2000) Latency and viral persistence in HIV-1 

infection. J Clin Invest, 106, 823-5.  

Silvestri, G. & M. B. Feinberg (2003) Turnover of lymphocytes and conceptual 

paradigms in HIV infection. J Clin Invest, 112, 821-4.  

Simmons, A., V. Aluvihare & A. McMichael (2001) Nef triggers a transcriptional 

program in T cells imitating single-signal T cell activation and inducing HIV 

virulence mediators. Immunity, 14, 763-77.  

Sousa, A. E., J. Carneiro, M. Meier-Schellersheim, Z. Grossman & R. M. Victorino 

(2002) CD4 T cell depletion is linked directly to immune activation in the 

pathogenesis of HIV-1 and HIV-2 but only indirectly to the viral load. J  

Immunol, 169, 3400-6.  

Stacey, A. R., P. J. Norris, L. Qin, E. A. Haygreen, E. Taylor, J. Heitman, M.  

Lebedeva, A. DeCamp, D. Li, D. Grove, S. G. Self & P. Borrow (2009) 

Induction of a striking systemic cytokine cascade prior to peak viremia in acute 

human immunodeficiency virus type 1 infection, in contrast to more modest and 

delayed responses in acute hepatitis B and C virus infections. J Virol, 83, 3719-

33.  



 

79  

  

Stockmann, M., H. Schmitz, M. Fromm, W. Schmidt, G. Pauli, P. Scholz, E. O. Riecken 

& J. D. Schulzke (2000) Mechanisms of epithelial barrier impairment in HIV 

infection. Ann N Y Acad Sci, 915, 293-303.  

Sullivan, P. S., D. L. Hanson, S. Y. Chu, J. L. Jones & J. W. Ward (1998) Epidemiology 

of anemia in human immunodeficiency virus (HIV)-infected persons: results 

from the multistate adult and adolescent spectrum of HIV disease surveillance 

project. Blood, 91, 301-8.  

Swingler, S., A. Mann, J. Jacque, B. Brichacek, V. G. Sasseville, K. Williams, A. A. 

Lackner, E. N. Janoff, R. Wang, D. Fisher & M. Stevenson (1999) HIV-1 Nef 

mediates lymphocyte chemotaxis and activation by infected macrophages. Nat 

Med, 5, 997-103.  

Tanaka, N., K. Ito, S. Ishii & I. Yamazaki (1999) Autologous blood transfusion with 

recombinant erythropoietin treatment in anaemic patients with rheumatoid 

arthritis. Clin Rheumatol, 18, 293-8.  

Teixeira, L., H. Valdez, J. M. McCune, R. A. Koup, A. D. Badley, M. K. Hellerstein, L. 

A. Napolitano, D. C. Douek, G. Mbisa, S. Deeks, J. M. Harris, J. D.  

Barbour, B. H. Gross, I. R. Francis, R. Halvorsen, R. Asaad & M. M.  

Lederman (2001) Poor CD4 T cell restoration after suppression of HIV-1 

replication may reflect lower thymic function. Aids, 15, 1749-56.  

Tesselaar, K., R. Arens, G. M. van Schijndel, P. A. Baars, M. A. van der Valk, J. Borst, 

M. H. van Oers & R. A. van Lier (2003) Lethal T cell immunodeficiency 

induced by chronic costimulation via CD27-CD70  

interactions. Nat Immunol, 4, 49-54.  



 

80  

  

Tincati, C., G. M. Bellistri, M. Casana, E. Merlini, L. Comi, F. Bai, E. Sinigaglia, M. 

Cristina, G. Carpani, T. Bini, A. D. Monforte & G. Marchetti (2009) CD8+ 

hyperactivation and senescence correlate with early carotid intima-media 

thickness in HIV+ patients with no cardiovascular disease. J Acquir Immune 

Defic Syndr, 51, 642-4.  

Turner, B. J., F. M. Hecht & R. B. Ismail (1994) CD4+ T-lymphocyte measures in the 

treatment of individuals infected with human immunodeficiency virus type 1. A 

review for clinical practitioners. Arch Intern Med, 154, 1561-73.  

Valdez, H., E. Connick, K. Y. Smith, M. M. Lederman, R. J. Bosch, R. S. Kim, M. St 

Clair, D. R. Kuritzkes, H. Kessler, L. Fox, M. Blanchard-Vargas & A. Landay 

(2002) Limited immune restoration after 3 years' suppression of HIV-1 

replication in patients with moderately advanced disease. Aids, 16, 1859-66.  

Vassallo, M., B. Dunais, J. Durant, H. Carsenti-Dellamonica, A. Harvey-Langton, J. 

Cottalorda, M. Ticchioni, M. Laffon, C. Lebrun-Frenay, P. Dellamonica & C. 

Pradier (2013) Relevance of lipopolysaccharide levels in HIV-associated 

neurocognitive impairment: the Neuradapt study. J Neurovirol, 19, 376-82.  

Vaughan, C. J. (2003) Prevention of stroke and dementia with statins: Effects beyond 

lipid lowering. Am J Cardiol, 91, 23B-29B.  

Veazey, R. S., P. A. Marx & A. A. Lackner (2003) Vaginal CD4+ T cells express high 

levels of CCR5 and are rapidly depleted in simian immunodeficiency virus 

infection. J Infect Dis, 187, 769-76.  



 

81  

  

Viard, J. P., A. Mocroft, A. Chiesi, O. Kirk, B. Roge, G. Panos, N. Vetter, J. N. Bruun, 

M. Johnson, J. D. Lundgren & S. S. G. Euro (2001) Influence of age on CD4 

cell recovery in human immunodeficiency virus-infected patients receiving 

highly active antiretroviral therapy: evidence from the EuroSIDA study. J Infect 

Dis, 183, 1290-4.  

Wang, J. K., E. Kiyokawa, E. Verdin & D. Trono (2000) The Nef protein of HIV-1 

associates with rafts and primes T cells for activation. Proc Natl Acad Sci U S 

A, 97, 394-9.  

Weiss, L., P. Ancuta, P. M. Girard, H. Bouhlal, A. Roux, N. H. Cavaillon & M. D. 

Kazatchkine (1999) Restoration of normal interleukin-2 production by CD4+ T 

cells of human immunodeficiency virus-infected patients after 9 months of 

highly active antiretroviral therapy. J Infect Dis, 180, 1057-63.  

Wood, E., B. Yip, R. S. Hogg, C. H. Sherlock, N. Jahnke, R. P. Harrigan, M. V. 

O'Shaughnessy & J. S. Montaner (2000) Full suppression of viral load is needed 

to achieve an optimal CD4 cell count response among patients on triple drug 

antiretroviral therapy. Aids, 14, 1955-60.  

Wyss-Coray, T. (2006) Inflammation in Alzheimer disease: driving force, bystander or 

beneficial response? Nat Med, 12, 1005-15.  

Zhou, D., X. Lai, Y. Shen, P. Sehgal, L. Shen, M. Simon, L. Qiu, D. Huang, G. Z. Du,  

Q. Wang, N. L. Letvin & Z. W. Chen (2003) Inhibition of adaptive 

Vgamma2Vdelta2+ T-cell responses during active mycobacterial coinfection of 

simian immunodeficiency virus SIVmac-infected monkeys. J Virol, 77, 2998-

3006.  



 

82  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

APPENDIX I  

KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY  

SCHOOL OF MEDICAL SCIENCES  

DEPARTMENT OF MOLECULAR MEDICINE PARTICIPANT 

INFORMATION LEAFLET  



 

83  

  

Title of the Research:   

CORRELATION OF SERUM LEVEL OF INFLAMMATORY MARKERS  

WITH CD4 COUNT IN HAART NAÏVE HIV PATIENT AND PATIENT ON  

HAART  

Names and Affiliations of Researchers:   

This research is being conducted by Mr. Kwame Osei Wiredu and Prof. (Mrs.)  

Margret T. Frempong, Department of Molecular Medicine, School of Medical Sciences, 

Kwame Nkrumah University of Science and Technology, Kumasi.  

Background:   

This research is about the effect of inflammatory cytokines in HIV patients. More than 

34 million people now live with HIV/AIDS out of which 3.3 million of them are under 

the age of 15 (UNAIDS World AIDS Day Report 2012).  

HIV infects helper T cells (CD4+ T cells), macrophages, and dendritic cells 

(Cunningham et al., 2010). These cells activate both B-cell and cytotoxic T-cell immune 

responses. Without helper T-cells, the body cannot make antibodies properly, nor can 

infected cells containing HIV be properly eliminated. When CD4+ T cell numbers 

decline below a critical level, cell-mediated immunity is lost, and the body becomes 

progressively more susceptible to opportunistic infections. HIV been a chronic infection 

is associated with inflammation. This results in persistent activation of the T-cells 

weakening the immune system. Long-term immune activation and sustained high levels 

of pro-inflammatory cytokines can cause damage throughout the body.  

http://en.wikipedia.org/wiki/Helper_T_cell
http://en.wikipedia.org/wiki/Helper_T_cell
http://en.wikipedia.org/wiki/CD4
http://en.wikipedia.org/wiki/CD4
http://en.wikipedia.org/wiki/CD4
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http://en.wikipedia.org/wiki/Dendritic_cell
http://en.wikipedia.org/wiki/Dendritic_cell
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http://en.wikipedia.org/wiki/Cell-mediated_immunity
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Combination ART is the most effective strategy for reducing excessive immune 

activation and inflammation. Numerous studies have shown that suppressing HIV viral 

load decreases the number of activated T-cells and reduces blood levels of several 

inflammation biomarkers; conversely, stopping treatment can worsen inflammation.  

 In Ghana, there is no information on the correlation of inflammatory makers and 

lymphocytes subsets in on-treatment and treatment naïve HIV patients. This will help 

ascertain the effect of inflammatory makers on lymphocyte subsets in the pathogenesis 

of HIV patients and further enhance effective management of People living with 

HIV/AIDS (PLWHAs) in Ghana.  

 Purpose of the Research:   

The purpose of this research is to find out whether inflammatory markers have any 

correlation with the lymphocyte subset of HIV patients before and during treatment.  

Procedure of the Research:  

To accomplish the purpose of this research about Seven millilitres (7mls) of venous 

blood will be drawn each participant into a vacutainer; three millilitre (3mls) into 

anticoagulated tube for full blood count and CD4 count analysis and four millilitres 

(4mls) in coagulated tube for analysis of inflammatory markers. Hundred (100) HIV 

patients were randomly selected from the study population with fifty each for newly 

diagnosed and those on ART for 6 months or more together with fifty (50) normal 

control individuals from the blood donors at the Blood Bank.  

Risk:   
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The blood sample taking can be inconvenient to you. You may develop burning 

sensation or swelling at the site where the blood will be drawn from since a syringe and 

needle would be used.   

Benefit:   

You would get to know effect of inflammatory cytokines on your CD4 count. The 

outcome of this research in Ghana would also help in the management of People living 

with HIV/AIDS (PLWHAs) in the future.   

Confidentiality:   

All information which will be collected from you in this research will be given code 

numbers. Data collected will not be linked to you in anyway. No name or identifier will 

be used in any publication or reports from this research. However, as part of our 

responsibility to conduct this research properly, we may allow officials from the ethics 

committee to have access to your records.  

Voluntariness:   

Taking part in this research should be out of your own free will.  You are not under any 

obligation to take part in this research.  This research is entirely voluntary.   

Alternatives to Participation:   

If you choose not to participate in this research, services provided to you in this 

company will not be affected in any way.  

Withdrawal from the Research:   
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You may choose to withdraw from the research at any time without having to explain 

yourself to the researchers. You may also choose not to answer any question you find 

uncomfortable or private.    

Consequence of Withdrawal:  

There will be no consequence, loss of benefit or care to you if you choose to withdraw 

from this research.  Please note however that, some of the information that may have 

been obtained from you, before you chose to withdraw, may have been modified or used 

in analysis of reports and publications.  These cannot be removed anymore. We do 

promise to comply with your wishes as much as practicable.  

Contacts:  

If you have any question concerning this research, please do not hesitate to contact Mr. 

Kwame Osei Wiredu (054777 2777/ 0501384488) and Prof. (Mrs.) Margret T.  

Frempong (0208 186 136).  

  

    

Further, if you have any concern about the conduct of this research, your welfare 

or your rights as a research participant, you may contact:  

The Office of the Chairman  

Committee on Human Research and Publication Ethics  

Kumasi  

Tel: 0322 063 248 or 0205 453 785  
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APPENDIX II  

KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY  

SCHOOL OF MEDICAL SCIENCES  

DEPARTMENT OF MOLECULAR MEDICINE  

CONSENT FORM  

Statement of person obtaining informed consent:  

 I  have  fully  explained  this  research  to  

 ________________________________________  and  have  given  sufficient  

information about the research, including that on procedures, risks and benefits, to 

enable the prospective participant to make an informed decision to or not to  

participate.  

DATE: _____________________  NAME: _________________________________ 

Statement of person giving consent:  
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I have read the information on this research or have had it translated into a language I 

understand. I have also talked it over with the interviewer to my satisfaction.   

I understand that my participation is voluntary (not compulsory).   

I know enough about the purpose, methods, risks and benefits of the research to decide 

that I want to take part in it.   

  

I understand that I may freely stop being part of this research at any time without having 

to explain myself.   

I have received a copy of this information leaflet and consent form to keep for myself. 

NAME: ______________________________________________________________  

DATE:_________________SIGNATURE/THUMBPRINT: ____________________  

Statement of person witnessing consent (Process for Non-Literate Participants):  

I ______________________________________ (Name of Witness) certify that 

information   

given to _______________________________________ (Name of Participant), in the 

local language, is a true reflection of what I have read from the research Participant 

Information Leaflet, attached.  

WITNESS’ SIGNATURE: ____________________________________   

    

KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY  

FACULTY OF HEALTH SCIENCES SCHOOL OF MEDICAL SCIENCES  
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DEPARTMENT OF MOLECULAR MEDICINE  

RESEARCH QUESTIONNAIRE  

GENERAL INFORMATION  

1. Sample ID:……………………………………………………………  

2. Age: □18-24   □25-30    □31-35   □36-40   □ 41-45  

3. Place of residence:……………………………………………………..  

4. Marital status:     □Single       □Marriage     □Divorced  

5. Educational level: □Primary    □Secondary   □Tertiary   □None  

6. Occupation:           □Self-employed                  □Employee  

7. If employed, are you working with:  □Private   □Public  

8. Which drugs are you on:  NNRTI     □Nevirapine       □Efavirenz   □Etravirine   

NRTI      □Lamivudine  □Zidovudine     □Abacavir     □Didanosine                     

PLS □Indinavir   □Atazanavir  □Ritonavir  

9. Duration of therapy:………….  

10. (a) Switch from first to second line?          □ Yes                    □No  

10. (b) Reasons for the switch.  

………………………………………………………………………………… 

………………………………………………………………………………… 

………………………………………………………………………………… 

………………………………………………………………………………… 

…………………………………………………………………………………   

    

11. (a)    Have you ever  defaulted:                  □No        □Yes  
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11.(b)If yes why   

………………………………………………………………………………… 

………………………………………………………………………………… 

………………………………………………………………………………… 

…………………………………………………………………………………  

11. (c) Time interval.                    □ Week ……      □ month…….  

12. The last CD4 count done if available. …….   

  


