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ABSTRACT
Human immunodeficiency virus (HIV)-1, co infection with hepatitis B virus (HBV) and
hepatitis C virus (HCV) challenges the immune system. Regulated on activation normal
T cell expressed and secreted (RANTES) is one of the natural ligands for the chemokine
during infections such as HIV and by use of receptors ligand processes potently
suppresses viral infection. The purpose of the study was to determine the effects of
HIV-1 on leukocytes while in association with HBV and HCV co infection, with
possible of activation of RANTES G 28. Absolute CD4+, CD3+ count was determined
by FACS caliber machine of Becton Dickinson while differential counts were analyzed
by Abacus 5 automated Blood Analyzer. HCV was serotyped using HCV ELISA–
MUREX anti-HCV while HBV using HBV Elisa-Hepanostika HBsAg Ultra. HIV-1
®

®

was determined by COBAS AmpliPrep/COBAS TaqMan. DNA was extracted using
Qiagen reagents and Polymerase Chain reaction (PCR) was carried out using
conventional PCR. The mean ± SD level of CD4 and neutrophils was lower than normal
range but high with absolute lymphocytes. The effect of HIV-1/HBV reduced with an
additional effect of CD3, CD4, absolute lymphocyte, basophils and platelets. The effect
of HIV-1/HCV co infecion reduced with an additional effect of CD4, absolute
lymphocytes, neutrophils, eosinophils and basophils and the effect of HIV-1/HBV/HCV
coinfection reduced with additional effect of CD4, absolute lymphocytes, eosinophils
and basophils. Out of the total blood samples, 76.9% HIV-1 expressed RANTES G 28,
HIV-1/HBV (86%), HIV-1/HBV (83%) and HIV-1/HBV/HCV co infection (100%).
RANTES G 28 positively correlated with HIV-1, HIV-1/HBV, HIV-1/HCV and HIV1/HBV/HCV co infections, and also with all the leukocytes. The effect of RANTES G
28 effect was to increase in presence of HIV-1 infection, HIV/HBV and HIV1/HBV/HCV co infection. RANTES G 28 effect also increased with additional effect of
CD3, CD4, absolute lymphocytes, monocytes and platelets. A positive correlation was
between RANTES G 28 and all the leukocytes. RANTES G 28 expression presented a
xxiii

mean ± SD levels of the maximum response of leukocytes to RANTES G 28 during the
infections. Study generated baseline data conceived to be useful in monitoring the effect
of HIV-1 infection, HIV-1/HBV, HIV-1/HCV infection on leukocytes also in presence
of RANTES G 28. More research is required on HIV-1 and in presence of co infection
and RANTES G 28.

xxiv

CHAPTER ONE
INTRODUCTION
1.1 Background information
Immune activation is a hallmark of infection and with the impacts on innate and
adaptive immunity (Champagne et al., 2001). Most viral infections induce cellular and
humoral immune responses that act to limit viral spread, clear infection and provide
protective immunity against reinfection with the same virus (Champagne et al., 2001),
however, a number of viruses have evolved varied and sophisticated mechanisms to
establish persistent infection, even in immunocompetent hosts (Champagne et al., 2001).
Chronic immune activation is a characteristic feature of Human immunodeficiency virus
(HIV-1) infection contributing to Cluster of differentiation type 4 cells (CD4+) T cell
loss and progression to Acquired immune Deficiency (AIDS) and death (Brenchley et
al., 2004). Persistent immune activation is characterized by elevated levels of serum
cytokines and chemokines (Valdez &Lederman 1998). HIV-infected or HIV-specific T
cells exhibit increased levels of activation and turn-over (Valdez & Lederman 1998).
Also directly or indirectly affected by the virus, including Cluster of Differentiation 8
(CD8) T cells, monocytes, macrophages, B lymphocytes, neutrophils and dendritic cells
(Zhang et al., 2003; Zhu et al., 2002; Meltzer et al., 1990; Moir et al., 2001; Macatonia
et al., 1990). Dysfunction of these cells plays a major role in particular aspects of HIV
pathogenesis (Foley et al., 1992). As a consequence HIV-infected individuals have
various perturbations of their immunological status, such as an inability to respond to
recall antigens (Foley et al., 1992), inappropriate responses to vaccinations (Veiga et al.,
2006), permanent hyperactivation states (Sousa et al., 2002) with paradoxical
hyporesponsiveness to stimuli (Gruters et al., 1990), cell cycle deregulation (Galati and
Bocchino, 2007) and imbalances in the production of cytokines (Barcellini et al., 1994).
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1.1.1Human Immunodeficiency Virus
The Human Immunodeficiency Viruses (HIV) (Figure 1.0) is a member of the family of
Retroviruses, in the genus of Lentiviruses (Weiss et al., 2004). Retroviruses have been
found in various vertebrate species, associated with a wide variety of diseases, in both
animals and humans (Weiss et al., 2004). In particular, retroviruses have been found to
be associated with malignancies, autoimmune diseases, immunodeficiency syndromes,
aplastic and haemolytic anaemias, bone and joint disease and diseases of the nervous
system (Weiss et al., 2004). The human immunodeficiency viruses (HIV) are
approximately 100 nm in diameter and has a lipid envelope, in which are embedded the
trimeric transmembrane glycoprotein gp41 to which the surface glycoprotein gp120 is
attached. These two viral proteins are responsible for attachment to the host cell and are
encoded by the env gene of the viral RNA genome (Cleghorn et al., 2005).
The main attachment receptor for HIV is the CD4 molecule that is present on the CD4
positive T (helper) lymphocyte, macrophages, and microglial cells (Cleghorn et al.,
2005). The viral gp120 binds initially to this CD4 molecule, which then triggers a
conformational change in the host-cell envelope that allows binding of the co-receptor
(either CCR5 or CXCR4) which is required for fusion between virus envelope and cell
membrane (Weiss et al., 2004). Macrophages carry the CCR5 co-receptor; hence HIV
strains requiring the CCR5 co-receptor for entry are also referred to as 'macrophagetropic' although they also infect lymphocytes (Cleghorn et al., 2005).
All retroviruses encode a reverse transcriptase enzyme that transcribes its viral RNA into
double-stranded DNA (dsDNA), which is then integrated, via the action of the integrase
enzyme into the host-cell genome (Damond et al., 2004). The viral integrated dsDNA or
'provirus' then acts as a template for viral genomic and messenger RNA transcription by
the host cell's nucleic acid replicating machinery (Damond et al., 2004).

2

The HIV infection induces a state of immune activation, which is responsible in part for
the immune pathogenesis of the disease (Champagne et al., 2001). The virus escapes
from the immune surveillance by mechanisms such as mutations of immunodominant
Cytotoxic T Lymphocytes (CTL) epitopes and

down regulation of major

histocompatibility complex class-1 (MHC-I) molecules on the infected cells
(Champagne et al., 2001).

Figure 1.0: Schematic structure of HIV-1 envelope glycoprotein gp120 and gp41
Source: Principles and Practice of Infectious Diseases, 6th ed. pp2119-2133. (Cleghorn
et al., 2005)
Acquired Immunodeficiency Syndrome (AIDS) is caused by a HIV. The virus infects
certain types of white blood cells, principally CD4 cells (also called helper cells or T4cells) and monocytes/macrophages (Nelson et al., 1988). The CD4 cells and
macrophages both have important functions in the immune system (Nelson et al., 1988).
The disruption of the function of these cells lies at the heart of the immunodeficiency
that characterizes AIDS (Nelson et al., 1988). This syndrome represents the late clinical
stage of HIV infection resulting from progressive damage to the immune system, leading
3

to one or more of the many opportunistic infections and cancers listed in the case
definition (American Public Health Association. Heymann DL, 2008). AIDS is a
syndrome, and is not transferable, but the HIV virus, which leads to AIDS, is transmitted
from person to person (Nelson, J. et al., 1988).
The HIV infection disrupts the functioning of the immune system and a weakened
immune system allows the development of a number of different infections and cancers,
and these diseases which causes illness and death in people with AIDS (Pomerantz et
al., 1987). HIV also infects and causes direct damage to other types of cells: for
example, damage to the lining of the intestine can contribute to wasting (severe weight
loss); damage to nerve cells can cause neurological problems (Elder, G &Sever, J,
1988). The time from HIV infection to the diagnosis of AIDS has a range from less than
one year to 18 years or longer (National Collaborating Centre for Infectious Diseases
(NCCID), 2008).
Epidemiological evidence suggests that transmissibility begins early after the onset of
HIV infection and extends throughout life (Pickering et al., 2009). Infectiousness is
highest during the initial infection, and rises with increasing immune deficiency. The
presence of other STIs, especially ulcerative STIs, increases the likelihood of
transmission (Pickering et al., 2009).
1.1.2 Hepatitis Virus
1.1.2.1 Hepatitis B virus
Worldwide, about 90% of HIV-positive patients have evidence of previous Hepatitis B
virus (HBV) infection, whereas 10% of the HIV-positive population has evidence of
chronic HBV infection (Kellerman et al., 2003). Hepatitis B virus (HBV) (figure 1.2) is
more common in human immunodeficiency virus (HIV)–infected individuals than in the
general population owing to shared risk factors for viral acquisition (Kellerman et al.,
4

2003). The HIV infection has an adverse impact on HBV-related liver disease
progression with higher serum HBV DNA polymerase activity, lower rates of loss of
serum hepatitis B e antigen (HBeAg), increased risk of cirrhosis, liver-related mortality,
and hepatocellular carcinoma at lower CD4 T-cell counts (Mathews et al., 2003).
Liver-related mortality is higher in chronic HIV and HBV co-infection than in HIV or
HBV infection alone because of an accelerated fibrosis progression rate (Thio et al.,
2002).

Figure 1.1: Map of the hepatitis B virus (HBV).
Source: J Infect Dis. 188: 571–77- (Kellerman et al., 2003)
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1.1.2.2 Hepatitis C virus
Hepatitis C virus (HCV) (Figure 1.3) is a positive-stranded ribonucleic acid (RNA) virus
belonging to the Flavi viridae family (Rehermann et al., 2009).

Six major HCV

genotypes have been identified and more than 100 subtypes have been identified
throughout the world on the basis of molecular relatedness of conserved and nonconserved regions (Rehermann et al., 2009). Several distinct but closely related HCV
sequences coexist within each infected individual referred to as quasi-species
(Rehermann et al., 2009). They reflect a high replication rate of the virus and the lack of
a proofreading capacity of the RNA-dependent RNA polymerase (Rehermann et al.,
2009). More than 170 million people worldwide are chronically infected with HCV,
which is a major cause of chronic hepatitis, cirrhosis, and hepatocellular carcinoma
(Rehermann et al., 2009).
A correlation between symptomatic disease and viral clearance has been reported,
possibly due to a more vigorous immune response, which also results in greater liver
injury (Gerlach et al., 2003). In chronic HCV infection, the liver is typically infiltrated
by mononuclear cells including CD4+ and CD8+ T lymphocytes, B lymphocytes, as well
as natural killer (NK) cells (CD56+CD3−) and NK T cells (CD56+CD3+) (Maria
Giovanna et al., 2012).
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Figure 1.2: The genomic structure of hepatitis C virus (HCV).
Source: Immunology of Hepatitis B Virus and Hepatitis C Virus infection vol 5. Pg 219
(Barbara & Michelina, 2005)
1.1.2.3 HIV/Hepatitis co infection
Due to shared modes of transmission, as many as 30 to 40% of people infected with HIV
may also be coinfected with HCV or HBV (Vlahakis et al., 2003). Moreover, HIV1,Hepatitis co infection is a significant problem among injection drug users (IDUs) as
well as men who have sex with men (MSMs) and HIV can worsen hepatitis C infection
(Vlahakis et al., 2003). HIV/HCV co-infection has been associated with a faster rate of
hepatitis C disease progression, higher HCV viral loads, and a greater risk of developing
severe liver damage (Vlahakis et al., 2003).
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HIV-1 and HCV infections are both major global health problems. The HIV-1 pandemic
has claimed over 20 million lives and more than 33 million people are estimated to be
living with HIV-1/AIDS worldwide (UN AIDS, (2010). The HCV infects 170 million
people globally (World Health Organization, 2011) and the majority of these infected
individuals develop chronic hepatitis thereby becoming a potential source of HCV
transmission (Backmund et al., 2001). Due to their shared routes of transmission, HIV-1
and HCV co infection affects approximately 25–33% of HIV-1-infected persons
(Backmund et al., 2001). HIV-1 co infection accelerates HCV-related liver injury,
resulting in faster development of cirrhosis and end-stage liver disease (Benhamou et al.,
1999).
The accelerated progression of liver disease due to HIV-1 and HCV co infection has
emerged as a leading cause of death in HIV-1-infected persons (Koziel et al., 1999). The
liver injury in HCV infection is thought to be mainly due to attacks of immune responses
and of inflammatory factors rather than a direct cytopathic effect (CPE) of the virus
itself (Koziel et al., 1999). Acute HCV infection in humans or chimpanzees shows that
high levels of viremia are detectable for several weeks before the onset of hepatitis,
suggesting that HCV is not directly cytopathic (Koziel et al., 1999). Following HCV
infection, the immune system responds to viral components by activating immune cells
to specifically combat the viral infection. However, when this vigorous immune
response fails to eliminate the virus, chronic infection is established (Koziel et al.,
1999). This results in an ongoing process of hepatic apoptosis, inflammation,
regeneration and fibrosis that in many cases leads to the development of cirrhosis and of
hepatocellular carcinoma (HCC) (Koziel et al., 1999).
Among the cytokines, increased intrahepatic expressions of tumor necrosis factor alpha
(TNF-α), transforming growth factor beta (TGF-β) have been observed in persons with
chronic HCV infection (Blackard et al., 2006). These cytokines have been recognized as
key regulators in liver damage (Blackard et al., 2006). The suppression of intrahepatic
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cytokines during HIV-1, HCV co infection lead to an imbalance between pro-fibrogenic
and anti-fibrogenic cytokines (Blackard et al., 2006), thus favoring liver fibrosis and
HCV replication in the liver, increases the risk of cirrhosis and end-stage liver disease in
HCV co infection (Blackard et al., 2006).
Hepatic damage in chronic HBV infection is predominantly immune mediated, with
CD8 cytotoxic T lymphocytes targeting HBV antigens on infected hepatocytes, resulting
in hepatocellular inflammation and necrosis (Perrillo, 2001). Co infection with HIV
alters the natural history of HBV disease resulting in higher rates of hepatitis B e antigen
(HBeAg), and higher levels of HBV DNA but lower alanine aminotransferase (ALT)
levels (Harcourt et al.,2006). This cause’s similar or reduced necroinflammatory activity
noted upon histological examination and liver disease progresses (Harcourt et al., 2006).
HIV-infected Kupffer cells shift to a

T helper (Th) 2 cytokine response, in turn

influencing the hepatic stellate cells (HSCs), the major mediators of collagen deposition
and fibrogenesis in the liver (Harcourt et al., 2006).
1.2 Statement of Problem
Upon viral infections, the cells of immunity are recruited and activated at the site of
infection but the rate of viral load and spread of the infection increases with time in the
host. The HIV-1/HBV/HCV co infections affect cells of immune system and cause
immune dysfunction. Due to infections, the body system elicits different types of
molecules unknown to many people, said to have immune characteristics but needed to
be studied and understood. RANTES G 28 is a chemokine that regulate protective
immunity to viral infection and has complex effect on the variety of cell. The chemokine
bind to receptors and may play an important part in controlling the extent of the
infection in the early pathogenesis of the disease. During the HIV-1/HBV/HCV co
infection, RANTES G 28 is said to be expressed by the leukocytes; it has effects on the
recruitment and attraction of leukocytes to the sites of infection and the association of
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RANTES G 28 on leukocytes in presence of HIV-1/HBV/HCV co infection. However
there is a need to establish the expression of RANTES G 28 in the presence of HIV-1
infection, HIV-1/HBV and HIV-1/HCV co infections and the leukocytes.
1.3 Justification
Due to increased cases of symptomatic and asymptomatic HIV-1 infection, HIV-1/HBV,
HIV-1/HCV co infections, there is a need to understand the interaction of cells of
immune system. The chemokine system is critically involved in the control of viral
replication by virtue of the role played by specific chemokine receptors such as
RANTES receptor on leukocytes. This plays a critical role in pathogenesis of the viral
infection disorders. RANTES being a protective chemokine could play an important role
during HIV-1 infection, HIV-1/HBV and HIV-1/HCV co infections. However there is a
need to establish the expression of RANTES G 28 in the presence of HIV-1 infection,
HIV-1/HBV and HIV-1/HCV co infections and its effect on leukocytes. This will create
an understanding of the regulatory and protective immunity expressed during the
infections and the chemo potent attractant of immune cells to the site of infections. This
study seeks to establish the expression and the effects of RANTES G 28 on the
leukocytes in the presence HIV-1infection, HIV-1/HBV, and HIV-1/HCV co infections.
This will generate baseline data that is usefully in the management of the co infections.
1.4 Research Gap
Some chemokines are expressed during HIV-1, HIV/HBV and HIV/HCV co infections.
Activation of RANTES G 28 will be a useful tool in management and development of
immunity; however the expression and the effects of RANTES G 28 in cells of immune
system need to be investigated
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1.5 Research Hypothesis
i.

HIV-1 infection, HIV/HCV, HIV/HBV co infection has no effects on the
distribution of the leucocytes.

ii.

RANTES G 28 is not expressed during HIV-1 infection, HIV/HCV,
HIV/HBV co infection

iii.

RANTES G 28 has no effect on the distribution of leucocytes

1.6 Research Objectives
1.6.1 General objective
To determine the effect of HIV-1 infection, HIV/HBV, HIV/HCV co infections on
leukocytes in the presence of activated RANTES G 28.
1.6.2 Specific objectives
1) To determine the sero prevalence of HIV-1 infection, HIV-1/HBV and HIV-1/HCV
co infections.
2) To evaluate the effects of HIV-1 infection on leukocytes.
3) To analyze the effects of HIV-1infection on leukocytes in association with HBV and
HCV co infection.
4) To determine the presence of activated SNP RANTES G 28 in HIV infection and in
co infection with HBV and HCV and its effect on the leukocytes.
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CHAPTER TWO
LITERATURE REVIEW
2.1 Entry of HIV into immune cells
During HIV infection, the perturbation of the adaptive and innate immune responses
contributes to the progressive immune suppression leading to an increased susceptibility
to opportunistic infections and neoplastic diseases (Peterlin & Trono, 2003). This causes
gradual loss of CD4+ T cells, CD8+ T cell dysfunction, decreased number and function
of natural killer(NK) cells which can be a consequence of the functional impairment and
variation in the number of dendritic cells (DC) associated with HIV infection (Peterlin &
Trono, 2003). Dendritic cells represent a viral reservoir acting as primary target and HIV
carriers for infection of permissive CD4+ T cells, facilitating the onset of infection and
its dissemination to surrounding permissive cells (Peterlin & Trono, 2003).
2.1.1 Effect of HIV infection in immunity
HIV-1 infection causes a slow but progressive impairment of the immune system, which
is accompanied by a chronic hyperactivation of CD4+ and CD8+ T cells (Brenchley et
al., 2004). Infected patients display expression of various activation markers such as
Human leukocytes Antigens-DR (HLA-DR) and Cluster of Differentiation type 38
(CD38) in both CD4 and CD8 T cells (Boasso & Shearer, 2008). Reduced CD4+ and
CD8+ T-cell counts during HIV-1 infection affect the naive T-cell compartment,
evidence indicates that both de novo production of new cells and peripheral homeostatic
division of existing cells participate to naive T-cell renewal (Vrisekoop et al., 2008).
An effective cytotoxic T lymphocyte (CTL) response is essential for the immune system
to control HIV (Vrisekoop et al., 2008). In HIV infection, circulating Lipopolysacharide
(LPS) is associated with increased secretion of proinflammatory cytokines and
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decreased frequencies of CD4+ T cells as well as the selective loss of T helper 17 (Th17)
T cells (Brenchley et al., 2006).
The HIV infection leaves the host vulnerable to opportunistic infections, Other cells are
also directly or indirectly affected by the virus, including CD8+ T cells (Zhang et al.,
2003), monocytes (Zhu et al., 2002), macrophages (Meltzer et al., 1990), B lymphocytes
(Moir et al., 2001), neutrophils (Gabrilovich et al., 1993) and dendritic cells (Macatonia
et al., 1990). As a consequence, HIV-infected individuals have various perturbations of
their immunological status, such as an inability to respond to recall antigens (Foley et
al., 1992), inappropriate responses to vaccinations (Veiga et al., 2006), permanent
hyperactivation states (Boasso & Shearer 2008) with paradoxical hyporesponsiveness to
stimuli (Gruters et al., 1990), cell cycle dysregulation (Galati et al., 2007) and
imbalances in the production of cytokines (Barcellini et al., 1994).
2.2 Mechanisms of HIV-1-HCV interaction
Co infection of HIV-1/HCV has a significant impact on the life cycle of HCV and on the
natural history of HCV infection (figure 2.0).
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Figure 2.0: Mechanism of HCV-HIV interaction.
Source: Yaron and Liang, 2009.

The HIV/HCV co infection on the natural history of HCV is the acceleration of liver
disease progression associated with a higher mortality than monoinfection with either
virus alone (Bica et al., 2001). Most liver-related deaths occur in HIV/HCV co infected
patients with low CD4+ counts (Bica et al., 2001). The liver-associated mortality in co
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infected patients is due to end-stage liver disease or hepatocellular carcinoma (Bica et
al., 2001). In HCV/HIV co infected patients, the degree of inflammation in the liver and
the rate of fibrosis progression are higher than those in HCV-monoinfected patients
(Vlahakis et al., 2003). The HIV envelope protein gp120 induces apoptosis of
hepatocytes through Chemokine Receptor type 4 (CXCR4) G-protein-mediated
signaling (Vlahakis et al., 2003). It also induces the expression of transforming growth
factor β1, which is known to be profibrotic with in vitro exposure of hepatocytes to
HCV E2 protein (Vlahakis et al., 2003).
Hepatic sinusoidal endothelial cells express CD4 and can be infected in vitro with HIV
(Brenchley et al., 2004). During primary HIV infection, is associated with increased gut
permeability and microbial translocation reflected by increased lipopolysaccharide
levels, causing a systemic immune act (Brenchley et al., 2004). Gut permeability and
lipopolysaccharide (LPS)-induced Kupffer cell activation are associated with liver injury
in several conditions. Upon repeated exposure to LPS, monocytes and macrophages
develop tolerance that limits their immune activation (Brenchley et al., 2004). In chronic
hepatitis C, this tolerance to LPS is lost in peripheral monocytes and possibly in Kupffer
cells due to the combined effects of gamma interferon, endotoxin, and HCV core protein
(Brenchley et al., 2004).
The HCV-infected patients exhibit evidence of polyclonal proliferation of B cells with
an autoantibody production, which can lead to the clinical syndromes of HCVassociated autoimmune disorders, example, mixed cryoglobulinemia,and non-Hodgkin's
lymphoma (Ferri et al., 2007). HCV has also been implicated in inhibiting NK cell
function by an interaction of E2 and CD81 (Tseng et al., 2002) and affecting the
functions of T cells (Piguet et al., 2007). HIV alters the functions and phenotypes of
dendritic and natural killer (NK) cells (Piguet et al., 2007); both of which play important
roles in innate and adaptive immunity and likely contribute to the diminished HCVspecific immune response in coinfected individuals (Piguet et al., 2007).
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2.3 Mechanisms of HIV-HBV interaction
Co infection of HIV-1 with HBV alters the natural history of HBV infection, and
individuals with HIV-1/HBV co infection seroconvert from HBV e (precore) antigen
(HBeAg) to HBV e antibody less frequently and have higher HBV DNA levels but
lower levels of alanine aminotransferase (ALT) and milder necro inflammatory activity
on histology than those infected with HBV alone (Piroth et al., 2005). Progression to
cirrhosis is rapid and liver related mortality is higher, in HIV-1/HBV co infection than
with either infection alone (Piroth et al., 2005).
2.4 Immunity to HIV/HCV/HBV infections
2.4.1 Immunity to acute HIV infection
Acute or primary HIV infection is the first period of infection for the detection of HIV
RNA until the formation of HIV-specific antibodies 3-4 weeks after infection
(McMichael et al., 2010). The virus first replicates locally in the vaginal or rectal
mucosa before detectable viral RNA in plasma (the eclipse phase) (McMichael et al.,
2010). Innate immune activation occurs due to recruiting granulocytes, macrophages,
and lymphocytes, which are cellular targets of the virus (Moir et al., 2000). The virus or
virus-infected cells then reach the draining lymph nodes, where activated CD4+CCR5+ T
cells are encountered and represent targets for further infection (Moir et al., 2000).
The infection cause massive depletion of CD4+ memory T cells, primarily in mucosal
tissue, with high expression of the viral co-receptor CCR5 (Guadalupe et al., 2003).
Dramatic depletion of CD4+CCR5 memory T cells predominantly from mucosal
surfaces leads to failure of the host immune defenses and progression to AIDS (Kahn et
al., 1998). The viral load decreases over 12-20 weeks to reach a stable viral set point and
this initiates a more chronic phase of the infection (Demarest et al., 1994).
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Following exposure at mucosal surfaces, HIV is transmitted with very low transmission
efficiency, indicating that innate antiviral mechanisms are operative to prevent its
establishment (Demarest et al., 1994).
2.4.2 Immunity to chronic HIV infection
Massive immune activation and an accelerated cell turnover take place during chronic
HIV infection (Ford et al., 2009). This cause an increased expression of activation
markers, such as CD38, HLA-DR , a surrogate marker for immune activation, disease
progression to AIDS, and death (Ford et al., 2009). Immunological damage to the
gastrointestinal tract leads to breaks in the mucosal barrier allowing translocation of
microbial products (Brenchley et al., 2006), including bacterial lipopolysaccharide
(LPS) into the circulation and bacterial translocation during HIV infection. Correlated
plasma LPS levels leads to immune activation and only source of the microbial burden
responsible for chronic immune activation (Brenchley et al., 2006).
HIV viral constituents, such as glycoprotein (gp)120, nef, or viral nucleic acids produced
during viral replication, subsequently results in activation of proinflammatory cytokines
and type I interferon (IFN), including IFN-α and IFN-β (Boasso & shearer, 2008).
Immune activation leads to depletion of CD4+ T cells by different mechanisms,
including a decrease in CD4+ and CD8+ T cell half-life, abnormal T cell trafficking,
clonal exhaustion of T cells, and drainage of memory T cell pools (Grossman et al.,
2006) causing minority of activated T cells, causing accelerated viral evolution due to
excessively high viral mutation rate and alteration in cellular tropism (Grossman et al.,
2006).
Damage to lymphoid tissue occurs as a result of thymic dysfunction, transforming
growth factor-β-dependent fibrosis and alterations in lymphoid follicle architecture (He
et al., 2006). This affect blood and tissue B cells by inducing early class switching in
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polyclonal B cells, massive B cell apoptosis, and loss of germinal centers in lymphoid
tissue (He et al., 2006) and leads to production of inflammatory mediators at the expense
of the development of immunodeficiency (He et al., 2006).
2.4.3 Immunity to HCV infection
After an HCV infection, the innate immune response is important for controlling viral
replication with the adaptive immune response peaking weeks after infection (Lloyd et
al., 2007). The innate immune system recognizes both single-stranded and doublestranded HCV RNA through its pattern recognition receptors, Toll like receptor 3
(TLR3) on the hepatocytes cell surface and retinoic-acid-inducible gene I (RIG-I) in the
cytoplasm of the hepatocytes activating cascade causing the induction of type 1
interferons such as interferon α and β (Lloyd et al.,2007).
The natural killer cells (NK) lyses infected cells, produce interferon-γ (IFN-γ) to control
viral replication, and directing inflammatory cells to HCV-infected hepatocytes (Lloyd
et al., 2007).
The onset of the cellular immune response is clinically detected by a rise in serum
transaminases marking immune-mediated liver injury and CD4+ and CD8+ T cell
response lead to HCV clearance (Rehermann et al., 2005).The CD4+ response elicits
Th1 cytokines (Rehermann et al., 2005).
2.4.4 Immunity to HBV infection
Experimentally it was observed Hepatitis B e Antigen (HBeAg) suppress the hepatitis
antibody and T-cell response to Hepatitis B c Antigen (HBcAg) in adult T-cell receptor
transgenic mice functioning either to delete or anergize (Reignat et al., 2002).The
HBcAg/HBeAg cross-reactive the T cells, depending on their functional avidity for the
tolerogenic epitope (Reignat et al., 2002). The HBeAg may suppress immune
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elimination of infected cells by HBcAg-specific T cells and, thereby, contribute to viral
persistence in chronically infected adults (Reignat et al., 2002).The hepatitis B surface
antigen (HBsAg) might also suppress immune elimination of infected cells by
functioning as a high-dose tolerogen, (Reignat et al., 2002).
HBV X protein, a transcriptional transactivator is required for initiation of infection, can
inhibit cellular proteasome activity when it is over expressed and has the potential to
inhibit antigen processing and presentation (Reignat et al., 2002). The cytotoxic Tlymphocyte (CTL) response clears viral infections by killing infected cells by entering
the liver and recognize viral antigen, triggering two events, apoptosis of the hepatocytes
that are physically engaged by the CTLs and secretion of IFN-γ (Moriyama et al., 1990).
The non cytopathically inhibits HBV gene expression and replication in the rest of the
hepatocytes by preventing the assembly of the RNA-containing capsids in the cytoplasm
in a proteasome and kinase-dependent process (Moriyama et al., 1990).
During the process, the viral nucleocapsids disappear from the cytoplasm of the
hepatocytes, and the viral RNAs are destabilized in the nucleus, with hepatocytes remain
healthy ,as a result, all of the viral gene products and virions decrease in the liver and the
serum inhibiting further viral spread (Guidotti et al., 1999). This antiviral process is
completely blocked by the administration of antibodies to IFN-γ before the CTLs are
injected indicating that IFN-γ production by the CTLs is responsible for the
noncytopathic antiviral effect (Guidotti et al., 1999).
2.5 Chemokines and their role during infection
Chemokines are a family of small cytokines/proteins (8-10 Kd) secreted by cells
(McDermott et al., 2000). They are chemo attractant cytokines, small peptides and serve
to regulate chemotaxis or the movement of cells, adhesion and the activity of the cells
but not the proliferation of immune responsive cells and tissues (McDermott et al.,
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2000). They are soluble factors, increasingly recognized to have a much broader range
of functions, e.g. chemokines like IL-8, macrophage inflammatory protein (MIP)1αandMonocyte chemo attractant protein-1(MCP)-1 have been shown to be inhibitors of
hematopoietic progenitor cell proliferation (McDermott et al., 2000).The proteins are
classified based on their structural characteristic and they posses’ amino acids that assist
in creating their 3-D or tertiary structure (McDermott et al., 2000).
2.5.1 Types of chemokines
Chemokines can be classified based on the number and location of conserved cysteines:
C, CC, and CXC (Murphy et al., 1996). The chemokine receptors are grouped into
families on the basis of the chemokine ligands they bind: CC, CXC, or both (Murphy et
al., 1996). The subfamily usually contain four cysteines (C4-CC chemokines), but a
small number of CC chemokines possess six cysteines (C6-CC chemokines). The C6CC chemokines include CCL1, CCL15, CCL21, CCL23 and CCL28 (Liu et al., 1999).
CXC chemokines have been described in mammals and are subdivided into two
categories, those with a specific amino acid sequence (or motif) of Glutamic acidLeucine-Arginine (or ELR) immediately before the first cysteine of the CXC motif
(ELR-positive), and those without an ELR motif (ELR-negative) (Liu et al., 1999). C
chemokines indicates that the C chemokines (or γ chemokines) unlike all other
chemokines have has only two cysteines; one N-terminal cysteine and one cysteine
downstream (Mc Dermott, 2000) and demonstrates that the CX3C chemokines (or δchemokines) have three amino acids between the two cysteines (Mc Dermott, 2000).
2.5.2 Chemokine receptors
Chemokine receptors are cell surface proteins that bind small peptides called
chemokines (Murphy et al., 2996). Some receptors are promiscuous, while others are
selective in terms of ligand binding. The receptors are widely distributed on
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hematopoietic and other cells, but the Duffy antigen of erythrocytes (DARC) is the only
member expressed on cells of erythroid lineage (Murphy et al., 2996). The characteristic
feature of all chemokine receptors is a serpentine 7 transmembrane-spanning domain
structure, which is shared with other receptors; e.g., the rhodopsin and the thyrotrophin
receptors (Murphy et al., 2996).
The extracellular portions of chemokine are involved in chemokine binding, while
intracellular portions are involved in cell signaling (Murphy et al., 1996). The effect of
receptor-ligand interactions are mediated through G-protein coupled interactions; results
in alterations in cell function such as activation, motion, or migration, usually along a
chemokine concentration gradient; and varies depending on the chemokine bound and
the cell type (Murphy et al., 1996).
Some chemokine receptors have a role in infectious disease susceptibility or
pathogenesis, and several viruses (Epstein-Barr virus, cytomegalovirus, and Herpes
virus) contain functional homologues of human chemokine receptors, which suggest that
the viruses may use these receptors to subvert the effects of host chemokines (Appay et
al., 2000).
2.5.3 Role played by chemokines in infection
Chemokines and their receptors mediate inflammation and tissue damage in autoimmune
disorders (Kim et al., 2007). Some chemokines have roles in development; they promote
angiogenesis, growth of new blood vessels, or guide cells to tissues that provide specific
signals critical for cellular maturation (Kim et al., 2007). T helper (Th)1 immune
responses dominate in the HCV infected liver (Shields et al., 1999) and intrahepatic T
cells express chemokine receptors associated with Th1 responses including Chemokine
Receptor type 3 (CXCR3), Chemokine Receptor type 6 (CXCR6), CC receptor 1
(CCR1) and CC receptor 5 (CCR5) (Heydtmann et al., 2006).
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The distribution of chemokines within the liver compartmentalizes, enables recruitment
to different anatomical sites; CC receptor 5 (CCR5) recruits lymphocytes to portal tracts
whereas Chemokine Receptor type 3 (CXCR3) is essential for recruitment into the
parenchyma via sinusoids and Chemokine Receptor type 6 (CXCR6) localizes cells to
infected (Guidotti et al., 2001). Viral infection of hepatocytes activates chemokine
secretion resulting in the recruitment of innate immune cells including NK and NKT
cells which sustain local IFNγ production (Guidotti et al., 2001). Hepatitis C virus
(HCV) core protein NS4A, NS4B and NS5A can all induce chemokine secretion in vitro
and some of these chemokines subvert the anti-viral immune response (Guidotti et al.,
2001). Type 1 helper T cell (Th1) associated CXC chemokine receptor 3 (CXCR3) and
CC-chemokine receptor 5 (CCR5) binding chemokines are detected in the peripheral
blood approximately 2–8 weeks after initial infection with HCV (Thimme et al.,2012).
The chemokine production does not appear to dictate the outcome of acute infection; it
represents a target in HCV evasion with implications for effector cell recruitment and
viral elimination (Guidotti et al., 2001). HCV may interfere with DC trafficking by
modulating chemokine expression and thus prevent efficient antigen presentation
(Thimme et al., 2012).
2.6 The role RANTES in HIV infection
Regulated upon Activation Normal T cell Expressed and Secreted (RANTES) (figure 5)
is a chemokine secreted by activated T cells during an infection (Scall et al., 1990). It
has effects on recruitment and attraction of moncytes, memory T cells, basophils,
neutrophils and natural killer cells to the sites of infection (Scall et al., 1990).
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RANTES haplotypes

Figure 2.1: Schematic diagram of RANTES gene
Location of the coding regions (▪), untranslated regions (▨) and polymorphisms.
Source; Scall et al., 1990
RANTES gene is located in the long arm of chromosome 17.The gene spans
approximately 7.1 Kb and is composed of three exons and two introns. The RANTES
protein comprises 91 amino acids including 23 residue leader sequences. A mature
protein is basic with a molecular weight 7847 Daltons (Nelson et al., 1993). It is a
chemo attractant that causes degranulation of basophils, respiratory burst in eosinophils
and stimulation of T cell proliferation. It plays a role in immune regulatory function,
auto immune disorder, inflammatory diseases and an important factor in the suppression
of HIV infection, competing with the virus in infiltration T cell (Nelson et al., 1993).
RANTES is released by cytotoxic T lymphocytes (CTL), and is a potent chemo
attractant factor for monocytes and T cells, also known for its ability to suppress HIV
infection (Appay et al., 2000). At micromolar concentration, RANTES is able to activate
leukocytes, and, paradoxically, to prevent enhancement HIV infection in vitro. These
latter properties are dependent on its ability to self-aggregate (Appay et al., 2000).
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At higher concentrations (micromolar and above), a protein tyrosine kinase (PTK)mediated signal is triggered, leading to cell activation. RANTES-induced activation
appears not to be confined to T cells, but dual signalling pathways may also be induced
in monocytes and neutrophils (Appay et al., 1999). RANTES has ability to selfaggregate, forming multimers at high concentration (Trikola et al., 1999). Nonaggregating RANTES also fails to enhance HIV infection at high concentration (Trikola
et al., 1999). Disaggregated RANTES also acts as an inhibitor and the presence of
erythrocytes inhibits RANTES-induced activation (Appay et al., 1999).
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Study site
The study was carried out using blood samples obtained from the Centre for
Biotechnology Research and Development (CBRD) laboratory in the Kenya Medical
Research Institute (KEMRI), Nairobi Kenya. The blood samples prior to collection
should have been stored at least a maximum of three days. The blood samples were
initially obtained under a National HIV initiative project that monitored CD4 levels in
HIV positive patients. All samples from the study sites were transported to Kenya
Medical Research Institute (KEMRI), Centre for Biotechnology Research and
Development (CBRD) for analysis.
3.2 Study design
The study was a cross-sectional; blood samples were obtained from any patient who
visited the health center is registered under the health center. Those referred to the VCT
and found positive were recruited in to the project
3.3 Sampling plan
3.3.1 Inclusion criteria
Blood samples were from HIV positive individuals above 18 years. The samples should
be anticoagulated with EDTA.
.
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3.4 Sample size determination
Sample size was determined using standard statistical formula (Cochran, 1963)
n=Z2pq/ d2
where;
Z2 =1.96
P=8% (National prevalence of Hepatitis, WHO 2008)
q= (1-p) = 1-8/100 = 0.92
d=(0.05)2
n= (1.96)2 x 0.08 x 0.92x (0.05)2 =113.09 =113
Sample size was increased to 226 to increase chances of obtaining Hepatitis virus and
also for full utilization of the test kits.
3.5 Sample collection
Study was part of an ongoing bigger project where blood samples were collected by
trained personnel recognized and registered at the health center facilities. Samples were
transported to KEMRI, CBRD laboratory for further analysis.
3.6 Analysis of CD3, CD4 cell counts
The Absolute CD4+, CD3+ counts was accomplished with cytometric method using
FACS caliber machine of Becton Dickinson (CA, USA). All the reagents were from
Becton Dickinson (CA). Approximately 20 µl of antibodies (CD3-FITC/CD4-PE/CD4526

PerCP) were added into different TruCOUNT tubes then 50 µl of whole blood was
added into each TruCOUNT tube. The mixtures were gently vortexed at room
temperature (18°C–25°C) and incubated in the dark for 20 minutes. To each tube 450 µl
1×FACS lysing solution (Dilute 10×FACS lysing solution with distilled water) was
added. The mixtures were incubated at 20°C–25°C in the dark for 15 minutes, then run
within 24 hours, according to the manufacturer’s instructions.
3.7 Determination of differential count
The Absolute counts of lymphocytes, neutrophils, monocytes, eosinophils, basophils and
Platelets were accomplished with Abacus 5 automated Blood Analyzer technologies of
DIATRON MI PLC GROUP (Budapest,Hungary) employing cytometric methods. All
reagents were from Diatron group. Twenty litres isotonic diluents (Diatro Dill Diff), one
litre haemolysing agent (Diatro lyse Diff),

one litre cleaner (Diatro cleaner) was

introduced into the machine with 25 µl whole blood added then run within 1 hour,
according to the manufacturer’s instructions.
3.8 Processing of dried blood spot (DBS) forHIV-1diagnosis and DNA extraction
Blood samples were aseptically spotted on five specified slot on sterile labelled
whatman filter paper. Each spot contained 15 µl of blood sample, dried overnight and
packaged in sterile zip lock paper with desiccants, according to the manufacturer’s
instructions.
3.9 Separation of whole blood
Blood samples in EDTA vacutanier tubes were centrifuged at 5000 XG for 5 minutes.
Plasma supernatant was aspirated and placed into a sterile labeled vial and stored at
80OC for preservation till further use in HCV and HBV diagnosis.
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3.10 HCV diagnosis
Serotyping of HCV was done by use of HCV ELISA -MUREX anti-HCV (ABBOTT
Diagnostics Division Murex Biotech Limited Dartford, UK) where 20 µl plasma
antibodies were captured on a 96 antigen (purified HCV antigens) coated wells. The
plates were coated with negative and positive control wells. During the course of the
first incubation any serotype-specific anti-HCV antibodies in the sample bound to the
immobilized antigens.
Following three washing steps to remove unbound material, the captured anti-HCV
antibodies were incubated with peroxidase conjugated monoclonal anti-human
immunoglobulin G. Excess conjugate was removed after second incubation. Bound
enzyme were detected by the addition of a solution containing 3, 3’, 5, 5’tetramethylbenzidine (TMB) and hydrogen peroxide. The enzyme reaction was
terminated with sulphuric acid and results determined photometrically using
spectrophotometer at wavelength of 450 nanometer using Elisa Plate Reader (Bioline
Technologies). The amount of colour in the wells was directly related to the
concentration of specific antibody in the sample and the result were expressed as the
ratio of the optical density of the test sample to that of a kit control according to the
manufacturer instructions.
3.11 HBV diagnosis
Serotyping for HBV was done by use of HBV Elisa-Hepanostika HBsAg Ultra,
Hepanostika® HBsAg Ultra (bioMérieux Diagnostics, Lyon, France). Approximately 25
µl plasma antibodies were captured on a 96 antigen (purified HBV antigens) coated well
plate. The Plate was coated with negative controls and positive control wells.
After the first incubation serotype specific anti-HBV antibodies in the sample bound to
the immobilized antigens. Following three washing steps to remove unbound material,
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the captured anti-HBV antibodies were incubated with conjugated solution and excess
conjugate was removed after second incubation. Bound enzyme was detected by the
addition of a tetramethylbenzidine (TMB) solution and hydrogen peroxide.
The enzyme reaction was terminated with sulphuric acid and the results were determined
photometrically using spectrophotometer at wavelength of 450 nanometer using Elisa
Plate Reader (Bioline Technologies). The amount of colour in the wells was directly
proportional to the concentration of specific antibody in the sample the result were
expressed as the ratio of the optical density of the test sample to that of a kit control
according to the manufacturer instructions.
3.12 HIV confirmation
®

®

HIV-1 infection was determined by The COBAS AmpliPrep/COBAS TaqMan (Roche
®

®

Molecular Diagnostics, Pleasanton, California ). The COBAS AmpliPrep/COBAS

®

®

TaqMan HIV-1 Test was based on three major processes, specimen preparation to
isolate HIV-1 RNA; reverse transcription of the target RNA to generate complementary
DNA (cDNA), and simultaneous PCR amplification of target cDNA and detection of
cleaved dual-labeled oligonucleotide probe specific to the target.
The COBAS

®

AmpliPrep/COBAS

®

TaqMan

®

HIV-1 Test permitted automated

specimen preparation followed by automated reverse transcription, PCR amplification
and detection of HIV-1 target RNA and HIV-1 Quantitation Standard (QS) Armored
RNA. The Master Mix reagent (Roche Molecular Diagnostics) contained primers and
probes specific for both HIV-1 RNA and HIV-1 QS RNA. Detection of amplified DNA
was performed using a target-specific and a QS-specific dual-labeled oligonucleotide
probe that permit independent identification of HIV-1 amplicon and HIV-1 QS
amplicon.
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The quantitation of HIV-1 viral RNA was performed using the HIV-1 QS that
compensated the effects of inhibition, controls the preparation and amplification
processes, allowing a more accurate quantitation of HIV-1 RNA in each specimen.
The HIV-1 QS was added to each of the specimen and carried through the specimen
preparation, reverse transcription, PCR amplification and detection steps of cleaved
dual-labeled oligonucleotide detection probes. The COBAS

®

TaqMan

®

Analyzer

calculates the HIV-1 RNA concentration in the test specimens by comparing the HIV-1
signal to the HIV-1 QS signal for each specimen and control, and determines the HIV-1
RNA concentration for the specimens and controls according to the manufacturer
instructions.
3.13 DNA extraction from dried blood spots (DBS)
DNA was extracted using QIAGEN (QIAGEN GROUP Kits © 2011 QIAGEN).Three
out of the 5 dried blood spots (DBS) were punched in micro centrifuge tubes.
Purification protocols was based on a modified alkaline lysis procedure using QIAamp 
Mini spin column, followed by binding of the DNA to QIAGEN Anion-Exchange Resin
under appropriate low-salt and pH conditions. RNA, proteins, dyes, and low-molecularweight impurities are removed by a medium-salt wash. The DNA was eluted in a highsalt buffer and then concentrated and desalted by isopropanol precipitation. Results were
obtained under manufacturer’s instructions (QIAGEN GROUP Plasma KIT© 2011
QIAGEN). The DNA extract obtained was stored at -30OC until further use, according to
the manufacturer instructions.
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3.14 Polymerase Chain Reaction (PCR) of the RANTES G 28 polymorphism
RANTES G 28, a cytosine /guanine transversion at position 28 in human RANTES
promoter was studied using following primers:
Forward: 5”-ACA GAG ACT CGA ATT TCC GGA-3”
Reverse: 5”- CCA CGT GCT GTC TTG ATC CTC -3”
Primers were obtained from (Eurofins MWG/ Operon Germany)
Extracted genomic DNA was thawed at room temperature. The sample DNA
concentratration of 0.5µl was amplified in a 25 µl reaction volume. Master Mix
contained 2 l magnesium chloride (MgCL2), 2 µl deoxynucleotide triphosphate (dNTP)
mix (Eppendorf, Germany), 0.3 µl of forward primer, 0.3 µl of reverse primer, 1 µl
Polymerase chain reaction (PCR) buffer, 18 µl double distilled (DD) water and 0.5 ul
Taq DNA polymerase (KEMRI). The PCR cycles were 94oC for 5 min followed by 35
cycles each of 94 o C for 1 min, 62 o C for 1 min and 72 o C for 1 min. A final extension
was 72 OC for 5 min. GeneAmp PCR (Polymerase chain reaction) machine (Applied
Biosystems).
A concentration 0.2µL of the amplified products and 0.2µL of the DNA ladder
(Eppendorf, Germany), of 100 base pair were loaded to a 1.5% agarose gel, (Sigma,
USA) and subjected to an electric current of 70 volts for 50 min and stained using
ethidium bromide (Sigma USA) at concentration of 10 µl concentrated ethidium
bromide in 100 µl Tris boric acetate buffer for 20 min. RANTES G 28 PCR products
(amplicons) were separated by size fractionation on the agarose gel and bands visualised
under a UV- transilluminator using 302 nm UV.
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3.15 Data analysis
The data was entered in excel and analyzed using Statistical Package for the Social
Sciences (SPSS) statistical software version 21. Pearson’s correlation analysis was done
to determine the correlation, prediction of occurrence and coefficients. Mean ± standard
deviation (Mean ± SD) was also used for variables. Differences were considered
significant when the p values were < 0.05.
3.16 Ethical consideration
Blood samples were obtained from an ongoing national study project ,CD4 testing a
national testing service for HIV infected individuals served at department of Center for
biotechnology research development (CBRD) in Kenya Medical Research Institute
(KEMRI), established in 2008.The Ethical Research Committee (ERC) and Scientific
research committee (SRC) of the Kenya Medical Research Institute (KEMRI) approved
the protocol for the ongoing national study project and informed consent was obtained
from each participant. Sample collection was done by qualified trained personal and the
proper techniques were followed to minimize and reduce any risk thereof. Consideration
employed involved; Anonymity: Samples obtained were coded and there was no link
whatsoever with identity of the sample to the identity of a person. Results are therefore
anonymous and unlinked.
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CHAPTER FOUR
RESULTS
4.1 Seroprevalance of HIV-1/ HIV-1/HBV, HIV-1/HCV and HIV-1/HBV/HCV co
infections
Out of 226 HIV-1 positive blood samples, 199 (88%) were positive for HIV-1 only, 7
(3%) had HBV antibody, 18(8%) had HCV antibody and 2 (0.4%) had both HBV and
HCV antibody (Figure 4.0).
100%
90%
80%
70%
60%
Percentage
50%
distribution
(%)
40%
30%
20%
10%
0%

HIV-1

HIV-1/HBV

HIV-1/HCV

HIV-1/HBV/HCV

The Infections

Figure 4.0: Seroprevalance of HIV-1 infection, HIV-1/HBV, HIV-1/HCV and
HIV1/HBV/HCV co infections
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4.2 The Mean levels of Leukocytes in presence of HIV-1, HIV-1/HBV, HIV-1/HCV
and HIV-1/HBV/HCV co infections
Table 4.0: The mean distribution of CD3, CD4, absolute lymphocytes, neutrophils,
monocytes, eosinophils, basophils and platelets in HIV-1 infection, HIV-1/HBV,
HIV-1/HCV and HIV-1/HBV/HCV co infections
CD3

CD4

Absolute
Neutrophils
lymphocytes

Monocytes

Eosinophils

Basophils

Platelets

mean
± SD

mean ±
SD

mean ±
SD

mean ±
SD

mean ±
SD

mean ±
SD

Mean±
SD

mean ±
SD

HIV/-1

1773
±839

428±36
2

60±16

28.9± 16

7.5±4

2.6± 2.8

1.2 ±1.2

211±75

HIV1/HBV

1367
±499

288±
150

57.8 ±
17

28.8±19

9.8 ±5.9

3.7

0.83±1.3

191±56

HIV1/HCV

1863
± 413

451 ±
256

57.9
±13

29±12

10±6

1.58 ±1.1

6.9±1.37

210±70

HIV1/
HBV/
HCV

1675
± 543

226 ±
79

48.6±2.
6

35±14

14±11

2.2±0.8

<1± <1

216±
114

Normal
range

6902250
cells/
mm3

5001000
cells/m
m3

25-45

45-75

2-10

1-6

1-2

150-450

cells/m
m3

cells/mm3

cells/mm

cells/mm3

cells/mm3

cells/µl

2.6±

3

The mean ± SD levels compared to reference ranges showed that the levels of CD3,
monocytes, eosinophils and platelets in HIV-1 infection, HIV-1/HBV, HIV-1/HCV and
HIV-1/HBV/HCV co infection were within normal range but the monocytes mean ± SD
level in HIV-1/HBV/HCV co infection was high.
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The CD4 and neutrophils mean ± SD count in HIV-1 infection, HIV-1/HBV, HIV1/HCV and HIV-1/HBV/HCV co infection were low while the absolute lymphocytes
mean ± SD count in HIV-1 infection, HIV-1/HBV, HIV-1/HCV and HIV-1/HBV/HCV
co infections was high. The mean ± SD levels of basophils was reduced in HIV-1/HBV
but elevated in HIV-1/HCV co infection (Table 4.0).
4.3 Correlation between HIV-1/HBV, HIV-1/HCV and HIV-1/HBV/HCV co
infections on leukocytes
4.3.1 Correlation between HIV-1/HBV co infection and CD3, CD4, absolute
lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets
The correlation between HIV-1/HBV co infection and CD3, CD4+ T cells, absolute
lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets was
determined using correlation®, coefficient and prediction on occurrence (R2) (Table
4.1).
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Table 4.1: Correlation between HIV-1/HBV co infection and CD3, CD4+ T cells,
absolute lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets
R

R2

Co efficient

Sig.

CD3

.101

.010

-.101

.128

CD4

.105

.011

-.105

.117

Absolute

.021

.000

-.021

.757

neutrophils

.000

.000

.000

.997

monocytes

.094

.009

.094

.161

eosinophils

.015

.000

.015

.819

basophils

.051

.003

-.051

.447

Platelet

.053

.003

-.053

.426

lymphocytes

Dependent variable: HIV-1/HBV co infection

P=0.05

A positive correlation was obtained between HIV-1/HBV co infection and CD3, CD4,
absolute lymphocytes, monocytes, eosinophils, basophils and platelets (R ≥ 0.000). No
correlation was found between HIV-1/HBV co infection and neutrophils (R=0.000). The
size effect of HIV-1/HBV co infection was to increase (coefficient-positive) with an
additional effect of neutrophils, monocytes and eosinophils but reduce (coefficient
negative) with an additional effect of CD3, CD4, monocytes, eosinophils and basophils.
A positive prediction (R2 ≥ 0.000) on the occurrence of CD3, CD4, absolute
lymphocytes, neutrophils, monocytes, basophils and platelets was in presence of HIV1/HBV coinfection established but no prediction (R2 =0.000) on occurrence of absolute
lymphocytes, neutrophils and eosinophils during HIV-1/HBV co infection
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4.3.2 Correlation between HIV-1/HCV co infection and CD3, CD4, absolute
lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets
A correlation between HIV-1/HCV co infection and CD3, CD4, absolute lymphocytes,
neutrophils, monocytes, eosinophils, basophils and platelets determined correlation(R),
prediction on occurrence (R2) and coefficient (Table 4.2).
Table 4.2: Correlation between HIV-1/HCV co infection and CD3, CD4+ T cells,
absolute lymphocytes, neutrophils, monocytes, Eosinophils, basophilsand platelets
R

R2

Co efficient

Sig.

CD3

.050

.002

.050

.456

CD4

.001

.000

-.001

.992

Absolute

.029

.001

-.029

.664

Neutrophils

.004

.000

-.004

.951

Monocytes

.232

.054

.232

.000

Eosinophils

.110

.012

-.110

.099

Basophils

.070

.005

-.070

.296

Platelets

.003

.000

.003

.970

lymphocytes

P=0.05 Dependent variable: HIV-1 /HCV co infection
A positive correlation was obtained between HIV-1/HCV co infection and CD3, CD4+ T
cells, absolute lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets
(R ≥ 0.000). The size effect of HIV-1/HCV co infection was to increase (coefficient positive) with an additional effect of CD3, monocytes and platelets but reduce
(coefficient -negative) with an additional effect of CD4, absolute lymphocytes,
neutrophils, eosinophils and basophils.
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A positive prediction (R2 ≥ 0.000) on the occurrence of CD3, CD4, absolute
lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets was in
presence of HIV-1/HCV co infection.
4.3.3 Correlation between HIV-1/HBV/HCV co infection and CD3, CD4, absolute
lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets
A correlation between CD3, CD4, absolute lymphocytes, neutrophils, monocytes,
eosinophils, basophils and platelets in HIV-1/HBV co infection, was determined by
correlation (R), coefficient and prediction on occurrence (R2) as shown in table 4.3
Table 4.3: Correlation between HIV-1/HBV/HCV co infection and CD3, CD4,
absolute lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets
R

R2

Co efficient

Sig.

CD3

.196

.038

.196

.674

CD4

.434

.188

-.434

.331

Absolute

.251

.063

-.251

.588

Neutrophils

.315

.099

.315

.491

Monocytes

.243

.059

-.243

.599

Eosinophils

.099

.010

-.099

.832

Basophils

.805

.648

-.805

.029

Platelets

.691

.477

.691

.086

lymphocytes

P=0.05 Dependent variable: HIV-1/HBV/HCV co infection
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A positive correlation was found between HIV-1/HBV/HCV co infections and CD3,
CD4, absolute lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets
(R ≥ 0.000). The size effect of HIV-1/HBV/HCV co infection was to increase
(coefficient-positive) with an additional effect of CD3, neutrophils and platelets but
reduce (coefficient-negative) with an additional effect of CD4, absolute lymphocytes,
monocytes, eosinophils and basophils. A Positive prediction (R2 ≥ 0.000) on the
occurrence of CD3, CD4, absolute lymphocytes, neutrophils, monocytes, eosinophils,
basophils and platelets was in presence of HIV-1/HBV/HCV co infection.
4.4 RANTES G 28 activation during HIV-1, HIV-1/HB, HIV-1/HCV co infection
4.4.1 Confirmation of expression of RANTES G 28 through Gel-electrophoresis
for amplified RANTES G 28
The RANTES G 28 amplified products were run on an agarose gel, stained with
ethidium bromide and visualized under UV (302 nm). Lane 1 - 10 represents amplified
products and M, 100 base pair DNA ladder. The amplified product indicated a molecular
weight of 200 bp. Sample 1 and 2 (HIV/HBV co infection), 3 and 4 (HIV-1/HCV co
infection), 5 and 6 (HIV/HBV/HCV co infection), Sample 8-10 (HIV-1 infection)
(Figure 4.1).
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600 bp
400 bp
200 bp
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Figure 4.1: Gel-electrophoresis for amplified RANTES G 28
The PCR products bands on gel: (200 bp). M is the molecular marker while lanes 1-2
HIV-1/HBV, lanes 3-5 HIV-1/HCV co infection, lane 6-7 HIV-1/HBV/HCV co
infection and lanes 8-10 HIV-1infection.
4.4.2 Frequency of RANTES G 28 genotypes among HIV-1-infected, HIV-/HCV,
HIV-1/HBV and HIV-1/HBV/HCV co infection
RANTES G 28 was expressed in HIV infection, HIV-1/HBV, HIV-1/HCV and HIV1/HBV/HCV co infections as shown in Table 4.4
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Table 4.4: Frequency distribution of RANTES G 28 among HIV-1-infected,
HIV-1/HCV and HIV-1/HBV co infection

Frequency
occurrence
(No)
%
Distribution

HIV-1(only)
infection
RANTES RANTES

HIV/HBV
co infection
RANTES RANTES

HIV/HCV
co infection
RANTES RANTES

HIV/HBV/HCV
co infection
RANTES

G 28
positive
167

G 28
negative
32

G 28
positive
6

G 28
negative
1

G 28
positive
15

G 28
negative
3

2

76.9

10

86

14

83

17

100

G 28
positive

Out of the total number of blood samples, 76.9% (167) HIV-1 infected blood samples
expressed RANTES G 28, HIV-1/HBV co infection 86% (6), HIV-1/HCV co infection
83% (15) and HIV-1/HBV/HCV co infection 100% (2)
4.4.3 Effect of RANTES G 28 on HIV-1, HIV-1/HBV, HIV-1/HCV and
HIV-1/HBV/HCV co infections
The effect of RANTES G 28 on HIV-1 infection, HIV/HBV, HIV-1/HCV and HIV1/HBV/HCV co infections was determined using correlation (R), coefficient and
prediction on occurrence (R2) (Table 4.5).
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Table 4.5: Effect of RANTES G 28 on HIV-1 infection, HIV-1/HBV, HIV-1/HCV
and HIV-1/HBV/HCV co infections.

R

R2

Co efficient

Sig

HIV-1

0.049

0.02

0.015

0.465

HIV-1/HBV

0.022

0.001

0.041

0.738

HIV-1/HCV

0.265

0.068

-0.329

0.000

HIV-1/HBV/HCV

0.040

0.002

0.152

0.552

Dependent variable: RANTES G 28

p=0.05

A positive correlation (R≥ 0.000) was obtained between RANTES G 28 and HIV-1
infection, HIV/HBV, HIV-1/HCV and HIV-1/HBV/HCV co infection. The size effect of
RANTES G 28 with additional effect of HIV-1 infection, HIV/HBV, and HIV1/HBV/HCV co infection was to increase (coefficient-positive) but reduced with an
additional effect of HIV-1/HCV co infection (coefficient-negative). A positive
prediction (R2 positive) on RANTES G 28 occurrence was in presence of HIV-1
infection, HIV/HBV, HIV-1/HCV and HIV-1/HBV/HCV co infection.
4.4.4 Effect of RANTES G 28 on Leukocytes (CD3, CD4, absolute lymphocytes,
neutrophils, monocytes, eosinophils, basophils and platelets)
The effect of RANTES G 28 on CD3, CD4+ T cells, absolute lymphocytes, neutrophils,
monocytes, eosinophils, basophils and platelets was determined using correlation (R),
coefficient and prediction on occurrence (R2) (Table 4.6).
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Table 4.6: Expression of RANTES G 28 on CD3, CD4, absolute lymphocytes,
neutrophils, monocytes, eosinophils, basophils and platelets
R

R2

Co efficient

sig

CD3

0.021

0.000

0.021

0.752

CD4

0.021

0.000

0.021

0.757

Absolute

0.103

0.011

0.103

0.123

Neutrophils 0.106

0.011

-0.106

0.113

Monocytes

0.015

0.000

0.015

0.84

Eosinophils 0.009

0.000

-0.009

0.892

Basophils

0.079

0.006

-0.79

0.186

Platelets

0.003

0.000

0.003

0.960

lymphocyte

Dependent variable - RANTES G 28

P=0.05

A positive correlation (R positive) was found between RANTES G 28 and CD3, CD4,
absolute lymphocytes, monocytes, eosinophils, basophils and platelets (R ≥ 0.000). The
size effect of RANTES G 28 was to increase (coefficient-positive) with an additional
effect of CD3, CD4, absolute lymphocytes, monocytes and platelets, but reduced
(coefficient-negative) with an additional effect of eosinophils, basophils and neutrophils.
A positive prediction (R2 positive) on occurrence of RANTES G 28 was in presence of
CD3, CD4, absolute lymphocytes, neutrophils, monocytes, eosinophils, basophils and
platelets
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4.5 Expression of RANTES G 28 in the presence of leukocytes (CD3, CD4, absolute
lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets)
4.5.1 RANTES G 28 expression in presence of platelets infected with HIV-1
infection.
The level of platelets (cells/µl) at various cell distribution and with the expression of
RANTES G 28 showed a mean ± SD (214 ± 74.9) value, within normal range. No
skewness was demonstrated (Figure 4.2).

Normal curve

Normal range: 150-450
Figure 4.2: RANTES G 28 expression on the distribution of platelets in presence of
HIV-1 infection showed expression of RANTES G 28.
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Data shows the mean ± SD of the maximum response of platelets to RANTES G 28
(Negative-samples negative for RANTES G 28. Positive- samples positive for RANTES
G 28).
4.5.2 RANTES G 28 expression in the presence of basophils infected with HIV-1
infection.
The levels of basophils at various cells distribution (cell/mm3) in presence of RANTES
G 28 expression showed a mean ± SD (1.1± 1.17) count, within the reference range.
Moderate positive skewness was indicated (Figure 4.3).

Normal curve

Normal range: 1-2
Figure 4.3: The expression of RANTES G 28 in presence basophils distribution
(cell/mm3) infected with HIV-1.
Data shows the mean ± SD of the maximum response of basophils to RANTES G 28
(Negative-samples negative for RANTES G 28.Positive-samples positive for RANTES
G 28).
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4.5.3 RANTES G 28 expression in presence of eosinophils infected with HIV-1
infection.
The expression of RANTES G 28 at various eosinophils (cells/mm3) distribution showed
a mean ± SD (2.56± 2.8) count, within normal range. Positive skewness was
demonstrated as shown in figure 4.4

Normal curve

Normal range: 1-6

Figure 4.4: The expression of RANTES G 28 on eosinophils distribution (cell/mm3)
infected with HIV-1 infection.
Data shows the mean ± SD of the maximum response of eosinophils to RANTES G 28
(Negative -samples negative for RANTES G 28.Positive -samples positive for RANTES
G 28).
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4.5.4 RANTES G 28 expression in presence of monocytes infected with HIV-1
infection
The levels of monocytes at various cell distributions (cells/mm3) and with the
expression of RANTES G 28 showed a mean ± SD (7.7± 3.76) value it was within
normal range. Moderate positive skewness was demonstrated as shown in figure 4.5.

Normal curve

Normal range: 2-10
Figure 4.5: The expression of RANTES G 28 in presence monocytes distribution
(cell/mm3) infected with HIV-1 infection.
Data shows the mean ± SD of the maximum response of monocytes to RANTES G 28
(Negative-samples negative for RANTES G 28.Positive-samples positive for RANTES
G 28).
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4.5.5 RANTES G 28 expression in presence neutrophils infected with HIV-1
infection
The expression of RANTES G 28 at various levels of neutrophils distribution
(cells/mm3) showed a mean ± SD (28± 15.6) value, it was within normal range.
Moderate positive skewness was indicated as shown in figure 4.6.

Normal curve

Normal range: 45-75

Figure 4.6: Expression of RANTES G 28 on neutrophils distribution (cell/mm3)
infected with HIV-1 infection.
Data shows the mean ± SD of the maximum response of neutrophils to RANTES G 28.
(Negative-samples negative for RANTES G 28.Positive-samples positive for RANTES
G 28).
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4.5.6 RANTES G 28 expression on absolute lymphocytes infected with HIV-1
infection
At various cell distributions of absolute lymphocytes (cells/mm3) and with the
expression of RANTES G 28, a mean ± SD (59.9± 15.8) value above reference range
was demonstrated. Moderate negative skewness was indicated (Figure 4.7).

Normal curve

Normal range: 24 -45
Figure 4.7: Expression of RANTES G 28 on absolute lymphocytes infected with
HIV-1 infection.
Data shows the mean ± SD of the maximum response of absolute lymphocytes to
RANTES G 28 (Negative-samples negative for RANTES G 28. Positive-samples
positive for RANTES G 28).
4.5.7 RANTES G 28 expressions in presence of CD4 infected with HIV-1infection
The expression of RANTES G 28 at various cell distribution of CD4 (cells/mm3),
showed a mean ± SD (474± 372.6) count, below the normal range. A moderate positive
skewness was indicated as shown in figure 4.8.
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Normal curve

Normal range: 500 -1000
Figure 4.8: Expression of RANTES G 28 on CD4 distribution (cell/mm3) infected
with HIV-1 infection.
Data shows the mean ± SD of the maximum response of CD4 to RANTES G 28.
(Negative-samples negative for RANTES G 28. Positive-samples positive for RANTES
G 28).
4.5.8 RANTES G 28 expressions in presence of CD3 infected with HIV-1 infection
The expression of RANTES G 28 at various cell distribution of CD3 (cells/mm3)
showed a mean ± SD (1778± 828) count within normal range. Moderate positive
skewness was demonstrated as shown in figure 4.9.
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Normal curve

Normal range: 690--2500
Figure 4.9: Expression of RANTES G 28 on CD3 distribution (cell/mm3) infected
with HIV-1 infection.
Data showed the mean ± SD of the maximum response of CD3 to RANTES G 28.
(Negative-samples negative for RANTES G 28. Positive-samples positive for RANTES
G 28).
4.6 Expression of RANTES G 28 in presence of HIV-1/ HBV co infection
4.6.1 RANTES G 28 expression in presence of platelets infected with HIV-1/HBV
co infection:
The expression of RANTES G 28 at various cells distribution of platelets (cells/mm3)
showed a mean ± SD (196± 58) count it was within reference range. No skewness was
indicated as shown in figure 4.10
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Normal curve

Normal range: 150-450
Figure 4.10:.Expression of RANTES G 28 on platelets distributions (cells/mm3)
infected with HIV-1/HBV co infection.
Data shows the mean ± SD of the maximum response of platelets to RANTES G 28.
(Negative-samples negative for RANTES G 28.Positive -samples positive for RANTES
G 28).
4.6.2 RANTES G 28 expression in presence of basophils infected with HIV-1/HBV
co infection
The expression RANTES G 28 at various cell levels of basophils (cell/mm3) showed a
mean ± SD (1773± 839) that was within normal range. Positive skewness was indicated
as shown in figure 4.11.
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Normal curve

Normal range: 1-2
Figure 4.11: Expression of RANTES G 28 in presence of basophils infected with
HIV-1/HBV co infection.
Data represent the mean ± SD of the maximum response of basophils to RANTES G 28.
(Negative-samples negative for RANTES G 28.Positive -samples positive for RANTES
G 28).
4.6.3 RANTES G 28 expression in presence of monocytes infected with HIV-1/HBV
co infection.
At various levels of monocytes distribution (cells/mm3) and with the expression of
RANTES G 28, a mean ± SD (8.9± 5.7) value was shown and it was within normal
range. Moderate positive skewness was indicated (Figure 4.12)
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Normal curve

Normal range: 2-10
Figure 4.12: The expression of RANTES G 28 at various cells distribution of
monocytes (cells/mm3) infected with HIV-1/HBV co infection.
Data shows the mean ± SD value of the maximum response of monocytes to RANTES
G 28 (Negative-samples negative for RANTES G 28.Positive-samples positive for
RANTES G 28).
4.6.4 RANTES G 28 expression in presence of absolute lymphocytes infected with
HIV-1/HBV co infection.
The level of absolute lymphocytes (cells/mm3) at various cell distributions and with the
expression of RANTES G 28 showed a mean ± SD (55.8± 17) value that was above
normal range. No skewness was demonstrated (Figure 4.13).
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Normal curve

Normal range: 24-45
Figure 4.13: Expression of RANTES G 28 at various cell distributions (cells/mm3)
of absolute lymphocytes infected with HIV-1/HBV co infection.
Data shows the mean ± SD value of the maximum response of absolute lymphocytes to
RANTES G 28. (Negative-samples negative for RANTES G 28. Positive-samples
positive for RANTES G 28).
4.6.5 RANTES G 28 expression in presence of eosinophils infected with HIV-1/HBV
co infection.
At various cell distributions of eosinophils (cells/mm3) with the expression of RANTES
G 28 a mean ± SD (2.9± 3.9) value that was within normal range was demonstrated. A
positive skewness was indicated (Figure 4.14).
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Normal curve

Normal range: 1-6
Figure 4.14: The RANTES G 28 is expressed at various cell distributions
(cells/mm3) of eosinophils infected with HIV-1/HBV co infection.
Data represent a mean ± SD value of the maximum response of eosinophils to RANTES
G 28. (Negative-samples negative for RANTES G 28.Positive-samples positive for
RANTES G 28).
4.6.6 RANTES G 28 expression in presence of CD4 infected with HIV-1/HBV co
infection.
The levels of CD4 (cells/mm3) at various cells distribution and with the expression of
RANTES G 28 illustrated a mean ± SD (275± 155.8) value that was below normal
range. No skewness was indicated (Figure 4.15)
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Normal curve

Normal range: 500-1000
Figure 4.15: Expression of RANTES G 28 at various cell distributions (cells/mm3)
of CD4 infected with HIV-1/HBV co infection.
Data represents the mean ± SD value of the maximum response of CD4 to RANTES G
28. (Negative-samples negative for RANTES G 28.Positive-samples positive for
RANTES G 28).
4.6.7 RANTES G 28 expressions in presence of CD3 infected with HIV-1/HBV co
infection.
The expression of RANTES G 28 at various cell distribution of CD3 (cells/mm3)
showed a mean ± SD (1446± 469) value that was within normal range. No skewness was
demonstrated as shown in figure 4.16.
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Normal curve

Normal range: 690-2250
Figure 4.16: The expression of RANTES G 28 at various CD3 distributions
(cells/mm3) infected with HIV-1/HBV co infection.
Data present the mean ± SD value of the maximum response of CD3 to RANTES G 28.
(Negative-samples negative for RANTES G 28. Positive-samples positive for RANTES
G 28).
4.6.8 RANTES G 28 expression in presence of neutrophils infected with HIV1/HBV co infection.
The distribution of neutrophils (cells/mm3) at various cell distributions and with the
expression of RANTES G 28 showed a mean ± SD (31± 19). No skewness was observed
as shown in figure 4.17.
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Normal curve

Normal range: 45-75
Figure 4.17: The expression of RANTES G 28 at various cell distributions
(cells/mm3) of neutrophils infected with HIV-1/HBV co infection.
Data represents the mean ± SD value of the maximum response of neutrophils to
RANTES G 28. (Negative-samples negative for RANTES G 28. Positive- samples
positive for RANTES G 28).
4.7 Expression of RANTES G 28 on leukocytes in presence of HIV-1/HCV co
infection
4.7.1 RANTES G 28 expression in presence of CD4 infected with HIV-1/HCV co
infection.
The expression of RANTES G 28 at various cell distribution of CD4 (cells/mm 3)
showed a mean ± SD (411± 231) value that was below normal range. Moderate
skewness was indicated (Figure4.18).
.
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Normal curve

Normal range: 500-1000
Figure 4.18: The expression of RANTES G 28 at various cell distributions
(cells/mm3) of CD4 infected with HIV-1/HCV co infection.
Data represents the mean ± SD value of the maximum response of CD4 distributions
(cells/mm3) to RANTES G 28. (Negative-samples negative for RANTES G 28.
Positive-samples positive for RANTES G 28).
4.7.2 RANTES G 28 expression in presence of absolute lymphocytes infected with
HIV-1/HCV co infection.
At various cells distribution of absolute lymphocytes (cells/mm3) and with the
expression of RANTES G 28, a mean ± SD (62± 10.9) value was demonstrated and it
was above the reference range. No skewness was indicated (figure 4.19).
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Normal curve

Normal range: 24-45
Figure 4.19: Expression of RANTES G 28 at various cell distributions (cells/mm3)
of absolute lymphocytes infected with HIV-1/HCV co infection.
Data represents the mean ± SD value of the maximum response of absolute lymphocytes
to RANTES G 28. (Negative-samples negative for RANTES G 28. Positive-samples
positive for RANTES G 28).
4.7.3 RANTES G 28 expression in presence of neutrophils infected with HIV
1/HCV co infection.
The level of neutrophils at various cell distributions (cells/mm3) with the expression of
RANTES G 28 demonstrated a mean ± SD (25± 11.6) value below normal range. No
skewness was indicated as shown in figure 4.20.
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Normal curve

Normal range: 45-75
Figure 4.20: Expression of RANTES G 28 at various cell distributions (cells/mm3)
of neutrophils infected with HIV-1/HCV co infection.
Data represents the mean ± SD value of the maximum response of neutrophils to
RANTES G 28. (Negative-samples negative for RANTES G 28. Positive-samples
positive for RANTES G 28).
4.7.4 RANTES G 28 expression in presence of monocytes infected with HIV-1/HCV
co infection.
The expression of RANTES G 28 at various cells distribution of monocytes (cells/mm3)
demonstrated a mean ± SD (9.8± 6) value that was within normal range. Moderate
positive skewness was indicated as shown in figure 4.21.
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Normal curve

Normal range: 2-10
Figure 4.21: Expression of RANTES G 28 at various cell distributions (cells/mm3)
of monocytes infected with HIV-1/HCV co infection.
Data represents the mean ± SD value of the maximum response of monocytes to
RANTES G 28. (Negative-samples negative for RANTES G 28. Positive-samples
positive for RANTES G 28).
4.7.5 RANTES G 28 expression in presence of eosinophils infected with HIV1/HCV co infection
RANTES G 28 expression at different levels of eosinophils distribution (cells/mm3)
showed a mean ± SD (1± 8417) value that was within normal range. Moderate positive
skewness demonstrated as shown in figure 4.22.
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Normal curve

Normal range: 1-6

Figure 4.22: Expression of RANTES G 28 at various cell distributions (cells/mm3)
of eosinophils infected with HIV-1/HCV co infection.
Data represents the mean ± SD value of the maximum response of eosinophils to
RANTES G 28. (Negative-samples negative for RANTES G 28. Positive-samples
positive for RANTES G 28).
4.7.6 RANTES G 28 expression in presence of basophils infected with HIV-1/HCV
co infection.
The distribution of basophils (cells/mm3) and with the expression of RANTES G 28
showed a mean ± SD (1±1.5) value that was within normal range. Moderate positive
skewness was observed as shown in figure 4.23
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Normal curve

Normal range: 1-2
Figure 4.23: Expression of RANTES G 28 at various basophils distribution
(cells/mm3) infected with HIV-1/HCV co infection.
Data represents the mean ± SD value of the maximum response of basophils to
RANTES G 28. (Negative-samples negative for RANTES G 28. Positive-samples
positive for RANTES G 28).
4.7.7 RANTES G 28 expression in presence of platelets infected with HIV-1/HCV
co infection.
The level of platelets distribution (cells/µL) and with the expression of RANTES G 28, a
mean ± SD (182± 55.7) count that was within normal range was indicated. Moderate
positive skewness was demonstrated (Figure 4.24).
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Normal curve

Normal range: 150-450
Figure 4.24: Expression of RANTES G 28 at various cell distributions (cells/µL) of
platelets infected with HIV-1/HCV co infection.
Data demonstrated the mean ± SD value of the maximum response of platelets to
RANTES G 28. (Negative-samples negative for RANTES G 28. Positive-samples
positive for RANTES G 28).
4.7.8 RANTES G 28 expression in presence of CD3 infected with HIV-1/HCV co
infection.
The distribution of CD3 (cells/mm3) at various cell distribution and with the expression
of RANTES G 28 showed a mean ± SD (1796± 336) value that was within normal
range. A moderate negative skewness was indicated (Figure 4.25).

66

Normal curve

Normal range: 150-450
Figure 4.25: Expression of RANTES G 28 at various cell distributions of CD3
(cells/mm3) infected with HIV-1/HCV co infection.
Data shows a mean ± SD value of the maximum response of CD3 to RANTES G 28.
(Negative-samples negative for RANTES G 28. Positive-samples positive for RANTES
G 28).
4.8 Expression of RANTES G 28 in presence of HIV-1/HBV/HCV co infection
The distribution of leukocytes in various cell levels in presence of HIV-1/HBV/HCV co
infection showed RANTES G 28 expression as shown in figure 4.26
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Figure 4.26: Expression of RANTES G 28 at various stated cell distributions
infected with HIV-1/HBV/HCV co infection.
Data represents the maximum response of the cells distribution to RANTES G 28.
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CHAPTER FIVE
DISCUSSION
5.1 Seroprevalance of HIV-1/ HIV-1/HBV, HIV-1/HCV and HIV-1/HBV/HCV co
infection.
The seroprevalence of HBV and HCV among HIV positive blood samples showed that
4% was HIV-1/HBV, 8.8% HIV-HCV and 0.8 % HIV-HBV-HCV co infection. An
earlier study by Landrum et al., (2010) reported that approximately 20% of HBV
infections occur after HIV diagnosis, suggesting that patients with HIV-1 are frequently
co-infected with Hepatitis B virus (HBV) and have high prevalence of hepatitis B
surface antigen (HBsAg) or hepatitis B core antibody (HBcAb)-positive HBV
serological markers (Zhang et al .,2013).
The results of HIV/HCV co infection seroprevalence was almost comparable with the
seroprevalence in Nigeria (5.8%), Malawi (5.0%), Burkina Faso (4.8%) and Senegal
(8.0%) (Lesi et al., 2007; Nyirenda et al ., 2008 ; Simpore et al ., 2006 ; Diop-Ndiaye et
al., 2008). Hernandez et al., (2011) indicated that HIV generates a metabolic pathway
that leads to liver toxicity, suggesting direct viral effects, immune/cytokine dysregulation, altered levels of matrix metalloproteinase’s, fibrosis biomarkers, increased
oxidative stress and hepatocyte apoptosis (Mastroianni et al., 2014).
The findings of HIV-1/HBV co infection seroprevalence is comparable to the work of
Thio et al., (2002) who showed that HIV infection accelerates HBV-related liver
damage, cirrhosis and end-stage liver disease. This shows that the presence of HBV
infection complicates the management of HIV infection, impairs CD4 recovery,
accelerates immunologic progression and increases the morbidity and mortality of HIVinfected patients Thio et al., 2002).
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The HIV-1/HBV/HCV co infection seroprevalence was shown to be more or less
comparable to results from Senegal (0.5%), Nigeria (1.5%) and Egypt (0.44%) (Olufemi
et al., 2009; Kazem et al., 2004; Diop-Ndiaye et al., 2008).
5.2 The effects of HIV-1 Infection on leukocytes (CD4, CD3, absolute lymphocytes,
neutrophils, monocytes, eosinophils, Basophils and platelets)
The findings of this study showed that mean ± SD level of neutrophils and CD4 was
low. The results are inconsistent with those of Christopher et al., (2007), who reported
that there is persistent neutropenia in HIV-1 infection. They suggested that this was
incapability of neutrophils to release defensins and other antimicrobial peptides that
suppress HIV-1 replication (Zhang et al., 2002). The CD4 mean ± SD levels concurred
with Stephen et al., (1998) who showed that the progressive destruction and functional
impairment of the CD4+T cell, that is associated with HIV infection. This is a prognostic
indicator for risk of developing opportunistic infections (Henry et al., 2005).
The absolute lymphocytes mean ± SD count was high. The results are supported by a
report by Moir et al., (2004) that showed lymphocyte populations are depleted during
HIV-1 infection due to the establishment of a proapoptotic environment. Stephen et al.,
(1998) reported that the T-cell numbers decline during HIV-1 infection, that suggested
the development of profound immunodeficiency, a marked and persistent cellular
immune activation.
The distribution levels of CD3, monocytes, eosinophils, basophils and platelets indicated
normal mean ± SD values. The results are supported by Nicholson et al., (2002) who
showed that blood basophil presents a granulocyte type that is most resistant to
spontaneous apoptosis in HIV-1 infection, while Sonza et al., (1994) showed that blood
monocytes from HIV-1 infected individuals harbor HIV-1 DNA, although at a low
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frequency (<0.1%). Meanwhile Freedman et al., (1991) showed that there is an
increased eosinophils numbers that are infectable with HIV infection.
The results of this study are comparable to what had previously been studied. Most
reports indicated that thrombocytopenia is demonstrated with HIV infection and appears
to involve increased platelet destruction and ineffective platelet production (Henry et al.,
2005), while marked eosinophilia has been observed in HIV-1-infected patients Cohen
et al., (1996), this could be due to eosinophilic folliculitis disorder in HIV-positive
patients (Skiest & Keiser, 1997).
A report by Marone et al., (2001) showed that there is a shift from Th1 cytokine
production to Th2 cytokine production, due to the HIV-1 infection induces
degranulation of basophils.
5.3 Association between HIV-1, HBV and HCV infection
A positive correlation was observed between the HIV-1 infection and HBV or HCV. An
earlier report by Simon et al., (2014) showed that the principal routes of HIV and
hepatotropic viruses such as HBV and HCV are similar, that makes co infection of these
viruses with HIV possible. The result evidently suggests that there is a link between
immunological and metabolic perturbations in particular, the increased production of
proinflammatory cytokines and perturbance in adipokines (De Castro et al., 2010).
The results showed that the size effect of HCV and HBV/HCV infections in HIV-1
infection was to increase. It has been shown that the HIV and hepatic disease are
independently known to cause a varied range of haematological and biochemical
changes (Simon et al., 2014). However the effect of HIV-1 infection was to reduce with
HBV infection. This could be partly because of the enormous assault of these viruses on
haemopoietic cells/system and the role of the liver in haemopoiesis and coagulation
(Bibas et al., 2011). The findings of the study showed there was a chance of HCV, HBV
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infections and HBV/HCV co infection occurring during HIV-1 infection. Lodenyo et al.,
(2000) indicated that the levels of the liver enzymes with HIV-HBV-HCV co-infected
individuals are raised.
5.4 The effect of HIV-1/HBV co infection on CD4, CD3, absolute lymphocytes,
Neutrophils, Monocytes, Eosinophils, Basophils and platelets.
The mean ± SD levels of neutrophils, basophils and CD4 were low during HIV-1/HBV
co infection. This results concurred with Di Martino et al., (2002) who demonstrated
that CD4 count is low in HIV infection patients with HBV co infection, suggesting HIV1 infection accelerates the progression of HBV-related liver disease causing lower
alanine aminotransferase (ALT) levels and relates to lower CD4 T cell counts (Di
Martino et al., 2002). The neutrophil levels supported a report by Revill et al., (2007)
that demonstrated

infection by HIV-1/HBV induces apoptosis and functional

impairment of neutrophils. This suggested the compromising effects of the neutrophils
capacity for phagocytosis, oxidative burst, and bacterial killing, thus unable to control
opportunistic pathogens.
The eosinophils and basophils mean ± SD count was also low. The results are consistent
with Weller et al., (1995) who showed that in vitro viral-infected eosinophils do not
survive and they die by apoptosis or necrosis. Weller et al., (1995) suggested that
activated eosinophils can generate a number of toxic substances (eosinophil peroxydase,
hydrogen peroxide and holide ions) which have lytic effect.
The levels of absolute lymphocytes mean ± SD count was high. The results are
consistent with that of Fang et al., (1993) who indicated that the quality of the HBV
specific T-cell response is impaired in the setting of HIV-1-HBV co infection. This
suggests that HIV modulation of the HBV-specific immune response can alter the
hepatic cytokine environment and subsequently affect liver disease (Thio et al., 2002).
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A positive correlation was found between HIV-1/HBV co infection and CD4, CD3,
absolute lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets. The
findings of this study showed that the effect of HIV-1/HBV co infection, with an
additional effect of CD3, CD4, absolute lymphocytes, basophils and platelets was to
reduce. Several studies had suggested that patients infected with HBV genotypes C and
D had lower rates of seroconversion, likely correlated with delayed onset of spontaneous
HBV envelope antigen (HBeAg) seroconversion and HBsAg seroclearance (Yuen et al.,
2004). The additional effect of monocytes and eosinophils showed an increase in HIV1/HBV co infection. The result suggests that HIV-1/HBV-co infected patients may have
faster progression of hepatic fibrosis, a higher risk of cirrhosis, end-stage liver disease,
and HCC (Yuen et al., 2004). However neutrophils showed no effect on HIV-1/HBV co
infection.
There was a positive chance of CD3, CD4, monocytes, eosinophils, basophils and
platelets occurring during HIV-1/HBV co infection; however there was no indication of
neutrophils and absolute lymphocytes occurring during the co infection. A previous
report by Graham et al., (2001) showed that the HIV virus cannot enter hepatocytes
directly but it can up regulate pro-fibrotic pathways like transform growth factor B-1
which further activates hepatic stellate cells. HIV infection may be therefore ascribable
to a profound dysregulation of the peripheral and intrahepatic cytokine networks, which
plays an important role in the accelerated evolution of liver fibrosis (Mehal et al., 2007).
5.5 The effect of HIV-1/HCV co infection on leukocytes (CD4, CD3, absolute
lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets)
The absolute lymphocytes mea ± SD level was high. A study by Flynn et al.,(2012)
indicated that HIV/HCV co infection is associated with a reduction in the number of
HCV-specific T cells and a reduction in the anti-fibrotic activity of NK cells (Glässner et
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al., 2013). The results suggest that an increased HIV and HCV replication reflect the
immune suppressed state (Wondimeneh et al., 2013).
CD4, basophils and neutrophils mean ± SD levels were low. The results support a report
by Glässner et al., (2013) who demonstrated that HIV/HCV induced loss of CD4+ T
cells and dysregulated CD4+ T cell function. However Sulkowski et al., (2003)
explained that co infection of HIV and hepatitis C virus lead to increased HCV RNA
levels, and this promotes viral persistence in primary infection (Yang et al., 2008).
The CD3, eosinophils, monocytes and platelets mean ± SD levels were normal.
Different from these results, low platelet counts have been shown to be strongly
correlated with liver fibrosis (Testa et al., 2005).
The results demonstrated a positive correlation between HIV-1/HCV co infection and
CD4, CD3, absolute lymphocytes, neutrophils, monocytes, eosinophils, basophils and
platelets. A report by WHO, (2009); Adewole, (2009) explained that co infection with
HIV-1/HCV is associated with the likelihood of disease progression and thus reduces
immunity. This shows that mechanisms for the accelerated fibrosis rate appear to be
multi-factorial and include a weaker adaptive immune response (Blackard et al., 2006).
The results showed that the effect of HIV-1/HCV co infection was to reduce with the
effect of CD4, absolute lymphocytes, neutrophils, basophils and eosinophils. McKiernan
et al., (2004) explained that human leukocyte antigen B27 (HLA-B27) is associated with
slow disease progression in HIV infection and a high rate of spontaneous viral clearance
in hepatitis C virus (HCV) infection. However the effect of HIV-1/HCV co infection
was to increase with the presences platelets, monocytes and CD3. Therefore leads to the
lethal disease fibrosing cholestatic hepatitis, related to the direct cytotoxicity of HCV.
High levels of viremia lead to an accumulation of viral proteins in the endoplasmic
reticulum and to hepatocyte death (Tolan DJ et al., 2001).
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There was a chance of CD3, CD4, absolute lymphocytes, neutrophils, monocytes,
eosinophils, basophils and platelets occurring in presence of HIV-1/HCV co infection.
5.6 The effect of HIV-1/HBV/HCV co infection on CD4, CD3, absolute
lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets.
A positive correlation was found between HIV-1/HBV/HCV co infection and CD3,
CD4, absolute lymphocytes, neutrophils, monocytes, eosinophils, basophils and
platelets. The findings of the study demonstrated that the mean ± SD levels of CD4,
neutrophils and basophils were low but high with absolute lymphocytes and monocytes.
The CD3, eosinophils and platelets mean ± SD levels were normal. The results showed
that the effect of HIV-1/HCV/HBV co infection was to reduce with the effect of CD4,
absolute lymphocytes, monocytes, eosinophils, basophils and platelets but increased
with the effect of CD3 and neutrophils. There was a chance of CD3, CD4, absolute
lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets occurring in
presence of HIV-1/HCV/HBV co infection.
5.7 Expression of RANTES G 28 in presence of HIV-1, HIV-1/HBV, HIV-1/HCV
and HIV-1/HBV/HCV co infection
RANTES G 28 was shown to be highly expressed in HIV-1 infected blood samples. The
results are consistent to that of Gonzalez et al., (2002) who showed that RANTES SNPs
28 C/G haplotypes are related to HIV infection progression, also with this, Zhenghua et
al., (2013) who found out that marginal association between RANTES -28C/G with the
susceptibility to HIV-1 infection.
RANTES G 28 was also expressed in HIV-1/HBV, HIV-1/HCV and HIV-1/HBV/HCV
co infection blood samples. Study by Promrat et al., 2003 outlined the role of
polymorphisms of the genes for RANTES and their ligands in HCV susceptibility and
disease prognosis.
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The findings demonstrated that there was a positive correlation between RANTES G 28
and HIV-1 infection, HIV-1/HBV and HIV-1/HBV/HCV co infections. The results are
consistent with that of Duan et al., (2005) who showed a significant correlation was
found between plasma RANTES levels and HBV infection. In addition, the results are
also consistent with studies that had examined the association of 28C>G SNPs with viral
and non-viral diseases including HIV, upper urinary tract infection, asthma, lymphoma,
type 1 diabetes, and hepatitis C virus (Hizawa et al., 2002; Zhang et al., 2010).
The results showed that the effect of RANTES G 28 was to increase with the effect of
HIV-1 infection, HIV-1/HBV and HIV-1/HBV/HCV co infections but reduced with
HIV-1/HCV co infection. This is in agreement with Yang et al., (2008) who showed that
the prevalence of RANTES G 28 alleles is low in HIV/HCV co infected patients.
Similarly Alam et al., (1993) explained that the increased level of RANTES G 28 is
associated with both atopic asthma and nonatopic asthma in bronchoalveolar lavage
fluid. This suggests that in human cell lines, the -28G increase promoter activity, and
polymorphism can increase RANTES expression in the human body (Liu et al., 1999).
There was a chance of RANTES G 28 occurring in the presence HIV-1/HBV, HIV1/HCV, HIV-1/HBV and HIV-1/HBV/HCV co infection.

A previous report by

Heydtmann et al., (2001) demonstrated that RANTES interaction is important during
hepatitis C virus infection, where T cells are recruited to the liver parenchyma to
mediate clearance of HCV infected hepatocytes. In agreement with this, Hellier et al.,
(2003) found out an association between RANTES and reduced portal inflammation and
milder fibrosis.
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5.8 The effect of RANTES G 28 during HIV-1infection, HIV/HBV, HIV/HCV co
infection on CD4, CD3, absolute lymphocytes, neutrophils, monocytes,
eosinophils, basophils and platelets.
The results showed a positive correlation between RANTES G 28 and CD3, CD4,
absolute lymphocytes, neutrophils, monocytes, eosinophils, basophils and platelets.
Concurrent with the results, RANTES was found to be highly expressed in activated T
lymphocytes, macrophages, fibroblasts, platelets, mesangial cells, epithelial cells,
megakaryocytes and some tumours (Yoshie et al., 2001).
The expression of RANTES G 28 showed a normal mean ± SD level with CD3,
monocytes, eosinophils, basophils and platelets, while CD4 and neutrophils mean ± SD
levels were lower than the reference range. Conversely it was reported that over
expression of RANTES causes increased neutrophils and eosinophils infiltration into the
airways, which are considered a prominent feature of airway inflammation (Pan et al.,
2000). However the absolute lymphocytes mean ± SD level was high.
The results showed that the effect of RANTES G 28 was to increase with in presence of
CD3, CD4, absolute lymphocytes, monocytes and platelets. A previous report by
Issekutz, (1993) showed that cytokines induce the production of RANTES which leads
to recruitment of additional macrophages and memory T helper cells. The findings
further showed that an additional effect of neutrophils, eosinophils and basophils was to
reduce the size effect of RANTES G 28. A study by Hizawa et al., (2002) found out that
mononuclear cells with RANTES G 28G allele produce greater levels of RANTES
protein, and it has also been shown that RANTES induces recruitment of eosinophils
and their up regulation (Alam et al, 1993). The results further showed that there was a
positive chance of RANTES G 28 occurring in presence of absolute lymphocytes,
neutrophils, basophils and platelets.
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CHAPTER SIX
CONCLUSION, LIMITATIONS AND RECOMMENDATION
6.1 Conclusion
1.

HIV-1 infection caused low mean ± SD levels of CD4and neutrophils were
reduced but high levels with absolute lymphocytes.

2. The HIV-1/HBV co infection demonstrated a positive correlation with all stated
leukocytes a part from neutrophils. The effect of HIV-1/HBV co infection was
reduced in presences of CD3, CD4, absolute lymphocytes, basophils and
platelets.
3. The HIV-1/HCV co infection demonstrated a positive correlation with all the
stated leukocytes. The effect of HIV-1/HCV co infection was to reduce with an
additional effect of CD4, absolute lymphocytes, neutrophils, basophils and
eosinophils..
4. The HIV-1/HBV/HCV co infection demonstrated a positive correlation with all
stated leukocytes. The size effect of HIV-1/HBV/HCV co infection was to
reduce with additional effect of CD3, CD4, absolute lymphocytes, .monocytes,
eosinophils and basophils.
5. RANTES G 28 is highly expressed in presence of HIV-1 infection, HIV-1/HBV
and HIV-1/HCV co infections. RANTES G 28 expresses a positive correlation
with all the infections and leukocytes. The effect of RANTES G 28 was to
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increase in presence of HIV-1 infection, HIV-1/HBV and HIV-1/HBV/HCV co
infections. RANTES G 28 effect was also to increase with an additional effect of
CD3, CD4, absolute lymphocytes, monocytes and platelets.

6.2 Limitation
Large number of blood samples was required to increase the size of co infected blood
samples; however this was limited due to lack of resources. Samples coagulated with
any other anticoagulant apart from E.D.T.A were rejected as they mostly failed to
produce reproducible results
6.3 Recommendation
1. More research is required both by the institutions of higher learning and research
institution to understand the role played by HIV infection, HIV/HCV and
HIV/HBV co infection on immune cells and understanding the role of RANTES
G 28 during the infections and in presence of leukocytes.
2. The health facilities and research institutions should take the initiative of
screening of HBV and HCV co infection on HIV-1 individuals.
3. Quantification of human body molecules should be studied to gain knowledge of
their importance with reference to the presence of infections.
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APPENDICES
Appendix 1 : EtBr (ethidium bromide 5 mg / ml)
Ethidium Bromide

500 milligram (mg)

DdH2O to

100 millillitre (ml)

Total volume

100 millilitre (ml)

Add 5µl/100ml EtBr stock
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Appendix 2: Distribution of leukocytes
Above normal level distribution of leukocytes
HIV-1

infection HIV/HBV

(%)

HIV/HCV

coinfection (%)

coinfection (%)

CD4

0

0

0

CD3

0

0

5

Absolute lymphocytes

90

90

85

Neutrophils

5

0

0

Monocytes

8

22

20

Eosinophils

1

11

0

Basophils

0

0

0

Platelets

0

0

0

Below normal range distribution of leukocytes
HIV-1

HIV/HBV

HIV/HCV

infection (%)

coinfection

coinfection

(%)

(%)

CD4

63

78

60

CD3

19

0

0

Absolute lymphocytes

0

0

0

Neutrophils

91

78

90

Monocytes

17

0

0

Eosinophils

40

56

40

Basophils

57

78

70

Platelets

30

22

30
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Appendix 3

Comparison of CD4 Ranges in HIV Negative IndividualsComparison

of CD4 Ranges in HIV Negative Individuals Ordered by Mean CD4 Count, CD4
Count for the different geographical regions in Kenya
Region

Nairobi

Eastern

Rift valley

Lymphocyte subset
CD3 count

CD3%

CD4 count

CD4%

CD8 count

CD8%

Mean ± SD

1841 ± 486c

69 ± 6a 1046 ± 283c 39 ± 6a 717 ± 260c

26 ± 5c

Median

1824

69

1007

39

691

26

Range

908-2661

55-79

517-1506

27-48

266-1165

16-35

Mean ± SD

1728 ± 642b

Median

1617

64

959

37

529

22

Range

813-2512

47-77

512-1320

21-50

213-1083

11-34

Mean ± SD

1876 ± 883d

Median

1666

68

902

36

640

26

Range

660-3074

50-80

345-1703

23-47

217-1315

13-39

64 ± 7a 949 ± 209b 37 ± 7b 650 ± 329ab 24 ± 6ab

67 ± 8b 1029 ± 559ab 37 ± 7c 752 ± 421d

27 ± 8b

Lake Victoria Mean ± SD 1195 ± 449abcd 66 ± 7c 690 ± 263abc 38 ± 6d 454 ± 231acd 25 ± 7d

Coast

Median

1137

67

630

38

401

24

Range

471-1886

50-77

275-1081

26-47

135-791

12-36

Mean ± SD

1617 ± 574a

Median

1502

67

854

36

602

28

Range

572-2708

51-77

281-1540

22-47

210-1179

16-37

66 ± 7d 881 ± 333a 36 ± 7a 675 ± 289a
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28 ± 6a

Appendices 4: A memorandum for understanding between The Clinton
foundationHIV-1/AIDS Initiative and Kenya Medical Research Institute(KEMRI),
NAIROBI for HIV testing and monitoring CD4 in HIVinfected persons.
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