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ABSTRACT

Human Immune Deficiency Virus (HIV) has become a global problem which has reduced
the quality and lifespan of many people all over the world. The World Health
Organization (WHO) has established that ARVs reduce the suffering of HIV patients.
Currently, there are various ARV regimes in use, and they are taken for a long period of
time. This could lead to emergence of ARV associated toxicity. The objective of this
study was to determine toxicity and immune status of HIV patients under ARVs
(Zidovudine, Stavudine and Nevirapine) which comprises first line ARV regime
currently being used in this country. The study design was longitudinal, a case study
involving HIV patients attending Runyenjes comprehensive care centre (CCC) during the
months of May to November 2009. A total of sixty HIV patients participated in the study
after consenting to undergo comprehensive care. A control group of 40 HIV patients
on only contrimoxale (septrin), an antibiotic used to control opportunistic
infections was also monitored for six months to exclude the compounding effects
of accompanying antibiotics. Baseline values of creatinine and haemograms were
deterrsined and compared with immunological parameters for different levels of
treatment monthly over a period of six months. CD3 and CD4 cell counts were
determined in a Fluorescence Activated Cell sorter (FACs) using cross reactive
antibodies while mean corpuscular volumes (MCV), platelets and Haemoglobin (Hb)
were determined using a blood cell analyser. Using a serum analyser serum creatinine
was determined and used as an indicator of toxicity of the ARV drugs. Analysis of
Variance (ANOVA), t-test and correlation coeficient were used to analyse the data. The
results showed that out of sixty HIV patients sampled twenty (33.3%) had baseline CD4
counts less than 50 cells /ul of blood, 9 (15%) between 50-100 cells/ul of blood, 8
(13.3%) between 101-150 cells/pl of blood and 23 (38.4%) above 150 cells/ul of blood.
Correlation analysis showed that creatinine was weakly positively correlated with MCV
(p<0.01; r=0.149), weakly correlated with CD3. (p<0.01; =0.063), weakly correlated to
haemoglobm level (p<0.01; r=0.059), weakly correlated with platelet counts (p<0.01;
=0.082) and positively correlated to CD4 (p<0.01; r=0.178). Increase in creatinine levels
resulted in increased CD4 and CD3 up to the third month and increased levels of
haemoglobin, MCV and platelet up to the sixth month. Results also showed significant
increase in mean creatinine following 6 months of ARV use (p<0.01, F=22.73, df=5) and
that treatment with ARVs may cause toxicity especially to patients with baseline CD4
counts of 50-100 cells/ul of blood by the sixth month of use. Results of the control group
of patients showed no significant changes in mean creatinine (p=0.1, F=0.004, df=5) with
a mean of 0.99mg/dl of blood which was within normal creatinine range in health. The
findings of this study will be useful in understanding the potency of ARV regime and
associated toxicity. Based on the data observed in this study it is recommended that the
ARV drug combination used may be initiated for patients at baseline CD4 counts of 101-
150 cells/pl of blood but change to another combination after three months to minimize
toxicity associated with prolonged use.



CHAPTER ONE: INTRODUCTION

1.1 Background

Human immune deficiency virus (HIV) and acquired immune deficiency
syndrome (AIDS) 1s a global pandemic which has reduced quality of life for
millions of people (WHO, 2006). HIV is associated with immune suppression
which can be measured by the levels of T cell (Roit et al., 2006). Specifically
HIV has been shown to reduce levels of CD4 and CD3 in addition to other
haematological values (Cheeseborough et al.,, 2005). Normal levels of CD4 in
he;ﬂth ranges are 1000-1200 cells/pl of blood (Cheeseborough et al., 2005).
Individuals with or less than 200 CD4 cells/ul of blood have been shown to
| develop AIDS which is associated with opportunistic infections and

malignancies (Gilks,1998).

Currently, 40 million people are living with HIV and AIDS all over the world
(WHO, 2009). It is estimated that over 1.2 million people in Kenya are infected
with HIV (WHO, 2009, KAIS, 2009). Prevalence ot infection in Kenya varies
from region to region, with Nyanza having 14% followed by Nairobi with 9%
(GOK, 2008). Embu in Eastern Province has reported a prevalence of 4%

(GOK, 2008).

World Health Organization has established that ARVs reduce the sutfering ot

HIV patients (WHO, 2006). Antiretroviral drugs have-'f;;n shown to boost the



immune status of HIV patients and reduce opportunistic infections (Janeway et
al., 2005). The Kenya government has made a lot of etfort to ensure that ARVs
are available in provincial and district hospitals (GOK, 2006). Currently,
combination ARV regimes are in use. Nucleoside analogues are most
commonly used and HIV patients are initiated with first line combination
ARV therapy (GOK, 2008) Antiretroviral combinations are designed to be
taken for long periods of time; this could lead to emergence of ARVs
associated toxicity (Smith, 2006).

Limited studies on prolonged use of ARV therapy showed swollen feet, kidney
failure, liver malfunctions and compromised immune system in some paﬁénts
(Janeway et al., 2005). Toxicity can be measured by determination of levels of
creatinine in serum among others which is more reliable as it indicates kidney
filtration rates (Greer, 1999). Normal creatinine values in health 1s 0.6 to 1.2
mg/dl of blood in male adults and 0.5 to 1.1 mg/dl of blood in females and
above 0.2mg/dl of blood in infants. Toxicity of most drugs may be manifested

as abnormally elevated creatinine levels in serum (Greer, 1999).

1.2 JUSTIFICATION
Establishment of Comprehensive Care Centres in some hospitals and free
ARVs has created high rates of ARV use Lurrently the mode of ARV therapy

' is a combination of three or more drugs. Different ARVs have been associated



with toxicity. There is need to understand toxicity with combinaton ARV
therapy. With more than 500 HIV patients enrolled at Runyenjes no
comprehensive study has been done to address the effects of combination
ARV therapy in Runyenjes, Embu. One way of monitoring toxicity is by

monitoring creatinine levels in serum.

1.3 Problem statement

Antiretroviral drugs are freely available in government and private hospitals.
Prolm;ged use of ARVs may contribute to drug associated toxicity. Their
complications may include nephrotoxicity, lactic acidiosis, liver damage
(hepatotoxicity) and Peripheral neuropathy (nerve damage) (Gerschenson et al.,
2000). All ARVs are taken for a long peﬁod of time (life long) and they are
also highly toxic hence require close monitoring by clinicians. ARV drugs
have not been monitored for their associated toxicity or side effects in HIV

patients at Runyenjes.

1.4 'Research questions
a) What are the effects of first line combination ARV therapy (nevirapine,
zidovudine and stavudine) on CD3 and CD4 levels in HIV patients?
b) What are the hematological profiles of HIV patients under first line
combination ARV therapy (nevirapine, zidovudine and stavudine)?
¢) What are the effects of first line combinétion ARV therapy (nevirapine,

zidovudine and stavudine) on creatinine levels among HIV patients?



1.5 Null hypotheses
a) There is no relationship between first line combination ARV therapy
(nevirapine, zidovudine and stavudine) on use and creatinine levels.
b) There is no relationship between first line combination ARV therapy

(nevirapine, zidovudine and stavudine) on use and the immune status.

1.6 Objectives
1.6.1 General Objective
To defermine ARV drugs toxicity and immune status of HIV patients attending
Runyenjes Comprehensive Care Centre, Embu, Kenya.
1.6.2 Specific Objectives
a) To determine the effects of firstline combination ARV  therapy
(nevirapine zidovudine and stavudine) on creatinine levels in
HIV patients .
b) To determine the etfects of first line combination ARV therapy
(nevirapine, zidovudine and stavudine) on CD4 and CD3 counts
c)c To determine the effects of first line combination ARV therapy
(nevirapine, stavudine and zidovudine) on heamatological values
(Hb, MCYV, and platelet) in HIV patients.
d) To determine‘the relationship between creatinine levels and immune
status of HIV patients on first line combination ARV therapy

(nevirapine, stavudine and zidovudine). Rt



1.7 Significance and expected output

Creatinine level is a measure ot kidney function based on glomelular filtration
rates. Elevated levels of creatinine indicate kidney function impairment
(Gerschenson et al., 2000). Use of ARVs for a long time may change the level
of creatinine, which may be a sign of toxicity. Kidney impairment may result
to haematological defects which may lead to anaemias related to low
- production of erythropoietin hence affect haemopoiesis, this may change
haemoglobin, platelets and mean corpuscular volumes (Gerschenson ef al,
2000).” Platelet levels may influence blood clotting. Creatinine may also
influence lymphopoiesis which may change CD3 and CD4 levels (Carr et al,,
2001). The level of creatinine and immune profiles will be useful in monitii?ing

ARYV drug responses and safety in HIV patients.



CHAPTER TWO: LITERATURE REVIEW

2.1 Epidemiological trends

Human immune deficiency virus (HIV) is a retrovirus with unique and strange
characteristics (Brostof et al., 2006). It contains two copies of single strand
RNA with 9 genes (Roit ef al., 2006). Upon entry into the cell the genome is
reverse transcribed into complementary DNA and integrated into the human
_ genome to form a provirus (Carmichael et al., 1995). There are two types of
HIV: HIV-1 and HIV-2(Costello, 1998). HIV-1 is more prevalent and more
virulent than HIV-2 (Costello, 1998). Approximately 40 million people in the
world today are living with HIV virus, out of which 24 million hail from

Africa (WHO, 2009).

An estimated 2.8 million people die every year and about 5 million new
infections of HIV occur every year (WHO, 2009). In Kenya an estimated over
(1.2M) 5.9% of the population is infected (MOH, 2008). Nyanza and Nairobi
are leading with prevalence rates of 14% and 9% respectively (GOK, 2008).
Embu has approximately 6000 infected: a prevalence of 4% (GOK, 2008).
v Infections with HIV has impacted negatively on Kenya’s economy because the
infected and atfected are less productive (GOK, 2008). This is due to
absenteeism from wofk, time wasting due to over focusing on the HIV-patient
and burial costs (WHO, 2009). Globally, there are about 8 million HIV patients

" on ARV, of which 3.5million are from Africa (WHO, 2009). In Kenya, an



estimated 0.4M HIV patients are under ARV treatment (NASCOP, 2009).

Embu has about 2500 HIV patients on ARVs (GOK, 2009).

2.2 Structure and genome of H1V

The size of HIV is 120nm-in diameter and is roughly spherical (Figure 2.1).
The virus has two exact copies of single stranded RNA (genome) in the centre
of the organism enclosed by a conical capsid comprising the viral proteins p
24 n tightly packed association with one another, typical of lentiviruses
(Figure-2.1). This is sorrounded by an envelope made of lipids and membrane
bound proteins (Cullen 1998). It is this membrane — bound protein that binds to
a particular protein on the surface of certain immune cells like T g:lls,
macrophages and membrane dendritic cells. The singe stranded RNA is tightly
‘bound to the nucleocapsid protein, p 7 and enzymes such as reverse
transcriptase, intergrase and protease are essential in HIV replication

(Chrystie, 1988).

The nucleocapsid proteins, p7 and p6 associate with the genomic RNA and
pfotect the RNA from digestion by nucleases. A matrix composed of an
association of the viral protein pI7 sorrounds the capsid ensuring the integrity
of the virion particle (Grant and Decock, 1998). Enclosed within the particle
are accessory proteins viral infectivity factors (vif), Viral protein R (vpr),

Negative reguratory factor (Nef) and p7. The enveloﬁ;" is formed when the



capsid buds from the host cell taking some of the host —cell membrane

glycoprotein gp/20 and gp 41 (Kwong et al., 1998).

gp120

Docking
Glycoprotein

Lipid
Membrane

Transmembrane
Glycoprotein

Reverse
Transcriptase [

£

Figure 2.1: Structure And Genome Of HIV (Adapted from Chrystie,

1988).



The major genes of HIV coding for structural proteins are similar to those
tound in all retroviruses. However several, non structural or accessory genes
that are unique are found in HIV (Lori et al., 2005). Each of these genes play
an essential role in the structure and function ot HIV. Group specific antigen
(Gag) gene codes for p24, the viral capsid, p6, p7, the nucleocapsid
protein and pl7, a matrix protein thus providing the basic physical

infrastructure of the virus (Taften, 2007).

Pol gene codes for viral enzymes, the most important of which are reverse
transcriptase, intergrase, and protease (Kwong et al., 1998). These cleaves the
proteins derived from gag and pol functional proteins thus providing the basic
ﬁxechanism by which retroviruses reproduce envelope (env) gene (Lori et al.,
2005). This supplies the proteins essential for the precursor to gp 120 and gp
41 which are proteins embedded in the virus to attach to and fuse with target
cells(Carcelain, et al, 2001). Env, gag and pol are collectively called
structural genes (Lori et al., 2005). Accessory proteins tat, ref, nef, vif, vpr and
vpu help HIV to enter the host cell and enhance its replication (Carcelain, ef
al., 2001). Each of these genes codes for a single protein with same names; fat
gene for tét proteins, ref for Ref, nef for Nef, Vif for Vif and vpu tor VpU (Lori

et al., 2005, Figure 2.2).
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2;3 Cellslar invasion by HIV

Bringing ﬁe global HIV epidemic under control will require more effective
strategies to prevent the spread (Kaplaan,1999). This is due to its high rates of
mutation and negative impact on the immune cells (Grouard and Clark, 1997).
Once HIV comes into contact with host cell like T cells, attaches and fuses
with the cell and injects its genetic material into the cell (Grouard and Clark,
1997). Attachment is specific binding between proteins on the surface of the
virus and proteins that serve as co-receptors on the surface of the T cell
(Royse et al., 1997). The co-receptors help the cell to communicate with other
cells (Doms, 2005). Two receptors, that is, CD4 and CCRS or CXCR4
depending on the strain of the virus, are used by HIV to attach and enter the

cell (Scarlatti et al.,1997).

Pof
T e S T S Lm-i o SRR

W\

Figure 2.2: Genome organisation of HIV (Adapted from Chrystie, 1988).
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HIV is primarily transmitted sexually (Male e al., 2006). CD4 receptor is the
main point for viral entry (Carmichael et al.,, 1995). The binding of T helper
cell (CD4) to HIV particle results in conformational changes of glycoprotein of
molecular weight of 120 KDa. This exposes gp 41 binding to chemokine
receptors allowing viral entry (Moore et al, 1997). CCRS is the major
macrophage and T-cell co receptor used by HIV to establish primary intection
_ invivo to form a provirus (Lehnert., 2002). The combined CD4 binding and co
receptor binding results in the formation of a coiled structure that exposes the
hydrophobic fusion domain at the N-terminus of gp 4/ which was previously
hidden in the viral membrane and loosely bound to gpl20 (Lehnert, 2002).
Assembled as a trimmer on the viral membrane, this coiled coil protein spllts
open, projecting three peptide fusion domains that harpoons the lipid bilayer of
| the target cell (Udeselberg, 2006). The fusion domains then form hair pin-like
structures that draw the viral and cell membranes together promoting the
fusion of virus and cell membrane, leading to release of the viral core into the
cell interior (Scarlatti et al.,1997). One of the proteins that enter the cell with
the viral genome is reverse transcriptase which transcribes the viral RNA into

complimentary DNA (Carmichael ez al., 1995).

The viral cDNA is then integrated into host cell genome by viral integrase
which also enters the cell forming a provirus (Arya et al.,, 1998). The Gag

‘and pol-proteins  are translated from unspliced mRNA Vif, Vpr, Vpu and
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Env are translated from singly spliced viral mRNA. Taf, Rev and Nef are

translated from multiple spliced mRNA (Cullen, 2000).

2.4 Immune responses to H1V infection

Upon entry of HIV into host, active replication occurs in lymph nodes
accompanied by destruction of CD4 T cell (Bain, 1997). Over the next few
weeks viral replication is reduced by specific cytotoxic T lymphocytes
(Morgan, 1997). A lowered level of viral replication then continues in lymph
nodes and a steady state of viral production is matched by equivalent rates of
clearance of virus with T cell death (Carmichael ef al., 1995). Many bases of
viral sequence may be mutated during reverse transcription, which may ‘;%fect
the delicate balance between the virus and ‘host immune system (Roit et al,

2006).

Infectious virus is present at relatively low level in peripheral blood of infected
individual during prolonged asymptomatic time (Johnson, 2002) after which
the virus is replicated persistently in the lymphoid tissue (Vergani et al., 2006).
Dﬁring this period CD4 cell count gradually decline but the levels of antibodies
and CDS8 cells directed against the virus remain high (Lempicki et al., 2000).
Eventuélly the level .of antibodies and CD4 cells also decline followed by a

progressive increase of infective HIV in peripheral blood

UNAIDS, 1998).
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1.5 Chemotherapy in HIV and AIDS patients |
Antiretroviral drugs are medications for the management of infection by retroviruses,
primarily HIV (Carcelain ef al., 2001). When several such drugs, typically three or four, |
are taken in combination, the approach is known as highly active antiretroviral therapy
(HAART) (Dybul et al., 2002). The American National institute of health and other
organizations recommend that antiretroviral treatment should be offered to all patients
with AIDS (Janeways et al., 2005). Because of the complexity of selecting and
following a regime, the severity of the side-effects and the importance of compliance to
prevent viral resistance, such organizations emphasize the importance of involving
patients in therapy choices, and recommend analyzing the risks and potential benefits to

patients without symptoms (Dybul ef al., 2002).

2.5.1 Classes of antiretroviral drugs and their mode of action

Th;ere are different classes of antiretroviral drugs that act at different stages of the HIV
life-cycle (WHO, 2009). Nucleotide reverse trancriptase inhibitors (NRTI) such as
zidovudine, nevirapine and stavudine inhibit reverse transcription by being incorporated
into the newly synthesized viral DNA and preventing its further elongation (Pierson ef
al., 2000).. Non nucleoside reverse transcriptase inhibitors (NNRTI) inhibit reverse
transcriptase directly by binding to the enzyme and interfering with its function
(Chrystie, 1988).

Protease inhibitors (PIs) target viral assembly by inhibiting the activity of protease, an
enzyme used by HIV to cleave nascent proteins for final assembly of new virions

(Chrystie, 1988). Intergrase inhibitors inhibit the enzyme_intergrase, which is
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responsible for intergration of viral DNA into the DNA of the infected cell (Perelson et
al, 1996). There are several integrase inhibitors currently under clinical trial, and
raltegrivir  in this class was the first to receive FDA approval in October 2007 (WHO,
2008). Other classes of ARVs include entry inhibitors (or fusion inhibitors) which
interfere with binding, fusion and entry of HIV-1 to the host cell by blocking one of
several targets. Maraviroc and enfovirtite are the two currently available drugs in this
class.- Maturation inhibitors inhibit the last step in gag processing in which the
polyprotein is cleaved, thereby blocking the conversion of the polyprotein into mature
capsid protein p24 (Chrystie, 1988). Because these viral particles have a defective core,
the virions released consist of mainly non-infectious particles. These maturation
inhibitors includes bevirimat and vivecon. AntiViral HyperActivation .‘_I:imiting
Therapeutics or 'virostatics' (AV-HALTs ) combine immune-modulating and antiviral
properties to inhibit a specific antiviral target while also limiting the hyper-elevated state

of immune system activation driving disease progression (Richman and, Wyatt, 1997).

The life cycle of HIV can be as short as about 1.5 days from viral entry into a cell
through replication , assembly, and release of additional viruses, to infection of another
cell. HIV lacks proofreading enzymes to correct errors made when it converts its RNA
* into DNA via reverse transcription (Saitoh ez al., 2005). Its short life cycle and high error
rates cause the virus to mutate very rapidly resulting in high genetic variability (Richman
et al., 1987). Most mutations either are inferior or convey no advantage but some of
them have superiority to their parents and slip past immune system defences or even

~ ARVs activity (Saitoh ef al., 2005). Antiretroviral combination therapy defends against
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resistance by suppressing HIV replication as much as possible (Richman and Wyatt,

1997).

2.5.2 Current ARV combinations in use

The current guidelines for adults and adolescents recommend that all patients with
HIV and AIDS-defining illness like chronic coughs regardless of CD4+ T cell count,
less than 200 CD4+ T cells/pl receive ART (Dainiak ef al,, 1988). The preferred
* initial regimes include; nevirapine, zidovudine and stavudine, efavirenz , tenofovir
and emtricitabine, boosted with Ritonavir; zidovudine and lamivudine and lopinavir

boosted with ritonavir; lopinavir tenofovir and emtricitabine (WHO, 2008).

-~

Combinations of antiretrovirals create multiple obstacles to HIV replication to keep
the number of offspring low and reduce the possibility of a superior mutation:ﬁlkf a
mutation that conveys resistance to one of the drugs arises, the other drugs continue
to suppress reproduction of that mutation (Coovadia er al, 2004). With rare
exceptions, no individual antiretroviral drug has been demonstrated to suppress HIV
infection for long; these agents must be taken in combinations in order to have a
lasting etfect. As a result, the standard care is to use combinations of antiretroviral
drugs.(WHO, 2008). Combinations usually comprise two nucleoside-analogue RTIs

and one non-nucleoside-analogue RTl or protease inhibitor. The three drug

combination is commonly known as a triple cocktail (WHO, 2006).

Combination of anti HIV chemotherapy has drastically reduced mortality rates
and increased life expectancy of infected individuals (WHO, 2006).

Prolonged viral chemotherapy may induce side eﬁ'ect‘sy .Which may be fatal
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(WHO, 2006). Drugs that block HIV replication lead to rapid decrease in titers
of infections virus and an increase in CD4 T-cells (Pierson ef al., 2000). These
ARV drugs target reverse transcriptase enzyme which is required for synthesis
of provirus (Cammack, 2001). Inhibitors of these enzymes prevent the
establishment »of further infection in the uninfected cell (Cammack, 2001).
After inhibiton with such treatment, the virus produced by previously infected
cells 1s no longer infectious and virus production is curtailed as these cells die
and no new cells are infected. Reservoirs of lately infected cell remain present

for many years (Janeway et al., 2005).

The common combinations in use include fixed-dose combinations which are
multiple antiretroviral drugs combined into a single pill and synergistic enhancers
iwhich either do not possess antiretroviral properties alone or are inadequate or
impractical for monotherapy (Carbonara et al., 2001). When the enhancers are taken
- concurrently with antiretroviral drugs they enhance the effect of one or more of the
ARYVs often by altering the metabolism of antiretrovirals (Carbonara et al., 2001).
- These igclude ritonavir, which is an antiretroviral drug that belongs to the class of
protease inhibitors with the protease inhibitor lopinavir. ritonavir is also used as an
enhancer ot other protease inhibitors such as saquinavir and atazanavir (Micrott et al.,

1999).

In countries with a high rate of baseline resistance, resistance testing is recommended

prior to starting treatment combination of nevirapine, zidovudine and stavudine
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(Moore et al., 1991). In Kenya, most of the HIV patients are under zidovudine,
nevirapine and stavudine combination of ARVs which acts as reverse

transcriptase inhibitors (GOK, 2006).

2.5.3 Antiretroviral drugs Toxicity and side effects

Several ARVs cause Kidney damage (nephrotoxicity). Drugs such as nevirapine and
tenofovir are associated with symptoms like fatigue, frequent urination, swollen feet
and increased thirst (Carr et al., 2001). Creatinine has been found to be a fairly

reliable indicator of kidney function because as the kidneys become impaired

e

the creatinine levels increase and thus warn of possible malfunction or failure
of the kidneys, sometimes even before a patient reports any symptoms (Gréer,
1999). 1t is for this reason that standard blood and urine tests routinely check
the amount of creatinine in the blood (Greer, 1999). Other drugs may cause
Lactic acidosis which is associated with symptoms like nausea and vomiting,
abdominal pain, tiredness, shortness of breath abnormal heart beat and weight loss.
These include stavudine and didanosin (De Souz et al, 2000). Liver damage
(hepatotoxicity) due to nevirapine and ritonavir may occur in association with
symptoms such as fatigue, loss of appetite, abdominal pain and Jaundice (Yellow skin
and whites of the eyes, dark urine, pale stools) (Blanche et al., 1999). Drugs like
Stavudine, didanosine Vand lamivudine may cause peripheral neuropathy (nerve
damage) which is associated with symptoms like numbness, pins and needles in
hands or feet can become very painful and eventually'disabling (Gerschenson et al.,

2000). r
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When ARVs are administered, variants of the virus carry mutations conferring
resistance which may result from former levels of plasma virus regained (Roit
etal., 2005). Resistance hasnecessited introduction of the current treatment of
combination therapy which dramatically reduces mortality and morbidity
among patients with advanced HIV infection (Roderick and Herbert, 2005).
However, this has been accompanied by significant side ettects. These side
_ effects may be as a result of toxicity due to use of these drugs for a long period

(WHO, 2006).

There are several concerns about antiretroviral regimes. The drugs can have serious
side-effects. Regimes can be complicated, requiring patients to take several pil!f at
various -times during the day. However treatment regimes have been greatly
_simplified in recent years. If patients fail to adhere to treatment regimes, drug
resistance can develop (Uberg, 2009). In addition anti-retroviral treatment is costly
and resource-intensive, which makes it difficult for majority of the world's infected
individuals cannot acccss trcatmcent scrvices (WHO, 2008). If HIV infection
becomes sufficiently resistant to antiretroviral-drugs, treatment becomes more
complicated and prognosis may deteriorate (Coovadia, 2004). Treatment options
continue to improve as additional new drugs enter clinical trials. However, the limited
distribution of many such drugs denies their benefits to patients in the developing

world (Carr er al., 2001).

Drug holidays (or “structured treatment interruptions”), are intentional

P

discontinuations of antiretroviral drug treatment. Studies of such interruptions attempt

to increase the sensitivity of HIV to antiretroviral drugs (Blanche et al., 1999). The
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interruption  change the selection pressure from the drug resistance towards
resistance to the human immune system, thus breeding a more drug-susceptible virus.
HIV spends some of its life-cycle in a state where its DNA is entirely integrated
into human DNA (De Souza, 2000). Under certain conditions, drug-resistant strains
of the virus can remain dormant in this state, since CD4 T-cells also are dormant
when not aroused by invading organisms. The resistant strain can then reemerge

when antiretroviral drugs are re-introduced (De Souza, 2000).

On rare occasions, side effects can be life threatening although once started,
antiretroviral treatment must be taken every day for life. Every missed dose increases
the risk that the drugs will stop working (WHO, 2008). It is therefore vital that people
receiving antiretroviral treatment get all the help they need to minimise the impact-of
side ettects. Often there are several ways to lessen the harm, either by treating the
side effects or by switching to alternative antiretroviral drugs (Abrescia, 2005).
Antiretroviral drugs differ in how commonly they cause particular side effects. For
example, efavirenz is the drug most associated with psychiatric symptoms, while
protease inhibitors are more likely to raise the levels of cholesterol and triglycerides
(Uberg, 2009). This should be considered when deciding which drugs tb take (Carr et
al., 2003 ). Side etfects vary trom person to person and it is impossible to predict
exaétly how each individual will be affected. Some people take antiretroviral
treatment for years with few problems, while others find the same drugs intolerable.
Nevertheless some characteristics and pre-existing conditions (such as high blood
pressure or hepatitis infection) are known to increase the risk from certain side ettects
(Uberg, 2009). Some side effects appear shortly after startmgan antiretroviral drug

and disappear within a few weeks as the body gets used to the new chemicals. This 1s
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often the case with nausea, diarrhoea and headache (Abrescia, 2005). Unfortunately
other side etfects such as peripheral neuropathy (nerve damage) and lipodystrophy

(fat redistribution) tend to worsen over time and may never go away. Also some
problems may not emerge until months or even years after treatment is started.
Patients should also know how to spot the warning signs of more serious side effects
that may require immediate intervention. Other possible causes include opportunistic

infections, stress, diet, and non-HIV drugs (Cheesborough, 2005).

Older people living with HIV may experience signs of ageing that could resemble
certain side effects. For example, when people get older they might be more
susceptibfc to increased fat in the abdomen, which could look similar to the changes
that are caused by lipodystrophy (Blanche ef al., 1999). Switching of drugs is often
an effective way to reduce or eliminate a side effect when all other approaches have
failed. If the viral load is undetectable then it is usually possible to switch only one
drug without attecting treatment ettectiveness or tuture treatment options. Otherwise,
the entire combination may have to be changed. Switching drugs is not without risks.
‘As already mentioned, it can be difficult to identity the cause of a particular set of
symptoms, and it may turn out that the rejected drug or drugs weren’tAto blame after
A’all. There is also a chance that the new medication may cause even worse side ettects,
perhéps forcing another switch. Changing drugs repeatedly will narrow future

treatment options (Abrescia ef al., 2005).

Kidneys may be impaired by use of certain drugs like ARVs which may interfere

with ultrafiltration in the glomeruli of the nephron (Greer, 1999). Malfunction of the

£

kidney reduces filtration rates of metabolic wastes, whose retention and circulation
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results in serious side effects. Creatinine levels in blood increase with malfunctional

kidneys (Greer, 1999).

2.6 Monitoring HIV chemotherapy

Antiretroviral drugs (ARVs) are toxic to the bone marrow and blood-cell system
and can cause anaemia (decrease of red blood cells) and leukopenia (decrease of
white blood cells (UNAIDS, 2009). Certain ARVs block DNA synthesis in the cells
of the body. However, these drugs cannot discriminate between the replicating virus
and the rapidly dividing cells, such as those ot the bone marrow that are essential to
keep the human body alive and in optimum health. The organ system with the highest
cell proliferation is the bone marrow, the production site of red and white blood cells.
An impaired production/function of red blood cells leads to anaemia whefé;s an
impaired production and function of white blood cells leads to an impairment of the
immune system (drug-induced immune deficiency). The toxicity of ARVs on the
bone marrow and blood-cell system and the known side ettects of anaemia (loss of
red blood cells) or leukopenia (loss of white blood cells) is known to the
manufacturers of ARV drugs and is even part of the mandatory ARV product
information (Richman and Wyatt, 1997). Although the doses of nucleoside analogs
have been lowered in the triple drug combination regimes such as Nevirapine,
Stavudine and Zidovudine, their toxicity has been reported resulting in

thrombocytopenia and anaemia (Carbonara ef al., 2001).

Addmonally, nucleoside analogs such as Nevirapine, btavudme and Zidovudine drug

regimes are hepatotoxic (Abrescia er al, 2005). Further, nucle031de analogs have

been linked to mitochondrial toxicity (Fleischer er al, 2004), lipodystrophy
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syndrome, characterised by dyslipidemia, such as a severe impairment of the
metabolism and storage of fats in the body (Carr et al., 2001). Many AR Vs also have
other adverse side-effects. There are a number of metabolic complications associated
with the use of some ARVs, including derangement in glucose and lipid metabolism,
bone metabolism and lactic acidaemia (sustained accumulation of lactic acid in the
blood), which have been documented in industrialised countries (Blanche et al.,
1999). Antiretrovirals used in this study were Nevirapine, Stavudine and Zidovudine
nucleoside analogs. These are reverse transcriptase inhibitors which target the
construction of viral DNA by inhibiting activity of reverse transcriptase enzyme.
They are incorporated in the viral DNA leading to chain termination (NASCOP,
2008). Patients had varied responses to ARVs which were attributed to their

varied level of baseline CD4 counts and level of ARV chemotherapy. Levels

of toxicity were measured by determination of creatinine levels.

2.6.1 Antiretroviral drugs and creatinine
Creatinine levels may vary from one individual to another and from region to region

but in health creatinine ranges approximately from 0.6-1.2 mg /dl of blood in

adultsv(UNAIDS, 2009). When ARVs are used for long, drug resistance and
toxicﬁy may occur which may change the course of the immune system. Toxicity can
be detected by establishing creatinine as a measure of kidney function (Greer, 1999).
Creatinine is a metabolic waste that is generated from muscle metabolism.
__ Creatinine is produced from creatine, a molecule of major importance for energy
production in muscles. Creatinine is transported tliroughv,{tﬁp blood stream to the

kidneys. The kidneys filter out most of the creatinine and dispose it off in the
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urine (Erich et al, 1991). Creatinine has been found to be a fairly reliable
indicator of kidney function (Greer, 1999). As the kidneys become impaired
the blood creatinine levels increase and thus warn of possible malfunction or
failure of the kidneys, sometimes even before a patient reports any symptoms. -
It 1s for this reason that standard blood and urine tests routinely check the

amount of creatinine in the blood (Greer, 1999).

2.6.2 Antiretroviral drugs and CD3/CD4 counts

Initial ARV administration elevates CD4 cell counts because cell to cell
transﬁaission 1s controlled (Roit et al,, 2005). The normal range of CD4 in
health is 1000 — 1200 cell/ul of blood (Cheesborough, 2005). CD4 level below
200 cells/ pl of blood indicate an AlDs condition. Where patients are put on
ARVs, CD4 cells tend to rise rapidly, but when ARV drugs are used for long
CD4 production may altered due to associated toxicity. CD4 counts can be
detected in a Fluorescence Activated Cell sorter (FACs) machine by flow

cytometry (Roit et al., 2005).

2.6.3 Antiretroviral drugs and mean corpuscular volumes (MCV)

Mean corpuscular volume provides information on red cell size and is
mcasulied in femtolitres ({1). The normal range of MCV is 80 — 100 {1, MCV
above 100fl indicates macroéytic anaemia particulary of iron deficiency or

anaemia of chronic disease (Cheesborough et al., 2005) while newborns have
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low MCV of 70-85(fl) (Dacie et al., 2000). Prolonged use of ARVs may lead
to altered red cell size (Pierson et al., 2000). The mean corpuscular volume

(MCV), 1s a measure of the average red cell volume volume that is reported as part of

a standard complete blood counts in patients with anaemia.

It is the MCV measurement that allows classification as either a microcytic anaemia
(MCV below normal range), normocytic anaemia (MCV within normal range) or
macrocytic anaemia (MCV above normal range). In presence of haemolytic
anaemia , presence of reticulocytes can increase MCV. In pernicious anaemia
(macrocytic), MCV can range up to 150 fl. Vitamin B12 and folic acid deficiency has
also been associated with macrocytic anaemia (high MCV numbers). The most
common causes of microcytic anaemia are iron deficiency and MCV  can be as low
as 60 to 70 femiolitres (Tarnesen ef al., 1996). Most drugs like ARVs may

elevate MCV levels (Dacie and Lewis, 2000).

2.6.4 Antiretroviral drugs and platelets

- Patients.on treatment with cytotoxic drugs like ARV’s or are infected with HIV
and AIDs, may suffer thrombocytopenia (Cheeseborough et al, 2005). In
health, there are about 150-450 x10° platelets per liter of blood. Capillary
platelets are lower than venous blood platelets (Cheesborough et al., 2005).
Associated ARV drugs toxicity may cause platelets destruction (Smith et al.,

2006). e
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2.6.5 Antiretroviral drugs and haemoglobin
Haemoglobin levels are used to detect anaemia and to monitor response to
treatment (Dacie ef al., 2000). Normal Hb levels vary according to age, gender
and altitude at which a person lives (Dacie et al., 2000). Haemoglobin levels in
health range is 11-18mg/l of blood Cheesborough, 2005). Anaemia may
develop due to reduced red cell production or premature red cell destruction

~which could be caused by ARV drug associated toxicity (Lipsky ez al., 1996).
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CHAPTER THREE: METHODOLOGY

3.1 Study Area

The study was carried out at Runyenjes Sub- District Hospital, Embu. The
Hospital 1s along Embu-Meru Road 40 km from Embu Town (Appendix 1).
Runyenjes Town is the Divisional Headquarters of Embu district mostly
populated by Aembu with traces of other tribes. It’s a transit town with many
travelers from Nairobi to Meru. Embu district has an approximate population
of 150,000 people and 6 thousand (4%) of these are infected with HIV

(GOK, 2008).

3.2 Study Design

This wés a longitudinal study covering HIV patients attending Runyenjes
CCC during the month of may to December 2009. A representative sample of
those who enrolled was randomly picked from the register forming the
experimental group. The control group was a representative sample of HIV
patients registered for opportunistic infections management. The baseline
values of CD4, CD3, MCV platelets, Hb and creatinine were established.
Baseline CD4 counts were used to group the patients into categories.
Monitoring of creatinine, CD3, CD4, platelets, MCV and Hb was carried out
monthlyg upto 6 monthé. Patients were put on first line combination ARV
therapy (Nevirapine, Zidovudine and Stavudine ) and monitored monthly. A

control group of 40 HIV patients on contrimoxale (seﬁﬁ‘in), an antibiotic
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commonly used to control opportunistic infections was also monitored for
creatinine, CD3, CDA4, platelets, MCV and Hb monthly upto six months. This
was to exclude the compounding effects of accompanying antibiotics. Patients
on ARVs (experimental group) were HIV patients with less than 200 CD4
cells/ul of blood at baseline while those on septrin (control group) were HIV
patients with CD4 counts higher than 200 CD4 cells/ul of blood at baseline as

_recommended (WHO, 2006).

3.3 Sample size determination
This sample size was estimated using the formula used by Fishers et al.
(1998) on an estimated population of 100 patients currently on ARVs in ‘the

Hospital.

Z*pgD
dZ

z=1.96 at 95% contfidence interval.
P=proportion of target population = 10% (0.1)
¢lp

d=0.05

D= (design ettect)=1

1.96%x0.1x0.9x1
0.05%

=144
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Since the population was less than 10, 000, then Fishers formular (1998) was

used

to adjust minimum sample size.

n
ng =
1+n/N
144
nr =
1+ 144/100

=359

A sarﬁple size of 69 patients was used. The extra 10 patients were to cater for
losses due to natural attrition and drug defaulters. Usually HIV patients on
ARVs are given antibiotics and HIV patients with CD4 counts greater than 200
icells /ul of blood are not given ARVs but antibiotics alone. Therefore a
control sample of 40 HIV patients on septrin, to control opportunistic

infections was used to exclude the compounding effects of accompanying

antibiotics toxicity.

3.4 Inclusion/exclusion criteria
Only HIV patients attending Runyenjes CCC who consented for blood sample
analysis were consideréd for the study. Ethical clearance was sort from the

Ministry of Medical services (Appendix ii).
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3.5 Sample collection and laboratory analysis

3.5.1 Sample collection

Four milliliters of venous blood was removed from patients at every visit by a
qualitied clinician. The sample was divided into two aliquots of which one was
put into a tube containing Ethylene diamine tetra acetic acid (EDTA)
anticoagulant and the other into a tube without anticoagulant. This was used

for serum extraction.

3.5.2 CD4 and CD3 enumeration

The sample with EDTA was used for CD4 and CD3 counts in a Fluorescent
Activated cell sorter (FACs, Anaspec model) scanner using ant CD3 and ant
CD4 vcross—reactive monoclonal antibodies coated with magnetic beads from
USA. A sample of 20 pl of blood was mixed with coated monoclonal
antibodies in a FACs machine. The results were read on a computer connected

to the FACs machine as described by Cheesborough ( 2005)

3.5.3 'Measurement of MCV

Mean corpuscular volume was measured by a blood cell analyzer by Beckam
Coulter and Symex which counts cells by impendence (Cheesborough, 2005).
A volume of 10ul of blood sample mixed with 100ul of buffered electrolyte
was passed through an aperture tube between two electrodes. The counts were

e)ipressed in femtolitres as described earlier (WHO, 2006)
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3.5.4 Determination of haemoglobin levels

Haemoglobin was measured using Haemoglobincyanide (HiCN) technique
where whole blood was diluted in 1: 20 in a modified Drawkins solution
containing potassium ferricyanide and potassium cyanide (Scott and Lewis,
1995). Absorbance of HiCN was read in a spectrophotometer at wavelength
v540 nanometers. The absorbance obtained was compared reference standard
solution. Haemoglobin values were directly read out on the

haemoglobinometer from the digital display (Scott and Lewis, 1995).

3.5.5 Platelet counts

Platelet'éount was determined by use of improved Neubauer ruled counting
ch;lmber. Blood sample was diluted in 1: 20 in a filtered solution of ammonium
oxalate reagent which lyses the red cells. The platelets were then computed and

expressed in cells per liter of blood (Pettit, 2000).

35.6 Détermination of creatinine levels

Serum was used for creatinine determination in a serum analyzer. This assay is
based on the reaction of creatinine with sodium picrate as described by Jett
(2008) (Labman Diagnoétic UK Ltd). Picric acid (17.5 mol/l) was mixed with
sodium hydroxide (0.29mol/l) and 2mls of serum loaded in the serum

analjzer. The amount of creatinine was then read from the computer of the
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serum analyser and expressed in milligrammes per decilitre of blood (Jeff,

2008).

3.6 Data analysis

Creatinine levels and immunological parameters were compared against the
base line levels for each patient. These were grouped into four categories
based on baseline CD4 levels of 1-50, 51-100, 101-150, and 151-200 (per ul
of blood). Baseline CD4 counts were used to group the patients into categories
so as to establish the effects of ARVs and associated toxicity when initiated at
varying levels of CD4 in HIV patients. The data was plotted to show the
relationship of creatinine levels following ARV administration,ﬁand
relaﬁonship of creatinine with CD3, CD4, Hb, platelets and MCV following -

ARV therapy.

The relationship between ARVs association in toxicity and immune profiles
was established by use of correlation coefficient, differences between baseline
values of creatinine and immune profiles and values at 6 months of ARV use
was analysed using analysis of variance. Data from patients on first line
combination ARV therapy (experimental group) and those on septrin (control
group) was comparea by t- test using paired comparison and differences
between months was analysed using post AN()YA (Student Newman-Keul's

test). p<0.05 was considered significant.
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CHAPTER FOUR: RESULTS
4.1 Results overview
The aim of this study was to determine the toxicity of first line ARV drugs
(zidovudine, nevirapine and stavudine regime) on HIV patients attending Runyenjes
comprehensive care centre. Patient ages ranged between 12-63 years. In this study
sampled patients were counseled on how they could impréve their immune status by
getting medication, how use of ARVs and adherence to the prescribed regime could
improve quality of life and prolong their lifespan. Baseline creatinine and immune
status was determined and then patients were categorized on basis of baseline CD4
levels. Baseline CD4 counts were used to group the patients into categories so
as to establish the effects of ARVs and associated toxicity when iniatia?ed at
varying baseline CD4 levels. The process involved determination of creainine and
corresponding immune status based on CD4, CD3, haemoglobin, pIatelets? and mean
corpuscular volumes at baseline and various levels of ARV use for 6 months
(Appendix iii). These results were then compared with results of HIV patient under
opportunistic infections management with contrimoxale (septrin) antibiotics |
(Appendix iv).
There was significant difference between creatinine and immune protiles values for
patients under ARVs treatment when baseline and values at 6 months was compared,
with values at 6 months showing a clear elevation above baseline values (Table 4.1a:

p=0.01, F=22.73, df=5).
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Table 4.1a: Mean creatinine and immune profiles of HIV patients at baseline and 6 months
of ARV treatment

Profiles Creatinine CDh4 Hb Platelets MCV
Baseline 1.03 101 11 © 300 88
6 months 1.37 . 278 13 506 104

Creatinine (mg/dl of blood), CD4 and CD3 (cells/ul of blood), Hb= Haemoglobin (mg/dl of

blood), platelets (cellsx10”1 of blood), MCV=Mean corpurscular volume (femtelitres)

In contrast, the control group, showed no significant difference between mean creatinine and
immune profiles at baseline compared with mean creatinine and immune profiles at 6 months

of contrimoxale use (Table 4.1b: p=0.1, F=0.009, df= 5).

Table 4.1b: Mean creatinine and immune status of HIV patients at baseline and 6 months
of contrimoxale use

Profiles creatinine CD4 CD3 Hb Platelets MCV
Baseline i 0.91 250 1600 9.0 150 88
6 months 0.99 209 1237 12 235 84

The results also showed significant differences in creatinine and immune profiles between

patients under ARV treatment and those under septrin, with patients ARVs showing elevated

-

creatinine and immune profiles (Table 4.1c: p=0.01, t=2.43).
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Table 4.1c: Mean creatinine and immune profiles of HIV patients on ARVs and HIV
patients on contrimoxale (septrin) at 6 months of treatment

Profiles Creatinine CD4 Hb Platelets MCV
Patients on ARVs 1.37 278 13 506 104
Patients on septrin 0.99 _ 209 12 235 84

Creatinine (mg/dl of blood), CD4 and CD3 (cells/ul of blood), Hb= Haemoglobin (mg/dl of

: blood), platelets (cellsx10”1 of blood), MCV=Mean corpurscular volume (femtolitres)

The corresponding creatinine and immune status for each category was determined for 6

- months of ARV use (Table 4.2).

- Table 4.2: Patients categories based on baseline CD4 levels and their corresponding mean
creatinine and immune profiles 6 months of ARV use

CD4 count
(category) No. of patients(%) creatinine CD4 CD3 Hb platelets MCV

<50 20 (33.3%) 118 205 1544 121 4049 1002
' 50-100 9 (15%) 1.25 196 1461 115 488 1077
101-150 8 (13.3%) 1.08 405 2054 124 389 985

>150 23 (38.4%) 1.21 319 1738 123 457 100.9
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4.2 Relationship between ARV administration and CD4 counts
In this study, the CD4 levels were determined at baseline and monthly for 6 months
following ARV use in various categories of patients. The mean CD4 increased from
101 cells/pl of blood at baseline to a mean ot 358 cells/pl of blood in the third month
of ARV use then decreased to a mean of 278 cells/ul of blood after 6 months

following ARV use.

" The CD4 counts increased to a peak ot 358 cells/ul of blood in the third month then
declined. There were significant differences of CD4 counts between the months of
ARV use. CD4 counts at baseline were signiticantly ditfterent with CD4 counts at
the third month of ARV use (p<0.05, g=20.9) , and CD4 counts at third month were
significantly different with CD4 counts at sixth month of ARV use (Figure 41 p
<0.05, g=6.71). The control group results showed no significant changes in CD4
counts following 6 months of contrimoxale (septrin) use (p=0.1, F=0.003,
df=5). After contrimoxale treatment mean CD4 counts decreased from 250 at

baseline to 209 cells/ul of blood at 6 months of contrimoxale use.

Among ';he various categories, patients with baseline CD4 counts of 100-150 celis /pl
of blood showed a better and highly significant response with a mean of 405 cells /p
lot blood at the 6 months follow up than all other categories. This showed that,
use of ARVs resulted in elevated levels of mean CD4 counts especially for patients
who started treatment when CD4 counts were 100-150 cells/pl of blood (Figure 4.2;

p=0.01, F=15.2, df=3). ) =
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4.3 Relationship between ARV administration and CD3 Counts
The CD3 level was determined at baseline and sequentially for 6 months following

ARV use in different patient categories based on CD4 baseline counts. The results
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revealed that mean CD3 increased from 1306 cell/ul of blood at baseline to 1778 cells/ul
of blood following 6 months of ARV use. This showed that use of AR Vs for a long time

resulted in elevated levels of CD3 counts to a certain level which may then stabilize

(Figure 4.3).
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Figure 4.3: Mean baseline CD3 and sequential counts for 6 months during
ARVand septrin use respectively
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Patient category with baseline CD4 of 101-150 cells/ul of blood showed the best CD3
response (Table 4.3). The control group results showed no significant changes in
CD3 counts following 6 months of contrimoxale (septrin) use (p=0.1, F=0.12,
dt=5). After treatment with contrimoxale mean CD3 counts decreased from 1600

cells/ul of blood at baseline to 1237 cells/ul of blood at 6 months. This showed that

contrimoxale use may not improve CD3 counts (Figure 4.3).

a4 Relationship between ARV _administration and creatinine levels

To assess toxicity, the mean creatin ne levels were determined at baseline and 6
months following ARV use in various categories of patients to determine toxicity.
The results revealed significant differences in mean creatinine levels which
increased from 1.03 mg/dl of blood at baseline to 1.37 cells/ul of blood at 6 m;;iths
following ARV use. (Figure 4.4; p=0.01, F=22.73, df=5). The normal creatinine in
health is 0.6-1.2 mg/dl of blood and theretore the results showed that prolonged use
of ARVs leads to elevated levels of creatinine which is indicative of development of

toxicity.

The control group‘ (patients on septrin) showed no significant changes in creatinine
levels with a mean of 0.99 mg/dl of blood following 6 months of contrimoxale
(septrin) treatment. This 1s within the normal range ot creatinine 1n health. Creatinine
levels changed from mean baseline values of 0.91 to 0.99mg/dl of blood at 6 months
of contrimoxale treatment. However these changes were not sigmficant (p=0.1,

F=0.004, df=5).
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Among the patient categories there were significant differences in creatinine levels.
Patients v;ith a baseline CD4 counts of 101-150 celis/ul of blood had a better response to
ARVs treatment with a mean creatinine of 1.08 mg/dl of blood compared to other
categories. Patients with baseline CD4 counts of 50-100 cells /ul of blood had mean
creatinine of 1.25 mg/dl of blood which was significant when compared to baseline

levels (Figure 4.5; p=0.01, F=5.66, df=3). This category of patients had least CD4

response.
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4.4.1 Relationship between creatinine and CD4 counts
The mean CD4 counts were compared with mean creatinine for all the patients from
baseline to 6 months of follow up during ARV administration. Creatinine was found to

be positively correlated with CD4 counts upto three months of ARV treatment (Figure

4.6, p<0.01; r=0.178).
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4.5 Relationship between ARV administration and haemoglobin levels

The haemoglobin (Hb) levels were determined at baseline and sequentially for 6
months following ARV use and in various categories of patients to determine the
effect of ARVs on Hb. The results revealed mean Hb increased from 11mg/dl of
blood at baseline to 13 mg/dl of blood following 6 months of ARV use. Using ARVs
i;xcreased Hb to higher levels but within normal range. Hence Hb had no

significant differences during ARV use (p=0.1, F=0.09, df =5). The control
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group results showed no significant changes (p=0.5, F=0.007, df=5) in Hb
levels with a mean of 12mg/dl of blood at 6 months of (septrin) treatment. The

- mean Hb level increased from 9.0 at baseline to 12 mg/dl ot blood at six months

of contrimoxale treatment (Figure 4.7).
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Figure 4.7: Mean baseline haemoglobin and sequential levels
6 months of ARV and septrin use respectively

4.5.1 Relationship between creatinine and haemoglobin levels
The mean Hb levels were compared with mean creatinine of all the patients from
baseline to all the levels of ARV administration. Creatinine was found to be weakly

correlated with haemoglobin (Figure 4.8; p<0.01; r=0.0061).
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4.6 Relationship between ARV administration and MCV Levels
The MCV levels were determined at baseline and 6 months following ARV use in
various categories of patients. The mean MCV level increased signinficantly from 88 to

10411 at six months of treatment (p=0.01, F=5.10, df=5). This showed that use of

ARVs for along time may result inelevated levelsof MCV levels. The control
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group showed no significant changes (p=0.01, F=0.002, df=5) in MCV levels

following contrimoxale (septrin) use for 6 months. The mean MCV levels

changed from baseline mean of 881l to 84 1l at 6 months (Figure 4.9).
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4.6.1 Relationship between creatinine and MCV Levels

The mean MCYV levels were compared with mean creatinine for all the patients from

baseline to 6 months of ARV administration. Creatinine was found to be positively

correlated with MCV levels (Figure 4.10; p<0.01; r=0.149),
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4.7¢Relationship between ARV administration and platelet counts

The platelet levels were determined form baseline to 6 months following ARV use
in the various HIV categories. The results revealed significant differences (p=0.01,
F=9.34, df=5) with mean platelets increasing from 300 x 10° cells/l of blood at
baseline to a mean of 506 x10° cells/l of blood 6 months following ARV use (Figure
4.12). This showed that use of ARVs may result to elevated levels of platelets counts.

The control group results showed no significant rise in platelets counts levels
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with a mean of 150 x10° cells /1 of blood at baseline that changed to 235 x10°
cells /1 of blood following 6 months of contrimoxale treatment. However, this

change was not significant (Figure 4.11 : p=0.07, F=0.006, df=5).
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Figure 4.11: Mean platelets counts and sequential counts 6 months of ARV
and septrin use
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4.7.1 Relationship between creatinine and platelet levels
The mean platelet counts were compared with mean creatinine of all the patients from
baseline to 6 months of ARV administration. Creatinine was found to be positively

correlated with platelets (Figure 4.12; p<0.01; r=0.082).
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Figure 4.12: Relationship between mean platelets and mean
creatinine levels at baseline and subsequent levels for 6
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CHAPTER FIVE : DISCUSSION

5.1 Study overview

Antiretroviral dfugs are freely available in all hospitals. Prolonged use of
ARVs can contribute to dr_ug resistance and drug associated toxicity. Limited
studies on prolonged use of ARVs demonstrated swollen feet, kidney failure,
liver malfunction and compromised immune system in some of the patients
(Janeway et al., 2005). Toxicity can be measured by determination of levels of
creatinine in serum (Greer, 1999). Although ARVs reduce the suttering of
HIV patients, it is not clearly known whether and at what stage their
prolonged use may result in associated complications. Six months may not be
long enough for clinical manifestations but is long enough for immunological
manitestations. The study was investigating immune manifestations. Therefore

there is need to monitor the immune status and ARV associated toxicity in

*” patients on first line combination ARV regime. This study was aimed at

establishing toxicity of ARVs as indicated by creatinine levels and how they
relate to the immune status of the HIV patients. Results showed that creatinine
beyond a certain level could be used to indicate the development of ARYVs

associated toxicity among patients living with HIV and AIDS.

52 Effecis of ARVs (zidovudine, stavudine and nevirapine) on creatinine levels
in HIV patients

In health normal creatinine ranges from 0.6-1.2 mg/dl of blood. Creatinine higher

than 1.2 mg/dl of blood indicates poor kidney glomelural filtration rates which



50

would be a sign of kidney impairement. In this study, all the patients were given fixed
doses of ARVs. Creatinine levels increased with continued chemotherapy from mean

of 1.03 mg/dl at baseline to 1.37mg/dl of blood at the sixth month of ARV treatment.

The results showed that prolonged use of ARVs may lead to elevated levels of
creatinine indicating potential of toxicity in HIV patients. The increase in creatinine
was an indication that ARVs at some level impair kidney function hence reduce
glomelura filtration rates resulting in elevation of creatinine in serum. This

observation is in agreement with earlier work done by Hirsch and Gunthad, (2005)
which reported that impaired kidneys lead to increased serum creatinine. The control
group which received contrimoxale for the management of opportunistic
infection showed no significant changes in creatinine with a baseline mea;.n of
0.91 mg/dl of blood and changed to of 0.99 mg/dl of blood tollowing 6
months of treatment. This showed that contrimoxale had no significant effect on

creatinine levels since this was within normal creatinine range ot 0.6-1.2 mg/dl of

blood.

5.3 Effects of ARVs (Zidovudine, Stavudine and Nevirapine) on CD4 and CD3
Counts :

The normal range of CD4 is 1000-1200 cells/ul of blood in a healthy person
(Janeway et al., 2005). In this study CD4 counts increased from mean values
of 101cells/ul of blood at baseline to 358 cells/ul of blood in the third month of
ARV chemotherapy, followed by a decline to 278 cells/ yjlot blood in the sixth

month of chemotherapy. This is in agreement with results of studies by Uberg,
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(2009) which reported that, CD4 counts increase rapidly in the initial levels of
ARV therapy then decline, may be due toxic pressure of ARVs. Studies by

Antoni et al. (2002) showed that the toxicity of ARVs on the bone marrow and blood-
cell system could result in re-infection with HlV. The control group showed no
significant changes in CD4 counts with a mean of 231 cells/pl of blood following 6
months treatment with contrimoxale for opportunistic infection management. This

showed that septrin had no significant effect on CD4 levels.

CD3 counts increased from baseline mean values ot 1306 cells/ul of blood to a
mean of 1887 cells/ul of blood in the fourth month of ARV chemotherapy
followed by a decline to 1778 cells/ul of blood in the sixth month..of
chemotherapy. The peak mean CD3 count of 1887 cells/ul of blood was
observed in the fourth month of treatment then declined to 1778 cells/ul of
blood in the sixth month corresponding with decreasing CD4 counts. T cells
response is crucial in all intracellular infections like HIV. CD3 is a marker of
all T cells and its changes indicate levels of cellular immune responses( Roit ef
al., 2006). CDA4T cell response induces both humoral and cellular response but
also crucial as a major receptor of HIV entry. Hence changes in CD4counts
could result changes in CD3 counts. This is in agreement with results of
studies by Carbonara et al. (2001) which reported that, CD3 levels increase

with increase in CD4 counts and vise versa.
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5.4 Effects of ARVs (zidovudine, stvudine and nevirapine) on Haematological
values

The normal range of haemoglobin in health is usually 11-18mg/l of blood '
(Janeway et al, 2005). In this study, hagmoglobin levels increased from
baseline mean values of 11.0mg/l of blood to 13 mg/l of blood in the sixth
month of ARV chemothefapy. The mean Hb observed was within the normal
range in health. The results showed that treatment with ARVs resulted in
“increased Hb levels but within normal range. May be the level of toxicity
generated was not high enough to influence Hb negatively to change out of
normal range. The control group results showed no significant changes in Hb
levels with a mean of 12 mg/dl of blood following 6 months of contrimoxale

use. This showed that contrimoxale had no significant ettect on Hb levels.

Platelet counts increased from baseline mean values of 300 x 10° cells/l of
blood and increased to a mean of 506 x 10° cells/l of blood in the sixth month
of ARV chemotherapy. The mean platelets counts observed atter 6 months of
ARV use were slightly beyond the normal range in health which is usually
150—45(; x 10 cells /1 of blood. This is in agreement with results of studies by
Grohskopf and Black (2005) which reported that, ARVs such as Nevirapine, is
associated with thombocytosis but disagrees with results of studies done by Smith
(2006) wl;icb reported that most drugs are associated with platelet destruction. May
be platelet elevation was responding to ARV drugs in circglgtion and the level

of drug toxicity observed in this study was not high eno;igh to cause platelet
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destruction. The control group showed no significant changes in platelets counts
levels with a mean of 235 x10” cells /1 of blood following 6 months of contrimoxale

use. This showed that septrin may not have negative effects on platelet levels.

Mean corpuscular volumes is a measure of the average red blood cell volume that
i1s reported as part of a standard complete blood counts. Patients may indicate
microcytic anaemia (MCV below normal range), normocytic anaemia (MCV within
normal range) or macrocytic anaemia (MCV above normal range) (Fleischer, 2004).
MCV levels increased from baseline mean values 88 1l to a mean of 104 1l in
the sixth month of ARV chemotherapy. The mean MCV observed were beyond
the normal range in health which is usually 80-100 (11). May be toxicity
experienced induced elevation of MCV. This is in agreement with results of
studies by Grohskopt and Black (2005) which reported that, ARVs such as
Nevirapine, is associated with macrocytic anaemia due to increase in red cell volume
in response to the drug . The control group showed no significant changes in
MCYV levels with a mean of 84 fl following 6 months of contriquale use. This
showed that contrimoxale had no significant effect on MCV levels as it was less

toxic.

5.5 Relationship between creatinine and immune status of H1V patients on
zidovudine, stavudine and nevirapine

5.5.1 Creatinine and CD4 Counts
The mean CD4 counts and creatinine levels of patients underzARVs were compared

from baseline to 6 months of follow up during. Creatinine was found to be positively
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correlated with CD4 counts for up to the third month of follow up. The mean
creatinine observed in the third month of treatment was 1.18mg/dl of blood and '
indicated the peak mean CD4 count of 358 cells/ul of blood. Creatinine above
1.18mg/dl/ot/blood, was corresponded with mean CD4 counts decreasing
rapidly from mean of 358 cells/ul of blood in the third month to a mean of
278 cells/ul of blood in the sixth month of treatment. This could have been
_due to toxic effects of ARVs increasing beyond tolerance and affecting the
blood cell system. This is supported by results of Antoni (2002)) which showed
that the toxicity of ARVs on the bone marrow and blood-cell system decreases CD4
levels. In this study, decrease in CD4 may be explained by increased toxicity as a
result of ARVs prolonged administration. This showed that only creatinine

beyond a certain level can indicate ARV toxicity.

Patients with baseline CD4 counts of 50-100 cells /ul of blood had highest
creatinine profiles of 1.25 mg/dl of blood. This was associated with lowest CD4
response of 205 cells /ul of blood to ARVs treatment while patients with baseline
CD4 counts of 101-150 cells /ul of blood had the lowest creatinine profiles of 1.08
mg/dl of blood with the highest CD4 response of 405 cells /ul of blood to ARVs
treatment following 6 months of ARV use. This may suggest that when toxic pressure

1s experienced, the CD4 response 1s poor.

The control group showed no signiticant changes in CD4 counts and creatinine

levels with CD4 mean of 209 cells/pl of blood and mean creatinine of 0.99
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mg/dl of blood following 6 months of treatment with contrimoxale. The
creatinine observed in the third month of treatment was 1.01mg/dl of blood while
mean CD4 count was 249 cells/ul of blood. Creatinine was within the normal range
“with no significant changes while CD4 counts were still low. This may suggest that

viral load was still high and hence CD4 response was poor even after administration

of contrimoxale (WHO, 2006).

5.5.2 Creatinine and haemoglobin levels

The mean Hb levels were compared with mean creatinine of all the patients from
baseline up to 6 months of ARV administration. Creatinine was tound to be weakly
positively correlated with haemoglobin. The highest mean creatinine observed gﬁer
6 months of treatment was 1.37mg/dl of blood and a peak Hb level of leg)dl of
blood. This is in agreement with results of studies by Kuhn (2001) which showed
that haemoglobin levels may not be dependent on drug toxicity but may depend on

nutritional factors.

Among the patient categories those with baseline CD4 counts ot 101-150 cells /ul of
blood had the lowest creatinine profiles after ARVs treatment. They had a creatinine
mean of 1.08 mg/dl of blood corresponding with highest Hb with a mean of 12.4
mg/dl of blood. Patients with baseline CD4 counts of 50-100 cells /ul of blood had
highest -creatinine protfiles atter 6 months of ARVs treatment with a mean of 1.25
mg/dl of blood and the lowest Hb with a mean of 11.5 mg/dl of blood following 6
months of ARV treatment. These results showed that ‘in all categories Hb was within

the normal range probably because toxicity generated was not high enough to have a
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negative effect on Hb. The control group results showed no significant changes
in Hb levels and creatinine levels with. Hb changed from 11 mg/dl of blood at
baseline to 13 mg/dl of blood after 6 months while creatinine changed from

0.91 at baseline to 0.99 mg/dl of blood following 6 months treatment with

contrimoxale.

: 5.5.3 Creatinine and MCYV levels
The mean MCV levels were compared with mean creatinine for all the patients from
baseline up to 6 months of ARV administration. Creatinine was found to be highly
positively correlated with MCV levels. The highest mean creatinine observed in 6
months of treatment was 1.37mg/dl of blood and indicated the peak mean MCV level
of 104 fl. This is in agreement with results of studies by Hirsch and Gunthad (2005)
-which reported that, increased drug toxicity may increase MCV abové normal range
resulting from increased red cell volumes. Among the patient categories those with
baseline CD4 counts of 101-150 cells /ul of blood had their creatinine and
MCVprofiles least affected by ARVs treatment. With a creatinineof 1.08 mg/dl of
blood and MCV o1 98.5 1l. Patients with CD4 counts ot 50-100 cells /ul of blood had
| their creatinine profiles greatly influenced by ARVs treatment with creatinine of 1.25
mg/dl of blood and MCV of 107.7 1l after 6 months of ARV treatment. The control
group showed no significant changes in MCV levels and creatinine levels. MCV
changed from 8811 at baéeline to 841l while creatinine changed from 0.9111 to 0.99

mg/dl of blood after 6 months of contrimoxale use.
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5.5.4 Creatinine and platelet levels

The mean platelet counts were compared with mean creatinine of all the patients from
baseline up to 6 months of ARV administration. Creatinine was found to be
positively correlated with platelets. The highest mean creatinine observed i 6
months of treatment was 1.37mg/dl of blood and indicated the peak mean platelets
level of 506 x 10° cells /1 of blood. This is in agreement with results of studies done
by Carbonara and David (2001) which reported that, ARVs toxicity is associated
* with thrombocytosis. Thrombocytosis is associated with elevated platelets levels in

serum.

Among the patient categories, patients with baseline CD4 counts of 50-100 cells /pl
of blood highest creatinine profiles with a mean of 1.25 mg/dl of blood conespoﬁé;ng
with highest platelets of 488 x 10’ cells /1 of blood. Patients with CD4 counts of
iOl-lSO cells /ul of blood had the least creatinine profiles of 1.08mg/dl of blood and
lowest platelets of 389 x 10° cells /1 of blood. The control group showed no
significant changes in platelets levels and Creatinine levels changed from 0.91 at

baseline to 0.99 mg/dl ot blood following 6 months of contrimoxale use.

5.6 Relationship of Creatinine and Immune Responses

In this study, it was observed that the mean creatinine and mean immune profiles
(MCV, platelets and Hb attained in the third month were within the normal ranges in
health except CD4 counts which were far below normal. This could be due to the fact
that at this level of ARV therapy, it is possible that there was &gradual restoration of

the immune system as indicated by the rising CD4 counts. It“ﬁay also be suggested
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that normal CD4 levels in health may not be easily attained in HIV patients under
ARV therapy. This may be due to the fact that drugs suppress body cells proliferation

and destroy cells too (Smith, 2006). Beyond three months of ARV treatment of HIV
patients, ARV drug may have impaired the immune system leading to impaired

immune responses.

The results of the control group showed no significant changes in creatinine
"levels and immune responses with mean creatinine of 0.994 mg/dl of blood
following 6 months treatment with septrin. The mean creatinine observed in
the third month of treatment was 1.01mg/dl of blood and indicated mean CD4
count of 249 cells/ul of blood. Creatinine was within the normal range with
insignificant changes while CD4 counts were still low. This showed that

-contrimoxale toxicity had no significant etfect on the immune responses.

This study showed that serum creatinine levels beyond 1.18mg/dl of blood may be a
good indicator of ARV drug toxicity. This level may be used by clinicians to change
the ARV drug regime to boost the immune system in management of HIV patients.
The st;1dy also showed that ARV chemotherapy could be started at baseline CD4
counts of 101-150 cell/ul ot blood because this is when there is least ARV associated
negative impact on the immune responses based on observed creatinine levels. It is
important to note that Zi&ovudine and Stavudine have been withdrawn from use as
antiretrovirals for HIV patient from September 2010 as recommended by Ministry of

Medical Services due to their associated side effects (NASCOP, 2010). However,
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creatinine levels in serum may be used as an indicator of ARV toxicity in HIV

patients.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions
i)  The results showed prolonged use of first line combination ARV therapy in

HIV patients resulted in elevated creatinine which is an indicator of toxicity

i1)  CD4 response improved rapidly in the first three months of follow up then
started declining which corresponded with elevated levels of creatinine in

HIV patients on first line combination ARV therapy

i11)  Elevated MCV and platelets above normal levels in health may have indicated
macrocytic anaemia and thrombocytosis respectively in HIV patients on first

>

line combination ARV therapy

iv  Based on this study chemotherapy with first line combination ARV therapy
could be started at baseline CD4 counts of 101-150 cells /ul of blood when
there 1s less chance of HIV patient body experiencing toxicity but experience

maximum  benefit from ARVs

6.2 Recommendations

i) There is need for more studies to be done on toxicity of individual drug type rather

than a combination regime to find out the impact on the immune profiles.

11) There is need to determine further ettects ot accompanying antibiotics in ARV

regime ona larger sample of patients
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111) There is need for carrying out a similar study for more than six months and in

other parts of the world.
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Appendix iii

Mean creatinine and immune profiles of HIV patients at baselineand for 6
month under ARVs

Month creatinine CD4 CD3 Hb  Platelets MCV

0 1.03 -101 1306 11 300 88
1 1.04 248 1603 114 350 96
2 1.05 291 1647 119 371 98
3 1.18 358 1722 119 377 102
4 125 347 1887 121 389 101
5 1.28 296 1860 122 473 103

6 1.37 278 1778 13 506 104
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Appendix iv

Mean creatinine and immune profiles of HIV patients at baseline and 6 months of .
(septrin) contrimoxale antibiotic for opportunistic infection treatment

months of follow up _ 0 1 2 3 i 5 6
creatinine (mg/dl ofblood) 091 101 100 101 1.02 1.02 0.99
CD4 (cells/ul of blood) 250 199 270 249 224 220 209
CD3 (cells/ul of blood) 1600 1509 1408 1301 1402 1201 1603
Hb (mg/dl of blood 90 10 111 113 131 115 12
Platelets (cells/l of blood 150 180 200 250 255 330 235
MCYV (fl) 88 85 79 80 8 90 84
M\‘\
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