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Abstract

HIV is among the highly infectious and pathogenic diseases with a high mortality rate.
The spread of HIV is influenced by several individual based epidemiological factors such
as age, gender, mobility, sexual partner profile and the presence of sexually transmitted
infections (STI). CD4+ count over time provided the first surrogate marker of HIV disease
progression and is currently used for clinical management of HIV-positive patients. The
CD4+ count as a key disease marker is repeatedly measured among those individuals who
test HIV positive to monitor the progression of the disease since it is known that HIV/AIDS

is a long wave event. This gives rise to what is commonly known as longitudinal data.

The aim of this project is to determine if the patients’ weight, baseline age, sex, viral load
and clinic site, influences the rate of change in CD4+ count over time. We will use data of
patients who commenced highly active antiretroviral therapy (HAART) from the Center
for the AIDS Programme of Research in South Africa (CAPRISA) in the AIDS Treatment
Project (CAT) between June 2004 and September 2006, including two years of follow-up
for each patient. Analysis was done using linear mixed models methods for longitudinal
data. The results showed that larger increase in CD4+ count over time was observed in
females and individuals who were younger. However, upon fitting baseline log viral load
in the model instead of the log viral at all visits was that, larger increase in CD4+ count
was observed in females, individuals who were younger, had higher baseline log viral load

and lower weight.
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Notes

One paper has been drafted from this thesis.

1. Factors associated with the rate of increase in CD4+ count over the first two years
in patients initiated on HAART in KwaZulu Natal, South Africa. Presented at the
Center for the AIDS Programme of Research in South Africa (CAPRISA) Academic
Day, Durban, South Africa, 28 August 2009. The presentation of the paper won the

first prize.
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Chapter 1

Introduction

Since the emerging of the Human Immunodeficiency Virus (HIV), South Africa has experienced an
unprecedented HIV prevalence. In South Africa, some 5.5 million [4.9 million-6.1 million] people,
including 240 000 [93 000-500 000] children younger than 15 years, were living with HIV in 2005
(Joint United Nations Programme on HIV/AIDS, 2006). Acquired Immunodeficiency Syndrome
(AIDS) was first reported in South Africa in 1983 and as in most of Africa, AIDS first became
apparent as an urban phenomenon in South Africa but it spread rapidly into rural areas (Abdool
Karim and Abdool Karim, 2005). HIV is among the highly infectious and pathogenic diseases with
a high mortality rate.

The spread of HIV is influenced by several individual based epidemiological factors such as age,
gender, mobility, sexual partner profile and the presence of sexually transmitted infections (STT).
There is a continuing, rising trend nationally in HIV infection levels among pregnant women at-
tending public antenatal clinics. National HIV prevalence figures based on antenatal care data
ranged from 22.4% in 1999 to 30.2% in 2005 (Department of Health, 2006). HIV prevalence esti-
mates give the number and proportion of people who are living with HIV at a given point in time.
However, HIV prevalence data cannot tell us what proportion of HIV positive people are in the

later stages of HIV infection and at risk of progressing to fully blown AIDS.

In order to analyze the prognosis of patients infected with HIV, we use the CD4+ count. CD4+
count is the measure of the number of helper T cells per cubic millimeter of blood. T helper cells
are a sub-group of lymphocytes (a type of white blood cell or leukocyte) that play an important
role in establishing and maximizing the capabilities of the immune system. CD4+ cells are a vital
component of the immune system and also a prime target of HIV infection and HIV infection is
characterised by continuous loss of CD4+ cells (O’Brien et al., 1996). CD4+ count provided the

first reliable marker of disease progression (Abdool Karim and Abdool Karim, 2005) as compared



to other possible markers and it is one of the markers most closely correlated with the stage of
HIV infection (Prins et al., 1999). After few weeks post infection the viral load peaks and CD4+
count declines dramatically. However, after within few weeks the immune system responds to HIV

resulting in a decline in viral load and CD4+ count return to near normal values.

The CD4+ count as a key disease marker is repeatedly measured among those individuals who test
HIV positive to monitor the progression of the disease since it is known that HIV/AIDS is a long
wave event. This gives rise to what is commonly known as longitudinal data. It follows from this
that longitudinal studies are needed to establish the effects on individuals over time. The response
to the AIDS epidemic in South Africa developed slowly at first. In the 1990s it suffered huge crises
of credibility, faltering seriously in the late 1990s despite some momentum in the period just after
the dawn of democracy in 1994, but in the present decade it has been gathering momentum once
again with the announcement by the government in 2003 that it would make free antiretroviral

treatment available in the public health service (Abdool Karim and Abdool Karim, 2005).

CD4+ count is used to make a decision as to when to commence highly active antiretroviral ther-
apy (HAART). Against this background the government’s Department of Health has adopted the
provision of ART tables in its guidelines (Department of Health, 2006) to help in decision mak-
ing as to when to initiate HAART to an infected patient. The decision to provide HAART is
complex. The criteria to provide HAART seem to differ between the developed and developing
countries. According to South Africa’s ART programme, an individual who is HIV positive can
only be initiated on HAART once his/her CD4+ count is less than or equal to 200 cells/uL or
if a patient presents with certain clinical symptoms and also if that particular patient is ready
and understands the importance of adherence very well. On the other hand, in the United States

HAART is initiated when the CD4+ count is less than 350 cells/uL.

In the absence of any antiretroviral therapy, the median time to AIDS from the point of HIV
infection is 8 to 10 years, at least in the USA and Europe where there is generally good access
to health care (Abdool Karim and Abdool Karim, 2005). It is always a good idea not to start
HAART at early stages of infection because ARV drugs do not make any difference to a person’s
health. The longer a person’s immune system is exposed to HAART, the more likely the chance
that the HIV will develop resistance to treatment and become no longer beneficial to the patient.
Starting HAART too early also means that serious side effects associated with HAART are allowed

to set in unnecessarily.

Thus, for planning purposes, efficiency, high acceptance and adherence, it is important to under-

stand the rates at which CD4+ count decrease to reach the minimum required number to initiate



HAART and also the rate at which CD4+ count increases after HAART initiation to reach an
acceptable level. An acceptable or normal CD4+ count for an adult person is between 500 and
1200 cells/uL. On the other hand Diggle et al. (1994, 2002) report that an uninfected individual
has around 1100 cells/uL of blood. The factors affecting the rate of change are critical. These
factors can be grouped broadly into socio-demographic and biomedical factors. The purpose of the
current study is to understand factors that influence increase or gain in CD44 count for patients
on HAART. In other words, the patients in this study were all under HAART and we wish to
study the factors that influence the success of HAART on them.

Although, worldwide, there are as many women as there are men with HIV infection, this aver-
aged figure conceals marked geographical differences in gender distribution of the disease (Abdool
Karim and Abdool Karim, 2005). Strategies to prevent HIV/AIDS should include the education to
promote delayed onset of sexual activity since the HIV/AIDS is quite prevalent amongst women as
compared to men in the age group 15-24 years. For social, cultural and economic reasons men are
usually in a stronger position in their relationships with women and this gives them more control
in deciding when to have sex as well as whether or not to use the condom. This phenomenon
is particularly more apparent in developing countries. This issue of promoting delayed onset of

sexual activities is just but one of the protective measures about HIV/AIDS among other things.

Furthermore, adherence to HAART needs further understanding. Adherence is when a person
initiated on HAART take medications as prescribed by a healthcare provider, in the exact dose
(number of pills/tablets/capsules) and at the right times. If the patient is not taking medications
as prescribed, the medication may not provide the required benefit intended for. Poor adherence
to therapy may also allow HIV to develop resistance to anti-HIV medications. When this happens,
viral load goes up and CD4+ count drops, signalling treatment failure. Naturally therefore we
expect CD4+ count and viral load to be negatively correlated. For someone who is on HAART
or on other immune boosting medication we expect their CD4+ count to increase and their viral

load to decrease.

However, individual responses are quite variable and the correlation between CD4+ count response
and viral load in some individual is very weak (Abdool Karim and Abdool Karim, 2005). CD4+
count is a measure of strength of the immune system. Higher CD4+ count imply a strong immune
system while low CD4+ count implies a weak immune system. The CD4+ count does not always
reflect how someone with HIV feels and functions. This means that there could be other latent
factors which influence the dynamics of the disease. It should, however, be remembered that surro-

gate markers do not precisely reflect clinical outcomes (Abdool Karim and Abdool Karim, 2005).



Surrogate endpoints are collected in a shorter time period and are proposed based on biological
considerations within a progression model of disease. One example is CD4+ count levels in AIDS;
the CD4+ count can potentially serve as a surrogate endpoint for death (Ghosh, 2008). Modelling
surrogate endpoints has been the focus of much recent statistical research (Burzykowski, Molen-
berghs and Buyse, 2005). Studies have shown that HAART reduces both mortality and morbidity
in people infected with HIV. As viral replication falls, the CD44 count increases, but whether
the CD4+ count returns to the level seen in HIV negative people is still unknown (Mocroft et al.,

2007).

1.1 Data description

This research project will use data collected at two sites, eThekwini (Durban) and Vulindlela (near
Howick) in KwaZulu Natal province of South Africa. The data is collected as part of HIV and
AIDS research by Centre for the AIDS Programme of Research in South Africa (CAPRISA). The
eThekwini site is situated in an urban area while the latter is in a rural area. The data is collected
on HIV+ positive patients. The eThekwini site enrolled the first patient on HAART in October
2004 while Vulindlela site enrolled the first patient in June 2004.

The eThekwini site stopped enrolling patients into the programme in April 2005 and started en-
rolling again in November 2005. Patients at the eThekwini site are recruited from the Prince Cyril
Zulu Clinic of Communicable Disease which is the chest clinic adjacent to the CAPRISA clinic
and sometimes patients present themselves for HIV testing. Patients at the Vulindlela site are
recruited from the Mafakathini clinic which is situated near that site or present themselves for
medication. The data in the current study will be referred throughout the thesis as the CAPRISA
AIDS Treatment Project (CAT).

The reason for recruiting patients infected with tuberculosis (TB) is that, HIV greatly increases the
risk of active tuberculosis disease and about 80% of patients presenting with active tuberculosis in
the province of KwaZulu Natal, South Africa, are co-infected with HIV (Gandhi et al., 2006). The
rising incidence of TB has been attributed to HIV co-infection especially in developing countries.
Recruited people receive Voluntary Counselling and Testing (VCT) from trained counsellors. In
developed countries with epidemics in high risk core groups, high-quality VCT has been shown
to substantially reduce the incidence of sexually transmitted diseases (STD) especially if supple-

mented with increased condom use (Sherr et al., 2007).

In this study patients who are HIV positive get screened to check if they are eligible for the
CAPRISA AIDS Treatment Project. Considering the delay in South African Department of



Health’s HAART roll out, the CAPRISA AIDS Treatment Project helps by rolling out HAART
to people who are HIV positive. The eligibility is to have CD4+ count of less than or equal to 200
cells/uL and be at least 14 years of age, but if the CD4+ count is greater than 200 cells/uL and a
patient is very sick he/she is still initiated on HAART for ethical reasons. The CD4+ count and

viral load are measured at baseline and at every six months interval thereafter.

Some patients come for their six monthly visits a month prior to the scheduled visit or sometime a
month after the scheduled visit which is still acceptable. An additional complexity with the data
is that of missing observations due to drop out for known reasons such as death, loss to follow up
and relocation to other areas. In this treatment project we have more females accessing ARVs than
males. This raises a lot of questions such as whether HIV prevalence or incidence of HIV is higher
for women than for men. Or are women sensitive to better care of their lives and therefore get HIV
tested whenever they are not feeling well hence accessing ARVs as soon as possible. Maybe it is

because the clinics are primarily antenatal centres and hence more women are expected to attend.

1.2 What drives young women into sex at young age?

We know that South Africa is one of the developing countries where poverty prevalence is the
most critical challenges that the government is facing. Women are increasingly becoming infected
with HIV and deaths due to HIV/AIDS have left a large number of children as orphans. In Sub-
Saharan Africa alone, the epidemic has orphaned nearly 12 million children less than 18 years
(Joint United Nations Programme on HIV/AIDS, 2008). This is definitely counter-productive to
the government’s efforts to eradicate poverty. Some young women are the victims of HIV/AIDS in
a sense that they are the ones looking after their younger siblings because their parents were killed
by HIV/AIDS. Some younger and older women are compelled to become prostitutes for income
reasons. In addition young females tend to have relationships with older and sometimes married
men in exchange for food, money, shelter and warm clothes. They are also promised jobs and

promotions at work in exchange for sex.

Younger women and children are most often victims of rape and that increases the risk of them
being infected with HIV. In addition women are at risk of being infected with HIV at a younger
age than younger men because they on average have partners five years older than themselves
and these partners are more likely to be already HIV infected. Young women think that rich
older men are an avenue to a better life. One should not forget that some young women become
prostitutes because of material wealth not because the circumstances force them to do that. Age
on the other hand puts young people at risk, in terms of inexperience and inability to negotiate the

terms of relationships specifically the use of condom. In general, while both men and women are



vulnerable, adolescent women represent one of the most vulnerable population groups in relation

to HIV/AIDS.

1.3 Objectives of the study

The aim of this project is to use longitudinal data analysis techniques to study the evolution of
CD4+ count in patients on HAART in rural and urban KwaZulu Natal. We will assess whether
the evolution of CD4+ count for individuals on HAART is dependent on other factors associated
with the individual. The predictor or covariates that are going to be modelled are age, sex, site,
weight and log viral load. In observational studies, subjects may be very heterogeneous at baseline
such that longitudinal changes need to be studied after correction for potential confounders such
as age, sex, geographical location and others. It has been noted that in any population, there
is considerable heterogeneity in the individual rate and magnitude of CD4+ cell reconstitution

(Battegay et al., 2006). Thus the specific objectives of the study are:

e To determine if the patients’ weight, baseline age, sex, viral load and clinic site, influences

the rate of change in CD4+ count over time

e To construct a longitudinal data analysis model for CD4+ count in patients initiated on

HAART

e Account for within and between individual variability in the evolution of CD4+ count post

HAART initiation
e FEstimate the predictive effects of measured covariates using empirical Bayes methods
e Discuss the problem of missing data and future studies

It should be noted that for modelling purposes viral load was log;( transformed since the viral load
is very right skewed. The analysis will be done using the statistical software called SAS (version

9.1.; SAS Institute Inc., Cary, NC, USA).



Chapter 2

Exploratory data analysis

2.1 Introduction

In this chapter a detailed exploratory data analysis to the CD4+ count data for the CAT project
is carried out. The aim of this process is to understand the data structure and determine the

relevant modelling approaches suitable for it.

2.2 Baseline characteristics

First we start with understanding the baseline characteristics of individuals enrolled in the study.
There were 1176 patients aged 14-69 were enrolled, 409 (34.8%) from the eThekwini site and 767
(65.2%) from the Vulindlela site. Out of the 1176, 365 (31.0%) were males and 811 (69.0%) were
females. All patients had a mean weight of 60.4 kg at enrolment or baseline. Table 2.1 shows a
cross distribution of patients according to sex and age for each site. The mean age and weight
in each site and sex are tabulated in Table 2.2. Tests of no association or relationship between
site and the variables namely gender and age group was performed using the Chi-square test of

independence of factors. The tests were performed at 5% level of significance.



Table 2.1: Baseline characteristics

Characteristic ~ Vulindlela (n=767) eThekwini (n=409) p-value
Sex

Male 231 (30.1%) 134 (32.8%)

Female 536 (69.9%) 275 (67.2%) 0.3503
Age(years)

<2 74 (9.7%) 40 (9.8%)

25-30 228 (29.7%) 108 (26.4%)

31-36 218 (28.4%) 130 (31.8%)

37-42 125 (16.3%) 64 (15.7%)

> 43 117 (15.3%) 62 (15.2%) 0.714
missing 5 (0.7%) 5(1.2%)

Table 2.1 shows that the percentage distribution of males and females across the two sites is almost

the same. Also the percentage distribution of age groups across the sites is almost the same. The p-

values in Table 2.1 are not statistically significant, and therefore we fail to reject the null hypothesis

that there is no association between site and the variables gender and age group. This observation

is evident from the percentage distribution of these variables across sites in Table 2.1.

Table 2.2: Distribution of patient’s baseline characteristics

Characteristic Vulindlela  eThekwini
Age(years),mean (std)

Sex

Male 36 (9) 36 (9)
Female 33 (8) 33 (8)
Weight (kg),mean (std)

Sex

Male 58.7 (10.4)  61.1 (9.2)
Female 59.8 (13.6) 62.4 (14.0)

Table 2.2 shows that women on average are younger than men. The difference in age for males

and females from eThekwini and Vulindlela is statistically significant with an independent sample

t-test p-value of 0.0031 and 0.0023 respectively. The eThekwini site has higher mean weight at

baseline than Vulindlela for both males and females. However, the mean weight for males and



females within each site was almost the same.

2.3 Distributional properties of CD4+ count

A histogram plot of CD4+ count data is presented in Figure 2.1. The figure shows that the
distribution is skewed to the right hence may not satisfy the normality assumption. To normalize
the data a square root transformation was carried out to the data and the histogram re-plotted as
shown in Figure 2.2. The skewness for the histogram in Figure 2.1 and Figure 2.2 was 1.15 and
0.04 respectively. It might be more plausible to use logarithmic transformation to CD4+ counts
but we will use the commonly used square root transformation just like in many studies. The
transformed square root distribution now looks much more bell shaped and hence the normality

assumption can hold on the square root scale.
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Both actual CD4+ count and the square root transformed values were used in the exploratory data
analysis. The data set was unbalanced in the sense that the number of repeated observations per
individual was not the same for all patients but the measurements for all subjects were taken at

fixed time points of six monthly visits. The maximum number of observations per subject is 5.

The mean CD4+ count at baseline for the eThekwini and Vulindlela site were 105 and 106 cells/uL
respectively. Further exploration of the data shows that women at both Vulindlela and eThekwini
sites started with mean CD4+4 count of 108 cells/uL respectively. However, men from both sites
started with lower CD44 count as compared to women. Men from Vulindlela and EThekwini

started with mean CD4+ count of 100 and 99 cells/uL respectively.
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From Figure 2.3 and 2.4 it is evident that the overall mean CD4+ count increases with time.
The CD4+ count tend to increase rapidly following the initiation of antiretroviral drug therapy
which is a reflection of the extent of suppression of viral replication, but it should be noted these
plots are mean plots which can possibly be different from individual plots because they may show
some patients responding better than others. This initial increase relies on a reduction in T-cell
activation and primarily consists of a release of memory CD4+ cells trapped in the lymphoid tissue
(Bucy et al., 1999). This observation is in line with what is expected biologically that CD4+ count
should increase rapidly following antiretroviral drug therapy (Abdool Karim and Abdool Karim,
2005).
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Figure 2.5 Mean CD4+ count for eThekwini and Vulindlela
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Figure 2.6 Mean square root CD4+ count for both sites

Figure 2.5 and 2.6 are raw CD4+4 count and square root CD4+ count for each site. One can see
that the mean CD4+ count for the two sites behave differently from baseline to month 24. At
baseline the means are almost the same. As we move from baseline to just before month 15, the
means for eThekwini site are greater than that of Vulindlela. However, just after month 15 the
means for eThekwini site drop. Some patients were terminated as early as month 6 and therefore
did not contribute any data thereafter. It is possible that issues related to drop out may be the
cause of this difference in behaviour in the site specific curves. This is a manifestation of the

complexity introduced by missing data in carrying out comparisons between groups.
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From Figure 2.7 one can see that the mean CD4+ count for women is greater than that of men
from baseline to month 24. Relative to their counterparts, both HIV negative and HIV positive
women tend to have higher CD4+ count (Tollerud et al., 1989). This difference can be due to
adherence problems or due to biomedical factors. However, Nattrass (2008) reported that male
South African HAART patients, whether in the public or private sectors, have on average lower

CD4+ count than women when starting HAART.
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Figure 2.8 gives site specific mean CD4+ count for males and female over time in one plot. One can
notice that from baseline to around month 12, the mean CD4+ count for males in the eThekwini
site is greater than that for males in Vulindlela site. For females we observe the same trend around

month 18.

In Figure 2.9 the mean CD4+ count for different age groups increases with time, but one can
see that the age group < 24 years is doing better than the other age groups. Moreover, as age
increases CD4+ count decreases as one can see for the relative positions of age specific curves
in Figure 2.9. Older groups have lowest mean CD4+ count over time as compared to younger
groups. This might be attributed to the ability to re-produce CD4+ cells in younger than in older
individuals. Younger patients might have higher capacity to re-produce at higher rate than older
patients. The relationship between age and the immunological response supports the concept of
an age related decline in thymic function and probably other regenerative mechanisms such as the

peripheral expansion of CD4 T lymphocytes (Douek et al,. 1998).
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2.4 Profile plots for a random sample of patients from each
site

A random sample of 50 patients from each site was selected and a plot of CD4+ count over time
constructed for the 50 patients on the same graph. The aim of such a plot was to assess if there
is an indication of subject to subject variability in the evolution of CD4+ count as well as within
subject variability over time. A similar plot was constructed on a square root CD44 count scale
for both sites. It is important to note the presence of incomplete profiles in the data. Males and

females of different age groups had an equal chance of being randomly selected.

Figure 2.10 shows evidence of individual to individual variability as well as within individual
variability in the evolution of CD4+ count. The presence of incomplete profiles for patients who
did not reach month 24 is also evident. Most individual plots suggest a steep increase between the

baseline and month 6 measurements. These are features that will be incorporated in the analysis
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Figure 2.10 CD4+ count and square root CD4+ count for a random sample from the

eThekwini site

in order to better understand the relationship of CD4+ count and the measured covariates. The

two plots on original and square root scale in Figure 2.10 portray the same qualitative feature.
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Figure 2.11 CD4+ count and square root CD4+ count for a random sample from the

Vulindlela site

Figure 2.11 for Vulindlela site show similar features as those observed in the eThekwini site.

2.5 Scatter plots for CD4+4 count against covariates

Several relationships between the response variable versus covariates were investigated. Covariates
such as weight and log viral load are plotted against CD4+ count on the square root and original
scale to establish if there is any relationship between these measured predictor variables. These

plots were done at different visits and also overall visits to see if they follow the same trend.
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