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ABSTRACT

Context: This study involved retrospective data analysis using statistical methods to reanalyse
data collected during a long-term study in a Human Immunodeficiency Virus (HIV) infected
population of South African National Defence Force employees and their dependants, where
different parameters related to treatment and disease status of HIV infected patients were
collected. This study attempted to identify possible predictors of both early and late occurrence
of first-line antiretroviral therapy (ART) virologic failure. Potential predictors of first-line ART
virologic failure and for switching to second-line therapy were identified.

Objectives: The study had two primary objectives, namely to identify predictors of first-line
virologic failure:

In the early period (up to 1 year after ART initiation) and

In the later period (beyond one year of ART initiation)
From data collected during the Phidisa 1a initiated cohort study and to describe the extent of
first-line virologic failure in the same cohort;

In addition the time to initiation of second-line antiretroviral therapy among those where first-
line antiretroviral therapy failed was assessed.

Research design and methods: This is an observational, retrospective cohort analysis of ART
in HIV positive military personnel aged 18 years and older who initiated combined antiretroviral
treatment (CART) between 01 April 2008 and 30 April 2011 and had at least a one year follow-
up visit by 15 May 2012. First-line ART consisted of a three-drug therapy with two nucleoside
reverse-transcriptase inhibitors (NRTIs) and a non-nucleoside reverse-transcriptase inhibitor
(NNRTIs), Efavirenz (EFV) or Nevirapine (NVP).

Second-line ART included a boosted protease inhibitor (PI) based treatment regimen.

Results: A total of 1285 patients had complete data for a mean of 4 years. At study entry, the
median HIV viral load was 91150 copies per millilitre (cp/m€) and the median CD4" cell count
was 152 per cubic millimetre. 19.68 % (253/1285) patients were identified as ART failure in this
cohort. Of these, 94.1% were on Efavirenz based regimen and 5.9% on NVP based regimen. The
percentage of patients with early virologic failure did not show statistical significant difference
from the percentage of patients with late virologic failure (12.0% vs. 7.7%).

Missed visits within six months of treatment initiation (HR: 0.232: 95% CI: 0.098-0.546), high
viral load before CART initiation (HR: 1.243: 95% CI: 1.086-1.423), NRTI backbone (1) (HR:
0.565: 95% CI: 0.337-0.946) and treatment site displayed strong association with “Early
virologic failure’. Predictors of “Late virologic failure” included viral suppression <50 cp/mt,
high viral load before CART initiation and ART toxicity. Overall, 11.5% of patients were
switched to second-line therapy within two years of ART initiation.
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TB infection (HR: 0.892: 95% CI: 0.576-1.382) and treatment site (HR: 0.497: 95% CI: 0.288-
0.860) were predictive of treatment switching to second-line treatment.

Conclusion: A substantial number of patients with HIV on the first-line cART for less than a
year are at greatest risk of early virologic failure. 12.0% (154/1285) patients experienced early
virologic failure. Understanding the absolute risk of first-line failure is useful for patient
monitoring and for effectively targeting limited resources for second-line ART. Moreover, any
missed visit within the first six months of treatment, treatment site, and high viral load before
CART initiation and NNTI based treatment regimens all play an important role in early virologic
failure of patients. Careful monitoring of patients under HIVV/AIDS treatment, particularly in the
first three months after CART initiation is necessary.

The major disadvantage of a retrospective observational cohort study design is the unintended
limits introduced during data collection, including incomplete or inaccurate data or inconsistent
measurements between subjects. This could include variation in disease status, time to initiation
of treatment, and other co-morbidities that were not recorded, patient drop-out rate amongst
others.
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CHAPTER 1

1.1 INTRODUCTION AND BACKGROUND OF HIV/AIDS

The human immunodeficiency virus (HIV) pandemic is a complex mix of diverse epidemics
within and between countries and regions of the world and is undoubtedly the defining
public-health crisis of our time. Antiretroviral treatment has transformed Acquired Immune
Deficiency Syndrome (AIDS) from an inevitable fatal condition to a chronic manageable
disease in some settings. This transformation has yet to be realized in those parts of the world
that continue to bear a disproportionately high burden of new HIV-infections (Simon et al.,
2006)

The HIV/AIDS is an exceptional epidemic that demands an exceptional response. Although
much progress has been made over time in managing (such as treatment and prevention) the
HIV/AIDS pandemic, much has also been accompanied by scientific and health care program
challenges (Simon et al., 2006). In the absence of a protective vaccine or a cure, prevention
and access to antiretroviral treatments are the best options to slow the HIV pandemic. Broad
implementation of these options needs improved infrastructure that implies that resource-
constrained regions that have been the most affected will continue to be so. Clearly, there is a
need for the scale-up of interventions and improvement of current strategies to better manage
the HIVV/AIDS pandemic.

Heterosexual transmission of the HIV virus remains the dominant mode of transmission and
accounts for about 85% of all HIV-1 infections globally (Hayes et al., 2006). Southern Africa
remains the epicentre of the pandemic and continues to have high rates of new HIV-1
infections (Cobo 2014). In view of the fact that HIV-1 is predominantly sexually transmitted
and disproportionately affects populations that are already socially or economically
marginalized, or both, ethical, social, economic and political challenges are posed, calling for
constantly finding better strategies to combat the pandemic and provide robust education to
the community. The high percentage of the population that are HIV positive indicates that
current strategies may not be sufficient to claim the disease is under control. Therefore
scientists, society and governments are still faced with a challenge to devise better strategies
of managing the spread of HIV-1.

National and International HIV treatment guidelines recommend initiating ART therapy with
two nucleoside reverse transcriptase inhibitors (NRTI) and either a non-nucleoside reverse
transcriptase inhibitor (NNRTI), a boosted protease inhibitor (bPI), or an integrase inhibitor
(INSTI). These are drugs that have different effects on specific virus protein processing
enzymes and trans-membrane transporters. The main goal of ART is to achieve and maintain
viral suppression while maintaining, if not improving the health of the patient. Although
retaining patients in lifelong HIV care is a major challenge in many countries, it is of utmost
importance to constantly encourage and support the patients to avoid the risk of mortality and
morbidity by encouraging continued use of ART and minimizing further exposures to HIV-1.



1.2 FORMULATING THE RESEARCH PROBLEM

It is now acknowledged that the HIVV/AIDS pandemic is currently one of the biggest public
health issues that humanity has had to contend with given its global reach (refer to Figure 1
below). By 2010, about 34 million people had been infected by HIV (WHO, 2011). It was
only in 1983 that scientists discovered and named the virus that caused AIDS. Once acquired,
the virus attacks and weakens the human body’s immune system increasing susceptibility to
opportunistic infections that are normally not a health risk.

Adult HIV Prevalence Rate, 2014
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SOURCE: Kaiser Family Foundation, based on UNAIDS, How AIDS Changed Everything; 2015.

Figure 1: world map of global AIDS epidemic (downloaded from http://www.vox.com/2015/12/1/
9814026 /world-aids-day-2015-hiv-awareness, on 30 August 2016)

Primarily, for this reason, the focus within the scientific and medical community had been to
identify and discover antiretroviral drugs to tackle the HIV virus. While the first
antiretroviral drugs were discovered around the late 1980s they were not only expensive, but
had severe side effects on patients, the combined effect of which was to limit the number of
patients that could receive these drugs.

More than three decades since the discovery of AZT, significant strides have led to the
discovery of additional antiretroviral therapy, the discovery of which has led to the significant
reduction in their cost as well as fewer adverse side effects, among other factors. As a result,
there has been a significant increase in the number of patients enrolled in antiretroviral
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therapy. For example the number of patients enrolled in antiretroviral therapy has increased
from 400 000 people in 2003 to about 3 million people by 2010 (WHO and UNAIDS 2003).
It is presently a practice for HIV infected patients to be treated with a fixed dose combination
ART. This fixed dose combination has been found to improve compliance in taking the
medication by patients, with fewer side effects, lower costs as well as extending the quality
life of the infected patient.

Despite these significant improvements in available drugs and treatment regimens, virologic
failure remains a hurdle for HIV-infected patients who need to be committed to lifelong
antiviral treatment. Researchers have noted a significant increase in ART resistance
mutations in the HIV virus (Wallis et al., 2010). Increasing ART resistance including those
due to viral mutations potentially increases the risk of treatment failure. It is therefore prudent
to identify and understand the factors that may give rise to virologic failure.

There is currently only a partial understanding of HIV-1 drug resistance patterns that occur in
developing countries, where VL testing is uncommon due to cost and lack of infrastructure
and where treatment failure is generally defined by clinical and immunological indicators
only. HIV-1 drug resistance testing should not be an optional measure in all health settings,
but rather compulsory to ensure the drugs are working effectively and efficiently in cases of
virologic failure. However, when HIV-1 drug resistance testing is recommended as the
standard of care at the time of virologic failure, efforts should be made to ensure that viral
load testing becomes affordable, simple and easy to use in resource-limited settings.
Moreover, regular VL monitoring could identify the incidence of drug resistance early and
this could significantly reduce unnecessary costs.

Accumulation of resistant mutations with the potential to compromise treatment responses
and risk of resistant virus infection has also prompted calls for earlier failure detection that
can be accomplished with HIV-1 Ribonucleic Acid (RNA) monitoring (Sungkanuparph et al.,
2007 and Hosseinipour et al., 2010).

HIV enters the body through the exchange of infected body fluids and initially infect the
immune regulating CD4* lymphocytes in which they replicate and eventually kill the host
cell which results in a weakened immune system (Fevrier et al., 2011). Within the first year
of HIV infection, the patient CD4* lymphocyte count decreases by approximately one-quarter
then decreases slowly thereafter. Once the CD4" lymphocytes count is below critical
thresholds, HIV-related opportunistic infections become evident due to limited immune
response that can be mounted. CD4* lymphocyte counts were initially studied as markers of
the progression of HIV infection, as a measure of the relative risk of developing opportunistic
infections (OI’s) to estimate the impact of HIV and the use of ARV drugs on the
epidemiological progression of TB (Hogg et al., 2001).

HIV can infect a multitude of other cells in an infected person, including brain cells, but the
main target is the CD4* lymphocyte, also called a T-helper cell or CD4" cell. When a CD4"
cell is infected with HIV, the virus goes through multiple steps to make use of the DNA
replication system of the cell to be able reproduce itself and create many more copies of the
virus particles. This sequence of intracellular events is summarised in Figure 2.



The process of HIV infection is broken up into the following steps:

Binding and fusion: This is the process by which HIV binds to a specific type of
CD4" receptor and a co-receptor on the surface of the CD4" cell. This is similar to a
key entering the lock. Once properly interacting with the receptors, HIV fuses with
the host cell membrane and enters the intact cell (CD4" cell) where the virus
disassembles releasing its genetic material.

Reverse Transcription: A special enzyme called reverse transcriptase changes the
genetic material of the virus, so it can be integrated into the host DNA.

Integration: The virus’ genetic material enters the nucleus of the CD4" cell and uses
an enzyme called integrase to integrate itself into the host cells own genetic material,
where it may remain inactive for several years.

Transcription: When the host cell becomes activated, the virus genetic material is
copied using the host cells own enzymes to create more viral genetic material and to
code for the required proteins for complete viral particle assembly thereby making
multiple viral protein precursors.

Assembly: A viral encoded enzyme called protease cuts the longer HIV proteins into
individual proteins that are then combined in the correct manner to form a new viral
particle. When these are combined with the virus’ genetic material, a viable new virus
is assembled.

Budding: This is the stage of the virus’ life cycle where the virus pushes itself out of
the host cell, thereby compromising the cell membrane and cell deterioration occurs.
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FIGURE 2: The reproduction stages of HIV and different treatment targets (downloaded from
www.friendsofaids.org/topics.html on 11 August 2016)

During this process many new viral particles are formed and the host cell dies off which
results in decreasing numbers of the important CD4* immune regulating cells. In this way the
HIV suppresses the immune system which negatively affects both innate and adaptive
immunity which is evident from the opportunistic infections often reported for HIV positive
patients. About 30 million AIDS-related deaths have been reported worldwide since the
disease first emerged in the early 1980s (Thompson et al., 2012). Over the years since HIV’s
emergence, researchers have been working on alternative therapies to stem its spread. One of
the therapies which has been found to be effective, has been the combination antiretroviral
therapy (CART) which inhibits HIV from multiplying and has led to a measurable reduction
in HIV associated morbidity and mortality. To be effective however, CART has to be taken
continuously on a daily basis for life because it cannot destroy latent viruses hidden in
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“reservoir cells”. Despite not destroying all the HIV viruses in the body, cART has
significantly increased survival rates in affected patients (Uy et al., 2009).

The current goal of CART is suppression of plasma HIV-1 RNA levels, to below 50 copies
per millilitre (cp/mf) (Li et al., 2012). A proportion of HIV-infected patients, who initiate
CART in clinical practice fail to suppress HIV-1 RNA or have HIV-1 RNA level rebound
while on therapy. Failure to suppress HIV-1 RNA to below 50 cp/m{ while patients are on
therapy, generally results in further viral replication which ultimately leads to virologic
failure as well as the potential emergence of drug resistant mutations. This in turn escalates
the costs associated with managing HIV positive patients especially with regard to
introducing the second-line Protease Inhibitor (PI) class of drugs. Given the increased costs
associated with second-line therapy, affordable strategies to prevent treatment failure on first-
line regimens among HIV patients is essential for long-term success of ART in Sub-Saharan
Africa. For this reason, identification of patients at risk of virologic failure prior to CART
initiation will assist in directing interventions and to provide additional monitoring and
support to those patients likely to benefit the most.

Additionally, compliance to long-term therapy has been found to wane with time, potentially
resulting in late virologic failure in patients who initially were adherent to cART. Most
patients achieve positive response to CART within one year of treatment initiation,
demonstrating low viral load and minimal reduction in CD4* cell counts. It is therefore
important to identify patients and factors that potentially explain poor treatment response and
waning compliance to long term therapy. This knowledge will benefit future populations
initiating cCART treatment. Other factors that could explain poor long term compliance to
CART may include factors such as provider access, cancelled doctor appointments, drug
availability, clinicians experienced in identifying ART failure and waiting times to change
treatment (Hosseinipour et al., 2009).

Current ARV treatment guidelines recommend immediate modification of antiretroviral
therapy in HIV infected individuals showing incomplete viral suppression, particularly in
patients following first-line cCART regimens (Petersen et al., 2008). While recent estimates
suggest only 2% of those currently on ART are on a second-line regimen, a far greater
percentage are showing virological failure but have not been switched from first-line to
second-line therapy (Fox et al., 2012). As cART scale-up continues and the average duration
already on ART increases, both the absolute number and the relative proportion of patients
needing second-line therapy will increase (Boulle et al., 2010). It has previously been
estimated that in South Africa, about 14% of patients on ART show virologic failure by year
five of ART (Fox et al., 2012).

There are various explanations for difficulties in switching to second-line ART. These
difficulties may include, but not be limited to, scarce resources in health facilities, clinicians
reluctant to switch patients who are apparently clinically well to second-line CART as they
might see second-line therapy as a salvage therapy to be reserved for later when no other
options might be available. The difficulties may then result in increased mortality or risk of
future virologic suppression. A systematic review and meta-analysis showed that effective
switching to second-line ART largely depends on careful clinical assessment and access to



biological measurements (Madec et al., 2013). In the absence of routine viral load assays,
detection of treatment failure and subsequent switch to second-line ART usually occur too
late to show an effective response to treatment.

Another important explanation is the inability to identify and diagnose patients who have
failed first-line therapy. In high-income countries, the diagnosis of ART failure is based on
measurements of HIVV-1 RNA concentration. For example, in the United Kingdom (UK) and
United States of America (USA), a plasma HIV-1 RNA concentration above 50 cp/m{ on
two consecutive occasions is used to define virological failure (Harries et al., 2010). The
main reason for not detecting ART failure early in developing countries is lack of resources
to determine low levels of HIVV-1 RNA in plasma.

Because viral load monitoring is generally not accessible in most resource-limited but high-
endemic regions/areas/countries, patients are often continued on first-line ART until the
emergence of obvious clinical symptoms of opportunistic infections or until the WHO criteria
for immunologic failure are met (El-Khatib et al., 2011). As treatment delay after virologic
failure on non-protease inhibitor based regimens has an increased risk of mortality (Levison
et al.,, 2011), the timing of treatment switch after first-line ART failure is particularly
important. Furthermore, delay in switching from failed therapy that consisted of thymidine
analogues may lead to accumulation of Thymidine Analogue Mutations (TAMs) or K65
resistance mutations, which have been shown to negatively impact to second-line therapy
(Hosseinipour et al., 2010).

In this regard, studies have shown that treatment modifications after virologic failure while
following a non-protease inhibitor based ART regimen had an increased risk of mortality and
increases the odds of poor of virologic suppression which in turn may lead to increased risk
of mortality (Levison et al., 2011). Given the reported elevated risk of mortality associated
with treatment modification in patients receiving NNRTI-based regimen, efforts should be
made to minimize delays in switching to second-line therapy. Also, viral resistance to drugs
emerges rapidly during NNRTI-based regimens but is uncommon for most protease-inhibitor
based regimens (Peterson et al., 2008). Hence patients who develop resistance to the Pl
component of their ART regimen may still be able to respond to other PI class drugs. This
implies that regular virological monitoring is necessary to detect treatment failure that is
evident long before the clinical signs of immunological failure are evident.

This study set out to assess where virologic failure takes place in HIV positive patients being
treated with cCART. It is a retrospective observational study of the incidence of virologic
failure to first-line antiretroviral therapy in HIV positive patients with emphasis on the time
from initiation of the treatment to when the virologic failure was noted as well as the time
lapse before switching to second—line PI therapy after first-line therapy failure. It should be
noted that this study is a statistical analysis of existing data collected during the Phidisa 1a
and subsequent studies that were not initially powered to detect these virologic failure
predictors. No new data was collected. The investigators attempted to identify risk factors for
virologic failure in a population of more than 1200 HIV positive patients who were observed
over a CART treatment period of 3 years with regular patient monitoring follow-ups.



1.3 RATIONALE FOR THE STUDY

The aim of this study was to determine which predictors could be associated with early and
with late first-line antiretroviral virologic failure that would require that the patient be
switched to a second-line ART therapy. It has been established by other studies, (WHO
Guidelines, 2003; Chesney, 2006) that effective ART requires strict compliance to long term
daily use by patients to ensure sustained HIV suppression, reduced risk of drug resistance,
improved overall health, improved quality of life and longer survival.

However, it has also been established that many patients’ levels of compliance to ART tends
to wane after long term use, rendering ART less effective and increasing the incidence of late
virologic failure. This then necessitates the need to switch from first-line to second-line ART
therapy. No similar studies have been reported in high endemic areas such as South Africa.
As HIV treatment and care enters an era where the use of CART is being increasingly
considered as a potential protocol in retarding HIV transmission, it is important that a better
understanding of the predictors of Early virologic failure (EVF) and Late virologic failure
(LVF) are developed.

1.4 RESEARCH OBJECTIVES

The broad objective of this study was to perform a retrospective statistical analysis on
available data in an attempt to identify parameters that can be used as possible predictors of
first-line virologic failure during antiretroviral therapy. This aim was met through the specific
objectives below:

1.4.1. To identify the predictors of the first-line virologic failure in the early period (up to one
year of CART initiation)

1.4.2. To identify the predictors of the first-line virologic failure in the later period (beyond
one year after CART initiation)

1.4.3. To ascertain the extent of first-line virologic failure in the early period (up to 1 year of
CART initiation) and in the later period (beyond one year of CART initiation).

1.4.4. To establish the average time to initiation of second-line ART among those failing
first-line ART in the studied cohort.

1.4.5. To identify predictors of required switching to second-line cCART after first-line
treatment failure.

The focus of this study was on all uniform wearing SANDF personnel and their registered
family members 18 years of age and older who had laboratory confirmed HIV infections and
who initiated ART between 01 April 2008 and 30 April 2011 and who had at least one one-
year follow-up visit by 15 May 2012. First-line ART provided according to the guidelines
then in use generally consisted of a three drug therapy with two NRTIs and one NNRTIs (i.e.
EFV or NVP) while second-line ART included a boosted PI (i.e. Lopinavir/ritonavir) based
ART.



1.5. LIMITATION OF THE STUDY

It was postulated by De Vos et al., (2011) that potential limitations in a study are often
numerous even in the most carefully planned research studies and it is important that they are
taken into account. Generally, when identifying limitations, researchers must consider the
comparability of the data, completeness of the data, validity and reliability of all data
collection instruments, the applicability of the sample measured to the population from which
it is drawn, access to comparable data, ethical problems, and the ability to control extraneous
factors in the environment and in respondents.

Although problems are never completely eliminated from studies in the clinical setting,
researchers must demonstrate the various means by which they attempt to limit problems.
Finally, mention of the specific steps proposed to ensure that the sample is as representative
as possible of the population from which it is drawn must be made.

A major limitation of this study was that information relating to ART regimen compliance
was not captured as an assessment tool to determine treatment compliance and it was not
available. All the patients recruited into the study were initially ART-naive, therefore the
findings highlighted in this study may not be applicable to CART treatment-experienced
patients.

Although all the patients were from within the military setting, their experiences may differ
based on the information provided during counselling, site where the treatment was initiated,
the availability of the treatment at all times. Also patients accessing treatment in a
community-based setting may experience different limitations or support, making direct
comparisons based on measured parameters difficult.

1.6 THE STRUCTURE OF THE THESIS

Chapter one introduces the pathogenesis, epidemiology, and treatment of HIV/AIDS. It
further explains how research has deepened our understanding of how the virus replicates,
manipulates and evades detection in an infected person. Thereafter, a brief objective is
presented leading to the rationale for the work detailed in this dissertation. The last part of
this chapter contains limitations of this study as it has been identified that problems are never
completely eliminated from any research.

Chapter two contains a literature review covering determination of any association between
increased viral load, reducing CD4" cell count and progression of disease. This chapter also
establishes the effect of various variables on early and late virologic failure. The different
factors that may lead to a delay in switching to second-line therapy and the risks and benefits
of antiretroviral treatment compliance. It further outlines the theoretical model namely; the
Cox model that was used in this study. The basics of the model are outlined, including how
the model was interpreted.



Chapter three describes the data and methodology of the study. It explains how the study
was designed. It also describes explicitly the study settings from six different sites, how
patients were recruited and enrolled, eligibility criteria used and the different types of blood
samples that were taken from patients to collect the data used in this study. Different
definitions used in the study are clarified. Descriptive statistics were employed for patient’s
baseline demographics, clinical and immunological characteristics. Descriptive statistics such
as mean, standard deviation, were calculated for continuous variables. This chapter further
describes the data quality and how it was collected. Moreover it describes the comparison
between failure, non-failure, early and late virologic failure in a table form.

Chapter four contains the study results. It describes possible predictors identified that elicit a
major effect on virologic failure and how they are employed in determining early and late
first-line antiretroviral therapy virologic failure. Furthermore it describes the switch from first
line treatment failure to second-line treatment. This chapter also provides limitations of this
study.

Chapter five analyses the findings of the study and discusses the findings. Finally, this
chapter provides the conclusion derived from this study and the recommendations for future
work.
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CHAPTER 2

2.1 HISTORY OF HIV/AIDS

HIV infection had been found as early as the 1950’s but the widespread dissemination did not
appear until the late 1970s (Klusacek et al., 1992). Prior to the recognition and labelling of
AIDS numerous people had died from it during the 1970s but these deaths were attributed to
other symptomatic illness. Although AIDS was becoming a medical concern, it was
politically ignored until the disease was noted outside the homosexual community. This
complex disease was later reported among members of the Haitian community who
immigrated to the United States. Nearly all the Haitian patients who reported this complex
syndrome were heterosexual, leading to confusion among the scientific community. Further
investigations revealed that addicts who shared needles to inject narcotics directly into their
bloodstream were also affected. Haemophiliacs had been reported by the Centre for Disease
Control (CDC) to contract AIDS through blood transfusion and babies born to mothers who
were drug addicts were also falling ill with a similar disease.

By early 1981 several heterosexual men were found to have registered with unusual
complaints with complex disease aetiology while it became apparent to the medical
community that a distinctive yet nameless disease had erupted within homosexual
communities in North America (Klusacek et al., 1992). Symptoms varied in different
communities.

HIV has more genetic material with which to constantly redesign its surface than any other
known virus (O’Malley et al., 1988). Therefore, it can alter its surface phenotype somewhat,
individuate, in virtually each person infected. Once replicating in infected cells, it can
replicate faster than many other viruses destroying the host cell. As it uses the human CD4+
cells as host, the immune system that should protect against infection and diseases becomes
compromised. For many years the virus had been spreading invisibly as it was not recognised
as the cause of the condition.

2.2 ROUTES OF HIV INFECTION TRANSMISSION

HIV is transmitted in human body fluids (blood, semen and pre-seminal fluid, rectal
fluids/anal mucous, vaginal fluids, breast milk) by three major routes: (1) Sexual intercourse
through vaginal, rectal or penile tissues; (2) direct injection with HIV-contaminated drugs,
needles, syringes, blood or blood products, and (3) from HIV-infected mother to foetus in
utero, through intrapartum inoculation from mother to infant or during breast-feeding. Today
the risk of contracting HIV from blood transfusions, blood products or organ/tissue
transplants that are contaminated with HIV is extremely low because most countries test all
related blood products for HIV before being made available to patients. If adequate safety
practices are not in place, healthcare workers can also be at risk of HIV from cuts made by
sharp objects or a needle (needle stick injury) with infected blood on it. The risk of
occupational exposure is very low in most countries.
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To get infected, the virus in a body fluid needs to get into the new hosts blood by crossing a
mucous membrane, (for example the lining of the vagina, rectum, the opening of the penis, or
the mouth), breaks in the skin (like cuts) or be injected directly into your blood stream.
According to Centres for Disease Control and Prevention (CDC), HIV is not spread by tears,
sweat, coughing or sneezing nor it is transmitted via an infected person’s clothing, phone,
drinking and eating utensils or other objects that HIVV-infected people have used that are free
of blood.

HIV is not communicable through contact with inanimate objects or through vectors.
Therefore, people cannot become HIV infected in the same way as influenza or the common
cold. Transmission via saliva has also been speculated yet clinical research shows that the
concentration of HIV in saliva is very low in comparison to blood, breast milk, semen and
vaginal secretions. Moreover, saliva contains large sugar protein molecules called
glycoproteins, which inhibits HIV infections through formation of giant viral clumps which
are not capable of infecting CD4+ cells (Pinsky 1994).

2.2.1 SEXUAL TRANSMISSION

The most frequent mode of transmission of HIV is through sexual contact with an infected
person. Sexual transmission of HIV happens when infected semen, blood or vaginal
secretions enter the blood stream of a partner. Although HIV can be transmitted during
vaginal or oral penetration, unprotected anal sex by males appears to be the most common
transmission method. The risk of acquiring HIV depends mainly on three factors: (1) the
number of sexual partners; (2) the prevalence of HIV infection in these partners; (3) the
probability of virus transmission during sexual contact. Worldwide, the majority of cases of
transmission occur through heterosexual contacts (i.e. sexual contacts between people of the
opposite sex). However, the pattern of transmission varies significantly between countries. In
the United States, as of 2015, (https://www.hiv.gov/hiv-basics/overview/data-and-
trends/statistics) most sexual transmission occurred in men who have sex with men, with this
population accounting for 67% of all cases.

2.2.2 INJECTION DRUG USERS AND HIV TRANSMISSION

Sharing needles, syringes or other equipment used to prepare and inject drugs with someone
who has HIV can increase the risks of contracting the virus. Although HIV does not generally
survive well outside the body, it can survive for long periods of time (over 28 days) if sealed
in a syringe (Abdala et al., 2004). Some injecting drug users may believe, wrongly, that they
are not at risk of HIV transmission if they simply avoid intravenous injecting. HIV infection
will not automatically occur from a single incident of shared needle/syringe use. In fact,
estimates of the infection risk from an injection range from 0.63 to 2.4% (Baggaley et al.,
2006).
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Two factors are likely to determine the chances of HIV infection from any single incident of
needle sharing, namely:

The level of HIV copies present in the blood injected. Very low levels of circulating virus in
the blood may make HIV infection less likely. But assuming a high viral load, it is thought
that amounts of blood invisible to the naked eye may be sufficient to permit HIV infection.

The quantity of blood injected. Evidence from the follow-up of needle stick injuries and other
occupational injuries involving blood shows that the likelihood of HIV infection is dose-
related — the more blood injected, the more likely it is that seroconversion will take place.

2.2.3 MOTHER-TO-CHILD TRANSMISSION

A mother infected with HIV can pass the virus to her baby via her blood during pregnancy
and birth, and through her breast milk when breastfeeding. This is the third most common
way in which HIV is transmitted globally. In the absence of treatment, the risk of
transmission before or during birth is around 20% and in those who also breastfeed 35%
(Teasdale et al., 2011).With appropriate treatment the risk of mother-to-child infection can be
reduced to about 1% (AIDS info 2017). Preventative treatment involves the mother taking
antiretroviral during pregnancy and delivery, an elective caesarean section, avoiding
breastfeeding and administering antiretroviral drugs to the new born.

2.2.4 CONTAMINATED BLOOD TRANSFUSIONS AND ORGAN/TISSUE
TRANSPLANTS

Receiving blood transfusions, blood products, or organ/tissue that is contaminated with HIV
increases the risk of contracting HIV. However, in recent years the risks of transplant-related
HIV infection are low, as all organ and tissue donors are screened for risk factors, and tested
for HIV and other infectious agents that potentially could be transmitted through
transplantation. However, although HIV tests are highly accurate, the tests do not always
detect the virus in people with very recent infection. Unexpected transmission of HIV, HBV,
and HCV from infected donors has been reported in heart, liver, kidney, and pancreas
recipients.

2.3 BACKGROUND OF THE USE OF ART

Antiretroviral treatment is recommended for all HIV-infected individuals to reduce the risk of
disease progression. ART is also recommended for HIV-infected individuals for the
prevention of transmission of HIV. Without ART, the vast majority of HIV-infected
individuals will eventually develop progressive immune-deficiency leading to AIDS-defining
illnesses and premature death. The primary goal of ART is to prevent HIV-associated
morbidity and mortality. The goal is best accomplished by using combined ARV therapy to
totally inhibit HIV replication so that HIV RNA levels are reduced to undetectable levels in
plasma.

Furthermore, high plasma HIV RNA has been reported as a major risk factor for HIV
transmission and use of effective ART can reduce viraemia and transmission of HIV to
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sexual partners (Quinn et al., 2000; Cohen et al., 2011). Thus the secondary goal of ART is to
reduce the risk of HIV transmission.

In 2010 WHO revised their guidelines and recommend the initiation of ARV’s for all patients
with CD4* count of 350 cells/mm? or less in all countries (Thompson et al., 2012). According
to the Joint United Nations Programme on HIV/AIDS (UNAIDS) report, these new criteria
increased the total number of people medically eligible for ART in South Africa by roughly
50%, from 10 million to 15 million. The policy implemented by the South African National
Department of Health was changed to align with this recommendation early in 2010. The
current recommendations are based on evidence showing benefit to the health of the HIV-
infected individuals and the evidence that earlier initiation of ART reduces AIDS progression
and mortality. The threshold previously used by the WHO was CD4* count of 200 cells/mm?
or less. This policy was changed in 2010 as patient response to treatment before then was
poor due to a severely weakened immune system.

Despite increasing evidence for the benefits associated with early initiation of ART, there are
concerns regarding ARV drug toxicities that have adverse effects on the quality of life
resulting in poor compliance to treatment regimens. The D:A:D study found an increasing
evidence of CVD associated with cumulative exposure to some drugs in the nucleoside
reverse transcriptase inhibitor (NRTI) class and the PI drug class (Friis-Moller et al., 2007,
Worm et al., 2010). In the SMART study, when compared with interruption or deferral of
therapy, continuous exposure to ART was associated with significant loss of bone density
(El-Sadr et al., 2006).

There is a strong association between ART treatment and quality of life of people living with
HIV/AIDS. ART frequently improves quality of life for patients with symptomatic immune
suppression. However, the adverse side effects of ART may impair quality of life for some
patients, especially those who are generally asymptomatic at initiation of CART therapy. For
example, the drug Efavirenz which belongs to a class of medication called NNRTIs is
significantly associated with nervous system and psychiatric side effects, while
Lopinavir/ritonavir belonging to a class of drugs called Pl, are commonly associated with
gastrointestinal side effects.

There is a greater need to provide more support to HIV/AIDS patients and to organize
awareness programmes that can address the issue of stigma and discrimination since such
awareness programmes could contribute to a better quality of life in people living with
HIV/AIDS.

Several assays using different techniques have been used to assess either the HIV status with
respect to disease progression verses prognosis of HIV infected patients. The quantitative
reverse transcriptase polymerase chain reaction has been used to determine viral load in
patient plasma, as this technique allows accurate quantification of plasma viral load in terms
of the copies of HIV RNA cp/m¢l of plasma (Piatak et al., 1993; Mulder et al., 1994). Plasma
viral load appears to be the best predictor of long-term clinical outcome, whereas CD4" cell
counts predict clinical progression and survival in the shorter term (Galetto-Lacour et al.,
1996; Mellors et al., 1997; Yerly et al., 1998). Such data for ART-naive patients have been
used to make decisions about when to initiate ART (CASCADE Collaboration, AIDS 2004)
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In HOPS (HIV Outpatient study), a large prospective cohort of HIV-infected patients
receiving care in 9 USA based clinics were monitored, many participants achieved virologic
suppression on their initial ART regimen but subsequently had virologic failure and
underwent genotype resistance testing. These patients started ART at a CD4" count lower
than 200 cells/fmm3. However, patients who started ART at higher CD4* count experienced
the greatest durability of their initial regimen and had lower frequency of resistance
mutations at virologic failure despite the fact that their infecting virus had the longest
exposure to the selection pressures of a constant ARV regimen that can induce mutations (Uy
et al., 2009).

Regardless of CD4" cell count, the decision to initiate ART should always include
consideration of any co-morbid conditions, the willingness and readiness of the patient to
initiate therapy and the availability of resources.

As the global scale-up of ART reached nearly five million people in 2012 (Fox et al., 2012),
a growing body of evidence from large observational cohorts has demonstrated positive
clinical, immunological and virologic outcomes being achieved throughout Sub-Saharan
Africa (Ferradini et al., 2006; Stringer et al., 2006; Sanne et al., 2009; Boulle et al., 2010;
May et al., 2010; Nglazi et al., 2011). Even though large numbers of new patients are still
starting treatment in resource-limited settings, focus is shifting from the short-term stresses of
treatment initiation to the long-term problems of managing a lifelong chronic disease.

A critical part of this shift is an emphasis on managing the growing number of public-sector
patients who have already failed or will soon fail first-line therapy (Pujades-Rodriguez et al.,
2007; Palombi et al., 2009; Keiser et al., 2010; Keiser et al., 2011; Fox et al., 2012). Reports
on individual cohorts of patients undergoing ART have reported on durability of first-line
regimens, associations with confirmed virologic failure, and delays in switching to second-
line, but there is limited understanding of factors predicting the requirement to switch after
virologic failure, and how consistent treatment switching to second-line therapy takes place
in patients eliciting virologic failure (Keiser et al., 2011).

To limit the impact of virologic failure in any ART programme, the identification, and close
monitoring of patients identified to be at risk of virologic failure and early correction of
modifiable risk factors, is necessary.

Several clinical and socio-demographic factors have been associated with virologic failure in
different settings (routine care vs. clinical trials), but without much consistency between
settings. Furthermore, there is particularly little data on the extent of virologic failure in
African military healthcare systems.

2.4 BACKGROUND OF PHIDISA PROJECT

Project Phidisa was a HIV/AIDS research collaboration between the South African
Department of Defence (SA DoD) through the South African Military Health Service
(SAMHS), the US Department of Health and Human Services, the National Institute of
Health (NIH), and the US Department of Defence (US DoD). It was established in 2003 with
the aim of studying HIV parameters in a sample of SANDF members and their dependents.
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Project Phidisa extended over more than ten years and included participants enrolled in 3
clinical protocols. Beginning of January 2004, HIV-infected SANDF members and their
dependents could be enrolled in a cohort study (Phidisa 1) or in a randomized trial, Phidisa Il
(The Phidisa Il Writing Team for Project Phidisa; 2010). For Phidisa 1, the inclusion criteria
were very broad, any HIV-positive individual in the SANDF or their registered family
members could be enrolled. For Phidisa 11, HIV-positive individuals could be randomized to
one of four ART regimens if their CD4* count was <200 cells/mm3 or they had a prior AIDS
diagnosis and they met set eligibility criteria: a serum liver transaminase level >5 times the
upper limit of the normal range, haemoglobin level of 9 g/dl or higher in men or 8 g/dl or
higher in women, a neutrophil count >500 cells/mm?, a platelet count >25,000 platelets/pt
(Anglaret et al., 2012). Participants who were not enrolled in the trial received ART
according to South African National Guidelines (National Department of Health South
Africa, 2010).

In March 2008, after the clinical trial was completed, all participants in Phidisa 1 and Phidisa
Il were invited to participate in an amended observational study protocol (Phidisa 1a). Phidisa
la was ‘A prospective, observational cohort study of HIV infection (both treated and
untreated) and risk-related co-infections in the South African National Defence Force.
Combined antiretroviral therapy management under this observational study adhered to the
South African standard of care; therefore the study findings would best reflect those of
routine care seen in most community medical support services.

Phidisa 1a included participants who had already participated in either Phidisa 1 or Phidisa Il
who re-consented for inclusion in the new trial as well as new HIV positive participants that
were enrolled. Like Phidisa 1, the inclusion criteria were very broad and any HIV-positive
SANDF member or their family members could be enrolled. For ART-naive participants
starting in the Phidisa 1a trial, ART was initiated according to South African National
Guidelines of 2010. This study excluded HIV negative individuals.

The study reported here was an observational retrospective analysis of six SAMHS sites that
participated in the project Phidisa and included; 1 Military Hospital (Pretoria), 2 Military
Hospital (Western Cape), 3 Military Hospital (Bloemfontein), Phalaborwa sickbay
(Limpopo), Mtubatuba sickbay (Kwazulu-Natal) and Umthatha sickbay (Eastern Cape). The
study was approved by the SANDF and NIH institutional review boards. Written informed
consent was obtained from all participants.
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TABLE |. LIST OF CURRENTLY AVAILABLE FDA-APPROVED ANTIRETROVIRAL

DRUGS

Generic name (US) Abbreviation Brand
Nucleoside reverse transcriptase inhibitors (NRTISs)
Abacavir ABC Ziagen
Didanosine DDl Videx
Emtricitabine FTC Emtriva
Lamivudine 3TC Epivir
Stavudine DAT Zerit
Tenofovir TDF Viread
Zidovudine AZT, ZDV Retrovir
Non-nucleoside reverse transcriptase inhibitors (NNRTISs)
Delavirdine DLV Rescriptor
Efavirenz EFV Sustiva
Etravirine ETR Intelence
Nevirapine NVP Viramune
Nevirapine extended release | NVP XR Viramune XR
Rilpivirine RPV Edurant
Protease inhibitors (PIs)
Atazanavir ATV Reyataz
Darunavir DRV Prezista
Fosamprenavir FPV Lexiva
Indinavir IDV Crixivan
Lopinavir/ritonavir LPV/r Kaletra/ Aluvia
Nelfinavir NFV Viracept
Ritonavir RTV, Ir Norvir
Saquinavir hard gel caps SQV Invirase
Tipranavir TPV Aptivus
Integrase inhibitors (INIs)
Raltegravir RAL Isentress
CCRS5 antagonist
Maraviroc MVC Selzentry
Fusion inhibitor
Enfuvirtide (T20) ENF Fuzeon

ARV= antiretroviral; CCR5=CC chemokine receptor 5; /r indicates boosted by ritonavir.
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Many ARVs may have multiple brand names, depending upon the manufacturing company
and location in which they are manufactured, e.g. Efavirenz, is known as Stocrin in Europe;
Fosamprenavir is known as Telzir in Europe; Lopinavir/ritonavir is also known as Aluvia in
the developing world; and Maraviroc, also known as Elsentri in Europe.

2.5 ASSOCIATION BETWEEN INCREASE VIRAL LOAD, LOW CD4+
COUNT AND PROGRESSION OF DISEASE

HIV is a retrovirus that causes AIDS. The retrovirus primarily attacks the immune system,
making the body extremely vulnerable to opportunistic infections due to the immuno-
compromised status. HIV can infect different kinds of cells in the human body but the
primary target is the CD4 positive T-lymphocytes that are cells central to regulating the
immune system. CD4" T-lymphocytes help coordinate the immune system response to
disease and infection and play a central role in targeted antibody production by the B
lymphocytes. The HIV binds to the CCR5 and CXCR4 combination of receptors on CD4*
cells and enters these cells, where it starts replicating.

Several studies have shown that people with high viral load are more likely to progress to
AIDS faster than people with lower levels of the virus. In adults, progression to AIDS is
diagnosed when any condition listed in WHO Stage 4, as shown in Table 2 below is
diagnosed and/or patients progress to AIDS when their CD4" cell counts drop below 200
cellssmm? blood. Disease progression (the extent to which an HIV positive person shows
opportunistic diseases and infections) depends on the viral load as well as the CD4" cell
count in the blood. Patients with lower CD4* cell count when first infected with HIV are
likely to experience faster disease progression, according to an international study by Lodi et
al., (2013). The progression to the final phase of AIDS and death will be accelerated when a
high viral load is present.

Treatment of patients with advanced HIV disease is becoming increasingly complex with
issues of adverse drug effects and requirement for a combination of medications playing a
significant role. In a study by Miller et al., (2002), the researcher’s reported that in patients
with CD4" cell counts of <50 cells/mm3, disease progression and death were predictable from
the latest CD4" cell count, haemoglobin measurements and BMI while receiving PCP
prophylaxis and the number of drugs in the treatment regimen. AIDS status was a predictor of
death only, and plasma HIV-1 RNA was a predictor for clinical progression only. A similar
analysis of the EuroSIDA cohort indicated that disease progression in patients with low CD4"
cell count was inversely related to intensity of treatment. Similar studies (Cozzi et al., 1998;
Lundgren et al., 2002) also found CD4" cell count to be a better predictor of clinical outcome
of AIDS in patients with advanced HIV disease.

Starting ARV’s early in asymptomatic HIV infected patients has health benefits. This
statement is supported by results in a recent randomized study by INSIGHT START 2015
involving previous untreated HIV-positive adults with a CD4" cell count of more than 500
cellssmm3. While testing initiation of antiretroviral therapy in early asymptomatic HIV
infection the investigators’ findings suggest that immediate initiation of antiretroviral therapy
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was superior to deferral of therapy until the CD4" cell count declined to 350 cells/mmg.
Moreover, one recently published study found that the efficacy of earlier ART initiation led
to lower rates of severe illness than when ART was deferred until CD4" cell counts dropped
below 500 cells/mm? as proven by the TEMPRAND ANRS 1213 Study Group 2015 ‘A trial
of early antiretroviral and Isoniazid preventative therapy in Africa’.

TABLE 2: WHO CLINICAL STAGE 4 CHARACTERISTICS

HIV wasting syndrome

Pneumocystis pneumonia

Recurrent severe bacterial pneumonia

Chronic herpes simplex infection (orolabial, genital, anorectal or visceral at any site)
Oesophageal candidiasis (or candidiasis of trachea, bronchi or lungs)
Extra pulmonary tuberculosis

Kaposi sarcoma

Cytomegalovirus infection (retinitis or infection of other organs)

Central nervous system toxoplasmosis

HIV encephalopathy

Extra pulmonary cryptococcosis including meningitis

Disseminated non-tuberculous mycobacteria infection

Progressive multifocal leukoencephalopathy

Chronic cryptosporidiosis

Chronic isosporiasis

Disseminated mycosis (extra pulmonary histoplasmosis, coccidiomycosis)
Recurrent septicaemia (including non-typhoidal Salmonella)

Lymphoma (cerebral or B cell non-Hodgkins)

Invasive cervical carcinoma

Atypical disseminated leishmaniasis

Symptomatic HIV-associated nephropathy or HIV-associated cardiomyopathy

2.5.1 EFFECT OF OPPORTUNISTIC ILLNESS ON HIV RNA VIRAL LOAD
AND CD4* CELL COUNT

Opportunistic infections (Ols) continue to cause morbidity and mortality in patients with
human immunodeficiency virus (HIV)-1 infection throughout the world. Combination
antiretroviral therapy (CART) has reduced the incidence of Ols for patients with access to
care. However, some patients in the developed and developing world do not have access to
care and suffer from Ols. Other patients do not have sustained response to antiretroviral
agents for several possible reasons, including poor compliance to the treatment regimen, drug
toxicities, drug interactions, or initial acquisition of a drug-resistant strain of HIV-1 (Benson
et al., 2005) Ols will therefore continue to cause substantial morbidity and mortality in
patients with HIV-1 infection. The therapy of Ols has changed substantially during the AIDS
epidemic as more information about efficacy, toxicity and drug interactions of the drugs to
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treat and prevent Ols and new management strategies have evolved. New drugs have also
become available that play important roles in the therapeutic armamentarium.

Opportunistic illness such as malaria, tuberculosis, pneumonia and herpes simplex virus have
been associated with elevated HIV RNA viral load and a decrease in CD4™ cell count among
HIV infected people not taking ART (Bush et al., 1996; Donovan et al., 1996; Goletti et al.,
1996; Mole et al 1997; Toossi et al 2001). Occurrence of opportunistic infections has also
been shown to be predictive of increased risk of mortality (Chaisson et al 1998; Osmond et
al., 1999).

A number of studies have previously demonstrated increases in HIV RNA viral load
following Ols among HIV-positive individuals who were not on ART (Fang et al., 1995;
Mofenson et al., 1999). In a study done by Ekwau et al., (2013), association was found
between having an opportunistic illness and the short-and long-term effects on HIV viral load
and CD4* cell count among people taking ART. Participants who had an Ol following an
assessment in which their VL was undetectable had four times the odds of having a
detectable VL within the three month follow-up assessment compared to when there was no
episode of Ol. Moreover, the same participants had a significant decline in CD4* cell count
compared to when there was no episode of Ol.

It has also been shown, that OI’s involving tissue macrophages results in an increase in the
HIV VL (Orenstein et al., 1997). In addition to being a predictor of disease progression, HIV
VL is also a strong determinant of both sexual and mother-to-child transmission of HIV
(Fang 1995; Mofenson et al., 1999). Occurrence of Ol may also increase the risk of HIV
transmission through their increasing effects on HIV VL highlighting that efforts should be
made to prevent Ols, even among patient on ART who have attained suppressed viral loads.

2.6 RISKS AND BENEFITS OF COMPLIANCE TO ANTIRETROVIRAL
TREATMENT

Compliance to ART has been correlated strongly with HIV viral suppression, reduced rates of
resistance, an increase in survival time and improved quality of life (Quinn et al., 2000;
Cohen et al., 2011). Compliance to therapy is essential to achieve continuous viral
suppression and prevent the emergence of drug-resistance in the virus due to genetic
mutations. In the past few years, ART regimens have been greatly simplified by the
introduction of fixed dose combination therapy. Although newer regimens include more
fixed-dose combination products and offer once-daily dosing, compliance still remains a
challenge. Non-compliance of treatment regimen before the introduction of fixed dose
combination is the most common cause of treatment failure and the development of
resistance to ARVs (Turner et al., 2002).

When patients exhibit low or non-adherence to ART it may lead to emergence of drug
resistance and ultimate treatment failure. Antiretroviral regimen potency and treatment
compliance both play a role in the development of antiretroviral medication resistance
(Gardner et al.,, 2009). As the goal of HIV therapy is to achieve sustained virologic
suppression, near-perfect dosing compliance is required (Parienti et al., 2008). As more
people are given access to ART, there is a greater need to find simple, efficient and replicable
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ways of maintaining and assessing near perfect levels of compliance to ensure sustained
virologic suppression and to avoid developing virologic failure due to drug combination
resistance.

2.6.1 FACTORS ASSOCIATED WITH NON-COMPLIANCE

Compliance remains a challenging and complicated topic. Compliance to ART can be
influenced by characteristics of the patient, clinical setting, the provider/patient relationship
the drug regimen and the adverse side effects of the ART. To assure compliance, it is
significant that the patient be counselled and that they comprehend the implications of HIV
related symptoms, disease progression and the goal of treatment therapy and the possible side
effects that can be experienced.

The following factors have been associated with poor ART compliance, (Bhat et al., 2010)

e Stigma

e Pill burden

e Medication-related issues e.g. Adverse drug effects

e Missed visits i.e. Irregular clinic attendance for medication refills due to financial
constraints, long travelling distances to the clinic, work commitments, discouraged
from returning to the clinic because of long delays Psychosocial issues (depression,
stressful life events)

o Difficulty in taking medication or the inconvenience

e Religious belief

e Lack of family support

e Active substance abuse e.g. excessive alcohol intake, use of traditional medication

e Low literacy and numeracy

e Younger age

2.6.2 MEASUREMENTS OF COMPLIANCE

Measuring medication compliance in clinical settings has not always been easy because
common methods such as pill counts are not objective and relevant enough. There is no gold
standard for the assessment of compliance (Quinn et al., 2000), but there are many tools and
strategies to choose from. Although self-report of compliance predictably overestimates
compliance by as much as 20% (Cain et al., 2011), this measure is associated with viral load
responses. More accurate measures of compliance such as drug-level monitoring are
expensive, can be inconvenient and difficult to implement in poor resource settings.

One study found that asking patients to rate their compliance on a six-point scale during 1
month was more accurate than asking them about the frequency of missed doses or to
estimate the percentage of doses taken during the previous 3 to 7 days (Katahata et al., 2009).
Pharmacy records, medication profile, calendar and pill counts can also be used in addition to
simply asking the patient about compliance. Other methods of assessing compliance include
the use of electronic measurement devices (e.g. bottle caps, dispensing systems). However,
these methods are generally not feasible in limited resource settings.
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2.6.3 INTERVENTIONS TO IMPROVE COMPLIANCE

Before treatment initiation, a multidisciplinary health care team approach is critical, the
clinician, the nurse, the social worker and the pharmacist should all be involved in assessing
patient’s readiness to start ARVsS. The team should endeavour to establish a trusting
relationship with the patient, maintain good communication, assess and simplify the regimen,
if possible and identify potential barriers to compliance before starting ART. Effective
compliance intervention also includes, Directly Observed Therapy (DOT), which has been
shown to be effective in provision of ART to active recreational drug users (O’Brien et al.,
1996). Other effective methods to encourage compliance are to provide compliance tools
such as written calendar of medications, dated pill boxes and encourage the use of alarms,
pagers and other mechanical aids as reminders for compliance. An increasing number of
interventions has demonstrated efficacy in improving compliance to ART. A meta-analysis of
19 randomized controlled trials of ART compliance interventions found that compliance
intervention participants were 1.5 times likely to report 95% compliance and 1.25 times as
likely to achieve an undetectable viral load as participants in comparison groups (Geng et al.,
2012)

Compliance tool provision does influence the degree of ART compliance. The level of
compliance is greatly improved if compliance tools are provided to patients taking ART. The
results of the above study provide robust evidence that may improve compliance among
patients initiating ART in a resource-limited setting. To prolong patient’s life, prevent disease
progression, and improve the quality of life, it is critical that patients are provided with as
much education and support as possible, given the need for maximal long term compliance to
currently available treatment. However, additional studies will be critical for understanding
the true benefits and best implementation strategies in ART compliance in developing
countries.

2.7 THE EFFECT OF ALCOHOL AND HERBAL REMEDIES ON
VIROLOGIC FAILURE

Prohibiting recreational drug and alcohol use alone or concurrently by HIV-infected
individuals may have different independent and combination effects on HIV treatment and
disease progression outcomes. Importantly, the different effects on HIV treatment outcomes
could have implications for HIV treatment and interventions. Of note, several studies
examining the role of alcohol on HIV disease progression have used varying definitions of
alcohol use.

The National Institutes on Alcohol Abuse and Alcoholism (NIAAA) defines hazardous
alcohol use as > 7 drinks per week or > 3 drinks per occasion for woman and > 14 drinks per
week or > 4 drinks per occasion in men.

22



Combining herbal therapies with ART could result in treatment failure. It is recommended
that people with HIV tell their providers about all the medications, vitamins, herbs and
supplements they are taking concurrently with their ART. This is critical, because when a
person starts an HIV regimen it is important to understand the source of any potential side
effects and to guard against drug interactions.

2.7.1 ALCOHOL USE AS A RISK FACTOR FOR NON-COMPLIANCE AND
LACK OF SUPPRESSION IN HIV INFECTION

Alcohol use is common among HIV-infected patients and is associated with decreased
compliance to ART (Berg et al., 2004). Indeed few studies have examined the relationship
between alcohol use and viral suppression, and those studies that have evaluated this
association have included only small samples, or have combined drugs and alcohol into a
single variable, rather than evaluating them independently (Fabris et al., 2000; Miguez et al.,
2003; Palepu et al., 2003).

A study conducted by Chander et al., (2006), similar to a published study of compliance
among an HIV-infected sample with a history of alcohol dependence, found that both
hazardous and moderate levels of alcohol use were associated with decreased compliance
with subsequent poor viral suppression (Samet et al., 2004). They also found that hazardous
alcohol use was associated with lower odds of compliance than in moderate alcohol users.
Hazardous alcohol use was defined as per NIAAA guidelines and moderate alcohol use was
defined as any alcohol use at less than hazardous levels.

However, a more recent study (Schneider, 2014) argues that consumption of alcohol appears
unrelated to CD4" levels or treatment failure rates, although heavy drinkers are more likely to
interrupt their ART regimen.

2.7.2 IMPACT OF HERBAL REMEDIES AND VIROLOGIC FAILURE

Use of herbal remedies among HIV-infected individuals in Africa increased in the past
decade, mainly due to traditional beliefs and at times inconsistent access to antiretroviral
drugs. Despite the availability and accessibility of ART, the use of herbal remedies remains
high. Concurrent use of herbal medications with ART can either increase or decrease the
availability of the active form of the individual drugs used in the ART.

According to a single case report (Wiegman et al., 2009), the researchers reported a virologic
failure in a 47 year old HIV—infected patient who had received ART therapy for 10 years.
The patient was using EFV, FTC and TDF for 2years. The patient showed excellent treatment
compliance. At the end of 2007, a virologic failure developed, and a K103N and M184V
mutation in the reverse transcriptase gene was demonstrated. After in-depth questioning
about concomitant drugs and supplements he was taking during his time on Efavirenz, the
patient appeared to be using Ginkgo biloba for some months. No other co-medication was
used during that time frame.

Plasma EFV concentrations measurements were conducted on several plasma samples dating
back 2 years. Concentration of EFV decreased over time, coinciding with an increase in viral
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load (See Table 3 below). The table below indicates that the man had a viral suppression
when he first began his ART regimen in 2006, but then significantly changed after he started
taking ginkgo biloba in 2007. The patient was successfully switched to alternative
antiretroviral therapy later on in March 2008.

TABLE 3. HIV-RNA COPIES MEASURED IN PLASMA AND EFAVIRENZ PLASMA
CONCENTRATION OF A PATIENT TAKING GINGKO BILOBA EXTRACT.
(Wiegman et al., 2009)

Sample Date HIV-1RNA (cp/mf) EFV plasma (concentration
mg/m¢f)

18 December 2006 <50 1.26

14 February 2007 <50 0.92

12 December 2007 618 0.78

8 February 2008 1780 0.48

Ginkgo biloba, a herbal drug, is commonly used because of its assumed beneficial effects on
concentration, memory, dementia and depressive disorders. Ginkgo biloba extract (GBE) is
made of ginkgo leaves and is usually standardized to contain flavonoids and terpenoids (Zhao
et al., 2007). Examining the properties of the constituents of GBE, the effects on cytochrome
P450 metabolic routes can be anticipated as the flavonoids can inhibit P-glycoprotein (P-gp),
and CYP3A4 (Zhou et al., 2004; Zhao et al., 2007). Terpenoids can induce P-gp, pregame X
receptor (PXR), multidrug-resistance 1 (MDR-1) and CYP3A4. Ginkgo biloba has been
confirmed to interact with a number of drugs that are metabolized through the CYP3A4/5
isoenzyme (e.g. trazodone, warfarin, aspirin, ibuprofen and omeprazole) (Hu et al., 2005)

Therefore, based on the above, (Wiegman et al., 2009) concluded that an intake of GBE can
decrease human plasma EFV levels which may result in virologic failure.

Herbal medications are commonly used by AIDS patients on ART. Some patients use the
herbal medication to supplement ARV’s, whereas some patients use herbal and traditional
medicines due to high cost of ARV’s and lack of accessibility. Taking ARV’s with herbal
remedies may lower the serum levels of specific ARV’s leading to decrease effectiveness of
the drugs. Efforts are required to determine the safety, efficacy and pharmacological profile
of the use of many herbal remedies used in Africa. Moreover, a better understanding of what
remedies are in use in HIV and to educate those providing alternative medical services
against unsafe practices are highly recommended. Further pharmacological investigations are
needed to identify the potential risks, benefits, and interactions or non-interaction associated
with concomitant ARV drug and herbal use.

It will also be prudent for future research to explore the effect of herbal use among AIDS
patients receiving ART in terms of morbidity and mortality patterns.
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However, until future research is available, it is recommended that health-care workers be
vigilant about cautioning HIV positive patients on ART who also use herbal remedies that
this practice may reduce the treatment effectiveness of ARV drugs.

2.8 EARLY AND LATE VIROLOGIC FAILURE BY VIRAL THRESHOLD

South African and WHO guidelines suggest a pragmatic approach to defining virologic
failure which relies on confirmation of viraemia after attempts to optimize compliance.
Plasma viral load monitoring, the gold standard used in high-income countries for diagnosing
virologic failure, is not available in many resource-limited settings such as the rural clinics in
South Africa. Routine VL monitoring in resource-limited settings requires significant
infrastructure and expertise and remains prohibitively expensive in most settings.
Colebunders and colleagues for example, (Badri et al., 2008) proposed an algorithm based on
clinical and treatment history and inexpensive laboratory indices such as haemoglobin level
and total lymphocyte count. Rajasekaran et al., (2007) came to the same conclusion that
monitoring of haemoglobin concentration, absolute lymphocyte count, and body weight
during follow-up emerged as inexpensive predictors of treatment failure in a resource-poor
setting.

The WHO 2010 guideline revisions recommended that when viral load monitoring is
available, “A persistent viral load of >5000 cp/mt confirms treatment failure” (Aldous et al.,
2009). However this study used a different confirmatory threshold from WHO guidelines.
Three subsequent guideline changes in South Africa took effect in April 2010 (Plazy et al.,
2010). The recommended NRTI backbone was changed from the stavudine plus lamivudine
to tenofovir plus lamivudine combination, while routine viral testing frequently was dropped
from six-monthly to annually beyond the first year on the new ART. The threshold for
confirming virologic failure was lowered from 5000 to 1000 cp/m{ with the confirmatory test
now required within three months of the initial elevation. This current study used the latter
confirmatory viral load threshold as the definition of virologic failure.

2.8.1 DEFINITION OF EARLY AND LATE VIROLOGIC FAILURE

The definitions of early and late virologic failure in this study are:

Early VF is defined as: plasma HIV-RNA >1000 cp/ml at two consecutive visits after a
minimum of six months of ART therapy (first VL at least six months after cCART initiation),
or failure to suppress VL to <400 cp/ml by twelve months (no VL <400 cp/m{ at any visit
between six and twelve months, inclusive), or single VL > 1000 cp/m{ after at least 6 months
of ART therapy followed by death where no second VL is available.

Late VF is defined as: plasma HIV-RNA > 1000 cp/m{ at two consecutive occasions (first
VL at least twelve months after cART initiation) or single VL > 1000 cp/m( after at least 12
months ART treatment and death and where no second VL is available and individual did not
experienced early VF as defined above.
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The approach has been shown to successfully select the patients with high levels of viral load
warranting switching to second-line therapy, but low levels of cross-resistance between first
and second-line regimens. As evidence by this study however, the exact interpretation of this
approach is varied and can profoundly impact the number of patients who meet the definition
of virologic failure and require switching to the available second-line therapy.

2.9 ASSOCIATION BETWEEN VIROLOGIC FAILURE AND DRUG
RESISTANCE

Viral resistance to antiretroviral treatment remains a limitation to successful HIV therapy.
The combination therapy used in ART options have proven remarkably effective in
controlling the progression of HIV disease and prolonging survival, but these benefits can be
compromised by the rapid development of drug resistance by the virus. Moreover the number
of fully active ARVs available diminishes with each successive treatment failure. Therefore,
a salvage regimen is likely to be more complicated, in that it may require multiple ARVs with
partial residual activity towards compromising genetic resistance, to attain complete
virological suppression.

About 50% of patients receiving antiretroviral therapy in the United States are estimated to
harbour viruses that express resistance to at least one of the available antiretroviral drugs
(Ceccherini-Silberstein et al., 2010). Therefore careful measures should be in place to control
the development of resistance to minimize the risk of virological failure. The principles of
developing drug resistance are the same in all populations, but approaches to drug-resistance
testing and regimen switching differs between low-, middle- and high-income countries due
to the availability of diagnostic tests for resistance and available drugs to use in the ARTs. As
a result, clinicians in developing countries must often treat challenging cases of HIV drug
resistance with fewer ARV options than those available to their peers in wealthy parts of the
world.

The efficacy of an ARV treatment regimen depends on the compliance to maintain high
enough concentrations of the drugs to ensure activity of the individual ARV drugs in the
combination therapy and a number of HIV-1 mutations present in the virus for the
development of resistance to each ARV, the genetic barrier to resistance. Increased viral
replication while on ART therapy leads to evolutionary selection of resistance mutations
toward the antiretroviral drugs in the therapy, and potentially cross-resistance to other agents
in the same drug class, which decreases the likelihood of response to subsequent ART. On
the other hand, determining whether an HIV-positive patient carries an ART resistant virus
requires complex genetic testing to determine whether that patient’s virus changed or mutated
in response to the ART treatment. A multi-step genotyping process allows researchers to
determine the emergence of resistant virus.

During the few past years a number of studies designed to evaluate the clinical benefit of
drug resistance testing were performed (Reller et al., 2009). The majority of these have
evaluated the virologic benefits of ART selected through drug resistance testing compared
with treatment chosen without drug resistance testing. In most recent studies, clinical
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decision-making guided by genotypic data proved to be more virologically and
immunologically beneficial.

HIV drug resistant testing has been considered an emerging asset to modern HIV
management. Despite the increased number of antiretroviral agents currently available, as
depicted in Table 1 above, virologic failure remains a significant problem. Hence the optimal
time to switch ART ensures sustained virologic suppression thereby preventing poor clinical
outcomes.

2.9.1 DRUG RESISTANCE TESTING IN CLINICAL PRACTICE

Emergence of drug resistance by the virus is the most common reason for treatment failure.
Resistance testing can improve treatment outcomes for HIV infected individuals. Insufficient
treatment regimen compliance, drug adverse side-effects, or drug-drug interactions can lead
to suboptimum drug concentrations, resulting in viral rebound. Viral resistance has been
described for every antiretroviral drug and therefore poses a serious clinical as well as public-
health problem (Deeks, 2003; Hirsch et al., 2008; Tang, 2012). The European guidelines
recommend that drug-resistance testing should be performed when a patient is first diagnosed
with HIV treatment failure. In newly diagnosed patients with HIV, a delay in drug resistance
testing would increase the risk that a transmitted drug-resistance mutation would decrease in
its proportion relative to the fit wild-type revertants and no longer be detected by standard
genotypic resistance testing, which cannot detect variants present at levels below 20% of the
total plasma virus population.

Drug resistance testing is design to identify gene mutations or viral growth characteristics
that suggest reduced drug susceptibility of the major viral species. Several commercially
marketed and/or laboratory-developed tests (LDT) are available to detect known resistance-
associated mutations (RAMSs) in HIV-1, through genotyping. These genotyping tests mainly
comprise polymerase chain reaction (PCR)-amplification and population nucleotide
sequencing of a large part of the protease, reverse transcriptase and integrase genes. A PCR
step amplifies a specific region of the HIV genome and a specific mutation detection
methodology that distinguishes each type of genotyping assays.

The objective of ART is viral suppression with immunologic stability and patient clinical
well-being (Yeni et al., 2002). Ideally, this is accomplished through the use of effective
combination drug therapy to suppress the viral load to undetectable levels. However later
fixed dose combination shows a higher rate of effectiveness (Barlow-Mosha et al., 2012). A
general concern is that drug-resistant virus may be present even before initiation of ART.
Studies of treatment-naive patients have identified the presence of single-drug and multidrug-
resistant HIV strains (Puig et al., 2000; Salomon H et al., 2000; Grant et al., 2002). It has
been demonstrated that drug-resistant virus is transmitted from one adult to another despite
ART treatment (Hecht et al., 1998; Yerly et al., 1999) and occasionally transmitted vertically
from mother to child.
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Although genetic drug resistance testing is available in some settings, it can be very costly
and in many poor resource settings, genotype tests are not available at all. As such it is
important to consider all other potential causes of virologic failure to avoid hasty and
possibly unnecessary drug changes.

HIV-1 drug resistance testing at the time of virologic failure is a standard of care in
developed countries but is not widely available in resource-limited settings. There is currently
only a partial understanding of patterns of HIV-1 drug resistance that occur during ART
failure in developing countries, where VL testing is uncommon and treatment failure is often
based on clinical and immunological indicators only. It is therefore recommended that more
frequent VL monitoring should be done to reduce RTI mutations and also to reduce the
duration of exposure to a failing regimen. A summary of clinical situations in which
resistance testing is recommended is depicted in Table 4 below.

TABLE 4: SUMMARY OF CLINICAL SITUATIONS IN WHICH RESISTANCE
TESTING IS RECOMMENDED

Clinical setting Comments

Before initiation of therapy Resistance testing is recommended. Initial therapy

Primary (acute and early infection) may be altered based on resistance test results

First evaluation of chronic HIV-1 | Resistance testing is recommended, including for
infection patients for whom therapy is delayed, because
plasma wild-type isolates may replace drug-
resistant virus with time in the absence of treatment.

Treatment initiation for chronic HIV-1 | Resistance testing is recommended because of a
infection rising prevalence of baseline HIV-1 drug resistance
in untreated patients with chronic infection, unless
pre-existing data or stored samples for testing are
available.

In antiretroviral-treated patients | Resistance testing is recommended. The decision to
treatment failure change therapy should integrate treatment history,
new and prior resistance results, and evaluation of
compliance and possible drug interactions.

In specific settings Resistance testing is recommended before initiation
of therapy to effectively treat the mother and

Pregnancy i o
prevent mother-to child transmission.

2.9.2 TYPES OF DRUG RESISTANCE MUTATIONS
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HIV-1 drug resistance can be acquired (developing in a person receiving treatment) or
transmitted (occurring because a virus with drug-resistance mutations was transmitted to a
virus naive person). Although both acquired and transmitted HIV-1 drug resistance are public
health concerns, transmitted resistance has the potential to more rapidly resist the
effectiveness of first-line antiretroviral therapy at the population level. Persons with
transmitted drug resistance begin antiretroviral therapy with a lower genetic barrier to
resistance, a higher risk of virologic failure, and a higher risk of developing resistance even to
those drugs in their regimen that were potentially active (Grant et al., 2002; Little et al.,
2002; Daar et al., 2005; Markowitz, 2005).

2.9.2.1 ACQUIRED DRUG RESISTANCE MUTATIONS

Resistance is the consequence of mutations that emerge in the viral proteins targeted by
antiretroviral agents (Clavel et al., 2004). Patients who acquire or are primarily infected with
drug resistant HIV-1 viruses have fewer treatment options and are at increased risk of
morbidity and mortality, particularly in developing countries where available drug choices for
ART are limited (Hogg et al., 2006; Palella et al., 2009). Currently, there are 24 ARV drugs
in six classes licensed for the treatment of HIV-1; NRTI’s, NNRTI’s, PIs, Fusion inhibitors,
CC chemokine receptor 5 (CCRS5) antagonists and Integrase inhibitors (see Table 1 above).
Due to a recent expansion in the number of ARVs and ARV classes, virological suppression
has become achievable in most patients in whom numerous prior ARV regimens have failed.

New surveillance data from the U.S. Centre for Disease Control and Prevention (CDC)
suggest that HIV resistance to NNRTI was somewhat more common among those with recent
infection at 7.6%. The U.S. Variant, Atypical, and Resistant Surveillance (VARHS) system,
in which HIV specimens from newly diagnosed individuals are tested for drug-resistance
mutations, was established by the CDC to provide the clearest picture of the scope and type
of resistance in the United States.

The analysis of the collected data was reported at CROI included a total of 10338 resistance
profiles from eight U.S. regions; this consisted of 2339 profiles from individuals with recent
infections and 7999 profiles from individuals with confirmed long-standing HIV infection.

2.9.2.2 TRANSMITTED DRUG RESISTANCE MUTATIONS

Drug-resistant HIV-1 is transmissible and can be detected in up to 20% of newly infected
individuals in countries with broad access to resistance monitoring and all the antiretrovirals
(Hoare et al., 2010). The prevalence of viral drug resistance in the untreated population
remains low in regions with poor access to treatment (Lurie et al., 2003). Transmitted HIV-1
drug resistance can compromise initial antiretroviral therapy therefore resistance mutation
detection is important for patient ART selection. The absence of drug-associated selection
pressure in treatment-naive persons can cause drug-resistant viruses to decline to levels
undetectable by conventional bulk sequencing techniques (Johnson et al., 2008).

2.9.2.3 MOTHER-TO-CHILD-TRANSMISSION

Approaches to intervention to reduce the risk of MTCT focus mainly on antiretroviral
prophylaxis during pregnancy, labour and in the early neonatal period, but in some settings
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also on delivery procedures and avoidance of breastfeeding (Newell 2006). Short-term
antiretroviral-based interventions are effective in prevention of mother-to-child transmission.
However, these relatively short term interventions could result in drug resistant viral variants
in the mother, baby, or both (Toni et al., 2005).

Approximately half the women who received one dose of Nevirapine to prevent mother-to-
child transmission were found to harbour viruses resistant to non-nucleoside reverse
transcriptase inhibitors (Eshleman et al., 2002; Flys et al., 2006). These resistant viruses
replicate efficiently (Lee et al., 2005; Simon et al., 2010)) and minor resistant populations are
still present long after the intervention could possibly decrease the effectiveness of
subsequent NNRTI-based treatment regimens (Palmer et al., 2006). The combination of
short-course zidovudine, lamivudine, and Nevirapine prevents peripartum transmission while
reducing the risk of Nevirapine resistant viruses (Chaix et al., 2006).

Prevention of mother-to-child transmission has seen advances in both developed countries
and resource-constrained settings (Luzuriaga et al., 2005; Mclintyre, 2006). Concerns about
drug-resistant viral strains have led to several trials with combination treatments to reduce
transmission during the intra-partum period (Cressey et al., 2005; Chaix et al., 2006;
Mclintyre 2006).

The benefits of breast-feeding have been well-described in the medical literature (Cesar et al.,
1999; WHO, 2000; Kramer et al.,, 2001). These benefits including providing optimal
nutrition, preventing common childhood illnesses and improving child spacing are of
particular importance in resource poor countries such as sub-Saharan Africa. For this reason,
the possibility of HIV transmission through breast milk poses a dilemma, particularly in
conditions where breastfeeding is a strong cultural norm, and where large numbers of women
are infected with HIV. HIV-1 can be transmitted in utero, peri-partum and post-natally via
breastfeeding, (John-Steward, 2007). As such, replacement feeding is recommended in many
settings. Access to clean running water in resource-constrained settings may preclude the
effective and safe use of formula feeding.

Moreover, the risk of HIV transmission through breast milk must be weighed against the risk
of infant malnutrition, infections and mortality posed by formula feeding. The World Health
Organization recommends an ‘“either-or” approach based on the available resources. HIV-
positive mothers with infants who are not known to be HIV-positive should either:

e Avoid breastfeeding altogether, or
e Breastfeed with accompanying prophylactic antiretroviral therapy to lower the risk of
HIV transmission

Exclusive breastfeeding with abrupt weaning is one option for reducing transmission.
(Rollins et al., 2004)

A significant factor that can be a burden in a resource-limited setting is affordability in
purchasing the feeding formula. Given the wide-spread poverty in this setting, infant formula
is not commonly given to infants. It is only in rare cases — when mothers have the economic
means to purchase it — that infant formula is used. In a study done by Abiyona et al., (2006),
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on infants of HIV-infected mothers, the majority of the study respondents perceived infant
formula to be preferable to exclusive breastfeeding because of the risk of contracting HIV
through breastfeeding. They explained that the mother should choose infant formula to
reduce the chances of her infant contracting the disease. In addition to concerns about
transmitting the virus, participants also thought that infected mothers may be too sick to be
able to breast feed exclusively.

2.9.2.4 SEXUAL TRANSMISSION

HIV is most easily transmitted through blood and body fluids like semen and vaginal fluids.
HIV can enter the body via contact with the blood stream or by passing through delicate
mucous membrane, such as inside the vagina, rectum or urethra. As HIV is most common in
the blood and body fluids like semen and vaginal fluids, blood or bodily fluids from an
infected person introduced into an uninfected person can result in an HIV infection.

Reduction of heterosexual transmission is crucial for control of the epidemic in many parts of
the world (Chan, 2005). Prevention is achieved through reduction in the number of discordant
sexual acts or reduction of the probability of HIV-1 transmission in discordant sexual acts.
The first can be achieved through abstinence and sex between concordantly seronegative
individuals. Abstinence and lifelong monogamous relationships might not be feasible
solutions for many people and therefore several interventions aimed at lowering the risk of
transmission per discordant sexual act are in the process of clinical testing. Male and female
condoms provide a proven and affordable prevention option (De Vincenzi 1994; Weller et
al., 2002) In combination, these options are also more commonly referred to as the ABC
(abstinence, be faithful, condom use) approach.

Other biomedical prevention interventions include male circumcision, antiretroviral for
prevention (e.g. pre-exposure or post-exposure), chemo-prophylactic treatment of herpes
simplex virus-2 (HSV-2), microbicides, and vaccines. In a study done by Siegfried et al.,
(2005), circumcised men appear less likely to acquire human immunodeficiency virus (HIV)
and this study has contributed to the recent ground swell of support for considering male
circumcision as a strategy for preventing sexually acquired infection.

The Orange Farm study was one of three independent Randomized Control Trials conducted
in South Africa, Uganda and Kenya to determine whether circumcision reduced the risk of
female-to-male transfer of HIV infection during penetrative heterosexual sex. The results
showed that the intervention significantly reduced the incidence of HIV infection in the
circumcised study group compared with the controls, by 60% in South Africa, 53% in Kenya
and 51% in Uganda (Nyayiyana, 2011). The published conclusion of the South African study
is more circumspect, declaring simply that ‘Male circumcision provides a degree of
protection against acquiring HIV infection, equivalent to what a vaccine of high efficacy
would have achieved. Male circumcision may provide an important way of reducing the
spread of HIV infection in sub-Saharan Africa.” The comparison to a vaccine has been
contested, but the constrained demeanour is probably closer to reality.
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The findings from the South African trial show a 60% protective effect of male circumcision
(Auvert et al., 2005). The possible mechanism relates to the fact that the foreskin has
apocrine glands that secrete lysozymes but also Langerhans cells expressing CD4 and other
receptors (Soto-Ramirez et al., 1996; Svabo et al., 2000). These skin specific dendritic cells
can take up virus and are believed to play a part in transport of the virus to susceptible CD4*
T cells. Immunofluorescence studies of foreskin mucosa suggest that these tissues might be
more susceptible to HIV-1 infection than cervical mucosa (Halperin et al., 2002). Findings
from this proof-of-concept trial in South Africa were at a later stage compared with evidence
from the two trials in Kenya and Uganda. Clinical trials conducted in Kenya and Uganda also
show similar results compared with findings conducted in South Africa, (Jayathunge et al.,
2014). The trials demonstrated that male circumcision has an efficacy of around 60% in
preventing heterosexual HIV acquisition in men. These findings confirmed earlier
observational and ecological studies and prompted the World Health Organization (WHO)
recommendations that male circumcision be considered an important component of a
comprehensive HIV prevention packages.

Gender disparities lie at the centre of women’s vulnerability. Researchers think that most
HIV transmission in women happens through the vagina, the cervix and, possibly, the uterus.
Moreover, many researchers at first thought that the chance of acquiring HIV sexually
through the female genital tract was quite low (Coombs et al., 2003). However, many of the
studies did not account for various biological and social risk factors that can make a woman
more susceptible to HIV. This means that the probability of sexually transmitting and
acquiring HIV in the “real world” may be a lot higher than has been estimated.

Prevention options need to be provided that can be used by women independently of their
male sexual partner’s knowledge or consent (Duffy, 2005). Notwithstanding that redressing
these disparities are a long-term challenge, several preventive interventions can be
implemented in the interim on the basis of our incomplete understanding at a biological level
of HIV-1 risk for women. For example, there seems to be a correlation between levels of
sexual hormones (e.g. progesterone) and transmission risk (Gray et al., 2005) Women with
low levels of the hormone oestrogen may be at increased risk for transmission of HIV
because low oestrogen levels directly affect the vaginal wall, making it thinner, thereby
allowing HIV to easily pass through the vaginal wall (Coombs et al., 2003)

Observational studies also highlight the relation between abnormal vaginal flora and
increased risk of HIV-1 infection (Schwebke 2005; Van der Straten et al., 2005). The high
prevalence of vaginal infections such as bacterial vaginosis (30-50%), vulvo-vaginal
candidiasis (10-13%), and Trichomonas vaginalis (7-23%) in African women is associated
with a substantial risk of HIV-1 acquisition (Schweke, 2005). Some other common sexually
transmitted infections (STIs) are Chlamydia, gonorrhoea, syphilis, genital herpes and HPV, a
virus that can cause genital warts or cervical and rectal cancer. The risk of transmitting HIV
from men to women is much higher than from women to men. This is in part because of the
much larger surface area of the vagina and cervix compared with the areas of the penis
where transmission can take place (foreskin, urethra and small tears on the head of the penis)
(Coombs et al., 2003).
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In addition to increasing access to female condoms and treatment of other sexually
transmitted infections, trials are underway to assess the use of other barrier methods such as
cervical caps, invisible condoms, diaphragms, and diaphragms combined with microbicides
(Myer et al., 2005). The control of vaginal infections is a potentially important method for
prevention (Simon et al.,2010).While most studies targeting genital tract infections as a
strategy to reduce HIV incidence have not demonstrated efficacy, it remains plausible that
prevention of herpes and bacterial vaginosis (BV) could reduce HIV incidence (Masese et al.,
2015). Possible interventions for Herpes Simplex Virus type 2 (HSV-2) controls include
vaccination, pre-exposure prophylaxis to prevent HSV-2 acquisition, and preventing BV.
Maintaining good vaginal and reproductive health can be an important tool for reducing the
risk of HIV transmission.

2.9.3 GENOTYPE AND PHENOTYPE

HIV drug susceptibility tests can evaluate either the genotype or phenotype of the
predominant viral quasi-species. The HIV genotype refers to the actual RNA sequence of the
virus, the phenotype reflects the physical traits or behaviour expressed by the genotype
(Kessler et al.,, 2000). HIV genotype assay detect specific mutations or nucleotide
substitutions in the gag-pol region of the HIV-1 genome. This region encodes for the reverse
transcriptase and protease enzymes, the main targets of current ARV drugs. Specific gene
sequences are compared with that of a reference (wild type) virus, and mutations associated
with decreased susceptibility to specific antiretroviral drugs are identified.

HIV Phenotypic assays evaluate growth of clinical HIV isolates, relative to wild-type virus,
in the presence of a drug. Phenotypic testing directly measures the amount of a drug
necessary to inhibit or suppress viral replication in vitro. Like genotypic tests, current
phenotypic assays also use PCR to amplify the gag-pol region of HIV-1.

The Genotypic Antiretroviral Resistance Testing (GART) study, evaluated short-term
virologic effects in 153 patients whose therapy was failing (Baxter, 2000). The patients were
randomized into GART or no GART arm. Patients in the GART arm received genotypic drug
resistance testing along with ‘expert’ advice that included mutation interpretation and specific
drug recommendations. Patients in the no-GART arm did not receive genotyping or expert
advice. By 12 weeks, the mean drop in viral load in the two groups decrease by 0.94 cp/m¢e
and 0.47 cp/mt for GART and no-GART arms respectively.

2.9.4 THE MOST COMMON MUTATIONS ASSOCIATED WITH VIROLOGIC
FAILURE

Wallis et al., (2010) reported that the highest risk for treatment failure was associated with
mutations providing resistance to NNRTIs, which are the most popular first-line drug
treatments worldwide. Among patients infected with virus with those mutations, an increased
risk was detected even at very low minority variant frequencies (< 0.5% and 10-99 cp/m(). A
study conducted by (Li et al., 2012) confirmed these observations.
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Polymerase chain reaction (PCR) was the most common method of detecting the minority
variants, and K103N, Y181C, M184V and K65R were the variants most frequently observed.
The presence of NNRTIs resistance was associated with an increased risk of virologic failure.
Among cohort study participants, the rate of virologic failure for those with NNRTI-resistant
minority variants was 37% compared with a failure rate of 15% in patient with virus without
detectable variant levels.

Moreover, the same researchers reported that compliance to treatment also made a
difference, virologic failure rates were significantly lower among patients who had drug-
resistant minority variants but were at least 95% compliant to their medication regimens
compared with patients with the same variants in whom compliance was less than 95%. In
conclusion the authors wrote “the combined presence of suboptimal medication compliance
and drug-resistant minority variants resulted in substantially increased risk of virologic
failure”.

Minor drug-resistant variants exist in every patient infected with HIV before treatment
initiation and this fact underlies the basis of the need for combination therapy for HIV
infection. Several studies have demonstrated that drug-resistant HIV variants are present at
low frequencies in therapy-experienced patients for prolonged durations not only after
virological failure (Hance et al., 2001; Charpentier et al., 2004; Dykes et al., 2004; Kapoor et
al., 2004; Lecossier et al., 2005; Palmer et al., 2006) but also after discontinuation of
suppressive ART in patients originally infected with wild-type virus (Martinez-Picado et al.,
2002;Metzner et al., 2003; Hare et al., 2008). These drug-resistant strains, present as minority
populations and often missed by standard genotyping, may be the cause of virological failure
(Dykes et al., 2004; Lecossier et al., 2005; Roquebert et al., 2006; Svarovskaia et al., 2007
Halvas et al., 2010).

Because these minority variants are usually present at very low-levels, they cannot be
detected and quantified using conventional genotypic and phenotypic tests (Gianella et al.,
2010). Several assays have been developed to detect minor mutants at levels as low as 0.01%
-0.5% (Gianella et al., 2010). Mutations associated with drug resistance in clinical practice
are generally detected by direct sequencing of the pol gene from the population of HIV RNA
extracted from plasma (Hirsch et al., 2008).

2.9.5 RESISTANCE MUTATIONS AFTER FIRST-LINE FAILURE

The 2010 WHO HIV treatment guidelines recommend zidovudine/lamivudine,
tenofovir/lamivudine or tenofovir/emtricitabine in combination with Nevirapine or Efavirenz
as first-line therapy. Stavudine/lamivudine combination is no longer recommended by WHO
due to increased risk of toxicity, though significant numbers of patients in resource-limited
regions are still using this combination because of low cost.

In patients developing virologic failure on first-line ART, the extent of drug resistance is
roughly proportional to the duration of uncontrolled virus replication in the face of selected
drug pressure. In resource limited countries where patients undergo infrequent virological

34



monitoring, samples from patients with virologic failure generally contain more drug-
resistant viruses than virological samples from patients with virological failure in well-
resourced regions (Gupta et al., 2008).

The development of drug resistance to NRTIs and NNRTIs has been associated with high
baseline HIV VL, low CD4" cell counts, subtype and treatment failure duration (Wallis et al.,
2014). ART can fail as a result of drug toxicity, transmitted drug resistance, inadequate
medication compliance or incomplete suppression of viral replication, resulting in the
emergence of viral drug resistance (Carr et al., 2000; Haas et al 2003;Haas et al 2004; Boulle
et al., 2007; Johnson et al., 2013). Of the individuals who fail first-line treatment, between
75% and 90% of individuals have one or more drug-resistant mutations associated with NRTI
and NNRTIs (Marconi et al., 2008; Hosseinipour et al., 2009; Orrell et al., 2009; Wallis et
al., 2010).

Patterns of drug-resistance mutation are associated with specific drugs in the regimen. In a
study done by Wallis et al., (2014), drug resistance and levels of susceptibility after first-line
virologic failure in individuals from Thailand, South Africa, India, Malawi and Tanzania
were reported. Of the 148 individuals screened, HIV-1 drug resistance analysis showed that
93% (n=138) and 96% (n=142) had at least one reverse transcriptase (RT) mutation
associated with NRTI and NNRTI resistance, respectively. Moreover 96 % of the individuals
were resistant to either EFV or NVP, and 32% were fully susceptible to etravirine (ETR) or
rilpivirine (RPV). Only 2 individuals had major Pl-associated mutations that were linked to
low-level resistance to LPV/r (190 m and VV3211/M46L). The number of NRTI mutations was
significantly associated with higher VL (P<.001) and lower CD4" cell count (P<.001).
Additionally, in the same study, the most prevalent viral subtype was subtype C (66%)
followed by subtype AE (18%), subtypes Al (8%), and lastly sub-types D (7%).

In conclusion (Wallis et al., 2014) it was suggested that widely available RTI (reverse
transcriptase inhibitors)-based regimens have resulted in unprecedented access to care in
RLS. However, the low genetic barrier and high-level resistance of NNRTI-anchored
regimens in the absence of frequent VL monitoring, results in rapid accumulation of drug
resistance mutations to NNRTI and NRTI drug, which may limit future treatment options. VL
monitoring and earlier virologic failure detection will probably result in lower NRTI
resistance.

2.9.6 SALVAGE THERAPY

Important concepts such as ARV potency, genetic barrier to resistance and cross-resistance
are to be considered when developing salvage regimens. In resource-limited setting where
genotypic resistance testing is not widely available, surveillance of primary resistance and the
development of low-cost resistance assays are of utmost importance.

The salvage regimen should be sufficiently potent to suppress virus levels to below the level
of detection and should have a sufficiently high genetic barrier to resistance to prevent
virological rebound. A boosted protease inhibitor like LPV/r is the drug-class with the highest
genetic barrier to resistance, with a minimum of three to four mutations required for
Lopinavir/r resistance. This drug can then be considered as a second-line therapy in
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combination of NRTI containing backbone. However, proof-of-principle studies have shown
that, although Lopinavir/r alone is not as effective as Lopinavir/r plus two NRTIs for initial
ARV therapy, it is sufficient to suppress HIV-replication to levels below detection for more
than 1 year in the majority of ARV-naive patients (Delfrassy et al., 2008).

2.10 VIROLOGIC IMPACT OF DELAYED TREATMENT SWITCH TO
SECOND-LINE THERAPY

HIV-1 RNA load measurement of plasma from an infected individual defines the success or
failure of an antiretroviral treatment. Despite clear guidelines, there is considerable variability
by different treatment programs in the time of switching ART treatment in patients showing
virologic failure, particularly in response to immunologic and post-failure evolution. WHO
recommends switching therapy when a patient has persistent viral load above 5000 viral
cp/m¢ (Cissel et al., 2006). Consideration of the timing of treatment switch after first-line
ART failure is particularly important in resource-limited settings where salvage regimens are
scarce and costly. A study done by Li et al., (2012) concluded that patients who switch
treatment within 8 weeks of identifying virologic failure have better clinical outcomes, on
average, than patients who delay switching to a new second-line ARV regimen after virologic
failure while on the initial regimen

Current guidelines recommend that an individual must be on ART for at least 6 months
before it can be determined that a regimen has failed, and biological monitoring (CD4" count
and viral load when available) is recommended every 6 months (Madec et al.,2013).
Therefore, switching to second-line ART is expected to occur after at least 12 months of first-
line ART. The number of virologic failures is also likely to increase as the time spent under-
first-line ART increases.

Patients who continue to show virologic failure despite demonstrated compliance (see
compliance section) may be changed to second-line therapy. Before changing to second-line
therapy, patient should go through the treatment readiness and education program again.
These would need to be carefully monitored as some patients might hide their non-
compliance. Delays in switching place a patient at greater risk of illness and death through
longer durations spent with high viraemia and at lower CD4" counts (Murray et al., 1999;
Murphy et al., 2001). Prospective data from two clinical cohorts suggest that treatment delay
after virologic failure on non-protease inhibitor based-regimen had an increased risk of
mortality (Peterson et al., 2008).

2.10.1 FACTORS THAT MAY LEAD TO DELAY OF SWITCHING TO SECOND
LINE THERAPY

There are clinician-, patient- and clinic- level factors that may lead to delaying the switch to
second-line ART after proven treatment failure.

Patient-level factors include: missed or delayed clinic visit or treatment preparedness sessions
(Miller et al., 2010).
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Clinic-level factors: ART stock outs or inaccessible clinic location
Clinician-level factors: inadequate knowledge

For individuals co-infected with HIV and tuberculosis and in a setting where rifabutin is
unavailable, clinicians may delay protease inhibitor-based second-line ART until TB
treatment is completed. This is because rifampicin significantly lowers PI1 levels through
induction of metabolic enzyme and cellular drug transporters (Maartens et al., 2009). In this
study setting, clinicians prescribed Reyataz or double the dose of lopinavir/ritonavir to
counteract the anticipated decrease in protease inhibitor levels by rifampicin rather than delay
second-line ART initiation. Since elevated ritonavir levels can increase the risk of GIT side-
effects, this course of action may cause long-term tolerability issues (L’Homme et al., 2009).
As a result this risk must be balanced against the benefits of integrated treatment of HIV and
tuberculosis.

2.10.2 FIRST-LINE AND SECOND-LINE TREATMENT

2.10.2.1 NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS

The name of NNRTIs clearly indicates that they do not have a typical nucleoside analogue
structure and show a diversity of chemical structure. Four NNRTIs were developed between
1996 and 2009: Nevirapine (Merluzzi et al., 1990), Efavirenz (Young et al., 1995),
Delavirdine (Dueweke et al., 1993), depicted in Figure 3 below and Etravirine (Andries et al.,
2004). In the latest guidelines, Nevirapine or Efavirenz is recommended as a part of first-line
regimen (WHO guidelines, 2010. What to start, U.S. DHHS 2009 What to start; EACS 2009).

I
b
\

Nevirapine Delavirdine Efavirenz

Figure 3: Chemical structures of three First generation NNRTIs approved by the FDA

The NNRTIs are antiretroviral drugs that inhibit the reverse transcriptase (RT), an enzyme
that controls replication of the genetic material of HIV, depicted in Figure 4 below. The
NNRTIs differ from NRTIs in their mechanism of RT inhibition. First, NNRTIs require no
intracellular metabolism (Merluzzi et al., 1990; Dueweke et al., 1993; Young et al., 1995;
Andries et al., 2004). Second, they bind directly to a hydrophobic pocket near the catalytic
site of HIV-1 RT, also referred to as the “NNRTI-binding pocket’ (Kohlstaedt et al., 1992;
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Esnouf et al., 1997; Ren et al., 2000; Das et al., 2004). Third, NNRTIs block the chemical
reaction step of DNA polymerization (Spence et al., 1995).

First-line ART consisted of three drug therapy with two nucleoside reverse transcriptase
(NRTIs) and NNRTIs (i.e. Efavirenz or Nevirapine) in the majority of cases. NNRTIs cannot
be used as mono-therapy for the treatment of HIV infected patients but rather as a
combination with other antiretroviral agents. A non-nucleoside reverse transcriptase inhibitor
or a protease inhibitor boosted with low-dose ritonavir each combined with 2 nucleoside (or
nucleotide) reverse transcriptase inhibitors may recommended with choice being based on
the individual patient profile (Hammer et al., 2006) .The major rationale for combination
ART is to contend with pre-existing drug-resistant variants.

Although medical professionals tend to regard NNRTIs as effective based on potency, less
frequent dosing, and low incidence of dangerous side effects and affordability, one of the
biggest challenge with NNRTIs is the rapid develop of drug resistance. NNRTIs mutations
were discussed above.

Most common possible side effects noted with this class of drugs include organ damage, mild
to moderate skin rash and central nervous system disorders (sleep, dizziness etc.) and
psychiatric symptoms. In addition, most side effects are the results of the body adapting to
the new drug and after few weeks these side-effects usually fade.
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Figure 4: Non-nucleoside reverse-transcriptase inhibitors (NNRTIs) inhibit the reverse-
transcriptase enzyme (RT) and therefore the replication of new viruses (Downloaded from
https://en.wikipedia.org/wiki/discovery and_development_of non-nucleoside_reverse-
transcriptase_inhibitors , on 11 August 2016)

2.10.2.2 NUCLEOSIDE/NUCLEOTIDE REVERSE TRANSCRIPTASE INHIBITORS (NRTIs OR
‘NUKES’)

The NRTIs were the first type of drugs available to treat HIV. They remain effective,
powerful and important in the treatment of HIV. However they must be used in combination
with other anti-HIV drugs. They are better known as nucleoside analogues or ‘nukes’. The
NRTIs work by blocking the reverse transcriptase enzyme, thereby blocking HIV from
making copies of itself after entering the host cells. Tenofovir was the first nucleotide
analogue reverse transcriptase inhibitors approved by the FDA. Like the nucleoside analogue,
nucleotide analogues inhibit reverse transcriptase. However, they are active in their native
form, unlike nucleoside type inhibitors that only work in cells that have the machinery to
activate the drug by the process of phosphorylation. This means that nucleotide analogues
may be active against HIV in a wider variety of infected cells. Different types of drugs in
NRTIs class and their potential serious side effects are summarised in Table 5 below.

TABLE 5: LIST OF NRTIs AND THEIR POTENTIAL SIDE EFFECTS:

DRUG ABBREVIATION/ POTENTIAL SERIOUS SIDE EFFECT/S
BRAND NAME
Zidovudine AZT, ZDV, Retrovir® | Anaemia, neutropenia, hepatotoxicity,

myopathy, cardiomyopathy, stomach upset

Lamivudine 3TC, Epivir® Liver damage, pancreatitis, peripheral
neuropathy, lactic acidosis

Abacavir ABC, Ziagen® Hypersensitivity, abdominal discomfort, lactic
acidosis, liver problems

Didanosine DDI, Videx EC® Hepatomegaly with steatosis, lactic acidosis,
pancreatitis, fat redistribution

Tenofovir TDF, Viread® Decrease bone density, kidney problems,
lactic acidosis

Stavudine DAT, Zerit® Peripheral neuropathy, lipodystrophy,
pancreatitis, lipoatrophy

Emtricitabine FTC, Emtriva® Changes in body fat redistribution, headache,
diarrhoea, nausea, rash, skin discolouration
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2.10.2.3 PROTEASE INHIBITORS (PI’S)

Second-line  ART consists of two NRTIs and a protease inhibitor-based ART,
lopinavir/ritonavir based regimen. Protease inhibitors are designed to interfere with the
activity of the protease enzymes required by many viruses to reproduce themselves. HIV
utilizes proteases to truncate the replicated protein encoded by the RNA after synthesis by the
host cell. By combining a protease inhibitor with another protease inhibitor the risk of
developing resistant viral strains is reduced. Because the protease can change each time a
virus replicates, use of multiple inhibitors ensures that random mutations which resist one
form of protease inhibitor will be inhibited by another inhibitor. Of note is that the PlIs are the
drug class with the highest genetic barrier to resistance with a minimum of three to four
mutations required for high-level lopinavir/r resistance (Doherty, 2011; Rhee, 2010).

However, several side effects have been noted with this class of drugs, one of the most
serious side effects is raising blood sugar and development of diabetes mellitus. These drugs
have also been implicated in liver toxicity, a common problem with drugs that are taken
chronically and in high dosages because of hepatotoxicity resulting from the metabolites of
these drugs. A protease inhibitor also interferes with the way the body process and stores fat,
causing an increase in cholesterol levels and formation of unusual fat deposit.

—N OH )
H3C
CHj
Figure 5: The chemical structure of lopinavir (LPV)

2.11 GENDER DIFFERENCES IN CLINICAL OUTCOME AMONG
INDIVIDUALS ON ANTIRETROVIRAL THERAPY

Differences by gender in virologic responses to ART remain inconsistent and have yet to be
explored in medical settings. Females tend to be more compliant with ART possibly due to
being care givers and nurturers for their children, wanting to live longer to see their children
become independent. Furthermore drug and alcohol consumption is less common than in
males which in turn can affect treatment compliance, influence survival of HIV-infected
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individuals by exacerbating immunosuppression, enhance the toxicity of ARV on liver cells
and accelerate liver damage and may depress the immune system allowing increased
multiplication of the virus in mononuclear cells (Bagasra, et al., 1996). One study (Cescon et
al., 2013) found different results where women were concerned by observing that women on
ART are at increased risk of virologic rebound (VL > 400 cp/m{ following treatment change)
after ART initiation although several published studies largely agree that following sero-
conversion, women demonstrate higher CD4" T-cell counts and lower HIVV-RNA viral load
measures than men (Gandhi, 2002; Napravnik, 2002; Touloumi, 2004; Collazos, 2007
Meditz, 2011). In principle, cohort data examining gender differences in response to therapy
and disease progression remain contradictory (Nicastri, 2007) and are likely to have been
influenced by context, setting, and other social determinants that affects access to ART and
associated support services (Kupyer, 2004). Some studies found that women had higher CD4*
cell count at ART initiation than men (Cornell et al., 2012)

In a study conducted by (Mosha et al., 2013), the investigators observed that women were
starting treatment at a less advanced disease stage although they had a lower socioeconomic
status. Moreover male HIV patients delayed seeking treatment and enter into treatment at a
significantly more advanced stage of HIV infection, which predisposes them to increased
mortality and worse treatment outcome. However a year later both males and females had
similar clinical and immunological conditions.

There are programs aimed at focusing more on educating males and motivating them on ART
compliance as well as assisting them with substance abuse and stress-coping techniques can
help improve compliance amongst males.

Success of ART in HIV infection may be influenced by numerous factors including: gender,
race, cultural beliefs, risk behaviour which may exert an influence on survival rate. It has
been reported that a delay of starting ART at WHO clinical stage 1V (World Health
Organization 2010) or BMI below 16 kg/mz2 is associated with a significantly higher mortality
after starting treatment (Lawn et al., 2011). The progression rates to AIDS and clinical
manifestations of diseases associated with HIV infection might differ between woman and
men because of biological and socioeconomic factors (Nicastri et al., 2005). In resource-
limited settings, men are more likely to have more advanced disease at HIV diagnosis, which
is thought to put them at higher risk of adverse outcomes and less likely to respond well to
ART.

Continuous support and follow up are recommended in both males and females despite
females appearing to seek treatment at earlier stages than women. Better interventions may
improve HIV outcome. Further studies should be done to better understand the underlying
causes for these differences.

2.12 ADVANTAGES AND DISADVANTAGES OF SWITCHING FROM
FIRST-LINE TO SECOND-LINE ARV THERAPY

There are essentially three parameters that can be used to monitor the success of treatment
and determining when to switch ARV regimens: clinical, immunological and virological. It is
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well established that virological failure occurs first, followed by immunological failure and
finally clinical failure (Aldous et al., 2009; Barlett et al., 2009).

The current WHO global guidelines define:

Virological failure: when the plasma viral load is >1000 cp/mf on consecutive viral load
measurements monitored at least 3 months apart, despite proof of ART compliance.

Immunological failure: when CD4*cell counts falls to the pre-therapy baseline (or below) or
there is a 50% fall from the on-treatment peak value (if known) or CD4" cell count levels are
persistently < 100 cells/mm3

Clinical failure: when there is a new or recurrent WHO Stage 4 condition indicating severe
immunodeficiency after at least 6 months of ART treatment.

In South Africa, two sequential regimens of ART are available, consistent with WHO
guidelines (WHO, 2010). The guidelines recommend that after failure of first-line NNRTI-
based regimen, individual be switched to protease inhibitor-based second-line ART.
Switching to a second-line ART treatment regimen relies on the observation of persistent
virologic failure while still on the initiating ART regimen. Effective and efficient
management of first-line ART failure is critical as limited availability of different ART
regimen options and the higher costs of second-line ARV drugs.

An early switch can preserve treatment options and the patient’s ability to effectively respond
to second-line ARVs therapy. A late switch keeps more patients on first-line therapy, keeping
medicine and laboratory monitoring costs down. The disadvantages of a late switch are the
increased risk of accumulating drug resistance and mutations, resulting in fewer choices of
effective ARVs for second-line therapy. A late switch also increases the possibility of a poor
response to the new therapy because the patient may be too ill. An increased level of viral
NRTI resistance could accumulate when ART failure is not addressed early and as soon after
confirming virologic failure and not waiting for immunological and clinical failure. Delayed
detection of virologic failure also decreases survival in HIV-infected individuals.

The WHO definitions of first and second-line ART are:

First-line ART: the initial regimen prescribed for patients fulfilling national clinical and
laboratory criteria for starting ART. Current WHO treatment guidelines recommend two
NRTIs and one NNRTI for initial treatment in a fixed dose combination.

Second-line ART: is the regimen used immediately after first-line therapy failure has been
confirmed (virologically, immunologically or clinically). Current WHO treatment guidelines
recommend that the PI class of ARV be reserved for second-line ART, preferring ritonavir-
boosted protease inhibitors (bPIs) supported by two agents from the NRTI class.

2.12.1 PRINCIPLES GUIDING SWITCH FROM FIRST-LINE TO SECOND-LINE
ANTIRETROVIRAL THERAPY

To provide the best possible care for patients infected with HIV, it is significant to correctly
decide when to switch from one antiretroviral therapy to another for patients experiencing
virologic failure. Chang et al., (2010) conducted a study where they found that in low-
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resource settings, monitoring strategies which use immunologic or immunologic and
virologic monitoring in addition to clinical monitoring for guiding when to switch therapy
resulted in fewer patient deaths, fewer AIDS-defining illnesses and fewer unnecessary ART
switching. Little evidence that adding virologic monitoring to immunologic monitoring had
added benefits was observed. On-going studies addressing when to switch from a failing
regimen to second-line treatment will likely provide information to further clarify optimal
monitoring strategies for guidance with respect to when to switch to second-line therapy.

The principles guiding switching form first-line to second-line ART is a complex process that
requires consideration of multiple factors including:

e The type of monitoring (e.g. virologic, immunological or clinical) that is available to
guide ARV switching,

e [Establishing criteria for treatment failure (e.g. viral load > 1000 cp/m{)

e Integrating data from different types of monitoring

e Making a decision

e Follow-up and monitoring to determine patient outcomes.
Although viral monitoring (viral load measurement) is the gold-standard for monitoring HIV-
infected individuals on ART and determining treatment failure, most resource limited settings
only have clinical and/or immunological monitoring (CD4" cells counts) results available.
Efforts to intensify ART compliance should be reinforced prior to switching to second-line as
compliance remains the major contributor to first-line virologic failure.

2.12.2 POST IMPLICATIONS OF DELAYED SWITCH TO PROTEASE
INHIBITOR-BASED REGIMEN

Current treatment guidelines recommend monitoring of plasma HIV RNA levels during
antiretroviral treatment, with a goal of identifying virologic failure as early as possible and
modifying therapy once failure is confirmed (Peterson et al., 2008). In practice, however,
switching from a failing ART regimen may be delayed as a result of late detection of
virologic failure, sporadic follow up and/or lack of access to alternative regimen.

Cost has been a major barrier to the rollout of Pl-based second-line ART. Drug-related costs
contribute almost three-quarters of the expense of second-line ART in South Africa (Murphy
et al., 2010). Recently, the cost of ART has decreased through negotiations with drug
manufactures and approval of generic substitutions. A number of strategies may be available
for addressing the cost of second-line ART in resource-constrained settings, including further
efforts to reduce antiretroviral prices and change to more effective and compliance promoting
first-line treatment protocols in an effort to minimize the number of patients requiring the
switch to second-line drugs (Long et al., 2010).

In a study by Levison et al., (2013), the researchers used an international model of HIV
“cost-effectiveness of preventing AIDS complications” to simulate a South African cohort of
HIV-infected adults at first-line ART failure. Two strategies were examined: no viral
genotype vs. known viral genotype. The researchers concluded that genotype resistance
testing at first-line ART failure would be very cost-effective in South Africa. Furthermore the
clinical and economic benefits of genotype testing are particularly critical in patients with
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low CD4" cell counts at ART failure where genotyping results can lead to prompt ART
switching. Therefore, program planners should consider operational strategies to implement
genotype testing and to reduce delays in processing of the viral genotype test and reporting of
the results.

Another consequence of delayed switching to Pl-based regimen is significant virologic and
immunologic failure. Patients with virologic failure on NNRTI-based regimen who delayed
switching treatments were at increased risk for death due to immunological failure (Steegen
et al., 2016). However, the same was not true for patients who delayed switching treatments
after virologic failure on Pl-based regimens. The notion that delaying change from a failing
ART regimen would have some untoward consequences (e.g. a fall in CD4*-cell levels, an
increase in resistance mutation accumulation, or an increase in clinical events) has always
made intuitive sense.

Steegen et al., (2016), suggested that continuing on a failing NNRTI-based regimen has
significant clinical consequences. These findings have particular relevance to less-developed
countries, where patients are invariably treated with NNRTI-containing regimen and do not
have regular viral load monitoring for early detection of virologic failure.

2.13. THE RESEARCH MODEL

2.13.1 BACKGROUND

As already indicated in the foregoing, the objective of this study was to retrospectively
investigate data collected from HIV treatment based studies to identify possible predictors of
EVF and LVF as well as the time to switch to second-line ART therapy within an HIV
positive population in a resource limited setting. To this end, this study attempted to analyse
and determine the factors (i.e. predictors) that could explain the rate of the occurrence of an
incident (i.e. the number of new EVF or LVF incidents per population at risk per unit of time)
as opposed to the cumulative incidence (i.e. the proportion of new cases that develop over
time).

As the available data lends itself more to a Cox regression analysis as opposed to a logistic
regression analysis, the Cox regression model was used to determine the predictors of EVF,
LVF and the requirement to switch to second-line therapy in a sample of HIV positive
patients in South Africa. The medical history and treatment regimen data for these patients
was available from data collected during participation in HIV treatment trials conducted by
Phidisa within the SANDF Medical Corps and this was not powered to find these predictors.

The Cox regression analysis is based on regression like models and could be considered an
extension to the common “life tables” popularized by Kaplan and Meier in 1958. Since then,
the Cox regression has become a standard statistical tool to analyse incidence rates or
survival data in the medical, statistical and related fields (Cox 1972).
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2.13.2 CHARACTERISTICS AND ASSUMPTIONS OF THE COX MODEL

The Cox regression (or proportional hazards) model does not require that a specific
probability model representing survival times or incidence rates is defined and is more robust
than other parametric models (e.g logistic model, etc.). This model can accommodate both
discrete and continuous measures and it is easy to incorporate time dependent variables. The
Cox regression model does not place undue restrictions in that it attempts to model the effects
of explanatory variables on the hazard rate while leaving the baseline hazard rate unspecified
and estimating relative as opposed to absolute risks. Finally, Cox regression models assume
proportional hazards (i.e. assuming that the hazard of any given individual is a fixed
proportion of the hazard of any other individual).

2.13.3 SPECIFICATION OF A COX REGRESSION MODEL

The Cox (or proportional hazards) regression model is a model used to investigate several
variables at a time. Essentially, it models (or regresses) the survival times or the hazard
function on the explanatory (or predictor) variables where the hazard function is define as the
probability that an individual will experience an event (for example, death) within a small
time interval, given that the individual has survived from the beginning of the study up to the
end of the interval t. In this study, the hazard function is interpreted as the risk that the
individual who is HIV positive will experience the hazard (i.e. experiencing either EVF or
LVF).

Given the foregoing, the hazard function can be specified as follows:

h(t) = ho(t)eBrXat+BXihed | e e s e e e e e (1)

Where h(t) is the hazard rate (or hazard incidence) at time at time t; e or exp is the
exponential to which the explanatory (or predictor) variables are raised as per the equation
specification; hy(t) is the baseline or underlying hazard function and it corresponds to the
probability of an event occurring (in this case, EVF or LVF) when all the explanatory
variables are zero; the regression coefficients ; to [, that are estimated through maximum
Likelihood (ML) measures the proportional change in the hazard given changes in the
explanatory (or predictor) variables; X; to X, are explanatory (or predictor) variables; and
g (wherei = 1,2,3, ..., k) is the random error term (which measures all the unobservable but
equally important factors that explains the probability of the event occurring). For estimation
purposes, natural logarithms are taken on both sides of (1) such that:

INRE) =0 hg(E) + BiXy + = F BrXi F € v eee eoe e eee ees e eee ees e eee e e eee e (2)
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2.13.4 INTERPRETATION OF A COX REGRESSION MODEL

The Cox regression model is included in many appropriate statistical packages such as SPSS;
SAS; STATA, etc. A Cox regression output among other things provides two types of
coefficients which all tell an interesting story. First is the individual estimated regression
coefficients (i.e. the B;) followed by the hazard (or relative risk) ratio which is obtained by
the exponentiation of the respective estimated coefficient (i.e. e”).

The estimated coefficients can be either positive or negative. A positive coefficient suggests
an increase or a higher probability in experiencing the hazard, hence poor prognosis or
survival time, etc. or as the case may be, while a negative coefficient suggests a decrease or a
lower probability in experiencing the hazard, hence an extended survival time. Cox
regression models can have either or both categorical (i.e. discrete or dummy) and continuous
variables as explanatory (predictor) variables. In this study, a positive estimated coefficient
indicates an increase in the probability of experiencing EVF or LVF and vice versa.

The hazard (relative risk) ratio is always interpreted in relation to the control group such that
when the relevant explanatory (predictor) variable is a categorical variable, its impact on the
hazard function is interpreted as a percentage increase (i.e. if the sign is positive) or a
percentage decrease (if the sign is negative) in the risk of experiencing the event (EVF or
LVF) after adjusting for all the other explanatory variables. If the explanatory variable is
continuous, its impact on the hazard function is interpreted as the number of times the hazard
will increase (or decrease) if the sign is positive or negative) given a unit change in the
explanatory variable after controlling for the effects of all the other explanatory variables
(after assuming ceteris paribus (i.e. all else remaining the same)). The hazard (relative risk)
ratio must always be interpreted within the associated 95% confidence interval (Walters
2009).

In all instances, attention must be paid to whether the coefficient of the explanatory variable
is statistically different (or not different) from zero and for it to be statistically different from
zero, then it’s associated p value < 0.05. When an explanatory variable (if all other
explanatory variables remain unchanged) has p < 0.05, we fail to reject the hypothesis that
the variable has an impact on the hazard occurring, but if the relevant explanatory variable
has p value > 0.05, we reject the hypothesis that the given explanatory variable has an
impact on the hazard.
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CHAPTER 3: DATA AND METHODS

3.1 STUDY DESIGN

This is a statistical analysis performed retrospectively on an observational cohort analysis of
data collected during a linked series of clinical trials related to antiretroviral therapy of HIV
positive men and women aged 18 years and older.

3.2 STUDY SETTING

This is a sub-study of the Phidisa HIV research project which was on-going from 2004 to
2014 at six Phidisa investigational sites; 1 Military Hospital (Gauteng), 2 Military Hospital
(Western Cape), 3 Military Hospital (Bloemfontein), Phalaborwa sickbay (Limpopo),
Mtubatuba sickbay (Kwazulu-Natal) and Mthatha sickbay (Eastern Cape). In the Phidisa
project, HIV positive patients were initially enrolled in a cohort study (Phidisa 1) or a
randomized trial (Phidisa 2). Following completion of the trial, participants in both studies
and a cohort of newly identified HIV positive individuals were invited to enrol in an extended
follow-up study (Phidisa 1a). First-line virologic failure and switching to second-line therapy
were reported for all participants.

3.3 PATIENT/RESEARCH OBJECT SELECTION

3.3.1 STUDY POPULATION

The study population consisted of all uniform wearing SANDF personnel and their registered
family members, of 18 years of age and older and who had laboratory evidence of being HIV
positive. The patients had to initiate ART between 01 April 2008 and 30 April 2011 i.e. had a
minimum of at least one, one-year follow-up visit by 15 May 2012.

3.3.2 SAMPLING FRAME, PATIENT SELECTION

Patients were recruited into this sub-study if they had initiated ART consisting of a three drug
therapy of two NRTIs and one NNRTI (i.e. Efavirenz (EFV) or Nevirapine (NVP)). Second-
line ART consisted of boosted PI (Protease inhibitor) based ART (Lopinavir/ritonavir). In
project Phidisa, HIV positive participants were initially enrolled in a cohort study (Phidisa 1)
or a randomized trial (Phidisa 2). Following completion of these two trials, participants in
both studies and newly identified HIV positive individuals were invited to enrol in an
extended follow-up study named Phidisa 1a.

3.3.3 SAMPLING STRATEGY AND PATIENT ENROLMENT

A total of 1925 enrolled patients initiated first line ART in the Phidisa 1a trial at one of the
six Phidisa investigational sites, were antiretroviral naive (defined as ART for <7 days before
enrolling). Patients were censored at death, loss to follow-up, trial withdrawals or switching
to a Pl based ART regimen for other reasons than positively confirmed virologic failure,
whichever came first.

Patients were referred to Phidisa clinics from ID clinics, Military hospitals or by self-referral.
ART-eligible patients attend educational and compliance session reinforced by a pharmacist
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and social workers. Patients are assessed by a physician prior to initiating ARV treatment.
Medical histories complete physical examination and laboratory studies, including plasma
HIV-RNA, CD4" cell count, haematology and clinical chemistry were obtained prior to ART
initiation.

After ART initiation, patients were scheduled for one month post ART initiation visits
followed by monthly visits to collect their ART treatment. The frequency of patients visiting
the pharmacy was reduced from a visit per month to one visit per quarter if there were no
complications or poor response to ART. From 1 April 2008 till 30 April 2012, protocol visits
were conducted 3 monthly, and from May 2012 onwards protocol visits were conducted 6
monthly. During the 12 months prior to the end of Phidisa II, and the 12 months following
the start of Phidisa 1a, the frequency of protocol visits remained 3 monthly. Patients received
all antiretroviral medications free of charge and they were reimbursed for travelling expenses.
All changes to ART were recorded. All Stage 4 events that occurred throughout follow-up
were reported and coded according to the Medical Dictionary for Regulatory Activities
(Version 12.0). Patients more than three months late for a scheduled clinic or pharmacy visit
were actively traced by a phone call or a home visit if needed to ascertain the reason for loss
to follow-up.

As per previous South African guidelines, the majority of patients received a first-line ART
regimen of Stavudine, Lamivudine and either Efavirenz or Nevirapine. The WHO guidelines
was changed in 2010 to recommend Tenofovir, Lamivudine and Efavirenz as first line
regimen.

All data were stored in the Phidisa database from where it was extracted and transferred to
MS Excel worksheets in CSV format, recoded to suit the possible variables for each
parameter and finally analysed using Statistical Analysis Software (SAS) version 9.2.

3.3.4 INCLUSION CRITERIA

Inclusion criteria were selected to include all volunteers who tested HIV positive with the
finger prick rapid test and from blood drawn for confirmatory testing using a validated
ELISA and Western blot assay:

All included participants were initiated on NNRTI based ART regimens for antiretroviral
treatment while on the Phidisa 1a trial.

All included participants were ART naive except for those who were included in the PMTCT
(Prevention of mother to child transmission) with single dose NVP or dual therapy i.e. AZT
(Zidovudine) and single dose NVP.

3.3.5 EXCLUSION CRITERIA

Participants were excluded from the study if one or more of the following were present:
All the participants who were found to be pregnant at initiation of ART.

All the participants who had less than six months of follow-up after initiating ART.
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3.4 MEASUREMENTS

3.4.1 RECORDS

The following information was obtained directly from the patient’s records: Age, Enrolment
year, BMI, Haemoglobin concentration, CD4" cell count, HIV RNA viral load, Gender,
Education level, Marital status, BMI, Haemoglobin (Hb) categories, CD4" cell count
categories, WHO Stage 4, Current TB treatment, use of Traditional Medicine, Concomitant
chronic medication, History of depression, NRTI backbone, NNRTI drugs prescribed and
NVP/ZDV exposure.

3.4.2 BLOOD TESTS

Clinical and laboratory (including CD4" cell count, viral load, haemoglobin) data were
collected at all schedule visits. Follow-up measurements of CD4" cell count and HIV viral
load were obtained every 3 months for those prescribed ART and every 6 months for those
not prescribed ART until May 2012 at which time all participants were seen at 6 months
intervals.

3.5 ETHICAL CONSIDERATION

An approval was obtained from the Research Ethics Committee of the University of Pretoria
before commencing the study. Other organizations that approved the study were the
Scientific Study Committee Project Phidisa, SANDF Defence Intelligence Department, the
Phidisa project/SANDF Institutional Review board, the General Officer Commanding 1
Military Hospital and Office of Clinical Research Project Phidisa. The study adhered to the
principles of ICH Good Clinical Practice and WMA Declaration of Helsinki - Ethical
Principles for Medical Research Involving Human Subjects. The study was financially
supported by SANDF, NIAID, and the US Department of Defence. None of these entities nor
their employees or contractors had any financial interest in the drugs used.

3.6 SAMPLE SIZE

Data capture from the Phidisa database provided complete required information for 1925
subjects who initiated ART within the cut-off dates of the study and who had follow-up data
available from participation in one of the Phidisa trials. This data was filtered, cleaned and
coded to ensure that all required information could be analysed statistically. This data
filtering resulted in many participants being disqualified from the study as they did not have
complete data or were found to not meet the inclusion criteria.

3.7 STATISTICAL METHODS

Initial data was extracted from the Phidisa databases and transferred as CSV values which
were imported into Microsoft Excel 2010 software in the form of multiple columns per
participant. Digital variables were defined for each criteria within the data to set numerical
coded values for each of the measured variables to enable statistical analysis and these codes
were substituted into the database manually. Frequency and descriptive analysis was initially
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performed on the digitalised data. Data was filtered to remove any participants where
discrepancies existed and where data sets were incomplete or missing.

The data was imported into STATA version 11, and again assessed for completeness and any
invalid inputs to insure integrity of the collected and converted data. Statistical (regression)
analysis of the data was then performed using the following models that were tested in this
study; the predictors (determinants) of (a) Virologic failure versus non-failure, (b) Early
Virologic Failure; (c) Late Virologic Failure; and (d) Switch time to second-line ART
treatment. The dependent (response) variables for all three models were categorical
(binary/dummy dependent variables) which are hypothesised to be determined by a set of
explanatory variables that are either common or unique across the three models. The
dependent (response) variables as well as the explanatory (predictor) variables are fully
defined and described below. In all three models, the hypothesis that the set of explanatory
variables explains variations in the dependent variables when the respective level of
significance, p > 0.05 rejected. By the same token, the hypothesis that the respective
explanatory variables explains the variations in the dependent variable was not rejected when
the level of significance; p < 0.05. Means (+ standard deviations), actual numbers or ratios
were used to describe the data.

Kaplan-Meier estimates of cumulative failure probabilities were derived using each of the
three different failure definitions (as described in the definitions section below) and stratified
by predictors of failure. Hazard ratios (HR) for associations of patient characteristics with
either EVF or LVF and switch to second-line antiretroviral treatment were then estimated
using the Cox regression for determining the proportional hazard ratio.

To test for evidence of EVF, the following predictors or variables were considered; age,
gender, marital status, highest level of education, body mass index, haemoglobin levels,
CD4" cell count at initiation of ART, single dose NVP in women, self-reported use of
traditional medicine, first HIV-RNA load after cCART initiation in terms of cp/m¢, WHO
clinical staging status, initiating ART regimen, TB treatment, treatment for other chronic
conditions, past/current history of depression, month/year of ART initiation, any missed visit
within the first 6 months of initiating ART and the initiating treatment site.

To test for evidence of LVF, the same predictors or variables as for the EVF model were used
and over and above that included, the following potential additional predictors; namely;
month twelve updated clinical factors such as CD4" cell count; viral suppression <50 cp/m{;
diagnosis of disease progression; new concomitant chronic medication; ART adverse effects
requiring ART change; inter-site transfer within the first year of initiating ART and missed
clinic visit in first year of initiating ART and initiating site.

Finally, for assessing the predictors of requiring switching to second-line ART treatment, the
following predictor variables were used; cohort; calendar year of failure; months on ART at
failure; viral load at failure; CD4" cell count at failure; ART regimen at failure; current TB
status; and site of treatment when virologic failure was noted.
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3.8 VARIABLE AND PREDICTOR DEFINITIONS OF THE MODELS

The empirical analysis of this study is based on a subset sample from a total sample of 1 925
subjects who participated in the Phidisa trials. From the total sample of 1 925 subjects, the
empirical models were performed for only 1285 after filtering out patients with missing
values or observations.

The definitions of the dependent variables as well as all the explanatory variables (predictors)
used across all three models are provided here:

To re-iterate, the study empirically estimates the determinants (or predictors) of three models;
namely the Early Virology Failure, Late Virology Failure and the Switch to Second-Line
Therapy. The dependent variables (namely; Early Virology Failure, Late Virology Failure
and the Switch to Second-Line Therapy) are dummy (categorical) variables which were
defined as follows:

Early virology failure was defined in four different ways;

Early virologic failure condition 1 (EVFC1), plasma HIV-RNA > 1000 cp/m{ at

two consecutive occasions after a minimum of six months on ART therapy.

Early virologic failure condition 2 (EVFC2), failure to suppress VL to less than 400

cp/m{ within twelve months of initiating ART.

Early virologic failure condition 3 (EVFC3), single VL >1000 cp/m{ after at least 6

months of ART, with follow-up visits and death, but where no second VL data was

available.

Early virologic failure condition 4 (EVFC4), when EVFC1, EVFC2 and EVFC3 are

not indicated but treatment failure was confirmed within 12 months of ART initiation.
Late virology failure is defined in three different ways:

Late virologic failure condition 1 (LVFC1), plasma HIV-RNA >1000 cp/m{ at two
consecutive occasions after at least 12 months of compliant ART treatment.
Late virologic failure condition 2 (LVFC2), single VL > 1000 cp/m{ after at least
12 months of ART treatment and death where no follow-up VL is available.
Late virologic failure condition 3 (LVFC3), when LVFC1 and LVFC2 are not
indicated and there treatment failure was confirmed after at least 12 months of
compliant ART.
Switch to second-line ARV due to virologic failure is defined as switch to Pl based ART
treatment and at least one new NRTI. These dependent variables are hypothesised to be
determined by the explanatory variables that are defined as follows across all three models:

Body Mass Index (BMI) is defined as a ratio of the subject’s weight and the squared value of
their height. A subject is categorized as underweight when BMI < 18.5kg/m?; is normal
weight when 19kg/m? < BMI < 24.9kg/m? and a subject is categorized as overweight
when BMI > 25 kg/m?.
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Haemoglobin before is defined as the levels of haemoglobin (found in red blood cells to
carry oxygen from the lungs to the body’s tissues and return carbon dioxide from the tissue
back to the lungs) that were recorded before ART initiation. Haemoglobin is categorised as
low when the reading of Haemoglobin < 11.35g/d{ in females and when the reading of
Haemoglobin< 12.35g/dt for males. Haemoglobin is considered normal when the
Haemoglobin reading > 11.35g/dt for females and when the Haemoglobin reading >
12.35g/d ¢ for males.

Age is defined as the age of the subject in years and months.
Gender is the gender if the respondent where gender = 1 if subject is female and 0 otherwise.

Education is the highest level of education attained by the subject where primary education
level or no formal education = 1, high school level education = 2 while tertiary education
level = 3.

Marital status is the status of the subject’s marriage where Married = 1, Single = 2, divorced
= 3 and widowed = 4.

CD4 before is the CD4+ cell count of the subjects prior to ART initiation.

Traditional medicine refers to whether the subject was taking traditional medicine
concurrently with ART (yes =1; or 0 otherwise).

Viral Load refers to the viral load reading of the subjects at the visit reported.

WHOA4 refers to the progression from HIV to AIDS; immune system is compromised and
involves severe symptoms such as wasting, pneumonia and other life threatening conditions.

NRTI’s refers to Nucleoside Re-uptake Inhibitor combinations used for initial ART. In this
study the use of NRTI drug combinations: 3TC+D4T/ABC = 1; the use of the drugs
TNV+3TC/FTC = 2; while the use of the drugs ZDV+3TC =3

Tuberculosis (TB) refers to whether the subject was suffering from TB (yes =1 or 0
otherwise) before ART initiation.

Concomitant Chronic Medication refers to whether the subject was taking any chronic
medication simultaneously with ART (yes =1; or 0 otherwise).

Depression refers to whether the subject was diagnosed with depression (yes=1 or 0
otherwise).

Enrolment Year refers to the year in which the subject enrolled for the Phidisa ART.

Missed Visits refers to whether the subject missed any scheduled visits before six months
(yes=1 or 0 otherwise); and

Current Site refers to the site where the subjects were treated such that 1 Military Hospital =
1; 2 Military Hospital = 2, 3 Military Hospital = 3, Mtubatuba = 4, Mthatha = 5 and
Phalaborwa = 6.

CD4+ count (twelve months updated) refers to the CD4+ level of the subjects recorded after
twelve months of ART initiation.
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Viral suppression not < 50cp/m¢ refers the values of viral suppression not below 50 ¢p/m¢{

New concomitant chronic medication refers to whether the subject were simultaneously
taking new chronic medication after twelve months (yes=1; 0 otherwise).

ART toxicity refers to whether the ARVs that the subjects were taking after ART initiation
caused any adverse side effect (yes = 1; 0 otherwise)

Inter site transfers refers to whether the patients were transferred from one site to another
(yes=1; 0 otherwise)

Any missed visits in the first year refers to whether the subjects missed any scheduled visits
to the treatment site(s) after a year of ART initiation (yes = 1; 0 otherwise)

3.9 PREDICTORS OF EARLY AND LATE VIROLOGIC FAILURE, AND
COMPARISONS OF MEANS AND PROPORTIONS.

Tables 6, 7 and 8 below respectively presents descriptive statistics (means and standard
deviations (for continuous variables) and proportions (for categorical variables) in respect of
subjects in the overall sample (n = 1285) versus those who experienced virologic failure (i.e.
early and late) (n = 253) as well as descriptive statistics for subjects who experienced early
virology failure (n = 154) versus those who experienced late virology failure (n = 99).
Furthermore, the two tables test for independence within the two samples (i.e. all vs. failures
and early virologic failure vs. late virologic failure). When the p value < 0.05, the
hypothesis is not rejected that the two samples are independent.
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TABLE 6: DESCRIPTIVE STATISTICS: OVERALL

Variable (n = 1285) Means, (proportions) &
Standard deviation (%)
Age (years) (min 19, max 69) 38.8 (£5.6)
Gender (M) 855 (66.5%)
(F) 430 (33.5%)
Enrolment year
(2008) 376 (29.3%)
(2009) 419 (32.6%)
(2010) 401 (31.2%)
(2011) 89 (6.9%)
Viral load (cp/m¢t) 186683(+£292204)
CD4+ count (cells/mm3) 146,34 (£ 92.56)
BMI (kg/m?) 24.6 (£10.9)
Haemoglobin (g/dl) 12.56 (+2.13)
Educational level
(PS &NFE) 13 (1.0%)
(HS) 1170 (91.1%)
(TE) 99 (7.8%)
(MD) 3 (0.1%)
Marital status
(S) 351 (27.3%)
(M) 851 (66.2%)
(D) 36 (2,8%)
(W) 44 (3.4%)
(MD) 3 (0.3%)
WHO stage 4
Y) 150 (11.7%)
(N) 1135 (88.3%)
Current TB
Y) 214 (16.7%)
(N) 1071 (83.3%)
History of depression
Y) 11 (0.9%)
(N) 1264 (98.3%)
(MD) 10 (0.8%)
Traditional medicine use
Y) 152 (11.9%)
(N) 1132 (88%)
(MD) 1(0.1%)
Any missed visit before 6 months
) 15 (1.2%)
(N) 1270 (98.8%)
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ART Toxicity

(YY) 536 (41.7%)
(N) 749 (58.3%)
NRTI backbone

(3TC+DAT/ABC) 772 (60%)
(TNV+3TC/FTC) 389 (30%)
(ZDV+3TC) 124 (10%)
Initiating site

(1Muilitary Hospital ) 428 (34%)
(Mtubatuba) 206 (16%)
(2 Military Hospital) 128 (10%)
(Mthatha) 151 (11%)
(3 Military Hospital) 218 (17%)
(Phalaborwa) 154 (12%)

Abbreviations;

M/F: male/female, PS: primary school, NFE: No formal education, HS: High school, TE:
Tertiary Education, MD: Missing data,

Y: Yes, N: No,

S: Single, M: Married, D: Divorce, W: Widowed.

Statistical differences have been determined as appropriate. Rounding off decimals and
missing data may result in numbers not adding up.
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TABLE 7: DESCRIPTIVE STATISTICS: EVF

VARIABLE (n = 154) Means, (proportions) &
Standard deviation (%)

Age (years) (min 19, max 57) 38.3 (£5.4)
Gender (M) 109 (70.8%)
(F) 45 (29.2%)
Enrolment year
(2008) 50 (32.5%)
(2009) 54 (35.1%)
ggﬂg 42 (27.2%)

8 (5.2%)
Viral load (cp/ m¢) 283296.77

(£391091.67)

CD4 count (cells/mm3) 126.32 (£90.54)
BMI (kg/m2) 23.23 (£6.34)
Haemoglobin (g/dl) 12.18 (x2.37)
Educational level
(PS/NFE) 4 (2.6%)
(HS) 140 (90.9%)
(TE) 8 (5.2%)
(MD) 2 (1.3%)
Marital status
(S) 33 (21.4%)
(M) 114 (74.0%)
(D) 2 (1.3%)
(W) 4 (2.6%)
(MD) 1 (0.7%)
WHO stage 4
Y) 23 (14.9%)
(N) 131 (85.1%)
Current TB
Y) 31 (20.1%)
(N) 123 (79.9%)
Traditional medicine use
Y) 16 (10.4%)
(N) 138 (89.6%)
Concomitant chronic medicine
use
Y) 18 (11.7%)
(N) 55 (35.7%)
(MD) 81 (52.6%)
Missed visit before 6 months
Y) 3 (2.0%)
(N) 151 (98.1%)
NRTI backbone
(3TC+D4T/ABC) 110 (71%)
(TNV +3TC/FTC) 34 (22%)
(ZDV+3TC) 10 (7%)
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ART Toxicity

(YY) 71 (46.1%)
(N) 83 (53.9%)
Initiating site

(1Military Hospital) 38 (24.7%)
(Mtubatuba) 17 (11.0%)
(2 Military Hospital) 22 (14.3%)
(Mthatha) 34 (22.1%)
(3 Military Hospital) 24 (15.6%)
(Phalaborwa) 19 (12.3%)
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TABLE 8: DESCRIPTIVE STATISTICS: LVF

VARIABLE (n =99) Means, (proportions) &
Standard deviation (%)

Age (years) (min 24, max 50) | 38.16 (£5.09)

Gender

(M) 71 (71.72)

(F) 28 (28.3%)

Enrolment year

(2008) 52 (52.5%)

(2009) 32 (32.3%)

(2010) 14 (14.1%)

(2011) 1 (1.0%)

Viral load (cp/ m¢) 229471 (£229110)

CD4 count (cells/mm3) 115.1 (x67.7)

BMI (kg/m?2) 22.9 (£6.1)

Haemoglobin 12.25 (+2.34)

Educational level

(PS/NFE) 1 (1.0%)

(HS) 92 (92.9%)

(TE) 5 (5.1%)

(MD) 1 (1.0%)

Marital status

(S) 32 (32.3%)

(M) 62 (62.6%)

(D) 4 (4.0%)

(W) 1 (1.0%)

WHO stage 4

Y) 13 (13.1%)

(N) 86 (86.9%)

Current TB

Y) 16 (16.2%)

(N) 83 (83.8%)

Traditional medicine use

(Y) 10 (10.1%)

(N) 89 (89.9%)

Concomitant chronic medicine

use

(Y) 7 (7.1%)

(N) 24 (42.2%)

(MD) 66 (66.7%)

Missed visit before 6 months

) 3 (3.0%)

(N) 96 (97.0%)

NRTI backbone

(3TC+DAT/ABC) 81 (81.8%)

(TNV +3TC/FTC) 10 (10.1%)

(ZDV+3TC) 8 (8.1%)
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ART Toxicity

(YY) 41 (41.4%)
(N) 58 (58.6%)
Initiating site

(1Muilitary Hospital) 34 (34.3%)
(Mtubatuba) 15 (15.2%)
(2 Military Hospital) 10 (10.1%)
(Mthatha) 11 (11.1%)
(3 Military Hospital) 19 (19.2%)

(Phalaborwa)

10 (10.1%)
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3.10 DATA DESCRIPTION AND QUALITATIVE HYPOTHESIS

The testable hypotheses with respect to the predictors of the two models (i.e. EVF, LVF) are
indicated in full in Tables 9 and 10 below respectively. The time taken to switch to second-
line therapy after virologic failure was identified and it was not statistically analysed owing to
the number of subjects found to have been switched to a new treatment regimen being less
than 30. The percentage relative to the total that showed late and early virologic failure is
12% and 8% respectively.

3.10.1 TESTABLE HYPOTHESES OF EVF MODEL

The investigators hypothesise that the following explanatory variables will increase the risk
(hazard) of a subject experiencing early virology failure, namely being female, being single,
having minimal schooling, a previous low CD4+ count, a high Viral Load, WHO4, NRTI
treatment, concomitant use of chronic medication, being depressed, missing visits before six
months and receiving treatment from facilities other than military hospitals.

The investigators further hypothesised that being older would reduce the risk of a subject
experiencing EVF on account of being less risky in behaviour and presumably more street
wise and that a higher level of education would also reduce the risk of a subject experiencing
EVF. It was expected that an inverse relationship between age and EVF and between
education level and EFV would be observed.

Even though the standard of care and treatment in the military is expected to be the same for
all clinical facilities, the average subject may perceived the level of care received from a rural
treatment facility other than a urban hospitals to be inferior (Visser et al., 2015; Ndou et al.,
2016). For this reason, it was hypothesised that patients who received treatment from the
“rural” treatment sites or facilities such as Mthatha, Phalaborwa and Mtubatuba would
experience a higher risk of experiencing EVF than those who receive their treatment from 1
Military Hospital (Pretoria), 2 Military Hospital (Cape Town) or 3 Military Hospital
(Bloemfontein).

Receiving treatment from any other treatment facility but a military hospital where added
support was available from social workers and pharmacists trained to counsel HIV positive
patients could be interpreted as a proxy for whether the subjects would adhere to the drug
administration regime and take their treatment regularly or not. This behaviour has been
observed in a number of different settings in South Africa and elsewhere on the continent
where for example, the average patient perceives the level of care received from a primary
health care facility such as a clinic to be inferior to that received from a hospital and may be
less prone to adhere to instructions and be less compliant to the drug administration regimen
than if personally counselled (Mukora et al., 2011; Nabbuya-Sekandi et al., 2011; Becker et
al., 2012; Visser et al., 2015 and Ndou et al., 2016).
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The investigators hypothesised that single (or people who were never married), divorced or
widowed people are likely to lack the support they would otherwise receive from their
partners, and this is likely to increase their risk of experiencing EVF. Finally, simultaneous
administration of chronic medication (such as for hypertension, diabetes, etc.) would increase
the risk of a subject experiencing EVF on account of drug-drug interaction and poly-
pharmacy.

The detailed hypothesised relationships and the testable hypotheses with respect to the
predictors of EVF are indicated in full in Table 9 below.
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TABLE 9: HYPOTHESES TESTED (DETERMINANTS OF EVF)

Variable Hypothesized sign

EFV (dependent/indicator variable)

Age -

Gender (Female = 1, 0 otherwise) +

Marital Status (where being married=reference variable)

Single

Widowed

Divorced

Education

Primary or no Education (reference variable)

High school

Tertiary

BMI

Haemoglobin

CD4" cell count

WHO Stage IV

Current TB treatment

Use of Traditional Medicine

Concomitant chronic medication

History of depression

S o B e e A e s

NRTI backbone

Current site (1 Military= reference site)

2 Military Hospital -

3 Military Hospital -

Mthatha

Mtubatuba

Phalaborwa

Missed visit before 6 months

Enrolment year (2008= reference year)

2009 —

2010 B

2011 —
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3.10.2 TESTABLE HYPOTHESES OF LVF MODEL

Since the investigators assume that the same predictors of EVF are relevant for LVF with
similar hypotheses, only the additional hypothesised parameters for the additional six
predictors in respect of the LVF model that are not relevant for the EVF model will be
explained in this section. These variables are suppressed CD4" count after twelve months,
insufficient viral suppression (not <50 cp/m¢t), new concomitant chronic medication, ART
toxicity, inter-site transfer; and any missed visits in the first year of ART.

An increase in the CD4" count after twelve months of ART and subjects transferring within
treatment sites resulted in a lower risk of LVF while the concomitant use of new chronic
medication, subjects experiencing ART toxicity, subjects missing visits in the first year after
initiation of ART increased the risk of LVF.

TABLE 10: HYPOTHESES TESTED (DETERMINANTS OF LVF)

Variable Hypothesized sign
Age -
Gender (Female) +
Marital Status (where being married = reference variable)
Marital Status (1) (Single) +
Marital Status (2) (Widowed) +
Marital Status (3) (Divorced) +

Education Level (Primary or no education = reference variable)

Education Level (1) (High School) -

Education Level (2) (Tertiary education level)

BMI +
Haemoglobin +
CD4+ count +
Use of traditional medicine (Yes =1, 0 otherwise) +
Prior levels of Viral load +
WHO 4 (Yes =1, 0 otherwise) +
NRTI backbone (the drug 3TC+DA4T = reference first line NRTI drug)
NRTI backbone (1) (3STC+TDF) +
NRTI backbone (2) (ZDV+3TC) -
TB treatment (Yes) +
Concomitant use of chronic medication
Chronic medication(1) +

63




Chronic medication(2)

History of depression

Enrolment year (2008 = reference year)

2009

2010

2011

Missed visits before 6 months

Current site (1 Military = reference treatment site)

Mtubatuba

2MuilitaryHospital

3MuilitaryHospital

Mthatha

Phalaborwa

Low CD4* Count after 12 months

Viral suppression not < 50 cp/m¢{

New concomitant chronic medication

ART toxicity

Inter-site transfer

Any missed visit in first year
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CHAPTER 4: RESULTS AND STUDY LIMITATIONS

4.1 OVERALL BASELINE CHARACTERISTICS RESULTS.

This study specifically attempted to assess variables that are significantly associated with an
increased risk of virologic failure. Identifying factors that are associated with an increased
risk of virologic failure is advantageous as these can be used to put measures in place to try
delay or prevent the development of progression of disease.

Of the 1925 identified participants for whom data was captured, only 1285 participants were
eligible to be included in this study due to 640 patients being excluded due to not meeting the
inclusion criteria or missing information; patients with less than six months follow-up,
pregnancy at ART initiation, initiation of ART before 2008 and due to obvious data capture
errors. The site that initiated highest number of patients on ART was 1 Military Hospital in
Pretoria with 33.3% and the lowest initiation site was 2 Military Hospital in Cape Town with
10.0%. Complete data from 1285 patients was available for analysis.

At enrolment, mean age was 38.8 years (range 19 — 69 years); 33.5% were female; 66.5%
were males. The majority of participants, 94.1% initiated ART with an Efavirenz based
regimen. The majority (60 %) initiated ART using the NRTI backbone of D4AT+3TC with
30 % initiating with 3TC+TNV and 10 % initiated with 3TC+ZDV. At the time of ART
initiation, more than half (66.2%) of patients were married. Most patients who initiated the
treatment had high school education, 91.1%.

Patients presented with advanced HIV disease, with median baseline CD4" cell count of
146.34 cells/mm? and Viral load of 186683 cp/ml.

At initiation of ART 16.7% of patients were already on treatment for tuberculosis while
11.7% had a history of AIDS-related symptoms, but no history of extra-pulmonary
tuberculosis. Use of traditional medication and history of depression was significantly low at
11.9% and 0.9% respectively. Participants who initiated ART with concomitant medication
were 12.4%.

4.2 PREDICTORS OF EARLY VIROLOGIC FAILURE

Out of 1285 subjects for whom complete data is available a total of 154 (12.0%) participants
were classified as experiencing EVF in terms of the definition of EVF (Section 3.8). A
population of 154 subjects is statistically large enough to permit reliable statistical analysis.

The results for the determinants or predictors of EVF are summarised in Table 10 below.
Overall, the empirical results are as per the hypothesized relationship albeit there are a few
instances where some of the predictors did not have hypothesised outcome (mostly having
incorrect hypothesised sign). However in those instances where the predictors have the wrong
hypothesised signs, such predictors were statistically not different from zero. There are
however instances where the trend did not confirm the hypothesised effects but showed the
opposite effect. In those instances, the associated values of p > 0.05, which means that the
tested predictor or explanatory variable is not statistically significant.
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This applies to predictors like being in possession of tertiary education, gender, use of
traditional medicine, TB, initiating treatment at Mtubatuba and concomitant use of chronic
medication. On the other hand, most predictors were hypothesized as having an influence on
the outcome, however the associated values of p > 0.05 means that these parameters are
statistically not different from zero (insignificant). The variables that have the hypothesized
signs but are statistically not different from zero include: Age, being divorced or widowed,
and having high school education.

Given the foregoing, the results indicates that being single; having higher prior levels of viral
load; the initiating NRTI backbone treatment; having missed follow-up visits within six
months of ART initiation and receiving treatment at rural sites of Mthatha and Phalaborwa
were found to be significant determinants of EVF since the associated p values < 0.05.
Specifically, not missing follow up visits within six months of ART initiation; and being
administered NRTI backbone of 3STC+TDF or ZDV+3TC significantly reduces the hazard of
the subject experiencing EVF compared to initiating on D4T+3TC, while being single;
having higher initial viral loads; and initiating treatment at the rural sites of Mthatha and
Phalaborwa showed significantly increased hazard odds for the subject to experience EVF.

A brief interpretation of the results may also be in order. In this regard, it is noted that
holding all other variables constant, subjects who are single will experience a 46 % increase
in the probability of experiencing EVF compared with married subjects. And based on the
hazard risk ratio, the risk of a responded who is single experiencing EVF increases by 58%
compared with that of a married people (95% CI 1.083-2300). Subjects who receive their
treatment in the rural clinic sites of Mthatha and Phalaborwa will respectively experience a
71% and 70% increase in the probability of experiencing EVF compared with those receiving
treatment at the 1 Military Hospital in Pretoria.

When the effects of all the other predictors are held constant, patients who are on NRTI drug
combination treatment of TNV+3TC/FTC will experience a 57% reduction in the probability
of experiencing EVF compared with those on an NRTI drug combination of 3TC+D4T/ABC.
By the same token patients on NRTI drug combination of ZDV+3TC will experience a 100.3
% decrease in the probability of experiencing EVF compared with those on the combined
therapy of 3TC+DAT/ABC. Subsequently, the risk of experiencing EVF as measured by the
hazard ratio decreases respectively by 56.5% (95% CI 0.337 - 0.946) and 36.7% (95% ClI
0.195 - 0.691) when subjects were administered the NRTI combinations of 3STC+TNV/FTC
and ZDV+3TC compared with those administered the NRTI drug combination of
3TC+DA4T/ABC.

Finally, subjects who have higher viral loads before ART initiation will experience a 22%
increase in the risk of EVF, and the hazard ratio of 1.243 at the 95% CI of 1.086 to 1.423
suggest that the risk of experiencing EVF for these high viral load patients will increase by
1.243 fold (or 1.243 times) for every unit increase in the cp/m¢ of viral load after adjustment
for the effects of the other predictors in the model or while holding the other predictors
constant.
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Figure 6: Kaplan Meier curve-indicating the time course of measured early virologic failure
for patients on ART treatment.
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TABLE 11: COX PROPORTIONAL HAZARD MODEL: EARLY VIROLOGIC
FAILURE

Variables in the Equation

95.0% CI for Exp(pB)

B SE(B) Wald Df Sig. Exp(B) Lower Upper
Age (-) -0.026 | 0.018 1.975 1 0.160 0.975 0.941 1.010
Gender -0.381 0.236 2.618 1 0.106 0.683 0.430 1.084
Marital status 5.717 3 0.126
Marital status(1) 0.457 0.192 5.652 1 0.017 1.579 1.083 2.300
Marital status(2) 0.247 0.474 0.273 1 0.601 1.281 0.506 3.240
Marital status(3) 0.225 0.468 0.232 1 0.630 1.253 0.501 3.135
Education level 1.139 2 0.566
Education level(1) -10.605 | 211.008 0.003 1 0.960 0.000 0.000 1.010
Education level(2) 0.427 0.401 1.137 1 0.286 1.533 0.699 3.363
BMI -0.002 0.011 0.042 1 0.838 0.998 0.976 1.020
HB before -0.028 0.046 0.383 1 0.536 0.972 0.888 1.063
CD4+_before 0.000 0.001 0.132 1 0.716 1.000 0.997 1.002
Traditional Medicine -0.030 0.285 0.011 1 0.915 0.970 0.555 1.697
JLog (VL before) 0.218 0.069 9.987 1 0.002 1.243 1.086 1.423
WHO4 -0.142 0.252 0.316 1 0.574 0.868 0.530 1.422
NRTI backbone 9.936 2 0.007
NRTI backbone(1) -0.572 0.263 4721 1 0.030 0.565 0.337 0.946
NRTI backbone(2) -1.003 0.323 9.631 1 0.002 0.367 0.195 0.691
TB -0.114 0.223 0.261 1 0.610 0.892 0.576 1.382
Concomitant chronic 0.908 2 0.635
medication
Concomitant chronic -0208 | 0201 [ o511 1 0.475 0.812 0.459 1.437
medication(1)
Concomitant chronic 0170 | 0213 | 0635 1 0.425 0.844 0.556 1.281
medication(0)
IDepression 10.902 | 208.860 0.003 1 0.958 0.823 0.000 3.284
Any missed visitbefore 6 | 1463 | 0437 | 11.193 1 0.001 0.232 0.098 0.546
months
Current site 15.633 5 0.008
IMtubatuba (2) -0.192 0.306 0.395 1 0.530 0.825 0.453 1.502
Cape Town (3) 0.287 0.312 0.844 1 0.358 1.332 0.722 2.456
Bloemfontein (4) 0.366 0.308 1.416 1 0.234 1.442 0.789 2.635
Mthatha (5) 0.705 0.235 9.021 1 0.003 2.024 1.278 3.208
Phalaborwa (6) 0.698 0.280 6.241 1 0.012 2.010 1.162 3.477
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4.3 PREDICTORS OF LATE VIROLOGIC FAILURE

Of the 1285 patients who were placed on ART, 99 (7.7%) patients met the definition of late
virologic failure at N=99, this group was large enough to enable reliable statistical analysis.
The full results of the LVF model are presented in Table 12 below. As already indicated in
the previous section, the LVF model not only includes all the predictors of the EVF model
(including the hypothesised relationships), but is supplemented by an additional six
predictors, namely the CD4" count after twelve months, viral suppression < 50 cp/m¢ after
twelve months, the use of new concomitant chronic medication within a year of ART
initiation, ART toxicity, inter-site transfer; and whether the subjects missed any scheduled
visits after a year of ART initiation.

A number of predictors (such as age, gender, marital status, haemoglobin levels at ART
initiation, being administered the combination of NRTI backbone treatment of the drugs,
TNV + 3TC/FTC and ZDV + 3TC as opposed to the combination NRTI backbone treatment
of the drug D4T +3TC, use of concomitant chronic medication, prior history of depression,
inter-site transfer and missing scheduled visits after a year of being in ART) have the correct
sign but have p values > 0.05 which means they are not statistically different from zero or we
reject the hypothesis that they are predictors of LVF.

On the other hand, a number of predictors (such as being single, all measures of education
level, BMI, prior levels of CD4* count, use of traditional medicine, being in the WHO stage
4, being administered the combination NRTI backbone treatment of the D4AT+3TC (1), any
missed visits before 6 months, receiving treatment at Phalaborwa, Mtubatuba and Mthatha;
and the CD4" count after 12 months) have the wrong sign but are also statistically not
different from zero.

As a result, four predictors, namely; (a) prior levels of viral load, (b) receiving treatment at
the rural site of Phalaborwa sickbay, (c) viral suppression not < 50 cp/m{ and (d) ART
toxicity were found to significantly predict LVF since the associated p values < 0.05.
Specifically, all four predictors are associated with an increase in the risk of a subject
experiencing LVF. Briefly, if all the other predictors were held constant, an increase in viral
load will increase in the risk of experiencing LVF by 33%. By the same token, there will be
a 73% increase in the probability that a subject who experiences ART toxicity will experience
LVF, while subjects whose viral load cannot be less than 50 cp/m{ will experience a 255%
increase in the risk of experiencing LVF. Finally, and assuming ceteris paribus, there will be
a 94.8% probability that a subject who receive treatment at the Phalaborwa sickbay will
experience LVF.

Taking into account the relative risk (hazard) ratio, the investigators find that holding all
other predictors constant, (a) an increase in the levels of viral load before ART initiation will
increase the hazard of such subjects experiencing LVF by 1.39 times at the 95% CI 1.12-1.72
(p = 0.002). (b) the risk of experiencing LVF increases by 39% for subjects who receive
treatment from the Phalaborwa sickbay compared with those who received treatment from 1
Military Hospital in Pretoria at the 95% CI 0.164-0.916 (p = 0.031). (c) assuming ceteris
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paribus, failure by a subjects to supress viral loads to less than 50 cp/m¢t will increase the
hazard of experiencing LVF by more than twelvefold (12.8) at the 95% CI 7.4-22.2
(p =0.000).

Finally, subjects who experienced ART toxicity experienced a 207% increase in the risk of
experiencing LVF compared with those who did not experience ART toxicity 95% CI 1.218-
3.506 ( p = 0.007 ) when holding the effects of all the other predictors constant.
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Figure 7: Kaplan Meier curve- indicating the time course of measured late virologic failure
for patients on ART treatment.
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TABLE 12: COX PROPORTIONAL HAZARD MODEL: LATE VIROLOGIC FAILURE

Variables in the Equation

95.0% CI for
B SE(B) Wald Df Sig Exp(B) [Lower  [Upper

Age -0.028 0.028 0.939 1 0.333 0.973 0.920 1.029
Gender 0.060 0.359 0.028 1 0.866 1.062 0.525 2.148
Marital status 1.553 3 0.670

Marital status(1) 0.103 0.297 0.119 1 0.730 1.108 0.619 1.982
Marital status(2) 0.428 0.577 0.550 1 0.458 1.534 0.495 4.750
Marital status(3) -0.972 1.035 0.883 1 0.347 0.378 0.050 2.874
Education level 3.856 2 0.145

Education level(1) 1.982 1.244 2.540 1 0.111 7.259 0.634 83.090
Education level(2) 1.258 0.694 3.286 1 0.070 3.518 0.903 13.705

BMI -0.002 0.030 0.003 1 0.958 0.998 0.941 1.059
|HB_before -0.028 0.070 0.162 1 0.687 0.972 0.848 1.115
CD4_hefore -0.003 0.002 3.176 1 0.075 0.997 0.993 1.000
Traditional Medicine -0.309 0.402 0.589 1 0.443 0.734 0.334 1.616
JLog (VL before) 0.330 0.108 9.230 1 0.002 1.390 1.124 1.720
WHO4 -0.489 0.377 1.686 1 0.194 0.613 0.293 1.283
NRTI backbone 5.868 2 0.053

NRTI backbone(1) 0.314 0.399 0.622 1 0.430 1.370 0.627 2.993
NRTI backbone(0) -0.820 0.557 2.166 1 0.141 0.440 0.148 1.313
B 0.442 0.366 1.453 1 0.228 1.555 0.759 3.188
concomitant chronic 0.767 2 0.681

medication _

concomitant chronic 0.446 0.535 0.696 1 0.404 1.563 0.548 4.457
medicat!on(l) )

concomitant chronic 0.139 0.300 0.215 1 0.643 1.149 0.639 2.068
medication(2)

Depression 1.024 1.079 0.900 1 0.343 2.785 0.336 23.097
[Any missed visit before 6] -1.953 1.181 2.733 1 0.098 0.142 0.014 1.437
months

Enrolment Year -0.200 0.204 0.961 1 0.327 0.819 0.550 1.221
Current site 6.866 5 0.231
IMtubatuba (2) -0.934 0.564 2.742 1 0.098 0.393 0.130 1.187
Cape Town (3) -0.109 0.393 0.077 1 0.781 0.897 0.415 1.935
Bloemfontein (4) -0.200 0.497 0.161 1 0.688 0.819 0.309 2.171
Mthatha (5) -0.448 0.351 1.637 1 0.201 0.639 0.321 1.269
Phalaborwa (6) 0.948 0.439 4.670 1 0.031 0.388 0.164 0.916
CD4* count (twelve 0.000 0.000 1.983 1 0.159 1.000 1.000 1.001
|m_onth updated_)

Viral Suppression not 2.551 0.279 83.762 1 0.000 12.823 7.425 22.145
<50 cp/mt ) )

New concomitant chronid  0.686 0.397 2.991 1 0.084 1.986 0.913 4.324
medication

ART toxicity 0.726 0.270 7.249 1 0.007 2.067 1.218 3.506
Inter-site transfer 0.369 0.447 0.682 1 0.409 0.691 0.288 1.661
Any missed visit in the 2.197 1.469 2.238 1 0.135 9.000 0.506 160.18
first year

71



Table 11 and 12 above: the 95 % Confidence Interval® for the upper and lower limit for the
mean gives an estimate of how much uncertainty there is in the precision of the estimate of
the mean. The narrower the interval, the more precise the estimate and vice versa. The beta
value is supposed to lie between the upper and lower limit. Confidence interval consists of a
range of values that act as a good estimate of the unknown population parameter. To obtain a
more precise estimate for the mean, the sample size would need to be increased.

4.4 SWITCHING TO SECOND-LINE TREATMENT

Among the total of 253 patients meeting either the early or late virologic failure definition,
only 11.5% (29/253) were switched from first-line treatment to second-line Pl based ART.
However, owing to the small number of cases (i.e. n<30), the model suffers from
consistency? and as such we cannot make meaningful inferences on the resulting regression
results owing to a number of potential problems including biased estimates®. For this reason
as well as the advice of my supervisor, we will not present an analysis of the predictors of the
switch to second-line treatment.

Table 13 displays association of variables in a Cox proportional hazards model with
switching to second-line therapy.

1 A Confidence interval consists of a range of values that act as a good estimate of the unknown population
parameter. A more precise estimate for the mean can be obtained the bigger the sample size.

2 Consistency means that, as the sample size increases, the sampling distribution of the estimator becomes
increasingly concentrated at the true parameter value which implies that the estimator will be unbiased.

3 An estimator is biased if, on average, it fails to hit the true parameter value or if the estimated parameter is not
equal to the true population parameter.
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Figure 8: Kaplan Meier curve indicating the time course for patients on ART treatment
switching to a second-line Pl based ART after first-line treatment failure.
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TABLE 13: COX PROPORTIONAL HAZARD MODELS: SWITCH TO SECOND-LINE
PROTEASE INHIBITOR BASED ART

Variables in the Equation

95.0% CI for
B | SE(B) | wald | Df Exp(B) | Lower | Upper
Step1 log (VL at Failure) 0.318 0.130 6.030 1 0.014 1.375 1.066 1.772
Step 2 log (VL at Failure) 0.755 0.200 14.261 1 0.000 2.128 1.438 3.149
Current site 14.542 5 0.013
Mtubatuba(2) -1.058 0.892 1.407 1 0.236 0.347 0.060 1.994
Cape Town(3) 1.570 0.783 4.025 1 0.045 4.806 1.037 22.279
Bloemfontein(4) 1.252 0.741 2.852 1 0.091 3.497 0.818 14.952
Mthatha(5) 2.176 0.649 11.245 1 0.001 8.807 2.469 31.409
Phalaborwa(6) -0.799 0.822 0.944 1 0.331 0.450 0.090 2.253
Step 3 Calendar year art failure 0.825 0.379 4.746 1 0.029 2.281 1.086 4.790
log (VL at Failure) 0.767 0.217 12.463 1 0.000 2.154 1.407 3.298
Current site 15.493 5 0.008
Mtubatuba(2) -1.472 0.932 2.495 1 0.114 0.230 0.037 1.425
Cape Town(3) 1.976 0.836 5.585 1 0.018 7.210 1.401 37.109
Bloemfontein(4) 1.357 0.754 3.236 1 0.072 3.886 0.886 17.050
Mthatha(5) 1.769 0.670 6.968 1 0.008 5.864 1.577 21.804
Mthatha(6) -1.930 0.983 3.855 1 0.050 0.145 0.021 0.997
Step 4 Calendar year art failure 0.767 0.390 3.872 1 0.049 2.153 1.003 4.620
log (VL at Failure) 0.652 0.219 8.896 1 0.003 1.919 1.250 2.945
B 1.221 0.723 2.853 1 0.091 3.391 0.822 13.989
Current site 16.508 5 0.006
Mtubatuba(2) -1.592 0.943 2.853 1 0.091 0.203 0.032 1.291
Cape Town(3) 2.296 0.881 6.796 1 0.009 9.934 1.768 55.817
Bloemfontein(4) 1.349 0.760 3.151 1 0.076 3.853 0.869 17.083
Mthatha(5) 1.543 0.667 5.346 1 0.021 4.677 1.265 17.294
Phalaborwa(6) -2.236 0.989 5.115 1 0.024 0.107 0.015 0.742

In Table 13 above, a stepwise approach was done.
Variable entered at Step 1 was log (VL at failure)
Variables entered at Step 2: Current site

Variables entered at Step 3: Calendar year ART failure
Variable entered at Step 4: Active TB
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4.5 LIMITATIONS

The information contained in the medical records is only as accurate as the person/s that
entered it into the spread sheet. Similarly, this study was based on the availability of
laboratory results at periodic intervals; hence unavailability of these results and information
on the variables of interest in the sites’ record would ultimately impact the results. Missing
data for some patients would have had an impact on the results.

Reliable PMTCT data to be able to examine the role of single-dose NVP exposure
was lacking.

The overall virologic failure rate was 253, yet the number of patients who were
switched to second-line Pl based therapy was only 29.

Assumptions of virologic failure were made in patients with single VL>1000 cp/m{
after at least 6 months of ART followed by death where no second VL was available,
resulting in uncertainty whether those patients represent true virologic failures or not.
No data with respect to an important potential predictor of Early Virologic Failure,
estimated Glomerula Filtration Rate (eGFR) which is used to screen for and detect
early kidney damage and to help diagnose chronic kidney disease, was collected
during the initial Phidisa 1a trials.
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CHAPTER 5

5.1 DISCUSSION

To the best of the investigators knowledge, this is the first study to investigate the predictors
of early and late virologic failure among HIV positive individuals who are on ART regimens
in a military setting in South Africa. The country is considered resource poor and this impact
on the drugs that are available for ART and the routine testing that is carried out.

The study was conducted in a military setting under the auspices of Phidisa which was a joint
collaboration between South Africa Military and the USA’s Department of Defence and
National Institute of Health. The study included data initially collected from 1925
participants but was reduced to 1285 participants prior to any analysis as the balance of
participants were found to have incomplete data or did not match the inclusion criteria. Only
1285 participants met all inclusion, exclusion and data integrity criteria and reliable data had
been captured. Due to the sample size and time over which the study was conducted this
study has contributed a number of unique findings on the impact of ART for treatment of
HIV positive individuals in South Africa.

For example, the current government recommendations (April 2015) are based on evidence
supporting earlier switch from first line ART to second-line ART following confirmed
virologic failure than was advocated in previous guidelines.

The distribution of patients per site were relatively skewed but this was due to the Phidisa
trials being co-ordinated from Pretoria and that the 1 Military Hospital is the hospital most
commonly used for referred medical cases in the military setting of South Africa. Amongst
the six Phidisa ART initiating sites, 1 Military Hospital had almost double the number of
participants than any of the other sites.

There were more males subjects in the study which is not unexpected as the study was
conducted in a military setting which is male dominant. The majority of patients had
achieved a high school education level and a higher proportion of patients were married. Both
males and females showed late initiation of ART treatment even though the guidelines at the
time recommended initiation of ART when CD4"cell counts were below 200 cells/mm3. The
late initiation of ART resulted in a baseline median CD4" cell count of 149 cells/mm3, where
in an ideal situation the majority of patients would start ART with higher CD4" cell counts
and present with a less advanced disease status. Starting ART with low CD4" cell counts has
been shown to be associated with early mortality mainly caused by Immune Reconstitution
Inflammatory Syndrome (IRIS), which appears after starting ART when the patient is
showing advanced HIV disease status (WHO stage 4), with CD4" cell counts below 50
cells/mm3. CD4" cell counts of these low levels were evident in some of the patients who
were included in the Phidisa studies and included in this study as part of the cohort.

Among the different ART regimens that were used in the Phidisa studies and then assessed in
this study, the highest number of patients were initially on the combination of
EFV+DAT+3TC, mainly due to the previous ART guidelines used by the Department of
Health prior to 2010. In 2010 the ART guidelines were revised and updated and the use of
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D4T on new patients was discouraged due to growing evidence of DAT toxicities. As noted in
the descriptive analysis Table in the appendix, EFV+TDF+3TC is the ART regimen with the
highest number of participants’ recruited post-2010 in accordance with the updated
Department of Health guidelines for ART. This regimen was then considered regimen l1a by
the South African Department of Health and became more readily available, with once daily
dosing, convenience and better patient compliance and tolerance.

The HIV/AIDS treatment approach has significantly changed since this study was conducted.
In 2015, the WHO published new guidelines recommending that anyone infected with HIV
should begin antiretroviral treatment as soon after diagnosis as possible. This ‘treat all’
recommendation responded to findings from clinical trial (The INSIGHT START Study
group 2015) confirming that early use of antiretroviral keeps people living with HIV healthier
and reduces the risk of transmitting the virus to others.

While a cure for HIV would be the best possible outcome, a vaccine to protect against the
virus was entered in a clinical trial in South Africa in July 2016. The trial, called HVTN 702,
will run over the course of three years in South Africa, across four sites receiving the
experimental drug. The researchers are confident that the vaccine will be effective. Noting
that the South African HIV/AIDS government guidelines have recently (September 2016)
adopted the WHO guidelines of initiating patient treatment as soon as they test positive for
the HIV virus.

It would be interesting to investigate the determinants of EVF, LVF and the switch to second-
line therapy when patients initiate treatment as soon as they test positive for the HIV virus in
the future, even when their CD4" cell count shows a high value. However, this study is still
relevant in terms of initiating ARV treatment regimen, prevention, viral load and CD4" cell
count monitoring. One factor that stood out in this study is the fact that patients initiated
treatment when their CD4" cell count was 350 cells/mm3 and below.

At the moment, research has shown that creating drugs with a lower dosage could potentially
save the world billions of rands. Researchers have started to push Dolutegravir (an integrase
inhibitor) to be part of the first-line ART regimen. The introduction of Dolutegravir drug will
allow people to stay on first-line regimens for longer, allowing them to skip the
complications that come with medication available for second and third-line regimen.
Moreover, this would allow patients a more cost-effective treatment plan, as costs of the
second and third-line regimen are very highly priced. When patients are taking Dolutegravir,
they will benefit greatly in that they will be experiencing less side-effects, the size of the
tablet will be smaller, as would be the dosage. While Efavirenz is generally a good drug, it
causes disturbing psychological side effects in small percentage of people. There would also
be a greater reduction level of resistance cases as compared with efavirenz.
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5.2 STUDY FINDINGS AND COMPARISONS WITH OTHER STUDIES

At the onset, it is important to point out that this study intended to investigate possible
predictors of early and late virologic failure as well as the predictors of the switch to second-
line therapy. While there were enough cases to enable a statistical analysis of EVF and LVF,
the same could not be said about the switch to second-line therapy model. As such, detailed
analyses of the predictors of the switch to second-line therapy were not undertaken.

The following predictors were found to statistically explain EVF, namely being single;
having higher prior levels of viral load; taking specific drug combinations of nucleoside
reverse transcriptase inhibitors; having missed follow-up visits within six months of ART
initiation and receiving treatment at rural sites of Mthatha and Phalaborwa.

Specifically, not missing follow up visits within six months of ART initiation; and taking
3TC+TDF and ZDV+3TC compared the drug combination of 3TC+D4T will significantly
reduce the hazard of the subject experiencing EVF while being single; having higher prior
levels of viral loads; and receiving treatment in the rural sites of Mthatha and Phalaborwa
significantly increased the hazard of the subjects experiencing EVF.

On the other hand, the following variables were found to be significant predictors of LVF,
namely; prior levels of viral load, receiving treatment at the rural site of Phalaborwa, subjects
where viral load was not suppressed to below 50 cp/ml. All these predictors were statistically
different from zero suggesting that the hypothesis that they are not predictors of LVF be
rejected. Four other predictors; subjects having tertiary levels of education, low levels of
CD4" count before ART initiation, missed visits before six months and receiving treatment at
Mtubatuba sick bay were also found to have the hypothesized signs but were not statistically
different from zero.

The present study may not necessarily be generalizable to all ART settings in South Africa,
as the data was collected from a multi-site military setting with routine access to viral load
measurements and better access to both clinical and financial resources compared with public
health care settings in the same regions where the Phidisa study groups were living.

Some of the results may warrant further exposition. Ordinarily and given that the military
provides the same standard of care to its personnel throughout, the location of where a patient
was treated should not really make a difference particularly within a military setting.

It is important to note that of the five sites, 1 Military, 2 Military and 3 Military are referral
hospitals offering high standard of care while the three other sites (Mtubatuba, Mthatha and
Phalaborwa) are sickbays that nonetheless offer a superior level of care but would refer
complicated cases to any of the three military hospitals. The fact that receiving treatment at
some of the sickbays such as Mtubatuba and Phalaborwa increases the risk of subjects
experiencing both EVF and LVF may be ascribed more to perceptions by patients about the
perceived level of care received at sickbays. Phalaborwa sick bay for example, is located in
the remote area and the personnel are often out in the bush due to being an active base.
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The results, indicate that subjects who received their treatment at Phalaborwa experience both
early and late virologic failure and the investigators speculate that the level of adherence may
be comprised in certain instances due to delay in delivery of medication, transport issues
(patients travelling long distances from home to the site). Patients may also perceive the level
of care received from sickbays to be inferior as compared with that received from military
hospitals, and we could speculate that this may have an impact on their levels of adherence to
treatment. In that regard, current site may actually assume a status of or act as a proxy for
patient adherence to treatment, a variable that was not measured explicitly in this study. To
this end, the investigators could speculate that current site is a significant predictor not so
much of the fact that there is a difference in the standard or level of care received by patients
across the six different sites (in fact the level of care should have been exactly the same), but
it is significant because patients perceive sickbays to be inferior to hospitals. This perception
has been noted both in South Africa and the African continent where patients tend to
associate primary health care facilities such as clinics and sickbays with inferior level of care
and this tend to affect their level of adherence (see for example Mukora et al., 2011,
Nabbuya-Sekandi et al., 2011, Becker et al., 2012; Visser et al., 2015; and
Ndou et al., 2016).

5.3 CONCLUSIONS, RECOMMENDATIONS AND DIRECTIONS FOR
FUTURE RESEARCH

To the best of the authors’ knowledge, this study is the first of its kind in South Africa to
investigate EVF, LVF and the switch to second-line ARV treatment using data from South
Africa’s military personnel from both urban and rural settings.

Treatment intervention may alleviate short-term problems but prevention interventions must
have long lasting impacts. Education is imperative, values and beliefs are passed on from one
person to another and generation to generation. Education enables individual empowerment,
which is prerequisite of HIV prevention. Consequently, preventative intervention should be
focussed on the very young, as they are more likely to learn and change than adults who may
have already adopted certain ideas and values. Additionally, overcoming issues surrounding
stigma is critical, as well as providing psychological support for patients and families.

HIV is no longer a new infection, and it cannot be ignored as it continues to take lives. It
must continue to be a priority for every community, nation and region. Ignoring it can only
cause serious damage. Awareness must be linked with adequate support to protect the
affected. One of the greatest challenges is to maintain public interest in HIV/AIDS. Without
public interest, public support will be lacking. Awareness must be linked with adequate
support to protect the affected. Priority must be given to those who can amplify and transmit
key messages, such as governmental leaders, representatives of media, religious and
community leaders. They must continue to speak out and influence the public’s attitude
toward the situation and call for active involvement. Education and communication is vital,
as it is through communication that people initiate, develop, maintain and change their
attitude.
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As with all empirical investigations, there will always be limitations in studies and this study
IS no exception. This is a retrospective observational study; there may be unmeasured
underlying determinants that might have affected the final results. There were missing data,
mainly due to patients being lost to follow-up. As such, in order to have a better
understanding of the predictors of both EVF and LVF, it would be interesting to establish
study outcomes if there could be better ways of managing the loss of patients during follow
up as well as finding better ways of measuring important underlying predictors that the
current study is unable to explicitly assess such as patient adherence which are otherwise
important predictors.

Future guideline revisions should make explicit mention of the rational for the thresholds
chosen to define and confirm virologic failure. Patients on the first-line cART for less than a
year have high risk of virologic failure. A careful monitoring of patients particularly in the
first three months of cART initiation is necessary and should include viral load at initiation
and at regular intervals without requiring clinical symptoms to be evident before these tests
are done. With enough commitment, political will and funding, we have the tools to avert the
HIV epidemic since we live in a technologically advanced era.

80



REFERENCES

Abdala N., Stephens P.C., Griffith B.P., Heimer R. 2004. “ Survival of HIV-1 in syringes. Journal of
Acquired Immune Deficiency Syndrome Human Retrovirol, 20(1):73-80,

Abiyona T.C., Onayade A.A., liadunola K.T., Obiajunwa P.O., Aina O.L., and Thairu L.N., 2006.
"Acceptability, feasibility, affordability of infant feeding options for HIV-infected women".
Maternal Child Nutrition, 2(3): 135-144.

Aldous A.L., and Haubrich, R.H. 2009. “Defining treatment failure in resource-rich settings”. Current
Opinion in HIV AIDS, 4: 459-466.

Andries K. H., Azijn T., Thielemans D., Ludovici M., Kukla J., Heeres P., Janssen B., De Corte B.,
Vingerhoets J., Pauwels R., and de Bethune M.P. 2004. “A novel next-generation non-
nucleoside reverse transcriptase inhibitor active against non-nucleoside reverse transcriptase
inhibitor-resistant human immunodeficiency virus type 1”. Antimicrobial Agents
Chemotherapy, 48: 4680-4686.

Anglaret X., Minga A., Gabillard D., Ouassa T., Messou E., Morris B., Traore M., Coulibaly A.,
Freedberg K.A., Lewden C., Ménan H., Abo Y., Dakoury-Dogbo N., Toure S., and Seyler C.
2012. “AIDS and non-AIDS morbidity and mortality across the spectrum of CD4 cell counts
in HIV-infected adults before starting Antiretroviral Therapy in Cote D’ivoire”. Clinical
infectious diseases, 54(5): 714-723.

Auvert B., Taljaard D., Lagarde E., Sobngwi-Tambekou J., Sitta R., and Puren, 2005. “Randomized,
controlled intervention trial of male circumcision for reduction of HIV infection risk: the
ANRS 1265 Trial”. Public Library of Science Medicine, 2: e298.

Badri M., Lawn S.D., and Wood R. 2008. “Utility of CD4 cell counts for early prediction of
virological failure during antiretroviral therapy in a resource-limited setting”. Biomed Central
infectious disease.10.1186/1471-2334-8-89.

Bagasra O., and Bachman S., 1996. “Increased human immunodeficiency virus type 1 replication in
human peripheral blood mononuclear cells induced by ethanol, Potential immune-pathogenic
mechanisms”. Journal of Infectious Diseases, 173(3):550-558.

Baggaley R.F., Boily M.C., White R.G., Alary M. 2006. “Risk of HIV-1 transmission for
parenteral exposure and blood transfusion”. AIDS 20: 805-812.

Bartlett J.A., and Shao J.F., 2009.“Successes, challenges, and limitations of current antiretroviral
therapy in low-income and middle-income countries”. Lancet Infectious Diseases, 9:637-649.

Baxter J.D., Mayers D.L., and Wentworth D.N., 2000,“A randomized study of antiretroviral
management based on plasma genotypic antiretroviral resistance testing in patients failing
therapy”. CPCRA 046 Study Team for the Terry Beirn Community Programs for Clinical
Research on AIDS” .AIDS, 14 F83-93.

Barlo-Mosha L.N., Bagenda D.S., Mudiope P.K., Mubiru, M.C., Butlet L.M., Fowler L.G., and
Musoke P.M. 2012. “The long-term effectiveness of generic adult fixed-dose combination
antiretroviral therapy for HIV-infected Ugandan children”. African Health Sciences, 11(3):
249-258.

Becker J., Dell A., Jenkins L., and Sayed R. 2012. “Reasons why patients with primary health care

problems access a secondary hospital emergency centre” The South African Medical Journal,
102(10):800-801

81



Benson C.A., Kaplan J.E., Masur H., Pau A, and Holmes, K.K. 2005. “Treating opportunistic
Infections among  HIV-Infected Adults and Adolescents”. HIV ~ Medicine
Association/Infectious Diseases Society of America”40:S131-235.

Berg K.M., Demas P.A., Howard A.A., Schoenbaum E.E., Gourevitch M.N., and Arnsten J.H.,
2004.“Gender differences in factors associated with compliance to antiretroviral therapy”.
Journal of General Internal Medicine, 19:1111-1117.

Bhat V.G., Ramburuth M., Singh M., Titi O., Antony A.P.,Chiya L, Irusen E.M., Mtyapi
P.P., Mofoka M.E., Zibeke A, Chere-Sao L.A., Gwadis N, Sethathi N.C., Mbondwana
S.R., Msengana M. 2010. “Factors associated with poor adherence to antiretroviral therapy in
patients attending a rural health Centre in South Africa”. European journal of Microbiology
infectious disease, 29(8):947-953.

Boulle A., Orrel C., Kaplan R., Van Custem G., McNally M, Hilderbrand K., Myer L., Egger M.,
Coetzee D., Maartens G, and Wood R. 2007. "Substitution due to antiretroviral toxicity or
contraindication in the first 3 years of antiretroviral therapy in a large South African cohort".
Antiviral Therapy, 12: 753-760.

Bush C.E., Donovan R.M., Markowitz N.P., Kvale P., and Saravolatz L.D.A. 1996. "A study of HIV-
RNA viral load in AIDS patients with bacterial pneumonia”. Journal of Acquired Immune
Deficiency Syndrome, 13(1): 23-26.

Cain L.E., Logan R., Robins J.M., Sterne J.A., Bansi L., Justice A., Goulet J., Van Sighem, A., de
Wolf F, Bucher, H.C., von Wyl, V., Esteve, A., Casabona, J., del Amo, J., Moreno S., Seng
R., Meyer L., Perez-Hoyos S., Muga R., Lodi S., Lanoy E., Costagliola D., and Hernan,
M.A.,2011. "When to initiate combined antiretroviral therapy to reduce mortality and AIDS-
defining illness in HIV-infected persons in developed countries: an observational study".
Annals of Internal Medicine, 154 (8): 509-515.

Carr, A., and Cooper, D.A.,2000. "Adverse effects of antiretroviral therapy". Lancet, 356:1423-30.

Ceccherini-Silberstein F, Cento V, Calvez V and Perno C.F. 2010. "The use of immunodeficiency
virus resistance tests in clinical practice". Clinical Microbiology and Infections, 16:1511-
1517.

Cesar J.A., Victora C.G., Barros F.C., Santos I.S., and Flores J.A. 1999. "Impact of breastfeeding on
admission for pneumonia during post neonatal period in Brazil". British Medical Journal,
318, 1316-1320.

Cescon A., Patterson S., Chan K.,Palmer, A.K, Margolese S., Burchell, A.N, Cooper C., Klein M.B.,
Machouf N , Montaner J.S.G., Tsoukas C., Hogg R.S., Raboud J.M., and Loutfy M.R. 2013.
"Gender Differences in Clinical Outcomes among HIV Positive Individuals on Antiretroviral
Therapy in Canada". Public Library of science Medicine 8(12): e83649

Chaisson R.E., Gallant J.E., Keruly J.C., and Moore R.D. 1998. "Impact of opportunistic disease on
survival in patients with HIV infection”. AIDS, 12(1):29-33.

Chaix M.L., Ekouevi D.K., Rouet F., Tonwe-Gold B., Viho I., Bequet L., Peytavin G., Toure H.,
Menan H., Leroy V., Dabis F., and Rouzioux C. 2006. "Low risk of nevirapine resistance
mutations in the prevention of mother-to-child transmission of HIV-1". Agence Nationale de
Recherches sur le SIDA Ditrame Plus, Abidjan, Cote d’Ivoire. Journal of Infectious Disease,
193:482-487.

82


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhat%20VG%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramburuth%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Titi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Antony%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiya%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Irusen%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mtyapi%20PP%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mtyapi%20PP%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mofoka%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zibeke%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chere-Sao%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gwadiso%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sethathi%20NC%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mbondwana%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mbondwana%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=20467769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Msengana%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20467769

Chan D.J. 2005. "Factors affecting sexual transmission of HIV-1: current evidence and implications
for prevention". Current HIV Research; 3:223-241.

Chander G., Lau B., and Moore R.D. 2006. "Hazardous Alcohol Use. A Risk Factor for Non-
compliance and lack of suppression in HIV infection". Journal of Acquired Immune
Deficiency Syndrome, 43(4): 411-417.

Chang L.W., Harris J., and Humphreys E. 2010. "Optimal monitoring strategies for guiding when to
switch first-line antiretroviral therapy regimens for treatment failure in adults and adolescents
living with HIV in low-resource settings". Cochrane Database Systemic Review
14;(4):CD008494

Charpentier C., Dwyer D.E., Mammano F., Lecossier D., Clavel F., and Hance A.J. 2004. "Role of
minority populations of human immunodeficiency virus type 1 in the evolution of viral
resistance to protease inhibitors". Journal of Virology, 78:4234-4247.

Chesney M.A. 2006. "The elusive gold standard. Future perspectives for HIV compliance assessment
and intervention™. Journal of Acquired Immune Deficiency Syndrome,1:43 1: S 149-155.

Clavel F., and Hance A.J. 2004. "HIV Drug Resistance". New English Medical Journal, 350: 1023-
1035.

Cobo F., 2014. The impact in developed countries. Imported Infectious Diseases, DOI:
10.1533/9781908818737

Cohen M.S., Chen Y.Q., McCauley M, Gamble T., Kumarasamy J.G., Kumwenda J.,Grinsztein B.,
Pilotto J.H., Godbole S.V., Mehendale S, Chariyalertsak S., Santos B.R., Mayer K.H.,
Hoffman L.F., Eshleman S.H., Piwowar-Manning E., Wang L., Makhema J., Mills LA., de
Bruyn G., Sanne I., Colebunders R., Moses K.R., Laurence J., Shihab H.M., Semitala F,
Lutwama F.,Bakeera-Kitaka S., Lynen L., Spacek L., Reynolds S.J., QuinnT.C., Viner B., and
Mayanja-Kizza H. 2006. "A new model to monitor the virological efficacy of
antiretroviral treatment in resource poor countries". Lancet Infectious Diseases, 6:53-59.

Cohen M.S., Ying M.D., Chen Q, McCauley M., Gamble T., Hosseinipour M.C., Kumarasamy N.,
Hakim J.G., Kumwendal, Grinsztejn B, Pilotto J.H.S.,GodboleS.V., Mehendale S.,
Chariyalertsak S, Santos B.R., Mayer K.H., Hoffman I.F.,Susan P.A., EshlemanH. Piwowar-
ManningE., Wang L., Makhema J., Mills L.A., de Bruyn G., Sanne 1., Joseph Eron J., Gallant
J,Havlir D.,SwindellsS.,Ribaudo H., ElharrarV., Burns D., Taha E., Taha M.B.,Nielsen-
Saines K., CelentanoD.,Essex M., and Fleming T.R. 2011. "Prevention of HIV-1 infection
with early Antiretroviral Therapy". The New England Journal Of Medicine, 365: 493-505.

Collazos J., Asensi V., and Carton J.A. 2007. "Sex differences in clinical, immunological and
virological parameters of HIV-infected patients treated with HAART". AIDS,21(7): 835-843.

Concerted Action on Sero-Conversion to AIDS and Death in Europe (CASCADE Collaboration).
2004. "Short-term risk of AIDS according to current CD4 cell count and viral load in
antiretroviral drug-naive individuals and those treated in the mono-therapy era".
AIDS, 18: 51 - 58.

Coombs R.W., Reichelderfer P.S., and Landay A.L. 2003. "Recent observations on HIV type-1
infection in the genital tract of men and women". AIDS, 17:455 - 480.

Cornell M., Schomaker M., Garone D., Garone D.B., Giddy J, Hoffmann C.J., Maskew M.,Prozesky
H., Wood R., Johnson L.F., Egger M., Boulle A., and Myer L. 2012. "Gender differences in

83


https://www.ncbi.nlm.nih.gov/pubmed/20393969

survival among adult patients starting antiretroviral therapy in South Africa: a multicentre cohort
study". Public Library Of Science Medicine, 10.1371.

CozziL.A., Katzenstein T.L., Ullum H., Ullum H., Phillips A.N., Skinh@i P., Gerstoft J., and
Pedersen, B.K. 1998. "The relative prognostic value of plasma HIV RNA levels and CD4
lymphocyte counts in advanced HIV infection”. AIDS10;12(13):1639-1643.

Cressey T.R., Jourdain G., Lallemant M.J., Kunkeaw S., Jackson J.B., Musoke P., Capparelli E., and
Mirochnick M., 2005. "Persistence of nevirapine exposure during the postpartum period after
intrapartum single-dose nevirapine in addition to zidovudine prophylaxis". Journal of
Acquired Immune Deficiency Syndrome, 1:38 (3):283-288.

Cox D.R., 1972. “Regression models and life tables”. Journal of the Royal Statistical Society, Series
B (Methodological), 34 (2):187 — 220.

Daar E.S., and Richman D.D. 2005. "Confronting the emergence of drug resistant HIV type 1: impact
of antiretroviral therapy on individual and population resistance”. AIDS Research and Human
Retroviruses, 21:343-357.

Das K., Clark A.D., Jr., Lewis P.J., Heeres J, De Jonge M.R., Koymans L.M, Vinkers H.M., Daeyaert
F., Ludovici D.W., Kukia M.J., De Corte B, Kavash R.W., Ho C.Y., Ye H, Lichtenstein
M.A., Andries K, Pauwels R, De Bethune M.P., Boyer P.L., Clark P, Hughes S.H., Janssen
P.A., and Arnold E. 2004, "Roles of conformational and positional adaptability in structure-
based design of TMC125-R165335 (etravirine) and related non-nucleoside reverse
transcriptase inhibitors that are highly potent and effective against wild-type and drug -
resistant HIV-1 variants". Journal of Medicinal Chemistry. 47, 2550-2560.

Deeks S.G. 2003. "Treatment of antiretroviral-drug-resistant HIV-1 infection". Lancet 362
(9400):2002—-2011.

Delfraissy J.F., Flandre P, Delaugerre C, Delaugerre C, Ghosn J, Horban A, Girard P.M., Norton M,
Rouzioux C, Taburet A.M., Cohen-Codar I, Van P.N., and Chauvin J.P., 2008.
"Lopinavir/ritonavir monotherapy or plus zidovudine and lamivudine in antiretroviral-naive
HIV-infected patients”. Aids, 22 (3):385-395.

de Vincenzi 1. 1994. "A longitudinal study of human immunodeficiency virus transmission by
heterosexual partners. European Study Group on Heterosexual Transmission of HIV". New
England Journal of Medicine, 331:341-346.

De Vos A.S., Strydom H., Fouché C.B., Delport C.S.L. 2011. "Research at grass roots-For the Social
Science and Human Service Profession”.

Doherty K.M., Nakka P., King B.M., Rhee S.Y., Holmes S.P., Shafer R.W., and Radhakrishnan,
M.L., 2011. "A multifaceted analysis of HIV-1 protease multidrug resistance phenotypes".
Bio Medical Central Bioinformatics, 12(1):12-477.

Donovan R.M., Bush C.E., Markowitz N.P., Baxa D.M., and Saravolatz L.D. 1996. "Changes in virus
load markers during AlDS-associated opportunistic diseases in human immunodeficiency
virus-infected persons”. Journal of Infectious Diseases, 174(2):401-403.

Dueweke T.J., Pushkarskaya T., Poppe S.M., Swaney S.M., Zhao J.Q., Chen 1.S.Y., Stevenson M.,
and Trapley G. 1993. "A mutation in reverse transcriptase of bis (heteroary) piperazine
resistant human immunodeficiency virus type 1 that confers increased sensitivity to another
non-nucleoside inhibitors". Proceedings of the National Academy of Sciences of the United
States of America pp: 4713-4717.

84



Duffy L. 2005. "Culture and context of HIV prevention in rural Zimbabwe: the influence of gender
inequality". Journal of Trans Cultural Nursing, 16:23-31.

Dykes C., Najjar J., Bosch R.J., Wantman M, Furtado M., Hart S., Hammer S.M., and Demeter
L.M., 2004. "Detection of drug-resistant minority variants of HIV-1 during virologic failure
of Indinavir, lamivudine, and Zidovudine". Journal of Infectious Diseases"”. 189:1091-1096.

Ekwaru J.P., Campbell J, Malamba S., Moore D.M., Were W., and Mermin J. 2013. "The effect of
opportunistic illness on HIV RNA viral load and CD4 + cell count among HIV-positive adults
taking antiretroviral therapy". Journal of the International AIDS Society, 16:17355

El-Khatib Z., Katzenstein D., Marrone G., Laher F., Mohapi L., Petzold M., Morris L., and Ekstrom
A.M. 2011. "Compliance to drug-refill is a useful early warning indicator of virologic and
immunologic failure among HIV patients on first-line ART in South Africa”. Public Library
of Science One, 9;6(3):e17518. doi 10.1371

El-Sadr W.M., Lundgren J.D., Neaton J.D., Gordin F, Abrams D, Arduino R.C., Babiker A, Burman
W., Clumeck N., Cohen C.J., Cohn D, Cooper D., Darbyshire J., EmeryS., Fatkenheuer G.,
Gazzard B., Grund B., Hoy J, Klingman K., Losso M., Markowitz N., Neuhaus J., Phillips A.,
and Rappoport C. 2006. "CD4* cell count-guided interruption of antiretroviral treatment".
New England Journal of Medicine, 355 (22): 2283-2296.

Eshleman S.H., and Jackson J.B. 2002. "Nevirapine resistance after single dose prophylaxis". AIDS
Review, 4:59-63.

Esnouf R.M., Ren J., Hopkins A.L., Ross C.K., Jones E.Y., Stammers D.K., and Stuart D.I. 1997.
"Unique features in the structure of the complex between HIV-1 reverse transcriptase and the
bis (heteroaryl)piperazine (BHAP) U-90152 explain resistance mutations for this non-
nucleoside inhibitor". Proceedings of the National Academy of Sciences.USA 94, 3984-3989.

European AIDS Clinical Society. 2009. "Initial combination regimen for antiretroviral-naive patient".
In: Clinical management and treatment of HIV infected adults in Europe-version5-
2.EACS, Paris, France,17

Fabris P., Tositti G., Manfrin V., Giordani M.T., Vaglia A, Cattelan A.M., and Carlotto A. 2000. "
Does alcohol intake affect highly active antiretroviral therapy (HAART) response in HIV-
positive patients?". Journal of Acquired Immune Deficiency Syndrome, 25:92-93.

Fang G., Burger H., Grimson R., Tropper P., Nachman S., Mayers, D., Weislow, O., Moore, R.,
Reyelt, C., Hutcheon, N., Baker, D., and Weiser, B. 1995. "Maternal plasma human
immunodeficiency virus type 1 RNA level: a determinantand  projected  threshold  for
mother-to-child transmission”. Proceedings of the National Academy of Science U.S
A,92(26).

Ferradini L., Jeannin A., Pinoges L., l1zopet J., Odhiambo D., Mankhambo L., Karungi G., Szumilin
E., Balandine S., Fedida S., Carrieri M.P., Spire B., Ford N., Tassie J.M., GuerinP.J., and
Brasher C. 2006. "Scaling up of highly active antiretroviral therapy in a rural district of
Malawi; an effective assessment”, Lancet, 367(9519):1335-1342

Février M., Dorgham K and Rebollo A. 2011. "CD4+ T Cell Depletion in Human Immunodeficiency
Virus (HIV) Infection". Virus, 3, 586-612.

85



Flys T.S., Chen S., Jones D.C., Hoover D.R., Church J.D., Fiscus S.A., Mwatha A., Guay L.A.,
Mmiro F., Musoke P., Kumwenda N., Taha T.E., Jackson J.B., and Eshleman S.H. 2006.
"Quantitative analysis of HIV-1 variants with the K103N resistance mutation after single-
dose nevirapine in women with HIV-1 subtypes A, C, and D". Journal of Acquired Immune
Deficiency Syndrome.15;42 (5):610-613.

Fox M.P., Van Cutsem G., Giddy J., Maskew M., Keiser O., Prozesky H., Wood R., Hernan M.A.,
Sterne J.A., Egger M., and Boulle A. 2012. "Rates and predictors of failure of first-line
antiretroviral therapy and switch to second-line ART in South Africa".Journal of Acquired
Immune Deficiency Syndrome; 60(4):428-437.

Friis-Moller N., Reiss P., Sabin CA., Weber R., Monforte A.D., EI-Sadr W., Thiebaut R., De Wit S.,
Kirk O., Fontas E., Law M.G., Phillips A, and Lu ndgren, J.D. 2007."Class of
antiretroviral  drugs and the risk of myocardial infarction".New England Journal of
Medicine; 356(17): 1723-1735.

Galetto-Locour A., Yerly S., Perneger T.V., Baumberger C., Hirschel B., and Perrin L., 1996.
"Prognostic value of viraemia in patients with long-standing human immunodeficiency virus
infection". Journal of Infectious Disease: 173: 1388-1393.

Gandhi M., Bacchetti P., Miotti P., Quinn T.C., Veronese F., Greenblatt R.M. 2002. "Does patient
sex affect human immunodeficiency virus levels?" Clinical Infectious Disease 35(3): 313—
322

Gardner E.M., Burman W.J., Steiner J.F., Anderson P.L., and Bangsberg D.R. 2009, “Antiretroviral
medication compliance and the development of class-specific antiretroviral resistance,” AIDS,
23, (9): 1035-1046.

Garenne M. 2006. "Male circumcision and HIV control in Africa". Public Library of Science
Medicine 3:e78.

Geng E.H., Hare C.B., Kahn J.O., Jain V, Van Nunnery T, Christopoulos K.A., Deeks S.G., Gandhi
M., and Havlir D.V. 2012. "The effect of a universal antiretroviral therapy recommendation
on HIV RNA level among HIV-infected patients entering care with a CD4 count greater than
500/mm? in a public health setting”.Clinical Infectious Disease, 55 (12): 1690-1697.

Gianella S and Richman D.D. 2010, "Minority variants of drug-resistant HIV". Journal of Infectious
Diseases, 202(5); 657-666.

Goletti D., Weissman D., Jackson R.W., Graham N.M., Vlahov D, Klein R.S., Munsiff S.S., Ortona
L, Cauda R., and Fauci A.S. 1996. "Effect of Mycobacterium tuberculosis on HIV replication.
Role of immune activation". Journal of Immunology, 157(3):1271- 1278

Grant R.M.,Hecht F.M., Warmerdam M., Liu, L., Liegler T., Petropoulos C.J,Hellmann
N.S., Chesney M., Busch M.P., and Kahn J.0. 2002. "Time trends in primary HIV-1 drug
resistant among recently infected persons”. Journal of the American Medical Association,
288: 181-188.

Gray R.H., Li X, Kigozi G., Serwadda D., Brahmbhatt H., Wabwire-Mangen F., Nalugoda
F., Kiddugavu M., Sewankambo N., Quinn T.C., Reynolds S.J., and Wawer M.J. 2005.
"Increased risk of incident HIV during pregnancy in Rakai, Uganda. Lancet, 366: 1182-1188.

86


http://www.ncbi.nlm.nih.gov/pubmed/?term=Grant%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hecht%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Warmerdam%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liegler%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Petropoulos%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hellmann%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hellmann%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chesney%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Busch%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kahn%20JO%5BAuthor%5D&cauthor=true&cauthor_uid=12095382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kigozi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Serwadda%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brahmbhatt%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wabwire-Mangen%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nalugoda%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nalugoda%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kiddugavu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sewankambo%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quinn%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reynolds%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=16198767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wawer%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=16198767

Gupta R., Hill A., Sawyer A.W., and Pillay D. 2008. "Emergence of drug resistance in HIV type 1-
infected patients after receipt of first-line highly active antiretroviral therapy". Clinical
Infectious Disease; 47 (5): 712-722.

Haas D.W., Ribaudo H.J., Kim R.B., Tierney C, Wilkinson G.R., Gulick R.M., Clifford D.B., Hulgan
T, Marzolini C, and Acosta E.P. 2004. "Pharmacogenetics of efavirenz and central nervous
system side effects": An Adult AIDS Clinical Trials Group study. AIDS, 18:2391-400.

Haas D.W., Wu H, Li H, Bosch R.J., Lederman M.M., Kuritzkes D., Landay A., Connick E., Benson
C., Wilkinson G.R., Kessler H., and Kim R.B.2003."MDRL1 gene polymorphisms and phase 1
viral decay during HIV-1 infection" Journal of Acquired Immune Deficiency Syndrome,34:
295-298.

Hammer S.M., Saag M.S., Schechter M, Montaner J.S.S., Schooley R.T., Jacobsen D.M., Thompson
MA, Carpenter CC, Fischl MA, Gazzard B.G., Gatell J.M., Hirsch MS,Katzenstein
DA, Richman DD, Vella S, Yeni PG, and Volberding PA; 2006. "Treatment for adult HIV
infection": Journal of the American Medical Association, 296:827-843

Halperin D.T., Fritz K, McFarland W, and Woelk G. 2005. "Acceptability of adult male circumcision
for sexually transmitted disease and HIV prevention in Zimbabwe". Sexually Transmitted
Diseases, 32:238—-239.

Halvas E.K., Wiegand A, Boltz V.F., Kearney M, Nissley D, Wantman M, Scott M, Palmer S, Vaida
F, Coffin J.M. and Mellors J.W. 2010. "Low frequency non-nucleoside reverse-transcriptase
inhibitor-resistant variants contribute to failure of efavirenz-containing regiment in treatment-
experienced patients". Journal of Infectious Diseases, 201;672-680.

Hance A.J., Lemiale V, lzopet J, Lecossier D, Joly V, Massip P, Mammano F, Descamps D, Brun-
Vézinet F,and Clavel F.2001. "Changes in human immunodeficiency virus type-1
populations after treatment interruption in patients failing antiretroviral therapy". Journal of
Virology, 75:6410-6417.

Hare C.B., Mellors J, Krambrink A, Su Z, Skiest D, Margolis DM, Patel SS, Barnas D, Frenkel
L, Coombs RW, Aweeka F, Morse G.D., Haas D.W., Boltz V, Palmer S,Coffin J, and Havlir
D.V. 2008. "Detection of non-nucleoside reverse-transcriptase inhibitor-resistant HIV-1 after
discontinuation of virologically suppressive antiretroviral therapy". Clinical Infectious
Disease, 47:421-424.

Harries A.D., Zachariah R, van Oosterhout J.J., Reid SD, Hosseinipour M.C., Arendt V, Chirwa Z,
Jahn A, Schouten E.J., and Kamoto K.2010. "Diagnosis and management of antiretroviral-
therapy failure in resource-limited settings in sub-Saharan Africa: challenges and
perspectives”. The Lancet infectious diseases, 10(1):60-65.

Hayes R, and Weiss H. 2006. "Understanding HIV epidemic trends in Africa". British Medical
Journal, 311:620-621.

Hecht F.M., Grant R.M., Petropoulos C.J., Dillon B, Chesney M.A, Tian H, Hellmann
N.S., Bandrapalli N.1., Digilio L, Branson B, and Kahn J.0.1998. "Sexual transmission of an
HIV-1 variant resistant to multiple reverse-transcriptase and protease inhibitors”. New
England Journal of Medicine. 339:307-311.

87


http://www.ncbi.nlm.nih.gov/pubmed/?term=Tierney%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15622315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilkinson%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=15622315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gulick%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=15622315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clifford%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=15622315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hulgan%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15622315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hulgan%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15622315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marzolini%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15622315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Acosta%20EP%5BAuthor%5D&cauthor=true&cauthor_uid=15622315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bosch%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lederman%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuritzkes%20D%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Landay%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Connick%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Benson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Benson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilkinson%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kessler%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=14600574
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpenter%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fischl%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gazzard%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gatell%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katzenstein%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katzenstein%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richman%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vella%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yeni%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Volberding%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=16905788
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lecossier%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11413308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joly%20V%5BAuthor%5D&cauthor=true&cauthor_uid=11413308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Massip%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11413308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mammano%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11413308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Descamps%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11413308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brun-V%C3%A9zinet%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11413308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brun-V%C3%A9zinet%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11413308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clavel%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11413308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Su%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Skiest%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Margolis%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barnas%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frenkel%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frenkel%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coombs%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aweeka%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morse%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haas%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boltz%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palmer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coffin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Havlir%20DV%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Havlir%20DV%5BAuthor%5D&cauthor=true&cauthor_uid=18558886
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dillon%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9682043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chesney%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=9682043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9682043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hellmann%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=9682043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hellmann%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=9682043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bandrapalli%20NI%5BAuthor%5D&cauthor=true&cauthor_uid=9682043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Digilio%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9682043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Branson%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9682043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kahn%20JO%5BAuthor%5D&cauthor=true&cauthor_uid=9682043

Hirsch M.S., Gunthard H.F., Schapiro J.M., Brun-Vézinet F, Clotet B, Hammer S.M., Johnson
V.A., Kuritzkes D.R., Mellors JW., Pillay D, Yeni P.G., Jacobsen D.M.,and Richman
D.D.2008. "Antiretroviral drug resistance testing in adult HIV-1 infection": Clinical
Infectious Diseases, 47:266—285.

Hoare A., Kerr S.J., Ruxrungtham K., Ananworanich J., Law M.G., Cooper D.A., Phanuphak P., and
Wilson D.P., 2010. "Hidden Drug Resistant HIV to Emerge in the Era of Universal Treatment
Access in Southeast Asia" Public Library of Science Medicine one, 10: 1371.

Hogg R.S., Bangsberg D.R., Lima V.D., Alexander C, Bonner S, Yip B, Wood E, Dong W.W.,
Montaner J.S., and Harrigan P.R.2006. "Emergence of drug resistance is associated with an
increased risk of death among patients first starting HAART". Public Library of Science
Medicine one, 3 (9): 356

Hogg R.S, Yip B, Chan K.J, Wood E, Craib K.J.P, O'Shaughnessy M.V., and Montaner J.S. 2001.
"Rates of disease progression by baseline CD4 cell count and viral load after initiating triple-
drug therapy". Journal of the American Medical Association, 286(20):2568-2577.

Hosseinipour M, Kumwenda J, Weigel R, Brown L, Mzinganjira D, Mhango B, Eron J.J., Phiri S, and
Van Oosterhout J.J. 2010. "Second-line treatment in the Malawi antiretroviral programme:
high early mortality, but good outcomes in survivors, despite extensive drug resistance at
baseline”.  HIV medicine, 11(8):510-518.

Hosseinipour M.C., van Oosterhout J.J., Weigel R, Phiri S, Kamwendo D, Parkin N, Fiscus
S.A., Nelson J.A., Eron J.J., and Kumwenda J. 2009. "The public health approach to identify
antiretroviral therapy failure: high-level nucleoside reverse transcriptase inhibitor resistance
among Malawians failing first-line antiretroviral therapy". AIDS Journal, 23(9):1127.

Hu Z., Yang X., Ho P.C., Chan S.Y., Heng P.W., and Chan E. 2005. "Herb-drug interactions":
a literature review. Drugs, 65:1239-1282.

Jayathunge P.H.M., McBride W.J.H., Mac Laren W., Kaldor J. , Andrew Vallely A., and Turville S.
2014. "Male circumcision and HIV Transmission": The open AIDS journal, 8, 31-34.

Johnson J.A., Li, J.F., Wei X,, Lipscomb J., Irlbeck D., Craig C., Smith A., Bennett D.E., Monsour
M., Sandstrom P., Lanier E.R., and Heneine W. 2008. "Minority HIV-1 Drug resistance
mutations are present in Antiretroviral treatment-naive populations and associate with
reduced treatment efficacy™ Public library of science one, 5(7) e158.

Johnson V.A., Calvez V., and Gunthard H.F. 2013. "Update of the drug resistance mutations in
HIV-1". Topics in Antiviral Medicine, 21:6-14.

John-Steward G.C., 2007, "Breast-Feeding and HIV-1 Transmission—How Risky for How Long?"
The Journal of infectious disease. 196(1) 10.1086/518516.

Kapoor A., Jones M., Shafer R.W., Rhee S.Y., Kazanjian P. and Delwart E.L. 2004."Sequencing
based detection of low-frequency human immuno-deficiency virus type 1 drug-resistant
mutants by an RNA/DNA hetero-duplex generator-tracking assay". Journal of Virology,
78:7112-7123.

Keiser O., Chi B.H., Gsponer T., Boulle A., Orrell C., Phiri S., Maxwell N., Maskew M., Prozesky
H., Fox M.P., Westfall A., Egger M., and for the leDEA Southern Africa Collaboration. 2011.
"Outcomes of Antiretroviral treatment in programmes with and without routine viral load
monitoring in South Africa”. AIDS, 25(14): 1761-1769.

88


http://www.ncbi.nlm.nih.gov/pubmed/?term=Brun-V%C3%A9zinet%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clotet%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hammer%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuritzkes%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mellors%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pillay%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yeni%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobsen%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richman%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richman%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=18549313
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fiscus%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=19417582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fiscus%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=19417582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nelson%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=19417582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eron%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=19417582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumwenda%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19417582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lipscomb%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Irlbeck%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Craig%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bennett%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monsour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monsour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sandstrom%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lanier%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heneine%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18666824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keiser%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chi%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gsponer%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boulle%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orrell%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phiri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maxwell%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maskew%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prozesky%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fox%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Westfall%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21681057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Egger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21681057

Kessler H., Deeks S., and Grant R. 2000. "Understanding assays: a guide to HIV resistance tests".
Rush-Presbyterian-St Lukes' Medical centre.

Kitahata M.M., Gane S.J., Abraham A.G., Merriman B., Saag M.S,, Justice A.C,, Hogg R.S,, Deeks
S.G,, Eron J.J, Brooks J.T., Rourke S.B., Gill M.J.,, Bosch R.J., Martin J.N.,Klein
M.B., Jacobson L.P.,Rodriguez B, Sterling T.R., Kirk G.D., Napravnik S, Rachlis
AR., Calzavara L.M., Horberg M.A., Silverberg M.J., Gebo K.A., Goedert J.J., Benson
C.A, Collier A.C.,,Van Rompaey S.E.,Crane H.M., McKaig R.G. Lau B., Freeman
A.M., and Moore R.D. 2009. "Effect of early versus deferred antiretroviral therapy for HIV
on survival". New England Journal of Medicine; 360 (18): 1815-1826.

Kohlstaedt L.A., Wang J., Friedman J.M., Rice P.A., and Steitz T.A. 1992: "Crystal structure at 3.5 A
resolution of HIV-1 reverse transcriptase complexes with an inhibitor". Science 256, 1783—
1790 .

Kramer, M.S., Chalmers, B., Hodnett, E.D. 2011, "Promotion of breastfeeding intervention trial" The
Journal of the American Medical Association, 285(4); 413-420

Kupyer L.M., Wood E., Montaner J.S., Yip B., O’connell J.M., and Hoggs R.S.2004. "Gender
differences in HIV-1 RNA rebound attributed to incomplete antiretroviral compliance among
HIV infected patients in a population-based cohort". Journal of Acquired Immune Deficiency
Syndrome 37(4): 1470-1476.

Lawn S.D., Campbell L., Kaplan R., Boulle A., Cornell M., Kerschberger B., Morrow C., Little F.,
Egger M., and Wood R. 2011. " Time to initiation of Antiretroviral Therapy among patients
with HIV-associated Tuberculosis in Cape Town, South Africa". Journal of Acquired Immune
deficiency syndromes. 57(2): 136-140.

Lecossier D., Shulman N.S., Morand-Joubert L., Shafer R.W., Joly V., Zolopa A.R., Clavel F., and
Hance A.J. 2005. "Detection of minority populations of HIV-1 expressing the K103N
resistance mutation in patients failing nevirapine”. Journal of Acquired Immune Deficiency
Syndrome, 38:37-42.

Lee EJ., Kantor R., Zijenah L., Sheldon W., Emel L., Mateta P., Johnston E., Wells J., Shetty
A.K., Coovadia H., Maldonado Y., Jones S.A., Mofenson L.M., Contag C.H., Bassett M, and
Katzenstein D.A. 2005. "Breast-milk shedding of drug-resistant HIV-1 sub-type C in women
exposed to single-dose nevirapine™. Journal of Infectious Disease,192:1260-1264.

L'Homme R.F., Nijland H.M., Gras L., Aarnoutse R.E., van Crevel R., Boeree M., Brinkman K., Prins
J.M., Juttmann J.R., and Burger D.M.2009. "Clinical experience with the combined use of
Lopinavir/ritonavir and rifampicin”. AIDS ; 23:863-865.

Levison J.H., Orrell C., Losina E., Lu Z., Freedberg K.A., and Wood R. 2011, "Early outcomes and
the virologic impact of delayed treatment switching on second-line therapy in an antiretroviral
roll-out program in South Africa'. Antiviral Therapy (London.), 16(6):853.

Levison J.H., Wood R., Scott C.A., Ciaranello A.L., Martinson N.A., Rusu C., Losina E., Freedberg
K.A., and Walensky R.P. 2013. "The clinical and economic impact of Genotype Testing at
First-line Antiretroviral Therapy failure for HIV-Infected patients in South Africa". Clinical
Infectious Disease, 56(4): 587-597.

89


http://www.ncbi.nlm.nih.gov/pubmed/?term=Merriman%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saag%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Justice%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hogg%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deeks%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deeks%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eron%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brooks%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rourke%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gill%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bosch%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20JN%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Klein%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Klein%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobson%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sterling%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kirk%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Napravnik%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rachlis%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rachlis%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Calzavara%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Horberg%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silverberg%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gebo%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goedert%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Benson%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Benson%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Collier%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Rompaey%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Crane%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=McKaig%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lau%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Freeman%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Freeman%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moore%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=19339714
http://jamanetwork.com/searchresults?author=Michael+S.+Kramer&q=Michael+S.+Kramer
http://jamanetwork.com/searchresults?author=Beverley+Chalmers&q=Beverley+Chalmers
http://jamanetwork.com/searchresults?author=Ellen+D.+Hodnett&q=Ellen+D.+Hodnett
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sheldon%20W%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Emel%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mateta%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnston%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wells%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shetty%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shetty%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coovadia%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maldonado%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mofenson%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Contag%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bassett%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katzenstein%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=16136470
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aarnoutse%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=19352137
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Crevel%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19352137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boeree%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19352137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brinkman%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19352137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prins%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19352137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prins%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19352137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Juttmann%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=19352137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burger%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=19352137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ciaranello%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=23087386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martinson%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=23087386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rusu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23087386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Losina%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23087386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Freedberg%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=23087386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Freedberg%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=23087386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walensky%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=23087386

Li Li., Eron J.J., Ribaudo H., Gulick R.M., and Johnson B.A. 2012."Evaluating the Effect of Early
Versus Late ARV Regimen Change if Failure on an Initial Regimen™: .Journal of the
American Statistical Association, 107(498):542-554.

Little S.J., Holte S., Routy J.P., Daar E.S., Markowitz M., Collier A.C., Koup R.A., Mellors
JW., Connick E, Conway B, Kilby M, Wang L, Whitcomb J.M., Hellmann N.S, and
Richman D.D. 2002. "Antiretroviral-drug resistance among patients recently infected with
HIV". New England Journal of Medicine,347:385-394.

Lodi S., Fisher M., Phillips A., De Luca A., Ghosn J., Malyuta R., Zangerle R., Moreno S.,
Vanhems P., Boufassa F., Guiguet M., Porter K.and for CASCADE Collaboration in
EuroCoord. 2013. "Symptomatic illness and low CD4 cell count at HIV seroconversion as
markers of severe primary HIV infection". Public Library Of Science one, 8(11) e78642.

Long L., Fox M., Sanne 1., and Rosen S. 2010. "The high cost of second-line antiretroviral therapy for
HIV/AIDS in South Africa". AIDS, 24:915-9109.

Lundgren J.D., Mocroft A, Gatell J.M., Ledergerber B, Moforte A.D., Hermans P, Goebel F.D.,
Blaxhult A, Kirk O and Phillips A.N. 2002. "A clinically prognostic scoring system for
patients receiving highly active antiretroviral therapy: results from the EuroSIDA study".
Journal of Infectious Disease,185:178-187.

Lurie M.N., Williams B.G., Zuma K., Mkaya-Mwamburi D., Garnett G., Sturm A.W., Sweat
M.D., Gittelsohn J.,and Abdool Karim S.S. 2003. "The impact of migration on HIV-1
transmission in South Africa". A study of migrant and non-migrant men and their partners.
Sexually Transmitted Diseases, 30:149— 156.

Luzuriaga K., and Sullivan J.L. 2005. "Prevention of mother-to-child transmission of HIV infection".
Clinical Infectious Diseases, 40:466-467.

Maartens G., Decloedt E., and Cohen K. 2009. "Effectiveness and safety of antiretrovirals with
Rifampicin: crucial issues for high-burden countries”. Antiviral Therapy14:1039-1043.

Madec Y., Leroy S., Rey-Cuille M., Huber F., and Calmy A. 2013. "Persistent Difficulties in
Switching to Second-Line ART in Sub-Saharan Africa". Public library of Science one
;8(12):e82724.

Marconi V.C., Sunpath H., Lu Z., Gordon M., Koranteng-Apeagyei K., Hampton J., Carpenter
S., Giddy J., Ross D., Holst H., Losina E., Walker B.D., Kuritzkes D.R.2008. "Prevalence of
HIV-1 drug resistance after failure of a first highly active antiretroviral therapy regimen in
Kwa-Zulu Natal, South Africa". Clinical Infectious Disease, 46:1589-1597.

Markowitz M., Mohri H., Mehandru S., Shet A., Berry L., Kalyanaraman R., Kim A., Chung
C., Jean-Pierre P., Horowitz A.,La Mar M., Wrin T., Parkin N., Poles M., Petropoulos
C., Mullen M., Boden D., and Ho D.D. 2005. "Infection with multidrug resistant, dual-tropic
HIV-1 and rapid progression to AIDS": a case report. Lancet; 365:1031-1038.

Martinez-Picado J., Morales-Lopetegi K.,Wrin T., Prado J.G., Frost S.D., Petropoulus C.J., Cloete B.,
and Ruiz L.2002. "Selection of drug-resistant HIV-1 mutants in response to repeated
structured treatment interruptions”. AIDS; 16:895-899.

Masese L., Baeten J.M., Richardson B.A., Bukusi E., John-Stewart G., GrahamS.M., Shafi J., Kiarie
J., Overbaugh J., and Scott R. 2015. "Changes in the contribution of Genital Tract Infections
to HIV acquisition among Kenyan High-risk Women From 1993 to 2013"AIDS, 29(9): 1077—
1085.

90


http://www.ncbi.nlm.nih.gov/pubmed/?term=Koup%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mellors%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mellors%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
http://www.ncbi.nlm.nih.gov/pubmed/?term=Connick%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
http://www.ncbi.nlm.nih.gov/pubmed/?term=Conway%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kilby%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
http://www.ncbi.nlm.nih.gov/pubmed/?term=Whitcomb%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hellmann%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richman%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=12167680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lodi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fisher%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Luca%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malyuta%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zangerle%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vanhems%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boufassa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guiguet%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porter%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24244330
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mkaya-Mwamburi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12567174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garnett%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12567174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sturm%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=12567174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sweat%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=12567174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sweat%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=12567174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gittelsohn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12567174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abdool%20Karim%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=12567174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gordon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koranteng-Apeagyei%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hampton%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpenter%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpenter%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Giddy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ross%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holst%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Losina%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuritzkes%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=18419495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jean-Pierre%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Horowitz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=La%20Mar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wrin%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parkin%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Poles%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Petropoulos%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Petropoulos%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mullen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boden%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15781098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ho%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=15781098

May M, Boulle A, Phiri S, Messou E, Myer L, Wood R, Keiser O, Sterne J.A., Dabis F, Egger M.,
2010. "Prognosis of patients with HIV-1 infection starting antiretroviral therapy in sub-
Saharan Africa: a collaborative analysis of scale-up programs". Lancet 376, 449-457.

Mclintyre J. 2006. "Strategies to prevent mother-to-child transmission of HIV. Current Opinion in
Infectious Disease,19:33-38.

Meditz A.L., Ma Whinney S., Allshouse A., Feser W., and Markowitz M. 2011. "Sex, race and
geographic region influence clinical outcomes following primary HIV-1 infection. Journal of
Infectious Diseases 203(4): 442-451.

Mellors J.W., Munoz A., Giogi J.V., Margolick J.B., Tassoni C.J., Gupta P., Kingsley L.A., Todd
J.A., Saah A.J., Detels R., Phair J.P., and Rinaldo C.R. Jr.1997. "Plasma viral load and CD4*
lymhocytes as prognostic markers of HIV-1 infection". Annals of Internal Medicine; 126:946-
954.

Merluzzi V.J., Hargrave K.D., Labadia M., Grozinger K., Skoog M., Wu J.C., Shih C., Eckner K.,
Hattox S., Adams J., Rosehthal A.S., Faanes R., Eckner R.J., Koup R.A., and Sullivan J.L.
1990 "Inhibition of HIV-1 Replication by a Non-nucleoside Reverse Transcriptase Inhibitor"
Science 250. 4986: 1411.

Metzner K.J., Bonhoeffer S., Fischer M., Karanicolas R., Allers K., Joos B., Weber R., Hirschel
B., Kostrikis L.G., and Ginthard H.F. 2003. "Emergence of minor populations of human
immuno deficiency virus type 1 carrying the M184V and L90M mutations in subjects
undergoing structured treatment interruptions”. Journals of Infectious Disease, 188:1433—
1443.

Miguez M.J., Shor-Posner G., Morales G., Rodriguez A., and Burbano X. 2003. "HIV treatment in
drug abusers: impact of alcohol use". Addiction Biology,8:33-37.

Miller C.M., Ketlhapile M., Rybasack-Smith H., and Rosen S. 2010. "Why are antiretroviral treatment
patients lost to follow-up"? Tropical Medicine and International Health. 1:48-54.

Miller V., Andrew N., Phillips A.N., Clotet B., Mocroft A., Ledergerber B., Kirk O., Ormaasen
V., Gargalianos-Kakolyris P., Vella S., and Lundgren J.D. 2002. "Association of viral load,
CD4 Cell count, and Treatment with Clinical Progression in Human Immunodeficiency
Virus-infected Patients with very Low CD4 cell Counts" Journal of infectious Diseases, 186:
189-197.

Mofenson L.M., Lambert J.S., Stiehm E.R., Bethel J, Meyer W.A. IlI, Whitehouse J., Moye J.,
Jr, Reichelderfer P., Harris D.R., Fowler M.G., Mathieson B.J., and Nemo G.J. 1999. "Risk
factors for perinatal transmission of human immuno deficiency virus type 1 in women treated
with zidovudine”. Pediatric AIDS clinical trials group study 185 team. New England Journal
of Medicine, 341(6):385-393.

Mole L., Ripich S., Margolis D., and Holodniy M. 1997. "The impact of active herpes simplex virus
infection on human immuno deficiency virus load". Journal of Infectious Diseases,
176(3):766-770.

Mulder J., McKinney N., Christopherson C., Sninsky J., Greenfield L., and Kwok S. 1994. "Rapid
and simple PCR assay for quantitation of human immunodeficiency virus type 1 RNA in
plasma™: application to acute retroviral infection. Journal of Clinical Microbiology. 32: 292-
300.

91


http://www.ncbi.nlm.nih.gov/pubmed/?term=Margolick%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tassoni%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kingsley%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Todd%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Todd%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saah%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Detels%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phair%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rinaldo%20CR%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=9182471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Karanicolas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14624368
http://www.ncbi.nlm.nih.gov/pubmed/?term=Allers%20K%5BAuthor%5D&cauthor=true&cauthor_uid=14624368
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joos%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14624368
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weber%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14624368
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hirschel%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14624368
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hirschel%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14624368
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kostrikis%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=14624368
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCnthard%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=14624368
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moye%20J%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=10432323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moye%20J%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=10432323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reichelderfer%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10432323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=10432323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fowler%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=10432323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mathieson%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=10432323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nemo%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=10432323

Mukora R., Charalambous S., Dahab M., Hamilton R., and Karstaedt A. 2011. " A study of
patients' attitude towards decentralisation of HIV care in an urban clinic in South
Africa". Biomed Central Health Services Research:1472-6963-11-205

Murphy R.A., Sunpath H., Lu Z., Chelin N., Losina E, Gordon M., Ross D., Ewusi A.D., Matthews
L.T., Kuritzkes D.R., and MarconiV.C. 2010. "Outcomes after virologic failure of first-line
ART in South Africa". AIDS 24: 1007-1012.

Murphy S.A., van der Laan M.J., and Robins J.M. 2001. "Marginal Mean Models for Dynamic
Regimes". Journal of the American Statistical Association. 96:1410-1423.

Murray J.S., Elashoff M.R., lacono-Connors L.C., Cvetkovich T.A., and Struble K.A. 1999, "The Use
of Plasma HIV RNA as a Study Endpoint in Efficacy Trials of Antiretroviral Drugs". AIDS.;
13(7):797-804.

Myer L., Denny L., Telerant R., Souza M., Wright T.C. Jr, and Kuhn L. 2005."Bacterial vaginosis and
susceptibility to HIV infection in South African women™: a nested case-control study. Journal
of Infectious Diseases.192:1372-1380.

Nabbuye-Sekandi J., Makumbi F.E., Kasangaki A., Kizza I.B., Tugumisirize J., Nshimye E., Mbabali
S., and Peters D.H. 2011. "Patient satisfaction with services in outpatient clinics at Mulago
hospital, Uganda" International journal for quality in health care. 516-523

Napravnik S, Poole C, Thomas J.C., and Eron J.J Jr. 2002."Gender difference in HIV RNA levels" a
meta-analysis of published studies. Journal of Acquired Immune Deficiency Syndrome. 31(1):
11-19.

Ncayiyana D.J., 2011, "The illusive promise of circumcision to prevent female-to male HIV
infection". The South African Medical Journal, 101,11.

Ndou T.V., Maputle S.M., and Risenga P.R.2016. "HIV-positive patients' perceptions of care received
at a selected antiretroviral therapy clinic in Vhembe district, South Africa". African journal of
Primary health care and family medicine. 8(2): 926.

Newell M.L. 2006. "Current issues in the prevention of mother-to-child transmission of HIV-1
infection". Transactions of the Royal Society of Tropical Medicines and Hygiene ;100:1-5.

Nglazi M.D., Lawn S.D., Kaplan R., Kranzer K., Orrell C., Wood R., and Bekker L.G. 2011
"Changes in programmatic outcomes during 7 years of scale-up at a community-based
antiretroviral treatment service in South Africa”. Journal of Acquired immuno deficiency
Syndrome, 56(1) el-e8.

Nicastri E., Angeletti C., Palmisano L., Sarmati L., Chiesi A., Geraci A., Andreoni M., and Vella S.
2005. "Gender differences in clinical progression of HIV-1 infected individuals during long-
term highly active antiretroviral therapy”. AIDS , 19:577-583.

Nicastri E., Leone S., Angeletti C., Palmisano L., Sarmati L., Chiesi A., Geraci A., Vella S., Narciso
P., Corpolongo A., and Andreoni M. 2007. "Sex issues in HIV-1 infected persons during
highly active antiretroviral therapy: a systematic review". Journal of Antimicrobial
Chemotherapy 60(4): 724-732.

92


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gordon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20397305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ross%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20397305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ewusi%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=20397305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matthews%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=20397305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuritzkes%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=20397305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marconi%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=20397305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nglazi%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=21084996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lawn%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=21084996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaplan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21084996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kranzer%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21084996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orrell%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21084996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wood%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21084996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bekker%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=21084996
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sarmati%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15802976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chiesi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15802976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Geraci%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15802976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andreoni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15802976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vella%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15802976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chiesi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17715125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Geraci%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17715125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vella%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17715125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Narciso%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17715125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Narciso%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17715125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Corpolongo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17715125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andreoni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17715125

O'Brien W.A., Hartigan P.M., Martin D., Esinhart J., Hill A., Benoit S., Rubin M., Simberkoff
M.S., and Hamilton J.D. 1996. "Changes in plasma HIV-1RNA and CD4" lymphocyte counts
and the risks of progression to AIDS". Veterans Affairs Cooperative Study Group on aids.
New England Journal of Medicine, 334 (7): 426-431.

Orenstein J.M., Fox C., and Wahl S.M. 1997. "Macrophages as a source of HIV during opportunistic
infections". Science, 276(5320): 1857-1861.

Orrell C., Walensky R.P., Losina E., Pitt J., Freedberg K.A., and Wood R. 2009. "HIV type-1 clade C
resistance genotypes in treatment-naive patients and after virological failure in a large
community antiretroviral therapy programme". Antiretroviral Therapy 14:523-531.

Osmond D.H., Chin D.P., Glassroth J, Kvale P.A., Wallace J.M., Rosen M.J., Reichman L.B., Poole
W.K., and Hopewell P.C. 1999. "Impact of bacterial pneumonia and Pneumocystis
cariniipneumonia on human immunodeficiency virus disease progression”. Pulmonary
complications of HIV study group. Clinical Infectious Diseases, 29(3):536-543.

Palepu A., Tyndall M\W., Li K., Yip B., O'Shaughnessy M.V., Schechter M.T, Montaner J.S., and
Hogg R.S. 2003. "Alcohol use and incarceration adversely affect HIV-1 RNA suppression
among injection drug users starting antiretroviral therapy". Journal of Urban Health, 80:667—
675.

Palella Jr F.J., Armon C., Buchacz K., Cole S.R., Chmiel J.S., Novak R.M., Wood K, Moorman A.C.,
and Brooks J.T. 2009. "The association of HIV susceptibility testing with survival among
HIV-infected patients receiving antiretroviral therapy': a cohort study. Annals of Internal
Medicine, 151 (2): 73-84.

Palmer S., Boltz V., Maldarelli F., Kearney M., Halvas E.K., Rock D., Falloon J., Davey R.T.,
Jr, Dewar R.L., Metcalf J.A., Mellors J.W., and Coffin J.M. 2006. "Selection and persistence
of non-nucleoside reverse transcriptase inhibitor-resistant HIV-1 in patients starting and
stopping non-nucleoside therapy". AIDS ,20:701-710.

Palmer S., Boltz V., Martinson N., Maldarelli F., Gray G., Mcintyre J., Mellors J., Morris L., Coffin
J. 2006. "Persistence of nevirapine-resistant HIV-1 in women after single-dose nevirapine
therapy for prevention of maternal-to-fetal HIV-1 transmission™. Proceedings of the National
Academy of Sciences USA, 103:7094-7099.

Palmer S., Kearney M., Maldarelli F., Halvas E.K., Bixby C.J., Bazmi H., Rock D., Falloon J., Davey
R.T., Jr, Dewar R.L., Metcalf J.A.,Hammer S, Mellors J.W.,and Coffin J.M. 2005.
"Multiple, linked human immunodeficiency virus type 1 drug resistance mutations in
treatment-experienced patients are missed bystandard genotype analysis". Journal of Clinical
Microbiology; 43:406-413.

Palombi L., Marazzi M.C., Guidotti, G., Germano, P., Buonomo, E., Scarcella, P., Altan, A.D., Ines
Da Vitoria M. Zimba, I.D.M., Lio, M.M.S., and De Luca A. 2009. "Incidence and predictors
of death, Retention, and switch to second-line regimen in Antiretroviral-treated Patients in
Sub-Saharan African Sites with Comprehensive monitoring availability”. Clinical infectious
diseases, 48:115-122.

Panel on Antiretroviral Guidelines for Adults and Adolescents. 2012. "Guidelines for the use of
antiretroviral agents in HIV-1-infected adults and adolescents. US Department of Health and
Human Services, 1-239.

93


http://www.ncbi.nlm.nih.gov/pubmed/?term=Esinhart%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8552144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hill%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8552144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Benoit%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8552144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rubin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8552144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simberkoff%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=8552144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simberkoff%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=8552144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamilton%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=8552144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yip%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14709714
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Shaughnessy%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=14709714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schechter%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=14709714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Montaner%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=14709714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hogg%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=14709714
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cole%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=19620160
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chmiel%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=19620160
http://www.ncbi.nlm.nih.gov/pubmed/?term=Novak%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=19620160
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wood%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19620160
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moorman%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=19620160
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brooks%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=19620160
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kearney%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halvas%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rock%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Falloon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davey%20RT%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davey%20RT%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dewar%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Metcalf%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mellors%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coffin%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=16514300
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maldarelli%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16641095
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gray%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16641095
http://www.ncbi.nlm.nih.gov/pubmed/?term=McIntyre%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16641095
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mellors%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16641095
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morris%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16641095
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coffin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16641095
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coffin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16641095
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halvas%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bixby%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bazmi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rock%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Falloon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davey%20RT%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davey%20RT%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dewar%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Metcalf%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hammer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mellors%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=15635002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coffin%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15635002

Parienti J.J., Das-Douglas M., Massari V., Guzman D., Deeks S.G., Verden R., and Bangsberg D.R.
2008. “Not all missed doses are the same: sustained NNRTI treatment interruptions predict
HIV rebound at low-to-moderate compliance levels”. Public Library of Science One, vol. 3,
no. 7, Article ID e2783.

Paterson D.L., Swindells S., Mohr J., Brester M., Vergis E.N., Squier C., Wagener M.M., and Singh
N. 2000. "Compliance to protease inhibitor therapy and outcomes in patients with HIV
infection”. Annals of Internal Medicine, 133:21-30.

Petersen M.L., van der Laan, Mark J., Napravnik S., Eron J.J., Moore R.D., and Deeks S.G. 2008.
"Long term consequences of the delay between virologic failure of highly active antiretroviral
therapy and regimen modification". AIDS, 22(16):2097.

Piatak M., Jr, Saag M.S., Yang L.C., Clark S.J., Kappes J.C., Luk K.C., Hahn B.H., Shaw G.M., and
Lifson J.D. 1993," High levels of HIV-1 in plasma during all stages of infection determined
by competitive™ PCR. Science, 259: 1749-1754.

Pinsky L., 1991, "Oral sex and possible HIV transmission". The complete HIV/AIDS resource.
Plazy M., Dabis F., Naidu., Orne-Gliemann J., Barnighausen T., Dray-Spira R. 2010,
"Change of treatment guidelines and evolution of ART initiation in Rural South Africa".
Biomedical central infectious diseases. 15:452.

Puig T., Rubio A., Pérez-Olmeda M., Ruiz L., Soriano V., Pineda J.A., Zamora L., Xaus N.,
Clotet B., and Leal M. 2000. "Prevalence of genotypic resistance to nucleoside analogues and
protease inhibitors in Spain". The ERASE-2 Study Group.AlIDS,14:727-732.

Pujades-Rodriguez M., O’Brien D., Humblet P., and Calmy A. 2008. "Second-line antiretroviral
therapy in resource-limited settings": AIDS. 22:1305-1312.

Quinn T.C., Wawer M.J, Sewankambo N., Serwadda D., Li C., Wabwire-Mangen F., Meehan
M.O., Lutalo T., and Gray R.H. 2000. "Viral load and heterosexual transmission of human
immunodeficiency virus type 1". Rakai Project Study Group. New England Journal of
Medicine, 342(13):921-929.

Rajasekaran S., Jeyaseelan L.,Vijila S., Gomathi C., and Raja K. 2007. "Predictors of failure of first-
line antiretroviral therapy in HIV-infected adults: Indian experience™. AIDS, S47-S53

Reller L.B., Weinstein M., Jorgensen J.H., and Ferraro M.J. 2009. "Antimicrobial susceptibility
Testing" Clinical Infectious Diseases, 49(11): 1749-1755.

Ren J., Milton J., Weaver K.L., Short S.A., Stuart D.l., and Stammers D.K. 2000. "Structural basis
for the resilience of efavirenz (DMP-266) to drug resistance mutations in HIV-1 reverse
transcriptase". Structure 8, 1089-1094 .

Rhee S.Y., Taylor J., Fessel W.J., Kaufman D., Towner W., Troia P., Ruane P., Hellinger J., Shirvani
V., Zolopa A.,and Shafer R.W. 2010. "HIV-1 protease mutations and protease inhibitor
cross-resistance”. Antimicrobial Agents Chemotherapy; 54 (10): 4253- 4261.

Rollins N., Meda N., Becquet R., Coutsoudis A., Humphrey J., Jeffrey B., Kanshana S., Kuhn
L., Leroy V., Mbori-Ngacha D., Mclintyre J., and Newell M.L. 2004. "Preventing postnatal
transmission of HIV-1 through breastfeeding: modifying infant feeding practices”. Journal of
Acquired Immune Deficiency Syndrome, 35:188-195.

94


http://www.ncbi.nlm.nih.gov/pubmed/?term=Brester%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10877736
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vergis%20EN%5BAuthor%5D&cauthor=true&cauthor_uid=10877736
http://www.ncbi.nlm.nih.gov/pubmed/?term=Squier%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10877736
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wagener%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=10877736
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10877736
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10877736
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=8096089
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kappes%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=8096089
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luk%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=8096089
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hahn%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=8096089
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shaw%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=8096089
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lifson%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=8096089
http://www.ncbi.nlm.nih.gov/pubmed/?term=Serwadda%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10738050
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10738050
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wabwire-Mangen%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10738050
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meehan%20MO%5BAuthor%5D&cauthor=true&cauthor_uid=10738050
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meehan%20MO%5BAuthor%5D&cauthor=true&cauthor_uid=10738050
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lutalo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10738050
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gray%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=10738050
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vijila%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17620752
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gomathi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17620752
http://www.ncbi.nlm.nih.gov/pubmed/?term=Raja%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17620752
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaufman%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20660676
http://www.ncbi.nlm.nih.gov/pubmed/?term=Towner%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20660676
http://www.ncbi.nlm.nih.gov/pubmed/?term=Troia%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20660676
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruane%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20660676
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hellinger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20660676
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shirvani%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20660676
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shirvani%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20660676
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zolopa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20660676
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shafer%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=20660676
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coutsoudis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14722453
http://www.ncbi.nlm.nih.gov/pubmed/?term=Humphrey%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14722453
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jeffrey%20B%5BAuthor%5D&cauthor=true&cauthor_uid=14722453
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kanshana%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14722453
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuhn%20L%5BAuthor%5D&cauthor=true&cauthor_uid=14722453
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuhn%20L%5BAuthor%5D&cauthor=true&cauthor_uid=14722453
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leroy%20V%5BAuthor%5D&cauthor=true&cauthor_uid=14722453
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mbori-Ngacha%20D%5BAuthor%5D&cauthor=true&cauthor_uid=14722453
http://www.ncbi.nlm.nih.gov/pubmed/?term=McIntyre%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14722453
http://www.ncbi.nlm.nih.gov/pubmed/?term=Newell%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=14722453

Roquebert B., Malet 1., Wirden M., Tubiana R., Valantin M.A., Simon A., Katlama C., Peytavin
G., Calvez V., and Marcelin A.G. 2006. "Role of HIV-1 minority populations on resistance
mutational pattern evolution and susceptibility to protease inhibitors". AIDS, 20: 287-289.

Salomon H., Wainberg M.A., Brenner B., Quan Y., Rouleau D., Coté P., LeBlanc R., Lefebvre
E., Spira B., Tsoukas C., Sekaly R.P.,Conway B., Mayers D.,and Routy J.P. 2000.
"Prevalence of HIV-1 resistant to antiretroviral drugs in 81 individuals newly  infected by
sexual contact or injecting drug use".Investigators of the Quebec Primary Infection Study.
AIDS;14; F17-F23.

Samet J.H., Horton N.J., Meli S., Freedberg K.A., and Palepu A. 2004. "Alcohol consumption and
antiretroviral compliance among HIV-infected persons with alcohol problems”. Alcohol
Clinical and Experimental Research;28:572-577.

Schneider M., Chersich M., Temmerman M., Degomme O., Parry C.D. 2014. " The impact of alcohol
on HIV prevention and treatment for South African in Primary Health Care" Journal of the
Democratic Nursing Organization of South Africa, 37i1.1137.

Schwebke J.R. 2005."Abnormal vaginal flora as a biological risk factor for acquisition of HIV
infection and sexually transmitted diseases". Journal of Infectious Disease,192:1315-1317.

Siegfried N., Muller M., Deeks J., Volmink J., Egger M., Low N., Walker S., and Williamson P.
2005. "HIV and male circumcision—a systematic review with assessment of the quality of
studies". Lancet Infectious Disease, 5:165-173.

Simon V., Ho D.D., and Karim Q.A. 2006. "HIV/AIDS Epidemiology, pathogenesis, Prevention,
and Treatment". Lancet, 368 (9534): 489-504.

Soto-Ramirez L.E., Renjifo B., McLane M.F., Marlink R.,O'Hara C., Sutthent R., Wasi
C., Vithayasai P., Vithayasai V., Apichartpiyakul C., Auewarakul P., Pefia Cruz V., Chui
D.S., Osathanondh R., Mayer K., Lee T.H., and Essex M. 1996. "HIV-1 Langerhans’ cell
tropism associated with heterosexual transmission of HIV". Science, 271:1291-1293.

Spence R.A., Kati W.M., Anderson K.S., and Johnson K.A: 1995, "Mechanism of inhibition of HIV-1
reverse transcriptase by non-nucleoside inhibitors". Science 267, 988-993 .

Steegen K., Bronze M., Papathanasopoulos M.A., Van 2yl G., Goedhals D., Variava E., MacLeod W.,
Sanne 1., Stevens W.S., Carmon S. 2016. "HIV-1 Antiretroviral drug resistance patterns in
patients failing NNRTI-treatment”. Journal of antimicrobial chemotherapy.10.1093.

Stringer J., Zulu I., Levy J., Stringer E.M., Mwango A., Chi B.H., Mtonga V., Reid S., Cantrell
R.A., Bulterys M., Saag M.S., Marlink R.G., Mwinga A., Ellerbrock T.V., and Sinkala M.
2006. "Rapid scale-up of antiretroviral therapy at primary care sites in Zambia: feasibility and
early outcomes". Journal of American Medical Association, 296:782—793.

Sungkanuparph S., Manosuth W., Kiertiburanakul S., Piyavong B., Chumpathat N., and Chantratita
W. 2007. "Options for a second-line antiretroviral regimen for HIV type 1-infected patients
whose initial regimen of a fixed-dose combination of stavudine, lamivudine, and nevirapine
fails'. Clinical Infectious Diseases, 44(3):447-452.

Svarovskaia E.S., Margot N.A., Bae A.S., Waters J.M, Goodman D., Zhong L., Borroto-Esoda
K., and Miller M.D. 2007. "Low-level K65R mutation in HIV-1 reverse transcriptase of
treatment-experienced patients exposed to abacavir or didanosine”. Journal of Acquired
Immune Deficiency Syndrome, 46:174-180.

95


http://www.ncbi.nlm.nih.gov/pubmed/?term=Tubiana%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16511425
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valantin%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=16511425
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16511425
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katlama%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16511425
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peytavin%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16511425
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peytavin%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16511425
http://www.ncbi.nlm.nih.gov/pubmed/?term=Calvez%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16511425
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marcelin%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=16511425
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rouleau%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cot%C3%A9%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=LeBlanc%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lefebvre%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lefebvre%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spira%20B%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsoukas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sekaly%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Conway%20B%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mayers%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Routy%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=10708278
http://www.ncbi.nlm.nih.gov/pubmed/?term=Freedberg%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=15100608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palepu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15100608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Volmink%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15766651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Egger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15766651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Low%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15766651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15766651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williamson%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15766651
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16890836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ho%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=16890836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karim%20QA%5BAuthor%5D&cauthor=true&cauthor_uid=16890836
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marlink%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Hara%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sutthent%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wasi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wasi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vithayasai%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vithayasai%20V%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Apichartpiyakul%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Auewarakul%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pe%C3%B1a%20Cruz%20V%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chui%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chui%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Osathanondh%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mayer%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Essex%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8638113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stringer%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mwango%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chi%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mtonga%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cantrell%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cantrell%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bulterys%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saag%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marlink%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mwinga%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ellerbrock%20TV%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sinkala%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16905784
http://www.ncbi.nlm.nih.gov/pubmed/?term=Waters%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17667333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goodman%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17667333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhong%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17667333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Borroto-Esoda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17667333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Borroto-Esoda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17667333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=17667333

Szabo R., and Short R.V. 2000. "How does male circumcision protect against HIV infection?"
British Medical Journal,320: 1592-1594.

Tang M.\W., and Shafer R.W. 2012. "HIV-1 Antiretroviral Resistance" AIDS DRUGS 72 (9)

Teasdale C.A., Marais B.J and Abrams E.J. 2011. "HIV: Prevention of mother-to-child transmission"
British Medical Journal Clinical Evidence, 0909.

The INSIGHT START Study group. 2015. “Initiation of Antiretroviral Therapy in Early
Asymptomatic HIV Infection".DOI:10.1056/New England Journal M0al506816.

The Phidisa Il Writing Team For Project Phidisa. 2010. "A Randomized Factorial Trial Comparing 4
Treatment Regimens in Treatment-Naive HIV-infected Persons with AIDS and/or a CD4 Cell
Count <200 cell/mm? in South Africa",. Journal of Infectious Disease, 202: 1529-1537.

The TEMPRANO ANRS 12136 Study Group. 2015. "A trial of early Antiretrovirals and Isoniazid
Preventative Therapy in Africa"”, New England Journal of Medicine:10.1056/0a1507198.

The South African Department of Health and Human Services. 2002. "Guidelines for the use of
antiretroviral agents in HIV-infected adults and adolescents".

The United States Department of Health and Human Services (U.S. DHHS): What to start. 20009.
"Initial combination regimens for the antiretroviral-naive patient". In: Guidelines for the use
of antiretroviral agents in HIV-1-infected adults and adolescents — December 1,. US
DHHS, USA, 37-59.

Thompson M.A., Aberg J.A., Hoy J.F., Telenti A., Benson C., and Cahn P. 2012". Antiretroviral
Treatment of Adult HIV Infection". Journal of the American Medical Association,
308(4):387-402.

Tobin N., and Frenkel L. 2012. "Human immunodeficiency virus drug susceptibility testing and
resistance testing". Paediatric Infectious Disease Journal,21:681-683

Toni T.D., Masquelier B., Lazaro E., Dore-Mbami M., Ba-Gomis FO., Téa-Diop Y., Kouakou
K., Diby J., Sia E., Soppi S., Essien S., Schrive M.H., Pinson P., Chenal H., and Fleury H.J.
2005 "Characterization of nevirapine (NVP) resistance mutations and HIV type 1 subtype in
women from Abidjan (Cote d’Ivoire) after NVP single-dose prophylaxis of HIV type 1
mother-to-child transmission™. AIDS Research and Human Retroviruses, 21:1031-1034.

Toossi Z., Mayanja-Kizza H., Hirsch C.S., Edmonds K.L., Spahlinger T., Hom D.L., Aung H.,
Mugyeni P., Ellner J.J., and Whalen C.W. 2001. "Impact of tuberculosis on HIV-1 activity
in dually infected patients". Clinical and Experimental Immunology, 123(2):233.

Turner B.J. 2002. “Compliance to antiretroviral therapy by human-immunodeficiency virus-infected
patients,” Journal of Infectious Diseases, 185, (2), S143 — S151.

Touloumi G., Pantazis N., Babiker A.G., Walker S.A., Katsarou O., Touloumi G., Pantazis N.,
Babiker A.G., Walker S.A., and Katsarou O. 2004. "Differences in HIV RNA levels before
the initiation of antiretroviral therapy among 1864 individuals with known HIV-1
seroconversion dates". AIDS 18(12): 1697-1705.

UNAIDS World AIDS Day Report, 2011. United Nations Program on HIV/AIDS (UNAIDS). 2010
"UNAIDS Global Report on the Global AIDS Epidemic". 20101123.

96


http://www.ncbi.nlm.nih.gov/pubmed/?term=Dore-Mbami%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ba-Gomis%20FO%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=T%C3%A9a-Diop%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kouakou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kouakou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diby%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sia%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soppi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Essien%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schrive%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pinson%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chenal%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16379606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fleury%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=16379606

Uy J., Armon C., Buchacz K., Wood K., and Brooks J.T. .2009. "Initiation of HAART at higher CD4
cell counts is associated with a lower frequency of antiretroviral drug resistance mutations at
virologic failure". Journal of Acquired Immune Deficiency Syndromes, 51(4):450.

Van der Straten A., Kang M.S., Posner S.F., Kamba M., Chipato T., and Padian N.S. 2005.
"Predictors of diaphragm use as a potential sexually transmitted disease/HIV prevention
method in Zimbabwe". Sexually Transmitted Disease, 32:64—71.

Visser C.A., Marincowitz G.J.0., Govender I., and Ogunbanjo G.A.O. 2015."Reasons for and
perceptions of patients with minor ailments bypassing local primary health care
facilities" South African Family Practice, 57:6, 333-336.

Wallis C.L., Mellors J.W., Venter W.D., Sanne |, and Stevens W. 2010."Varied patterns of HIV-1
drug resistance on failing first-line antiretroviral therapy in South Africa". Journal of
Acquired Immune Deficiency Syndrome, 53:480-484.

Walters S.J., 2009. What is a Cox model? https:obgyn.queensu.ca/assets/pdf/what is Cox Model. pdf.
Accessed online on 17 September 2017.

Weller S., and Davis K. 2002. "Condom effectiveness in reducing heterosexual HIV transmission".
Cochrane Database Systemic Review; 1:CD003255.

Williams B.G., Korenromp E.L., Gouws E, Schmid G.P., Auvert B, and Dye C. 2006. "HIV
infection, antiretroviral therapy, and CD4 cell count distributions in African populations”.
Journal of Infectious Disease, 194(10):1450-1458.

World Health Organization 2003. "Compliance to long term therapies—evidence for action".

World Health Organization HIV/AIDS Programme. 2010. "Antiretroviral therapy for HIV infection
in adults and adolescents™: Recommendations for a public health approach.

World Health Organization. 2006. "Disease Staging System for HIV Infection and Disease.

World Health Organization. What to start. In: 2010. "Antiretroviral therapy for HIV infection in
adults and adolescents: recommendations for a public health approach - 2010 version.

WHO, Geneva, Switzerland, 31-40

World Health Organization. 2007. "Prioritizing Second-Line Antiretroviral Drugs for Adults and
Adolescents": A Public Health Approach. Geneva: World Health Organization, HIV
Department.

Worm S.W., Sabin C., Weber R., Reiss P., EI-Sadr W., Dabis F., De Wit S., Law M., Monforte A.D.,
Friis-Mgller N., Ole Kirk O., Fontas E., Weller 1., Phillips A., and Jens Lundgren J. 2010.
"Risk of myocardial infarction in patients with HIV Infection Exposed to specific individual
Antiretroviral drugs from the 3 major Drug classes”. The Journal of Infectious Disease.” 201
(3) 318-330.

Yeni P.G., Hammer S.M., Carpenter C.C., Cooper D.A, Fischl M.A., Gatell J.M, GazzardB.G, Hirsch
M.S, Jacobsen D.M, Katzenstein D.A, Montaner J.S, Richman D.D,Saag M.S, Schechter
M, Schooley R.T, Thompson M.A, Vella S,and Volberding P.A. 2002. "Antiretroviral
treatment for adult HIV infection: Updated recommendations of the International AIDS
Society-USA Panel. Journal of American Medical Association, 288:222-235.

Yerly S., Kaiser L., Race E., Bru J.P., Clavel F., and Perrin L. 1999. "Transmission of antiretroviral-
drug-resistant HIV-1 variants". Lancet, 354: 729-733.

97


http://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fischl%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gatell%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gazzard%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobsen%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katzenstein%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Montaner%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richman%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saag%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schechter%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schechter%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schooley%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vella%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12095387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Volberding%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=12095387

Yerly S., Perneger T.V., Hirschel B., Dubuis O., Matter L., Malinverni R., Furrer H., and Perrin L.
1998. "A critical assessment of the prognostic value of HIV-1RNA levels and CD4" cell
counts in HIV-infected patients". Archives of Internal Medicine, 158: 247-252.

Young S.D., Britcher S.F., Tran L.O., Payne L.S., Lumma W.C., Lyle T.A., Huff J.R., Anderson P.S.,
Olsen D.B., Carroll S.S., Pettibone D.J., O’Brien J.A., Ball R.G., Balani S.K., Lin J.H., Chen
I.W., Schleif W.A., Sardana V.V., Long W.J., Byrnes V.W. and Emini E.A. 1995. "a novel,
highly potent non-nucleoside inhibitor of the human immunodeficiency virus type 1 reverse
transcriptase. Antimicrobial Agents and Chemotherapy" 39:2602—2605.

Zhao Y., Wang L., Bao Y., and Li C. 2007. "A sensitive method for the detection and quantification
of ginkgo flavonols from plasma". Rapid Communication in Mass Spectrometry; 21:971-981

Zhou S., Lim L.Y., and Chowbay B. 2004. "Herbal modulation of P-glycoprotein”. Drug
Metabolism Review, 36:57-104.

98



Appendices

The Resegarch Ethics Committee, Faculty Health

Sciences, University of Pretoria complies with ICH-

GCP guidelines and has US Federal wide Assurance.

+ FWA 00002567, Approved dd 22 May 2002 and
Expires 20 Oct 2016.

«IRB 0000 2235 IORGO001762 Approved dd
13/04/2011 and Expires 13/04/2014.

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA |

Faculty of Health Sciences Research Ethics Committee

27/03/2014

Approval Certificate
New Application

Ethics Reference No 69/2014

Title PREDICTING EARLY AND LATE FIRST-LINE ANTIRETROVIRAL THERAPY VIROLOGIC FAILURE, AND SWITCH TO
SECOND-LINE THERAPY IN A MILITARY POPULATION IN SOUTH AFRICA

Dear Ms SHUSHU MHANGWANE

The New Application as supported by documents specified in your cover letter for your research received on the
28/02/2014, was Provisionally approved by the Faculty of Health Sciences Research Ethics Committee on the 26/03/2014.

Please note the following about your ethics approval:

. Ethics Approval is valid for 4 years.

. Please remember to use your protocol number {69/2014) on any documents or correspondence with the Research Ethics
Committee regarding your research.

. Please note that the Research Ethics Committee may ask further questions, seek additional information, require further
modification, or monitor the conduct of your research.

Ethics approval is subject to the following:

e The ethics approval is conditional on the receipt of 6 monthly written Progress Reports, and

. The ethics approval is conditional on the research being conducted as stipulated by the details of all documents submitted to the
Committee. In the event that a further need arises to change who the investigators are, the methods or any other aspect, such
changes must be submitted as an Amendment for approval by the Committee.

Additional Conditions:
«  Provisionally approved, pending approval from the MSc committee.

We wish you the best with your research.

Yours sincerely

v

Dr R Sonimers+-BCHE; MMed (Int); MPharMed.
Deputy Chairperson of the Faculty of Health Sciences Research Ethics Committee, University of Pretoria

The Faculty of Health Sciences Research Ethics Committee complies with the SA National Act 61 of 2003 as it pertains to heaith
research and the United States Code of Federal Regulations Title 45 and 46. This committee abides by the ethical norms and
principles for research, established by the Declaration of Helsinki, the South African Medical Research Council Guidelines as well as
the Guidelines for Ethical Research: Principles Structures and Processes 2004 (Department of Health).

+ Tel:012-3541330 ¢ Fax:012-3541367 Fax2Email: 0866515924 + E-Mail: fhsethics@up.ac.za
+ Web: /iwww.healthethics-up.co.za  + HW Snyman Bid (South} Level 2-34 + Private Bag x 323, Arcadia, Pta, S.A., 0007
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UNIVERSITY OF PRETORIA DEPARTMENT OFSTATISTICS

LETTER OF STATISTICAL SUPPORT

Date: 17 February 2014

This letter is to confirm that SRC Mhangwane of the University of Pretoria
discussed the project with the titte PREDICTING EARLY AND LATE FIRST-LINE
ANTIRETROVIRAL THERAPY VIROLOGIC FAILURE, AND SWITCH TO
SECOND-LINE THERAPY IN A MILITARY POPULATION IN SOUTH AFRICA

with me.

I hereby confirm that | am aware of the project and also undertake to assist with
the statistical analysis of the data generated from the project.

The estimated sample size of 1800 patient will allow the statistical analysis of the |

data.

The data analysis will consist of basic descriptive statistics (means, standard
deviations, percentiles and proportions), as well as Kaplan-Meier curves to
estimate the extent of virologic failure. Cox proportional hazard models will be
utilized to evaluate the predictors of first-line virologic failure and of switching to

second-line therapy.

o Hetcher

Dr Lizelle Fletcher
Department of Statistics
Internal Consultation Service
Tel 012 420 3967
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
National Institutes of Health

National Institute of Allergy

and Infectious Diseases

DATE: 2/19/2008

TO: Michael Polis, M.D., M.P.H.
PRINCIPAL INVESTIGATOR
FROM: Chair, NIAID-IRB
APPROVAL LETTER
PROTOCOL NUMBER: 04-1-N096
PROTOCOL TITLE: Phidisa I: A Prospective Observational Cohort Study of HIV Infection (Both
Treated and Untreated) and Risk-Related Co-Infections in the South African
National Defence Force (SANDF)
MEETING DATES: 10 22/2007 and 11/19/2007
EXPIRATION DATE: 8/5/2008
ADULT RISK/BENEFIT CATEGOR\’ The research involves no more than minimal risk to subjects (45
CFR 46.102(h)X3)). / The the prospect of direct benefit (45 CFR 46.102(h)i)).

CHILD RISK CATEGORY: Research mx mvolving greater than minimal risk (45 CFR 46.404),
REQUEST: Amend and Resp

To address the current issues on the Phidisa project, the following ges are proposed To amend Phidisa I
to allow for the monitoring of both treated and HIV-infected ially to allow for the
continued follow-up and lab y support for p fle d on Phudnsa 1L Aﬂcr lpprOVll of
this amendment by the NIAID and Phidisa lRBs, Phidisa II pamcipams will have a close-out visit and have
their monitoring continued under the Phldxu I protocol. All current Phidisa I1 participants will remain under

the care oflhe Phidisa clinic, HIV i ion and will be i by the clinic staff. The project

will w© for anti iral therapy to be provided for these particip as before, but the

antiretroviral thempy wnll be guided by South African NI“OI’II.I Guidelines and not driven by protocol. This
should be to the particip on Phidisa II. The Phidisa II data set will be

unblinded and analyzed. The amended Phidua I protocol will serve as a platform from which to conduct new
treatment substudies.

To initiate the above pi , the following ch are proposcd to the Phidisa I protocol:

Changes tq the protocol:

- Title: To change the title to read, Phidisa I: A prospective observational cohort study of HIV infection (both
treated and untreated) and nsk-relamd co-mfoctlons in the South African National Defence Force;

= To remove the words epi and i hy hout the protocol. The study will continue to
enroll a selected population; we wxll be unable to dmnmne incidence data from the population at large;

- Cover page: To update cover page address information for Major Marumo and Dr. Polis and removal of
Drs. Andrew Ratsela and Nommso Stubbs;

- This an observational study with no treatment intervention. Admini: of bined anti iral
therapy (CART) i with the applicab Soulh Afrnm i for HIV infection, will be
made available to adult and pediatric particip | as d. 1 has been modified
throughout the protocol to outline this changc in thc pmtoool both in the ‘-,‘ ives and several i

gh the p Specific ch
NIAID IRB Tracking No. {6557 - 04-1-N096) Page 1 of 5
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