Will earlier treatment lead to drug
resistance of the form and prevalence
likely to compromise future elimination of
HIV?

COLLINS CHIKA IWUJI

Thesis submitted in accordance with the requirements for the
degree of Doctor of Medicine (Research) at the Research
Department of Infection & Population Health, University College
London

March 2017

Primary Supervisor: Professor Kholoud Porter
Research Department of Infection & Population Health, University
College London

Secondary Supervisor: Professor Deenan Pillay Department of
Infection & Immunity, University College London
Africa Health Research Institute, KwaZulu-Natal, South Africa



[, Collins Chika Iwuiji, confirm that the work presented in this thesis is
my own. Where information has been derived from other sources, |

confirm that this has been indicated in the thesis.



Abstract

South Africa has the biggest HIV epidemic in the world. Early antiretroviral therapy
(ART) is recognised as an effective HIV prevention approach and was introduced
to control transmission as well as to delay HIV progression. However, it is unknown
whether early treatment will result in suboptimal adherence, poor virological

outcomes and emergence of drug resistance, which would hinder HIV elimination.

To address this knowledge gap, | undertook a cohort analysis nested within the
ANRS-sponsored TasP trial, in which ART was initiated early, to examine
adherence in individuals initiating ART at high CD4 counts and quantify virological
suppression in those who were ART-naive at trial entry. | also estimated
virological suppression at trial entry amongst individuals already ART-experienced
at their first trial clinic visit. | examined acquired resistance mutations in individuals
with virological failure and estimated prevalence of pre-treatment drug resistance
(PDR) in ART-naive individuals and investigated impact of PDR on virological

suppression.

| found no evidence of a relationship between CD4 count at ART initiation and
adherence, but virological suppression was significantly better in individuals who
initiated ART at higher CD4 counts, even at the same level of adherence. Most
individuals with virological failure had emergent drug resistance, predominantly the
M184V mutation associated with lamivudine or emtricitabine resistance.
Prevalence of PDR was moderate at nearly 10%, but doubled when low frequency
variants were accounted for. This was predominantly the K103N/S mutation which
causes high-level resistance to efavirenz and nevirapine. However, PDR was not

significantly associated with decreased virological suppression.

My results are encouraging over the 12 months’ duration of ART investigated in
this study with positive effects amongst patients who started ART at high CD4
counts. However, long-term follow up is required to evaluate the impact of HIV drug

resistance on HIV prevention efforts.
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Chapter 1 Introduction

1.1 Global HIV epidemic

The human immunodeficiency virus type 1 (HIV-1), a retrovirus (1, 2) was named in
1983 as the causative agent for the Acquired Immune Deficiency Syndrome (AIDS)
identified in homosexual men in 1981 (3). Since its discovery, HIV has infected over
78 million people and caused over 35 million deaths (4), making it one of the most

devastating pandemic of recent times (5).

As the HIV epidemic approaches its fourth decade, effective prevention remains
elusive in the communities most affected by the virus. An estimated 36.7 million
people were living with HIV globally by end 2015 (6), of whom 69% in sub-Saharan
Africa. In 2015, an estimated 2.1 million people acquired HIV infection; 65% of these
new infections and 73% of all HIV-related deaths occurred in sub-Saharan Africa, a
region disproportionately affected by the epidemic. Remarkable strides have been
made recently towards combating the epidemic and increasing ART coverage with
considerable reduction in mortality and morbidity as a consequence (6) .
Approximately 17 million individuals were estimated to be on ART as of the end of
2015, amounting to just under 50% of people living with HIV. There have been
modest reductions in the number of new HIV infections occurring in many parts of
sub-Saharan Africa. However, this is insufficient to bring about a reversal in the
epidemic. The number of individuals requiring ART continues to grow, making
universal coverage and the recent UNAIDS target of 90:90:90 (90% of people living
with HIV aware of their HIV status, 90% of people diagnosed HIV-positive on ART,
90% of people on ART virologically suppressed) logistically difficult to reach in 2020
(7). This increase requires huge investments in ART programmes which is not

sustainable in the long-term with current approaches (8).
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1.2 The state of the HIV epidemic in South Africa

South Africa is home to the highest number of people living with HIV in the world,
estimated at 7 million at the end of 2015. The HIV treatment programme in South
Africa is also the largest globally with 3.4 million people on ART as of 2015. The
adult (15-49 years) HIV prevalence in 2015 was 19.2% with very wide geographical
variation. This heterogeneity is not limited to geography but also exists amongst
different risk groups including sex workers, men who have sex with men (MSM) and
people who inject drugs (PWID) (Table 1.1). HIV prevalence in pregnant women,
from the national antenatal sentinel survey in 2013, varies from 17.5% in the

Northern Cape province to 40.1% in KwaZulu-Natal (Figure 1.1) (9).

The South African government has made huge investments in the prevention of HIV
and clinical care of people living with HIV (10). These investments are now beginning
to bear fruits with the number of new infections and HIV-related deaths in South
Africa declining. However, despite the declining number of new infections nationally,
there are still areas of high transmission in which incidence has remained stubbornly
static (11). Table 1.1 shows the evolution of the HIV epidemic in South Africa
between 2010 and 2015 (6, 12). The HIV prevalence has remained virtually
unchanged since 2010. There were 340,000 new HIV infections in 2013, with young
women accounting for a quarter. At the current rate of new infections, coupled with
the growing gap between funding requirements and funds earmarked for HIV, it is
imperative that more needs to be done to reduce HIV transmission. Prevention
efforts will need to be targeted to high transmission clusters and people at most risk
of infection (13). Rural Kwazulu-Natal with a very high prevalence and incidence is
an area of high transmission, and even within KwaZulu-Natal, there are micro-
epidemics with prevalence higher in communities closer to the highway than

communities in deep rural areas (14).

The ART coverage has increased by over 70% since 2010 and stood at 48% (6) just

before the CD4 threshold for initiating ART was removed in Sept 2016. ART
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Table 1.1 HIV epdemic indicators 2010-2015, South Africa

(Data not available where there are gaps in table)

2010

2013

2015

People living with HIV

HIV prevalence (adults 15-49 years)
HIV prevalence; women 15-24 years
HIV prevalence; men 15-24 years

HIV incidence (adults 15-49 years)

New HIV infections

Adult 15+ new HIV infections

New HIV infections; women 15-24 years
New HIV infections; men 15-24 years
AIDS-related deaths

Antiretroviral therapy coverage

Number of women receiving PMTCT
Number of women needing PMTCT
PMTCT coverage

HIV prevalence: Sex workers

HIV prevalence: Men who have sex with men

HIV prevalence: People who inject drugs

6,100,000 (5,800,000-6,300,000)

18.9% (18.0-19.7)
14.8% (13.4-18.0)
4.4% (2.7-6.6)
1.79% (1.70-1.88)
440,000 (410,000-470,000)
420,000 (400,000-460,000)
120,000 (110,000-130,000)
50,000 (38,000-60,000)
410,000 (380,000-440,000)
729,312 (13%)
253,468
270,000 (250,000-290,900)
94% (86->95%)

6,300,000 (6,000,000-6,500,000)

19.1% (18.1-19.9)
13.1% (11.9-16.1)
4.0% (2.5-5.9)
1.36% (1.26-1.45)
340,000 (310,000-370,000)
330,000 (300,00-360,000)
90,000 (81,000-100,00)
36,000 (28,000-44,000)
200,000 (170,000-220,000)
2,466,565 (42%)
232,854
260,000 (230,000-280,000)
90% (83->95%)
59.6% (26-60%)
~10.4%-34.5%

19.4%

7,000,000 (6,700,000-7,400,000)

19.2% (18.4-20.0)

380,000

180,000 (150,000-220,000)
3,400,000 (48%)
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Figure 1.1. Antenatal HIV prevalence by province, South Africa, 2013 (Source,
National Department of Health, South Africa)

green bar represents national estimate. KZN KwaZulu-Natal; MP
Mpumalanga; EC Eastern Cape; FS Free State; SA South Africa, GA Gauteng;
NW North West; LP Limpopo; WC Western Cape; NC Northern Cape
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coverage is likely to increase substantially with the most recent South African HIV
treatment.guidelines recommending immediate offer of ART in individuals diagnosed
HIV-positive regardless of CD4 counts(15). It is expected that this will result in even
further declines in HIV-related morbidity and mortality (16, 17) and a decrease in HIV
transmission (14). However mathematical modelling has suggested that to bring
about a sustained reduction in HIV transmission, treating people living with HIV alone
will not suffice (PLHIV), combination prevention in the form of ART, pre-exposure
prophylaxis with good adherence, medical male circumcision and consistent condom

use will be required (18).

1.3 Background and context of MD research (October
2012)

It is increasingly recognised that prevention approaches need to be combined to
accelerate the effective prevention of HIV acquisition and transmissions (19). HIV
programme planning needs to move from the implementation of single preventive
methods to combination context-specific prevention approaches, for which evidence

of effectiveness exists.

One approach is to use ART to prevent both acquisition and transmission of HIV. It is
an established fact that HIV transmission is primarily determined by plasma viral load
in the HIV-infected individual and it is therefore likely that the risk of transmission can
be substantially decreased by effective ART, which lowers viral load in all body
compartments (20). This was shown to be the case in the HPTN 052 trial in stable
serodiscordant partnerships (21). This trial demonstrated a 96% reduction in HIV
transmission from the HIV-positive partner to the uninfected partner if the HIV-
positive partner was on ART. It has been hypothesized that high ART coverage
levels could contribute significantly to reducing HIV incidence at population-level

(14).
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However, for this strategy to be successful, HIV-infected individuals will need to be
diagnosed early in the course of infection, which would require frequent point of care
HIV tests that are easy to access, prompt linkage to care in those testing positive and
a willingness to accept ART at high CD4 cell counts despite experiencing no
symptoms of ill-health and a lack of trial evidence that there is benefit to their health.
Furthermore, these individuals must be retained in care and be adherent to therapy

life-long.

In the Hlabisa sub-district, the setting of this research, ART roll-out started in late
2004. The South African (SA) ART eligibility criteria for adults from 2004 to April
2010 were based on CD4 < 200 cells/mm? or WHO stage 4 irrespective of CD4
count (22). In April 2010 this was expanded to CD4 < 350 cells/mm? for pregnant
women and in those with tuberculosis (23), and in August 2011, this CD4 threshold
became applicable to all (24). In April 2012, a directive from the National Department
of Health recommended ART for all TB patients regardless of CD4 count. This was
as far as the South African ART guidelines had evolved at the time this research was

conceptualised in October 2012.

In March 2012, a two-arm HIV Treatment as Prevention (TasP) cluster-randomised
trial was implemented within the Hlabisa sub-district with participants in the
intervention arm offered ART regardless of CD4 count and those in the control arm
offered ART according to SA guidelines (25). The primary objective of the study was
to investigate the effect of population ART on HIV incidence. Individuals already
ART-experienced within the randomised communities had the option of transferring
their HIV care to the trial. Individuals seroconverting within the trial setting were

identified through six-monthly home-based HIV testing.

A study from the same sub-district using data from the public ART programme
between August 2004 and October 2009, showed that amongst 3809 patients with
12 months’ post-ART initiation viral loads available, 15% had detectable viral load
(viral load >400 copies/mL) (26). Another study from this same cohort showed that

amongst 222 individuals with virological failure on first-line ART (viral load > 1000
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copies/mL), 86% had at least one drug resistant mutation (27). The concern is that
with increasing exposure of a population to longer duration of ART, individuals
developing resistance to ART could potentially transmit drug resistant virus to their
sexual partners, leading to an increasing number of new infections with resistant

virus (28, 29).

The question of when to start ART for the optimum management of an individual was
still a matter of debate worldwide and being investigated in two randomised trials:
START (clinicaltrials.govidentifier NCT00867048) and TEMPRANO
(clinicaltrials.govidentifier NCT00495651). The START trial differed from the
TEMPRANO trial in Ivory Coast in being multi-country, including high income
countries and no upper CD4 count eligibility limit in those recruited into the study.
The TEMPRANO trial compared individuals initiating ART at CD4 < 800 cells/mm?

with WHO-guided ART initiation criteria.

In two trials of pre-exposure prophylaxis in which HIV prevention was the focus (30,
31), poor adherence to the study drug with low drug levels was observed which was
at variance with the high self-reported adherence in these trials. This could suggest
that an individual's perception of taking ART for prevention may be different when

taking ART for their own clinical benefit.

It is plausible that if infected individuals believe they are being treated primarily to
prevent transmission to others, they may not maintain the same high motivation for
adherence as they would if being treated for their own benefit and this could result in
virological failure and the development and transmission of drug resistant viruses.
The overarching aim of this research was to test the hypothesis that sub-optimal
adherence, virological failure and drug resistance in individuals starting ART at high

CD4 count are likely barriers to the elimination of HIV.
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1.4 Aims and objectives

The research draws on my experience from the TasP trial with the overarching aim
of evaluating if earlier ART initiation is likely to result in drug resistance of the form

and prevalence that would hinder the elimination of HIV.
Objectives were:

e To examine the association between CD4 count at ART initiation and
adherence

e To examine virological response by CD4 at ART initiation and extent of
acquired resistance following virological failure

e To assess the level of pre-treatment drug resistance (PDR) in individuals

seroconverting during the study period and the response to first-line ART.

1.5 Outline of Chapters

My research is nested within the TasP trial and evaluates adherence, virological
response on ART, acquired and pre-treatment drug resistance in mainly

asymptomatic HIV-positive individuals treated regardless of their CD4 counts.

Chapter 2 presents an overview of empirical studies on methods of HIV prevention
including the use of ART. Strengths and weaknesses of each prevention approach

are explored and the potential barriers to the elimination of HIV presented.

Chapter 3 presents the overall methods and design employed in the parent study
and how my study is nested within the overall trial. The study procedures and trial

setting are also discussed in detail

Chapter 4 describes the overall trial cohort and the selection of the clinical

research cohort used for my MD research.

Chapter 5 summarises a review of the published literature on ART adherence in
individuals initiating ART at CD4 counts >350 cells/mm? in the African setting. |
examine the association between CD4 count at ART initiation and adherence using

two different measures to estimate adherence. | present the results of the
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correlation of these two adherence measures with each other and with virological
suppression. The adherence measure with the best correlation for virological
suppression was retained as the main adherence measure for subsequent

analyses, whilst the other adherence measure was used for sensitivity analyses.

Chapter 6 first summarises a review of the published literature on virological
suppression in individuals initiating ART at CD4 >350 cells/mm2in the African
setting. | then examine the impact of CD4 count at initiation and adherence on
virological suppression. | also examine acquired drug resistance in individuals with
virological failure and the likely impact on second-line ART based on the public

health approach.

Chapter 7 begins by summarising a review of the published literature on the
prevalence of pre-treatment drug resistance and impact on virological outcomes in
the African setting. Subsequently, | estimate the prevalence of pre-treatment drug
resistance in individuals who were ART naive at enrolment in the trial clinics

including impact on virological response to ART.

Finally, Chapter 8 summarises the results of my MD thesis, the implications of my
findings and contribution to knowledge. The outcome of each vital step examined,
(adherence, virological response and drug resistance) is compared to targets set
by the WHO as indication of a successful ART programme using a public health
approach (32). | make recommendations based on my findings and suggest areas
of future research to improve ART programme outcomes in order to eliminate HIV

infection.
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Chapter 2 Overview of Biomedical HIV prevention

2.1 Background

This chapter presents an overview of biomedical HIV prevention strategies to
reduce exposure, transmission and or acquisition (33). I highlight the strengths
and weaknesses of different approaches and draw attention to the current and

emerging tools for prevention as well as the barriers to HIV elimination.
The following HIV prevention sub-topics are discussed:

e treatment of sexually transmitted infections,
e male circumcision,
e HIV vaccines,

e ART (including use for oral and topical pre-exposure prophylaxis)
Barriers to HIV elimination:

e sub-optimal HIV care cascade (HIV testing, linkage to care, retention),
e poor adherence,
e drug resistance

e risk compensation

These have been the subject of previous systematic reviews. It is outside the
scope of my research to conduct a systematic review of each subject, rather | have
taken advantage of previous reviews and updated them with currently published

studies where available.

2.2 Biomedical HIV prevention

2.2.1 Treatment of sexually transmitted infections

Substantial evidence exists from observational studies suggesting an increased risk
of HIV acquisition with curable STIs and genital herpes (34, 35). STIs have also been

associated with increased HIV transmission and acquisition, although this has not
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been quantified directly (36). HIV-STI co-infection appears more likely to result in HIV

transmission than infection with HIV alone (37, 38)

However, nine randomised trials to date (four cluster randomised trials, two individual
randomised trials on treating curable STls, and three individual randomised trials on
Herpes suppressive therapy) have together failed to confirm the hypothesis that ST
treatment would reduce HIV transmission and acquisition (36). Of the four cluster-
randomised trials examining the impact of STI treatment on HIV incidence, only the
Mwanza trial in Tanzania showed syndromic treatment of STIs to be associated with
a 40% significant reduction in HIV incidence (39). Various factors may explain the
differences in effect between trials, including differences in the HIV epidemic phase,
enhanced interventions in the control group and higher prevalence of STls in the
Mwanza trial compared to the other sites (36). Two individual randomised trials
involving female sex workers in Nairobi and Abidjan to evaluate the impact of STI
management on HIV acquisition in HIV negative females also did not show any

significant difference between the control and intervention arm (40, 41).

Syndromic treatment of STIs focusses on patients presenting with symptoms, but
provision of inadequate treatment and poor adherence could result in low
effectiveness of syndromic treatment, which was estimated to be only 13% for
curable STIs in rural KwaZulu-Natal (42). Further, a significant proportion of STls are
asymptomatic (43) and the large pool of untreated individuals with asymptomatic
STIs will continue to be a potential source of HIV transmission. This situation coupled
with poor uptake of partner notification, could result in significant rates of STl re-

infections, and will likely impact HIV transmission and acquisition rates.

The effect of herpes simplex virus (HSV) suppressive therapy on HIV incidence has
been evaluated in two randomised trials; the first one in high-risk HSV-2 positive, HIV
negative women in Tanzania (44) and the second involving women from three sites
in Africa (Harare, Lusaka, Johannesburg) and MSM from Peru and the USA (45).In
these trials, treating HIV negative, HSV-2 positive individuals with aciclovir did not

result in reduced risk of HIV acquisition. A third randomised trial investigated the
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impact of HSV-2 suppressive therapy in HIV positive individuals on the risk of HIV
transmission. This involved serodiscordant couples from seven countries in Eastern
and Southern Africa in which the HIV-HSV-2 co-infected partner was randomised to
receive either aciclovir or placebo. Suppressive therapy with aciclovir reduced HIV
plasma viral load by about 0.25 logio and genital ulcers due to HSV-2 by 73%, but

there was no significant effect on HIV transmission (RR 0.92, 95% CI 0.60-1.41).

Although these results are disappointing, compelling biological and epidemiological
evidence that STls are co-factors for HIV acquisition and transmission (46) remains
and any HIV treatment and prevention programme should incorporate the treatment

of STls.

2.2.2 Male circumcision

A meta-analysis of 27 published observational studies on male circumcision in sub-
Saharan Africa (47) provided evidence that male circumcision protects against HIV
acquisition. This association was confirmed in three randomised controlled trials in
South Africa, Uganda and Kenya, in which male circumcision was shown to be
protective against HIV acquisition (48-50); in pooled analysis the combined
incidence risk ratio (IRR) was 0.50 (95% CI 0.34-0.72) at 12 months and 0.46 (95%

Cl10.34-0.62) at 24 months (51) — Figure 2.1

These observations in heterosexual HIV acquisition raised the question of whether
this protection would also be observed in MSM. However, an observational
analysis of data from a randomised controlled trial of HSV-2 suppressive therapy to
prevent HIV acquisition found no evidence that circumcision was associated with
reduced HIV incidence in MSM who practised predominantly insertive sex (RR

0.31, 95% CI: 0.06-1.51) (52).
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Favours Circumcision

Favours No dircumcision

[Incidence Incidence Incidence
Study or subgroup Circumcision No circumcision Risk Ratio] Risk Ratio Weight Risk Ratio
N N (SE) IV,Random,95% Cl IV,Random,95% Cl
I Months 0 - 12
ANRS 1265 1546 1582 091155 (0.390904) = 232% 040[0.19,086]
Bailey 2007 1391 1393 074676 (0322042) ~—@— 34.1% 047[025,089]
Gray 2007 2474 2522 -0.54507 (0.288006) —&— 427 % 058033, 1.02]
Subtotal (95% CI) ——_— 100.0 % 0.50 [ 0.34, 0.72 ]
Heterogeneity: Tau? = 0.0; Chi2 = 0.60, df = 2 (P = 0.74); I =0.0%
Test for overall effect: Z = 3.71 (P = 0.00020)
2 Months 0 - 24
ANRS 1265 1546 1582 0.89771 (0.265367) —— 323% 041 024,069 ]
Bailey 2007 1391 1393 075226 (0.258298) — & 341 % 047[028,078]
Gray 2007 2474 2522 069836 (0.260157) = 336% 050[030,083]
Subtotal (95% CI) Ranantl 100.0 %  0.46 [ 0.34, 0.62 ]
Heterogeneity: Tau? = 0.0; Chi* = 0.31, df = 2 (P = 0.86); I =00%
Test for overall effect: Z = 5.18 (P < 0.00001)
02 05 2 5

Figure 2.1 meta-analysis of the three randomised trial of male medical
circumcision on HIV incidence (Source: Siegfried et al; The Cochrane Library

2009, Issue 2)
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2.2.3 HIV vaccines

Recent HIV vaccine research has focused on antibody-based strategies following
isolation of potent highly broadly neutralising monoclonal antibodies from infected
individuals (53). However, both arms of the adaptive immune system have
important roles to play against HIV infection and/or disease (53, 54). Neutralising
antibody response aim to prevent acquisition of HIV infection, while cytotoxic T
lymphocytes (CTL) response, which only recognises infected host cells, could play
a role in controlling viral replication and disease progression. It is unclear if robust

CTL response alone can eradicate HIV infection in humans (53).

The VAX004 (North America and the Netherlands) and VAX003 (Thailand) were
protein-subunit trials using rgp120 monomers as immunogens aiming to elicit
neutralising antibodies (Table 2.1). Both failed to show significant protection

against HIV acquisition (55, 56).

Another vaccine approach is based on recombinant viral vectors engineered to
express the gene of interest. The recombinant adenovirus serotype 5 was used as
the vector for the Step (North and South America, the Caribbean and Australia)
and Phambili (South Africa) trials (57, 58). These trials assessed the ability of
these vaccines to stimulate the cellular immune responses. The Step trial was
terminated early, on the grounds of futility and lack of control of early viraemia in
those who became infected. Enrolment in the Phambili trial was stopped because

of the results observed in the Step trial.

The HVTN 505 (USA), was a phase 11b DNA vaccine trial that evaluated a DNA
prime expressing Gag, Pol, Nef and Env with a recombinant adenovirus serotype 5
boost expressing Gag, Pol and Env. This trial was also halted prematurely for

futility (59).

The RV144 vaccine trial in Thailand employed a combination of vaccine
approaches (60), comprising a canary pox viral vector prime expressing Env, Gag

and Pol followed by a protein subunit vaccine boost (AIDSVAX B/E). The vaccine
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Table 2.1Summary of HIV vaccine trials

Author Vaccine trial Vaccine type Sample size Population Phase Intended Results
) immune

(randomised- response

placebo controlled
Flynn et al; VAX004 Protein: rgp120 5400 Mostly high-risk 1l Antibodies, VE: 6% (-17 to 24)
2005 (55) MSM

CD4+ T cells

Pitisuttithum et  VAX003 Protein: rgp120 2500 Injection drug Il Antibodies, CD4+ VE 0.1% (-30.8 to
al; 2006 (56) users T cells 23.8)
Rerks-Ngarm RV144 Pox/protein: 16,403 Low risk Il Antibodies, CD4+ VE 31% (1.1-52.1)
et al; 2009 ALVAC/grp120 heterosexuals & CD8 T cells
(60)
Buchbinder, HVTN 502/Merck Adenovirus type 3000 High risk MSM, lIb CD8+ & CD4+ T HR 1.2 (0.6-2.2)
SP etal; 2008 023 (STEP) 5 (Ad5) heterosexual cells
(57) gag/pol/nef men and women
Gray et al; HVTN 503 Ad5 gag/pol/nef  801; original Heterosexual lIb CD8+ & CD4+ T HR 1-25 (0-76-2-05)
2011b (58) (Phambili) target of 3000 men and women cells
Hammer, S HVTN 505 DNA-Ad5 2504 High risk MSM IIb Antibodies, CD4+  -25% (-121.2 to 29.3)
2013 (61) gag/pol/neflenv & CD8+ T cells

VE Vaccine efficacy
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efficacy was 31% (95% Cl, 1.1 to 52.1) after 3.5 years. To date, this remains the

only vaccine trial to demonstrate some protection against HIV acquisition.

Two phase 2b vaccine trials are currently enrolling participants. They are both
double blind placebo-controlled trials evaluating the safety and efficacy of VRCO1
broadly neutralizing monoclonal antibody in reducing HIV infection in women
(HVTN 703/HPTN 081) (ClinicalTrials.gov Identifier: NCT02568215) or men who
have sex with men/transgender women (HVTN 704/HPTN 085) (ClinicalTrials.gov

Identifier:NCT02716675).

2.2.4 Antiretroviral treatment

The efficacy of antiretroviral therapy at preventing HIV transmission has been
demonstrated in a variety of clinical scenarios such as in the prevention of mother-
to-child (62, 63), and of heterosexual transmission (21), which led to the Swiss
declaration that an HIV infected individual who is on ART and has undetectable
viral loads for at least six months with no STls is sexually non-infectious (64). Other
uses include post-exposure prophylaxis in HIV-negative individuals after
occupational or sexual exposure to body fluids from known or suspected HIV-

positive individuals (65-68).

The use of ART to prevent HIV transmission gained renewed interest following the
statistical modelling work of Granich and colleagues which boldly suggested that it
was possible to eliminate HIV through universal HIV testing and immediate
treatment of HIV infected people coupled with other prevention strategies (18). This
model was criticised for making overoptimistic assumptions. A more cautious and
recent model using STDSIM, calibrated to the actual data in the sub-district in
which my MD research was done, showed that it would be possible to reduce
prevalence from a peak of 24% in 2015 to 14% in 2040 and incidence from 2.6/100
person years in 2010 to 1.5/100 person years in 2040 if ART is started at CD4

count < 350 cells/mm? (69).
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2.2.41 Oral and topical ART-based pre-exposure prophylaxis
More recently, studies have shown that ART could also be used by HIV-negative
individuals prior to exposure to HIV to prevent HIV acquisition, known as pre-

exposure prophylaxis (PrEP).

Table 2.2 summarises the 13 trials on pre-exposure prophylaxis using ART

completed to date.

The first trial evaluating the effectiveness of once daily oral tenofovir for pre-
exposure prophylaxis was conducted in three sites in Ghana, Cameroon and
Nigeria among high risk HIV-negative women aged 18-35 years (70). The Nigeria
and Cameroun sites were closed prematurely . In Cameroun this was because of a
lack of agreement between the Ministry of health and trial investigators concerning
the standard of post-trial care for seroconverters whilst in the Nigerian site, closure
was due to repeated protocol violations. As a result, the overall trial lacked

statistical power because of the small number of HIV seroconversions observed.

In the CAPRISA 004, a proof-of-concept phase Il trial including 889 HIV negative
women, 1% tenofovir vaginal gel compared to placebo was shown to significantly
decrease HIV acquisition, (RR 0.61, 95% CI 0.40-0.94) (71). However, the results
of two further similar trials have been disappointing. The first, the FEM-PrEP study
was a multicentre randomised double blind placebo-controlled trial evaluating the
effectiveness of oral daily tenofovir (TDF) and emtricitabine (FTC) in preventing
HIV acquisition in HIV negative women (30). This trial was stopped early due to
lack of efficacy, almost certainly driven by poor adherence as evidenced by low or
undetectable plasma drug levels, suggesting the high self-reported adherence by
participants may have been an overestimate. The other trial, VOICE, was a phase
11B, multicentre randomized, double-blind, placebo-controlled, five-arm trial of daily
oral TDF and FTC/TDF and daily 1% vaginal TDF gel as PrEP for the prevention of

HIV acquisition by HIV negative women (72).
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Table 2.2 ART-based oral and topical pre-exposure prophylaxis

Author Study setting Sample size Study Intervention/Control Follow-up HIV Impact on HIV
contributing Population time seroconversions incidence (95% CI)
data (Person
years)
Peterson, L Ghana, 936 18-35 year old Intervention: Oral 476 Intervention: 2 Rate ratio (RR)
2007(70) Cameroun, high risk HIV daily tenofovir (TDF) _ 0.35 (0.03-1.93)
Nigeria negative women  Control: Placebo Control: 6
Abdool Karim, South Africa 889 18-40 year old Intervention: coitally 1341 Intervention:38 RR 0.61(0.40-0.94)
Q 2010(71) HIV-negative administered 1% _
(CAPRISA 004) women vaginal gel Control:60
formulation of TDF
Control: Placebo
Grant RM, Peru, Ecuador, 2499 >18 years, HIV Intervention: Oral 3324 Intervention: 36 44% reduction
2010(73) South Africa, negative MSM or  daily _ (15-63)
(iPrEX study) Brazil, transgender tenofovir/emtricitabine Control: 64
Thailand, USA (TDF-FTC)
Control: Placebo
Thigpen MC, Botswana 1219 18-39 years, HIV  Intervention: Oral 1563 Intervention:9 62.2% reduction
2012 (74) negative men and daily TDF-FTC (21.5-83.4)

(TDF2 Study)

women

Control: Placebo

Control:24

32



Author Study setting Sample size Study Intervention/Control Follow-up HIV Impact on HIV
contributing Population time seroconversions incidence (95% CI)
data (Person
years)
Baeten J.M, Kenya, Uganda 4747 Heterosexual HIV  Interventions: i) Once 7830 Interventions: 67% reduction due to
2012(75) serodiscordant daily oral TDF TDF 17 TDF (44-81)
Partners PrEP couples if) Once daily TDF- TDF/FTC: 13 .
Study FTC 75% reduction due to
Control: 52 TDF/FTC (55-87)
Control: Placebo
Van Damme L, Kenya, South 2056 18-35 years, HIV  Intervention: Oral 1407 Interventions: 33 Hazard ratio (HR)
2012(30) Africa, negative women daily TDF-FTC 0.94 (0.59-1.52)
FEM-Prep Tanzania Control: 35
Study Control: Placebo
Marrazzo J, South Africa, 5029 Mean age 25.3 Intervention: i) Oral 5509 Interventions: i) HR for Oral TDF
2013(31) Zimbabwe, years, HIV daily TDF ii)Oral daily oral TDF 52 1.49 (0.97-2.3)
VOICE Study Uganda negative women TDF/FTC ii) oral TDF-FTC
iii) 1% TDF vaginal 61 HR for oral TDF/FTC
gel iii) Vaginal TDF 104 (0.7-1.5)
Control: i) Oral gel: 61 HR for vaginal TDF
placebo Control gel 0.85 (0.6-1.2)

i) Placebo vaginal gel

i) Placebo for oral
TDF: 35

ii) Placebo for oral
TDF/FTC: 60
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Author Study setting Sample size Study Intervention/Control Follow-up HIV Impact on HIV
contributing Population time seroconversions incidence (95% CI)
data (Person
years)
iii) Placebo for
vaginal gel: 70
Choopanya K, Bangkok, 2413 20-60 years, HIV  Intervention: Oral 9665 Intervention: 17 Efficacy of tenofovir
2013 (76) Thailand negative and tenofovir _ o
reported injecting . Placebo: 33 48.9% (9.6-72.2)

Bangkok drug use within Control: Placebo
Tenofovir study the past year
Rees H, 2015 South Africa 2029 HIV negative Intervention: 3036 Intervention: 61 IRR 1.0 (0.7-1.4)
FACTS 001 women 18-30 Pericoital 1% _
77) years _ Control:62

vaginal gel

formulation of

Tenofovir

Control: Placebo
Molina JM France, 400 HIV negative Intervention: On 9.3 months Intervention: 2 86% reduction (40-
2015 Canada adult MSM demand TDF/FTC (IQR 4.9- _ 98)

Control: Placebo 20.6) Control: 14

IPERGAY (78)
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Author Study setting Sample size Study Intervention/Control Follow-up HIV Impact on HIV
contributing Population time seroconversions incidence (95% CI)
data (Person
years)
McCormack S,  England 544 HIV negative Immediate: oral daily 465 Immediate: 3 86% reduction (64-
2015 PROUD MSM = 18 years  TDF/ FTC 96)
(79) Deferred: Oral daily Deferred: 20
TDF/ FTC after 12
months
Baeten JM, Malawi, South 2629 HIV negative Intervention: 4 weekly 4280 Intervention: 71 27% reduction (1-46)
2016 Africa, Uganda women aged 18-  Dapivirine vaginal
and Zimbabwe 45 years ring Control: 97
ASPIRE (80) Control: Placebo
Nel A, 2016 South Africa, 1959 HIV negative Intervention: 4 weekly 2805 Intervention: 77 HR 0.69 (0.49-0.99)
) women aged 18-  Dapivirine vaginal
The Ring study  Uganda 45 years ring Control: 56

(81)

Control: Placebo
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The oral TDF and the 1% vaginal TDF arm were stopped early within about 12
months of each other due to poor efficacy. The TDF/FTC arm continued to
completion but was not efficacious. Again, lack of efficacy was likely to have been
driven by poor adherence as TDF was detected in only 25-30% of individuals in the
active arm. This was again at variance with adherence measured through
pill/application counts and self-reports which suggested about 90% of participants

were adherent to treatment.

The FACTS 001 study was a phase lll licensure study aimed at confirming the
findings of CAPRISA 004. It was a randomised placebo-controlled trial assessing
the effectiveness and safety of 1% tenofovir vaginal gel administered peri-coitally in
2059 women. The study showed no protective effect of 1% tenofovir vaginal gel

over placebo (77).

In MSM, two other PreP trials - IPERGAY and PROUD - were terminated early
because of marked reduction in HIV acquisition in the intervention arm compared
to the placebo or deferred arm respectively (78, 79). The IPERGAY study (78) was
a phase Il multicentre randomised double-blind, placebo-controlled two-arm trial
investigating the effectiveness of "on demand" antiretroviral pre-exposure with
Truvada versus placebo, against HIV acquisition in HIV negative MSM while
PROUD (79) was a multi-centre, open label randomised design to immediate or
deferred inclusion of pre-exposure prophylaxis as part of the package of HIV risk

reduction interventions.

Two further PreP trials in high-risk women evaluating vaginal rings impregnated
with the non-nucleoside reverse transcriptase inhibitor, dapivirine, showed modest
reduction in HIV incidence (80, 81). The low efficacy was attributed to poor
adherence to the use of the vaginal ring. Overcoming poor adherence remains the

biggest challenge to the success of PrEP.
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2.2.4.2 ART in HIV-discordant partnerships

Table 2.3 summarises the ten observational studies (82-91) and one randomised
trial (21) evaluating the effectiveness of ART in preventing HIV transmission from
the index to the HIV-uninfected partner. A Cochrane review and meta-analysis
(92) that included nine of the observational studies identified 2112 HIV
transmissions: 1,016 among ART-treated couples and 1096 in those not taking
ART. The combined rate ratio (ART-treated couples vs. No ART) for the nine
observational studies was 0.58 (95% CI: 0.17-0.75). The remaining observational
study was conducted after the meta-analysis and estimated that ART was 77%
effective in preventing transmission in heterosexual couple from an HIV-positive

individual to their HIV-negative sexual partner (91).

The only randomised trial, which was multicentre (HPTN 052) (21) and recruited
1763 stable serodiscordant couples from nine countries (Table 2.3) reported initial
findings in 2011. HIV infected individuals with CD4 counts between 350-550
cellsimm?3 and in a stable relationship with an uninfected partner were randomly
allocated to receive ART immediately (early therapy) or delayed until CD4 count
decreased below 250 cells/mm? or development of clinical symptoms (deferred
therapy). The result of this study was released early because of clear efficacy of
ART in preventing transmission in the early therapy arm. There were 39 HIV
transmissions in total of which 28 were virologically linked to the infected partner.
Of the linked transmissions, 27 occurred in the deferred and one in the early
therapy group (HR 0.04, 95% CI: 0.01-0.27). The updated results published in
2016 showed that the efficacy of ART in preventing transmission to sexual partners
was durable. Out of a total of 46 linked seroconversions, three occurred in the early
therapy group after a median follow up of 5.5 years amounting to a risk reduction of

93%; HR = 0.07 (95% CI 0.02-0.22).

An earlier meta-analysis (93) reviewed observational studies of HIV transmission

involving individuals on and not on ART from 11 cohorts comprising 5021
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Table 2.3 ART for preventing HIV transmission in HIV discordant partnerships

Author Study setting No of Study population Study design/ Follow-up ART status of Effect estimate
couples ) ) duration in index case
intervention person &sero- (95% CI)
years conversions (n)
Musicco, M 1994  ltaly 436 Female sexual Observational/ 740 Partners of men Risk lower in
(82) partners of HIV- _ ) not on ZDV:21 partners of treated
infected males Zidovudine (ZDV) Men
majority of whom monotherapy Partners of men
were injecting drug on ZDV: 6 RR 0.50 (0.1-0.9)
user
Melo MG, 2008 Brazil 93 Female index case: Observational/ Not stated Partner on ART: 0 Risk lower if partner
(83) 67 . on ART
41 on triple ART Partner not on
Male index case: ART : 6 RR 0.10 (0.01-1.67)
26 52 not on ART
Sullivan P, 2009 Rwanda, Zambia 2993 HIV discordant Observational 5609 Partner on ART: 4 Risk lower if partner
(84) couples on ART
Partner not on
ART: 171 RR 0.21 (0.08-0.59)
Del Romero, J Spain 424 Stable sexual Observational 1355 Partner on ART: 0 Risk lower if partner

2010 (85)

couples

*144 couples with
index partner on
triple ART

Partner not on
ART:5

on ART
RR 0.21 (0.01-3.75)
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Author Study setting No of Study population Study design/ Follow-up ART status of Effect estimate
couples ) ) duration in index case .
intervention person &sero- (95% CI)
years conversions (n)
*47 couples on
mono/dual ART
*341 couples with
index partner not
on ART
Donnell D, 2010  Botswana, 3381 HIV serodiscordant  Prospective 4831 Partner on ART: 1  Risk lower if partner
(86) Kenya, Rwanda, partners cohort on ART
South Africa, o Partner not on
Tanzania 349 initiated ART ART: 102 0.08 (0.00-0.57
Uganda, Zambia 3082 did not
initiate ART
LuWw, 2010 (87) China 1927 HIV serodiscordant  Prospective 4918 Partner on ART: RR 1.44 (0.85-2.44)
couples cohort 66
Male index 1092 1369 on ART Partner not on
) ART: 18
Female index 835 558 not on ART
Reynolds SJ, Uganda 250 HIV discordant Prospective 513 Partner on ART: 0 RR 0.10 (0.01-1.64)
2011 (88) couples cohort

Male index: 145

32 initiated ART

Partner not on
ART: 42
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Author Study setting No of Study population Study design/ Follow-up ART status of Effect estimate
couples ) ) duration in index case .
intervention person &sero- (95% CI)
years conversions (n)
Female index: 155 218 not on ART
Cohen MS, Botswana, 1763 Stable HIV- Randomised Median Early therapy: 3 HR 0.07 (0.02-0.22)
2011(21) Kenya, Malawi, discordant , follow up: 5.5
South Africa Immediate versus years (0.0- Deferred therapy:
Zimbabwe, ’ 97% heterosexual deferred ART 9.9) 43
Brazil, India,
Thailand, USA
Birungi J, 2012 Uganda 586 Serodiscordant Prospective Median ART group : 9 RR 0.91 (0.38-2.20)
(89) couples o follow up of
348 ART-QI]glbIe 1.3 years Non-ART group: 8
couples initiated
238 not eligible
for ART
JiaZz, 2012 (90) China 38,862 Serodiscordant Retrospective 101,295 ART-group: 935 RR 0.74 (0.65-0.84)
couples cohort i
ART-naive: 696
24057 ART-
treated

14,805 non-ART
group
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Author Study setting No of Study population Study design/ Follow-up ART status of Effect estimate
couples ) ) duration in index case
intervention person &sero- (95% CI)
years conversions (n)
Oldenburg C, South Africa 196 Serodiscordant Longitudinal 707 Partner on ART: 4 HR 0.23 (0.07-0.80)
2016 (91) couples cohort
Partner not on
76 on ART ART: 23

120 not on ART
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heterosexual couples and 461 HIV transmission events. In the five studies that
included heterosexual couples in which the HIV-positive partner was on ART, the
overall risk of HIV transmission irrespective of viral load, was 0.46 (95% CI: 0.19-
1.09) based on five transmissions and 1098 person-years of follow up. When this
meta-analysis was restricted to the two studies in which individuals had
undetectable viral load, no transmission was recorded in 291 person-years of
follow up with an upper confidence limit of 1.27 per 100 person-years. It is now
established that ART is effective at preventing transmission in stable heterosexual
couples, but it remains unknown whether ART will be similarly effective at
preventing HIV transmission at the population level. An observational study from
rural KwaZulu-Natal suggests this may be the case (14); and this question is
currently being addressed by four randomised trials (25, 94, 95), one of which
recently reported its findings. The ANRS 12249 HIV Treatment as Prevention trial
was a cluster randomised trial investigating the impact of home-based HIV testing
and immediate ART on HIV incidence. Immediate ART compared to standard of
care did not demonstrate a reduction in HIV incidence, adjusted relative risk 0.95

(95% CI 0.82-1.10) (96)

2.2.4.3 Population ART to prevent HIV transmission

A cohort study undertaken at the Africa Health Research Institute used routine data
from the Hlabisa ART programme and HIV seroconversions estimated from the
annual HIV surveillance in the sub-district to estimate the association between ART
coverage and HIV acquisition. It was estimated that an HIV-uninfected individual
living in a community with an ART coverage of 30 to 40% was 38% less likely to
acquire HIV than someone living in a community where ART coverage was <10%
(14) This is the only study to have shown an association between an increase in ART
coverage and a decrease in HIV transmission in real-life setting at the population
level. The ART eligibility criteria in this population at the time of the study was CD4
count <200 cells/mm? or WHO clinical stage 4 disease but this was increased to

CD4 count <350 cells/mm? for pregnant women and tuberculosis patients in April



2010. Prior to this study, existing evidence had been based on ecological studies
(97-99). However, in the Hlabisa study, whilst the exposure (ART) was ecological,
the outcome, which was HIV acquisition was estimated at the individual level
differentiating it from typical ecological studies. Ecological studies are prone to
ecological fallacy as is often not possible to link exposure to outcome. It is also not
possible to control for potential confounders. Apart from the ANRS TasP trial which
has reported its findings, three cluster randomised trials are in progress in South
Africa, Zambia, Botswana, Uganda and Kenya investigating the effect of population
ART on HIV incidence. Even as these trials are still underway, the WHO guidelines
recommend initiating treatment at CD4 <500 cells/mm? regardless of WHO clinical
stage (25, 94, 95).

This recommendation was hinged on the premise that untreated HIV may be
associated with the development of non-AlIDS-defining conditions (100-102) and that
initiating ART earlier reduces such events and improves survival as well as the
results from the HPTN 052 trial demonstrating the effectiveness of ART in reducing
HIV transmission in stable serodiscordant couples (21). A further supporting
argument was that currently available regimens have become less toxic and easier
to take and the cost of providing ART is becoming cheaper. Since the formulation of
the objectives of my research, two randomised trials, TEMPRANO and START,
have tipped the argument in favour of earlier initiation with the individual health
benefits clearly demonstrated in these trials (103, 104). This informed the 2015
WHO ART guidelines which recommend treatment for HIV regardless of CD4 count
(105), which became policy in South Africa on 1 September 2016 (15).

These trial results are from individuals enrolled in clinical trials with very close
monitoring, it remains to be seen whether treating all HIV-positive individuals
regardless of CD4 count or symptoms is logistically feasible, especially in sub-
Saharan Africa where the burden of infection is huge.

It is also not known whether in real life settings, individuals treated at high CD4
count, who are mostly asymptomatic, would be motivated to adhere to ART

consistently. If adherence is sub-optimal, this could result in virological failure and the
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emergence and transmission of drug resistance. A further concern involves risk
compensation/behavioural dis-inhibition from a false security of being on ART which
could result in high risk sexual behaviour, thereby attenuating any benefits of ART in

preventing transmission. These challenges, collectively, could hinder HIV elimination.

2.3 Barriers to HIV elimination

2.3.1 Sub-optimal HIV cascade of care

The term HIV ‘cascade of care’ was first used in 2009 to describe the HIV epidemic
in Washington D.C (106) and has gained acceptance as an important tool to
assess programmatic performance (107). This term refers to the sequential steps
that take individuals from HIV infection to diagnosis, linkage to care, retention in
care, timely initiation of ART, adherence to treatment and viral suppression (108).
Dropout or leakage can occur at any of these steps so that the final number of
beneficial outcomes may be small compared to the number of people at the
beginning of the cascade. The cascade is typically presented as a linear process,
but in reality, it is cyclical. This cyclical movement of individuals engaging, re-
engaging and exiting clinical care at any given point in time is termed “churn”, a
terminology first used in this context by Gill and Krentz (109, 110). Hallet et al,
described individuals who initiate ART in advanced stages of disease without prior
knowledge of infection status or those who re-engage with care after dropping out

of care as entering through a “side door” (111).

The cascade has been used to describe the performance of ART programmes in
different countries with leakages demonstrated at different steps of the cascade.
Where the greatest losses occur differs from country to country and even within the
same country, leaks can be heterogeneous with respect to the demographic profile
of the population (112-114). Understanding these differences is important for

planning effective interventions to improve diagnosis, linkage and retention in care
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as well as virological suppression so that the individual and public health benefits

of ART can be maximised.

Figures 2.2 & 2.3 show the HIV cascade of care in South Africa which has the
highest number of HIV positive individuals in the world and the largest HIV
treatment programme (115, 116). In the South African cascade, the number of
individuals who remain undiagnosed with HIV amongst those estimated to be HIV
infected was not described. The disaggregation by sex showed that males
performed worse in all the metrics measured and interventions to improve linkage,
retention and treatment would need to target men. The very low percentage of
individuals with virological suppression means there are large numbers of
individuals within the community who can potentially transmit the virus and this has

implications for test and treat programmes aimed at reducing HIV incidence.

2.3.2 HIV testing

HIV testing is necessary for linkage to HIV care and treatment. For HIV elimination,
large numbers of individuals have to be willing to test for HIV regularly and those

testing positive need to be linked to care and started on ART.

However, despite the availability of effective treatment for HIV, an estimated 36% of
individuals in sub-Saharan Africa (SSA) have never been tested for HIV (117). It
should be noted that HIV testing is not synonymous with awareness of HIV infection
status. In a South African study, 45% of all HIV-infected persons were unaware of
their HIV-positive status, despite 71% reporting a previous HIV test (116). In the
USA, an estimated 21% of HIV-infected individuals are unaware of their HIV-positive
status (118). Since awareness of infection status is a pre-requisite to engaging in
care, these individuals would remain out of care with consequent increased morbidity
and mortality and would be more likely to transmit the virus to sexual partners as
they would not be on ART coupled with reported increased risk in sexual behaviour

(119).
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Low perception of risk, concerns about confidentiality and fear of disclosure, stigma
and discrimination have been suggested as explanations for the low testing rates in
SSA. Gender inequity that leaves women economically dependent on men may

undermine the ability of women to seek HIV testing (120-122).

2.3.3 Linkage to care

Further, studies have shown a huge drop between the number of people taking an
HIV test and those linked to care. A systematic review and meta-analysis of eleven
studies in SSA estimated that only 57% (95% ClI, 48-66) of those diagnosed HIV
positive are linked to care (123). Substantially higher numbers of individuals need to
be linked to care for treatment assessment to realise the goal of HIV elimination.
Within the TasP trial in rural KwaZulu-Natal, only 36% of HIV-positve individuals
linked to care within six months of being referred (124). A review of 42 studies from
12 Countries in sub-Saharan Africa, 16 of which were from South Africa, examined
the barriers to linkage to care. The most commonly identified factors were transport
costs and distance to clinics. Others include concerns about disclosure and stigma,

staff shortages, long clinic waiting times, male sex and younger age (125).

2.3.4 Retention in care

Retention in HIV care takes two forms: pre-ART retention refers to retention in care
of individuals not yet eligible for ART while retention on ART refers to individuals who
remain in care after initiating ART. Individuals need to be retained in care long
enough to initiate ART, achieve virological suppression and should continue in care
to maintain this. A review of four studies in South Africa and one in Malawi estimated
that the median proportion of patients retained in pre-ART care was 45% when CD4

eligibility threshold was 200 cells/mm?2 (123). A review of 14 studies reporting
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proportions of patients retained in care from ART eligibility to ART initiation estimates
a median of 68% (range 14-84%) (126). For retention in care after initiating ART, a
systematic review of 33 studies reporting on 39 patient cohorts estimated that 65% of
patients were retained in ART care (range 58%-72%) after 36 months (127). Factors
that impact retention in care include challenges that relate to housing, transportation
to clinics, mental health and drug abuse which would need to be addressed in
affected individuals. Provider-patient relationship and clinic opening hours are other

issues that need to be addressed to improve retention in care (128).

2.3.5 Adherence

The WHO defines adherence as “the extent to which a person’s behaviour - taking
medication, following a diet, and/or executing lifestyle changes, corresponds with
agreed recommendations from a health care provider” (129). In HIV, this refers to
the initiation and maintenance of appropriate ART combination to achieve
virological suppression and prevent disease progression. It was demonstrated in a
study using protease inhibitors that up to 95% adherence is necessary to achieve
virological suppression (130). Adherence to ART is vital for viral suppression
(130), which is important for optimal treatment outcomes and for prevention of HIV

transmission (20).

If patients perceive they are being treated primarily to prevent transmission to
others, they may not maintain the same motivation for adherence as they would if
they were being treated for their own health. Studies reporting on routine treatment
programmes with differing ART initiation CD4 thresholds have shown that
individuals starting treatment at higher CD4 counts are less likely to adhere
consistently than individuals starting at lower CD4 counts (131, 132). However in
the HPTN 052 on stable serodiscordant couples, adherence measured by pill count
of at least 95% was seen in 79% of participants in early therapy group (CD4 350-

550 cells/mm3) compared to 74% in the delayed therapy group (CD4<250
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cells/mms3) (21). This may not be reflective of real life situations. Furthermore, some

studies suggest that adherence wanes over time (133, 134).

In the pre-exposure prophylaxis studies in which participants were aware that they
were using the prescribed medications to prevent HIV transmission, adherence
measured by drug levels was poor (30, 31). A meta-analysis involving 37
qualitative and 47 quantitative studies on barriers and facilitators to adherence
identified fear of disclosure, concomitant substance abuse, forgetfulness,
suspicions of treatment, complex regimens, high pill burden, decreased quality of
life, work and family responsibilities, falling asleep and access to medications as
the main adherence barriers (135). The barriers to treatment adherence are

summarised in the Table 2.4 (136)

Non-adherence is not always a premeditated decision not to take one’s prescribed
medicines. The barriers to adherence listed in Table 2.4 can be further classified
as resulting in intentional or unintentional non-adherence (137). Unintentional non-
adherence occurs when a patient is unable to adhere to their medications due to
circumstances beyond their control, for example they are too old to remember the
dosing instructions given by the doctor or unable to afford cost of transportation to
go to the clinics for a refill. With intentional non-adherence, the patient makes a
conscious decision not to take the prescribed medications perhaps influenced by
their beliefs/perceptions about their own health or the prescribed medicines.
However, these two forms of nhon-adherence are not mutually exclusive as they
may exist in the same individual on different occasions. Drug stock-outs have also
been identified as a cause of medication non-adherence in many sub-Saharan
African Countries (138, 139). For an adherence intervention to be effective, it
should address the patient’s beliefs as well as other practical issues that facilitate
or hinder their ability to adhere. Horne et al demonstrated that beliefs about
medicine can be analysed using the necessity- concerns framework (140) in which
patients try to balance the necessity of the medications prescribed to them for their

health against other concerns they may have against them such as the fear of
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Table 2.4 Barriers to medication adherence (136)

Patient factors

System factors

Community Factors

Medication Factors

Psychosocial

e Depression
e Stigma
e Substance/alcohol abuse

Socioeconomic

e Cost of transport
e Food insecurity
e Lower literacy

Demographics

e Younger age

Clinical

e  Prior and/or current medical

comorbidities

Access

e Distance
e Long wait times
e Cost of co-pay medication

Environment

Provider relationship

Support services

Lack of knowledge/awareness

stigma

Pill burden

Dose frequency

Dietary restrictions/requirements

Side effects
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side-effects. Quantifying these beliefs has been shown to predict adherence in a

number of chronic disease conditions (141-143).

A meta-analysis of 94 studies comprising 25,072 individuals from developed

countries which used the beliefs about medicines questionnaire to quantify the

association of necessity and concerns with adherence showed that the odds of
adherence increased by 1.7 per unit standard deviation increase in necessity
scores. A unit decrease in concerns scores was associated with twice the odds of

adherence (144).

2.3.5.1 Monitoring adherence to ART

There is no gold standard method for the accurate measurement of ART
adherence but a number of approaches are in use in clinical settings despite their
limitations. These various methods can result in discrepancies in rates of
adherence as well as in predictors of adherence (145). Measuring adherence is
important for identifying patients who require interventions. Common methods

include indirect measures such as self-reports, pill counts, pharmacy refill records

and electronic drug monitoring using Medication Event Monitoring System (MEMS)

and direct measures which include the detection of drug or drug metabolites in
plasma. The advantages and disadvantages of the various methods are

summarised in Table 2.5.

2.3.5.1.1 Self-reports

Self-reports are the most commonly used adherence measures in the clinical
setting. These can take the form of short questionnaires asking patients about
missed doses over a recall period. A visual analogue scale with values ranging
from 0 to 100% where 0 represents no pill taken and 100 represents that all pills
were taken over a given recall period. This has been validated in resource-

constrained settings (146).
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Table 2.5 Characteristics of the different adherence measurement methods (136, 145, 147)

Methods Advantages Disadvantages Correlation with Viral load
Self-report Cheap Overestimates adherence Moderate correlation with VL
Easy to implement Relies on accurate recall and
honesty
Low participant burden Problem of social desirability bias
Questionnaires can suggest reasons No standardised questions
for non-adherence
Poor sensitivity
No information on timing of doses
Pill count Cheap May overestimate adherence Moderate correlation with VL

Easy to implement

Pill dumping prior to appointments

No information on timing of doses
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Methods Advantages Disadvantages Correlation with Viral load
Assumes no alternative source of
medication supply

Pharmacy refill Cheap Overestimates adherence

Medication Event Monitoring System

Easy to implement

Objective
Allows for population level analyses

Not subject to social desirability bias

and recall bias

Allows analyses of adherence over

prolonged periods

Gives information about the timing of

doses

Assumes only one source of

medication supply
Equates refills to adherence

No information on timing of doses

May underestimate adherence Strongest correlation with VL

Expensive and not feasible for most

clinical settings or large scale use
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Methods

Advantages

Disadvantages Correlation with Viral load

Therapeutic drug monitoring

Direct method of measuring

adherence

Additional use for the monitoring and

prevention of drug-related toxicity

May inform drug dosing in special
groups such as pregnant women, in

situations of drug-drug interactions

May malfunction
High participant burden

Inaccuracies if multiples doses are
removed at once (Pocket dosing) or
if cap opened but no pills are

removed (curiosity opening)

Expensive and invasive Strong correlation with viral load

Does not account for individual

variability in pharmacokinetics

Measures adherence over a limited

period

Limited use for assessing nucleoside

reverse transcriptase inhibitor
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Methods

Advantages

Disadvantages

Correlation with Viral load

plasma levels as activity is

intracellular

Non-adherent patients may take
medications just prior to

measurement of plasma levels
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2.3.5.1.2 Pill counts

This can be undertaken in health care facilities or can take the form of
unannounced pill counts in patients’ homes or telephonically. The number of
remaining pills are counted and used to estimate adherence over a specific period

of time based on the refill date and daily dosage.

2.3.5.1.3 Pharmacy refill records
Patients who collect their medications from the pharmacy on the due dates are

assumed to be adherent to medication. Prolonged periods between refills are an

indication that patients are either missing doses or not taking the medications at all.

However, this is only valid if there is only one source of ART supply as patients
may be obtaining ART from multiple sources (145). Adherence rates are estimated
either by comparing actual to expected refill dates (148) or by identifying gaps in
medication collection revealed by gaps in which the patient's medication is
assumed to have been exhausted (149). This method of measuring adherence

requires an effective record keeping system (136).

2.3.5.1.4 Medication event monitoring system (MEMS)

This is a device with a special bottle cap fitted with a microprocessor which records
the time and date each time the cap is opened and closed. The data stored by the

cap are downloaded on to a computer for analysis. MEMS are often treated as the

gold standard method for measuring medication adherence because it correlates

more closely with viral loads than other measures of adherence (150, 151).

2.3.5.1.5 Therapeutic drug monitoring

Adherence to ART can also be measured by estimating the levels of drug in blood
or urine. This can either be done by adding a molecule to a drug known as a
marker which is easy to detect in urine or by direct measurement of the levels of
the drug in blood or urine. These assays can only measure recent doses of drug
taken hence provide limited information on long term adherence. The absence of
the drug in the blood or levels below certain defined threshold can be taken as an

indication of non-adherence (152, 153). One of the short-comings of this method is
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that patients who are aware that they will be having drug levels measured can take
their medication just before the test, unless this is unannounced. Measuring drug
levels in hair overcomes the limitation of “snapshot” adherence when adherence is
measured in blood samples because ART levels in hair reflects adherence over
periods of weeks to months, thereby providing an opportunity to intervene before

virological failure occurs (154)

2.3.5.1.6 Composite adherence measures

The WHO recommends a multi-method approach which combines self-reporting
and other objective measures as the current gold standard in the measurement of
adherence behaviour (129). This is because combining information from multiple
methods reduces the error associated with any single measure. For example,
adherence measured by pill counts or pharmacy refills tend to be lower than self-
reports but higher than adherence measured using MEMS (145) suggesting there
is a measurement error inherent in each method; therefore true adherence would
be better represented by a composite measure. However there are no data on how

best to combine measures and which measures to combine (155-157).

2.3.6 Virological failure

In the industrialised world, virological failure is defined as sustained viral load
above 50 copies/mL after about six months on ART and usually associated with
progressive rise in viral load measured in plasma (158) Progressive rise in viral
load has been shown to be associated with treatment failure, development of
resistance and disease progression. Virological failure could also be indicated by a
sustained increase in viral load >50 copies/mL after a previous viral load <50
copies/mL. This is different from viral load “blips” which typically refers to one
elevated viral load greater than 50 copies/mL, and usually less than 1000
copies/mL, preceded and followed by “undetectable” viral load in plasma.
Sometimes the reason for this is unexplained; however it can also be due to

random variation in the viral load assays used (158-160). Most studies have shown
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that blips are not associated with treatment failure or development of resistance but
may be associated with decreased adherence (161-163). In one study, however,
in which there was stratification according to the level of viral load blips, an
increase in subsequent failure was seen in patients with a blip over 500 copies/mL

(164).

The definition of treatment failure in resource-limited settings is broader and
depends on the availability of viral load monitoring. In the absence of viral load
monitoring, WHO defined a set of immunological and clinical criteria for defining
treatment failure. The immunological definition for treatment failure refers to a 50%
fall in CD4 cell count from on treatment peak value or persistent CD4 cell count
below 100 cells/mm? after 24 weeks or more on treatment. The clinical definition of
failure refers to a new or recurrent WHO stage 4 condition which is not immune
reconstitution inflammatory syndrome. In settings where viral load could be
monitored, virological failure was defined as viral load above 5000 copies/mL
(165). Studies have shown that the 2010 WHO immunological and clinical criteria
lack sensitivity and specificity for predicting virological failure, thus resulting in
continuation of failing regimen in individuals with virological failure or in treatment
switches in those who do not need them (166-169). The South African ART
guidelines (170) define treatment failure as two consecutive viral load
measurements exceeding 1000 copies/mL within a two month interval after 6

months on ART.

A systematic review that included 89 studies in sub-Saharan Africa prior to June
2009 with varying design showed that in on-treatment analysis in individuals
eligible for treatment, 7413 (76%) of 9794 patients experienced virological
suppression (VL<50 copies/mL) after 12 months of ART and 3840 (67%) of 5690
after 24 months (171). Studies from South Africa (172), Malawi (173), Uganda
(174) and Botswana (175) showed that 15-25% of patients have HIV-RNA >400
copies/mL 6-36 months after starting first-line ART(176). This figure is consistent

with findings from the Hlabisa HIV Treatment and Care programme (where my
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research is based) in which an estimated 15% of patients have HIV RNA >400

copies/mL 12 months after starting ART (26).

A number of factors have been shown to be associated with treatment failure.

These are higher baseline or pre-ART viral load or higher viral load at the time of
regimen change (130) poor adherence (130, 177) or other causes of sub-optimal
drug exposure such as poor absorption, drug-drug interactions (158), depression

and younger age (178).

2.3.7 HIV Drug resistance

ART scale-up in sub-Saharan Africa has been rapid with an estimated 13.6 million
individuals on ART by June 2014 (179). The increased expansion in the indication
for ART use would result in earlier initiation of treatment and if adherence is sub-
optimal, this could lead to virological failure and the likely development of drug
resistance. The likelihood of transmission of resistant virus will depend on ART
coverage, duration of ART roll-out and the proportion and absolute numbers of
individuals with virological failure (28, 180, 181). Conditions that would promote
transmission of resistant virus include proportion of failures with resistant virus,
time spent on failing regimen, viral load of patients with resistant virus, fitness of
the resistant virus and the transmission probability compared with ART-naive
individuals (28). Renewed interest in the use of ART to prevent HIV transmission
has resulted in the expansion of the indication for ART initiation (105) and there are
on-going population randomised trials of HIV test and treat (25, 94, 95) evaluating
the impact of universal HIV testing and immediate ART initiation on HIV incidence.
In a clinical trial setting with virological monitoring, individuals failing ART would
potentially be identified early and switched to alternative suppressive ART. In real
life setting, as many sub-Saharan Africa countries adopt the most recent WHO
guidelines (105), as is the case in South Africa (15), it is plausible that high levels
of transmitted resistance may occur. This could result from the limited use of

virological monitoring in many countries and the increased reliance on WHO
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immunological and clinical criteria for identifying treatment failure (166). This
scenario could threaten the effectiveness of ART programmes, despite the
increasing availability of the more expensive second-line regimen and make HIV

elimination difficult.

Limited available data from North America and the United Kingdom do not support
that earlier ART initiation will lead to increased resistance (182, 183). Analysis of
resistance data in individuals with virological failure in the HPTN 052 trial which
included participants from the African sites showed that frequency of resistance at
ART failure was significantly higher in the delayed ART arm compared to the early
ART arm (184). It could be speculated that individuals with higher CD4 count are
likely to be in an earlier stage of HIV infection compared to those with lower CD4
counts, thus having less diverse viral quasispecies because error-prone reverse
transcriptase replication has occurred for a shorter duration. Hence those with
higher CD4 counts would be likely to have a lower population of low frequency
spontaneously generated drug mutants. It could also be due to yet an unexplained
interaction between a relatively preserved immune system in those with higher
CD4 counts and the HIV virus which reduces the likelihood of resistance at

virological failure.

2.3.7.1 Determinants of HIV drug resistance

2.3.7.1.1 Type of regimen

Standard first line ART recommended by WHO for adults comprises two
nucleoside reverse transcriptase inhibitor (NRTI), usually zidovudine or tenofovir
and one non nucleoside reverse transcriptase inhibitor (NNRTI), typically
nevirapine or efavirenz. However NNRTIs have a lower genetic barrier (defined as
the number of mutations required to render a drug ineffective) to resistance than
boosted protease inhibitor. Individuals failing on NNRTI-based regimen tend to
develop resistance more often than seen in failure on boosted protease inhibitors

(185-187). Other regimen-related factors include drug-drug interaction which can
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result in decreased exposure to ART from induction of increased metabolism or
impaired absorption resulting in virological failure and the selection of resistance,
for example, proton pump inhibitors reduce the absorption of atazanavir (188).
While the use of a fixed dose combination can improve adherence (189), the use of
regimen with high pill burden can reduce adherence and result in development of

resistance.

2.3.7.1.2 Patient factors

The most important patient-related factor for the success of ART is adherence.
Adherence is also vital for the success of treatment programmes. Poor adherence
can result in virological failure as well as the selection of drug-resistant virus. The
individual benefits of optimal ART adherence have already been highlighted as well

as the factors/barriers of adherence.

2.3.7.1.3 Programmatic factors

Programmatic factors such as inadequate staffing, poor infrastructure and weak
procurement and supply management systems can act as barriers to ART
adherence and retention in care thereby contributing to the development of
resistance. Heavy patient load coupled with inadequate staffing can increase
patient waiting times and sometimes discourage clinic attendance. High patient
load can also decrease the time spent with each patient, leaving inadequate time
for adherence counselling. Weak supply management systems can result in drug
stock-outs and treatment interruptions (138, 139). Other factors such as the cost of
assessing care, for example, transportation to clinics and food insecurity may also

be barriers to ART adherence (190, 191).

Programmes that routinely monitor viral load are more likely to detect virological
failure and switch ART timely compared to those relying on immunological and
clinical criteria to identify failure. Individuals left on failing regimens are more likely

to accumulate resistance mutations (27).
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2.3.7.1.4 Virus factors

The HIV-1 subtype genetic variation can influence the frequency and mutational
patterns of drug resistance as well as their susceptibility to ART. Some data have
suggested that the K65R mutation is readily selected in subtype C viruses, which is
more common in South Africa (192) compared to subtype B. This has been
demonstrated to be related to the template nucleotide sequence and the tendency
of reverse transcription to pause at position 65 (193-195). Individuals who harbour
viruses with PDR are more likely to experience virological failure to first-line ART
and this is most critical in situations where multiple mutations are present which
confer multi-class drug resistance and in turn makes accumulation of new

resistance mutations more likely (196-198).

2.3.7.2 Acquired resistance

This refers to resistance mutations which occur as a result of drug-selective

pressure in individuals receiving ART.

In a WHO report on drug resistance in low and middle-income countries (187) 29 of
40 surveys done in 12 countries from 2006 to 2010 contributed data on resistance
at 12 months among people failing ART. Of the 4764 individuals from the 29
completed surveys, 3475 were alive and receiving first line ART at 12 months, 294
had transferred out and 362 had died. The others had either stopped ART,
switched to second-line or were unclassified. 3219 of the 3475 individuals alive had
viral load data. 87% of individuals received a thymidine analogue-based ART such
as zidovudine or stavudine and 12% were on tenofovir-based ART. About 5.1% of
those initiating ART, excluding deaths and those transferred out, had evidence of
resistance at 12 months. The prevalence of drug resistance was 72.1% among
those failing first-line ART (69.5% to NNRTI, 62.5% to NRTI and 59.9% to both

NNRTI and NRTI).
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The frequency of the different NRTI and NNRTI mutations is summarised in Figure
2.4. 15.6% of individuals with treatment failure had one or more thymidine
analogue associated mutations (TAM) which are M41L, D67GN, K70ER, L210W,

T215IFNSY, K219ENQ.

The remaining 27.9% failed without resistance mutations. Possible explanations for
this could have been from treatment interruption or very poor adherence resulting

in no drug selective pressure on the virus

These results are similar to another systematic review of virological outcomes of 89
studies carried out before June 2009 in sub-Saharan Africa, in which 7413 (76%)
of 9794 patients had VL<400 copies/mL after 12 months (171). 29 studies had
information on genotypic resistance test in 734 patients. The majority of the
patients (82%) were on NNRTI-based first-line therapy. The most prevalent
resistant mutation was the M184V which confers resistance to lamivudine and
emtricitabine, present in 478 patients (65%). D67N was the most prevalent TAM in
118 (16%) of patients. Of the 600 patients exposed to NNRTI who had genotypic
resistance tests, the K103N mutation was the most prevalent and seen in 310
(52%) patients. The K65R which is associated with tenofovir use, a backbone
component of the first-line ART recommended in South Africa, and TAMS
associated with the use of zidovudine and stavudine were less common. 116
patients exposed to protease inhibitors (PI) had a resistance test. The L90M and
the VB82A/F/T/S mutations were the most common, both present in 18 (16%)

patients.

Another systematic review comprising 8376 patients from eight cohorts and two
prospective studies (6500 patients from seven low and middle income countries
and 1876 from UK, Canada and Switzerland) reporting resistance in patients
infected with HIV who received treatment consisting of 2 NRTI and an NNRTI at a
CD4 < 200 cells/mm? covering the periods 1994 to 2009 compared the effect of

monitoring frequency on the emergence of drug resistance (199).
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Percentage of endpoint genotypes

Figure 2.4 Prevalence of HIV-associated mutations amongst people experiencing treatment failure at 12 months

(Source: WHO HIV Drug resistance report 2012)
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Resistance at treatment failure to NNRTI at 12 months was 88.3% and 61% in
infrequently and frequently monitored patients, respectively. Lamivudine resistance
was 80.5% and 40.3%; and the prevalence of at least one TAM was 27.8% and
12.1% respectively. The most likely explanation for the difference in prevalence of
resistance observed between frequently and infrequently monitored patients is the
time left on failing ART regimen. This situation could possibly be mitigated by the
availability of cheap point-of-care viral load tests making viral load tests accessible

with immediate availability of results.

A recent systematic review and meta-analysis of studies published between
January 2006 and May 2013 (69% of the cohorts were from sub-Saharan Africa)
on virological outcomes in low- and middle-income countries estimated virological
suppression for all time-points (6, 12, 24, 36, 48, 60 months) up to 5 years to be
>80% in the on treatment analysis after excluding the number of people who died,
lost to follow up and who discontinued ART from the denominator of the estimate.
The estimate was much lower when these indices were included in the
denominator in an intention-to-treat analysis. This ranged from 61.8% (95% CI:
44.0-79.7) at 48 months to 74.7% (95% CI: 72.2-77.2) at 6 months (200). A study
from the same sub-district as that in which the TasP trial was implemented
reported virological suppression rates of 86% at 12 months in individuals who

started ART between 1 August 2004 and 31 October 2009 (26).

A study from the Hlabisa sub-district, where my research was conducted, showed
that 191 (86%) of 222 individuals failing first-line ART with detectable viral load had
at least one drug-resistant mutation (27). (NNRTI 181 (82%); NRTI 179 (81%)).
M184V was the most common NRTI mutation and present in 173 (78%) patients
followed by the NNRTI mutation, K103N seen in 101 (45%) patients. TAMs were
detected in 88 (40%) patients with the D67N being the most prevalent seen in 22%
of patients. The K65R mutation was seen in 13 (6%) patients. This was likely due
to the earlier exposure of some of the patients to stavudine. Some patients failing
on stavudine develop the K65R mutation (201). The median time spent on a failing

regimen was 27 months (IQR 17-41). The long duration spent on failing regimen
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could be the reason for the higher frequency of TAMs seen in this study. Thirty four
patients (15%) had a calculated genotypic susceptibility score (the number of
active drugs in a regimen) of < 2 for the second-line regimen recommended by

local guidelines; response to second-line ART may thus be sub-optimal.

2.3.7.3 Transmitted resistance

This refers to infection of HIV-negative individuals with drug-resistant virus, usually
from individuals failing ART. Some studies would use the term “transmitted
resistance” to refer to resistance seen in only recently infected individuals, while
other studies would include individuals with longer duration of infection, classed as
chronically infected. This distinction arises because mutations tend to revert to wild
type with increasing duration of infection at variable rates, or may become archived

and not be detected in majority virus during standard genotype testing (202-204).

WHO reports (187) 72 surveys of transmitted resistance conducted in 26 low- and
middle-income countries from 2004 to 2010; 43/72 (60%) were from the African
region. 52/72 (72%) surveys showed low prevalence (<5%) to all drug classes and
28% had a moderate prevalence (5-15%) classification. There was no survey with
high prevalence classification. The proportion of surveys reporting a moderate
prevalence of transmitted resistance to any drug class increased from 18% in the
period 2004-2006 to 32% in the period 2007-2010 and this was driven by a rise in
the prevalence of NNRTI resistance. The rise in moderate prevalence of
transmitted resistance is mostly represented by increases from the African region

from 17.6% to 40.7% in the respective periods.

Figure 2.5 shows that higher levels of ART coverage (proportion of all HIV positive
individuals on ART) are associated with increased prevalence of transmitted drug
resistance to NNRTI after adjusting for regional variability (OR 1.49, 95% CI 1.07-
2.08; p-value adjusted for region 0.039). Figure 2.6 shows the prevalence of

transmitted drug resistance mutations in individuals in the surveys, 2004 — 2010.
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A meta-analysis of studies from Jan 2001 to July 2011 comprising 26,102 ART
naive individuals from sub-Saharan Africa, Asia and Latin America estimated the
prevalence of transmitted drug resistance since ART roll-out (205). The prevalence
of any drug resistance in East Africa increased from 1.0% (95% CI 0.6 -1.9) at roll-
outto 7.4% (4.3 -12.7) 8 years after roll out; an increase of 29% per year (15 - 45).
The prevalence of any drug resistance in Southern Africa and West/Central Africa
at roll out was 1.4% (0.8 - 2.3) and 3.1% (1.7 - 5.6) respectively with estimated
yearly increases of 14% (0 - 29; p = 0.054) and 3% (-0.9 — 16; p=0.618)

respectively.

ART coverage (p=0.0013) and time since roll-out (p=0.0006) were associated with
an increase in the prevalence of drug resistance in East Africa, but only time since
roll-out (p=0.0006) and not coverage (p=0.88) were associated with prevalence of
drug resistance in Southern Africa. Neither time since roll-out (p=0.43) nor ART
coverage (p=0.55) were associated with prevalence of drug resistance in

West/Central Africa

However, despite these high relative increases with time since roll-out, the overall
prevalence of resistance to any drug class remains low: 5.1% for NNRTI resistance
in East Africa eight years after roll out (increase of 36% per year) and.an increase
of 23% per year in Southern Africa. The prevalence of TAM increased by 31% per
year since roll-out in East Africa with no significant changes documented in other

regions.

Another evaluation of transmitted resistance from 2007 to 2009 in 11 regions in six
sub-Saharan African countries, including South Africa, showed that the prevalence
of transmitted drug resistance in South Africa overall was low at 1.1%, but as high
as 12.3% in Kampala, Uganda (206). The prevalence of drug resistance was 3.3%
for NNRTI; 2.5% for NRTI, 1.3% for protease inhibitors and 1.2% for both

NRTI/NNRTI.

A study of transmitted resistance on 701 ART-naive individuals in the Africa Centre

demographic surveillance area in the Hlabisa sub-district (adjacent to the TasP trial
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communities) comprising 67 samples from 2010 although sample size was small,
381 (2011) and 253 (2012) showed an overall prevalence of transmitted resistance
of 5%.There were no resistance mutations observed in 2010 although sample size
was low; prevalence was 5% in 2011 and 8% in 2012. The most common NNRTI
mutation was the K103N mutation present in 5% of samples. NRTI mutations were

detected in 1.6% of the patrticipants (207).

The collective studies presented here suggest that there is a moderate increase in
transmitted resistance with increasing duration since roll-out of ART as well as with

increase in ART coverage.

2.3.7.3.1 Persistence and transmission of drug-resistant virus

HIV drug-resistant virus may impair replicative capacity of the mutant; hence there
is a fitness cost to the virus to remain in the mutant form; replacement with wild-
type virus or the development of compensatory mutations may restore replicative
capacity and confer a survival advantage to the virus. Since the viral population in
transmitted resistance comprises mainly of resistant viruses with no co-existing
wild-type virus, whether the virus reverts to wild-type would depend, in addition, to
the number of back mutations required to do so, the fitness of back mutated
viruses and the rate of viral turnover (202-204, 208, 209). It is plausible to assume
more persistent mutations and fit viruses would be more likely to be transmitted
compared to those mutations which readily revert to wild-type. In a study of the
persistence of individual transmitted resistance mutation involving 313 individuals
(203) the rate of loss of mutations was estimated. The M184V was the quickest to
disappear at a rate of 71 (34 — 149) per 100 pyrs. Also, rapid in disappearing is the
K70R at a rate of 38 (17-83) per 100 pyrs and the T215Y/T215F to one of the T215
revertants that are very stable with loss rates of 5 (3-11) per 100 pyrs. The TAMs
(M41L D67N L210W and K219Q/N) are highly persistent with loss rates ranging
from 4 (1-19) per 100 pyrs for K219Q to 15 (3-72) per 100 pyrs for K219N. The
K103N mutation was the most common NNRTI mutation present with a loss rate of
18 (10-34) per 100 pyrs and this was not significantly different from the rate of loss

of other NNRTI mutations. Hence they are not as persistent as the TAMs except
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for the K70R and T215Y/F which disappear more rapidly. Pl mutations have a rate
of loss that is fairly uniform across the different mutations and similar to that of the
NNRTI. The L90M mutation was the most common with a loss rate of 12 (5-31) per

100 pyrs.

Another study of persistence of transmitted drug resistance mutations evaluated 75
individuals with 195 mutations (202). In this study, the different drug classes were
examined as a group apart from the M184V/l which was found to be lost quicker
than the NNRTI. The NNRTI and Pl were more persistent with loss rates that were
similar to each other. The Castro study described above, involving 313 individuals,
showed that even within drug classes the rate of loss of mutations could be
variable. This has implications for the pattern of mutations that are likely to be

transmitted.

Neither of the two studies above discussed the K65R mutation which is particularly
relevant in the South African setting with the current widespread use of tenofovir-
containing regimen and the observation in certain studies that this mutation is more
readily selected in subtype C viruses (210, 211). However, a study that examined
19,823 sequences from ART-naive individuals with diverse HIV-1 subtypes (212)
showed that only 20 (0.4%) sequences had the K65R mutation. No significant
difference was found in the prevalence of K65R in subtype C (3/3198, 0.09%)
compared to non-subtype C sequences (17/16,608, 0.10% p=1). One possible
explanation for the very low prevalence of K65R mutation in the analysed
sequences could be due to the potential reduction of viral replication and fithness as
a result of this mutation (213, 214). This suggests that despite widespread use of
tenofovir in South Africa, transmission of the K65R mutation may be rare. However
this assumption is being challenged by other studies that have not found in a
reduction in the fithess of viruses harbouring the K65R mutation (215). | will be

addressing this question in my research.
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2.3.7.4 Pre-treatment drug resistance

With the maturing of the ART programme in many sub-Saharan African countries,
it becomes increasingly difficult to be certain that individuals presenting for ART
initiation have not had prior ART exposure. Pre-treatment drug resistance refers to
resistance present in individuals starting ART and can be either transmitted or
acquired due to previous ART, especially in those who defaulted from care but re-
engaged or as part of prevention of mother to child transmission (216). The WHO
now recommends monitoring pre-treatment drug resistance to provide information
about the appropriateness of first-line ART being prescribed in an ART programme

(216)

2.4 Discussion

Many tools are available for HIV prevention. Although the focus of this chapter is
biomedical HIV prevention, all prevention methods require behaviour change (217)
as individuals need to have the agency to decide which of the prevention methods
best meets their needs at any particular point in time. As none of the prevention
methods is 100% efficacious, it has been suggested that the optimal way to tackle
the epidemic is through a combination of these methods focussed to areas of high
transmission and people at most risk of infection, including key populations (13).
There is increased interest in the use of ART, not just for individual health but also
for the anticipated population benefit of decreased HIV transmission. ART
guidelines in many countries now recommend ART regardless of CD4 cell count
(15) but concerns have been expressed about ART adherence in individuals with
high CD4 count who are mainly asymptomatic. If adherence is sub-optimal, this
could lead to virological failure and the emergence and transmission of drug-
resistant HIV. The relationship between CD4 count at initiation, adherence,
virological response and drug resistance is conceptualized in Figure 2.7. Even
under more restrictive ART guidelines, WHO surveys and many studies (187, 205)

suggest there is a moderate increase in risk of transmitted resistance with
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increasing duration since roll-out of ART as well as with increase in ART coverage.
The question that arises as a result of this is whether the prevalence and pattern of
drug-resistant HIV will attenuate the beneficial impact of ART at the individual- and
population-level and hinder HIV elimination. Individuals harbouring viruses with
transmitted resistance would require more complex and expensive ART regimens
and care. Increased pill burden will make adherence to ART more difficult resulting
in virological failure, thus creating a vicious cycle. The WHO recognizes HIV drug
resistance as a threat to the elimination of HIV (216). To optimize individual- and
population-level ART outcomes, WHO recommends HIV drug-resistance
surveillance through the monitoring of clinic level early warning indicators (EW1).
These EWI give insight about the quality of an ART programme and identify gaps
that could result in the development of drug resistance (32) and therefore require
interventions to mitigate them. These EWI and their targets are summarized in
Table 2.6. WHO also recommend surveys of pre-treatment drug resistance in
individuals initiating ART to inform choice of first-line ART, and surveys of acquired
drug resistance in individuals receiving ART to inform choice of second-line ART
as well as third-line ART. My research will be addressing two of these early
warning indicators; on-time pill pick up, which is a proxy measure of adherence,
and virological suppression. | will also estimate the prevalence of pre-treatment

and acquired drug resistance.

Adherence

A4
CD4 count at ART -
initiation > irologica
response

Drug resistance

Figure 2.7 Conceptualised framework of CD4 count at initiation, adherence,
virological response and drug resistance
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Table 2.6 WHO HIV drug resistance early warning indicators and targets (32)

Early warning indicators @Excellent performance

o Fair performance

@ Poor performance

Prescribing practices ® 100%
% of ART prescriptions congruent with national/international guidelines ® <100%
LTFU at 12 months ® <15%
% of patients LTFU 12 months after ART initiation © 15-25%
® >25%
Retention at 12 months ® >85%
% of patients retained in care 12 months after ART initiation < 75-85%
® <75%
On-time pill pick-up ® >90%
% of patients with 100% on-time drug pick-up during the first 12 months of < 80-90%
ART or during a specified time period ® <50%
On-time appointment keeping ® >80%
% of patients attending all clinic appointments on time during the first 12 © 70-80%
months of ART or during a specified time period ® <70%
Drug stock out ® 0%
% of months with any day(s) of stock out of any routinely dispensed ARV drug ® <0%
Viral load suppression ® >90%
% of patients with viral load <1000 copies/mL 12 months after ART initiation < 80-90%
® <80%
Viral load completion ®270%
® <70%

% of patients with a 12-month viral load test result available
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Chapter 3 Methods

This chapter describes firstly the procedures of the HIV Treatment as Prevention
cluster randomised trial and secondly, the procedures of the MD research nested
within it.

The hypothesis of the TasP trial was that HIV testing of all adult members of a
community followed by immediate offer of ART to those HIV-positive regardless of

immunological or clinical staging will prevent onward transmission and reduce

population HIV incidence.

3.1 The HIV Treatment as Prevention trial

3.1.1 Study setting

The TasP trial was hosted by the Africa Health Research Institute (AHRI),
previously known as the Africa Centre. The AHRI receives core funding from the
Wellcome Trust and the Howard Hughes Institute and has two research sites; the
Durban site located at the Medical School, University of KwaZulu-Natal and the
Somkhle site situated in Hlabisa sub-district, uMkhanyakude district, northern
KwaZulu-Natal, South Africa (Figure 3.1). The TasP trial was implemented in the
Hlabisa sub-district which covers an area of 1430 km?and has a population of

220,000 Zulu speaking people.
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Figure 3.1 Map of South Africa showing locations of AHRI sites in Durban
and Hlabisa sub-district

76



The AHRI carries out population-based research in an area of the sub-district
known as the Population Intervention Platform Study Area (PIPSA) which
measures 825 km?2 with a mid-year population of 151,441 in 2015 (Figure 3.2). The
PIPSA was implemented in January 2017 as a newly expanded research platform
combining the former Africa Centre HIV surveillance area and the TasP trial area

(Figure 3.2).

The crude HIV incidence in the demographic/HIV surveillance area in the period
2004-2011 was estimated at 2.63 new infections per 100 person-years (95% CI
2.50-2.77) in people 15 years and older (14). Estimated HIV prevalence was 29%
in 2011 for those aged 15-49 years (218). At the time of initiation of my research,
the ART coverage within the demographic/HIV surveillance area was 37% of all

HIV-infected individuals (14).

The TasP trial was conducted in communities outside of the former Africa Centre
demographic/HIV surveillance area on the northern side, as illustrated in Figure
3.2. The Hlabisa public ART programme primary health care clinics are indicated
by the crosses in Figure 3.2. Three of these 17 clinics are situated within the TasP
trial communities. In addition to these three clinics, there is a TasP trial clinic
located in each cluster as illustrated by the vehicle icon in Figure 3.3, a map

showing only the trial communities.

3.1.2 Study design

The TasP trial is a two-arm cluster randomised trial implemented in 22 clusters (2
x11) to investigate the impact of population ART on HIV incidence. The main trial
has two components: the first is a population-based home survey comprising the
offer of six-monthly home HIV testing using rapid test technology and the referral of
those identified HIV-positive to the trial clinic in their cluster while the second
relates to the clinical care of HIV-positive individuals who linked to the trial clinics

following referral.
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Figure 3.2 Map of the Hlabisa subdistrict showing the TasP trial clusters and
previous Africa Centre HIV surveillance area (Combined as PIPSA)

Figure 3.3 Map of the TasP trial clusters showing the location of the clinics
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At the time of referral, HIV-positive individuals were either newly diagnosed or
already knew (and reported) their status to be HIV-positive. Some of the latter

individuals were receiving ART from the Hlabisa public ART programme.

ART-naive HIV-positive adults in the intervention arm were offered immediate ART
initiation upon enrolment in trial clinics. The HIV-positive adults in the control arm
were offered ART according to the prevailing national guidelines (CD4 <350
cells/mms3, WHO stage 3 or 4 disease or MDR/XDR TB (219). In January 2015,
following revised WHO guidelines, the new South African national department
guidelines recommending initiation of ART at a CD4 <500 cells/mm?3 was adopted

in the control arm of the trial (170).

3.1.3 Eligibility criteria

Individuals 16 years and above, who are resident members of the trial communities

and could give informed consent were eligible for inclusion in the trial.

For individuals between 16 and 18 years of age consent was obtained from a
parent or a responsible guardian for participation in the main trial during the home
survey as the age of consent for research in South Africa is 18 years. The
individual could then give assent to participate in the trial. The parents were neither
informed if participants gave assent for an HIV test nor were HIV test results
discussed with them. No further parental consent was sought for this group if they

enrolled in trial clinics following an HIV-positive result.

All HIV-positive individuals aged 16 years and under, non-resident members in the
trial clusters and those unable to provide written informed consent were excluded

from the research.
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Cluster randomisation

11 Control Clusters

Component 1: test
HIV testing
Prevention services

11 Intervention Clusters

Component 1: test
HIV testing
Prevention services

Component 2: treat
ART treatment according to SA
guidelines
CD4 <350 cells/mm?3 (<500 cells/mm3
from 1 Jan 2015 to end of enrolment)

Figure 3.4 Design of the TasP trial

Component 2: treat

Immediate ART treatment regardless
of CD4 counts
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3.1.4 Study procedures

3.1.4.1 Household entry and procedures

All households within the Hlabisa sub-district were mapped in 1999 as part of the
establishment of the former Afica Centre and each homestead was assigned a
bounded structure identification number (BSID). All homesteads newly constructed
since then were mapped by the Africa Centre geographic information system team

before the implementation of the TasP trial.

Household procedures were carried out by a team of fieldworkers all of whom were
trained in HIV counselling and testing. | trained them in the study protocol as well
as in other procedures relevant to the trial and conducted a refresher training in

HIV counselling and testing (HCT).

These fieldworkers approached each household and sought permission from the
household head (or most senior resident household member present if head was
absent) to enter the household. The fieldworkers explained the trial and the
procedures to the household head and sought their permission to offer trial
participation and HCT to adult members of the household. Specific information
sheets for each component were provided to all individuals. Once permission to
proceed was granted, all members of the household 16 years and above were
enumerated and registered. Following this, a private space was identified and
written permission was sought from all eligible resident household members to
complete the TasP home-based individual questionnaire (IQ) with or without
collection of dried blood spot (DBS) (Appendix A), and to undergo confidential HIV
counselling and testing using rapid HIV test technology. The home-based
questionnaire enquired about socio-demographic information, sexual behaviour
and attitudes about HIV testing. Individual household members could consent to
either component alone (IQ with or without DBS) or both components (IQ+/-DBS
and HIV testing). Two consent forms; one for Home-Based Individual
Questionnaire/DBS and the second for Home-Based HIV Testing were also

completed during the process (Appendices B & C). People who did not want to be
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tested for HIV in the household could attend any department of health or trial clinic

for testing and were informed of this possibility.

The majority of individuals enrolled into the main trial agreed to provide dried blood
spots, but some refused rapid HIV testing. The dried blood spots collected every
six months were used for HIV ELISA antibody testing in the AHRI laboratory for
establishing HIV seroconversion, these results were not fed back to participants.
Only participants who consented to rapid HIV testing were informed of their results

and referred to trial clinics if HIV-positive.

In each round of testing, the team was able to return on up to two more occasions
to offer trial participation and/or HIV testing to members of the household who were
not present during the initial visit, after which the untested members of the
household would receive a written invitation to attend the trial clinics where HIV

counselling and testing was also available.

3.1.4.2 HIV counselling and testing

Participants underwent counselling at home prior to HIV test. Participants who
were reactive to an initial screening test underwent a confirmatory HIV rapid test
immediately, using a different rapid test kit. If this was reactive, the participant was
informed they were HIV-positive. They were given a trial card which contained a
unigue number and referred to the trial clinic where they presented the card. This
unigue number became their study identity number for the duration of the trial.
Participants who tested HIV negative were informed they would be tested again in
a subsequent HIV testing round. The HIV status of the participants was
documented in the fieldworkers netbooks and uploaded to the Africa Centre server

at the end of each working day.

3.1.4.3 Care of HIV-positive participants in the TasP clinics

All participants identified as HIV-positive during any of the home-based HCT

rounds were referred to their trial clinic for imnmediate further assessment.
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Trial clinics (one per cluster) were situated in close proximity to residences. Each
trial clinic was staffed by a counsellor and a nurse. | visited a trial clinic at least
once a week to consult complex patients referred to me by the nurses. At the trial
clinics, all HIV-positive participants received information regarding the treatment
procedures from the nurse, and were also screened for eligibility for treatment
initiation and were asked to provide informed consent to receive care and/or
treatment within the trial. Point-of-care CD4 machines were available in each of the
trial clinics, to inform treatment eligibility. Participants already established on ART
from the Hlabisa HIV Treatment and Care Programme (Public ART programme)
who were residing in the trial clusters were encouraged to enroll in the trial and to

transfer their care to the trial clinics.

3.2 MD research

3.2.1 Aims and objectives

The overarching aim of my research is to test the hypothesis that initiation of ART
at high CD4 would result in the emergence of drug resistance of the form and

prevalence that could hinder the elimination of HIV.
The specific objectives are:

e To examine the association between CD4 count at ART initiation and

adherence levels.

e To examine virological response by CD4 count at ART initiation and extent

of acquired resistance following virological failure.

e To estimate the level of pre-treatment drug resistance in ART naive
individuals and examine its association with virological response to first-

line ART.
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3.2.2 Study setting

My MD research was nested within the cluster-randomised trial of HIV treatment as

prevention described earlier.

3.2.3 Study design

My MD focusses on a cohort analysis of data from all HIV-positive participants
enrolled in TasP trial clinics in all 22 clusters from March 2012 until June 2016. |
compared data from all individuals who initiated ART at a CD4 <350cells/mm? with
data from those who started at CD4>350 cells/mm? irrespective of whether in the
control or intervention clusters (Figure 3.5). The CD4 count of 350 cells/mm? was
chosen as the cut-off point as the majority of the participants enrolled in the trial
were offered ART based on previous South African ART guidelines threshold of
350cells/mm3. From March 2012 to December 2014 (33 months), CD4 <350
cellsimm?3 was the threshold for ART initiation and from January 2015 to June 2016

(18 months), this threshold increased to 500 cells/mm3.
3.2.1 Eligibility criteria

Individuals identified as HIV-positive who were 216 years, gave written informed
consent, recruited from a household within the TasP trial clusters and received
their care from one of the TasP trial clinics were eligible for inclusion in my

research.

3.2.1 MD study population

Eligible community members who self-reported to be HIV-positive or were newly
identified as HIV-positive through rapid HIV test technology and received their HIV
care from the TasP trial clinics formed the basis of my analysis. The HIV positive
individuals comprised two categories: The first are those ART-naive at entry into
the TasP trial clinics and the second were ART-experienced at their first trial clinic

visit.
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Cluster randomisation

11 Control Clusters 11 Intervention Clusters
Component 1: test Component 1: test
HIV testing HIV testing
Prevention services Prevention services
Component 2: treat Component 2: treat
ART treatment according to SA
guidelines Immediate ART treatment regardless
CD4 <350 cells/mm? (<500 cells/mm3 of CD4 counts
from 1 Jan 2015 to end of enrolment)

All HIV-positive adults on treatment
irrespective of randomisation arm

Cohort analysis

| l

CD4 <350 cells/mm3 CD4>350 cells/mm?3

Figure 3.5 Study design of MD research
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A database containing information on those ART-experienced at entry had been
maintained by the Africa Centre since 2004 when the public ART programme was
rolled out in the Hlabisa sub-district. | obtained ethics approval to link the TasP trial

database with the Hlabisa ART programme database.

The analysis on pre-treatment drug resistance was not restricted to the ART-naive
group who linked to trial clinics. Participants who gave blood samples on filter
paper as dried blood spots in the home surveys and were confirmed HIV-negative
through a laboratory HIV ELISA antibody test on the very first sample taken from
them were eligible for inclusion if subsequent samples confirmed HIV
seroconversion during the course of the trial (and were therefore known to be
recent infections). These individuals were not necessarily aware of their HIV-
positive status, as they could only be informed about their HIV status if they
consented to a point of care HIV test as well. It was necessary to use the dried
blood spots for assessing pre-treatment drug resistance because the majority of
seroconverters did not link to the trial clinics (either because they were not aware
of their HIV-positive status or for other reasons if knew their status), hence no
plasma samples were available on them, but on the small subset that linked to
care, and provided plasma samples, this was used in place of the dried blood

spots.

3.2.2 Study procedures

| set up a trial clinic in each of the 22 trial clusters for the management of all HIV-
positive individuals referred to the trial clinics as part of the main trial and within the

clinics set up procedures that allow the collection of data for my research.

3.2.2.1 Clinic baseline visit
| developed the questionnaires administered to participants in the trial clinics
(Appendices D, E & F), drafted the standard operating procedures for their use and

trained the clinic staff on how to complete the forms.
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The counsellor administered a baseline questionnaire documenting anthropometric
details and previous ART history. A detailed clinical history and examination
questionnaire was completed by the trial nurse. A total of 30mL of blood was
drawn by the nurse; 10 mL of blood was sent to the National Health Laboratory
Service (NHLS) for routine haematology (4mL EDTA) biochemistry and HBV
testing (6mL lithium heparin) (these samples were not stored), 20 mL of blood
(2%x10 mL EDTA tubes) was sent to the AHRI laboratory in Durban for plasma viral
load testing and storage at -80°C. Some of the blood sent to the laboratory was
also used for performing genotypic resistance tests in participants whom | identified

to be experiencing virological failure (see Chapter 6).

3.2.2.2 Scheduled follow up visits

Individuals initiated on ART within the trial clinics were seen after two weeks for
adherence check and assessed for complaints of side-effects. They were again seen
at 4 weeks post-ART initiation and then monthly thereafter. For example, an
individual on ART for 6 months, should have seven adherence measurements post-
ART initiation (2 weeks, 4 weeks, 8 weeks, 12 weeks, 16 weeks, 20 weeks, 24

weeks).

Individuals already established on ART prior to their first trial clinic visit, were seen

monthly. Those not yet eligible for ART were followed up every 4-6 months.

During the follow up visits, the counsellor administered a follow-up questionnaire
enquiring about ART adherence in those on ART. The nurse completed a clinical

history and examination form each time a participant visited the clinic.

Blood tests were done according to the schedule in Table 3.1; beyond 12 months,

the blood tests were done six monthly.

Interval visits were permitted for participants who required clinical attention for

whatever reason between scheduled appointment dates.
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Table 3.1 Blood tests schedule

Laboratory Baseline 3 months 6 months 12 months

HIV Viral load v v v v

CD4 point-of-care v v v

Genotyping If meets definition for virological
failure

3.2.2.3 Antiretroviral therapy

Atripla, a fixed dose combination of tenofovir, emtricitabine and efavirenz, was
prescribed as first-line ART to all those eligible for treatment. Other first-line drugs
such as zidovudine, abacavir and lamivudine were also available depending on
clinical indication. Participants failing first-line ART were prescribed second-line
regimen which is based on a boosted protease inhibitor. Switch to second-line ART
was informed by the results of genotypic resistance test which | requested,
interpreted the results and made recommendation for second-line ART. The
genotype tests were performed by the laboratory staff at the AHRI laboratory in
Durban. | chaired a clinic multidisciplinary meeting every Friday afternoon involving
doctors, nurses and pharmacists to discuss all patients initiating or switching ART
within the trial. | also supervised a computerised ‘hot-list” meeting from 8-9 am
daily attended by trial doctors and the three nurse team leaders. This was to
discuss the management plan for trial patients who were acutely unwell/admitted in

hospital or had complex care needs.

3.2.2.4 Virtual clinics

| was responsible for two different types of virtual clinics during the duration of my
research. Once a week, | chaired a multidisciplinary virtual clinic comprising,
nurses, clinicians and pharmacist to discuss all participants recruited to the clinics
the previous week. | reviewed baseline blood results and made ART treatment

recommendations.Participants already on ART with adherence issues or
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experiencing virological failure are also discussed in this meeting following which |

recommend a plan of management.

Furthermore, | set up a “hot-list” meeting which took place daily before the start of
clinic. | developed a set of clinical and laboratory criteria for enlisting participants
into this hot-list. The criteria were set at a threshold to flag up participants before

their conditions became serious. These included but not restricted to the following:

e All sick patients, including those admitted to hospital
e Any patient the nurse is concerned about

e Participants diagnosed with TB

e Participants with abnormal creatinine

e (CD4 <100 cells/uL

e Hb<7g/dL

e ALT>=2XULN

e ALP>=2XULN

e Patients with abnormal cervical smears

| supervised the preparation of a standard operating procedure to guide the
operation of the hotlist and subsequently approved it.

3.2.2.5 Laboratory procedures

3.2.2.5.1 CD4 count measurement and quality control

For all patients, the CD4 count was measured by the nurses using the point-of-care
PIMA machine (Alere Inc. Waltham, Maryland, USA). About 5 pL of capillary blood
was collected from a finger-prick into a PIMA cartridge taking care to avoid air
bubbles. The cartridge was inserted into the PIMA machine and an absolute CD4
count result displayed on the monitor after 20 minutes. No CD4 percentage was
provided. Prior to enrolment in the main trial, participants ART-experienced at trial
entry had their CD4 counts measured in the public health laboratory and would

return at a future date (usually two weeks later) for the results.
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There was both internal and external/continuous quality assessment of the point-
of-care CD4 testing throughout the duration of my research. The quality

assessment incorporated three different aspects:

e Training of nurses, observation of performance of POC CD4 tests and
adherence to SOP. Refresher training organised by the supplier of the
PIMA machines (Alere)

e Internal instrument quality control (QC): the PIMA machine has two PIMA
Bead Standard for daily internal QC. This comprises two ready to use test
cartridges (PIMA Beads ‘Normal’ and PIMA Beads ‘Low’) with set amounts
of immobilised fluorescent beads. A QC test was done daily before any
sample measurements and a reading within the range indicated on the
beads suggests that the machine is working well. Daily records of the QC
results were kept and reviewed weekly either by myself or the research
nurse manager.

e Continuous quality assessment — 10% of participants having a PIMA CD4
test had paired venous samples sent to the Hlabisa NHLS laboratory for
testing on the Beckman Coulter EPICS ® XL flow cytometer. The 10% of
participants were identified through systematic random sampling, that is
every 10" participant registering in each clinic was recruited to this QC
sample. The aim will be for >80% of PIMA™ CD4 results to fall within the
range +20% of the result from the Beckman Coulter EPICS ® XL flow

cytometer.

3.2.2.5.2 Viral load measurement

The Abbott M2000 platform (Abbott Laboratories®. Abbott Park, Illinois, U.S.A) was
used in the AHRI laboratory for HIV-1 viral load determination from human plasma
of HIV-positive individuals in the range of 40- 10 000 000 copies/mL. RNA
extractions were performed by laboratory staff using the Abbott m2000sp
automated extraction instrument and the Abbott ASPS sample preparation kit

(Cat#). The setup of the Abbott RealTime HIV-1 assay [an in vitro reverse
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transcription-polymerase chain reaction (RT-PCR) assay for the quantification of
Human Immunodeficiency Virus type 1 (HIV-1)] was done using the m2000sp
instrument. The target region of the assay is the integrase region of the
polymerase gene and is suitable for detection of Group M subtypes A—H, Group O
and Group N. The Abbott m2000RT is the RealTime detection instrument used in

this closed workflow.

For the Internal QC, each plasma sample is spiked with an internal control which is
co-extracted with the viral RNA. The internal control is also detected during the
viral load assay and if it is not detected the test is deemed invalid. A positive and

negative control is also tested in each run.

The AHRI laboratory subscribes to the QCMD Human Immunodeficiency Virus
RNA EQA programme (for RNA quantification performed using the Abbott

m2000sp and Abbott realtime HIV-1 kit)

3.2.2.5.3 HIV Drug resistance Protocol

The SATURN genotyping system (220) developed by the SATURN community is
used in the AHRI laboratory. The genotypic protocol is based on the Life
Technologies Sanger sequencing system. Sequencing of the extracted and
amplified virus is done on the ABI 3130XL Genetic Analyzer instrument (Applied
Biosystems, Foster City, CA 94404 USA). The pol sequences generated covers all
the 99 Protease codons and the first 300 Reverse transcriptase codons. The
informatics protocol uses a relational database to manage patient treatment and
monitoring history as well as viral isolates for drug resistance. The database also
generates drug resistance reports that combine treatment history (changes in
regimens) and surrogate markers (CD4s and viral loads) with genotypic resistance

data to give a more comprehensive picture of the participant’s status.

For internal QC, each reverse transcription and PCR amplification run includes a
positive and negative control. Should either amplify or not as expected the run is
deemed invalid. The sequencing reaction does not include a control since the

quality of the reaction is noted at the analysis step. Raw sequence data is imported
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into Geneius software where the quality of the electropherogram at each base is
provided as a percentage. Only reads > 70% in quality are analysed. Poor quality
reads are trimmed before the remaining reads are mapped to a reference. The
translation of the reads is assessed and only accepted if the Pol and RT signature
amino acid sequence is noted. Mixed bases are noted and ambiguities are
resolved based on the intensity/ height of the eletropherogram peaks. The resultant
consensus is exported and submitted to Stanford where quality checks of the
sequence is also undertaken. This includes a check of stop codons, ambiguities
and the length of the sequence covering Pol and RT. If these checks fail the

sequence is not analysed or partially analysed with an error message.

For external QC, the laboratory also subscribes to the QCMD ENVA HIV Drug
Resistance Typing EQA programme (for determination of HIV drug resistance

mutations in the HIV-1 protease and reverse transcriptase genes).

3.3 Exposures and outcomes

Exposures and outcomes for all three objectives are briefly described below.
Exposures are categorized taking into consideration biological grouping (e.g sex),
validated scores (PHQ4), number of observations within groups or according to
clinical relevance. A number of approaches were used for quantitative exposure
variables, CD4 count and age were included in the model as continuous
covariates, Distance to TasP clinic, self-reported health status and visit frequency
were transformed to binary variables above and below their median values, except

where otherwise indicated.

PHQ-4 was presented in its pre-specified validated categories for the

measurement of depression.

Objective 1

. To examine the association between CD4 count at ART initiation and
adherence
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Outcome: Adherence at each visit during the first12 months after ART initiation
categorized into optimal or non-optimal adherence using a cut-off of 95% at each

visit. This is the conventional cut-off in ART adherence literature (130).

Exposures: CD4 cell count at ART initiation (3 categories for descriptive analysis,
<350, 350-500, >500, to reflect change in ART guidelines but modelled as a
continuous covariate), Sex (male/female) , Age at ART initiation (4 categories for
descriptive analysis, but modelled as continuous), Visit frequency defined as
number of visits in the first 12 months after initiating ART (binary by median visits),
Disclosure of HIV status to anyone (yes/no), Disclosure of HIV status to current
partner (yes/no), Employment status (employed, student, unemployed), Marital
status (never married, married, divorced/separated), Educational attainment
(primary or less, some secondary, secondary or higher), Regimen type (whether
fixed dosed combination or not), Distance to the nearest TasP clinic, obtained by
measuring the distance as the crow flies from the participant’s home (GPS
coordinates) to the trial clinic (GPS coordinates) in their cluster (binary covariate
around median), Depression (assessed using the validated PHQ-4 scale rated as
normal (0-2), mild (3-5), moderate (6-8) and severe (9-12), (221), Self-reported
health status measured using a scale ranging from 0 to 100% in which 0
represents poor health and 100% represents excellent health (binary around
median value), Food insecurity (measured by whether skipped meals in last 12
months or not), ART treatment perception (through three questions concerning the
participant’s attitudes about ART as displayed on results tables). Missing
observations were indicated within each covariate for descriptive purposes but

were dropped during model building.

Objective 2

. To examine virological response by CD4 at ART initiation and extent of

acquired resistance following virological failure

Outcome 1: virological suppression at 6 months in individuals who initiated ART

within the trial
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Primary exposure: CD4 count at ART initiation (as described above)

Secondary exposure: Adherence measured by both VAS and PC

Other exposures of interest: Baseline viral load categorised so the number of
observations in each category are similar (<10,000, 10,000-100,000, >100,000).

This is in addition to the exposures described in objective 1.

Outcome 2: virological suppression at first trial clinic visit in ART-experienced

individuals

Primary exposure: CD4 count at ART initiation

As this was amongst individuals who initiated ART according to SA guidelines, the
three CD4 thresholds were <200, 200-350, >350 to capture the changes in
guidelines. This was used for descriptive analysis but CD4 included in models as

continuous covariate.

No adherence data were available for those who were receiving ART from the
public ART programme at the time of transfer to trial clinics. Furthermore, baseline
viral load was not routinely measured prior to ART initiation. This was only used to

monitor response to ART.

Other exposures of interest: In addition to exposures described in objective 1,
other exposures were, distance to nearest public ART clinic (categorized into
quartiles) was used in place of distance to trial clinic for this analysis as it was
assumed that participants received care from the public ART programme closest to

them prior to first trial clinic visit, duration on ART (categorized into quartiles)

Outcome 3: Proportion with acquired resistance among individuals with virological
failure (VL >1000 copies/mL 26 months post-ART initiation) stratified according to

whether individuals initiated ART within the trial or ART-experienced at entry in trial

Due to small sample size of genotypes, only descriptive analysis was undertaken
summarized for both groups according to the following: CD4 count at initiation (two

categories, <350, >350 due to small sample size), median viral load at time of
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genotype, median ART duration on first-line ART, median time on failing regimen,

regimen type at time of genotype, previous ART substitution, median age and sex

Objective 3

. To assess the level of pre-treatment drug resistance (PDR) in individuals

seroconverting during the study period and the response to first-line ART.

Outcome 1: Descriptive analysis of proportions with pretreatment drug resistance

amongst recently and chronically infected ART naive individuals.

Outcome 2: risk factors for the presence of pre-treatment drug resistance in ART

naive

Exposures: Type of infection (recent vs. chronic), CD4 count at presentation
(=350, 350-500, >500, included in model as continuous covariate), age at
enrolment, sex, viral load at presentation, education, marital status and

employment were categorised as previously described

Outcome 3: time to virological suppression

Primary exposure: presence of any pre-treatment drug resistance with three

categories -no mutations present, minority mutations only, majority mutations

Other exposures of interest: Age at ART initiation, Sex, CD4 count at ART

initiation, viral load, adherence measured by VAS.

3.4 Data sources

The data sources for my research were based on the questionnaires administered
in the home-survey by the fieldworkers as well as those administered in the clinic
by the nurses and counsellors. A social science sub-study which was not part of
my study was also embedded within the clinic and participants were consented
separately for this. This study was overseen by a team referred to as independent
interviewers who were not part of the staff providing clinical care to the participants.

They enquired about symptoms of depression, HIV status disclosure, use of
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alternative source of health care etc. The Patient Health Questionnaire for
depression and anxiety (PHQ4), HIV status disclosure and food security variables
were extracted from the questionnaire used in this sub-study. The relevant
variables | used for my analyses and their sources are summarized in Table 3.2. |
developed the questionnaires marked in asterisk on the table. | obtained ethics

approval to link data from the public ART programme with the TasP trial database

3.5 Data management

Electronic and paper-based case report forms were used for data collection. All
guestionnaires were barcoded and scanned at every stage of their life cycle from
the time they left the AHRI until returned thereby maintaining a chain of custody. All
completed forms including signed copies of consent forms underwent quality
control after which data were entered into Microsoft access database by a team of
data capturers. All data were stored in a MS-SQL Server database located on one

of the AHRI database servers, managed by professional database administrators.

Laboratory results (viral loads, genotypes) were transmitted, using already-
established procedures, directly into the database, via a secure (https) connection
from the AHRI Laboratory’s Information System. Point of care CD4 count was

documented directly on study case report form.

All datasets used for analysis were anonymised and covered by formal, signed

Data Use Agreements, which cover acceptable use, security, destruction after use.

All analytical datasets were documented and placed on the AHRI Data Repository

with access restriction.
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Table 3.2 Data sources used for analysis in this MD research

TasP trial database: ART naive and ART-experienced participants at trial entry

TasP home-based individual questionnaire
administered in home survey

*Clinical history and examination form

*Clinic baseline form

*Clinic follow up form

Social science sub-study form

Laboratory data

ID number

Age

Sex

Marital status

employment

educational level

date of HIV diagnosis if new

distance to TasP clinic in own cluster
health beliefs about ART

self-reported health status
Point-of-care CD4

ART history

ART initiation date

comorbidity such as previous and current

tuberculosis
WHO staging”
Anthropometric details: Weight, height

date of HIV diagnosis if known positive
ART history

date of ART initiation
Adherence data:

e visual analogue scale
e pill count

PHQ4 scale to measure depression
HIV status disclosure

food security

Viral load

genotypic resistance mutations
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Hlabisa HIV treatment and care database

(Public ART programme): ART-experienced participants only

Basic details Age, sex, ID number, treatment clinic

ART record ART regimen at initiation, changes in ART

regimen during treatment

Laboratory data Baseline and 6-monthly CD4 and HIV viral

load

*Questionnaires that | develop, # represents the highest WHO staging ever attained
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Access to read, enter, modify or delete data was granted via the standard
authentication and access-control features of MS-SQL Server and MS-Windows.
All staff were trained in good clinical practice and signed a confidentiality clause
based on AHRI policy when employed by the trial. The completed questionnaires,
case report forms and supporting documentation were kept securely in locked
cabinets at the Somkhele site of AHRI. These source documents were digitally
archived at the end of each round of fieldwork by following a standard operating
procedure. After a quality assurance process comparing digitalised forms with
physical forms to ensure all forms had been digitalised, the physical forms were

then destroyed.

3.6 Conceptual framework and analysis plan

The analysis plan is described in detail in the respective chapters. | hypothesized
that individuals with a high CD4 count at ART initiation would have a lower ART
adherence as a result of not perceiving ART to be beneficial to their health
resulting in poorer virological outcome and the emergence and transmission of
drug resistant HIV. To test this hypothesis, | therefore examined the relationship

between CD4 count at ART initiation and adherence, and between CD4 count at

initiation and virological suppression. To capture the full effect of CD4 count, | fit an

initial model that excluded adherence (Fig 3.6, red arrow). A subsequent model
that included adherence, would allow an estimate of the effect of CD4 count on
virological suppression to be made allowing for that effect to be mediated through

adherence (Fig 3.6, blue arrow).

| also adjusted for potential confounders (associated with the exposure and
outcome but not on the causal pathway) of the association between CD4 count at
ART initiation and virological suppression (Brown arrow). Many of the potential
confounders considered for inclusion in the model are proximally related to
adherence but distally related to virological suppression (broken arrows). For

example, depression (PHQ4) can impact adherence negatively which can result in
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Potential confounders

Socio-demograhic variables
Age

Sex

Education

Marital status

Employment status

CD4 count at ART initiation

Primary exposure

Barriers/facilitators to
adherence

Anxiety/depression (PHQ-4)
Food insecurity
Pill burden
Distance to clinic
Side-effects
Beliefs about ART
Self-reported health status HI
status disclosure

Others

Viral load at first clinic visit
Co-morbidity e.g concurrent TB

Adherence

v

Virological suppression

Figure 3.6 Conceptual framework of the relationship between CD4 at
initiation, adherence and virological suppression

Outcome
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poor virological suppression. It is also possible that some of the confounders could
be associated with virological suppression directly. For example, a high pill burden
from treating multiple co-morbidities, apart from impacting adherence, could result
in drug-drug interactions which could result in sub-optimal levels of antiretroviral
drugs in the plasma and the potential to compromise virological response. Many of
these factors are cited in the literature as being associated with virological

suppression (136, 177), hence | adjusted for them in the model.

3.6.1 Statistical analysis

| used median and interquartile ranges to summarise continuous exposure
variables with skewed distributions and mean to summarise continuous exposure
variables with normal distributions. | reported frequencies and percentages for
categorical exposure variables and used the Chi-squared tests to examine
associations between categorical variables and Mann-Whitney test to compare

medians for continuous variables.

The primary exposure of interest was CD4 count at ART initiation for all analyses
undertaken, except when examining the association between pre-treatment drug
resistance and virological suppression. In one analysis, | examined the association
between CD4 count at initiation and adherence (objective 1), whilst in objective 2, |
examined the association between CD4 count at ART initiation (primary exposure),
adherence (secondary exposure) and virological suppression. More detalil
concerning the statistical analyses strategy employed is described within the
respective chapters. | carried out all statistical analyses with Stata 14.2 (StataCorp

LLC, College Station, Texas 77845, USA).
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3.6.2 Handling of missing data

Descriptive summary of all covariates/exposures showed the proportion of
missing data within each. The degree and pattern of “missingness” was
variable and was high particularly for variables about ART perception,
disclosure and PHQ-4. There was no imputation of missing data, hence |
undertook a complete case analyses for all analyses, with the implicit
assumption that data were missing at random. For covariates with large
proportions of missing observations, this was around the 3% mark, hence
covariates with missing observations 23% were not considered for inclusion
in the multivariable model. Including them would have meant large amount
of data being dropped from the multivariable model to allow a complete
case analysis. This would have made the risk-set in the multivariable model
very different from the univariable analyses. However the proportion of
missing data within each covariate differed according to the study
population being used to address that objective, and if there was <3%
missing, that covariate was considered for inclusion in the multivariable

model for that particular objective.

3.7 Ethical safeguards

| applied for and obtained ethics approval from the Biomedical Research Ethics
Committee of the University of KwaZulu-Natal for the control clusters on 2
February 2012 (Appendix G) and on 6 July 2012 for all clusters in the main trial
(Ref: BFC104/11)- Appendix H. This is recertified yearly for the duration of the trial.
Last recertification is appended (Appendix I) | also secured approval from the
Medicines Control Council of South Africa on 28 June 2012 (Ref: N2/19/8/2) to
comply with regulatory approval (Appendix J). My research received provisional

approval on 25 February 2013 and full approval in a letter dated 9 September 2013
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from Brighton and Sussex Medical School Research Governance and Ethics
Committee (Ref: 13/033/NEW)-(Appendix K). Full approval was received from UCL
Research Ethics Committee on 18 June 2015 (Project ID: 6604/001) (Appendix L).

All participants recruited to my research gave written informed consent.

3.8 Funding

The tuition fees for this thesis was funded through discretionary funding
provided to the Director of the former Africa Centre and continued by Africa
Health Reseach Institute through the Welcome Trust. The salary of Collins
Iwuji was paid by the Agence Nationale de Recherches sur le Sida et les
Hépatites Virales (ANRS) as project coordinator of the ANRS 12249
Treatment as Prevention Trial. Collins also received additional funding from
the People Programme (Marie Curie Actions) of the European Union’s
seventh Framework Programme FP7/2007-2013 under REA grant

agreement n° 612216.
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Chapter 4 Cohort profile

4.1 Background

This short descriptive chapter presents a flow chart of participant recruitment in the
main trial and the number of individuals identified as HIV-positive during the home
survey. A proportion of those identified HIV-positive linked to the trial clinics and
formed the cohort for addressing the first two objectives of my thesis. Individuals
identified as recently infected, as defined in Chapter 3, who contributed to the

analysis of pre-treatment resistance (third objective) are also presented.

4.2 Statistical analysis

The baseline characteristics of the trial clinic cohort are presented according to
whether the individual was ART-naive or experienced at the time of first visit to the
clinic. Characteristics of recently infected participants identified through dried blood

spots are also summarised.

Continuous measures are summarised using median and interquartile range.

Frequencies and percentages are reported for categorical variables.

4.3 Results

4.3.1 Cohort profile

Figure 4.1 shows that, of 28,260 individuals eligible for inclusion in the main trial,
26,366 (93.0%) were contacted at home at least once; of these 25,813 (97.9%)
agreed to participate in the trial. HIV status was ascertained for 23,366 (90.5%)
through rapid HIV testing. Of these, 7667 (32.8%) were HIV positive of whom
3034 (39.5%) linked to the trial clinics and formed the basis of my research
analyses (Main objectives 1 and 2). HIV-positive individuals who enrolled in TasP

clinics were more likely to be older (median age 37.1 (IQR 28.4, 48.6) vs. 31.9
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Eligible Individuals in trial clusters
n=28,260

Not contacted

Ever contacted
n=26,366 (93.3%)

I

n=1894 (6.7%)

Refused Participation

Accepted participation
n=25,813 (97.9%)

|

n= 553 (2.1%)

HIV status never
ascertained

|

HIV status ever
ascertained
n=23,366 (90.5%)

l

n= 2447 (9.5%)

Ascertained HIV
negative

Ever ascertained HIV
positive & referred
n=7667 (32.8%)

l

Linked to trial clinics
n=3034 (39.5%)*

*MD research cohort

n=15,699 (67.2%)

Remained in public ART
programme/Not in care
n= 4633 (60.5%)

Figure 4.1 Cohort Profile - March 2012 to June 2016
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(IQR 25.2, 41.9) years), of male sex, have a lower educational attainment, more
likely to be divorced/separated as well as unemployed. Those who enrolled in
TasP clinics were also more likely to already be in care in the government ART
programme or were returning to care having previously been lost to follow up

(Table 4.1).

Further, of the 25,813 who agreed to participate, 17,845 (69.1%) tested HIV
negative in the very first dried blood spots sample obtained from them at
enroliment, of whom 503 (2.8%) seroconverted (recent infections) in a subsequent
sample. 277 (55.1%) of these 503 participants were successfully sequenced and

contributed to the analysis of pre-treatment drug resistance (Main objective 3).

4.3.2 Characteristics of my research cohort

Of the 3,034 individuals who visited a trial clinic at least once (Table 4.2), 1577
(51.3%) were ART-naive at presentation to the trial clinic. The median age of this
cohort was 37.1 years (IQR 28.4-48.6). The majority were female (73.0%), with
completed primary education or less (48.4%) and unmarried (83.6%). The median
CD4 count at the first clinic visit was 451 cells/mm? (IQR 297, 628). 44.8% of
individuals had a viral load <400 copies/mL. In ART-experienced individuals, the
median duration spent on ART at the time of the first clinic visit was 3.85 years

(IQR 1.92-5.89).

The median age those recently infected was 22.4 years (IQR 19.0-27.7). The
majority were female (86.3%), never been married (93.05) and unemployed

(62.6%)-Table 4.3
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Table 4.1 Characteristics of HIV-positive participants by whether or not they

enrolled in TasP clinics.

Socio-demographic Enrolled in TasP Not enrolled in P value
characteristics clinic TasP
n=3,034 (%) n=4,633 (%)
Age <0.001
Median (IQR) years 37.1(28.4,48.6) 31.9(25.2, 41.9)
16-29 907 (29.9) 1,792 (38.7)
30-39 827 (27.3) 1,177 (25.4)
40-49 614 (20.2) 684 (14.8)
>50 671 (22.1) 515 (11.1)
Missing 15 (0.5) 465 (10.0)
Sex 0,003
Female 2216 (73.0) 3523 (76.0)
Male 818 (27.0) 1,110 (24.0)
Educational attainment <0.001
Primary or less 1469 (48.4) 1,444 (31.2)
Some Secondary 981 (32.3) 1,819 (39.3)
At least completed secondary 565 (18.6) 1,301 (28.1)
Missing 19 (0.6) 69 (1.5)
Marital status
Never married 2,536 (83.6) 3,905 (84.3) <0.001
Married 328 (10.8) 520 (11.2)
Divorced/Separated 150 (4.9) 139 (3.0)
Missing 20 (0.7) 20 (0.7)
Employment status <0.001
Employed 386 (12.7) 623 (13.5)
Student 113 (3.7) 414 (8.9)
Unemployed/Inactive 2,510 (82.7) 3,508 (75.2)
Missing 25 (0.8) 88 (1.9)
Care status at referral <0.001
In care in DoH clinics 1,326 (43.7) 1,559 (33.7)
Lost to follow up from DoH 616 (20.3) 622 (13.4)
Never been in care 1,070 (35.3) 2,452 (52.9)
Missing 22 (0.7) 0 (0.0)
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Table 4.2 Characteristics of participants enrolled in trial clinics at

presentation

Socio-demographic
characteristics

ART-naive
n=1557

ART-
experienced
n=1477

Total

N=3034

Age

Median (IQR) years
16-29

30-39

40-49

>50

Missing

Sex

Female

Male

Educational attainment
Primary or less

Some Secondary

At least completed secondary
Missing

Marital status

Never been married
Married
Divorced/Separated
Missing

Employment status
Employed

Student
Unemployed/Inactive
Missing

Clinical characteristics
CD4 at first clinic visit
Median (IQR) cells/mm?3
<350

33.0 (25.8, 45.3)

624 (40.1)
395 (25.4)
246 (15.8)
281 (18.1)
11 (0.7)

1123 (72.1)
434 (27.9)

655 (42.1)
570 (36.6)
317 (20.4)
15 (1.0)

1357 (87.2)
123 (7.9)
62 (4.0)

15 (1.0)

215 (13.8)
810(5.1)
1244 (79.9)
18 (1.2)

429 (279, 591)
551 (35.4)

40.5 (31.9, 50.6)

283 (19.2)
432 (29.3)
368 (24.9)
390 (26.4)
4(0.3)

1093 (74.0)
384 (26.0)

814 (55.1)
411 (27.8)
248 (16.8)
4(0.3)

1179 (79.8)
205 (13.9)
88 (6.0)
5(0.3)

171 (11.6)
33(2.2)
1266 (85.7)
7 (0.5)

473 (312, 653)
444 (30.1)

37.1(28.4, 48.6)
907 (29.9)
827 (27.3)
614 (20.2)
671 (22.1)
15 (0.5)

2216 (73.0)
818 (27.0)

1469 (48.4)
981 (32.3)
565 (18.6)
19 (0.6)

2,536 (83.6)
328 (10.8)
150 (4.9)
20 (0.7)

386 (12.7)
113 (3.7)
2,510 (82.7)
25 (0.8)

451 (297, 628)
995 (32.8)
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Socio-demographic ART-naive ART- Total
characteristics experienced
n=1557 n=1477 N=3034

350-500 392 (25.2) 339 (23.0) 731 (24.1)
>500 569 (36.5) 672 (45.5) 1241(40.9)
Missing 45 (2.9) 22 (1.5) 67 (2.2)
Viral load at first clinic visit
<400 copies/mL 187 (12.0) 1173 (79.4) 1360 (44.8)
2400 1324 (85.0) 298 (20.1) 1622 (53.5)
Missing 46 (3.0) 6 (0.4) 52 (1.7)
ART duration at first visit
Median (IQR) years - 3.85(1.92-5.89)
WHO Stage (%)
1 1016 (65.3) 764 (51.7) 1780 (58.7)
2 302 (19.4) 217 (14.7) 519 (17.1)
3 148 (9.5) 372 (25.2) 520 (17.1)
4 17 (1.1) 60 (4.1) 77 (2.5)
Missing 74 (4.8) 64 (4.3) 138 (4.6)
Past history of TB
Yes 173 (11.1) 535 (36.2) 708 (23.3)
No 1143 (73.4) 797 (54.0) 1940 (63.9)
Missing 241 (15.5) 145 (9.8) 386 (12.7)
Current TB
Yes 15 (1.0) 39 (2.6) 54 (1.8)
No 1487 (95.5) 1,383 (93.6) 2,870 (94.6)
Missing 55 (3.5) 55 (3.7) 110 (3.6)

109



Table 4.3 Characteristics of recently Infected HIV-positive indivduals

Socio-demographic
characteristics

N=503 (%)

Age

Median (IQR) years
16-29

30-39

40-49

>50

Missing

Sex

Female

Male

Educational attainment
Primary or less
Some Secondary

At least completed secondary
Missing

Marital status
Never been married
Married
Divorced/Separated
Employment status
Employed

Student
Unemployed/Inactive

Missing

22.4 (19.0-27.7)
383 (76.1)
42 (8.4)

19 (3.8)

35 (7.0)

24 (4.8)

434 (86.3)
69 (13.7)

85 (16.9)

228 (45.3)

189 (37.6)
1(0.2)

468 (93.0)
30 (6.0)
5 (1.0)

34 (6.8)
153 (30.4)
315 (62.6)

1(0.2)
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4.4 Discussion

In this chapter, | described the population of HIV positive individuals identified
during the trial, the proportion of those who linked to care and formed the basis of
my research, and how they compare to the total population of HIV-positive
individuals identified in the community.Nearly 40% enrolled in the TasP clinics, and
of those who did not enrol, about one-third had no prior or current engagement in

TasP or DoH clinics.

Just over half of those who enrolled in TasP clinics were ART-naive at presentation
with median CD4 count at first clinic visit of 429 cells/mm3. The majority of the

cohort were in an early stage of HIV infection as reflected by their WHO staging.

| observed a higher CD4 count at presentation amongst ART-naive individuals than
reported in sub-Saharan Africa. A meta-analysis of 56 studies covering the period
January 2002 —December 2013 comprising 295,455 HIV-positive individuals in
sub-Saharan Africa reported the mean CD4 count at presentation to care to be 250
cells/mms3 (95% CI 147-354 cells/mm?3) in 2002 and 309 cells/mm?3 (95% CI 237—-

381 cells/mms3) in 2012 (222). The yearly increase in CD4 count at presentation

was not significant (B = 5.8 cells per year; 95% Cl —10.7 to 22.4 cells/year; P =

.48). A subgroup analysis restricted to only studies done in South Africa showed
that CD4 count at presentation increased significantly by 39.9 cells/year (95% ClI,
9.2-70.2 cells/year; P = .02). This metanalysis must have included studies of
individuals diagnosed in facilities with symptoms of more advanced disease. My
study has not accounted for the CD4 count at presentation of those not in care who

could be in a more advanced stage of HIV disease.

In another review that contained results from searches up to 4 March 2013 that
compared CD4 count of individuals diagnosed HIV-positive using community
testing approaches with that of those diagnosed in health care facilities, more

participants in community-based testing approaches had CD4 counts >350
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cells/mL than in facility-based approaches (RR 1.42, 95% CI 1.16-1.74). One of
the strengths of community-based approaches, such as the home-based testing
offered in the TasP trial, is earlier HIV diagnosis compared to facility-based

approaches.

The characteristics of the 60% of individuals who were not receiving their care from
the TasP clinics (53% no prior history of care, 47% with current or previous care)
differed from those who engaged with the TasP clinics. Whether these differences
would influence the inference | make on the overall population of people living with
HIV in the community would depend on whether these covariates are associated
with adherence and virological suppression in the sample that enrolled in the TasP

clinics.

In subsequent chapters, | will examine the association between CD4 count at ART
initiation and adherence using data from the ART-naive participants. | will also
examine the association between CD4 count at ART initiation and virological
suppression as well as the development of drug resistance. These analyses will
use data from both ART-naive and ART-experienced participants. For estimating
the proportion with pre-treatment drug resistance, | will use data from ART-naive
participants, including those recently infected with HIV who did not link to trial
clinics. And, finally, in order to examine the association between CD4 count at ART
initiation and the presence of pre-treatment drug resistance mutations on

virological response, | will use data from ART-naive participants.
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Chapter 5 Does high CD4 count at ART
initiation impact adherence?

In this chapter, | describe the levels of adherence in ART-naive participants and
examine the association between CD4 count at ART initiation and adherence. |
also examine the risk factors associated with non-optimal adherence and assess

the predictive validity of the tools used to measure adherence.

5.1 Background

Concern has been expressed that individuals offered ART at CD4 counts higher
than the ART eligibility CD4 threshold may not be motivated to adhere to ART
long-term. The reasoning being that individuals initiating at higher CD4 counts
would be asymptomatic and healthy and may not perceive ART to be beneficial for

their own health and may have other competing priorities.

As a first step, | conducted a scoping review of the published literature on
adherence in individuals initiated on ART in Africa at CD4 count >350 cells/mm3.
Secondly, | examined the relationship between CD4 count at ART initiation and
adherence in individuals initiating ART within the trial and finally, | assessed the

validity of the adherence measurement tools | used to estimate adherence.

5.2 Literature review

The aim of the scoping review was to identify published studies of individuals who
initiated ART in Africa with CD4 >350 cells/mm? in which adherence was

estimated, and summarise the findings.

| searched Pubmed for studies published before 4 February 2017 using the

following search terms resulting in the references described:

e Search ((High) OR Earl*) AND CD4 (40,202)

e Search (Adherence) OR Compliance (230,657)
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e Search (ART) OR agents, antiretroviral[MeSH Terms] (147,514)

e Search Africa (285,075)

e Combining all search criteria above ((((((High) OR Earl*) AND CD4)) AND
((Adherence) OR Compliance)) AND ((ART) OR agents,

antiretroviral[MeSH Terms])) AND Africa (206)

| read the titles of all 206 articles and excluded 182 studies that were not related to
my topic of interest. Since the search was executed in all fields (title and body of
article), some of the articles returned included one or more criteria specified in the
search but not all. Excluded articles were studies that used qualitative methods,
focussed on children, early HIV infection, cost-effectiveness and outcomes of ART
in general. | reviewed the abstracts of the remaining 24 studies and excluded 20
papers; 2 were on systematic reviews , 2 on opinion pieces, 6 on treatment
outcomes, 2 on protocols, 3 on lower CD4 count at initiation, with the remaining
being either on retention or mathematical models. | reviewed the full manuscript of
the remainingfour papers that reported the relationship between the CD4 threshold
of interest (>350 cells/mm3) and adherence; one examined high current CD4 rather
than CD4 count at initiation, the other turned out not to have examined CD4 count
at initiation; both these papers were excluded (223, 224). Of the remaining two
papers, one reported on adherence at high CD4 count >350 cells/mm? (225) and
the other was a systematic review of impact of CD4 count at initiation on ART
adherence between the periods 1 January, 2004 and 30 September 2015 (226).
There was no country/region restriction placed on the articles included in that
systematic review. | identified two further studies (227, 228) from Africa in the
references of the systematic review. In total, my literature review yielded three
individual studies from Africa (Table 5.1) that examined the association of high

CD4 count at initiation and adherence.
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5.3 Discussion of review

The small study by Jain et al (225) estimated adherence at 4, 8, 12, 24 and 48
weeks following ART initiation and averaged this over the period. Adherence was
98% during the first 48 weeks of ART in individuals who initiated ART at CD4>350
cellsimms3. These were patients enrolled in a prospective trial of streamlined model

of care to reduce patient clinic waiting time.

Each patient in the study was given a phone number of a clinician to facilitate
access to care in case of any health related matters. An important weakness of this
study is the absence of a comparator arm. The other two studies by Charurat et al
(227) and Memiah et al (228) compared adherence in individuals with CD4 >350
cellss/mm? with those of individuals with more advanced HIV disease at time of ART
initiation. The average CD4 count in both studies were low. No African studies
comparing adherence in individuals with CD4 >350 cells/mm? versus CD4 <350
cellsimm?3 were identified. The systematic review identified during the literature
search reported a sub-analysis to examine adherence in individuals with CD4 >350
cells/mm3 compared to lower CD4 counts. Three studies were identified, two of
which were the African studies (227, 228) described above and the third study was
done in the USA (229) and the reference group had CD4 <200 cells/mm?, (pooled
OR 0.85; 95% ClI: 0.73 to 0.97 for all three studies). This indicates slightly lower
probability of being adherent in those with CD4 > 350 cells/mm3. Another sub-
analysis comprising two studies from high income countries (183, 230) compared
adherence in individuals who initiatied ART with CD4 >500 cells/mm? versus CD4
<500 cells/mm?3. There was no evidence of a difference in adherence between the

two groups (pooled OR, 1.01 (95% CI 0.97-1.05).
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Table 5.1 Studies of ART adherence in Africa with CD4 at ART initiation >350 cells/mm?3

Author Study setting Study Study design CD4 groups and Adherence outcome Effect estimate
population/sample median/mean CD4
size at ART initiation
Jain V (225) Uganda >18 years, 197 Prospective CD4 = 350 Self-reported adherence, 3- 98% averaged over
patients cells/mms3, no day recall test of no missed 48 weeks
comparison group; pills within previous three
median CD4 569 days for 48 weeks
(IQR 451-716)
Charurat, M Nigeria Median age 35 years Retrospective >350 cells/mm? vs. Pharmacy refill adherence aOR 1.25 (95% Cl
(227) (IQR 29-41) analysis 100-200 cells/mm?3 rate <95% during first 12 1.05-1.49)
) months
4529 patients
Median CD4 121
(IQR not given)
Memiah P (228)  Nigeria, Mean age 38 years, Cross sectional >350 cells/mm3 vs. Composite of dose and aOR 1.07 (95%CI
Uganda, 2344 patients analysis <50 cells/mm3 schedule adherence (timing  0.73-1.58)
Zambia and of medication)
Tanzania

Mean CD4 227
cells/mm3

295% of doses correctly
taken in previous 7 days
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5.4 Aims and objectives

The primary aim of the analyses presented in this chapter was to examine the
association between CD4 count at ART initiation and adherence and to assess the

validity of the tools used to measure adherence.
The objectives were to:

e Examine CD4 count at ART initiation and other potential risk factors for
non-optimal adherence during the first 12 months of ART
e Assess whether measures of adherence adequately reflect virological

suppression at 12 months

5.5 Methods

5.5.1 Study population

Data from participants who were ART-naive at entry into the trial were used for this
analysis. Individuals were eligible for inclusion in this analysis if they initiated ART
within the trial and had been on ART for 12 months by the time of database closure

on 30 June 2016.

5.5.2 Definition of outcome and exposure variables

5.5.2.1 Objective 1

Outcome 1: Adherence at each visit during the first12 months after ART initiation
categorized into optimal or non-optimal adherence using a cut-off of 95% at each
visit.

Adherence was measured using a visual analogue scale (VAS) and pill counts

(PC).
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The VAS is a scale expressed as a percentage, the participant was asked to put a

mark on the scale which best reflects their adherence in the previous four days.

Pill count adherence (%) = ((Amount of pills dispensed - Amount returned)/Amount

expected to be taken) x 100

If the estimated PC score was <95%, adherence was considered non-optimal, if
between 95-105%, adherence was considered to be optimal and if >105%, this
was considered as non-optimal adherence. Hence two categories: optimal

adherence (95-105%) and non-optimal adherence (<95% or >105%).

Primary exposure: CD4 cell count at ART initiation

Other exposures of interest

Sex (male/female)

Age at ART initiation

Visit frequency (humber of visits in the first 12 months after initiating ART)

Disclosure of HIV status to anyone (yes/no)

Disclosure of HIV status to current partner (yes/no)

Employment status (employed, student, unemployed)

Marital status (never married, married, divorced/separated)

Educational attainment (primary or less, some secondary, secondary or higher)

Regimen type (whether fixed dosed combination or not)

Distance to the nearest TasP clinic: obtained by measuring the distance as the
crow flies from the participant’'s home (GPS coordinates) to the trial clinic (GPS

coordinates) in their cluster

Depression (assessed using the PHQ-4 scale rated as normal (0-2), mild (3-5),

moderate (6-8) and severe (9-12), (221) )
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Self-reported health status (as measured using a scale ranging from 0 to 100% in

which 0 represents poor health and 100% represents excellent health)
Food insecurity (as measured by whether skipped meals in last 12 months or not)

ART treatment perception (through three questions concerning the participant’s

attitudes about ART as displayed on results tables)

5.5.2.2 Objective 2

To assess whether measures of adherence adequately reflect virological

suppression (viral load < 400 copies/mL) at 12 months.

5.5.3 Statistical analysis

I used median and interquartile ranges to summarise continuous variables and

reported percentages for categorical variables.

For the main analysis of my first objective, | examined the association between

CD4 count at ART initiation and other potential risk factors and non-optimal

adherence (measured by VAS) at 12 months. | first compared the characteristics of

individuals who were eligible for inclusion in this analysis but were excluded,
because no adherence data were available, with the individuals who were included
by using a chi-squared test to derive p values. Median values were compared

using the Mann-Whitney U test.

| then used a random effects logistic regression model to examine the association
between the exposures of interest and non-optimal adherence at each visit
accounting for the correlation of repeated measurements within each participant. |
opted for logistic regression models and the first 12 months in order to address the
issue of adherence as an early warning indicator for development of drug
resistance using the WHO proxy of percentage of patients with 100% on-time drug

pick-up during the first 12 months of ART.
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| undertook a complete case analysis, so visits with missing VAS adherence were
dropped. At 12 months, 13 visits were expected to have adherence documented
(2, 4,8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48 weeks post ART initiation). |
examined the association of visit frequency with adherence for inclusion in the
modelling because individuals who attended more frequently would contribute
more data to analysis and therefore potentially bias estimates of the effects of

other variables.

| then used the likelihood ratio tests to find the model which best fitted the data. |
examined CD4 count at ART initiation as both a categorical and continuous
variable. | also did the same for age at initiation. As there was no evidence of a
departure from linearity for these two variables, they were subsequently included in
the model as linear variables. | transformed other continuous variables (distance to
clinic, self-reported health status, visit frequency) into binary variables above and
below their median values. | used the validated scores for the PHQ4 scale for

screening of depression published in the literature (221).

Age at ART initiation and sex were considered a priori as confounders and were
forced into the the multivariable model irrespective of whether their association with
non-optimal adherence in the univariable model was significant or not. For the
model including age and sex, | forward fitted other potential risk factors that were
significant at p<0.15 in the univariable model one at a time to the multivariable
model. | used likelihood ratio tests to derive p values for each association.
Variables with missing observations 23% [psychological distress (PHQ4), and
agreement with the statement that ART will reduce infectiousness] were excluded
from the multivariable model. This allows the risk-set in the multivariable model to

be similar to the univariable model as | had undertaken a complete case analysis

For the sensitivity analysis, | repeated the analysis by assessing the association
between CD4 count at ART initiation and VAS adherence at six months. |

undertook further sensitivity analysis by repeating the analysis examining the
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association between CD4 count at ART initiation and adherence measured by PC

during the first 12 months.

To address my second objective, assessing whether VAS scores and Pill count
scores adequately reflect virological suppression at 12 months, firstly | sought to
establish that they were both measuring the same construct by checking the
correlation between them. | used a two sample t-test for means to test the
hypothesis that there is no association between VAS scores and pill count scores
at each visit. | used bootstrap techniques to derive the 95% confidence interval for
the correlation coefficient. | plotted a scatter graph between PC and VAS scores
and predicted the values of Pill score based on VAS scores using linear regression

and plotted the line that gives the best fit to the data.

| also assessed whether the mean VAS score in each individual during the first 12
months of ART was predictive of virological suppression at 12 months. The mean
VAS scores was estimated by taking the mean of the adherence scores in visits in

which adherence was measured. Missing adherence scores were omitted.

5.6 Results

5.6.1 Comparison of included and excluded participants

From 10 March 2012 to 30 June 2016, 1557 ART-naive individuals were enrolled
in the TasP trial; of whom 1198 initiated ART. Of the 926 on ART for 12 months at
database closure, 198 (21.4%) were excluded for reasons indicated in Figure 5.1

leaving 728 individuals for inclusion in the analyses.

Individuals included in the 12 months analysis were older than those not included,
(median 36.3 years (IQR 28.5-48.4) versus 30.7 years (IQR 25.7-41.8)
respectively. Included individuals were also more likely to be female (Table 5.2).
There was no evidence of a difference in median CD4 count at ART initiation, the

primary exposure of interest, between included and excluded individuals.
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ART naive at clinic entry
n= 1557
Initiated ART within Remained ART
Trial naive as at
n=1198 30/06/2016
n=359
On ART<12 months
n=272
Duration on ART 212
months
926 Excluded (n= 198)
Death =15
Loss to follow up 33
Transfer out 40
Status unknown 110
Included
n=728

Figure 5.1 Included and excluded participants for the 12 months VAS
analysis
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Table 5.2 Characteristics of individuals included and excluded from the 12
months adherence analysis using VAS

Socio-demographic 12 months (VAS)
Excluded Included P value
n=198 n=728
Age at initiation (Years) 0.01
Median age (IQR) 30.7 (25.7-41.8)  36.3 (28.5-48.4)
16-29 93 (47.0) 222 (30.5)
30-39 49 (24.8) 213 (29.3)
40-49 26 (13.1) 131 (18.0)
>50 30 (15.2) 161 (22.1)
Missing 0 (0.0) 1(0.1)
Sex 0.01
Female 127 (64.1) 534 (73.4)
Male 71 (35.9) 194 (26.7)
Educational attainment 0.260
Primary or less 74 (37.4) 327 (44.9)
Some Secondary 116 (58.6) 369 (50.7)
Secondary or higher 7 (3.5) 29 (4.0)
Missing 1(0.5) 3(0.4)
Marital status 0.330
Never married 178 (89.9) 624 (85.7)
Married 11 (5.6) 69 (9.5)
Divorced/Separated 8 (4.0) 33 (4.5)
Missing 1(0.5) 290.3)
Employment status 0.09
Employed 22 (11.1) 116 (15.9)
Student 12 (6.1) 24 (3.3)
Unemployed 163 (82.3) 587 (80.6)
Missing 1(0.5) 1(0.1)

Clinical characteristics
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Socio-demographic

12 months (VAS)

Excluded Included P value
n=198 n=728

CD4 at Initiation (cells/mm3)
Median (IQR)

<350

350-500

>500

Missing

Viral Load at first clinic visit
(Logio copies/mL)

Median (IQR)

0.932
352 (226, 514) 351 (236, 502)

97 (49.0) 364 (50.0)
46 (23.2) 181 (24.9)
52 (26.3) 183 (25.1)
3 (1.5) 0 (0.0)

0.374

4.6 (3.7,5.2) 4.5(3.8,5.2)
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5.6.2 Association between CD4 count at initiation, other factors
and VAS adherence <95% during the first 12 months

Of the 728 individuals who had been on ART for 12 months, 723 had visits with at
least one adherence measurement documented. Of the expected 9399 visits, 7782
(82.8%) visits had adherence measurements. Adherence was optimal in 6675
(85.8%) of these 7782 visits. The median number of visits per individual was 11

visits (IQR 10-12).

In the unadjusted analysis (Table 5.3), there was no evidence of a significant
association between CD4 count at ART initiation and adherence <95% during the

first 12 months of ART.

Factors associated with increased probability of adherence <95% were male sex,
(male vs. female, OR 2.23, 95% CI 1.71-2.90), not knowing whether ART could
reduce infectiousness (OR 1.61, 95% CI 1.15-2.26 comparing those who did not
know with those who agreed with the statement). Factors that were inversely
associated with adherence <95% were being on a fixed dose ART combination
(OR 0.80, 95% CI 0.66-0.96 compared with those not on a fixed dose
combination) and food security (OR 0.68, 95% CI 0.52-0.88). Increased visit
frequency was also strongly associated with a decreased probability of adherence
<95% (OR 0.48, 95% CI 0.38-0.62 for >11 vs. < 11 visits). There was weak
evidence of an association between travel distance to the trial clinic and odds of

adherence <95%; (OR 0.79, 95% CI1 0.62-1.01 for >1.3km vs. < 1.3km).

In the adjusted analysis, there was no significant association between CD4 count

at ART initiation and VAS <95% during the first 12 months of ART.

Male sex was independently associated with increased odds of VAS adherence

<95% (male vs. female, aOR 2.24, 95% CI 1.73-2.91).

Factors that were independently inversely associated with VAS adherence <95%

were being on a fixed dose ART combination (aOR 0.45, 95% CI 0.26-0.79
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compared with those not on a fixed dose combination) and food security (aOR
0.63, 95% CI 0.49-0.81). Increased visit frequency was also strongly associated
with a decreased probability of adherence <95% (aOR 0.50, 95% CI 0.39-0.64 for
>11 vs. < 11 visits). Living farther away from the trial clinic was weakly associated
with decreased odds of adherence <95%, aOR 0.81 (95% CI 0.64-1.02, p=0.07).
Exploring this further, 52% of those living >1.3km away from the clinic had >11
visits to the clinic compared to 43% in those living <1.3km and increased visit

frequency is associated with decreased probability of adherence <95%.

5.6.3 Sensitivity analyses

5.6.3.1 Association between CD4 count at initiation, other factors and
VAS adherence <95% during the first 6 months

Of the 983 individuals who had been on ART for 6 months, 976 had visits with at
least one adherence measurement documented. Of the expected 6832 visits, 5597
(81.9%) visits had adherence measurements. Adherence was optimal in 4833
(86.4%) of 5597 visits. The median number of visits per individual was 6 visits (IQR

5-7).

In the unadjusted analysis, there was no evidence of an association between CD4
count and adherence measured by visual analogue scale during the first 6 months

of ART (OR = 0.98; 95% CI 0.93-1.03 for every 100 cells/mm3increase).

In a multivariable logistric regression model that adjusted for age, sex, marital
status, fixed dose combination ART, food insecurity and visit frequency, there was
no evidence that CD4 count at ART initiation was associated with adherence <95%

(OR =0.99, 95% CI 0.94-1.05 for every 100 cellssrmm?3increase).
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Table 5.3 Association between CD4 count at initiation and other risk factors with <95% VAS adherence during the first 12 months of ART

Characteristics Adherence <95% Crude odds ratio P value &Adjusted odds ratio P value
N visits/Total visits (95% C) (95% C)

Age at initiation n=7772

16-29 378/2357 (16.0)

30-39 313/2224 (14.1) 0.97 (0.93-1.02)# 0.211 0.98 (0.93-1.03)# 0.414

40-49 196/1518 (12.9)

>50 220/1673 (13.2)

Sex n=7782 <0.0001 <0.0001

Female 698/5743 (12.2) 1 1

Male 409/2039 (20.1) 2.23(1.71-2.90) 2.24 (1.73-2.91)

CD4 at Initiation (cells/mm?3) n =7782

<350 573/3951 (14.5)

350-500 284/1953 (14.5) 0.98 (0.94-1.03)* 0.494 0.99 (0.95-1.04)* 0.731

>500 250/1878 (13.3)
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Characteristics Adherence <95% Crude odds ratio P value &Adjusted odds ratio P value
N visits/Total visits (95% C) (95% C)

Educational attainment n=7749 0.439

Primary or less 480/3612 (13.3) 1

Some Secondary 580/3835 (15.1) 1.18 (0.92-1.52)

At least completed secondary 42/302 (13.9) 1.05 (0.55-2.02)

Marital status n= 7760 0.103 0.168

Never been married 975/6639 (14.7) 1 1

Married 87/745 (11.7) 0.68 (0.44 -1.06) 0.66 (0.43-1.03)

Divorced/Separated 40/376 (10.6) 0.65 (0.35-1.20) 0.78 (0.42-1.44)

Employment status n=7771 0.596

Employed 183/1241 (14.8) 1 -

Student 46/253 (18.2) 1.24 (0.59-2.57)

Unemployed 875/6277 (13.9) 0.91 (0.65-1.27)

First line Regimen n= 7753 0.02 0.006

Non Fixed dose combination

Fixed dose combination

72/346 (20.8)
1021/7407 (13.8)

1
0.80 (0.66-0.96)

1
0.45 (0.26-0.79)
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Characteristics Adherence <95% Crude odds ratio P value &Adjusted odds ratio P value
N visits/Total visits (95% C) (95% C)

ART treatment perception

Agree that ART will improve health n=7668 0.746 -

Yes 1041/7394 (14.1) 1

No 14/78 (18.0) 1.53 (0.47-5.01)

Don’t know 33/196 (14.2) 1.14 (0.51-2.52)

Worried about side effects of ART n=7618 0.707 -

Yes 907/6534 (13.9) 1

No 51/330 (15.5) 1.12 (0.60-2.09)

Don’t know 119/754 (15.8) 1.18 (0.78-1.79)

Agree that ART will reduce infectiousness 0.012 -

n=7541
Yes
No

Don’t know

755/5853 (12.9)
91/541 (16.8)
210/1147 (18.3)

1
1.45 (0.90-2.34)
1.61 (1.15-2.26)
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Characteristics Adherence <95% Crude odds ratio P value &Adjusted odds ratio P value
N visits/Total visits (95% C) (95% C)

HIV status disclosure to anyone n= 7661 0.346

Yes 924/6557 (14.1) 1

No 173/1104 (15.7) 1.18 (0.83-1.68)

HIV status disclosure to current partner n=7489 0.595 -

Yes 613/4217 (14.5) 1

No 286/2088 (13.7) 0.88 (0.65-1.18)

Not applicable (No partner) 178/1184 (15.0) 1.05 (0.74-1.51)

Food insecurity n= 7691 0.015 0.001

Yes
No

Don’t know

77914966 (15.7)
310/2649 (11.7)
9/76 (11.8)

1
0.68 (0.52-0.88)
0.69 (0.19-2.52)

1
0.63 (0.49-0.81)
0.53 (0.15-1.81)
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Characteristics Adherence <95% Crude odds ratio P value &Adjusted odds ratio P value
N visits/Total visits (95% C) (95% C)

Psychological distress (PHQ4) n=7531 0.105

None 845/6154 (13.7) 1 -

Mild 219/1224 (17.9) 1.51 (1.09-2.09)

Moderate 10/81 (12.4) 0.94 (0.29-3.01)

Severe 9/72 (12.5) 1.02 (0.27-3.83)

Self-reported health status n= 7782 0.888 -

<80 676/4860 (13.9) 1

>80 431/2922 (14.8) 1.02 (0.79-1.32)

Distance from home to trial clinic (Km) n= 7782 0.06 0.074

<13 589/3883 (15.2) 1 1

>1.3 518/3899 (13.3) 0.79 (0.62-1.01) 0.81 (0.64-1.02)

Visit frequency n=7782 <0.0001 <0.0001

<11

713/4088 (17.4)
394/3694 (10.7)

1
0.48 (0.38-0.62)

1
0.50 (0.39-0.64)

#0Odds ratio for a 5 unit increase in age modelled as linear association with a continuous covariate; *odds ratio for a 100 unit increase in CD4 count at

initiation, modelled as linear association with a continuous covariate; & Adjusted for age, CD4 count at initiation, sex, marital status, whether on fixed dose
combination of ART, food insecurity, distance to clinic and visit frequency.
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5.6.3.2 Association between CD4 count at initiation, other factors and PC
adherence <95% during the first 12 months

Of the 728 individuals who had been on ART for 12 months, 721 had visits with at least one
adherence measurement documented. Of the expected 9373 visits, 7011 (74.8%) visits had
adherence measurements. Adherence was optimal in 5589 (79.7%) of 7011 visits. The

median number of visits per individual was 11 visits (IQR 9-12).

In the unadjusted analysis, there was no evidence of an association between CD4 count and
adherence measured by pill count during the first 12 months of ART (OR =1.01; 95% CI

0.97-1.05 for every 100 cells/mm?3increase).

After adjusting for age and sex, educational attainment, distance to clinic and visit frequency,
there was no evidence that CD4 count at ART initiation was associated with adherence
<95% (OR =1.02, 95% CI 0.98-1.06 for every 100 cells/mm?increase).

5.6.4 Pearson correlation coefficients between PC, VAS and viral loads
at 12 months

Figure 5.2 shows a scatter plot of the relationship between adherence measured by VAS

and pill count.

The median Pill count was 100% (IQR 98.5-100) with 6% of visits recording pill count
adherence >105% which was the cut-off for optimal adherence. Extreme values of 2200%

were documented in 5 visits.

Adherence measurements with VAS were within 0-100% limits of the scale. The median
VAS adherence was 100% (IQR 100, 100). VAS adherence was <100% in 25% of visits.
The predicted values of pill count adherence given VAS adherence showed a linear
relationship (Figure 5.2). There was a significant positive correlation between adherence
measured by pill count and VAS at 12 months (r =0.19, 95% CI 0.13-0.25; P=0.0003) and a
significant negative correlation between mean VAS adherence and viral load at 12 months

(Table 5.4).
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99.0% of individuals with adherence =95% achieved virological suppression at 12 months
compared to 90% in those with <95% adherence (p<0.001 for comparison of the three VAS

adherence strata in Figure 5.3)

5.6.4.1 Sensitivity analyses

I undertook a series of sensitivity analyses comparing adherence scores from VAS and PC
during the first 6 months as well the correlation between mean VAS and viral load at 6
months as well as mean PC and viral load at 6 and 12 months and found similar results
(Table 5.4). Similarly, the proportion of individuals with virological suppression at 6 months

increased with adherence as measured by VAS
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Figure 5.2 Scatter plot showing the relationship between adherence measured by pill
count and VAS during each visit at 12 months

Table 5.4 Pearson correlation coefficinets between VAS, PC and virological
suppression at 6 and 12 months

Time period Sample size Correlation P value
(months) coefficient
(95% ClI)
Main analyses
VAS and PC 12 7802 visits 0.19 (0.13-0.25) 0.0003
VAS and viral load 12 723 participants  -0.07 (-0.22 to 0.07) 0.07
Sensitivity analyses
VAS and PC 6 5603 visits 0.22 (0.13-0.28) <0.0001
VAS and viral load 6 976 participants -0.09 (-0.22 to 0.05) 0.009
PC and viral load 6 968 participants -0.01 (-0.06 to 0.05) 0.834
12 721 participants  -0.09 (-0.21 to 0.03) 0.02
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VAS and virologic suppression at 12 months

P<0.001

virologic suppression %

<90 90-95
VAS adherence

Figure 5.3 Relationship between adherence levels measured by VAS and virological
suppression at 12 months
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5.7 Discussion

This is a cohort analysis of participants enrolled in a cluster randomised trial investigating
whether there is an association between CD4 count at ART initiation and adherence.
Adherence measured by VAS was optimal (295%) in 86% of visits during the first 12 months
of ART. | found no evidence of a significant association between CD4 count at ART initiation
and adherence measured by VAS during the first 12 months of ART. Furthermore, male sex
was a risk factor for non-optimal adherence. Being on a fixed dose combination ART, food
security, high clinic visit frequency and living farther away from the clinic were associated
with decreased probability of non-optimal adherence. VAS as a tool to measure adherence

was predictive of virological suppression.

The literature review identified only two studies in Africa (227, 228) comparing individuals
with CD4 count >350 cells/mm? with those who had lower CD4 counts. The findings from
these two studies were contradictory. They used different adherence measurement tools,
different reference groups and comprised individuals with advanced HIV disease based on
the median CD4 count at ART initiation. My cohort comprised individuals with a higher
median CD4 count at ART initiation and findings corroborate that seen in high income
countries reported in the systematic review by Bock et al (226). WHO recommends universal
test and treat for HIV(105); South Africa has already adopted this policy (15) but there are no
data on adherence in people initiating ART at high CD4 counts. With this new policy, the
median CD4 count at which individuals initiate ART is likely to rise to levels observed in this
research. However, a meta-analysis covering the period from January 2002 to Dec 2013
showed that the CD4 count at presentation has increased in South Africa but the CD4 count

at ART initiation has remained unchanged at a mean of 123 cells/mm?3 (226).

One of the WHO early warning indicators for development of HIV drug resistance is the
monitoring of proportion of patients with 100% of pills picked up on time during the first 12
months of ART and serves as a proxy for adherence. The overall adherence of 86%
observed in this research for visits during the first 12 months falls just under the >90% WHO

recommendation (32).
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Men have more than double the odds of low adherence compared to women with similar
findings reported in two studies in Tanzania (223) and South Africa (132). The majority of the
studies have reported no gender difference with respect to adherence (130, 131, 138, 183,
231, 232) with one meta-analysis reporting a marginal association of male gender with

higher adherence (233).

| found that being food-insecure was associated with lower adherence. A study conducted in
Namibia observed a high proportion of individuals attending a public ART programme to be
food-insecure and this was associated with poor adherence as measured by medication
possession ratio (190). The relationship between food-insecurity and poor adherence has
also been reported in high-income countries (234, 235). Patients who have missed doses
have often cited not having food at home as a reason for missing doses as they did not want
to take their drugs on an empty stomach. This anecdotal observation has been confirmed in

formal qualitative studies (236, 237).

There was weak evidence that poor adherence was more likely in those living closer to trial
clinics. A systematic review of studies in sub-Saharan Africa settings examined the impact of
geographic and transportation-related barriers (travel distance, travel time, transportation
cost, urban vs. rural) on a number of HIV outcomes which included adherence (238). Seven
of the studies included in the review specifically examined the association between travel
distance and ART adherence; two studies found a significant association between increased
distance from clinic and poor adherence whilst five of the studies found no evidence of an
association. Travel distance was measured by self-reported estimates in six of the studies
and by the straight line distance in one of the studies. This research is the only study that
has reported an association of increased travel distance to the clinic and better adherence,
although the evidence for this was weak. Visit frequency was greater in those who lived
farther away from the clinic and the data showed that individuals with higher visit frequency
had better adherence. Previous publication from the trial showed that those who lived farther
away from the clinic were less likely to link to care (124). It could be that individuals who
lived farther away from the clinic and linked to care were more motivated to adhere than

those who lived closer to the clinics. In addition, they may have been less worried about
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being recognised by their neighbours than those who lived very close to the clinics (239-

241).

There is no gold standard measure of adherence. In this research, | demonstrated a
correlation between adherence measured by VAS and pill count and both were predictive of
virological suppression. This is suggested by a significant correlation between VAS
adherence during the first 12 months on ART and virological suppression. There was also
increased virological suppression with increasing adherence as measured by VAS. These
findings are robust to a number of sensitivity analyses using another time-point such as
average VAS adherence in the first 6 months and virological suppression at 6 months, as
well as the significant correlation between average pill count in the first 12 months and

virological suppression at 12 months.

This research study has a few limitations. About 20% of individuals eligible for my main
analysis were excluded either because they were dead, lost to follow up, transferred their
care or their status was unknown. Included individuals were more likely to be female and
older. These characteristics have been found to be associated with good adherence in a
number of studies (130, 223, 228, 233). Although there was no difference in the median CD4
count at initiation between included and excluded individuals, the more favourable
adherence characteristics of included individuals may have biased my estimate of the
association between CD4 count at ART initiation and adherence. Amongst individuals
included in the analysis, adherence measures were missing in nearly 20% of visits, either
because the visit did not happen or the measurement was not taken. | assumed that missing
adherence measures were missing completely at random in my analysis and so undertook a
complete case analysis. This might not be the case as my data showed that individuals with
fewer than expected number of visits to the clinics were more likely to have non-optimal
adherence, hence excluding missed visits could have resulted in a biased estimate of
adherence. Furthermore, in the sensitivity analyses | conducted using pill count adherence, |
had assumed that individuals with pill count adherence >105% had non-optimal adherence.
This could have resulted in misclassification of the adherence in some individuals, although

only just over 5% of visits were affected by this ‘overestimates’ of adherence.
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The main strength of this analysis is that it is was nested within a randomised trial, so that
individuals who started ART at different CD4 counts did so at random. This mitigates against
any bias that might be introduced if those with higher CD4 counts were more motivated and

hence more likely to adhere. This analysis is also novel in the African setting.

To summarise, | found no evidence of a significant relationship between CD4 count at ART
initiation and adherence during the first 12 months of ART. With two large trials showing
individual health benefits of initiating ART early (16, 17) and the WHO 2015 ART guidelines
recommending HIV treatment regardless of CD4 count (105), a policy already adopted by
South Africa (15), this result should allay any anxieties about adherence in individuals

initiating ART at higher CD4 counts.
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Chapter 6 Virological suppression and acquired
resistance

This chapter examines virological suppression in individuals ART-naive at entry into the trial
who subsequently initiated ART and in those who were ART-experienced at their first trial
clinic visit. 1 also examine the association between CD4 count at ART initiation and
virological suppression and assessed acquired resistance in individuals with virological
failure. Amongst individuals with drug resistant mutations at virological failure, mutations

observed are compared with mutations present pre-treatment in cases with data available.

6.1 Background

Good adherence to ART is required to halt viral replication and avoid the development of
resistance mutations (130, 242). However, maintaining sustained adherence could
sometimes be challenging due to either individual or system-related factors resulting in
virological failure and drug resistance (158, 243). The close relationship between adherence
and virological suppression creates a similar concern that motivation for adherence may not
be as high in individuals started on ART at high CD4 counts who may not be experiencing
symptoms of ill-health. More so, if informed that the primary reason for the offer of ART was
to prevent transmission to sexual partners. If this was the case, then this could result in

virological failure and the development of drug resistance.

With increasing number of treatment guidelines recommending ART initiation at higher CD4
counts including South Africa since 1 September 2016 (15), high numbers of asymptomatic
individuals would be starting ART. With the error-prone character of reverse transcriptase,
and the high mutation rate of HIV, drug resistance is likely to occur both in poorly adherent
and some adherent individuals due to drug selective pressure from ART. These drug
resistant mutations could be transmitted resulting in a greater proportion of individuals

seroconverting to HIV being infected with drug resistant virus (29).

The K65R and the K103N mutations warrant surveillance as the currently recommended

first-line ART in South Africa is based on a fixed dose combination of tenofovir, lamivudine or
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emtricitabine and efavirenz. Individuals who develop resistance with these mutations can
potentially transmit them thereby compromising the public health ART programme. However
there are limited data on virological suppression and resistance in the African setting on
individuals starting ART at CD4 > 350 cells/mm3. Therefore, | conducted two scoping
reviews of the published literature on virological suppression on the one hand and then again
on acquired resistance in individuals initiating ART at CD4 >350 cells/mm?3. Secondly, |
examined the relationship between CD4 count at initiation and virological suppression in
both ART-naive individuals who initiated ART within the trial and those ART-experienced at

entry. Thirdly, | examined acquired resistance in individuals with virological failure.

6.2 Literature review

The aim of the scoping review was to summarise current knowledge in the African setting on
the association between high CD4 count (>350 cells/fmm?) at ART initiation and virological

outcomes (suppression/failure) as well as acquired resistance.

6.2.1 Virological outcomes

| searched Pubmed for studies that reported on the association between high CD4 count
(>350 cells/mm?) and virological outcomes on ART published before 9 February 2017 using

the search criteria below:

Search (High) OR Earl* initiation (61,234)

Search CD4 (145,475)

Search (((ART) OR Antiretroviral) OR HIV Therapy) OR agents, antiretroviral[MeSH Terms]
(213,381)

Search (Viral) OR Virological* (706,851)

Search ((Suppression) OR Failure) OR Outcomes (1,512, 955)

Search Africa (285,573)
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Combining all search criteria above: Search (((((((High) OR Earl* initiation)) AND CD4) AND
((((ART) OR Antiretroviral) OR HIV Therapy) OR agents, antiretroviral[MeSH Terms])) AND

((viral) OR Virological*)) AND (((Suppression) OR Failure) OR Outcomes)) AND Africa (126)

| read the titles of all 126 articles and excluded 111 articles that were clearly unrelated to the
question of the scoping review; addressing broad ranging issues on HIV subtypes and ART
response, mortality outcomes, retention, linkage to care, modelling, other viruses such as
hepatitis B and paediatric HIV, amongst other reasons. | read the abstract of the remaining
15 and selected nine studies for full review that appeared to have examined the association
of CD4 count with virological outcomes.

Of the nine studies remaining eight were excluded after reading the full article. Excluded
studies include the following: one related to the initial results of the main trial (TasP) (96)
two were on community HIV testing and linkage with ART initiated at CD4 <350 cells/mm?
(244, 245), one was on drug resistance outcome in individuals initiating ART at high CD4
counts (HPTN 052), included participants from Africa, Asia and America (184), one
examined immunological failure (246), one reported on mortality (247), one had no data on
virological suppression (248) and one compared CD4 >150 cells/mm? with those of lower
CD4 counts (249).

The only study meeting the criteria of the scoping review was the TEMPRANO study of early

antiretroviral therapy in Africa (17).

6.2.2 Acquired resistance

| searched pubmed for studies that reported on the association between high CD4 count
(>350 cells/mm3) and acquired resistance for individuals with virological failure (as defined

by the study) published before 10 February 2017 using the search criteria below:

Search (High) OR Earl* initiation (61,234)

Search (((ART) OR Antiretroviral) OR HIV Therapy) OR agents, antiretroviral[MeSH Terms]
(213,381)

Search (Viral) OR Virological* (706,851)

Search ((Suppression) OR Failure) OR Outcomes (1,512,955)
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Search Africa (285,573)

Search ((drug resistance) OR Acquired resistance) OR antiviral drug resistance[MeSH
Terms] (440,539)

Combining all search criteria above: Search (((((((High) OR Earl* initiation)) AND ((((ART)
OR Antiretroviral) OR HIV Therapy) OR agents, antiretroviral[MeSH Terms])) AND ((Viral)
OR Virological*)) AND (((Suppression) OR Failure) OR Outcomes)) AND Africa) AND (((drug

resistance) OR Acquired resistance) OR antiviral drug resistance[MeSH Terms]) (37)

| read the titles of all 37 articles identified and excluded 27 articles that were clearly
unrelated to the topic of interest. The search was executed on all fields, hence articles that
did not meet all search criteria were occasionally returned if the search terms were
mentioned in the body of the article. The excluded articles were studies on children (12), pre-
treatment drug resistance (2 studies), mathematical models (2 studies) and a range of
individual studies that did not meet all the search criteria above (11).

| read the abstract of the remaining 10 andexcluded a further five studies. These 5 studies
described drug resistance in individuals failing ART but did not examine the association
between CD4 count at initiation and emergence of acquired resistance. These were also in
individuals initiating ART at a CD4 count <350 cells/mms3. Of the remaining 5 studies of
which | read the full manuscript, three of them satisfied the criteria of the scoping review and
are summarised in Table 6.1 ((184, 250, 251). Of the two that did not fulfil the criteria, one
compared CD4 <100 vs. 2100 (252) while the effect of CD4 count was not examined in the

second (253).

6.3 Discussion of literature review

My first literature review identified one published study reporting on virological suppression in
individuals who initiated ART at high CD4 counts (17). The TEMPRANO study conducted in
Ivory Coast between March 2008 and January 2015 randomised 2056 individuals with CD4 <
800 cells/mm?3 to either immediate ART or deferred until WHO criteria for starting ART was
met (initially CD4 < 200 cells/mm3 until 2013, then 500 cells/mm? afterwards). 84% of 911

individuals had undetectable viral load 12 months post-ART initiation in the immediate arm
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and 80% of 331 individuals had undetectable viral load 12 months post-ART initiation in the
deferred therapy arm. This study did not examine the independent effect of CD4 count at

initiation on virological suppression as it was not one of the study outcomes.

Through the second review, | identified three studies on acquired resistance that included
individuals initiating ART at high CD4 counts (CD4 > 350 cells/fmm3). The study by Fogel et
al (184) included participants with virological failure from the HPTN 052 study (21). Of the 85
participants with virological failure from the immediate arm, 42 were from Africa; 15 (36%) of
whom developed resistance at virological failure. 8 participants developed virological failure
in the deferred arm, seven of whom had drug resistance mutation.The frequency of drug
resistance mutation was lower in the immediate arm in which individuals initiated ART at
higher CD4 count. Because only few people had virological failure in the delayed arm,
factors associated with resistance mutation was only examined in the 85 individuals with
virological failure in the immediate arm.

The cohort study by Hanson et al (250) used a survival time ratio approach to examine the
factors associated with the emergence of drug resistance. In this approach, an STR <1
meant an increased risk of resistance. There was no difference in risk between those
initiating at 2350 vs. 200-349 but there was increased risk of drug resistance emergence in
those initiating in the lower CD4 counts strata compared to 350. Nearly half of the cohort
were on Pl-based first-line ART, hence differed from my research cohort in this respect.
The study by Hong et al (251) found no difference in the emergence of drug resistance
according to CD4 count at initiation. The estimated odds ratio were not adjusted possibly
because only 12 (5%) of the 245 individuals with viral load data available12 months post-
ART initiation had drug resistance mutation. There is a paucity of high quality studies in the
African setting to address the question of whether high CD4 count at ART initiation is

associated with the emergence of drug resistance mutation at virological failure.
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Table 6.1Studies of acquired resistance in Africa comprising individuals initiating ART at CD4>350 cells/mm?

Author

Study setting

population/sample

Study design &
ART regimen

Outcome

CD4 groups at
ART initiation
(Cells/mm?3)

Effect estimate

Fogel J (184)

Hanson D
(250)

Hong S (251)

Asia/Africa/Americas

Ivory Coast

Namibia

=218 years / 85
individuals; 42 from

216 years, 645

218 years, 394
individuals; 245 had
VL data at 12 months

Randomised trial

Cohort study;

Dual or triple
NRTI (19%), PI-
based (48%),
NNRTI-based
(33%)

Prospective
cohort;

NNRTI-based
ART with either
ZDV, DAT or TDF

Proportion with drug
resistance at
virological failure

Factors associated
with emergence of
drug resistance using
survival time ratio

Factors associated
with HIVDR or
possible HIVDR at 12
months

350-550 vs. = 250

2350 reference
200-349
50-199

0-49

<200
200-350
>351

early ART arm vs.

delayed ART arm

30/85 [35.2%)] vs.
7/8 [87.5%)]

p=0.006
STR* (95% ClI)
1
0.80 (0.42, 1.55)
0.52 (0.28, 0.96)
0.46 (0.24, 0.86)
Odds ratio (95% ClI)
1
0.9 (0.5, 1.6)
1.1 (0.3-3.8)

*Interpretation of survival time ratio (STR): estimates >1 relate to longer survival time before developing drug resistance whereas, estimates <1 mean shorter survival time

(greater risk for drug resistance).
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Outside of this literature review, a few studies in high-income countries have reported a
lower frequency of emergent drug resistance at virological failure in individuals who initiated

ART at high CD4 counts (182, 183, 254) while one study reported no difference (255).

6.4 Aim and objectives

The aim of this chapter was to examine the association between CD4 count at ART initiation
and virological suppression and to estimate acquired resistance rates in individuals with

virological failure.
The primary objectives of this chapter were:

e To estimate virological suppression at 6 and 12 months in ART naive individuals
and to examine if CD4 count at ART initiation is associated with virological
suppression

e To examine virological suppression in individuals already established on ART on
entry into the trial, who initiated ART in the public health ART programme according
to South Africa guidelines prior to 30 June 2016 when follow up ended (9)

e To describe acquired resistance in individuals with virological failure (VL>1000
copies/mL after at least 6 months on ART) and

0 to assess the potential transmissibility of the K65R mutation associated with
tenofovir and historical use of stavudine in this population.

0 to assess the appropriateness of second-line ART that would have been
prescribed using the public health approach in individuals with virological
failure and acquired resistance to the recommended first-line (zidovudine
and tenofovir) and NNRTI

0 to compare baseline resistance (pre-treatment drug resistance) with

acquired resistance in individuals who had both results available
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6.5 Methods

6.5.1 Study population

The study population comprises individuals who were ART-naive at entry into the trial but
initiated ART within the trial and individuals who were already ART-experienced at entry into
the trial. Individuals who were ART-experienced at entry into the trial were more typical of
real-life patients as they transferred their care to the trial from the public sector ART

programme. Both groups were combined for the analysis on acquired resistance.

6.5.2 Study procedures

Briefly, HIV-positive participants who visited the trial clinics were registered at the first clinic
visit as clinic participants. Clinic questionnaires were administered by the study nurses
enquiring about current and past medical history. A physical examination was also
undertaken. Participants who were ART naive at study entry were assessed for ART
eligibility according to study protocol. A point of care CD4 count was obtained for all
participants. Participants in the control arm were offered ART based on South African
guidelines whilst those in the intervention arm were eligible for ART regardless of CD4 count.
A venous blood sample was obtained from all participants at the baseline visit and
subsequently according to schedule described in Chapter 3. Blood samples were used for
storage and HIV viral load testing and genotype tests at the AHRI laboratory as indicated.
Further blood samples were sent to the National Health Laboratory Service for monitoring of
toxicity in individuals on ART. Partipants who initiated ART within the trial and those who
were already established on ART prior to trial entry were seen monthly in the clinic for
review, adherence support and ART prescription. Participants from both groups who were
unwell, or with virological failure (VL > 1000 copies/mL after 6 months on ART measured
three months apart) were reviewed by me. The first viral load above 1000 copies/mL was
sent for genotype tests in those satisfying the criteria for virological failure. In ART-

experienced patients, this could be the viral load taken at the first clinic visit or subsequently
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if virological failure happened at a later date. No participants, whether ART naive or
experienced, had stored blood samples prior to enrolment in the trial. The genotype tests

were done by staff at the AHRI laboratory in Durban as described in Chapter 3.

6.5.3 Definition of variables and outcomes

6.5.3.1 Objective 1
Outcome 1: Virological suppression (VL <400 copies/mL) at 6 and 12 months in individuals

who initiated ART within the trial.
Primary exposure: CD4 cell count at ART initiation
Secondary exposure: Adherence measured by both VAS and PC

6.5.3.2 Objective 2

Outcome 2: Virological suppression (VL <400 copies/mL) at entry into the trial in individuals
on ART = 6 months. Six months was used as the cut-off to allow time to achieve
suppression. The viral load measurement at the first trial clinic visit was used for this

analysis.
Primary exposure: CD4 cell count at ART initiation

6.5.3.3 Objective 3
Outcome 3: Proportion with acquired resistance among individuals with virological failure

(VL >1000 copies/mL 26 months post-ART initiation)
Primary exposure: CD4 cell count at ART initiation
Other exposures of interest for the first two outcomes
Sex (male/female)

Age at ART initiation

Baseline viral load (<10,000, 10,000-100,000, >100,000)

Disclosure of HIV status to anyone (yes/no)
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Disclosure of HIV status to current partner (yes/no)

Employment status (employed, student, unemployed)

Marital status (never married, married, divorced/separated)

Educational attainment (primary or less, some secondary, secondary or higher)
Regimen type (whether fixed dosed combination or not)

Distance to the nearest TasP clinic was measured for those ART-naive at entry (divided into

quantiles)

Distance to nearest DoH clinic was measured for ART-experienced at entry; obtained by
measuring the distance as the crow flies from the participant’s home to the public ART clinic
closest to their home. This distance was used for these participants as it represented their

travel distance to receive care prior to first clinic visit in the trial (divided into quartiles)
Duration on ART prior to first trial clinic visit in those ART-experienced (divided into quartiles)

Depression was assessed using the PHQ-4 scale rated as normal (0-2), mild (3-5), moderate

(6-8) and severe (9-12), (221)

Self-reported health status using a scale ranging fom 0 to 100% in which 0 represents poor

health and 100% represents excellent health.
Food insecurity measured by whether skipped meals in last 12 months or not (yes/no)

ART treatment perception (through three questions concerning the participant’s attitudes

about ART as displayed on results tables)

6.5.4 Statistical analysis

Median and interquartile ranges were used to summarise continuous exposure variables with
skewed distributions and mean was used to summarise continuous exposure variables with

normal distributions. Frequencies and percentages were reported for categorical exposure
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variables. | used the Chi-squared tests to examine association between categorical variables

whilst Mann-Whitney test was used to compare medians for continuous variables.

In the analysis involving individuals who initiated ART within the trial; |1 examined the
associtation between CD4 count at ART initiation, adherence and virological suppression at
6 months. Sex and age distribution of individuals included in the analysis were compared to
those excluded from the analysis to assess for baseline differences. For the outcome
(virological suppression), | allowed a three-month window on either side of the date the viral
load was measured to capture viral loads not measured on the exact dates they were due.
Thus, to estimate virological suppression at 6 months, | considered viral loads measured
between 3 and 9 months, and the closest viral load to 6 months was used. Individuals
without viral load data at 6 months were dropped (complete case analysis) with no

imputation of missing data.

Multivariable logistic regression was used to assess the associations between CD4 count at
initiation, adherence (measured by both VAS and PC) and other factors with virological
suppression at 6 months. Odds ratios were reported with 95% confidence intervals and p
values for association between the factors included in the model and virological suppression
was derived using the likelihood ratio tests. | used logistic regression models for my analysis
to allow comparison with the EWI targets set by the WHO for assessing the performance of
an ART programme (32) as this better reflects the overarching question of my research.
Adherence was measured using VAS and PC and mean adherence was computed from
monthly adherence measured during the first 6 months of ART. Any missing adherence

measures were omitted for calculation of mean adherence.

Analysis using VAS was presented as the main analysis, whilst the analysis with PC was
presented as a sensitivity analysis. | used the likelihood ratio tests to find the model which
best fitted the data. | examined CD4 count at ART initiation as both a categorical and
continuous variable. | also did the same for age. There was no evidence of a departure from
a linear trend for these two exposure variables in the multivariable model. | transformed
other continuous exposure variables (distance to clinic, self-reported health status) into

binary variables above and below their median values. | added variables that were significant
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at p<0.15 in the univariable model one at a time to the multivariable model. To capture the
full effect of CD4 count, | fit an initial model that excluded adherence. A subsequent model
that included adherence, would allow an estimate of the effect of CD4 count on virological

suppression to be made allowing for that effect to be mediated through adherence

| used likelihood ratio tests as explained above to select the model with the best fit and to
derive p values. | included age and sex a priori in the model because of their known

association with virological suppression in the published literature (256, 257).

| restricted the risk factor analysis to 6 months post-ART initiation as nearly all (97.2%;
630/648) individuals with available viral load were suppressed at 12 months post-ART
initiation.

| undertook a sensitivity analysis by replacing any viral loads missing from the three month

window ( window of 3 months to 9 months for the 6 months viral load) with the viral load

closest to the lower bounds of the window and repeated the analysis.

In the analysis involving individuals who were ART-experienced at entry into the trial, | used
multivariable logistic regression to assess the associations between CD4 count at initiation
and virological suppression at entry into the trial. Individuals were eligible for inclusion if they
had been on ART for at least six months to allow time to achieve virological suppression.
The viral load measured at the first clinic visit was used for this outcome. Prior to the trial
clinic visit, these individuals received their care in the public ART programme where
measurement of viral loads was erratic, precluding assessment of virological suppression at
specific time points. For example, | found that only 379 (30.1%) of the 1259 individuals who
had been on ART for 12 months or longer had viral load measurements at 12 months
(window 9-15 months). Hence, | decided to undertake a cross-sectional analysis assessing
virological suppression at the time of the first clinic visit in the trial. There were no adherence
data prior to trial entry. Similarly, a large proportion of individuals have no CD4 count at
initiation documented in the public ART programme database in the trial area, possibly
because they transferred their care from a clinic located outside the sub-district to the trial

area whilst already on ART. Because CD4 count at initiation was my main exposure variable
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and to ensure the univariable and multivariable models were comparable, | excluded all

individuals with missing CD4 count.

| followed the modelling approach described for those who initiated ART within the trial.
Odds ratios were reported with their 95% confidence intervals and p values for association
between the factors included in the model and virological suppression were derived using
the likelihood ratio tests. Duration on ART and Distance to the public ART clinic exposure

variables were categorised into quartiles (approximately equal number of individuals in each

group).

Both groups were combined for the analysis on acquired resistance and descriptive statistics
presented as described above. | could not examine the association between CD4 count at
initiation and development of acquired resistance due to the small numbers of people with

acquired resistance who initiated ART at CD4 >350 cells/mm3,.

In individuals who have a combination of resistance mutations that can compromise both
tenofovir and zidovudine in combination with mutations that affect the efficacy of NNRTI, |
assessed the efficacy of second-line ART that would have been prescribed by the public

health approach (that is not informed by results of resistance test).

Finally, drug resistance mutations detected in individuals who initiated ART within the trial
were compared to drug resistance mutations present pre-treatment as the majority of these
participants were assessed for pre-treatment drug resistance using stored samples collected
at their first clinic visit. This was to assess if individuals failed as a result of pre-treatment
drug resistance and to check for development of new mutations. The genotype results from
the pre-treatment samples were not used to inform regimen choice during initiation of first-
line ART as this was prescribed using the public health approach. Furthermore results of

pre-treatment drug resistance were not available in real time.
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6.6 Results

6.6.1 Objective 1

6.6.1.1 Virological suppression
Table 6.2 shows the baseline characteristics of the exposure variables and the frequency of

missing data.

Of the 983 individuals on ART for at least 6 months, 75 had missing viral loads. Of the
remaining 908 individuals, 851 (93.7%) achieved virological suppression 6 months post-ART
initiation . There was no difference in the sex distribution of those with missing VL vs. those
with complete data (32.4% vs. 26.9% for males; p=0.302) and the median age was also
similar [missing vs. complete; 35.8 years (IQR 27.1-46.0) vs. 34.9 years (IQR 27.7-46.6);
p=0.465].

6.6.1.2 Relationship between CD4 count at initiation, adherence and
virological suppression at 6 months

In the univariable regression model including data from the 908 individuals with viral loads at
6 months (Table 6.3), the odds of virological suppression (VL<400 copies/mL) increased with
every 100 unit increase in CD4 count at initiation, [OR 1.49 (95% CI 1.25-1.77), p<0.0001].
Individuals with a VAS adherence of 295 were >3 times more likely to achieve virological
suppression than those with adherence of <95%, [295 vs. 95%; OR 3.21, (95% CI 1.75-
5.89)]. Other factors significantly associated with an increased probability of virological
suppression were being prescribed atripla (fixed dose combination of tenofovir, emtricitabine
and efavirenz) compared to separate tablet regimen and having a high self-reported health

status.

Factors associated with a decreased probability of virological suppression were having a
high baseline viral load (OR 0.10, 95% CI: 0.04-0.27 and OR 0.29, 95% CI: 0.11-0.81 for VL
>100,000 and 10,000-100,000 respectively vs. <10,000), being male OR 0.52, 95% CI 0.30-
0.90) and being a student compared to being employed (student vs. employed OR 0.28,

95% CI 0.10-0.83).
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Table 6.2 Characteristics of individuals included in the analysis

Socio-demographic characteristics

N=908 (%)

Clinical characteristics
CD4 at Initiation (cells/mm?)
Median (IQR)

<350

350-500

>500

Missing

Adherence (VAS) %

<95

295

Missing

Viral load at presentation (copies/mL)

Median

<10,000

10,000-100,000

>100,000

First line Regimen

Non Fixed dose combination
Fixed dose combination (Atripla)
Missing

Age at initiation (Years)
16-29

30-39

40-49

>50

Missing

Sex

Female

Male

359 (244-498)
440 (48.5)
242 (26.7)
224 (24.7)

2(0.2)

121 (13.3)
784 (86.3)
3(0.3)

26,734 (4,513-141,575)
320 (35.2)
313 (34.5)
275 (30.3)

34 (3.7)
869 (95.7)
5 (0.6)

301 (33.2)
266 (29.3)
153 (16.9)
187 (20.6)
1(0.1)

664 (73.1)
244 (26.9)
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Socio-demographic characteristics

N=908 (%)

Educational attainment

Primary or less

Some Secondary

At least completed secondary
Missing

Marital status

Never been married/Engaged
Married

Divorced/Separated

Missing

Employment status

Employed

Student

Unemployed

Missing

Distance from home to trial clinic (Km)
Distance to trial clinic/unit increase
Median (IQR)

<1.3

>1.3

Other characteristics
Self-reported health status
Median (IQR)

<80

>80

Missing

HIV status disclosure to anyone
Yes

No

Missing

396 (43.6)
465 (51.2)
44 (4.9)
3(0.3)

792 (87.2)
76 (8.4)
37 (4.1)
3(0.3)

140 (15.4)
36 (4.0)
729 (80.3)
3(0.3)

1.3 (0.74-1.87)
453 (49.9)
455 (50.1)

80 (70-90)

534 (58.8)

373 (41.1)
1(0.1)

769 (84.7)
125 (13.8)
14 (1.5)
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Socio-demographic characteristics N=908 (%)

HIV status disclosure to current partner

Yes 482 (53.1)
No 260 (28.6)
Not applicable (No partner) 133 (14.7)
Missing 33(3.6)

Food insecurity

Yes 571 (62.9)
No 318 (35.0)
Don’'t know 7 (0.8)
Missing 12 (1.3)

ART will improve health

Yes 863 (95.0)
No 12 (1.3)
Don’'t know 18 (2.0)
Missing 15 (1.7)

Worried about side effects of ART

Yes 762 (83.9)
No 39 (4.3)
Don’'t know 86 (9.5)
Missing 21 (2.3)

Agree that ART will reduce transmission

Yes 680 (74.9)
No 71 (7.8)
Don’'t know 129 (14.2)
Missing 28 (3.1)

Psychological distress (PHQ4)

None 713 (78.5)
Mild 145 (16.0)
Moderate 12 (1.3)
Severe 9 (1.0)

Missing 29 (3.2)
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In multivariable regression, | adjusted for the variables shown in the table 6.3, initially
estimating the full effect of CD4 at initiation in the association with virological suppression;
CD4 count was associated with increased virological suppression (aOR 1.29, 95% CI 1.07-
1.56 for every 100 cells/mm? increase)-not shown in table. In the full model that included
adherence (Table 6.3) factors independently associated with an increased probability of
virological suppression were CD4 cell count at initiation, aOR 1.26 (95% 1.05-1.53)), good
adherence as measured by VAS (295 vs. 95%; aOR 2.41 (95%Cl 1.20-4.84)), being on
atripla (aOR 9.53 (95% CI 3.54-25.68) and having a high self-reported health status. Older
age was also independently associated with increased probability of virological suppression

(aOR =1.14, 95% CI 1.00-1.31 for every 5 years increase in age).

Factors associated with a decreased probability of virological suppression were high
baseline viral load which showed a dose-response relationship with decreased virological
suppression (aOR 0.16, 95% CI 0.06-0.45 and aOR 0.33, 95% CI 0.11-0.98 for VL >100,000
and 10,000-100,000 respectively vs. <10,000 p-trend <0.0001) and being a student. The
association of male sex with decreased virological suppression was no longer significant

after adjustment.
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Table 6.3 The association between CD4 count at initiation, adherence measured by VAS and other factors with virological
suppression at 6 months

Crude odds ratio P value
(95% CI)

Virological
suppression n (%)

*Adjusted odds ratio P value
(95% ClI)

Clinical characteristics

CD4 at Initiation (cells/mm?3) n=906
CD4 at initiation/100 units

<350

350-500

>500

Adherence (VAS) % N=905

<95

295

Viral load at presentation (copies/mL) n=908
<10,000

10,000-100,000

>100,000

396/440 (90.0)
236/242 (97.5)
217/224 (96.9)

104/121 (86.0)
746/784 (95.2)

315/320 (98.4)
297/313 (94.9)
239/275 (86.9)

1.49 (1.25-1.77)

1
3.21 (1.75-5.89)

1
0.29 (0.11-0.81)
0.10 (0.04-0.27)

<0.0001

0.0005

<0.0001

1.26 (1.05-1.53)

1
2.41 (1.20-4.84)

1
0.33 (0.11-0.98)
0.16 (0.06-0.45)

0.009

0.018

<0.001
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Virological Crude odds ratio P value *Adjusted odds ratio P value
suppression n (%) (95% CI) (95% CI)
First line Regimen n=903 <0.0001 <0.0001
Non Fixed dose combination 24/34 (70.6) 1 1
Fixed dose combination (Atripla) 822/869 (94.5) 7.29 (3.29-16.12) 9.53 (3.54-25.68)
Age at initiation/5 years (Years) n=907
16-29 283/301 (94.0)
30-39 249/266 (93.6) 1.00 (0.90-1.11) 0.996 1.14 (1.00-1.31) 0.047
40-49 139/153 (90.9)
>50 179/187 (95.7)
Sex n=908 0.023 0.430
Female 630/664 (94.9) 1 1
Male 221/244 (90.6) 0.52 (0.30-0.90) 0.76 (0.39-1.50)
Educational attainment n=905 0.873

Primary or less
Some Secondary

At least completed secondary

371/396 (93.7)
435/465 (93.6)
42144 (95.5)

1
0.98 (0.56-1.69)
1.42 (0.32-6.19)
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Virological Crude odds ratio P value *Adjusted odds ratio P value
suppression n (%) (95% CI) (95% CI)
Marital status n= 905 0.361
Never been married/Engaged 739/792 (93.3) 1
Married 73/76 (96.1) 1.74 (0.53-5.72) -
Divorced/Separated 36/37 (97.3) 2.58 (0.35-19.20)
Employment status n=905 0.022 0.036
Employed 131/140 (93.6) 1 1
Student 29/36 (80.6) 0.28 (0.10-0.83) 0.18 (0.05-0.69)
Unemployed 688/729 (94.4) 1.15 (0.55-2.43) 0.82 (0.34-1.96)
Distance from home to trial clinic (Km) n= 908
Distance to trial clinic/unit increase 0.878

1.3
>1.3

Other characteristics

424/453 (93.6)
427/455 (93.9)

1
1.04 (0.61-1.68)
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Virological Crude odds ratio P value *Adjusted odds ratio P value
suppression n (%) (95% CI) (95% CI)
Self-reported health status n=907 0.003 0.020
<80 490/534 (91.8) 1 1
>80 360/373 (96.5) 2.49 (1.32-4.69) 2.20 (1.10-4.42)

HIV status disclosure to anyone n=894

Yes

No

HIV status disclosure to current partner n=875
Yes

No

Not applicable (No partner)

Food insecurity n= 896

Yes

No

Don’t know

721/769 (93.8)
117/125 (93.6)

4541482 (94.2)
245/260 (94.2)
124/133 (93.2)

532/571 (93.2)
301/318 (94.7)
6/7 (85.7)

1
0.97 (0.45-2.11)

1
1.01 (0.53-1.92)
0.85 (0.39-1.85)

1
1.30 (0.72-2.33)
0.44 (0.05-3.74)

0.946

0.912

0.511
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Virological Crude odds ratio P value *Adjusted odds ratio P value

suppression n (%) (95% CI) (95% CI)
ART will improve health n= 893 0.298
Yes 810/863 (93.9) 1
No 11/12 (91.7) 0.72 (0.09-5.68) -
Don’t know 15/18 (83.3) 0.33 (0.09-1.17)
Worried about side effects of ART n=887 0.926
Yes 713/762 (93.6) 1
No 37/39 (94.8) 1.27 (0.30-5.43) -
Don’'t know 81/86 (94.2) 1.11 (0.43-2.87)
Agree that ART will reduce transmission n= 0.858

880
Yes
No

Don’t know

635/680 (93.4)
66/71 (93.0)
122/129 (94.6)

1
0.94 (0.36-2.44)
1.24 (0.54-2.80)
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Virological
suppression n (%)

Crude odds ratio P value
(95% CI)

*Adjusted odds ratio
(95% ClI)

P value

Psychological distress (PHQ4) n=879
None

Mild

Moderate

Severe

670/713 (94.0)

135/145 (93.1)

12/12 (100.0)
719 (77.8)

0.272
1
0.87 (0.42-1.77)

0.22 (0.05-1.11)

*Multivariable model adjusted for age, sex, CD4 count at initiation, fixed dose combination ART, VAS adherence, baseline viral load, employment status and self-reported

health status
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6.6.1.3 Sensitivity analysis

| recalculated the proportion of individuals with virological suppression at six
months in a sensitivity analysis that allowed those with missing viral loads at the six
month time point to be replaced by carrying forward the last measured viral load
closest to the lower bounds of the allowed window (three to nine months). 92%
(903) of 982 individuals achieved virological suppression with this approach. |
explored the merits of these two approaches by checking the proportion of viral
loads that were actually close to six months by subtracting the date of ART
initiation from the date of the viral load within the window representing the 6 month
point. Table 6.4 shows that in the approach in which missing viral loads were
replaced, 25% of individuals amongst those not suppressed did not have a viral
load after starting ART and the mean number of days was further from the six

months. Hence the complete case approach was presented as the main results.

Table 6.4 Sensitivity analysis of two approaches considered for estimating
virological suppression

Complete case analysis N=908  Missing viral loads replaced N=982*
75 missing viral loads dropped

Suppressed n=851 Suppressed n=903
Median 176 days (IQR 168-196) Median 175 days (IQR 167-195)
Mean 181 days; SD 29.0 Mean 175 days; SD 38.5
Not suppressed n=57 Not suppressed n=79
Median 177 days (IQR 169-202) Median 172 days (IQR 0-195)
Mean 186 days; SD 27.2 Mean 118 days; SD 124.5)

*One person did not have any viral load documented

The association between CD4 count, and adherence and virological suppression
was repeated in a regression model that used pill count as the adherence measure
(Appendix M). The findings were qualitatively similar to analysis using VAS

adherence.
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6.6.2 Objective 2

6.6.2.1 Cohort profile and characteristics of ART-experienced
individuals at entry

Of the 1477 individuals who were on ART when transferring their care to the trial
clinics, 1397 (94.6%) had been on ART for at least 6 months and were eligible for
inclusion in the analysis (Figure 6.1). Of these, 496 (35.5%) individuals were
excluded (four had missing viral load data at entry, 17 were on second-line ART
and 475 had no CD4 documented at the time of ART initiation in the public health
ART programme). Individuals with missing CD4 count at ART initiation were
excluded because it was my main exposure of interest. Hence, 901 individuals

contributed data to the analysis.

The median duration on ART was significantly higher in individuals with missing
CD4 count at initiation than in those without missing CD4 count (missing vs. non-
missing, 5.2 years (IQR 2.3-7.3) vs. 3.7 years (IQR 2.2-5.2), p<0.001) with
395/475 (83.2%) and 711/901 (78.9%) achieving virological suppression
respectively (p=0.059). Missing CD4 count was more frequent in males than
females (40.6% vs 32.4%, p =0.005). Individuals with missing CD4 count at
initiation tended to be younger than those without missing CD4 count [median 35.6

years (IQR 28.6-44.4) vs. 37.2 years (IQR 28.9-47.4) p=0.06].

The characteristics of included participants are summarised in Table 6.5.The
median age of the cohort was 37.3 years; (IQR 28.9, 47.4), three-quarters were
female, 17.4% completed secondary school or higher education.The majority had
never been married (78.5%) and 10.8% were employed. The median CD4 count at
initiation was 176 cells/mm3; (IQR 102, 260). The median duration on ART was 3.7
years; (IQR 2.2, 5.2). The median distance to a TasP clinic was 1.2 km compared

to 5.3 km to a public ART clinic.
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ART-experienced at
presentation
N=1477

Excluded Individuals
On ART for < 6months = 72
Missing ART initiation date = 8

Eligible for inclusion /
On ART = 6 months
N=1397

Missing viral load at entry =4
On 2 ine regimen = 17

Individuals with viral load
data at entry
N=1376

Missing CD4 initiation
N=475

Total number included in
analysis
N=901

Figure 6.1Cohort profile of ART-experienced individuals included in the
analysis of virological suppression at trial entry
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Table 6.5 Characteristics of ART-experienced individuals included in the
analysis of virological suppression at entry into the trial

Characteristics

N=901 (%)

CD4 at Initiation (cells/mm?)
Median CD4 at initiation (IQR)
<200
200-350
>350
First ever Regimen
Non Fixed dose combination
Fixed dose combination (TDF + FTC + EFV)
Regimen at entry into TasP
Non fixed dose combination

e ABC +3TC +EFV

e AZT +3TC +EFV

e AZT +3TC + NVP

e DAT +3TC + EFV

e DAT +3TC + NVP

e TDF+3TC+AZT

e TDF +3TC + EFV

e TDF + 3TC + NVP
Fixed dose combination (TDF + FTC + EFV)
Duration on ART (years)
Median duration on ART (IQR)
0.5-2.2
2.2t03.7
3.7t05.2
>5.2

First measured VL in Previous clinic, copies/mL

<1000
21000

176 (102-260)
544 (60.4)
258 (28.6)
99 (11.0)

847 (94.0)
54 (6.0)

769 (85.4)
3(0.3)
29 (3.2)
5 (0.6)

172 (19.1)
47 (5.2)
1(0.1)

490 (54.4)
22 (2.4)

132 (14.7)

3.7 (2.2-5.2)
225 (25.0)
225 (25.0)
224 (24.9)
227 (25.2)

602 (66.2)
308 (33.9)
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Characteristics

N=901 (%)

Age at initiation (Years)
Median age (IQR)

16-29

30-39

40-49

>50

Missing

Sex

Female

Male

Educational attainment
Primary or less

Some Secondary

At least completed secondary
Missing

Marital status

Never been married
Married
Divorced/Separated
Missing

Employment status
Employed

Student

Unemployed

Missing

Self-reported health status
Median (IQR)

<75

>75

Missing

37.3 (28.9-47.4)
262 (29.1)
257 (28.5)
212 (23.5)
169 (18.8)

1(0.1)

692 (76.8)
209 (23.2)

507 (56.3)

236 (26.2)

157 (17.4)
1(0.1)

707 (78.5)
135 (15.0)
57 (6.3)
2(0.2)

97 (10.8)
20 (2.2)
782 (86.8)
2(0.2)

75 (60-90)

485 (53.8)

415 (46.1)
1(0.1)
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Characteristics N=901 (%)
HIV status disclosure to current partner

Yes 566 (62.8)
No 270 (30.0)
Not applicable (No partner) 23 (2.6)
Missing 42 (4.7)
HIV status disclosure to anyone

Yes 871 (96.7)
No 15 (1.7)
Missing 15(1.7)
Food insecurity

Yes 630 (69.9)
No 252 (28.0)
Don’'t know 7 (0.8)
Missing 12 (1.3)
ART will improve health

Yes 875 (97.1)
No 3(0.3)
Don’'t know 7(0.8)
Missing 16 (1.8)
Worried about side effects of ART

Yes 837 (92.9)
No 20 (2.2)
Don’'t know 23 (2.6)
Missing 21 (2.3)
Agree that ART will reduce infectiousness

Yes 765 (84.9)
No 61 (6.8)
Don’'t know 54 (6.0)
Missing 21 (2.3)
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Characteristics

N=901 (%)

Psychological distress (PHQ4)

None

Mild

Moderate

Severe

Missing

Distance from home to trial clinic (Km)/unit
Median distance (IQR)

<1.2

>1.2

Distance from home to nearest public clinic
(km)

Median distance (IQR)
0.2t04.2

42t05.3

5.31t0 6.6

>6.6

691 (76.7)
164 (18.2)
14 (1.6)
6 (0.7)
26 (2.9)

1.2 (0.7-1.9)
442 (49.1)
459 (50.9)

5.3 (4.2-6.6)
224 (24.9)
224 (24.9)
227 (25.2)
226 (25.1)
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6.6.2.2 CD4 count at initiation and virological suppression in
individuals ART-experienced at trial entry

In the univariable regression including the 901 ART-experienced individuals with
viral load data at trial entry (Table 6.6), high CD4 count at initiation was associated
with increased probability of virological suppression (VL<400 copies/mL) [OR 1.38,
95% CI 1.19-1.58 for every 100 cells/mm3 increase, p<0.0001]. Older age was
associated with increased virological suppression (OR 1.26 (95% CI 1.17-1.36 for
every 5 years increase). Being divorced or married compared to being single was
also associated with an increased probability of virological suppression, (OR 4.26,
95% CIl 1.52-11.94 and OR 3.02, 95% CI 1.66-5.48 for being divorced and married

respectively, vs. being single).

Factors associated with a decreased probability of virological suppression at trial
entry were being male, OR 0.49 (95% CI 0.34-0.69), completed secondary or
higher education vs. primary or less, OR 0.42 (95% CI 0.28-0.64). Other factors
significantly associated with a decreased probability of virological suppression
were not disclosing HIV status to anyone, not being worried about side-effects.
There is a weak evidence that psychological distress is associated with decreased

probability of virological suppression.

In multivariable regression, | adjusted for CD4 at initiation, age, sex, educational
attainment, marital status, HIV status disclosure to anyone, being worried about
side effects and PHQ-4. Factors independently associated with an increased
probability of virological suppression at trial entry were CD4 cell count at initiation
(aOR 1.33, 95% CI 1.14-1.55) and age (aOR 1.33, 95% CI 1.19-1.48). Male sex
was independently associated with a decreased probability of virological
suppression (aOR 0.31, 95%CI 0.21-0.48), so was not disclosing HIV status to
anyone (aOR 0.20, 95% CI 0.06-0.73) and not being worried about side-effects
(aOR 0.19, 95% CI 0.07-0.52). The association between marital status and

virological suppression was no longer significant after adjustment.
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Table 6.6 CD4 count at initiation and other factors associated with virological suppression in ART-experienced patients at trial entry

Virological
suppression
n (%)

Crude odds ratio

(95% Cl)

P value *Adjusted odds P value
ratio (95% CI)

Clinical characteristics

CD4 at Initiation (cells/mm?3) n=901
CD4 at initiation/100 units

<200

200-350

>350

Regimen at first trial clinic visit n = 901
Non Fixed dose combination

Fixed dose combination (Atripla)
Duration on ART (years) n=901
0.5-2.2

2.2t03.7

3.7t05.2

>5.2

407/544 (74.8)
214/258 (83.0)
90/99 (90.9)

605/769 (78.7)
106/132 (80.3)

182/225 (80.9)
176/225 (78.2)
184/224 (82.1)
169/227 (74.5)

1.38 (1.19-1.58)

1
1.11 (0.70-1.75)

1
0.85 (0.54-1.34)
1.09 (0.67-1.75)
0.69 (0.44-1.08)

<0.0001 1.33 (1.14-1.55) 0.0001

0.670

0.199
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Virological
suppression
n (%)

Crude odds ratio
(95% CI)

P value

*Adjusted odds
ratio (95% CI)

P value

Age at initiation (Years) n=900
Age/5 units

16-29

30-39

40-49

>50

Sex n=901

Female

Male

Educational attainment n = 900
Primary or less

Some Secondary

At least completed secondary

180/262 (68.7)
192/257 (74.7)
186/212 (87.7)
152/169 (89.9)

567/692 (81.9)
144/209 (68.9)

421/507 (83.0)
183/236 (77.5)
106/157 (67.5)

1.26 (1.17-1.36)

1
0.49 (0.34-0.69)

1
0.71 (0.48-1.04)
0.42 (0.28-0.64)

<0.0001

0.0001

0.0002

1.33 (1.19-1.48)

1
0.31 (0.21-0.48)

1
1.25 (0.78-2.00)
0.71 (0.43-1.19)

<0.0001

<0.0001

0.09
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Virological Crude odds ratio P value *Adjusted odds P value
suppression (95% CI) ratio (95% CI)
n (%)
Marital status n= 899 <0.0001 0.06
Never married 535/707 (75.7) 1 1
Married 122/135 (90.4) 3.02 (1.66-5.48) 1.86 (0.92-3.74)
Divorced/Separated 53/57 (93.0) 4.26 (1.52-11.94) 3.17 (0.73-13.78)
Employment status n = 899 0.243
Employed 80/97 (82.5) 1
Student 13/20 (65.0) 0.39 (0.14-1.14) -
Unemployed 616/782 (78.8) 0.79 (0.45-1.37)
Distance, (km) n=901
Home to nearest public clinic/lkm increase 0.190

0.2t0 4.2
4.2t05.3
5.3t06.6
>6.6

Other characteristics

169/224 (75.5)
182/224 (81.3)
187/227 (82.4)
173/226 (76.6)

1
1.41 (0.90-2.22)
1.52 (0.96-2.40)
1.06 (0.69-1.64)
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Virological Crude odds ratio P value *Adjusted odds P value
suppression (95% CI) ratio (95% CI)
n (%)

Self-reported health status n= 900 0.920
<75 382/485 (78.8) 1 -
>75 328/415 (79.0) 1.02 (0.74-1.40)
HIV status disclosure to anyone n=886 0.025 0.017
Yes 693/871 (79.6) 1 1
No 8/15 (53.3) 0.29 (0.11-0.82) 0.20 (0.06-0.73)
Food insecurity n = 889 0.875
Yes 499/630 (79.2) 1
No 198/252 (78.6) 0.96 (0.67-1.38) -
Don't know 5/7 (71.4) 0.66 (0.13-3.42)
ART will improve health n=885 0.191

Yes
No

Don’t know

693/875 (79.2)
3/3 (100.0)
5/7 (57.1)

1

0.35 (0.08-1.58)
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Virological Crude odds ratio P value *Adjusted odds P value
suppression (95% CI) ratio (95% CI)
n (%)

#Worried about side effects of ART n =880 0.023 0.007
Yes 671/837 (80.2) 1 1
No 11/20 (55.0) 0.30 (0.12-0.74) 0.19 (0.07-0.52)
Don't know 16/23 (69.6) 0.57 (0.23-1.40) 0.75 (0.23-2.45)
Agree that ART will reduce transmission n=880 0.342
Yes 612/765 (80.0) 1
No 45/61 (73.8) 0.70 (0.39-1.28) -
Don't know 40/54 (74.1) 0.71 (0.38-1.35) -
#Psychological distress (PHQ4) n = 875 0.108 0.288

None
Mild
Moderate

Severe

558/691 (80.8)
119/164 (72.6)
10/14 (71.4)
4/6 (66.7)

1
0.63 (0.43-0.93)
0.60 (0.18-1.93)
0.48 (0.09-2.63)

1
0.70 (0.45-1.08)
0.43 (0.11-4.48)
0.68 (0.10-4.48)

*Multivariable model adjusted for CD4 at initiation, age, sex, educational attainment, marital status and HIV status disclosure to anyone, PHQ-4 and worried about side-effects .
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6.6.3 Objective 3 Acquired resistance in both populations

6.6.3.1 Cohort profile and characteristics of individuals with acquired
resistance

Of the 2,675 individuals initiated on ART, 2361 (88.3%) had been on first-line ART

for 26 months and had viral load data available (Figure 6.2). Of these 217 (9.2%)

met the criteria for virological failure (two consecutive VL = 1000 copies/mL

measured three months apart after 6 months on ART). 132 individuals with

virological failure and three individuals who did not meet the criteria for virological

failure had genotypic resistance tests.

Of the 135 individuals with genotype sequence available, 12 (8.9%) initiated ART
within the trial whilst the remaining were on ART prior to joining the trial (Table
6.7). 89 (65.9%) were female. The median age was 32.6 years (IQR 26.4-39.5),
similar between the two groups (p=0.783). The median CD4 count at initiation was
111 (IQR 60-193), similar in both groups (p=0.338). The group that was ART-
experienced at entry had been on first-line ART significantly longer than those that
initiated within the trial (median duration, 5.6 years vs. 1.3 yeas; p<0.0001) and
have also been left on a failing ART regimen for longer (median 2.8 years vs.0.45
years, p=0.006). The majority of individuals were on tenofovir + lamivudine or

emtricitabine backbone at the time of genotyping.

A switch to secondline ART occurred in 82/135 (60.7%) of individuals. 26 of the
remaining 53 resuppressed (VL<1000) on the same first-line regimen. Of the 82
who switched to second-line ART, 67 (81.7%) achieved an HIV viral load < 400
copies/mL. Overall, 93/135 (68.9%) regained virological control. Of the 27 that did
not switch to secondline ART, 9 were lost to follow up, 5 died and 5 transferred

their care to a different clinic before they could be switched to secondline.
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Total number of Individuals
on ART
N=2,675

Excluded Individuals
On ART< 6 months N = 292
VL documented on protease inhibitor N=18
No VL measurement available N=4

Assessed for firstline
virological failure

N=2,361
VL<1000, not eligible for VL = 1000, eligible for
genotype genotype
N=2,144 N=217
genotype not done Genotype done
N=2,141 N=132
genotype done Genotype not done
N=3 N=85

Figure 6.2 Profile of individuals with virological failure who underwent
genotype testing
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Table 6.7 Clinical and demographic characteristics of individuals who were
genotyped

Characteristics N Initiated ARTin N Initiated ART Total
DoH (ART within trial _
experienced at oo N=135
entry) N =123 N=12 (%)
(%)
CD4 at Initiation
(cells/mm?)
Median (IQR) 123 106 (60-191) 12 199 (80, 303) 111 (60-193)
<350 88 (71.5) 10 (83.3) 98 (72.6)
>350 3(2.49) 2(16.7) 5(3.7)
Missing 32 (26.0) - 32 (23.7)

Viral load at time of
genotype Logio

Median (IQR) years 123  4.3(3.6-4.9) 12  4.2(3.8-5.0) 4.3 (3.6-4.9)

ART duration on
First-line

Median (IQR) years 123 5.63(3.71-7.10) 12 1.31(0.92-1.80) 5.42 (2.94-7.01)

*Time on failing
regimen

Median (IQR) years ~ 100 2.84 (0.87-5.24) 9  0.45(0.0-1.25) 2.42 (0.77-5.04)

Regimen at time of 123 12

genotype

ABC+3TC+EFV 123 1(0.8) 12 - 1(0.7)
AZT+3TC+EFV 13 (10.6) 3(25.0) 16 (11.9)
D4T+3TC+EFV 29 (23.6) 2(16.7) 31 (23.0)
D4T+3TC+NVP 11 (8.9) - 11 (8.2)
TDF+3TC+EFV 27 (22.0) - 27 (20.0)
TDF+3TC+NVP 3(2.4) - 3(2.2)
TDF+FTC+EFV 39 (31.7) 7 (58.3) 46 (34.1)

Previous ART
substitution

NRT]I substitution 123 46 (37.4) 12 1(8.3) 47 (34.8)
NNRTI substitution 123 17 (13.8) 12 - 17 (12.6)
Switched to second- 123 12

line after genotype
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Characteristics N Initiated ARTin N Initiated ART Total

DoH (ART within trial B
experienced at oo N=135
entry) N =123 N=12 (%)

(%)
No 46 (37.4) 7 (58.3) 53 (39.3)
Yes 77 (62.6) 5 (41.7) 82 (60.7)
Age at initiation
(Years)
Median age (IQR) 123 32.6(26.4-39.0) 12 33.1(28.5-43.6) 32.6(26.4-39.5)
Sex 123 12
Female 84 (68.3) 5 (41.7) 89 (65.9)
Male 39 (31.7) 7 (58.3) 46 (34.1)

*Time on failing regimen is defined as the interval between the date of first viral load >1000 copies
following 6 months on ART until switch to second-line ART
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6.6.3.2 Description of acquired resistance mutations

One hundred and nineteen (88.2%) individuals had at least one drug resistance
mutation at the time of genotype testing. The frequency of any NNRTI and NRTI
mutations was 85.9% (116/135) and 80.0% (108/135) respectively (Figures 6.3 and
6.4). 18 (13.3%) individuals had three or more NNRTI mutations while 39 (28.9%)

had three or more NRTI nutations

The most frequent mutation was the M184V/I (76.3%) associated with the use of
lamivudine/emtricitabine followed by the K103N/S mutation (56.3%) which causes
high level resistance to nevirapine and efavirenz. 105 (77.8%) individuals had
mutations belonging to both NRTI and NNRTI drug classes; 58.3% in individuals
who initiated ART within the trial, whilst 79.7% was in individuals ART-experienced

at entry.

One individual had two of three thymidine analogue mutations (TAM) 1 pathway
comprising M41L and T215Y. TAM 1 mutations cause high level resistance to
zidovudine and stavudine and also results in reduced susceptibility to didanosine,
abacavir and tenofovir. This individual also had two additional mutations; M184V
associated with reduced lamivudine/emtricitabine susceptibility and V106M, which

is associated with reduced susceptibility to efavirenz and nevirapine

Five individuals had all three thymidine analogue mutations 2 pathway, also arising
from exposure to zidovudine and stavudine comprising D67N, K70R and K219Q/E
and decrease their susceptibility but cause less cross resistance to tenofovir. All
five individuals had the M184V mutation and NNRTI-associated mutations (three
had K103N and two Y188 L) and one of them had the T215F, a thymidine

analogue mutation.

The K65R mutation was present in the samples of 35 (25.9%) individuals and is
known to cause high level resistance to tenofovir. This was present in 30/78
(38.5%) of individuals exposed to tenofovir compared to 5/57(8.8%) with no prior or

current tenofovir exposure.
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Frequency of mutations
w
o

NNRTI mutations

Figure 6.3 Frequency of acquired NNRTI mutations
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Figure 6.4 Frequency of acquired NRTI mutations
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The median plasma viral load at virological failure was similar in individuals with
and without the K65R mutation [35,504 copies/mL (IQR 4961-109,278) vs. 19,699

copies/mL (IQR 3,969-80,064); p=0.959].

Of the 26 individuals that resuppressed their HIV viral load on their first-line ART,
16 (61.5%) had at least one drug resistant mutation. 12 of the 16 had drug

resistant mutations belonging to both the NRTI and NNRTI drug classes.

Eleven patients had a combination of TAMs with or without the K65R mutation
(Table 6.8). Patients 1-5 all had the K65R mutation and only one TAM. The K65R
reduces susceptibility to tenofovir while multiple TAMs are required to compromise
zidovudine susceptibility. These patients would be expected to respond to a
protease inhibitor based second-line ART with a zidovudine backbone. Patients 6-
11 had multiple TAMs with no K65R mutation with Patient 9 having up to 4 TAMs
(D67N, K70R, T215F, K219E). The Stanford algorithm interpretes these four TAMs
as causing intermediate level resistance to tenofovir and high level resistance to
zidovudine, hence the impact on second-line ART would be moderate to high as
the protease inhibitor would be the only fully active drug in the combination for
Patient 9. The impact of the TAMs on tenofovir for Patients 6,7,8,10 and 11 is
described by the Stanford algorithm as low level resistance as there were three or
fewer TAMs detected and except for patient 6 mostly belonged to TAM 2 pathway

which cause less cross resistance to tenofovir.

Of the 12 participants who initiated ART within the trial, nine of them were
assessed for pre-treatment drug resistance, three of whom had pre-treatment drug
resistance mutations (Table 6.9). In patient 12, the K65R and Y181C mutations
which were present pre-treatment in majority virus were absent after virological
failure, despite a regimen containing tenofovir and efavirenz respectively. In patient
13, the L100I was present in minority virus and was not detected in majority virus
after virological failure. Patient 13 had accrued an additional mutation (M184V)
following virological failure. Patients 13 and 14, resuppressed on their first-line

regimen without being switched to second-line ART.
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Table 6.8 Thymidine analogue mutations with or without tenofovir resistance,
including NNRTI mutations

Id Mutations Impact on first-line drugs Expected impact
on second-line
ZDV TDF 3TC/IFTC NVP/EFV ART
1 M41L, K65R, K103N, V106M S HLR S HLR None
2 M41L K65R, M184V, K103N, S ILR HLR HLR None
V106M
3 K65R, K70R, M184V, L100l, S ILR HLR HLR None
Y188L
4 K65R, D67N, V106M, Y181C S HLR S HLR None
5 K65R, K219Q, M184V, L100l, S ILR HLR HLR None
M230L
6 M41L, T215Y, M184V, V106M ILR LLR HLR HLR Minimal
7 D67N, K70R, K103N, M184V, ILR LLR HLR HLR Minimal
K219Q, P225H
8 D67N, K70R, K103N, V108lI, IRL LLR HLR HLR Minimal
M184V, K219E, P225H
9 D67N, K70R, M184V, Y188L, HLR ILR HLR HLR Moderate to High
T215F, K219E
10 D67N, K70R, M184V, Y188L, ILR LLR HLR HLR Minimal
K219Q
11 D67N, K70R, K103N, M184V, ILR LLR HLR HLR Minimal
K219E, P225H
Id = Patient Identity, S = sensitive, HLR = high level resistance, ILR = intermediate level
resistance, LLR = Low level resistance, ZDV = Zidovudine, TDF = Tenofovir, 3TC=
Lamivudine, FTC = emtricitabine, NVP = Nevirapine, EFV = Efavirenz
Table 6.9 Drug resistance mutations present pre-treatment in participants
who initiated ART within trial and developed acquired resistance
Id Pre-treatment drug resistance  Acquired resistance Sequence regimen Resuppressed
12 K65R, M184V, Y181C, Y188L M184V, Y188L TDF, FTC, EFV No
13 L100I (minority), V106M V106M ZDV, 3TC, EFV Yes
14 K103N M184V, K103N TDF, FTC, EFV Yes
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6.7 Discussion

Firstly, | examined virological suppression at six and 12 months in individuals who
initiated ART within the TasP trial and examined risk factors for virological
suppression 6 months post-ART initiation. Secondly, | quantified virological
suppression at the first clinic visit in individuals who were already ART-experienced
at the time of enrolment and examined risk factors for virological suppression.
Finally, | described acquired resistance at virological failure in the combined group,
implications for transmission of the K65R mutation and potential impact of TAMs

with or without K65R mutation on response to second-line ART.

| found high rates of virological suppression of 94% and 97% at six and 12 months
respectively in individuals who initiated ART within the trial. Virological suppression
rate at the first clinic visit was modest in individuals already established on ART at
79% after a median ART duration of 3.7 years. Amongst individuals who fulfilled
the criteria for virological failure and who had genotype results available, 88% had

at least one drug resistance mutation.

| restricted the risk factor analysis amongst individuals ART naive at trial entry to
the 6 month time-point as nearly all individuals achieved virological suppression at
12 months. The levels of virological suppression achieved of >90% exceeds the
target for optimal programme performance suggested by WHO as part of the early

warning indicators for HIV drug resistance (32).

In individuals who initiated ART within the trial, a higher CD4 count at initiation was
associated with a significantly increased likelihood of virological suppression six
months post-ART initiation. Good adherence was independently associated with
increased likelihood of virological suppression even after adjusting for CD4 count
at initiation. Adjusting for adherence in the association between CD4 count at
initiation and virological suppression only slight attenuated the effect of CD4 count
(3% difference in effect estimate). Results presented in Chapter 5 showed a lack of
significant association between CD4 count at initiation and adherence measured

by either VAS or PC. The question then arises as to why here an increased
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virological suppression with increasing CD4 count at initiation was observed? This
effect of CD4 count on virological suppression was similar even for individuals
within the same adherence stratum, pointing to a biological effect due to level of
CD4 counts rather than a behavioural effect. | could speculate that the viral quasi-
species are less diverse in individuals with higher CD4 count as they are at an
earlier stage of HIV infection, making the virus more susceptible to antiretroviral
therapy. It is also possible that a relatively intact immune system could be

synergistic with ART to achieve virological suppression.

| found no study in the African setting that examined the risk factors for virological
suppression in individuals initiating ART at CD4 counts >350 cells/mm3. The
superior virological suppression in the short-term at higher CD4 at initiation is in
agreement with one study conducted in a high-income setting that showed better
virological suppression at higher CD4 counts (243). However, a review by
Anglemyer et al (275) covering the period 1 Jan 1996 to 24 Aug 2012 found that
the combined effect of early treatment on viral suppression amongst observational
studies and one included randomised controlled trial was not statistically

significant.

Being on a fixed-dose combination of tenofovir, emtricitabine and efavirenz was
associated with increased virological suppression. This association is independent
of the positive effect on adherence due to the convenient dosing of one tablet
taken once day but likely due to the better tolerability of the combination compared
to zidovudine based first-line ART (258). Having a high self-reported health status
was also associated with increased likelihood of virological suppression
corroborating other studies with similar findings (259). A dose-response
relationship of decreased virological suppression with increasing viral load was
also observed. An association between poor virological outcomes and high

baseline viral load has also been reported in other studies (260-262).

The virological suppression of nearly 80% seen in those who were established on

ART prior to the first clinic visit was similar in all quartiles of ART duration
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examined. This falls short of the WHO target for optimal programme performance
and further highlights the difference in level of care in a trial setting compared to a
real life public health ART programme. In these individuals, higher CD4 count at
initiation was associated with increased virological suppression as was seen in
analysis of those who initiated ART within the trial. Older age was independently
associated with increased virological suppression in line with findings elsewhere
(176, 277-279). This was often attributed to better adherence in older individuals,
however, | could not adjust for adherence in this analysis as there were no
adherence data available at the time of transfer to the trial. Male sex was
associated with a decreased likelihood of virological suppression, unlike in those
who initiated ART within the trial. One notable difference to point out is that being
on a fixed dose combination was not significantly associated with virological
suppression in this group in contrast to what was seen in indiviudals who initiated
ART within the trial. The majority of these individuals were initially on separate
tablet regimens and were later switched to single tablet regimen by their primary
care providers in line with changing South African treatment guidelines. Some of
those switched could have been failing treatment at the time of switching even if
this was not detected and not acted upon; very few people (<1%) had been

switched to second-line therapy despite a virological suppression of 80%.

Reluctance to switch to second-line treatment may be linked to the fact that the
South African public ART programme is predominantly nurse-led and nurses may
not be sufficiently confident to switch patients to second-line ART due to
inadequate training. All patients, especially those who were noted not to be
virologically suppressed, were counselled on adherence at each repeat clinic visit.
These patients would normally wait for a doctor to decide on management
concerning the viral load results from a previous visit. Staff shortages meant
doctors were not always available to service the primary care clinics (263). Patients
who remain on failing regimen are likely to accumulate drug resistant mutations
(264-266) which can be transmitted to sexual partners. A study in the same sub-

district relating to the public HIV treatment programme showed that patients
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remained on a failing regimen for a median duration of 27 months (14). Concern
has been expressed that earlier initiation of ART could increase the numbers of
individuals on ART with virological failure potentially increasing the levels of

acquired resistance and the transmission of drug resistant virus.

High levels of drug resistance were observed in individuals with virological failure
with nearly 90% of individuals having at least one drug resistant mutation. The
M184V/I mutation which confers resistance to lamivudine and emtricitabine was
the most common mutation followed by the K103N/S mutation which confers high
level resistance to nevirapine and efavirenz. This reflects the current first-line ART
regimen. This result is similar to another study on acquired resistance using data
from the public ART programme between December 2010 and March 2012 in the
communities adjacent to the trial communities (27). The main difference was in the
frequency of tenofovir resistance which was 6% in that study but 25% in my study.
This reflects an increase in the use of tenofovir following changing guidelines with
tenofovir now the preferred NRTI for first-line ART unless clinically indicated
otherwise. Second-line regimen is based on protease inhibitor with zidovudine
being the preferred NRTI backbone, with either lamivudine or emtricitabine. There
is some concern about increasing tenofovir resistance compromising the public
ART programme if transmitted to sexual partners. Currently, the South African
treatment guidelines do not allow for assessment of drug resistance prior to
initiation of first-line ART (15). However there is still debate about the
transmissibility of the K65R mutation with some studies reporting this mutation to
be less transmissible (209, 214). | found no evidence of a difference in the median
plasma viral load of viruses with or without the K65R mutation suggesting that
viruses harbouring this mutation could be as fit as wild type virus and potentially
transmissible, although numbers were small. This corroborates results from a study
on acquired resistance which also reported on the transmissibility of the K65R

mutation (215).

The WHO recommends surveillance of acquired resistance as this can inform

policy on second-line and third-line regimens (216). In this study, only one patient
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with four thymidine analogue mutations and NNRTI mutations was at risk of
initiating a compromised standard second-line regimen, suggesting that the current
public health approach may be adequate. However, individuals who initiated ART
within the government programme had spent a median of nearly three years on a
failing regimen without being switched to second-line ART at the time they arrived
in a trial clinic. This could lead to accumulation of drug-resistant mutations (267)
(265) which could compromise second-line ART. The situation was different in
individuals that initiated ART within the trial with time spent on a failing regimen
being an average of six months before switch to second-line ART. The former
scenario could be due to a number of weaknesses in the public ART programme
with limited resources compared to a trial setting. Health system factors such as
staff shortages, inadequate knowledge and training of staff, lack of adherence to
guidelines with respect to viral load monitoring and acting on results and patient-
related factors such as frequent disengagement and reengagement with care could

have contributed to delay in switching to second-line ART.

Nearly one in five individuals genotyped resuppressed their HIV viral load on their
first-line ART, despite nearly half of those who resuppressed having drug resistant
mutations belonging to both the NRTI and NNRTI drug class. Three-quarters of
these individuals with dual class resistance were on fixed dose combination of
tenofovir, emtricitabine and efavirenz and the remaining one-quarter on a
combination of zidovudine, lamivudine and efavirenz. Re-suppression of viraemia
in the presence of drug resistance mutations has also been reported in other
studies (268-270). This reinforces the importance of adherence counselling in
individuals suspected to have virological failure as a proportion of these individuals
would regain virological control. Treatment guidelines should be followed with

prompt switch to second-line in those with confirmed virological failure.

Of the 12 individuals who initiated ART within the trial and who were assessed for
acquired resistance, nine had their pre-treatment samples assessed for pre-
treatment drug resistance. The three who had evidence of pre-treatment resistance

were compared with the mutations observed at the time of virological failure. There
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were more mutations present pre-treatment for patient 12 compared to those
present at the time of failure. The K65R and Y181C were not present at virological
failure despite drug selective pressure from tenofovir and efavirenz. These
mutations were not expected to be archived due to ongoing drug pressure. A
possible explanation for their absence could be due to the difference in sequencing
techniques employed for the assessment of the presence of these mutations. Next
generation sequencing of the full HIV genome was used to assess for pre-
treatment drug resistance while Sanger sequencing was used for assessment of
the Pol gene at virological failure. It is possible that next generation sequencing
could be more sensitive than Sanger sequencing even when the drug resistant
mutants are present in majority virus. Laboratory error could be an alternative
explanation. Patient 13 resuppressed on the same regimen with a genotypic
sensitivity score of 2 (two active drugs) whilst patient 14 resuppressed on a
regimen with a genotypic sensitivity score of 1 (one active drug). This could be due
to emtricitabine maintaining some residual activity in the presence of the M184V
mutation and the hypersensitivity to tenofovir that arises as a result of this mutation

(271).

This study has some limitations. In those who initiated ART within the trial, | was
only able to examine the impact of CD4 count at initiation on virological
suppression 6 months post-ART initiation. The high virological suppression rate at
12 months post-ART initiation did not allow for this analysis and would suggest that
high CD4 count at ART initiation may not be detrimental. The short-follow up
duration meant | could not assess durability of virological suppression and long-
term clinical outcomes. | have only included variables with few missing
observations in the multivariable model to allow for comparisons between the
univariable and multivariable models. This meant the independent effects of

exposures with missing values could not be estimated.

For individuals ART-experienced at trial entry, no adherence data were measured
prior to enrolment in the trial, and this factor could thus not be assessed.

Furthermore, the baseline viral load for this population representing the first
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measured viral load prior to ART initiation was missing for the majority of these
participants, as many had their first viral load measurements after initiation of ART
and the association between baseline viral load and virological response could not
be assessed. Further, | excluded participants with missing CD4 count at initiation in
the complete case analysis presented here. | explored potential biases that may
have arisen as a result of excluding individuals with missing data. However, a
strength of this analysis was the ability to assess long-term virological suppression
in individuals who were ART-experienced at their first trial clinic visit as this

reflected real life setting,

To summarise, increased CD4 count at initiation was associated with increased
virological suppression both in the short-term for ART-naive individuals initiating
ART within the trial as well as in the long-term in ART experienced individuals
arriving in the trial. The concerns about poorer adherence and risk of poor
virological outcomes in individuals initiating ART at high CD4 count may be
unfounded. The majority of individuals developed resistance mutations at
virological failure, but the data showed that about 20% of them re-suppressed on
their first-line regimen with reinforcement of adherence. Adherence support for
people failing ART should be properly managed so that individuals are not left on
failing ART regimen for prolonged periods of time. About 70% of individuals with
virological failure achieved a viral load <1000 copies/mL following either only
adherence support or a switch to second-line ART. Although the virological
suppression rates observed in ART-experienced patients at entry in the trial falls
well below the target of >90% at 12 months recommended by WHO (32), results
from those who initiated ART within the trial suggest that achieving very high
virological suppression rates is possible with appropriate support in the form of
adherence counselling, tracking of individuals who failed to attend clinic

appointments as well as improved healthcare provider-patient ratios.

Following the results of two large randomised trials (16, 17), the WHO now
recommends ART initiation regardless of CD4 count for individual benefit (105).

The results of this research are reassuring but long-term follow up will be required
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before firm conclusions can be reached on virological and clinical outcomes of
initiating ART at high CD4 counts. The parameters presented here would be

valuable for modelling and predicting long-term outcomes on ART.
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Chapter 7 Pre-treatment HIV drug resistance
and response to first-line antiretroviral
therapy

This chapter describes the estimation of the the prevalence of pre-treatment drug
resistance and examines associated factors in individuals who were ART-naive at
enrolment in the trial clinics as well as in individuals who seroconverted during the
trial period regardless of whether enrolled in trial clinics or not. | also examined the
association between pre-treatment drug resistance, CD4 count at initiation and

virological suppression.

7.1 Background

In 2015, 12 of the 17 million people who had been initiated on ART globally were
resident in sub-Saharan Africa (6). The unprecedented ART scale-up, in public
health terms, has immense individual clinical health benefits in terms of reduction
in morbidity and mortality with the added public health effect of an anticipated
reduction in population HIV incidence (14, 16, 17). However, an important
challenge associated with this rapid and broad scale-up is the possible emergence
of resistance in individuals failing ART which could then result in transmission of
drug resistant HIV to sexual partners. Transmitted drug resistance (TDR) could
potentially compromise public health ART programmes using standardised
regimens because individuals infected with resistant virus may experience early
virological failure (272, 273). The extent of transmitted drug resistance will depend
on a number of factors such as ART coverage in the population and duration of
ART roll-out, number of individuals failing ART with drug resistance, duration on
failing regimen and viral load of individuals failing with drug resistance, influenced
by the fitness of the viral mutants (274). ART roll out in South Africa started in 2004
with parsimonious indications for initiating ART (275) but since September 2016 all

HIV-positive individuals are eligible for ART immediately after HIV diagnosis (15)
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following the adoption of the most recent WHO ART guidelines (105). A
mathematical model by Blower predicted that transmitted drug resistance would
only reach 5%, the lower threshold set by WHO for surveillance of transmitted drug
resistance, after 10 years of ART roll-out or once >30% of all HIV-infected
population had been initiated on ART (180, 181, 276). Both these conditions have
now been satisfied in South Africa with ART coverage estimated at 49% of all HIV-
positive (6). Further, another model predicts that although the number of new HIV
infections will decrease with the expansion of ART, the proportion of new infections

with transmitted drug resistance will increase substantially (29).

WHO recommends the monitoring of pre-treatment HIV drug resistance in adults
initiating ART in order to inform decisions about optimal first and second-line ART

in public health programmes (277).

WHO classifies the prevalence of transmitted drug resistance for each drug class
as low (<5%), moderate (5-15%) and high (>15%) and recommends a review of a
country’s ART regimen when the prevalence of drug resistant mutation to a specific
drug class exceeds 15% (28). This is higher than the threshold of 10%
recommended as the threshold to trigger baseline resistance testing in high-
income countries (278) where baseline resistance testing and at virological failure

is standard ART guidelines (279-281).

Although there have been many studies estimating the prevalence of
transmitted/pre-treatment drug resistance in Africa, very few studies of the impact
of the presence of this drug resistance mutations on virological outcomes have

been published.

Therefore, | conducted a scoping review of the published literature on the
prevalence of pre-treatment drug resistance, and its impact on virological
outcomes in patients initiated on ART. Secondly, | quantified the prevalence of pre-
treatment drug resistance in ART-naive individuals and factors associated with the

presence of pre-treatmentdrug resistance were identified. Further, | examined the
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association between the presence of pre-treatment drug resistance, CD4 count at

ART initiation and other factors with virological suppression.

7.2 Literature review

The aim of the literature review was to summarise published studies of the
prevalence of pre-treatment drug resistance and their impact on virological

outcomes in the African setting.

7.2.1 Prevalence of pre-treatment drug resistance and impact
on virological outcomes

| searched Pubmed for studies that reported on prevalence of either transmitted
drug resistance (TDR) or pre-treatment drug resistance (PDR), as well as those
studies that additionally reported on their impact on virological ouctomes. The

studies needed to have been published in Africa before 14 February 2017.

Search (((pretreatment) OR pre-treatment) OR transmitted) OR primary

(1,561,680)

Search HIV (313,095)

Search Resistance (711,925)

Search Africa

Search ((ART) OR Antiretroviral) OR anti-retroviral (143,321)

Combining all search criteria above using the Boolean operator ‘AND’
Search (((((((((pretreatment) OR pre-treatment) OR transmitted) OR primary)) AND
HIV) AND Resistance) AND Africa)) AND (((ART) OR Antiretroviral) OR anti-

retroviral)- 237

| assessed the titles of all 237 articles and excluded 154 articles not related to the

topic of interest. | read the abstract of the remaining 83 articles and selected 74
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articles for full review. Of these 74 articles, a further 10 were excluded after reading
the full articles. Two of the excluded studies were either reviews or metanalysis
(282, 283), one was a mathematical model (284), one was a commentary on a
published study (285), one evaluated resistance in children (286), one was on
WHO early warning indicators (287), one was on acquired resistance (250), one
was a multicountry sub-study of the START trial with no data on the African cohorts
(288), one pooled sequence data from other published studies (289) and in one,
the numerators were not very clear (290). | summarised the remaining 64
published articles by studies that reported both on prevalence and impact of pre-
treatment drug resistance on virological outcomes (6 studies) (272, 291-295)
(Table 7.1) and studies that reported only on prevalence of pre-treatment drug

resistance (58 studies) (206, 296-352) summarised in appendix N

7.3 Discussion of literature review

Different methods were used to estimate prevalence of transmitted drug/pre-
treatment drug resistance in studies included in this literature review. In appendix
L, | used the term transmitted resistance (TDR) to refer to studies that described
steps taken to exclude individuals that might have had previous exposure to ART.
Most of these studies applied the WHO threshold survey method of sequential
sampling to estimate prevalence (28). In the threshold survey method, each survey
required no more than 47 samples from individuals consecutively diagnosed with
HIV (laboratory confirmation), <25 years old and if female, must not have had a
previous pregnancy (because they could then have been exposed to ART for the
prevention of mother-to-child transmission). Due to the small number of samples
required, the threshold survey method does not allow for precise estimates of
prevalence with 95% confidence intervals but allows for categorisation of
prevalence of transmitted resistance above or below agreed thresholds using this
sample size. With this threshold survey, if the first consecutive 34 samples showed

no resistant mutation, then the survey is stopped and prevalence is classified as
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<5% for all drug classes. If a resistant mutation is detected, then sampling

continues to the maximum 47 samples required.

These thresholds are applied to categorise transmitted resistance to each drug
class. Threshold surveillance has been superseded by the monitoring of pre-
treatment drug resistance in ART naive individuals (216) which approach
recognises that individuals presenting to healthcare facilities as ART naive may
have had previous exposure to ART. In further discussion here, | will use the term
pre-treatment drug resistance to refer to all forms of resistance in individuals who

are presumed to be ART-naive.

In all but two surveys, prevalence of pre-treatment drug resistance was below 15%
overall, and to each of the three drug classes. In the two surveys in which
prevalence exceeded 15%, one was a survey from Angola (299) with an overall
prevalence of pre-treatment resistance of 16.3%, however the prevalence to each
of the three drug classes remained below 15%. The other study was from
Cameroon (308) but this study had a very small sample size of 21 individuals. In
most surveys, the prevalence of pre-treatment resistance to the NNRTI drug class
was highest, followed by the NRTI drug class resistance; resistance to Pl drugs
was lowest. The very low level of resistance to the Pl drug class reflects the fact
that second-line ART was introduced only relatively recently in these settings.

A recent survey of pre-treatment drug resistance conducted between March 2013
and October 2014 involving all nine provinces in South Africa showed a moderate
level of pre-treatment resistance of 9% (95% CI 6.1-13.0) by Sanger sequencing of
the HIV Pol genes (347). The majority of transmitted resistance mutation belonged
to the NNRTI drug class (8.3%) with the K1I03N mutation being the most common

(5.8%).
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Table 7.1Published literature on the prevalence of pre-treatment drug resistance and the impact on virological outcomes

Author Study setting Study Study design Year of Outcome Prevalence/effect
population/Sample sampling estimate
size
Boender, TS 13 clinical sites 2579 ART naive HIV Prospective 2007-2009 Proportion with PDR 5.5% had PDR
(272) (PASER-M) in Kenya, positive individuals cohort
Nigeria, South Africa, initiating ART Impact of PDR on PDR associated with switch to
Uganda, Zambia & switching from 15t to 2nd 2" |ine adjusted hazard ratio
Zimbabwe line for presumed ART (aHR) 3.80 (95% CI 1.49-9.68)
failure
Chung, M (291) Nairobi,Kenya 386 ART naive Samples from a 2006 Proportion with PDR 15/386 (3.9%) with PDR pre-

Hamers, R (292)

13 clinical sites in
Kenya, Nigeria,, South
Africa, Uganda,
Zambia, and Zimbabwe
(PASER-M)

individuals starting ART
in a randomised trial of
adherence.

356 initiated ART

2579 ART naive HIV
positive individuals
initiating ART

randomised trial

Fixed dose
combination of
DAT/3TC/NVP

Prospective
cohort

March 2007 to
September 2009

using Oligonucleotide
ligation assay for point
mutations of NNRTI
((K103N, Y181C and
G190A) and 3TC
(M184V)

Proportion with PDR;

Risk factors for virological

failure (VL=400
copies/mL)

ART.

13/356
(3.7%) with PDR in those who
initiated ART.
PDR associated with
virological failure, Rate ratio
10.39 (95% Cl, 3.23-32.41)

175/2579 (7%) with PDR;

213/2115 (10%) had virological
failure at 12 months on ART:

PDR & fully active drug vs. no

PDR; aOR 1.01 (95% CI 0.55-
1.87);
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Author Study setting

Study
population/Sample
size

Study design

Year of Outcome
sampling

Prevalence/effect
estimate

Lee, G (293) Kampala and Mbarara,
Uganda

Mzingwane, M Pretoria, South Africa
(294)

81 HIV positive ART
naive from Kampala;
491 from Mbarara

65 HIV-positive
individuals who initiated
ART and had at least
one follow up viral load

Prospective
cohort
DAT/3TC/INVP

Cohort study

Kampala March Proportion with TDR
2002 to December

2004

Mbarara 2005 to

2010

July 2013 and Minority mutations on risk

May 2014 of virological failure
(VL>1000 copies/mL
after 6 months on ART)

PDR & partially active drug vs.
no PDR aOR 2.13 (95% CI
1.44-3.14)

Kampala: 6/81 (7%)

NRTI 3/81 (3.7%)

NNRTI 1/81 (1.2%)

Pl 1/81 (1.2%)

Mbarara: 15/491 (3%) NRTI
4/491 (0.8%)

NNRTI 9/491 (1.8%

Pl: None

Time to virological suppression
(VL<400 copies/mL) was
similar in Kampala patients
with and without PDR (97 days
vs. 90 days; p=0.3) & for
Mbarara patients PDR vs. No
PDR (89 days vs. 85 days,
p=0.05)

8/65 (12.3%) with VF. Deep
sequencing to 1% in 4
individuals with failure, 3 with
VS and 1 with low level
viraemia. All 8 individuals
harboured mutations
compromising EFV. No
difference in mutation
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Author

Study setting

Study
population/Sample
size

Study design

Year of
sampling

Outcome

Prevalence/effect
estimate

Rusine, J (295)

Kigali, Rwanda

158 HIV positive
individuals who initiated
ART with 12 months VL
available. 109 with
baseline resistance test

Nested within a
prospective study

November 2007
and January 2010

Proportion with PDR.

Risk factors for virological
failure at 12 months

frequency between the 4 with
VF and 4 without VF. Active to
both TDF/FTC

4/109 (3.6%)

No impact of PDR on risk of
failure but very few had PDR

200



The most recent published meta-analysis of studies of pre-treatment drug
resistance was excluded from the literature review to avoid duplication of included
studies (283) This meta-analysis comprised studies with at least a sample size of
25 HIV positive individuals published between 1 March 2000 and 31 December
2013. There was no regional restriction. The sub-Saharan African region
comprised 95 studies from 32 countries with 11,536 individuals. The overall
median prevalence pre-treatment resistance in sub-Saharan Africa was 2.8% (IQR
Cl 1.3%-5.6%); NRTI 0% (IQR 0%-2.4%), NNRTI 1.4% (IQR 0%-2.8%) and PI 0%
(IQR 0%-1.4%). The meta-analysis showed that the odds of overall prevalence of
pre-treatment resistance increases estimates by 1.09-fold (95% CI: 1.05-1.14) per

year.

Six studies from the literature review summarised in Table 7.1 examined the
impact of pre-treatment drug resistance on virological outcomes. These studies are
heterogeneous and varied in size from 65 (294) to 2579 individuals (272, 292).
The study by Hamers et al (292) and Boender et al (272) relate to the same cohort,
used the same sample size and addressed outcomes which were only slightly
different. In Hamers et al, the outcome was virological failure at 12 months whilst
the Boender et al, the outcome was time to treatment switch to second-line ART for
presumed failure. In these studies, genotypic drug resistance was defined using
the International Antiviral Society USA mutation list of December, 2010.The study
by Hamers and colleagues, reported pre-treatment drug resistance to at least one

prescribed drug vs. no pre-treatment resistance was associated with virological

failure (VL <400 copies/mL) after 12 months on ART (OR 2.13, 95% CI 1. 44—

3. 14). Pre-treatment drug resistance on fully active drug compared to not having

pre-resistance was not associated with virological failure, OR (1. 01, 95% CI: 0.55-

1.87). A third of the participants in this study were on tenofovir-containing regimen
combined with either lamivudine or emtricitabine and the third agent was either
nevirapine or efavirenz. Nearly all the remaining individuals were either on a

zidovudine or stavudine backbone.
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The other study by Chung et al (291) in Kenya reported pre-treatment drug
resistance in 15 (3.9%) of 386 assessed. Oligonucleotide assay was used to test
the pre-treatment samples for point mutations that confer resistance to NNRTI
(K103N, Y181C, G190A) and 3TC (M184V). 356 were initiated on a fixed dose
combination stavudine, lamivudine and nevirapine within an adherence trial. They
retrospectively examined the impact of transmitted NNRTI mutations on virological
failure (VL =21,000) in individuals who completed 18 months of follow up. Among
the 356 individuals who started ART, 51 (14.3%) developed virological failure, and
13 (3.65%) had pre-treatment drug resistance. In an multivariable cox regression
model that adjusted for age, baseline viral load, adherence, employment and
randomization assignment, pre-treatment drug resistance was independently

associated with the risk of virological failure, HR 10.39 (95% ClI, 3.23-32.41).

In the study by Rusine et al (295) in Kigali, Rwanda, 158 HIV-positive individuals
who initiated ART as part of a larger prospective trial were evaluated for virological
failure at 12 months. Genotypic resistance testing was done retrospectively on
participants that had baseline and month 12 samples with a VL>1000 copies/mL.
89% of patients were on zidovudine + lamiviudine with either nevirapine or
efavirenz. 7% were on stavudine and 4% on tenofovir containing regimen. 18
(11.4%) of 158 patients developed virological failure. Of 91 individuals who
achieved virological suppression and had pre-treatment genotype available, only 1
(1.1%) had pre-treatment resistance. Of 16 individuals with virological failure who
had pre-treatment genotype available, 3 (18.8%) had pre-treatment resistance
(p<0.001). However in the univariable model, there was no association between
pre-treatment drug resistance and virological failure. The number of events was

very small in this study.

Lee et al (293), examined the impact of pre-treatment drug resistance on
virological suppression (VL<400 copies/mL) at six months using retrospective

samples from Kampala, an urban city and Mbarara, a rural setting, in Uganda.
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Kaplan-Meier survival methods were used to estimate time to virological
suppression in the groups with and without pre-treatment drug resistance. Of the
74 Kampala patients that were on ART (fixed dose combination of stavudine,
lamivudine and nevirapine) and eligible, six had pre-treatment drug resistance and
67 (91%) achieved virological suppression overall. Virological suppression in 62/68
patients and 5/6 without and with pre-treatment drug resistance occurred at a
median of 90 days (IQR 84—-99) and 97 days (IQR 85-100), respectively (log-rank

test, p=0.3)

Of the 439 patients from Mbarara who were on ART and eligible, 13 had pre-
treatment drug resistance, and 434 (99%) achieved virological suppression overall.
Virological suppression in 422/426 patients and 12/13 patients without and with
pre-treatment drug resistance occurred at a median of 85 days (IQR 83-97) and 89
days (IQR 83-172), respectively (log rank test p= 0.05). 86% were on nevirapine
based ART, and 12% on efavirenz in combination with lamivudine and
Zidovudine.The time to suppression estimates were not adjusted for baseline
differences, but the authors commented that baseline characteristics did not differ
significantly between the groups with and without pre-treatment drug resistance,
except in the Kampala cohort in which the baseline CD4 count was significantly
higher in those achieving virological suppression at 6 months than in those that did

not (median 68 cells/mm?3 vs. 19 cells/mm3, p=0.04).

The study by Mzingwane et al (294), with a sample size of 65 individuals on ART
was equally too small to allow a firm conclusion to be drawn about the impact of
pre-treatment drug resistance on virological outcomes. This is one of the very few
studies in the African setting that has examined the impact of minority drug
resistant variants on virological outcomes. Deep sequencing was done on the pre-
treatment samples of four individuals with virological failure (VL =21000copies/mL
after 6 months on ART), three with virological suppression (VL < 50 copies/mL)
and one with low level viraemia (VL<1000 copies/mL) who were on a fixed dose
combination of tenofovir/emtricitabine/efavirenz. The mutations identified at the 1%

level of deep sequencing showed low to high level resistance to efavirenz.
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Although there were TAMs identified in all eight individuals as well as other NRTI
mutations, the viral isolates were susceptible to tenofovir and emtricitabine
according to the Stanford algorithm. No conclusions can be drawn about the

impact of minority variants on virological outcomes based on this study.

The study by Zoufaly et al (353) was not identified by the literature review above
but through a separate review of the literature on impact of minority variants on
treatment outcomes. | included it for two reasons; it was the only one from the
African setting examining the impact of minority variants on virological outcomes
and it had a moderately large sample size. This prospective study examined the
impact of minority variants on virological failure (VL = 1000 copies/mL) at 12
months in 300 individuals consecutively started on ART between January and
October 2010 in rural Cameroon. Of the 238 individuals who had been on ART for
12 months, 38 (16%) experienced virological failure. Pre-treatment (baseline)
resistance using next generation sequencing with a detection threshold of 1% was
assessed in patients with virological failure and compared with an equal number of
controls that had VL < 1000 copies/mL matched for age, sex, CD4 count and viral
load at baseline. 17% of patients were on a tenofovir containing ART combined
with either lamivudine or emtricitabine. The majority were on
Zidovudine/lamivudine (83%) containing regimen. The third agent was nevirapine
in 71% of cases, efavirenz (25%) and boosted lopinavir (5%). 17% of Pre-
treatment drug resistance was identified in 6/30 (20%) patients with virological
failure and 6/35 (17%) controls (p=0.77). In multivariable regression, the
independent risk factors for virological failure were a lower baseline CD4 cell count
(OR 1.47, 95% CI 1.02—2.08, per 100 cells/mm? lower) and a lower pill count

adherence (OR 1.04, 95% CI 1.02-1.07 per 1% lower).

To summarise, two studies in the African setting (291, 292) showed an association
between the presence of pre-treatment drug resistance and virological failure.

Neither used a fixed dose combination of tenofovir, emtricitabine and efavirenz and
it remains unclear whether a fixed dose combination of tenofovir, emtricitabine and

efavirenz which has fewer side-effects compared to older regimen (258) and likely

204



increased adherence (354) can reduce the risk of virological failure from pre-

treatment drug resistance.

7.4 Aims and objectives

The aim of this chapter was thus to quantify the prevalence of pre-treatment drug
resistance in chronically and recently infected ART-naive individuals, to examine
risk factors for pre-treatment drug resistance as well as its impact on virological

suppression in individuals receiving mainly fixed dose tenofovir, emtricitabine and

efavirenz.
The primary objectives were:

e To estimate the prevalence of pre-treatment drug resistance in chronically
and recently infected ART naive individuals.

e To assess the risk factors for the presence of pre-treatment drug
resistance

e To estimate the impact of pre-treatment drug resistance on virological

suppression in individuals initiated on first-line ART

7.5 Methods

7.5.1 Study population

The study population has been described in Chapter 3.

Briefly, individuals eligible for inclusion of estimation of prevalence of pre-treatment

drug resistance were:

¢ Recently infected adults enrolled in trial clinics: These were individuals who
were ART naive at their first trial clinic visit in whom a negative HIV ELISA
test on dried blood spots collected during a home survey was followed by a

positive ELISA test in one of the six-monthly home surveys. Hence these
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individuals seroconverted during the trial and had plasma samples taken
at the first clinic visit available for evaluation.

e Recently infected adults identified through serial dried blood spot ELISA
tests as above, during the period of the trial, but who did not link to a trial
clinic. As they did not attend the trial clinics, they did not have plasma
samples available for evaluation.

e Chronically infected ART naive adults enrolled in trial clinics: These were
individuals who were not on ART at their first trial clinic visit nor had
evidence of previous ART exposure and in whom there was no prior
documentation of a negative ELISA test on dried blood spots at any point
during the trial period from March 2012 to June 2016. Plasma samples
were taken at the first clinic visit for evaluation of pre-treatment drug

resistance.

The results of HIV ELISA tests done on DBS were not communicated to
participants as the tests were not done in real time. The rapid HIV tests also
offered to participants during the home surveys was used for clinical diagnosis of
HIV status and for identifying participants who needed referral to trial clinics.

Results were given to participants within 20 minutes.

7.5.2 Laboratory procedures

Total nucleic acid was extracted from two spots on the filter paper using
NucliSENS EasyMAG technique in recently infected individuals who did not have
plasma samples (Figure 7.1). Amplification of the POL gene using oneStep RT-
PCR followed by nested PCR. Sanger sequencing of the POL gene spanning all
the 99 protease and 300 reverse transcriptase amino acids was performed. Sanger
sequencing only detected drug resistance mutation present in majority virus (i.e.

>20%) on dried blood spots.

HIV whole genome sequences were generated (WGS) on lllumina MiSeq on

plasma samples of chronically infected individuals and a subset of recently infected
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individuals who had plasma samples available as described above. WGS were
assembled using Geneious software and a 2% threshold was used to assess the
presence of minority drug resistance variants, defined as representing less than
20% of the viral population with a minimum of 1000 reads. Hence three sensitivity
thresholds for the detection of pre-treatment drug resistance were established; 2-

5%, 5-20% (minority variants) and >20% (majority variants).

The sequencing was undertaken by research fellows at the Africa Health Research

Institute laboratory in Durban.

Pre-treatment drug resistance mutations were assessed according to the WHO

20009 list for surveillance of drug resistance mutations as shown in Table 7.2 (355).

Whatman 903™ 6952113 W113

Figure 7.1 Dried blood spots collected on filter paper

Figure 7.2 Blood sample collected in all ART naive individuals during the first
clinic visit
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Table 7.2 List of WHO 2009 surveillance drug resistance mutation

Nucleoside reverse Non-nucleoside Protease inhibitor
transcriptase inhibitor reverse transcriptase mutations
mutations inhibitor mutations
M41 L L100 I L23 I
K65 R K101 E,P L24 I
D67 N, G, E K103 N, S D30 N
T69 D, Ins V106 M, A V32 I
K70 R, E V179 F M46 I, L
L74 V, | Y181 C, LV 147 V, A
V75 M, T,A 'S Y188 L,H,C G48 V,M
F77 L G190 A, S,E 150 V, L
Y115 F P225 H F53 L,Y
F116 Y M230 L 154 V,LLM,AT,S
Q151 M G73 S, T,C A
M184 V, | L76 \
L210 W V82 AT FSC, ML
T215 Y,F,1,S,CD,V,E N83 D
K219 Q,ENR 184 V,AC
185 \Y
N88 D,S

L90 M
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7.5.3 Statistical analysis

The proportion with evidence of pre-treatment drug resistance and their 95%
confidence interval was estimated initially for all groups (chronic and recent
infection) at the >20% detection threshold including those with only dried blood

spot samples.

Furthermore, the proportion with evidence of pre-treatment drug resistance
including minority variants at >2% and >5% detection thresholds could only be

estimated for those with plasma samples using next generation sequencing.

The proportion of individuals with pre-treatment drug resistance mutations was also
described graphically according to drug classes as well as the mutations within

each drug class for both chronically and recently infected participantcs.

For the examination of factors associated with the presence of pre-treatment drug
resistance, only data from participants with plasma samples (in care in trial clinics)
were used. Pre-treatment drug resistance was estimated using deep sequencing
but only mutations present in majority virus were considered. Plasma samples
were used to allow potential association between clinical exposure variables such
as CD4 count and viral loads at the first clinic visit and presence of pre-treatment
resistance to be examined . Other exposure variables considered for this analysis
were age at presentation, sex, educational attainment, employment status and
recency of infection (chronic/recent infection). | used logistic regression to estimate
odds ratios and their 95% confidence intervals and the likelihood ratio tests to find
the model which best fiited the data. | examined CD4 count at the first clinic visit
and age as both categorical and continuous variables. The model with the linear
forms of CD4 and age fitted better, hence this was selected. In the multivariable
logistic regression model, | made no assumptions about the role of age and sex as
in previous chapters. Only exposure variables with p values <0.15 in the

univariable model were included in the multivariable model.

Individuals who initiated ART amongst those that were ART naive at presentation

to trial clinics were included in the analyses examining association between the
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presence of pre-treatment drug resistance and virological suppression. This
assessment was based on a time to event analysis using Kaplan-Meier survival
methods with the origin set at the date of ART initiation. For inclusion in the
analysis, individuals needed to have had at least one viral load measurement
following ART initiation. The event was virological suppression (VL< 400
copies/mL). Follow up of individuals that did not achieve virological suppression
was censored at the date of the last viral load measurement. Cox regression was
used to estimate the hazard ratios and 95% confidence intervals for the association
between pre-treatment drug resistance and other factors with virological
suppression. Individuals with pre-treatment drug resistance were further subdivided
into whether the resistance mutations were present in minority virus only (<20%) or

in majority virus (>20%).

Other risk factors examined were CD4 count at ART initiation, viral load, age at
ART initiation, sex and mean of adherence measured using VAS. Mean adherence
was calculated by taking the average adherence in the visits prior to achieving
virological suppression in those that suppressed or the average adherence in the
visits prior to censoring in those that did not achieve virological suppression. | used
likelihood ratio tests to examine whether CD4 count and age were best fitted in the
model as categorical or linear exposures. There was no evidence of a departure

from linearity, hence these variables were included in the model as linear variables.

In the multivariable Cox model, age and sex were forced into the model, regardless
of significance in the univariable model because of reported association with
virological suppression in the literature (255, 256). Other potential risk factors were

only included in the model if p values <0.15 in the univariable model.

7.6 Results

7.6.1 Cohort profile

Figure 7.3 shows the breakdown of participants that contributed data to the

analysis described in this chapter.
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No sequencing
done
409 (26.3%)

ART naive with
plasma samples linked
to trial clinics
1557

No of seroconversions
from DBS
(recent infections)
503

failed sequencing
226

Plasma samples
sequenced
1148 (73.7%)

Recent infections
successfully sequenced
277 (55.4%)

Chronic infection

Recent infection

Recent infection

n=1060 (Plasma) (DBS only)
88 189
Remained ART
naive 0
298 Initiated ART

920

No follow up VL
83

Contributed to analysis of

response to ART
837

Figure 7.3 Cohort profile of participants with plasma sample and dried blood

spots
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Of the 503 individuals who seroconverted during the course of the trial (recent
infections), 277 were successfully sequenced. Sequencing failed in the remaining
226 individuals for a variety of reasons mainly poor quality dried blood spots and
failure to amplify the RNA. There was no significant difference in the sex
distribution of those sequenced vs. not sequenced (88.2% of female sequenced vs
84.1% not sequenced; p=0.178). The median age of individuals with sequenced
samples was similar to that of those whose samples were not sequenced [(22.3
years (IQR 19.5, 28.4) vs. 22.5 years (IQR 18.8, 27.3); p=0.751]. Of the 277
individuals with recent infection that were sequenced, 189 sequences were from

dried blood spots and 88 sequences were from plasma.

Of the 1557 ART-naive adults linked to trial clinics with plasma samples, samples
from 1148 (73.7%) were successfully sequenced. There was a significant
difference in the sex of those with sequenced plasma samples compared to those
not sequenced (70.3% of female sequenced vs.77.2% not sequenced; p=0.008)
with no difference in median age between the sequenced and not sequenced

group (33.0 years vs. 33.5 years; p=0.685)

Of the 1148 plasma samples sequenced, 1060 were from individuals with chronic
infection and 88 were from individuals with recent infections. 48/1060 (4.5%) of
those with chronic infection had received ART for prevention of mother to child
transmission. The total number of successful sequences was 1337, comprising
1148 plasma samples and 189 dried blood spot samples. This population was
used to determine the overall prevalence of pre-treatment drug resistance at the

20% threshold of resistance detection.

7.6.2 Characteristics of participants

The majority of participants were under the age of 40 years, female, single and
unemployed (Table 7.3). Amongst the participants who linked to care and provided
plasma samples, the median CD4 count at presentation was 405 cells/mm?3 (IQR

261-559) and the median viral load was 4.5 Log10 copies/mL (IQR 4.0-5.2).
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Table 7.3 Demographic and clinical characteristics of all participants
surveyed for pre-treatment drug resistance

Characteristics

Complete cohort

Individuals without

Individuals with

n=1337 pre-treatment HIV Pre-treatment HIV
drug resistance drug resistance
n=1221 n=116
Type of infection
Chronic 1,060 (79.3) 969 (79.4) 91 78.5)
Recent 277 (20.7) 252 (20.6) 25 (21.6)

Age (Years)

Median age

16-29

30-39

40-49

>50

Missing

Sex

Female

Male

CD4 at presentation *
Median (IQR) cells/mm?3
<350

350-500

>500

Missing

Viral load* copies/mL
Median (Log10)
<10,000
10,000-100,000
>100,000

Missing

31.1 (24.3-43.4)
608 (45.5)
314 (23.5)
186 (13.9)
213 (15.9)

16 (1.2)

973 (72.8)
364 (27.2)

405 (261-559)
448 (33.5)
300 (22.4)
382 (28.6)
207 (15.5)

4.5 (4.0-5.2)
311 (23.3)
479 (35.8)
356 (26.6)
191 (14.3)

31.4 (24.3-44.4)
546 (44.7)
283 (23.2)
177 (14.5)
201 (16.5)

14 (1.2)

888 (72.7)
333 (27.3)

406 (261-560)
405 (33.2)
272 (22.3)
353 (28.9)
191 (15.6)

4.5 (3.9-5.2)
289 (23.7)
431 (35.3)
321 (26.3)
180 (14.7)

28.9 (23.0-35.4)
62 (53.5)
31 (26.7)
9(7.8)
12 (10.3)
2 (1.7)

85 (73.3)
31 (26.7)

372 (263-527)
43 (37.1)
28 (24.1)
29 (25.0)
16 (13.8)

4.6 (4.1-5.1)
22 (19.0)
48 (41.4)
35 (30.2)

11 (9.5)
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Characteristics

Complete cohort

Individuals without

Individuals with

n=1337 pre-treatment HIV Pre-treatment HIV
drug resistance drug resistance

n=1221 n=116
Education
Primary or less 512 (38.3) 463 (37.9 49 (42.2)
Some Secondary 519 (38.8) 474 (38.8) 45 (38.8)
Secondary or higher 302 (22.6) 280 (22.9) 22 (19.0)
Missing 4 (0.3) 4 (0.3) 0 (0.0)
Marital status
Never married 1,184 (88.6) 1,071 (87.7) 113 (97.4)
Married 105 (7.9) 103 (8.4) 2.7
Divorced/Separated 44 (3.3) 43 (3.5) 1(0.9)
Missing 4 (0.3) 4 (0.3) 0 (0.0)
Employment
Employed 183 (13.7) 171 (14.0) 12 (10.3)
Student 117 (8.8) 106 (8.7) 11 (9.5)
Unemployed 1,032 (77.2) 939 (76.9) 93 (80.2)
Missing 5(0.4) 5(0.5) 0 (0.0)

*189 of the 277 individuals with recent infection provided DBS during the home survey but
did not link to care, hence the high humbers of missing clinical variables. Information on all
other variables obtained from household survey.
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7.6.3 Prevalence of pre-treatment drug resistance

Of the 1337 individuals evaluated for the presence of any pre-treatment drug
resistance, 116 had evidence of pre-treatment drug resistance in majority virus
giving an overall estimated prevalence of 8.7% (95% CI 7.3-10.3) as shown in
Figure 7.4. There was no evidence of differences in the proportion with pre-
treatment drug resistance in the different subgroups; those with chronic infection
previously exposed to ART for prevention of mother-to-child transmission
(PMTCT); 8.6% (95% CI 7.0-10.4), chronic infection with no previous exposure to
PMTCT 8.0 (95% CI 6.5-9.8) and recent infection 9.0 (95% CI 6.2-13.0). As
exposure to PMTCT may not have been completely ascertained, prevalence of any
pre-treatmentdrug resistance was also estimated in men only. Of the 364 samples
from men evaluated, 31 had evidence of any pre-treatment drug resistance;

prevalence 8.5% (95% CI 6.0-11.9) which is similar to the overall prevalence.

The prevalence of any pre-treatment drug resistance for the different sensitivity
thresholds of detection of low frequency (minority) variants was also estimated,

overall and for each drug class in those with chronic and recent infections.

7.6.3.1 Chronically infected individuals
The prevalence of any pre-treatment drug resistance in those with chronic infection
for the three sensitivity thresholds examined >2%, >5% and >20 was 16.7%,

11.7% and 8.6% respectively as shown in Figure 7.5.

The majority of drug resistance mutations present for the respective thresholds
belonged to the NNRTI drug class followed by the NRTI drug class and lastly the

PI1 drug class.

At the >20% sensitivity threshold, the proportion of individuals with any NNRTI
mutation was 88/1060 (8.3%); 74/88 (84.1%) of those with NNRTI mutations had
only one NNRTI mutation, 12/88 (13.6%) had two NNRTI mutations and two

people had three NNRTI mutations.
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Figure 7.5 Prevalence of pre-treatment drug resistance in adults with chronic
infection for different sensitivity thresholds
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The proportion of individuals with any NNRTI mutation at the >2% and >5%

thresholds were 141/1060 (13.3%) and 114/1060 (10.8%) respectively.

The proportion of individuals with any NRTI mutation at the 20% threshold was
7/1060 (0.7%); 3/7 (42.9%) of those with NRTI mutations had only one NRTI
mutation and 4/7 (57.1%) had two NRTI mutations. The proportions at the >2% and

>5% thresholds were 39/1060 (3.7%) and 17/1060 (1.6%) respectively.

The proportion of individuals with any Pl mutation at the >20%, >5% and > 2%

thresholds were 3/1060 (0.3%), 6/1060 (0.6%) and 23/1060 (2.2%) respectively.

No one had triple class resistance in majority virus (>20% threshold) but this was
present in two individuals at the >2% threshold but not at the >5% threshold.
7/1060 (0.7%) had dual class resistance at >20% threshold; In six individuals, this
was to both NNRTI and NRTI drug classes whilst in one individual it was to the
NNRTI and PI drug classes.

21/1060 (2.0%) and 13/1060 (1.2%) had dual class resistance at >2% and >5%

thresholds respectively.

The proportion of individuals with different drug resistance mutations at the

different sensitivity thresholds of detection is shown in Figure 7.6.

For the NNRTI drug class the K103N/S mutation was the most frequent for the
three thresholds being present in 102/1060 (9.6%), 90/1060 (8.5%) and 72/1060

(6.8%) of individuals at the >2%, >5% and >20% thresholds respectively

The second most prevalent NNRTI mutation was the V106M/A present in 19/1060
(1.8%), 14/1060 (1.3%) and 8/1060 (0.8%) of individuals at the >2%, >5% and
>20% sensitivity thresholds. The G190A/E was the next most frequent mutation.
The most prevalent NRTI mutation at all sensitivity detection thresholds was the
M184V/I. This was present in 12/1060 (1.1%), 6/1060 (0.6%) and 5/1060 (0.5%) of
individuals at the >2%, >5% and >20% sensitivity thresholds respectively. The

second most frequent NRTI mutation was the thymidine analogue mutation.
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D67N/G. This was present in 11/1060 (1.0%), 7/1060 (0.7%) and 1/1060 (0.1%) of
individuals at the >2%, >5% and >20% sensitivity thresholds. The K65R was the
next most frequent NRTI mutation; present in 7/1060 (0.7%), 5/1060 (0.5%) and
2/1060 (0.2%) of individuals at the >2%, >5% and >20% sensitivity thresholds

respectively.

The most prevalent Pl mutation was the D30N present in 5/1060 (0.5%), 3/1060
(0.3%) and 2/1060 (0.2%) of individuals at the >2%, >5% and >20% sensitivity
thresholds respectively. The second most prevalent mutation was the M46L/I
mutation. This was present at 5/1060 (0.5%) and 1/1060 (0.1%) at the >2% and

>5% sensitivity thresholds respectively but absent in majority virus

7.6.3.2 Recently infected individuals
Of the 277 individuals with recent infection, 88 had plasma samples available for

assessment of minority variants.

The prevalence of any pre-treatment drug resistance in those with recent infection
for the three sensitivity thresholds examined >2%, >5% and >20 was 21.6%,
17.1% and 15.9% respectively as shown in Figure 7.7. The majority of the drug
resistance mutations present for the respective thresholds belonged to the NNRTI
drug class followed by the NRTI drug class and lastly the PI drug class. At the
>20% sensitivity threshold, the prevalence of any NNRTI mutation was 12/88
(13.6%); 11/12 (91.7%) of those with NNRTI mutation had only one NNRTI
mutation and 1/12 (8.3%) had two NNRTI mutations. The prevalence at the >5%

and >2% thresholds were 12/88 (13.6%) and 15/88 (17.1%) respectively.

The prevalence of any NRTI mutation at the 20% threshold was 1/88 (1.1%) and
this individual had only one NRTI mutation. The prevalence at the >5% and >2%

thresholds were 2/88 (2.3%) and 5/88 (5.7%) respectively.

The prevalence of any Pl mutation at the >20% and >5% thresholds was 1/88

(1.1%) in each case and 3/88 (3.4%) at >2% threshold.

219



25
20
15

10

0 . -

Any antiretroviral NNRTI NRTI Protease inhibitor
drug

6]

Pre-treatmentHIV Drug resistance (%)

m>20% WM>5% m>2%
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No one had triple class resistance at >5% and >20% thresholds but this was
present in low frequency at the >2% threshold in one individual. Two individuals
had dual class resistance at >2% threshold but not at the >5% and >20%

thresholds.

The K103N/S mutation was the most prevalent in the NNRTI drug class (Figure
7.8) for the three sensitivity thresholds being present in 11/88 (12.5%), 10/88
(11.4%) and 8/88 (9.1%) of individuals at the >2%, >5% and >20% thresholds

respectively.

The second most prevalent NNRTI was the Y188C/F/H/I present in 3/88 (3.4%),
2/88 (2.3%) and 2/88 (2.3%) at the >2%, >5% and >20% sensitivity thresholds
respectively. The next most prevalent mutations were the L100Il, K101E and

V106M/A present in similar proportions at all three sensitivity detection thresholds.

The D67N/G was the most prevalent NRTI mutation present at the >2% threshold
in 2/88 (2.3%) individuals but absent at the >5% and >20% sensitivity thresholds.
The next most prevalent mutation was the T215S/I present at 1/88 (1.1%), 1/88
(1.1%) and 1/88 (1.1%) at the >2%, >5% and >20% sensitivity thresholds
respectively. The K219/S/Q/E was present at a similar proportion to the T215S/1 at

the >2% and >5% sensitivity thresholds but absent in the >20% threshold.

The PI mutations V82T/A was present in 1/88 (1.1%) of indiviuals at >2% detection
threshold but not at >5% and 20% thresholds. The I85V was present in similar

proportion of 1/88 (1.1%) at all three detection thresholds.

The prevalence of the different mutations was also estimated when all samples
from recently infected individuals (88 plasma + 189 DBS) were taken into

consideration.

As only Sanger sequencing was done on DBS to detect variants >20%, only the

20% detection threshold was taken into account for this estimation.
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The prevalence of any NNRTI mutation was 7.9% (22/277). The K103N/S was the
most prevalent at 16/277 (5.8%), followed by V106M/A, K101E and Y188F/H/I/C

each at 2/277 (0.7%).
Two individuals had NRTI mutations in majority virus; one K65R and one T215S.

One individual had the Pl mutation 185V

7.6.4 Factors associated with the presence of any pre-
treatment drug resistance

Amongst individuals with plasma samples available (Table 7.4), Being recently
infected was associated with double the odds of pre-treatment drug resistance
compared to chronic infection in the univariable model; OR 2.01 (95% CI 1.09-

3.71).

Older age was associated with a decreased probability of having any pre-treatment

drug resistance; (OR 0.88, 95% CI 0.81-0.96 for every 5 years increase)

Being divorced or married was associated with lower likelihood of pre-treatment
drug resistance; OR 0.21 (95% CI 0.03-1.55) and OR 0.20 (95% CI: 0.05-0.81), for

divorced and married vs. single respectively.

On the multivariable regression model that adjusted for age, recency of infection
and marital status, there was weak evidence that being recently infected compared
to chronic infection was associated with nearly twice the odds of pre-treatment
drug resistance; [aOR 1.87 (95% CI 1.00-3.51); p=0.06]. There was also weak
evidence that being divorced or married compared to being single remained
associated with decreased probability of pre-treatment drug resistance; [aOR 0.29
(95% CI 0.04-2.20) and aOR 0.26 (95% CI 0.06-1.13); P=0.05] for divorced and
married vs. single respectively. After adjustment, age was no longer associated

with pre-treatment drug resistance.
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Table 7.4 Factors associated with the presence of any pre-treatment drug resistance*

Characteristics Individuals with plasma Individuals without Individuals with any Univariable P Multivariable P value

samples any pre-treatment HIV Pre-treatment HIV ) value odds ratio

n=1,148 drug resistance in drug resistance in Oddf ratio (95% CI)

majority virus majority virus (95% CI)
n=1,043% n= 105*

Type of infection 0.035 0.06
Chronic 1,060 (92.3) 969 (91.4) 91 (8.6) 1 1
Recent 88 (7.7) 74 (84.1) 14 (15.9) 2.01 (1.09-3.71) 1.87 (1.00-3.51)

Age (Years)

Median age 33.0 (25.6-45.2)
16-29 463 (40.2)
30-39 298 (26.0)
40-49 178 (15.5)
>50 202 (17.6)
Missing® 7 (0.7)

Sex

Female 807 (70.3)
Male 341 (29.7)

33.4 (25.8-45.8)
411 (88.8)
267 (89.6)
169 (94.9)
190 (94.1)

6 (85.7)

731(91.5)
312 (90.6)

30.0 (24.9-35.9)
52 (11.2)
31 (10.4)
9 (5.1)
12 (5.9)
1(14.3)

76 (8.5)
29 (9.4)

0.88 (0.81-0.96) 0.003 0.94 (0.86-1.03) 0.178

0.622
1
0.89 (0.57-1.40)
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Characteristics

Individuals with plasma
samples
n=1,148

Individuals without
any pre-treatment HIV
drug resistance in
majority virus
n=1,043*

Individuals with any
Pre-treatment HIV
drug resistance in

majority virus
n= 105"

Univariable P Multivariable
) value odds ratio
Odds ratio (95% CI)
(95% CI)

P value

CD4 at presentation
Median (IQR) cells/mm?3
<350

350-500

>500

Missing®

Viral load copies/mL
Median (IQR)
<10,000
10,000-100,000
>100,000

Missing#

404 (261-559)
448 (39.0)
299 (26.1)
379 (33.0)

22 (1.9)

33,660 (8,735-147,932)
309 (26.9)
478 (41.6)
356 (31.0)
5 (0.4)

406 (261-560)
405 (90.4)
271 (90.6)
350 (92.4)

17 (77.3)

32,786 (8,636-148,793)
287 (92.9)
430 (90.0)
321 (90.2)
5 (100.0)

372 (263-527)
43 (9.6)
28 (9.4)
29 (7.7)
5 (22.7)

36,979 (12230-133,500)
22 (7.1)
48 (10.0)
35 (9.8)
0 (0.0)

0.99 (0.91-1.08) 0.857

0.319
1
1.46 (0.86-2.46)

1.42 (0.82-2.48)

0.330
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Characteristics Individuals with plasma Individuals without Individuals with any Univariable P Multivariable P value

samples any pre-treatment HIV Pre-treatment HIV ) value odds ratio

n=1,148 drug resistance in drug resistance in Oddf ratio (95% CI)

majority virus majority virus (95% CI)
n=1,043% n=105%

Education
Primary or less 483 (42.1) 434 (89.9) 49 (10.1) 1
Some Secondary 426 (37.1) 386 (90.6) 40 (9.4) 0.92 (0.59-1.42)
Secondary or higher 234 (20.4) 218 (93.2) 16 (6.8) 0.65 (0.36-1.17)
Missing® 4 (0.4) 4 (100.0) 0 (0.0)
Marital status 0.003 0.05
Never married 1,009 (87.9) 907 (89.9) 102 (10.1) 1 1
Married 92 (8.0) 90 (97.8) 2(2.2) 0.20 (0.05-0.81) 0.26 (0.06-1.13)
Divorced/Separated 43 (3.8) 42 (97.7) 1(2.3) 0.21 (0.03-1.55) 0.29 (0.04-2.20)
Missing# 4 (0.4) 4 (100.0) 0 (0.0)

0.379
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Characteristics Individuals with plasma Individuals without Individuals with any Univariable P Multivariable P value

samples any pre-treatment HIV Pre-treatment HIV ) value odds ratio

n=1,148 drug resistance in drug resistance in Oddf ratio (95% CI)

majority virus majority virus (95% CI)
n=1,043% n=105%

Employment
Employed 166 (14.5) 155 (93.4) 11 (6.6) 1
Student 60 (5.2) 53 (83.3) 7(11.7) 1.86 (0.69-5.05)
Unemployed 917 (79.8) 829 (90.5) 87 (9.5) 1.48 (0.77-2.83)
Missing® 5 (0.6) 5 (100.0) 0 (0.0)

*Analysis restricted to only individuals who linked to care and have more complete clinical information, hence only 88 of the 277 individuals with recent infection were included.
#Analysis was also restricted to mutations in majority virus only ascertained through deep sequencing & Missing category dropped from regression model (complete case

analysis)
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7.6.5 Impact of drug resistant mutations on virological
suppression

Of the 1148 individuals linked to care, 920 initiated ART; of whom 837 had a viral
load pre-ART and at least one follow up viral load after ART initiation (Figure 7.3).
The 83 (9%) individuals with no follow up viral load data who were excluded were
more likely to be younger than those included in analysis (median age 29.5 years;
IQR (23.4, 41.6) vs 34.3 years; IQR (27.3, 46.6); p=0.027) and also more likely to
be male (12.8% vs 7.4%; p =0.009). The prevalence of any pre-treatment drug
resistance in those with missing viral load, who were excluded 16/83 (19.3%) was
similar to those who had follow up viral load available 138/837 (16.5%); p=0.675.
Reasons for missing viral loads included loss to follow up in 33 individuals (39.8%),
death in seven (8.4%), transferred-out in 21 (25.3%) and no documented viral load

in the remaining 22 (26.5%) still in care.

Table 7.5 summarises the characteristics of the 837 individuals that contributed to

this analysis.

The median age of the cohort was 34.3 years, predominantly female, with 82.6% of
the cohort having a mean adherence = 95%. The median duration on ART was
1.36 years; IQR (0.91, 2.13). 96.3% were on fixed-dose combination of tenofovir,

emtricitabine and efavirenz.

Figures 7.9 shows Kaplan-Meier curves for proportion of patients with virological
suppression stratified by presence of any pre-treatment drug resistance. There was
no evidence of a difference in virological suppression according to whether drug
resistance mutations were present in minority or majority virus compared to no

mutation (p=0.778).

The overall cumulative probability of virological suppression at 12 months was 97%

(95% CI 96, 98).
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Table 7.5 Baseline characteristics of individuals contributing to the analysis
of virological suppression

Characteristics Complete cohort No resistance

n=837 n=699

Any resistance in Any resistance in
minority virus only  majority virus N=76
n=62

Age at initiation (Years)

Median age 34.3 (27.3, 46.5) 35 (27.6,47.0) 30.8 (25.6, 39.8) 31.7 (27.0,40.5)
16-29 290 (34.6) 234 (33.5) 27 (43.6) 29 (38.2)
30-39 246 (29.4) 199 (28.5) 20 (32.3) 27 (35.5)
40-49 133 (15.9) 120 (17.2) 5 (8.1) 8 (10.5)
>50 166 (19.8) 144 (20.6) 10 (16.1) 12 (15.8)
Missing 2(0.2) 2(0.3) 0 (0.0) 0 (0.0)
Sex

Female 599 (71.6) 489 (70.0) 54 (87.1) 56 (73.7)
Male 238 (28.4) 210 (30.0) 8 (12.9) 20 (26.3)

CD4 at initiation

Median (IQR) cells/mm? 348 (227, 480) 346 (221,477) 356 (276,559) 347 (245,481)

<=350 418 (49.9) 352 (50.4) 29 (46.7) 37 (48.7)
350-500 230 (27.5) 197 (28.2) 14 (22.6) 19 (25.0)
>500 182 (21.7) 147 (21.0) 17 (27.4) 18 (23.7)
Missing 87(0.8) 3(0.4) 2(3.2) 2 (2.6)
Viral load copies/mL

Median (Log copies/mL) 4.6 (4.0,5.2) 4.6 (4.0,5.2) 4.3(3.9,5.1) 4.7 (4.2,5.2)
<10,000 200 (23.9) 169 (24.2) 19 (30.7) 12 (15.8)
10,000-100,000 350 (41.8) 290 (41.5) 25 (40.3) 35 (46.1)
>100,000 285 (34.1) 238 (34.1) 18 (29.0) 29 (38.2)
Missing 2(0.2) 2(0.3) 0 (0.0) 0 (0.0)
Adherence (%)

<95 126 (15.1) 109 (15.6) 8 (12.9) 9 (11.8)
>95 691 (82.6) 573 (82.0) 53 (85.5) 65 (85.5)
Missing 20 (2.4) 17 (2.4) 1(1.6) 2 (2.6)
ART regimen

TDF+FTC+EFV 806 (96.3) 672 (96.1) 60 (96.8) 74 (97.4)
TDF+3TC+EFV 6 (0.7) 6 (0.9) 0 (0.0) 0 (0.0)
AZT+3TC+ EFV 18 (2.2) 14 (2.0) 2(3.2) 2 (2.6)
DAT+3TC+EFV 1(0.1) 1(0.1) 0 (0.0) 0(0.0)
AZT+3TC+PI 1(0.1) 1(0.1) 0 (0.0) 0 (0.0)
Missing 5 (0.6) 5(0.7) 0 (0.0) 0 (0.0)
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Kaplan-Meier failure estimates
VL suppression (<400) by pre-treatment drug resistance category
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Figure 7.9 Kaplan Meier curves of the proportion of patients with virological suppression by presence of pre-treatment drug resistance
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The median time to virological suppression, overall, was 2.96 months; IQR (2.76,
3.88), minority resistance mutation; 2.89 months (2.76, 4.14) and for those with

resistance in majority virus, 2.96 months (2.76, 4.11).

Table 7.6 shows the association between the presence of pre-treatment drug

resistance and other factors with virological suppression.

In the univariable Cox model, there was no evidence that pre-treatment drug
resistance was associated with virological suppression. However being male and
having a high viral load (VL>100,000) was associated with a decreased probability
of virological suppression. Having a mean adherence of 295% was associated
with an increased probability of virological suppression, HR 1.33 (95% CI 1.09-

1.63)

In a multivariable model that adjusted for age, sex, CD4 count at initiation, viral
load and adherence in Table 7.6, there was no evidence that pre-treatment drug
resistance was significantly associated with virological suppression; adjusted HR
0.92 (95% CI 0.71-1.19) and aHR 1.03 (95% CI 1.00-1.06) for majority and minority
variants respectively vs. no mutations. High baseline viral load (>100,000 vs.
<10,000) was associated with a decreased probaility of virological suppression;
aHR 0.76 (95% CI: 0.62-0.93) as was being male; aHR 0.84 (0.71-0.99). Higher
adherence (295% vs. <95%) was associated with an increased probability of
virological suppression; aHR 1.36 (95% CI: 1.11-1.66) and there was weak
evidence that older age is associated with increased probability of virological

suppression, [aHR 1.03 (95% CI 1.00-1.06); p=0.07].

| undertook a sensitivity analysis in which the presence of any pre-treatment drug
resistance was substituted with the presence of any NNRT resistance mutation as
the exposure variable of interest. Adjusting for the same factors as the original
analysis, findings remained robust, also showing no evidence of an association
between any NNRTI resistance mutation and virological suppression; adjusted HR
0.93, (95% CI: 0.71-1.21) and aHR 1.04 (95% CI: 0.74-1.46) for majority NNRTI

and minority NNRTI variants respectively vs. no NNRTI mutations.
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Table 7.6 Association of pre-treatment HIV drug resistance and other factors with virological suppression.

Characteristics Univariable hazard P value Multivariable P value
ratio hazard ratio

(95% CI) (95% CI)
Any pre-treatment drug resistance 0.783 0.815
No mutations present 1 1
Minority mutations only 1.03 (0.80-1.34) 1.01 (0.77-1.32)
Majority mutations 0.92 (0.72-1.19) 0.92 (0.71-1.19)
Age at initiation/5 years 1.01 (0.99-1.04) 0.301 1.03 (1.00-1.06) 0.068
Sex 0.002 0.039
Female 1 1
Male 0.79 (0.67-0.92) 0.84 (0.71-0.99)
CD4 at initiation/100 cells/mm?3 1.02 (0.99-1.05) 0.18 1.00 (0.97-1.03) 0.928
Viral load copies/mL 0.0006 0.011

<10,000
10,000-100,000
>100,000

1
0.92 (0.77-1.10)
0.72 (0.59-0.86)

1
0.90 (0.75-1.08)
0.75 (0.61-0.91)
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Characteristics Univariable hazard P value Multivariable P value
ratio hazard ratio
(95% ClI) (95% ClI)
Adherence (%) 0.003 0.041
<95 1 1
295 1.33 (1.09-1.63) 1.36 (1.11-1.66)
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7.7 Discussion

This analysis examined the prevalence of pre-treatment drug resistance in a
setting in rural South Africa where ART has been available since 2004/2005 (22)
and where uptake/coverage has been in line with national figures (96).The overall
prevalence of pre-treatment drug resistance in majority virus was 8.7% (95% CI
7.3-10.3), similar for chronic and recent infections. However, the prevalence
doubled when minority variants were taken into account at the 2% detection
threshold for those with chronic infection and increased 2.5 times for the small
number of individuals with recent infection who had plasma samples available. The
majority of the mutations identified in both majority and minority variants belonged
to the NNRTI drug class and the K103N/S mutation was dominant. This mutation
results in high level resistance to both nevirapine and efavirenz. Seven individuals
had dual class resistance (six with NRTI & NNRTI drug classes and one with
NNRTI and PI drug classes) in majority virus amongst those with chronic infection
but no one had dual class resistance amongst those recently infected. Triple class

resistance was absent for both groups in majority virus.

There was no evidence that the presence of any pre-treatment HIV drug resistance
in minority or majority virus was significantly associated with virological

suppression.

The moderate prevalence of pre-treatment drug resistance observed in this cohort
is driven by the predominance of mutations to the NNRTI drug class which is
classified as moderate level (5-15%) according to WHO threshold classification for
the levels of transmitted drug resistance (28). The levels for the NRTI and PI drug
classes remained <5% and is classified as low. A study with a much smaller
sample size in communities adjacent to the TasP trial communities showed no pre-
treatment drug resistance from 67 samples collected in 2010 using the WHO
threshold survey method and a prevalence of 7.1% from 253 samples collected in
2012 from a population-based HIV surveillance (328). This is similar to the

prevalence from my study that examined samples taken from March 2012 to June
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2016. Another study that examined trend of transmitted drug resistance in
KwaZulu-Natal was conducted amongst pregnant women between 2005 and 2009
(320) showing pre-treatment drug resistance to be <5% in all drug classes in 2007
with an increase in 2009 to 5-15% level in the NNRTI drug class but <5% in the PI
and NRTI drug classes, consistent with the findings presented here. A more recent
national survey, the first of its kind, reported a pre-treatment drug resistance
prevalence of 9% from 277 sequences collected between March 2013 and October
2014 (347) which was also the prevalence from a representative sample from
KwaZulu-Natal included in the national survey. A further similarity to my cohort was
the predominance of the NNRTI drug class mutations, mainly the K103N while the
main difference was that the K65R was the main NRTI mutation in the South
African national survey whilst the lamivudine/emtricitabine associated mutation,
M184V/l was the most frequent NRTI mutation in my study with only three
individuals harbouring the K65R mutation. The paucity of the K65R, which is
associated with tenofovir resistance, in my study is somewhat surprising, <1% with
deep sequencing, considering that tenofovir has been in use in these communities
since it was introduced in the South African public health ART programme in 2010.
Furthermore, in Chapter 6, | showed that, amongst those with virological failure
who were sequenced, 25% of them harboured the K65R mutation. A recent study
showed that viruses harbouring the K65R mutation were equally as fit as those
without this mutation (215) suggesting that the transmissibility of this mutation may
not be diminished as some studies have suggested (209, 214). In my study, there
was no difference in the median viral load at virological failure in viruses with and
without the K65R mutation. This does not explain the low prevalence of K65R

mutations in HIV-positive individuals with pre-treatment drug resistance.

Other studies have confirmed that population sequencing underestimates the true
burden of resistant variants that may need to be taken into account when treatment
decisions are made. | noticed a doubling in the prevalence of pre-treatment drug
resistance when minority variants were taken into account similar to studies in high

income countries (356) (357). The literature review | carried out did not reveal any
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study conducted in South Africa which estimated the prevalence of low frequency
minority variants in ART-naive HIV-positive patients. One recent study in South
Africa (294) of impact of pre-treatment minority variants on virological outcomes
involved 65 patients on treatment but only eight pre-treatment samples were
selected for deep sequencing and it was not possible to estimate prevalence or
conclude on impact of minority variants. Other studies on minority variants have
been in the context of PMTCT to examine the impact of short course Zidovudine
and single dose nevirapine on the development of resistance mutations in minority

virus (358, 359) which could compromise future ART in the mother.

In my study, there was no demonstrable impact on virological suppression as a
result of the presence of resistant mutations in either majority or minority variants.
This finding remained robust when analysis was restricted to presence of NNRTI
mutations in minority or majority virus, despite nearly all individuals being on an
NNRTI-based first-line regimen. These results contradict the findings from a
multicountry study involving over 2000 patients, which concluded that the presence
of pre-treatment drug resistance was associated with virological failure in one
publication (292) or increased treatment switches for presumed virological failure in
another publication (272). A few other smaller studies have not reached the same

conclusions (293, 294).

The impact of minority variants on virological response remains a thorny subject
with some studies, primarily from high income countries, showing an association
with virological failure (197, 356, 360-366) and as many studies showing no

evidence of an effect (294, 353, 367-374).

The majority of my cohort had single class resistance, primarily of the NNRTI drug
class, even after accounting for minority variants. Hence, the genotypic sensitivity
score (the number of active drugs) for the first-line regimen was two in about 99%
of patients. It was possible that tenofovir and emtricitabine were potent enough to
result in virological suppression. Furthermore, | only detected minority variants

above the 2% threshold which is a potential limitation of the study as some studies
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have shown that minority variants present at the 0.5-1% threshold could be
clinically relevant (356, 361, 362, 364). It is possible that individuals classified as
having no mutations in this study could actually harbour some clinically relevant
minority variants thereby making it difficult to explore differences between groups,
if any differences do indeed exist. Much lower cut-offs will result in increased
artefacts from amplification errors or spontaneously generated mutants from error
prone reverse transcriptase (375, 376). It is worth mentioning that these studies
have used different technologies to identify low frequency variants, employed
different sensitivity thresholds, different ART regimen and patient populations with

varying duration of infection.

In addition, | found that a higher self-reported adherence was independently
associated with virological suppression whilst individuals initiating ART at the
highest viral load stratum were less likely to achieve virological suppression. A
review of 10 studies on minority variants in high income countries, which concluded
that the presence of minority variants was associated with increased virological
failure, also examined the role of medication adherence in the same way as
stratified in my study (364). They found an interaction between medication
adherence and the risk of virological failure. In this study, having a good adherence
partially compensated for the impact of minority variants, while the presence of
minority variants coupled with an adherence <95% was associated with

substantially increased risk of virological failure.

The association of high viral load with poorer virological outcomes as in my study,
was also reported in other studies (377) (378) is independent of CD4 count at
initiation and adherence. Nevertheless, individuals with high baseline viral load
who are initiating ART will need to be counselled on adherence to maximise their

chances of achieving virological suppression.

One of the strengths of this MD study lies in the large sample size in comparison to
all but one study identified in Africa. As a result, | was able to estimate the

prevalence of minority drug resistant variants, the first study to do this in the
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African setting. It is also larger than the only other study in the African setting to

examine the impact of minority variants on virological outcomes (353).

Secondly, the proportion of individuals with missing viral loads information was low
(9%). There was no difference in the frequency of any pre-treatment drug
resistance in those excluded as a result of missing viral load compared to those

included, thus reducing the potential for selection bias as a result of missingness.

A limitation of the study was that only a third of patients with recent infection had
plasma sample available for deep sequencing, the rest of the individuals had DBS,
which only allowed Sanger sequencing. The prevalence of pre-treatment drug
resistance estimated in majority virus using deep sequencing in these 88
individuals was significantly higher than that of the overall sample. This raises the
question whether Sanger sequencing on DBS samples could have underestimated
the prevalence of pre-treatment drug resistance in majority virus in recently
infected patients. Furthermore, just over half of all recently infected patients were
sequenced. There is no reason to suspect that individuals with pre-treatment drug
resistance would have been more or less likely to be sequenced, making selection

bias unlikely.

In conclusion, | found a moderate prevalence of pre-treatnent drug resistance in
this cohort mainly driven by a high prevalence of resistance to the NNRTI drug
class. This is not surprising as the preferred first-line ART in my cohort was
efavirenz-based. Nevirapine, another NNRTI, was also used prior to the change to
efavirenz. However, | found the low prevalence of transmitted K65R, associated

with tenofovir use, surprising but encouraging.

| found no evidence of an association between the presence of resistant minority or
majority variants with virological suppression. The health system needs to be
strengthened to educate individuals initiating ART on adherence and prompt
identification of individuals failing therapy with switching to second-line ART to

prevent transmission of drug resistant HIV. The long-term clinical outcome and the
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durability of virological suppression in individuals with resistant virus warrant further

studies.
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Chapter 8 Discussion

This thesis sets out to address the question whether earlier treatment of HIV will
lead to drug resistance of the prevalence and form likely to make future elimination
difficult in a HIV hyperendemic setting in rural KwaZulu-Natal, South Africa. To
address this question, | used data from a large cluster randomised trial which |
implemented, to investigate whether universal home-based HIV testing followed by
immediate offer of ART regardless of CD4 count can result in population level
reduction of HIV incidence. Within this trial, the overarching aim of my MD research
was to establish whether treatment at high CD4 counts will lead to poor adherence
to ART, as most would feel well at that stage and, therefore may not perceive ART
to be immediately beneficial to their health. This could lead to virological failure and
the development and transmission of drug resistant HIV. My main findings have

been discussed in their respective chapters and are summarised below.

8.1 Main findings

8.1.1 Impact of CD4 count at ART initiation on adherence

Adherence measured by the visual analogue scale was optimal in 86% of visits
during the first 12 months of ART and there was no evidence of a significant
association between CD4 count at ART initiation and adherence during the first 12
months of ART. The median CD4 count at ART initiation for the cohort was 351
cells/mm?3 (IQR 236, 502) suggesting that most if not all cohort participants would
have been in relatively good health, in contrast to findings from the only two studies
identified in Africa (227, 228) in which CD4 count at ART initiation was examined
as a factor associated with adherence. A recent systematic review showed that the
mean CD4 count at ART initiation in sub-Saharan Africa has not improved in the
last 10 years, at 152 cells/mm3 in 2002 and 140 cells/mm?3 (222) in 2012, despite
expanding ART treatment eligibility criteria and individuals presenting to care with a

much higher CD4 count than was previously the case. In a sub-analysis in the
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review, the situation in South Africa was similar. My study is the first in the African
setting to examine factors associated with adherence in individuals who initiated

ART regardless of CD4 cell count.

| also identified modifiable risk factors associated with non-optimal adherence such
as food insecurity and not being on a single tablet regimen, like the fixed dose
combination of tenofovir, emtricitabine and efavirenz. Male sex was associated
with increased probability of non-optimal adherence, but this is not a risk factor that
is modifiable. Studies to understand why adherence is poorer in men and how to

intervene are required.

8.1.2 Virological suppression and acquired resistance

I examined the relationship between CD4 count at ART initiation, adherence and
other factors with virological suppression in individuals ART-naive at entry into the
trial. | also examined the factors associated with virological suppression at entry
into the trial in individuals who were ART-experienced at their first trial clinic visit. |
quantified acquired resistance in individuals from both groups combined who

developed virological failure.

Virological suppression was high, 94% and 97% at six and 12 months respectively,
in individuals who initiated ART within the trial. On the other hand, virological
suppression was modest at the first clinic visit in individuals already established on
ART in the public ART programme at 79% after a median ART duration of 3.7
years. Amongst individuals who fulfilled the criteria for virological failure and had

genotype results available, 88% had at least one drug resistance mutation.

Amongst individuals who initiated ART within the trial, a high CD4 count at initiation
was associated with a significantly increased probability of virological suppression
six months post-ART initiation. Optimal adherence ( 295%) was independently
associated with increased probability of virological suppression after adjusting for
CD4 count at initiation. The effect of CD4 count on virological suppression was

similar even for individuals within the same adherence stratum, pointing to a
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probable biological rather than a behavioural effect. This is the first study in the
African setting examining factors associated with virological suppression in
individuals initiating ART at CD4 counts >350 cells/mm?. Other factors associated
with increased probability of virological suppression were being on a single tablet
regimen, older age and having a high self-reported health status. Being a student
and having a high baseline viral load were associated with a decreased probability
of virological suppression. The association of older age with increased virological
suppression was often attributed to better adherence in older individuals. In my

study, this association remained significant after adjusting for adherence.

The high virological suppression seen in individuals who initiated ART within the
trial was not observed in those who were ART-experienced at trial entry suggesting
a difference in the quality of care within the trial and the public ART programme.
Virological suppression was 79% in individuals on ART at entry into the trial,
although these individuals had been on ART for considerably longer than in those
who initiated within the trial. These individuals initiated ART according to South
African guidelines which had evolved from a CD4 of 200 cells/mm? to 500 cell/mm3
as at the end of follow up in June 2016 (15, 22, 23, 379). The median CD4 count at
ART initiation was much lower at 176 cells/mm3 than in those initiating ART in the
trial clinics. Nevertheless, we found some common factors associated with
virological suppression between those who initiated ART within the trial and those
already established on ART at trial entry. In those ART-experienced at trial entry, a
high CD4 count at initiation was associated with increased probability of virological
suppression which was also seen in those who initiated ART within the trial. Older
age was also associated with increased probability of virological suppression. Male
sex and non-disclosure of HIV-positive status to anyone was associated with a
decreased probability of virological suppression. | could not examine the impact of
adherence because there were no data available in this group prior to joining the
trial. Despite 20% not being virologically suppressed and nearly all satisfying the
definition for virological failure, no one was on second-line protease-based regimen

at trial entry.
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Not surprisingly, high levels of drug resistance were observed in individuals with
virological failure with nearly 90% of individuals having at least one drug resistant
mutation. Amongst those with virological failure, resistance mutations were more
extensive in individuals ART-experienced at entry into the trial than in those who
initiated ART within the trial. This could be because those ART-experienced at
entry spent a comparatively longer time on a failing regimen without being switched

to second-line ART, allowing for the development of drug resistant mutants.

The M184V/I mutation which confers resistance to lamivudine and emtricitabine
was the most common mutation followed by the K103N/S mutation which confers
high level resistance to nevirapine and efavirenz. This finding is consistent with the
current first-line ART regimen in use within the trial and the public health ART
programme (15). 25% of individuals who underwent genotype testing had the
K65R mutation associated with tenofovir resistance. This reflects an increase in the
use of tenofovir due to changing guidelines with tenofovir now being the preferred
NRTI for first-line ART unless clinically indicated otherwise. Only one individual
would have initiated a compromised second-line ART based on South African
guidelines when | examined all individuals with extensive mutations comprising
thymidine analogue mutations, with and without tenofovir resistance, and non-
nucleoside reverse transcriptase inhibitor mutations. This is because switch to

second-line ART is not informed by genotypic resistance test results.

20% of individuals genotyped resuppressed on the same regimen, even though
nearly two-thirds of them had at least one drug resistant mutation present. The
resistant mutations present at the time of virological failure was not very different
from those present pre-treatment in the few individuals in which it was possible to
assess resistance. Of the three individuals that had resistance both at baseline
(pre-treatment) and at virological failure, two resuppressed on their first-line

regimen.
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8.1.3 Pre-treatment drug resistance and response to first line

ART

| observed an overall moderate prevalence of pre-treatment drug resistance in
majority virus of 8.7%, which was similar for both chronic and recent infections.
However, the prevalence doubled when minority variants were taken into account
at the 2% detection limit. The majority of the mutations identified in both majority
and minority variants belonged to the NNRTI drug class and the K103N/S mutation
was dominant. This mutation results in high level resistance to both nevirapine and
efavirenz. The K65R mutation associated with tenofovir resistance was rare,
despite being relatively common in individuals with virological failure raising further
guestions about the transmissibility of this mutation. Seven individuals had dual
class resistance (six with NRTI & NNRTI drug classes and one with NNRTI and PI
drug classes) in majority virus amongst those with chronic infection but no one had
dual class resistance amongst those recently infected. Triple class resistance was
absent for both groups in majority virus. This is the first study in the African setting
to extensively report on the prevalence of pre-treatment minority drug resistant
mutations and the biggest study to examine the impact of minority variants in the

same setting.

There was weak evidence that those who were recently infected were more likely
to have pre-treatment drug resistance than in those chronically infected. This
analyses was done with the 88 recently infected individuals who had plasma
samples with pre-treatment resistance identified using deep sequencing. The
analyses including all 277 recently infected patients using Sanger sequencing
(because of the 189 individuals with only dried blood samples), showed a similar
prevalence between recently infected (9.0%) and chronically infected patients
(8.0%) with confidence intervals that overlap. As the factor analysis for pre-
treatment drug resistance included only a fraction of all those recently infected, It is
difficult to conclude that there is a true difference between recently and chronically

infected patients.
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There was also weak evidence that being married or divorced was associated with

decreased probability of pre-treatment drug resistance.

There was no evidence that the presence of any pre-treatment HIV drug resistance
in minority or majority virus was significantly associated with virological
suppression. Older age and optimal adherence (295%) were associated with
increased probability of virological suppression while male sex and a high baseline
viral load were associated with decreased probability of virological suppression.
The findings were qualitatively similar when | examined the impact of having any
non-nucleoside reverse transcriptase inhibitor mutations on virological
suppression. The biggest study in Africa to date (292) found that pre-treatment
drug resistance was associated with subsequent virological failure on treatment.
Although, my thesis is focused on virological suppression, it is unlikely | would find
an association of pre-treatment resistance with virological failure in my study as |
was not able to demonstrate any difference in virological suppression in individuals

with and without pre-treatment drug resistance.

8.2 Implications of results and contribution to knowledge

The latest WHO ART guidelines recommend ART for all HIV-positive individuals
regardless of CD4 count (105) based primarily on the results of the START (16)
and TEMPRANO (17) trials which both showed individual health benefits of
initiating ART early and the potential for population level reduction of HIV
incidence. ART has been demonstrated to reduce HIV acquisition within stable HIV
serodiscordant couples (21); this has not been shown to be the case at the
population level in a recent cluster randomised trial that investigated this (96). The
ANRS 12249 trial showed no difference in HIV incidence between the intervention
arm in which all HIV-positive individuals were offered ART regardless of CD4 count
and the control arm in which ART was offered according to South African
guidelines. Poor linkage of HIV-positive individuals to care was one of the reasons

suggested for this lack of effect. However evidence from observational (14) and
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ecological studies (380) (97) (99) suggest an impact of ART on population level

reduction in HIV incidence.

South Africa has adopted the recent WHO guidelines since September 2016 (15).
Despite this bold policy decision, there is a lack of good quality evidence in the
African setting on the impact of high CD4 count at ART initiation on adherence.
Concern has been expressed that individuals initiating ART at high CD4 count may
not be motivated to adhere to treatment lifelong, given the absence of HIV-related
symptoms and signs. The resulting poor adherence could lead to virological failure
and the development and transmission of drug resistant HIV. | identified only two
studies in the African setting in which individuals with high CD4 count at initiation
were included in the assessment of factors for adherence (227, 228). Even though
these studies included individuals with CD4 >350 cells/mm3, the median CD4
counts at ART initiation in these studies were low; one study reported a high CD4
count at ART initiation to be associated with a poorer adherence (227) whilst the
other study reported no association between CD4 count at ART initiation and
adherence (228). In my study, | found no evidence of an association between CD4
count at ART initiation and adherence in individuals with a high median CD4 count
at ART initiation. This finding is reassuring from a policy perspective, as universal
HIV test and treat has since been implemented. My results corroborate findings of
a systematic review that compared adherence in individuals initiating ART at high
CD4 count in high income countries (226). | have only examined adherence during
the first 12 months of ART. Over this relatively short period of time, optimal
adherence was present in 86% of visits. This falls short of the >90% required as
the target set by the WHO for the percentage of patients picking up their pills on
time in the first 12 months post-ART initiation.This is one of the early warning
indicators for the prevention of HIV drug resistance. On time pill pick up is used as
a proxy to measure adherence, as many ART programmes found it easier to report
this indicator rather than the previous WHO indicator that was based on actual
adherence measurements (32). ART is required lifelong, hence optimal adherence

to ART needs to be lifelong as well. Some studies have shown that adherence
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wanes with time (133, 134), therefore continued vigilance and on-going adherence
support will be required to maintain or improve adherence for optimal health

outcomes to be sustained.

Virological suppression was very high (>90%) in individuals who initiated ART

within the trial but only modest (79%) in individuals ART-experienced at entry.

I had assumed that given the lack of a statistically significant relationship between
CD4 count at ART initiation and adherence amongst individuals who initiated ART
within the trial, there would also be no significant relationship between CD4 count
at ART initiation and virological suppression. | hypothesized that individuals with
high CD4 count would have reduced adherence leading to reduced virological
suppression in this group. Despite the lack of a statistically significant relationship
between CD4 count and adherence, | found that having a high CD4 count at ART
initiation was associated with an increased probability of virological suppression,
even amongst individuals with the same level of adherence. To date, no study in
the African setting has examined the relationship between individuals initiating ART
at high CD4 count, and other risk factors with suppression. The TEMPRANO study
conducted in Ivory Coast (17) reported virological suppression at 12 and 24
months in the immediate therapy arm in individuals initiating ART at CD4 <800
cellsimm?3 and the deferred therapy arm in those initiating according to standard of
care. That study did not, however, explore risk factors for virological suppression at
high CD4 count. My finding suggests that the association of high CD4 count with
increased virological suppression is not just behavioural (that is due to high level of
adherence in that group) but could also be biological. | found a 26% increase in the
odds of virological suppression with every 100 units increase in CD4 count at
initiation (p=0.009). The strength of this association makes it unlikely to be due to
chance. If there is indeed a biological factor, then this is likely to be host-related.
Perhaps, a relatively intact immune system is synergistic with the effect of ART.
Some studies have shown lower levels of immune activation and better immune
response in individuals who initiated ART earlier than those who initiated at low

CD4 counts mediated through virological suppression (381-383). | found a similar
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association when | examined those who were ART-experienced at trial entry. One
explanation for the disparity in the virological suppression rates between those who
initiated ART within the trial and those ART-experienced at trial entry could be the
difference in quality of care provided. It could also be due to those initiating ART
within the trial being prescribed a single tablet regimen (fixed dose combination of
tenofovir, emtricitabine, efavirenz) which is easier to take and have a better side-
effect profile whilst majority of those ART-experienced at trial entry were on
separate tablet regimes, having started off with stavudine or zidovudine containing

regimens which are known to be less tolerable due to side-effects (275).

Reluctance to switch to second-line treatment may be linked to the fact that the
South African public ART programme is predominantly nurse-led and nurses may
not be sufficiently confident to switch patients to second-line ART due to
inadequate training. Patient care in the trial was mainly nurse-led, with me being
available to see complicated patients including those with adherence issues. The
public ART programme uses the same model of care, but scheduled visits to the
primary care facilities by doctors from local district hospitals did not often happen
due to poor staffing, hence nurses had to make nearly all the decisions. Whilst
training the trial nurses, it emerged that in their previous employment, the nurses
would interpret a viral load decrease from 100,000 copies/mL to 80,000 copies/mL
in someone failing treatment as an improvement , and would reinforce adherence
and advice continuation of the same regimen. Furthermore even with the
availability of viral load tests in South Africa, patients from the public ART
programme were not monitored as per guidelines, resulting in infrequent viral load
tests. | estimated that just under a third of individuals who had been on ART for 12
months in the public ART programme had their 12 months viral load measured
even after allowing a three month window. The public ART programme probably
reflects reality but | have shown that it is possible to achieve high virological
suppression rates with additional resources. Apart from the availability of doctors,

additional resources provided in the trial were in the form of phone call and home
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visits for people missing appointments and adherence support in the form of

counselling and occasional assessment of the home situation.

I have shown that nearly 90% of people develop acquired resistance at virological
failure. This has implications for the public ART programme because of the
potential transmission of drug resistant HIV. With appropriate management, nearly
70% of people regained virological control either by a switch to second-line ART or
resuppression on the same regimen. There was no indication that resistance test
results would be required to guide a switch to second-line ART in individuals failing
first-line therapy as | only found one case in which the second-line ART proposed
by the South African guidelines was potentially compromised. The WHO
recommends monitoring of acquired resistance to inform decisions about second
and third-line ART in a public ART programme (216). Protease inhibitor-based
second-line ART with zidovudine and lamivudine as recommended by the South
African guideline appeared adequate as the majority of individuals were on
tenofovir-based first line regimen. However challenges arise in individuals with
renal problems because of drug stock outs affecting recommended alternatives
(384). The potential drawback of protease inhibitor-based second-line regimen is
the double boosting required in individuals taking rifampicin-based antituberculous
chemotherapy (15, 385). The increased pill burden and increased toxicity of
lopinavir/ritonavir makes this regimen less tolerable which could negatively impact
adherence. There is a move within South Africa to switch to dolutegravir-based
fixed dose combination for first-line ART, mainly dolutegravir and tenofovir
alafenamide with either lamivudine or emtricitabine (386). This combination has
never been used to date and clinical trials are planned to test the efficacy of this
combination in South Africa. The main attraction is the high genetic barrier of
dolutegravir to resistance (387, 388) with its more favourable toxicity profile
compared to efavirenz-based first-line ART (389). However, there are limited data
on the use of dolutegravir in patients with tuberculosis (390) and during pregnancy

(388). On the other hand, protease-inhibitor based second-line ART is likely to
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remain the standard of care in the near future in South Africa in particular and the

African setting in general.

In a public health approach, baseline resistance testing is not used to guide ART
initiation. However, the WHO recommends surveillance of pre-treatment drug
resistance in individuals initiating ART as a way of assessing if the first-line ART in
use in a country’s ART programme is still appropriate (216). A review of the first-
line ART used in a country is recommended if pre-treatment drug resistance to any
of the drug class making up the first-line regimen exceeds 15% (28). This
recommendation was based on the prevalence of the resistant mutant in majority
virus. | found a moderate prevalence of pre-treatment drug resistance (according to
the WHO classification of moderate prevalence (5-15%) of about 9% in my
research cohort with a doubling of prevalence when minority resistant variants
were taken into account. This was predominantly driven by resistance to the
NNRTI drug class with a moderate prevalence (5-15%), specifically the K103N/S
mutation. Pre-treatment drug resistance to the NRTI and Pl drug classes was <5%,
classified as low prevalence by the WHO. The high prevalence of transmitted
K103N/S, associated with nevirapine and efavirenz resistance is not surprising as
it reflects the regimen that has been in use in South Africa. Although, there was a
higher prevalence of acquired M184V mutation, associated with
lamivudine/emtricitabine resistance, one would expect this to be more commonly
transmitted. However, viruses harbouring the M184V mutation are less fit, hence
potentially less transmissible (271). This fithess cost to the virus also means it
reverts to the more fit wild type virus even after it is transmitted (391). However, the
K103N mutation is associated with a lower fithess cost to the virus, hence there is
no actual advantage to the virus in reverting to wild-type, hence this mutation tends
to persist (202, 203). The transmissibility of the K65R mutation remains a
controversial subject with some studies suggesting that viruses harbouring this
mutation are not easily transmissible (209) and other studies suggesting otherwise
(215). In the small numbers of individuals sequenced at virological failure in my

study, there was no evidence of a difference in the viral load of viruses with or
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without the K65R mutation. It is unlikely that transmission of the K65R mutation or
even NRTI drug class resistance, which is mainly tenofovir-based, will reach 15%
in South Africa in the near future. Some individuals had three or more drug

resistant mutations suggesting that they may have had previous exposure to ART.

My data did not show that the presence of pre-treatment drug resistance adversely
affects virological outcomes in the short-term. This could be because tenofovir and
emtricitabine were sufficient to bring about virological suppression, since the
majority of participants had resistance to only efavirenz. All other studies that have
shown that pre-treament drug resistance was associated with virological failure in
the African setting did not evaluate patients taking a fixed dose combination of
tenofovir, emtricitabine and efavirenz (292). It is possible that the contradictory
findings could potentially be related to a difference in regimen and or the form of

pre-treatment drug resistance present in those studies.

Clinical trials to compare current first-line regimen in South Africa (tenofovir,
emtricitabine, efavirenz) with dolutegravir-based first-line ART combined with
tenofovir alafenamide and lamivudine or emtricitabine are in advanced stage of
planning (386). Increasing first-line options in South Africa will be a welcome
development, as it is premature to comment on long-term clinical and virological

outcomes in patient with pre-treatment drug resistance based on my findings.

In the short-term | found no evidence that treating HIV earlier will lead to drug
resistance of the prevalence and form likely to make HIV elimination difficult. This
is based on adherence to ART which is independent of CD4 count at initiation and
superior virological suppression in individuals who initiated ART at higher CD4
counts. However, the majority of the few patients that failed developed resistance
which can be transmitted to sexual partners. There was no evidence that the
presence of pre-treatment drug resistance adversely impacted virological
suppression in the short-term. The main challenge might be in increasing uptake of
HIV test, so that individuals are aware of their HIV status. Improving public health

facilities to maximise virological suppression and retention will also be key.
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8.3 Limitations

| addressed specific limitations of my research in the respective chapters. An
important general limitation of my research was that it was undertaken within a
clinical trial, although there was no clinical exclusion criteria applied to the selection
of participants. All HIV-positive individuals, 16 years and above and resident within
the trial communities were eligible. In terms of clinical complexity, the patients were
‘real life’ patients, but benefitted from the close monitoring and improved care
expected in a clinical trial. This was obvious based on the disparity in virological
suppression rates between those initiated on ART within the trial and those arriving
in the trial already on ART. All the patients have now been transitioned to the
public ART programme with resources that may not be readily available to maintain
the same level of care that the patients were used to receiving in the trial. It would
be imperative to evaluate these patients now receiving care within the constraints

of ‘real life’ resources.

8.4 Recommendations

Successful clinical outcomes on antiretroviral therapy include durable virological
suppression and a reduction in morbidity and mortality (16, 17). There is strong
evidence that HIV-positive individuals who are virologically suppressed on ART are
less likely to transmit HIV to their sexual partners (21). Hence prevention of HIV
transmission through use of ART is now an accepted public health HIV prevention
strategy. The question is not so much whether HIV treatment is enough to bring
about HIV elimination but if, despite optimisation of other prevention strategies, the
anticipated increase in drug resistance resulting from treating HIV earlier will

attenuate the impact of combination HIV prevention efforts.

| identified a difference in the quality of care received by ART-naive individuals
initiated on ART within the trial and those ART-experienced on trial entry. This
inference is based on average 15% lower virological suppression in those ART-

experienced at trial entry despite >3 years on ART on average. The subsequent
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virological suppression following a switch to second-line protease inhibitor-based
ART in those with virological failure amongst the ART-experienced suggests that
they would do well given the right support and care. Optimal adherence is vital for
virological suppression. Potential barriers to adherence could be due to either
health system or patient-related factors (177). The South African ART guidelines
now recommend ART initiation regardless of CD4 count which would result in an
increase in the numbers of people requiring ART. With no planned increase in the
work-force, this would result in increased out-patient waiting times and an
overburdened and stressed workforce. It has been reported that the long-waiting
times have meant some patients would leave the health facility without being seen
and could be contributory factor to poor retention on ART (392, 393). A potential
solution to this challenge would be through the introduction of a chronic disease
model of care or differentiated care. This basically means identifying HIV-positive
patients who are stable on ART whom it would be safe to reduce the frequency of
clinic visits so they can receive their medications within the community (394, 395)
The WHO defines stable HIV-positive individuals as those who have been on ART
for = 1 year, with no side-effects requiring regular monitoring, no active comorbidity
or pregnhancy, not currently breastfeeding and who understand their disease and
are doing well on treatment (that is two consecutive viral load measurement <1000
copies/mL) (105). The rationale would be to create capacity within the clinics to
allow time to be devoted to sicker patients while patients doing well on ART are
incentivised with less clinic visits and dispensed ART for up to three months rather
than monthly, which is the usual practice. This model has already been
successfully implemented in a number of countries (395) including in some
townships in South Africa (396, 397). However, in South Africa, this was the
exception rather than the norm. In recognition of the pressure of increasing patient
load on the health care facilities, the South African government introduced the
Central Chronic Medicine Dispensing and Distribution (CCMDD) programme which
allows medicine from repeat scripts to be dispensed and distributed to community

pick up points (398). This model extends beyond just HIV to other chronic diseases
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such as hypertension, diabetes and mental health. Stable patients are identified by
healthcare staff in clinics and offered enrolment into the programme. Medication is
issued for one month on the day of clinic visits, and if enrolled, subsequent
medications are dispensed by a central point and distributed to a patient’s
preferred pick up point within the community set up for this purpose.There are
systems in place to notify patients that their medications are ready for collections at
their specified pick up point as well as systems for flagging up patients who failed
to attend for their pick up. This system is currently being rolled out across South
Africa. If it succeeds, it would provide immense benefits in curbing some of the
barriers to medication adherence such as long waiting times and travel distance to
clinic (392). However, in my study there was only a weak evidence of an
association between travel distance to clinic and adherence amongst those who
initiated ART within the trial. Having 22 trial clinics spread out across the
communities must have made access easier for patients, but this might not be the
case now the TasP trial communities are only served by three public ART clinics

following the closure of trial clinics at the end of the trial.

| observed that, patients who had virological failure at their first trial clinic visit
amongst those ART experienced were still taking their first line ART even though
they had been failing for a number of years. There are a number of reasons why
this situation could have arisen; lack of adherence to guidelines on patient
monitoring, with only a third of ART-experienced patients observed to have
documented 12 months viral load, failure to check results of blood tests after they
have been requested, failure to transmit blood results from the laboratory in the
local district hospital to the primary health care clinics and or nurses not feeling
competent to act on abnormal results. The ART programme in South Africa is
primarily nurse-led. These nurses were supposed to have received training on the
“Nurse initiated management of antiretroviral therapy” (399, 400), however not all
nurses have been able to go through this training programme. The few who have
often seek employment with non-governmental organisations further depleting the

public sector of much needed workforce. The nurses will often reinforce adherence
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during each visit for patients failing treatment, with a referral for doctor review at
the next clinic visit. In principle, primary health care clinics are visited weekly by
doctors from the local district hospitals but these visits are not regular as a result of
staff shortages in the hospital. Hence patients go through a cycle of adherence
counselling at each visit with no decision taken about switching ART. This situation
could partly be resolved by capacitating nurses to be able to switch patients to
second-line therapy. Computers and fax machines for receiving results from the
laboratory, are often not in good working order as repair or replacement sometimes
take several months or in some cases does not happen. With the introduction of
the ideal clinic initiative by the South African government (401) which basically
means making primary health care clinics fit for purpose with infrastructure
rehabilitation, adequate human resources and streamlined care through additional
investments, it is anticipated that some of these challenges would be addressed in

the coming years.

In the trial, there was a system in place for following up patients who missed clinic
appointments, through phone calls from the counsellors or nurses in the trial
clinics. If the patient failed to attend after a phone call or if they were not contacted,
the patient would be visited in their homes by healthcare staff employed as
trackers. All patients were asked for consent at the first clinic visit to allow home
visits should they fail to attend their clinic appointments. This model already exists
in the public ART programme, but its implementation is very clinic and area
dependent. Currently nurses should be phoning patients who missed their
appointments and offering them alternative appointments, but whether this
happens or not depends on the motivation and time to do it. Community care
givers who operate within clinic catchment areas have the responsibility of tracking
patients who failed their clinic appointments and increasingly play important roles
in community adherence clubs and as patient advocates (402). The community
care givers will need to work in close collaboration with the clinics in their

catchment areas so that there is bidirectional flow of information between them and
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the facility-based health care workers so as to increase the effectiveness of the

community care givers.

There should be ongoing surveillance of pre-treatment and acquired drug
resistance in the population. Surveillance of pre-treament drug resistance will help
inform choice of first-line regimen for the ART programme while surveillance of

acquired resistance will help inform choice of second and third-line ART.

8.5 Futureresearch

In the short-term, adherence in individuals initiating ART at CD4 > 350 cells/mm?3
has been as good as those initiating ART at lower CD4 counts. Individuals with
higher CD4 counts were observed to have superior virological suppression. Pre-
treatment drug resistance did not appear to have an impact on virological
suppression over the short duration participants were followed up on ART. To
address the question as to whether early treatment of HIV will lead to drug
resistance of the form and prevalence likely to make HIV elimination difficult will
require long-term studies in population initiating ART at higher CD4 counts. The
future research question will focus on the long-term clinical outcomes of HIV-
positive individuals initiating ART regardless of CD4 counts. HIV prevalence
continues to rise because of a decrease in mortality due to ART and a failure of
incidence to decrease at least in the community in which my research was
conducted (96). This coupled with a fragile health system with poor patient
monitoring will likely result in an increase in the numbers of individuals with
virological failure. Furthermore as individuals on second-line therapy start to fail

ART, decisions will need to be made as to what an appropriate third-line ART

would be. Over the next 5 years, | would like to characterise the performance of the

ART programme by evaluating long-term clinical outcomes and resistance patterns

in the population. This would also identify gaps in the implementation of the

recommendations | made above some of which are already being implemented.

Data generated from this research will be used to parameterise models such as the
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HIV synthesis model (403), which also takes into account the different resistance
mutations and impact on drug activity, to make future projections about the impact

of ART on HIV prevention.

8.6 Conclusion

Early initiation of antiretroviral therapy has proven individual and public health
benefits. This research demonstrated that in the short-term, concerns about
whether HIV-positive individuals treated at high CD4 counts, the majority of whom
would be asymptomatic, would be motivated to adhere to ART may be unfounded.
Virological suppression was superior in individuals who initiated ART at higher CD4
count, and this was not explained by adherence. Although drug resistance
mutations continue to emerge in individuals failing ART with a consequent
moderate prevalence in pre-treatment drug resistance, the levels do not seem to
threaten the ART programme in the short-term. Long-term studies will be critical in

assessing the durability of these favourable outcomes.
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7"\ Ukuphila kwami, ukuphila kwethu
\ / Africa Centre TasP Trial

Individual Questionnaire

1. Individual Identification
Surname

Maiden name

First Name(s) 1
2.

2. Operational Details

A. Fieldworker attempts
Staff member Attempt Date

4.
B. Tracker / Special Task Team Attempts

1.
2.

3.

Sex Male
Female
Date of Birth

South African ID

1/8

BSID

TasP ID

Visit Date

Fieldworker
Cell 1.

2.
L
Comment
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3. Education and Marital Status
3.1 What is the highest level of education you have completed?

None Completed Primary Completed Secondary Don't know

Some Primary Some secondary Higher Refused
3.2 What is your current marital status?

Never been married Married (monogamous) Divorced/Separated Refused

Engaged Married (polygamous) Widowed

3.3 Are you currently living with a husband/wife/partner?

Yes No Refused

4. Employment and Income
I would now like to ask you about your employment status, any social grants that you receive, and any regular income you receive each month.
4.1 Are you currently in employment?

Yes, full-time Yes, Part-time No—> 4.3 Don't know
Refused

4.2 Are you self-employed or an employee?

Self-employed — 4.4 Employee — 4.4 Don't know Refused

4.3 If you are not currently doing anything to earn money, then are you:
Studying Looking for work Nothing (not looking) Retired / Old age Don't know

Pregnant Other Sick or injured Refused

Please specify

4.4 Do you receive any Government Grant for yourself or on behalf of someone else?

Yes No, None Don't know Refused
How many of each type of grant do you receive? Child support grants Old age pension grants
If none put zero Foster care grants Other grants
Disability (Care grants I—>specify
Dependancy)

4.5 Do you receive a regular income (money) other than a government grant. For example money you receive from an employer?
Yes No Don't know Refused

|—> 4.6 How much? R Don't know Refused
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5. Attitudes towards HIV testing

5.1 There are many places to get an HIV test. Which is the best place to get tested?

Home Clinic Other Refused
Hospital Private Doctor Don't know
Counselling Centre Mobile testing unit

5.2 Do you know your HIV status?

Yes No Not sure Refused
5.3 When was the last time you had an HIV test? (Explain we are NOT asking about the test result)

In the last 6 months More than a year ago Refused

6 months to 1 year ago Never HIV-tested —> Q5.7

5.4 Where did you test the last time you had an HIV test?

Home Ante-natal clinic Mobile testing unit Refused
Hospital Other Clinic Other
Counselling Centre Private Doctor Don't know

5.5 Would you be willing to share your HIV test results with this study?
Yes No Not sure Refused
—> Q56
5.6 What is your HIV status?
Positive Negative Not sure Refused
5.7 According to you, when do you think people should test for HIV?
[ ] when they feel sick
T’;,’;?” |:| When suggested by a counsellor or healthcare professional
apply |:| When they have had unprotected sex

|:| Regularly, as part of looking after their health ——> 5.6 How often?

|:| Don't know Once a year Every six months
|:| Refused More often than once every 6 months Don't know
Refused
Please tell me whether you agree or disagree with the following statements. Agree Disagree Don't know Refused

5.8 People in your community do not blame people for having HIV.

5.9 People in your community avoid people with HIV.

5.10 | believe antiretroviral drugs make people with HIV less infectious.

5.11 | am less worried about HIV now treatments have improved.

5.12 If I were HIV-positive, | would want to start taking ARVs as soon as possible.

5.13 People in my community are more willing to talk openly about HIV than they
were a year or so ago.

5.14 People in this community are less worried about HIV than they were a year or
S0 ago.

5.15 Do you know someone with HIV? (Explain that we're NOT asking for their names)

Yes No —> Section 6 Not sure Refused
5.13 Who do you know? [ | I am HIV-positive myself [ ] Someone in my family
Tick all
tha’tcapaply [ ] one of my friends [ ] someone in my community

6. Alcohol
6.1 Do you ever drink alcohol?

Yes No Refused

6.2 How many times in the past six months, have you had more than three big bottles of beer and/or more than 6
glasses of other alcoholich drinks to drink on one occasion?

Never or only once Less than once a month Once monthly Once weekly

Every or nearly every week Every or nearly every day Refused
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7. Safety and security.

| shall now ask about safery and security in your community.

Please tell me whether you agree or disagree with the following statements. Disagree Don't know

Agree Refused
7.1  Safety and security are major issues in this community.

7.2 | always feel safe in my community.

7.3 | have been a victim of crime in the last 12 months.

7.4 | have been a victim of a sexual crime in the last 12 months

7.5 Inthe last 12 months | have been forced to have sex that | didn't want, either
by my regular partner or by someone else.

7.6 | would feel able to report a crime of a sexual nature to the police

8. Health care Expenditure

I shall now ask about how you provide for your own health care and how much you had to pay for that. In the LAST FOUR WEEKS, have you used
any of the following healthy services?

8.1 Ask about each one, record how many visits (or inpatient days) and the cost. (Don't know=96/9996, 98/9998=Refused)

Type of facility or service Visits/inpatient days (if none, put zero) Cost (If none, put zero)

Primary care clinic (times) |__|__| S T
Chemist/pharmacy (times) |__|__| R_ |||
A hospital emergency/outpatient department (times) |__|__| S I
Inpatient stay in hospital (days) |__|_| S T
A private doctor (times) |__|__| R__ |||
A traditional healer (times) |__|__| R

9. Sexual Relationships
9.1 Have you ever had sex? (Explain what is meant by 'Having sex)'

Yes No — Section 10 Refused

9.2 How old were you when you first had sex?

years If under 12, comment:
Don't know
Refused
9.3 How many sexual partners have you had in your lifetime? partners
9.4 How many sexual partners, in total, have you had in the last 12 months? partners

Sometimes people have more than one relationship at the same time

9.5 How many relationships are you in at the moment? relationships

9.6 In the last 12 months have you had sex with someone who you know for certain was HIV Positive?

Yes No Refused

The following questions are about sexual partners in the last year. (If no partners in the last 12 months reported then ask only about the most recent partner only
to be sure to indicate carefully the time since that partner in item 45). No names will be used during analysis and only group data will be presented

Most Recent Partner Previous Partner 1 Previous Partner 2

9.7 Remembering the most

recent/previous time you
had sex, what was your
relationship to that
partner at the time?

Current spouse
(at the time)

Current regular partner
(at the time)

Former spouse / regular
partner

Casual partner
Other

4/8

Current spouse
(at the time)

Current regular partner
(at the time)

Former spouse / regular
partner

Casual partner
Other

Current spouse
(at the time)

Current regular partner
(at the time)

Former spouse / regular
partner

Casual partner
Other
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9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15

9.16

9.17

9.18

Did you know this
partner's HIV status?

Are you willing to share
this partner's HIV status

What is this partner's
HIV status?

Are you still in a sexual
relationship with this
partner?

When was the last time
you had sex with this
partner?

Is this partner older,
younger or about the
same age?

About how many years
[older / younger]?
(Record actual number
or 98=Don't know)

Where does this partner
normally reside?

Always enter local area

Did you use a condom
the last time you had
sex with this partner?

How long were you / have
you been sexually
involved with this partner?

How many times have you
had sexual intercourse
with this partner in the last
three months?

Number

Number

Yes—5 99

No—— 9.11
Don't know

Refused

Yes

No

Don't know

Refused

Positive
Negative
Don't know

Refused

Yes

No

Don't know

Refused

Days DK
Months Rfs
Weeks

Years

Older
Younger
Same age

Don't know

years younger/older

With Member
Elsewhere in this Isigodi
Outside this Isigodi
Don't know

Refused

His/Her

Isigodi
Local area

Yes

No

Don't know

Refused

Days DK
Months Rfs
Weeks

Years

No. of times

Don't know
Refused
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Number

Yes— 99
No —— 9.1
Don't know

Refused

Yes
No
Don't know

Refused

Positive
Negative
Don't know

Refused

Yes
No
Don't know

Refused

Days DK
Months Rfs
Weeks

Years

Older
Younger
Same age

Don't know

years younger/older

At this homestead
Elsewhere in this Isigodi
Outside this Isigodi
Don't know

Refused

His/Her

Isigodi

Local area

Yes

No
Don't know

Refused

Days DK

Number Months Rfs

Weeks

Years

No. of times

Don't know
Refused

Number

Yes— 9.9

No—— 9.11
Don't know

Refused

Yes

No

Don't know

Refused

Positive
Negative
Don't know

Refused

Yes

No

Don't know

Refused

Days DK
Months Rfs
Weeks

Years

Older

Younger

Same age

Don't know

years younger/older

At this homestead
Elsewhere in this Isigodi
Outside this Isigodi
Don't know

Refused

His/Her

Isigodi

Local area

Yes

No
Don't know

Refused

Days DK

Number Months Rfs

Weeks

Years

No. of times

Don't know
Refused
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9.19 On how many of these

. . No. of times No. of times
occasions did you and
your partner use condoms | Don't know Don't know
Refused Refused

10. Parenthood and Pregnancy  (Females only)
10.1 Have you ever been pregnant?

Yes No—— 104
10.2 How many children have you had? (include those that have died)

children Don't know

No. of times

Don't know

Refused

Refused

Refused

10.3 Some women have children with more than one man. How many fathers do your children have?

fathers Don't know
10.4 Do you plan to have a(nother) child?
Yes, | would like another child one day No
Yes, | am trying to have another child now No, | can no longer have children
Yes, | am already pregnant
Skip to Section 12

11. Parenthood and circumcision - (Males only)
11.1 Have you fathered any children?

Yes No —> 114 Don't know —> 11.4

|_> 11.2 How many children have you fathered (include those that have died)

children Don't know

Refused

Don't know

Refused

Refused —> 11.4

Refused

11.3 Some men have children with more than one woman. How many mothers do your children have?

mothers Don't know
11.4 Do you plan to have a(nother) child?
Yes, | would like another child one day No Don't know
Yes, | am trying to have another child now
Yes, my wife/partner is already pregnant

11.5 Are you circumcised?

Yes No —— Section 12
11. Where was the circumcision carried out?
Government hospital Other
Private clinic / hospital Specify

Dept. of Health camp (MCC)
11.7 When was the circumcision carried out?
As an infant Don't know

As a child or teenager

As an adult

11.8 Was this for cultural and/or health reasons?
Cultural reasons Don't know
Health reasons
Both
Neither

6/8

Refused

Refused

Refused

Don't know

Refused

Refused

Refused
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12. Quality of Life

12.1 Which of the following best describes your mobility today? The best health

| have no problems in walking about.
| have some problems walking about.

| am confined to bed.

12.2 Which of the following best describes your ability to care for yourself today?

| have no problems with self-care

| have some problems with washing or dressing myself

| am unable to wash or dress myself

12.3 Which of the following best describes your ability to do your usual activities today?
(e.g. work, study, housework, family or leisure activities)

| have no problems performing my usual activities. Refused
| have some problems performing my usual activities.

| am unable to perform my usual activities.

12.4 Which of the following best describes your level of pain or discomfort today?

| have no pain or discomfort.
| have moderate pain or discomfort.

| have extreme pain or discomfort.

12.5 Which of the following best describes your level of anxiety or depression today?

| am not anxious or depressed.

| am moderately anxious or depressed.

| am extremely anxious or depressed.

12.6 | would like to know how good or bad you rate your health TODAY

- This scale is numbered from 0 to 100

- 100 means the BEST health you can imagine.

- 0 means the WORST health you can imagine.

- Mark an X on the scale to indicate how your health is today.

- Now please write the number you marked on the scale in the box below

Your health today =

13. HIV Testing

you can imagine
p 100

Refused

©
a

©
o

T

Refused

|IIIT|TITI

~
o

(o2} (=2}
o (&)

ITI|I[I[|IIII

[
(4

IT

Refused

Refused

ITI[lIIII

N
o

-
(%)

=
o

ITIIlTITI

o

|||u‘uuh|||‘||||I||||||m|||||‘HHI||||‘||||I|m||u|Iml‘nnlnn

RN

— o

The worst health
you can imagine

13.1 Do you wish to consider HIV testing with one of the Ukuphila kwami, ukuphila kwethu staff today?

Yes No

I—> 13.2 Why not? [ I know my status is positive

Tick all that || | know my status is negative
apply |:| | don't want to disclose my status to anyone
[] 1 am afraid to know my status

|:| | can only test with my partner

|:| | would be afraid if my partner knew my status

[] other

[ ] Refused
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Appendix B: Consent form for home-based questionnaire
(English and IsiZulu)
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P& isEngisn  Ukuphila kwami, ukuphila kwethu CET

version is NOT Africa Centre TasP Trial
\X/ for use in the BSID
o ® field TasP ID
PARTICIPANT SIGNATURE SHEET N
I I I I I I I I I I INDIVIDUAL QUESTIONS Visit Date
AND DBS COLLECTION Fieldworker

Title of the research study:

Ukuphila kwami, ukuphila kwethu - Antiretroviral Treatment as Prevention (TasP) -A cluster-randomized trial in
Hlabisa sub-district, KwaZulu-Natal
ANRS 12249
Protocol V2.0- 9 January2014
Sponsor: ANRS - National AIDS Research Agency, Paris, France
Coordinating Centre: Africa Centre for Health and Population Studies,
University of KwaZulu-Natal, Somkhele, South Africa
This research study was approved by the Biomedical Research Ethics Committee of the University of KwaZulu-Natal
on 2 February 2012 and 6 July 2012.

Age of participant: Years If below 18 years, parent or guardian must sign to indicate their consent to the child's participation in the study.

Parent / guardian's name (print) Parent / guardian's signature Date

Participation consent:
| have been told about the above research study by a trained counsellor. | understand my participation in this study is
voluntary. No one can force me to participate.

I, agree to participate in this research study being done by the Africa Centre. | have
received and understood the study information sheet. | understand the benefits, difficulties and the implications for my
family and myself of participating in this research study. | understand that the test for HIV is voluntary. | have been told
where and when | can see a counsellor and obtain an HIV test if | do not want to have one today.

| consent to the following:
1) Answer the counsellor’'s questions about myself, my general health, my attitudes and beliefs about HIV, my
personal relationships and sexual behaviour. This takes about 15 minutes.

2) Provide a very small blood specimen - 5 dots dried into a piece of paper. To do this requires a tiny prick of one
of my fingers. Once the paper with the bloodspots is dry, the counsellors will place it in an envelope. All the
papers collected will be stored in a laboratory and only used for other research studies relating to HIV. |
understand that confidentiality is kept about these samples because they are coded and the laboratory does not
know my identity.

3) Discuss with the counsellor about taking the important step of learning my HIV status through a process of HIV
counseling and testing (HCT). | will be counseled separately about this, and asked to sign a separate consent
form like the ones used in the Department of Health clinics indicating my agreement to have an HIV test.
Having an HIV test today is not obligatory.

| know that | can leave the research study at any time without prejudice and that my treatment by the Health Services and
by Africa Centre staff will be exactly the same whether or not | choose to take part. | also understand that | am not giving up
any of my legal rights by signing this informed consent document.

Participant's name (print) Participant's signature Date
(Persons who cannot write may mark with X)

Name of staff member who  Staff Member's signature Date
administered consent (print)

Stick DBS
Specimen Id
barcode here

Witness' name (print) * Witness' signature Date
* Witness required only if the participant cannot write or if the participant asks for one.

This trial is conducted in accordance with international Guidelines for Good Clinical Practice in Clinical Trials and with the approval of both the University of
KwaZulu-Natal Biomedical Research Ethics Committee (6 July 2012) and the SA Medicines Control Council (28 June 2012).

Contact details:

Biomedical Research Ethics Administration, University of KwaZulu-Natal, Research Office, Westville Campus, Govan Mbeki Building

Private Bag X 54001, Durban, 4000, KwaZulu-Natal. Tel: 27 31 2604769 - Fax: 27 31 2604609 - Email: BREC@ukzn.ac.za

SA Medicines Control Council, Department of Health, Private Bag X828, PRETORIA 0001. Fax: 27 12 395 8775; Email: nkambp@health.gov.za
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73 Ukuphila kwami, ukuphila kwethu cz1

Africa Centre TasP Trial
PARTICIPANT SIGNATURE SHEET
TasP ID

N4
INDIVIDUAL QUESTIONS
I I I I I I I I I I AND DBS COLLECTION Visit Date

BSID

Round 1

Fieldworker

Isihloko Socwaningo:

Ukuphila kwami, ukuphila kwethu - Ukuvikela ngokusetshenziswa kwemishanguzo (TasP) -Ucwaningo olwenziwa ezigodini
ezingaphansi kwesifunda sakwaHIabisa lungekho uhlelo olugondile lokukhetha abantu,
KwaZuluNatali
ANRS 12249
Uhlelo lwemithetho V2.0 - 9 January 2014
Umxhasi: ANRS - National AIDS Research Agency, Paris, France
Isikhungo esixhumanisayo: Africa Centre for Health and Population Studies,
University of KwaZulu-Natal, Somkhele, South Africa
Lolucwaningo luphasiswe ikomidi elibhekelela amalungelo kwezocwaningo lwezempilo lase
Nyuvesi yakwaZulu-Natali mhlaka - 2 Feb 2012 nangomhlaka 6 July 2012,

Ubudala iminy Uma ingaphansi kuka-18, umzali noma umbheki kumele asayine ukuvumela ingane ukuthi ibambe

Igama lomzali /mbheki (Loba) Ukusayina komzali / mbheki Usuku

Iphepha lemvume lokubamba ighaza:
Sengichazeliwe ngocwaningo olungenhla ngumaluleki ogeqeshiwe. Ngiyagondisisa ukuthi ukubamba ighaza kwami kulolucwaningo

kungokuzikhethela kwami. Akekho namunye ongangiphogelela ukubamba ighaza.

Mina, ngiyavuma ukuba yingxenye yocwaningo olwenziwa yi-Africa Centre. Ngilitholile iphepha
lolwazi futhi ngaligondisisa. Ngiyakugonda ukuhlomula, ubunzima kanye nemthelela okungaba nawo emndenini wami nakimi ukuba
yingxenye yalolucwaningo. Ngiyagonda ukuthi ukuhlolela igciwane le-HIV kungokuzikhethela kwami. Ngichazeliwe ukuthi ngingamubona
kuphi nanini umaluleki ngihlolele i-HIV uma ngingathandi ukuhlolwa namuhla.

Ngiyavuma kulokhu okulandelayo:

1) Ukuphendula umaluleki imibuzo emayelana nami, isimo sempilo yami, indlela engicabanga ngayo, nezinkolelo zami nge-HIV,
ubudlelwano enginabo nokuziphatha kwami ngezocansi. Lokhu kuzothatha imizuzu engevile kweyishumi nanhlanu.

2) Ukunikezela ngeconsi legazi - amaconsi amahlanu omisiwe esigeshini esincane sephepha. Ukwenza lokhu kuzodinga ukuthi
ngichofozwe kancane emunweni owodwa. Uma iphepha elinamaconsi egazi selomile, umaluleki uyobe eselifaka emvilophini.
Wonke amaphepha agoqiwe azobekwa e-laboratory ayosetshenziselwa kuphela olunye ucwaningo oluphathelene ne-HIV.
Ngiyagonda ukuthi ukuthathwa kwalama sampula egazi kugcineka kuyimfihlo ngoba kusetshenziswa amakhodi ne-laboratory
angeke yazi ukuthi yimina.

3) Ukuxoxisana nomaluleki ngokuthatha igxathu elibalulekile lokwazi ngesimo sami se-HIV ngohlelo lokwalulekwa nokuhlolela i-HIV
(HCT). Ngizokwalulekwa ngokwahlukile ngalokhu, ngisayine iphepha lemvume elifana nelisetshenziswa emitholampilo
yoMnyango Wezempilo elizoveza ukuvuma kwami ukuhlolela i-HIV. Ukuhlolela i-HIV nhamuhla akusiyona impoqo.

Igama lobamba ighaza (loba) Obamba ighaza uyasayina Usuku
(Kongakwazi ukubhalo loba u X)

Igama lomsebenzi onikezele Ukusayina komsebenzi Usuku
ngephepha lemvume (loba)

Stick DBS
Igama likafakazi (loba) * Ufakazi uyasayina Usuku Specimen Id
* Ufakazi udingeka kuphela uma obambe ighaza engakwazi ukubhala noma ecela ukuba nofakazi. barcode here

Lolucwaningo Iwenziwa ngokulandela imigomo yomhlaba ye-Good Clinical Practice in Clinical Trials futhi luphasiswe yikomidi elibhekele amalungelo
kwezocwaningo lwezempilo laseNyuvesi yakKwaZulu-Natali (Mhlaka 6 July 2012) nesigungu esilawula ngezemithi eNingizimu Africa (mhlaka 28 June
2012).

Imininingwane yekomidi:

Biomedical Research Ethics Administration, University of KwaZulu-Natal, Research Office, Westville Campus, Govan Mbeki Building

Private Bag X 54001, Durban, 4000, KwaZulu-Natal. Tel: 27 31 2604769 - Fax: 27 31 2604609 - Email: BREC@ukzn.ac.za

SA Medicines Control Council, Department of Health, Private Bag X828, PRETORIA 0001. Fax: 27 12 395 8775; Email: nkambp@health.gov.za
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version is NOT

x for use in the Africa Centre TasP Trial BSID
k /‘ field

PARTICIPANT SIGNATURE SHEET TasP ID
I I I I I I I I I I HOME-BASED HIV TESTING Visit Date
Fieldworker

Title of the research study:
Ukuphila kwami, ukuphila kwethu - Antiretroviral Treatment as Prevention (TasP) -A cluster-randomized trial in
Hlabisa sub-district, KwaZulu-Natal
ANRS 12249
Protocol V2.0 - 9 January 2014
Sponsor: ANRS - National AIDS Research Agency, Paris, France
Coordinating Centre: Africa Centre for Health and Population Studies,
University of KwaZulu-Natal, Somkhele, South Africa
This research study was approved by the Biomedical Research Ethics Committee of the University of KwaZulu-Natal
on 2 February 2012 and 6 July 2012.

P [nisEnglish - Ukuphila kwami, ukuphila kwethu CE2

HIV testing consent:

Ly hereby give my fully informed consent to be tested for HIV antibodies. | have
been counselled by a trained HIV counsellor with knowledge of HIV issues. We have discussed the advantages and
disadvantages of doing the test and | fully understand the implications of having a test and the impact it may have on
my life. | understand that the test for HIV is voluntary and that | will receive my result today if | wish. | consent to being
followed up should there be a need to refer me to another facility or facilitate attendance to the trial clinics to ensure
that | have received all the necessary support and services available. This follow-up can take the form of a visit or a
phone call from a member of the study team.

| give permission to the study team to work at and capture data from my clinic records for the purpose of this research.
| know that | can leave the research study at any time and refuse to receive my HIV test result without prejudice and

that my treatment by the Health Services and by Africa Centre staff will be exactly the same whether or not | choose to
take part. | also understand that | am not giving up any of my legal rights by signing this informed consent document.

Participant's name (print) Participant's signature Date
(Persons who cannot write may mark with X)

Name of staff member who Staff Member's signature Date
administered consent (print)

Witness' name (print) * Witness' signature Date

* Witness required only if the participant cannot write or if the participant asks for one.

This trial is conducted in accordance with international Guidelines for Good Clinical Practice in Clinical Trials and with the approval of both the
University of KwaZulu-Natal Biomedical Research Ethics Committee (6 July 2012) and the SA Medicines Control Council (28 June 2012).
Contact details:

Biomedical Research Ethics Administration, University of KwaZulu-Natal, Research Office, Westville Campus, Govan Mbeki Building

Private Bag X 54001, Durban, 4000, KwaZulu-Natal. Tel: 27 31 2604769 - Fax: 27 31 2604609 - Email: BREC@ukzn.ac.za

SA Medicines Control Council, Department of Health, Private Bag X828, PRETORIA 0001. Fax: 27 12 395 8775; Email: nkambp@health.gov.za
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® e Ukuphila kwami, ukuphila kwethu CZ2
’%\ Africa Centre TasP Trial
kd BSID

TasP ID
PARTICIPANT SIGNATURE SHEET -
Visit Date
HOME-BASED HIV TESTING Fieldworker

Isihloko Socwaningo:

Ukuphila kwami, ukuphila kwethu - Ukuvikela ngokusetshenziswa kwemishanguzo (TasP) -Ucwaningo olwenziwa
ezigodini ezingaphansi kwesifunda sakwaHlabisa lungekho uhlelo olugondile lokukhetha abantu,
KwaZulu-Natali
ANRS 12249
Uhlelo lwemithetho V2.0 - 9 January 2014
Umxhasi: ANRS - National AIDS Research Agency, Paris, France
Isikhungo esixhumanisayo: Africa Centre for Health and Population Studies,
University of KwaZulu-Natal, Somkhele, South Africa
Lolucwaningo luphasiswe ikomidi elibhekelela amalungelo kwezocwaningo lwezempilo lase
Nyuvesi yakwaZulu-Natali mhlaka - 2 Feb 2012 nangomhlaka 6 July 2012.

Iphepha lemvume yokuhlolela i-HIV:

MiNa, .o ngiyavuma ngokuphelele ukuthi ngihlolelwe isandulela ngculazi.
Sengikhulumile nomaluleki ogeqgeshiwe futhi onolwazi nge-HIV. Sixoxisene ngemiphumela yokuhlolwa kwegazi
engaba mihle noma ibe mibi ngagonda ngokuphelele imithelela engabakhona ngokuhlola empilweni yami.
Ngiyagonda ukuthi ukuhlolelwa i-HIV kungokokuzikhethela kwami futhi ngizothola imiphumela yami namuhlanje uma
ngifuna. Ngiyavuma ukulandelelwa uma kunesidingo sokuba ngidluliselwe kwesinye isikhungo noma ngikhuthazwe
ukuhambela imitholampilo yocwaningo ukuginisekisa ukuthi ngikuthola konke ukwesekwa nezinsiza ezikhona. Lokhu
kulandelelwa kungaba ngokuvakashelwa noma ukushayelwa ucingo ilungu lethimba locwaningo.

Ngiyalinika ithimba locwaningo imvume yokuthi lingasebenzisa futhi lugophe imininingwane yami yasemtholampilo
ngenhloso yalolucwaningo.

Ngiyagonda ukuthi ngingalushiya ucwaningo noma ingasiphi isikhathi futhi nginganqaba ukuthatha imiphumela yami
yesandulela ngculaza ngaphandle kokucwaswa ngokwenzenjalo kanti futhi nokuphathwa kwami ngabasebenzi
bezempilo nabakwa Africa Centre kuzofana uma ngivuma noma ngingaba ukubamba ighaza. Ngiyaqonda futhi ukuthi
alikho ilungelo engililahlayo ngokusayina lelifomu lemvume.

Igama lobamba ighaza (loba) Obamba ighaza uyasayina Usuku
(Kongakwazi ukubhalo loba u X)

Igama lomsebenzi onikezele Ukusayina komsebenzi Usuku
ngephepha lemvume (loba)

Igama likafakazi (loba) * Ufakazi uyasayina Usuku
* Ufakazi udingeka kuphela uma obambe ighaza engakwazi ukubhala noma ecela ukuba nofakazi.
Lolucwaningo Iwenziwa ngokulandela imigomo yomhlaba ye-Good Clinical Practice in Clinical Trials futhi luphasiswe yikomidi elibhekele amalungelo
kwezocwaningo lwezempilo laseNyuvesi yakwaZulu-Natali (mhlaka 6 July 2012) nesigungu esilawula ngezemithi eNingizimu Africa (mhlaka 28 June
2012).
Imininingwane yekomidi:

Biomedical Research Ethics Administration, University of KwaZulu-Natal, Research Office, Westville Campus, Govan Mbeki Building
Private Bag X 54001, Durban, 4000, KwaZulu-Natal. Tel: 27 31 2604769 - Fax: 27 31 2604609 - Email: BREC@ukzn.ac.za

SA Medicines Control Council, Department of Health, Private Bag X828, PRETORIA 0001. Fax: 27 12 395 8775; Email: nkambp@health.gov.za
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Counselling checklist for HIV testing

Pretest HIV counselling

[ ]Explore the participant's understanding of HIV and AIDS

Explain to them about

|:| HIV Transmission
[ ]Prevention of HIV
|:|The benefits of treatment and why adherence is important.

|:| Explain the window period with respect to current test

Assess the participant’s risk of HIV.
Find out about:

[ ] Their previous HIV tests
|:|Their partner history

[ ]Assess their use of condoms

Assess the implications of results for the participant:

|:|What are the implications of negative, positive, and indeterminate test results for participant, partner and family
[ Explore if would disclose, and coping mechanisms and support

[ ]Explore their fears and concerns

Post-test HIV counselling

HIV positive results

|:|Check participant understands results

[]Ask how participant feels

|:| Check their plans for the day

[ ]check for mental health risk (some of this is simple observation of body language etc)
|:| Referral for psychosocial support (e.g support groups)

[]check their plans for disclosure

|:| Discuss condom use to prevent transmission

|:| Refer to TasP clinic for CD4 check, further care and support

[ ] offer revisit for further support

HIV negative results

|:|Check participant understands results
[ ]Revisit Window period and the need for repeat test 3 months after exposure
|:| Safer sex, ABC

[ ]circumcision for males
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73
Y,
|1

1. Participant Identification

Surname First Name(s) 1

2. CD4 testing/result

Should a CD4 test be carried out this visit?

CD4 should normally be taken at Baseline,
3m, 6m, 12m, 18m and 24m, 30m, 36m, 42m, Result CD4 Count
48m visits or: Why no result?
No

3. Blood glucose test
Was a blood glucose test carried out? Yes —> Result

No

4. Past TB Treatment Ask ONLY at Baseline Visit

Have you previously been treated for TB? Yes No

|—> Complete details below

Date treatment started TB Site
PTB EPTB

5. Current TB Treatment

Are you currently on TB treatment?

Date current treatment started

— Section 7

No

6. TB Screening

a0 o p

o

Bl

j.

k.

<
D
(7]

Have you had a cough for 24 hours or longer?

Have you recently coughed up blood in the sputum?

Have you experienced loss of appetite?

Have you lost weight?

Have you been sweating unusually at night?

Have you had recurrent fever or chills lasting more than 3 days?
Have you experienced chest pain?

Have you had difficulty in breathing or fast breathing?

Have you experienced swellings in the neck, armpits or elsewhere?
Are you currently taking Isoniazid Preventive Therapy (IPT)?

Have you been on IPT in the past?

If ALL questions were answered "No" then prescribe IPT as per protocol.

Clinical History and Examination Clinic
I I I I I I To be completed by Trial Nurse .

Ukuphila kwami, ukuphila kwethu
Africa Centre TasP Trial

TasP ID

Visit Date

Visit Type Protocol —>»> Week
Non-protocol

Nurse

Yes —> Take blood specimen and start PIMA test machine

mmol/L

Regimen Treatment completed?
1 2 MDR  Unk Yes No

ves —> Give details. If possible use information from the participant's TB card.

TB Site Regimen

Smear+ Smear-
PTB PTB EPTB 1 2 MDR XDR

If any TB symptoms are present (i.e. one or more questions a. to i. answered "Yes"), then
investigate as per TB guidelines and refer as appropriate.
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7. STl Screening
Males
a. Have you noticed any swelling in your groin?
b. Do you have any ulcers or sores in your genital area?
c. Do you have pain when you pass urine?
d. Do you have any lower abdominal pain?

e. Do you have any discharge from your penis?

f. Have you noticed any swelling in your scrotum?

8. Other Symptoms

a. Do you have diarrhoea today?

b. Have you had generalised itching of the skin for one
month or more?

c. Do you have a generalised skin rash?

d. Have you suffered from recurrent blisters or sores on
and around the lips?

e. Have you experienced any problems with your vision?
f. Do you have difficulty or pain when swallowing?

g. Do you have a headache that has been getting worse
or is persistent?

9. Hospitalisation etc.

9.1 In the last six months, or since last clinic visit, have
you been admitted to hospital (slept there)?

9.2 In the last six months, or since last clinic visit, have
you seen any other healthcare provider?

10. Other Chronic Condition

a. Do you suffer from diabetes mellitus? (High blood sugar)
b. Do you suffer from hypertension?
c. Do you suffer from epilepsy?

d. Do you suffer from any mental health condition?
e. Do you suffer from asthma/COPD?

f. Do you suffer from arthritis?

g. Have you ever suffered a stroke?

Any other chronic conditions?

Yes

(High blood pressure)

Females

No

a. Have you noticed any swelling in your groin?

b. Do you have any ulcers or sores in your genital area?

c. Do you have pain when you pass urine?

d. Do you have any lower abdominal pain?

e. Do you have a vaginal discharge which is increased
in amount or changed in smell or colour?

f. Have you experienced vulval itching or burning?

Yes No

If "Yes" ——5  Obtain stool sample for microscopy.

Yes No

If "Yes" ——> Consider referral to Hlabisa hospital for lumbar puncture.

Yes—> Which hospital?

Details:

No

Yes—> Details:

State who and where etc.

No

<
(D
(]

If "Yes"—> Specify:

If "Yes"—> Specify:

11. Concomitant medication not recorded in ART or TB regimen

Medication Dose and frequency
a. Cotrimoxazole

b. Isoniazid

c. Pyridoxine

Others: (specify)

d.

e.

Date started

If started since last visit

Date stopped

If stopped since last visit

or Ongoing?
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12. Adverse Events - (only ask people on ART)

Since the last visit, or in last 6 months, have you experienced
any symptoms which you feel are caused by your ART drugs?

Symptom

a. Nausea / vomiting
b. Diarrhoea

c. Loss of appetite
d. Abdominal pain
e. Jaundice

f.  Skin rash /itching
g. Headache

h. Dizziness

i. Fatigue

j. Insomnia

k. Abnormal dreams
I.  Difficulty concentrating
m  Painful feet

n. Change in body shape

viner:

13. Pregnancy and contraception (Females only)

13.1 Are you pregnant?

No — Are you trying to get pregnant now?

10.£

13.3 Gravida 13.4 Para

14. General examination
Yes

a. Wasting?

b. Jaundice?

c. Anaemia?

d. Clubbing?

e. Cyanosis?

f. Pedal Oedema?

g Lymphadenopathy > 1cm?

15. Mouth and Skin
Mouth lesions

<
D
[}

a. Herpes simplex?

b. Angular stomatitis?

c. Oral thrush?

d. Kaposi's sarcoma?

e. Oral hairy leukoplakia?

f.  Other

Do you use any form of contraception?

Yes —> LMP date

Yes
Date started Date stopped
If started since last visit If stopped since last visit
Confirmed by urine test? Yes No

Yes

Yes —3> Which method(s)? [ | Injectables

Tick all
that apply

[ ]condoms

No

|:| Oral contraceptive pills

[ |others — Specify:

No

Any skin lesions?

No —> Section 12

or Ongoing?

Yes —> a. Description

b. Distribution

No

If'Yes'" — Specify:

Grading
1=mildest, 4=severest
see ANRS grading scale
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16. Respiratory system

a. Breathless at rest? Yes No

b. Percussion notes Normal Dull

c. Air entry Normal both sides Reduced left side
d. Breath sounds Vesicular Bronchial

e. Added sounds None Crackles

17. Abdomen

Are there any abdominal abnormalities which
warrant referral to the Trial doctor?

Yes —> Details

No

18. Genitourinary system - Males

Yes No If Yes, describe

a. Urethral discharge?

b. Inguinal swelling?

c. Ulcers?
d. Lumps?
e. Other

19. Genitourinary system - Females
Yes No

Vulval ulcers?

= O

Inguinal swelling?
c. Vaginal discharge
d. Lumps?

e. Any pelvic abnormalities which
warrant referral to the Trial doctor?

f. Pap smear taken?

20. General Clinical impression and diagnoses
Diagnosis

1.
2.
3.

21. WHO staging
WHO Stage 1 2 3 4

Reasons for staging

22. ART Eligibility For participants who ARE NOT already on ART

Yes — Wil Atripla be appropriate
if relevant laboratory
investigations are normal?

Is this participant eligible for ART?

Refer to doctor in Section 26/

Refer to doctor in Section 26/

(Take at baseline, then yearly)

Respiratory rate

Reduced right side

Ronchi

If Yes, describe or give reasons

Yes — Section 23
No — Why not?

Refer to doctor in Section 26/

No, because participant is in Control Cluster, and their
CD4 count is over 350 and clinical criteria are not met.

23. ART Review For participants who ARE already on ART

Is a possible change in ART Yes or unsure —y  Details

regimen indicated?
No

Refer to doctor in Section 241

Breaths / min

Reduced both sides

ICD10 code
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24. Drug Prescriptions

A) Prophylaxis Date prescribed Dose and frequency Period covered
1  Cotrimoxazole vays
2 |soniazid vays
3 Pyridoxine Uays

B) STI Treatment

1 vays
2 vays
3 v
4 e
C) Other
1 vays
2 vays
3 vays
4 ways

25. ART (Use codes AZT, d4T, etc)

Date started Date stopped Ongoing? Dose/Fre Reason for stopping Period covered
i i days)
(Enter only if new) (Only if stopping)

OO

26. Action Plan

Yes No Not Applic.

a. Referred for ART counselling?
b. Blood taken for Hlabisa Lab?

(U&Es, LFTs, glucose, lipids, FBC & HepBsAg if indicated)

Take Viral Load specimen at Stick VL

c. Blood taken for Africa Centre Durban Lab? baseline then, if on ART, at Specimen Id

20mis for plasma storage and HIV RNA Viral Load 3,6, 12,18 and 24, 30, 36,

plasma storage a al Loa 42, 48m barcode here

d. Blood taken for genotypic resistance testing (Durban)?
e. Urinalysis? If Yes —> Result: Protein ©1,20r3
f. Urine Beta-HGC pregnancy test? Result: Blood (0,1,230r4)
g. Sputum M/C?

Pap smear taken? (Take at baseline, then at 12 and 24 months)
i. Blood taken for Hlabisa Lab 10% QC CD4 test?

Yes No If Yes, give description and reason

j. Referred to Primary Healthcare Clinic?
k. Referred to Hlabisa Hospital?
|. Referred to TasP Trial doctor?

—— CDR referral form

m Any other actions taken?
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27. Comments

Form must be signed by Trial Nurse

Slygndure.

Nurse name: Date

Print
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Appendix E: Clinic baseline form
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r.w Ukuphila kwami, ukuphila kwethu CBC
-

Africa Centre TasP Trial

\x / TasP ID

® ® Clinic Baseline Visit Clinic

AR AT (Counsellor)
Counsellor

00127160

1. Participant Identification

Identity confirmed and fingerprint registered? Yes No
Surname First Name(s) 1 2.
2. Anthropometry and vitals
Weight kg Pulse per min.
Height cm Blood pressure /
Sys. Dia.
3. HIV Clinical Information
3.1 Date of HIV diagnosis
3.2 Are you currently taking ART? Yes—> Date initiated
2. 3. 4.

Drug regimen: 1.

ART provider: Hlabisa programme —> Clinic
Other — Specify

Do you want to transfer your HIV care to this trial clinic? Yes — Transfer-in form

Form complete A
No
3.3 Have you been on ART at any Yes—> What was this for? HIV treatment —
time in the past? |
Pregnancy ——> Refer to Trial doctor
PEP —|
Why are you not Patient choice
on ART currently? I !
Stopped by doctor
Other— Specify
No
Form must be reviewed and signed by Trial Nurse
olgnature. Date reviewed

Nurse name:
Print
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Appendix F: Clinic follow up form
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Ukuphila kwami, ukuphila kwethu
Africa Centre TasP Trial

73
Y, - e
|1

Clinic Follow-up Visit Clinic

] Visit Date
To be completed by Trial Counsellor .
Visit Type Protocol —> Week

Non-protocol

Counsellor

1. Participant Identification

Identity confirmed by fingerprint? Yes No

Surname First Name(s) 1 2.
2. Anthropometry and vitals

Weight kg Pulse per min.

Blood pressure /
Sys. Dia.
If participant is NOT on ART — Form complete
3. Adherence Checks
Carry out adherence checks monthly i.e. protocol visits Yes No

3.1 When you feel better, do you sometimes stop taking your pills?

3.2 Thinking back over the last 4 days, have you missed any of your pills?

3.3 Sometimes, if you feel worse when you take your pills, do you stop taking them?

3.4 Adherence Visual Analogue Scale

Ask the patient to reflect on the last 4 days and point to their estimate of level of adherence
N A A AN AN AN AN NN AN N O s
| | | | | | | | | | | %
3.5 Adherence Pill Identification Test
Ask the participant to identify their pills
Knows Knows no. When are pills taken?
Drug name? of pills Morning Evening Acceptable?
use codes AZT, D4T etc Yes No Yes No time time Yes No

3.6 Adherence pill count.

. . ) ) Dispensed - Returned
Did the participant return the pill containers? Yes — % Adherence = x100= ———x 100 =
Expected to be taken

No

Form must be reviewed by Trial Nurse

Slgnauure.

Nurse name: Date reviewed

Print 335
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Waestville Campus

Govan Mbeki Building

Private Bag X 54001
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Appendix G: Ethics approval for Control arm

02 February 2012

Prof. M-L Newell

Africa Centre for Health & Population Studies
Mtubatuba

3935

Dear Prof Newell

PROTOCOL: A cluster randomised trial to evaluate the effectiveness of antiretroviral
treatment immediately on HIV diagnosis on reducing HIV incidence: the Treatment as
Prevention trial in Hlabisa sub-district, rural KwaZulu-Natal. REF: BFC104/11

The Biomedical Research Ethics Committee (BREC) has considered the abovementioned
application.

The study was provisionally approved by a sub-committee of the Biomedical Research Ethics
Committee on 17 January 2012 pending appropriate responses to queries raised. Your responses
dated 10 November 2011 to queries raised on 02 August 2011 have been noted by a sub-
committee of the Biomedical Research Ethics Committee. The activities described in your letter
to BREC dated January 26" 2012 may commence with immediate effect. Full and final approval
of the study will only be given pending response from the MCC,

This provisional approval is valid for one year from 02 February 2012. To ensure uninterrupted
approval of this study beyond the approval expiry date, an application for recertification must
be submitted to BREC on the appropriate BREC form 2-3 months before the expiry date.

Any amendments to this study, unless urgently required to ensure safety of participants, must be
approved by BREC prior to implementation.

Your acceptance of this approval denotes your compliance with South African National Research
Ethics Guidelines (2004), South African National Good Clinical Practice Guidelines (2006) (if
applicable) and with UKZN BREC ethics requirements as contained in the UKZN BREC Terms of
Reference and Standard Operating Procedures, all available at
http://research.ukzn.ac.za/ResearchEthics11415. aspx.

BREC is registered with the South African National Health Research Ethics Council {REC-290408-
009). BREC has US Office for Human Research Protections (OHRP) Federal-wide Assurance (FWA
678).
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The following Committee members were present at the meeting that took place on 13 December
2011: %
|

Professor Doug Wassenaar. Chair

Professor Viren Rambiritch, Pharmacology

Professor Steven Collings, Psychiatry

Dr R Govender, Family Medicine

Dr Tim Hardcastle, Surgery - Trauma

Dr Z Khumalo - KZN Health (External)

Professor Dennis Pudifin, Medicine

Professor Chris Rout, Department of Anaesthesia

Dr Divendra Singh, Department of Anaesthesia
Professor Joyce Tsoka-Gwegweni, School of Medicine
Mrs T Makhanya, External

Professor Rajendra Bhimma - Paediatrics & Child Health
Professor Anne Coutsoudis - Paediatrics & Child Health
Professor Jerome Singh - Legal Representative

We wish you well with this study. We would appreciate receiving copies of all publications
arising out of this study.

Yours sincerely

PROFESSOR D R WASSENAAR
Chair: Biomedical Research Ethics Committee
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Appendix H: Full ethics approval E“}? KWAZULU-NATAL

(h INYUVESI
e, YAKWAZULU-NATALI
RESEARCH OFFICE

BIOMEDICAL RESEARCH ETHICS ADMINISTRATION
Westville Campus

Govan Mbeki Building

Private Bag X 54001

Durban

4000

KwaZulu-Natal, SOUTH AFRICA

Tel: 27 31 2604769 - Fax; 27 31 260-4609

Email: BREC®ukzn.ac.za
Website: http://research.ukzn.ac.za/ResearchEthics/BiomedicalResearchEthics.aspx

06 July 2012

Prof. M-L Newell

Africa Centre for Health & Population Studies
Mtubatuba

3935

Dear Prof Newell

PROTOCOL: A cluster randomised trial to evaluate the effectiveness of antiretroviral
treatment immediately on HIV diagnosis on reducing HIV incidence: the Treatment as
Prevention trial in Hlabisa sub-district, rural KwaZulu-Natal. REF: BFC104/11

The Biomedical Research Ethics Committee (BREC) has considered the abovementioned
application.

The study was provisionally approved by a sub-committee of the Biomedical Research Ethics
Committee on 02 February 2012 pending a response from the Medicine Controls Council. Your
responses dated 29 June 2012 have been noted by a sub-committee of the Biomedical Research
Ethics Committee. The conditions have now been met and the study is given full ethics approval
and may begin as from 06 July 2012,

This approvat is valid for one year from 06 July 2012, To ensure uninterrupted approval of
this study beyond the approval expiry date, an application for recertification must be submitted
to BREC on the appropriate BREC form 2-3 months before the expiry date.

Any amendments to this study, unless urgently required to ensure safety of participants, must be
approved by BREC prior to implementation.

Your acceptance of this approval denotes your compliance with South African National Research
Ethics Guidelines (2004), South African National Good Clinical Practice Guidelines (2006) (if
applicable) and with UKZN BREC ethics requirements as contained in the UKZN BREC Terms of
Reference and Standard Operating Procedures, all available at
http://research.ukzn.ac.za/Research-Ethics/Biomedical-Research-Ethics.aspx.
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BREC is registered with the South African National Health Research Ethics Council (REC-
290408-009). BREC has US Office for Human Research Protections (OHRP) Federal-wide
Assurance (FWA 678).

The following Committee members were present at the meeting that took place on 13
December 2011:

Professor Doug Wassenaar. Chair

Professor Viren Rambiritch, Pharmacology

Professor Steven Collings, Psychiatry

Dr R Govender, Family Medicine

Dr Tim Hardcastle, Surgery - Trauma

Dr Z Khumalo - KZN Health (External)

Professor Dennis Pudifin, Medicine

Professor Chris Rout, Department of Anaesthesia

Dr Divendra Singh, Department of Anaesthesia
Professor Joyce Tsoka-Gwegweni, School of Medicine
Mrs T Makhanya, External

Professor Rajendra Bhimma - Paediatrics & Child Health
Professor Anne Coutsoudis - Paediatrics & Child Health
Professor Jerome Singh - Legal Representative

We wish you well with this study. We would appreciate receiving copies of all publications
arising out of this study.

Yours sincerely

PROFESSOR D R WASSENAAR
Chair: Biomedical Research Ethics Committee
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PN, YAKWAZULU-NATALI

RESEARCH OFFICE

BIOMEDICAL RESEARCH ETHICS ADMINISTRATION
Westville Campus

Govan Mbeki Building

Private Bag X 54001

Durban

4000

KwaZulu-Natal, SOUTH AFRICA

Tel: 27 31 2604769 - Fax: 27 31 260-4609
Email: BREC®ukzn.ac.za

Website: http://research,.ukzn.ac.za/Research-Ethics/Biomedical-Research-Ethics.aspx

22 September 2015

Prof. M-L Newell

Africa Centre for Health & Population Studies
Mtubatuba

3935

Dear Prof Newell

PROTOCOL: A cluster randomised trial to evaluate the effectiveness of antiretroviral
treatment immediately on HIV diagnosis on reducing HIV incidence: the Treatment as
Prevention trial in Hlabisa sub-district, rural KwaZulu-Natal. REF: BFC104/11.

RECERTIFICATION APPLICATION APPROVAL NOTICE

Approved: 06 July 2015
Expiration of Ethical Approval: 05 July 2016

| wish to advise you that your application for Recertification received 31 July 2015 for the above
protocol has been noted and approved by a sub-committee of the Biomedical Research Ethics
Committee (BREC) for another approval period. The start and end dates of this period are
indicated above.

If any modifications or adverse events occur in the project before your next scheduled review,
you must submit them to BREC for review. Except in emergency situations, no change to the
protocol may be implemented until you have received written BREC approval for the change.

This approval will be ratified by a full Committee at its next meeting taking place on 13
October 2015.

Yours sincerely

Ms A Marimuthu
Senior Administrator: Biomedical Research Ethics
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health

Department;
Health
REPUBLIC OF SOUTH AFRICA

MEDICINES CONTROL COUNCIL
The Registrar of Medicines, Privete Bag X828, PRETORIA, 0001

Tel 012 395 8000 Fax 012 395 9201

Tel; ’ inquiries;

Fax: Raferance;

Es Hi
B
FAX AND MAIL TO:
MS N NGOBENI

PROF M NEWELL N2/19/8/2
Africa Centre Datum * Date:28 June 2012
University of Kwazulu-Natal
P.Q Box 192
Miubatuba
3935

Tel: 012 3958127

Fax: 012 385 8775

Fax: 0385607565

Dear Prof M Newell

TITLE: A cluster randomiged trial comparing the Impact of immediate versus WHO recommendations guided ART
initiation on HIV incidence. The ANRS 12249 TasP (Treatment as Prevention) trial In Hlabisa sub-district, KwaZulu-
Natal, South Africa.

' RE.: APPLICATION TO CONDUCT STUDY

We acknowledge receipt of your letter dated 19 January 2012 with the following documents;

oo o>

(o]

Q0 CcQo

Study Protocol varsion 1.2 dated 30 November 2011

Package inserts for trial drugs

Triel insurance certificate

Sighed daclarations, CVi, GCP certificates, Proof of malpractice insurange of the following trialists;

Prof M Newell - Principal Investigator - Africa Cenire for Health and Population Studias
Dr K Naidu - Sub investigator - Africa Centre for Mealth and Population Studles

Dr R Bland - Sub investigator - Africa Centre for Haalth and Pepulstion Studies

Dr R Lessells - Sub investigator- Africa Centre for Health and Population Studies

Dr .t Viljoen - Sub investigator- Africa Centre for Health and Population Studies

Br C wuji - Subsinvestigator- Africa Centre for Health and Population Studies

Flease note that the study may proceed once Ethics Committee has granted approval,

Vs N NGOBEN]

.V FOR AND ON BEHALF QF REGISTRAR OF MEDICINES N20120335
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BSMS Research Governance & Ethics Committee (RGEC)

Chair: Professor Kevin Davies

>
Deputy Chair: Professor Bobbie Farsides > m ed |Ca| SC hOOl

Secretary: Miss Caroline Brooks
Tel: 01273 696955 ext. 3905 (Monday — Wednesday) Tel: 01273
872855 (Thursday and Friday) Caroline.Brooks@bsuh.nhs.uk

Brighton and Sussex Medical School

Applications and general enquiries: rgec@bsms.ac.uk Medical Teaching Building
University of Sussex
Falmer
Brighton
BN1 9PX
09/09/2013

Professor Melanie Newport

Brighton and Sussex Medical School
Medical Research Building
University of Sussex

Falmer

Brighton

BN1 9PS

Dear Professor Newport

Full Study Title: Virological failure and HIV resistance in a test and treat approach to
prevent HIV transmission
R&D Ref No. : 13/033/NEW

| am writing to inform you that the Brighton and Sussex Medical School Research Governance and
Ethics Committee (RGEC) has now assessed your application and granted Research Governance
Approval to proceed with the above named project.

This letter acknowledges that you have all the necessary internal regulatory approvals.

Conditions of Approval

The approval covers the period stated in the Research Governance & Ethics Committee (RGEC)
application and will be extended in line with any amendments agreed by the RGEC. Research must
commence within 12 months of the issue date of this letter. Any delay beyond this may require a new
review of the project resources.

Amendments

Project amendment details dated after the issue of this approval letter should be emailed to RGEC for
formal approval.

Monitoring

The Medical School has a duty to ensure that all research is conducted in accordance with the
Research Governance Framework and if appropriate. In order to ensure compliance the department
undertakes random audits. If your project is selected for audit you will be given 4 weeks notice to
prepare all documentation for inspection.

Page 1 of 2
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It is your responsibility to inform me in the event of early termination of the project or if you fail to
complete the work.

| wish you luck with your project.

Yours sincerely

Professor Kevin Davies
Chair of the BSMS Research Governance and Ethics Committee

Page 2 of 2
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UCL RESEARCH ETHICS COMMITTEE
ACADEMIC SERVICES

18 June 2015

Professor Kholoud Porter
MRC Clinical Trials Unit
UCL

Dear Professor Porter
Notification of Ethical Approval

Project ID: 6604/001: Will earlier treatment lead to drug resistance of the form and prevalence likely to
compromise future elimination of HIV?

Further to your satisfactory responses to the committee’s comments, | am pleased to confirm in my capacity as
Chair of the UCL Research Ethics Committee (REC) that your study has been approved by the REC for the
duration of the project i.e. until June 2016.

Approval is subject to the following conditions:

1. You must seek Chair's approval for proposed amendments to the research for which this approval has
been given. Ethical approval is specific to this project and must not be treated as applicable to research of
a similar nature. Each research project is reviewed separately and if there are significant changes to the
research protocol you should seek confirmation of continued ethical approval by completing the
‘Amendment Approval Request Form’:

2. ltis your responsibility to report to the Committee any unanticipated problems or adverse events involving
risks to participants or others. Both non-serious and serious adverse events must be reported.

Reporting Non-Serious Adverse Events

For non-serious adverse events you will need to inform Helen Dougal, Ethics Committee Administrator
(ethics@ucl.ac.uk), within ten days of an adverse incident occurring and provide a full written report that
should include any amendments to the participant information sheet and study protocol. The Chair or
Vice-Chair of the Ethics Committee will confirm that the incident is non-serious and report to the Committee
at the next meeting. The final view of the Committee will be communicated to you.

Reporting Serious Adverse Events

The Ethics Committee should be notified of all serious adverse events via the Ethics Committee
Administrator immediately the incident occurs. Where the adverse incident is unexpected and serious, the
Chair or Vice-Chair will decide whether the study should be terminated pending the opinion of an
independent expert. The adverse event will be considered at the next Committee meeting and a decision
will be made on the need to change the information leaflet and/or study protocol.

On completion of the research you must submit a brief report (a maximum of two sides of A4) of your
findings/concluding comments to the Committee, which includes in particular issues relating to the ethical
implications of the research.
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With best wishes for the research.

Yours sincerely

Professor John Foreman
Chair of the UCL Research Ethics Committee

Cc:
Collins Iwuji, Applicant
Dr Richard Gilson

Academic Service, 2 Taviton Street,

University College London Gower Street London WCL1E 6BT
Tel: +44 (0)20 3108 4312

Email: ethics@ucl.ac.uk

http://ethics.grad.ucl.ac.uk/
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Appendix M: The association between CD4 count at initiation, adherence measured by PC and other factors with virological suppression at 6

months

Socio-demographic characteristics Virological Crude odds ratio P value *Adjusted odds P value
suppression n (%) (95% CI) ratio (95% CI)
Clinical characteristics
CD4 at Initiation (cells/mm® n=906
CD4 at initiation/100 units
<350 396/440 (90.0)
350-500 236/242 (97.5) 1.49 (1.25-1.77) <0.0001 1.27 (1.05-1.53) 0.009
>500 217/224 (96.9)
Adherence (Pill count) % N=898 0.065 0.373
<95 159/175 (90.9) 1 1
=295 685/723 (94.7) 1.81 (0.99-3.34) 1.37 (0.69-2.70)
Viral load at presentation (copies/mL) n=908 <0.0001 0.001
<10,000 315/320 (98.4) 1 1
10,000-100,000 297/313 (94.9) 0.29 (0.11-0.81) 0.33 (0.11-0.97)
>100,000 239/275 (86.9) 0.10 (0.04-0.27) 0.17 (0.06-0.47)
First line Regimen n=903 <0.0001 <0.0001
Non Fixed dose combination 24/34 (70.6) 1 1
Fixed dose combination (Atripla) 822/869 (94.5) 7.29 (3.29-16.12) 10.67 (4.02-28.34)
Age at initiation (Years) n=907
16-29 283/301 (94.0)
30-39 249/266 (93.6) 1.00 (0.90-1.11) 0.996 1.17 (1.02-1.34) 0.02
40-49 139/153 (90.9)
>50 179/187 (95.7)
0.023 0.188
Sex n=908
Female 630/664 (94.9) 1 1
Male 221/244 (90.6) 0.52 (0.30-0.90) 0.63 (0.32-1.24)
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Socio-demographic characteristics Virological Crude odds ratio P value *Adjusted odds P value
suppression n (%) (95% CI) ratio (95% CI)
Educational attainment n=905 0.873
Primary or less 371/396 (93.7) 1
Some Secondary 435/465 (93.6) 0.98 (0.56-1.69)
At least completed secondary 42/44 (95.5) 1.42 (0.32-6.19)
Marital status n= 905 0.361
Never been married/Engaged 739/792 (93.3) 1
Married 73/76 (96.1) 1.74 (0.53-5.72)
Divorced/Separated 36/37 (97.3) 2.58 (0.35-19.20)
Employment status n=905 0.022 0.017
Employed 131/140 (93.6) 1 1
Student 29/36 (80.6) 0.28 (0.10-0.83) 0.15 (0.04-0.56)
Unemployed 688/729 (94.4) 1.15 (0.55-2.43) 0.80 (0.34-1.90)
Distance from home to trial clinic (Km) n= 908
Distance to trial clinic/unit increase 0.878
<1.3 424/453 (93.6) 1
>1.3 427/455 (93.9) 1.04 (0.61-1.78)
Other characteristics
Self-reported health status n=907 0.003 0.009
<80 490/534 (91.8) 1 1
>80 360/373 (96.5) 2.49 (1.32-4.69) 2.48 (1.22-5.06)
HIV status disclosure to anyone n=894 0.946
Yes 721/769 (93.8) 1
No 117/125 (93.6) 0.97 (0.45-2.11)
0.912
HIV status disclosure to current partner n=875
Yes 454/482 (94.2) 1
No 245/260 (94.2) 1.01 (0.53-1.92)
Not applicable (No partner) 124/133 (93.2) 0.85 (0.39-1.85)
Food insecurity n= 896 0.511
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Socio-demographic characteristics Virological Crude odds ratio P value *Adjusted odds P value
suppression n (%) (95% CI) ratio (95% CI)

Yes 532/571 (93.2) 1

No 301/318 (94.7) 1.30 (0.72-2.33)

Don't know 6/7 (85.7) 0.44 (0.05-3.74)

ART will improve health n=893 0.298

Yes 810/863 (93.9) 1

No 11/12 (91.7) 0.72 (0.09-5.68)

Don’t know 15/18 (83.3) 0.33 (0.09-1.17)

Worried about side effects of ART n=887 0.926

Yes 713/762 (93.6) 1

No 37/39 (94.8) 1.27 (0.30-5.43)

Don’t know 81/86 (94.2) 1.11 (0.43-2.87)

Agree that ART will reduce transmission n=

880 0.858

Yes 635/680 (93.4) 1

No 66/71 (93.0) 0.94 (0.36-2.44)

Don’t know 122/129 (94.6) 1.24 (0.54-2.80)

Psychological distress (PHQ4) n=879 0.272

None
Mild
Moderate
Severe

670/713 (94.0)

135/145 (93.1)

12/12 (100.0)
719 (77.8)

1
0.87 (0.42-1.77)

0.22 (0.05-1.11)

*Adjusted for CD4 count at initiation, PC adherence, baseline viral load, whether on fixed dose combination ART, age, sex, employment status, self-reported

health status
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Appendix N: Published studies of the prevalence of pre-treatment drug resistance in the African setting

Author Study setting Study Study design Year of sampling Outcome Prevalence/effect
population/Sample estimate
size
Bussmann, H (296) Francistown & 39 HIV positive pregnant  Threshold survey July to Sept 2007 Proportion with TDR <5% to all drug classes in
Gaborone in women from Francistown antenatal HIV Francistown.
Botswana and 33 samples from surveillance samples Could not be determined
Gaborone in Gaborone as fewer
than 34 samples were
obtained
Abar, A (297) Djibouti 19 ART-naive Health Cross sectional Oct to Dec 2009 Proportion with PDR 2/19 (10.5%), Only NNRTI

centre attendees

Abegaz, W (298) Ethiopia Specimens from 39 HIV ~ *Threshold survey 6 April to 8 Aug 2005  Proportion with TDR None
positive women
attending 7 ANC sites

Bila, D (299) Maputo and Beira in Pregant women *Threshold survey ~ March to June 2007 & Proportion with TDR <5% for all three 3 drug
Mozambique attending ANC-based 2009 classes in Maputo for

surveillance sites. 75 2007 & 2009.
protease & 64 reverse No NNRTI mutations in
transcriptase (RT) 2007 for Beira, 5-15%
sequences in 2007; 114 threshold for NNRTI in
protease and 123 RT in 2009
2009

Afonso, J (300) Angola 86 ART naive HIV Repeat cross Pooled samples from  Proportion with TDR 14/86 (16.3%);
positive individuals sectional August 2008, July NRTI:10.5%,

2009, November 2010 NNRTI:14%. Pl 0%
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Author Study setting Study Study design Year of sampling Outcome Prevalence/effect
population/Sample estimate
size
Aghokeng, A (300) Cameroon 369 ART naive Cross sectional 1996 to 2007 Proportion with PDR Urban
individuals at different time 1996-1999: 0/61(0.0%)
periods using WHO 2001: 1/53 (1.9%)
2009 SDRM list 2002: 2/49 (4.1%)
2007: 10/81 (12.3%)
Rural
2006-2007: 6/125 (4.8%)
Aghokeng, A (301) Congo, Central Women<25 years, Threshold survey End of 2006 and mid-  Proportion with TDR Chad: no resistance

African Republic,
Chad, Cameroon

sentinel survey. Congo &
Central African Republic-
insufficient samples,
Chad: 55 samples
Yaounde: 58

Douala:57

2007

mutations after
sequencing first 34
samples (<5%) all drug
classes.

Yaounde: No Pl mutations
for the first 34 sequences
(<5%), but 1 NNRTI and
NNRTI. Additional 10
sequences yielded no
further mutations for NRTI
(<5%) but 1 for NNRTI.
Maximum 47 sequences
done; NNRTI (5-15%).
Douala: Pl (<5%), NRTI
(5-15%), NNRTI (<5%)
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Author

Study setting

Study
population/Sample
size

Study design

Year of sampling

Outcome

Prevalence/effect
estimate

Ajoge,H (302)

Ayouba, A (303)

Bartolo, |1 (304)

Bartolo, | (305)

Bonney, M (306)

Bruzzone, B (307)

North Central Nigeria

Bobo Dioulasso,
Burkina Faso
Abidjan,Cote d’'lvoire
Dakar, Senegal

Luanda, Angola

Maputo, Mozambique

Ghana

Pointe Noire, Congo

28 Pregnant women
attending ANC clinics

Mainly pregnant women
except in Senegal which
included VCT attendees
of both sex.

Burkina Faso: 51

Cote d’lvoire: 48
Senegal: 48

138 Drug naive HIV-
positive individuals
attending hospital

104 Drug naive attending
public and private
hospitals

47 Pregnant women
attending ANC

68 ART naive pregnant
women

Cross sectional

Threshold survey,
modified to include
nonpregnant
women with
CD4>500

Cross sectional

Cross sectional

Threshold survey

Cross sectional

August to November
2007

Not specified, paper
published 2009

Samples from 2009

2002-2004

Oct 2007 to Feb 2009

Sept 2005 to Dec
2008

Proporton with TDR

Proportion with TDR

Proportion with PDR

Proportion with PDR

Proportion with TDR

Proportion with PDR

PI: no major mutations
NRTI: No major mutations
NNRTI: 2/28 (7.1%)

<5% for all three drug
classes in all sites

No Major Pl mutations.
NNRTI: 1/138
NRTI: No mutations

No major Pl mutations.
NNRTI: 4/104
NRTI: 1/104

<5% for all drug classes

PDR 6/68(8.8%); NRTI:
5.9%, NNRTI 4.4%, Pl 2.9
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Author

Study setting

Study
population/Sample
size

Study design

Year of sampling

Outcome

Prevalence/effect
estimate

Burda, S (308)

Bussmann, H (309)

Castelbranco, E (310)

Charpentier, C (311)

SouthWest and North-
West Cameroon

Northern and
Southern Botswana

Luanda, Angola

Conakry, Guinea and
Niamey, Niger

21 ART naive individuals
selected at random from
ART clinic attendees

Cross sectional

70 HIV-positive women Cross sectional
attending ANC and men
with STls randomly
selected from 22 health
districts

35 HIV-positive women Cross sectional

attending ANC

93 ART newly diagnosed Cross sectional
HIV positive patients

from VCT centre in

Guinea;

92 samples from Niger

2006 and 2007

July to September
2001

Nov 2008 to Jan 2009

September 2009

Proportion of PDR

Proportion with PDR

Proportion with TDR

Proportion with PDR

5/21 (24%) with PDR
NRTI (14.3%)

NNRTI (19.0%)

PI: Not specified

No mutations to all three
drug classes identified

2/35 (5.7%) with TDR
No Pl mutations.
NRTI (2.9%)

NNRTI (5.7%)

Guinea

8/93 (8.6%) with PDR.
NRTI 2/93 (2.1%)
NNRTI 7/93 (7.5%)

PI 1/93 (1%)

Niger

6/92 (6.5%) with PDR
NRTI 2/92 (2.2%)
NNRTI 5/92 (5.4%)

PI 1/92 (1.1%)
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Author

Study setting

Study
population/Sample
size

Study design

Year of sampling

Outcome

Prevalence/effect
estimate

Derache, A (312)

Derache, A (313)

Eshleman, S (314)

Fokam, J (315)

Haidara, A (316)

Bamako and Segou
Mali

Bamako, Mali

Rakai, Uganda

Yaounde, Cameroon

Mali

193 HIV-positive ART
naive individuals
recruited consecutively
from 2 clinics (186
amplified for reverse
transcriptase)

98 HIV-positive ART
naive recruited from one
clinic

104 seroconverters

49 ART naive + 4 with =
3 months of ART
interruption (Total 53)

101 ART naive
individuals

Cross-sectional

Cross sectional

Longitudinal cohort
with annual testing

Prospective
enrollment

Prospectively
enrollment

May 2006

May 2005

1998-2003

January to March
2014

July 2007 to October
2008

Proportion with PDR

Proportion with PDR

Proportion with TDR

Proportion with PDR

Proportion with PDR

11.5% with PDR

Pl 2/193 (1%)

NRTI 3/186 (1.6%)
NNRTI 18/186 (10.0%)

2/98 (2%) with PDR
Pl no mutations
NRTI 1/98 (1.0%)
NNRTI 1/98 (1.0%)

6/104 (5.8%) with PDR
Pl: 3/104 (2.9%)
NRTI: 3/104 (2.9%)
NNRTI: None

2/53 (3.8%) with PDR.
NRTI 1/53

NNRTI 1/53

Pl mutation: None

10/101 (9.9%) with PDR
NRTI 5%

NNRTI 6%

Pl 0%
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Author

Study setting

Study
population/Sample
size

Study design

Year of sampling

Outcome

Prevalence/effect
estimate

Hamers, R (206)

Handema, R (317)

Hassan, A (318)

Huang, K (319)

Hunt, G (320)

Kenya, Nigeria, South
Africa, Uganda,
Zambia and
Zimbabwe

Zambia

Kenya

Free State, South
Africa

Gauteng & KwaZulu-
Nata, South Africa

Kenya 404, Nigeria 186,
South Africa 561,
Uganda 570, Zambia
525, Zimbabwe 190

28 newly diagnosed HIV
positive pregnant women
attending ANC

182 HIV positive
individuals entering care

390 HIV-positive
individuals recruited at
the first clinic visit

196 HIV positive women
in Gauteng & 158 in
KwaZulu-Natal

Cross sectional
study

Cross-sectional

2 cross sectional
studies

Cross sectional

Threshold survey

March 2007 and
September 2009

August 2000

Between July 2008
and June 2010

February to
September 2006

9 surveys conducted
between 2005 and
2009

Proportion with TDR

Proportion with TDR

Proportion with PDR

Proportion with TDR

Proportion with TDR

Kenya 4.7%, Nigeria
1.6%, South Africa 3.6%,
Uganda 11.6%, Zambia
5.0%, Zimbabwe 2.6%

No mutations observed to
all drug classes

2/182 (1.1%) overall;
NRTI 1/181 (0.5%)
Pl 1/181 (0.5%)

16/390 (4.1%) with TDR

Gauteng;

2005: <5% for NRTI &
NNRTI,

2006-2009: <5% for all
drug classes each year.

KwaZulu-Natal

2005 & 2008:Insufficient
numbers

2007: <5% to all drug
classes.

2009:<5% for Pl & NRTI,

357



Author

Study setting

Study
population/Sample
size

Study design

Year of sampling

Outcome

Prevalence/effect
estimate

Huruy, K (321)

Kamoto, K (322)

Kantor, R (323)

Kantor R (324)

Northern and
NorthWest Ethiopia

Lilongwe, Malawi

Western Kenya

Brazil, Hailti, India,
Malawi, Peru, USA
Malawi, South Africa
& Zimbabwe

83 HIV positive
individuals recruited from
health facilities

54 HIV positive pregnant
women attending
antenatal clinics

58 HIV positive ART
naive individuals

Malawi: 29

South Africa 29
Zimbabwe: 28
comprising 33% of all
participants contributing
to estimate of baseline
resistance in the
subcohort

Cross sectional

Threshold survey

Cross sectional

Randomised trial
of time to failure
comparing three
different regimens

2010

Full article could not
be retrieved, abstract
reviewed

May 2006 to
November 2007

Enrolment from 2005
to 2007 and
completion of follow
up in May 2010

Proportion with TDR

Proportion with TDR

Proportion with TDR

Proportion with PDR

Time to virologic
failure

5-15% for NNRTI

6/83 (7.2%);

NNRTI 3/83 (3.6%)
NRTI 1/83 (1.2%)
PI 2/83 (2.4%)

No resistant mutations
identified (<5% to all drug
classes)

4/58 (7%)

NRTI 4/58 (7%)
NNRTI 2/58 (3.4%)
Pl: no mutations

Malawi: 6.9% (95% ClI
0%-16.7%)

South Africa: 3.5% (95%
0%—-10.5%)
Zimbabwe:0%.

In analysis involving all 9
countries: PDR
associated with virologic
failure: (aHR, 2.26 [95%
Cl,1.03-4.95])
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Author

Study setting

Study
population/Sample
size

Study design

Year of sampling

Outcome

Prevalence/effect
estimate

Kasang, C (325)

Koizumi, Y (326)

Maiga, A (327)

Manasa, J (328)

Maphalala, G (329)

Mwanza, Tanzania

Rural Western
Cameroon

Bamako and Segou,
Mali

Rural KwaZulu-Natal,
South Africa

Manzini-Mbabane,
Swaziland

88 HIV positive patients
enrolled as part of a
clinical trial

54 HIV positive ART
naive attending
ANC/STD clinics (30
women, 24 men)

51 consecutive patients
testing HIV positive at
VCT sites

Seroconverters from
annual HIV surveillance;
67 in 2010, 381 in 2011,
2531in 2012

61 HIV positive women
attending ANC

Nested cohort

Cross sectional

Cross sectional

Cross sectional

Threshold survey

June 2007 to

February 2009,

February 2004

March 2010

2010 to 2012

July to August 2006

Proportion with PDR

Proportion with PDR

Proportion with TDR

Trend in TDR

Proportion with TDR

13/88 (14.8%)
NRTI 7/88
NNRTI 6/88
Pl 5/88

Pl 4/54 (7.4%)
NRTI 2/51 (3.9%)
NNRTI 3/51 (5.9%)

4/51 (7.8%)

NRTI 2/51 (3.9%)
NNRTI 2/51 (3.9%)
Pl 1/51 (2.0%)

36/701 (5.1%) Overall
TDR

NNRTI 32/701 (4.6%)
NRTI 10/701 (1.4%)
PIl: None

2010: No TDR
2011: 18/381 (4.7%)
2012: 18/253 (7.1%)

No mutations after first 34

sequences <5% to all
drug classes.
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Author

Study setting

Study
population/Sample
size

Study design

Year of sampling

Outcome

Prevalence/effect
estimate

Masimba, P (330)

Mensch, B (331)

Mungati, M (332)

Nazziwa, J (333)

Ndembi, N (334)

Ifakara Tanzania

Durban, South Africa

Zimbabwe

Masaka,
Wakiso,Mukono,
Uganda

Kampala, Uganda

HIV positive ART naibe
patients enrolled from a
clinic 120 in 2005-2007;
119 in 2009

352 samples in women
who presented for
screening in the VOICE
trial

1483 HIV positive
individuals sequentially
recruited from 12 ART
initiation sites

47 Seroconverters
identified from
prospective sampling of
HIV negative individuals

70 individuals testing HIV
positive at VCT sites

Cross sectional

Nested within a
trial

Cross sectional

Cohort/Threshold
survey

Cross sectional

2005-2007
2009

Aug 2010 and June
2011

2008, 2009 & 2010

Feb 2009 to Feb 2010
May 2009 to May
2010

Proportion with PDR

Proportion with PDR

Prevalence of TDR

Proportion with TDR

2005-2007: 8.4% overall
NNRT 3.4%

NNRTI 7.6%

Pl: None

2009 (3.3% overall)
NRTI 0.8%

NNRTI 3.3%

PIl: None

26/352 (7.4%)

93/1483 (6.3%)
NNRTI 4.9%
NRTI 13.5%

PI1 0.7%

5-15% for NNRTI
<5% for both Pl and NRTI

6/70 (8.6%) with TDR
NNRTI 4.3%

NRTI 2.9%

Pl 1.4%
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Author

Study setting

Study
population/Sample
size

Study design

Year of sampling

Outcome

Prevalence/effect
estimate

Ndembi, N (335)

Nwobegahay, J (336)

Nyombi, B (337)

Onsongo, S (338)

Onywera, H (339)

Entebbe, Uganda

Limpopo, South Africa

Kagera & Kilimanjaro,

Tanzania

Thika and Nairobi,
Kenya

Rural Western Kenya

46 newly diagnosed
pregnant women
attending ANC; 13-22
years

80 HIV positive
individuals preparing for
ART initiation

100 HIV-positive ART
naive pregnant women &
61 post-natal women
who received single dose
nevirapine

63 HIV positive ART
naive individuals
recruited frm health
facilities

87 HIV positive
individuals confirmed to
be recently infected
using avidity assays

Threshold survey

Cross sectional

Cross sectional

Cross sectional

Nested within a
cross sectional
population survey
of HIV incidence

2006 to 2007

Feb 2008 to
December 2008

September and

December 2005

Not specified

September to Nov
2012

Proportion with TDR

Proportion with PDR

Proportion with TDR
in naive

Proporion with
resistance in
nevirapine exposed
women

Proportion with

protease inhibitor
PDR

Proportion with TDR

<5% for all drug classes

2/80 (2.5%) with PDR
NNRTI 1/80 (1.3%)
NRTI 1/80 (1.3%)

PIl: None

NRTI 3%
NNRTI 4%
PIl: None

NRTI 1.6%
NNRTI 11.5%
PIl: None

No major Pl mutations
8/87(9.2%)
NNRTI 6.9%

NRTI 4.6%
P11.2%
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Author

Study setting

Study
population/Sample
size

Study design Year of sampling Outcome

Prevalence/effect
estimate

Parboosing, R (340)

Pillay, V (341)

Rowley, C (342)

Sigaloff, K (343)

Rural KwaZulu-Natal,
South Africa

Gauteng, South Africa

Gaborone,
Molepolole, Mochudi
in Botswana

Mombasa, Kenya

65 HIV positive pregnant
women attending ANC
who took VCT, stopped
after sequencing 47
samples

Women attending
antenatal clinics; 65 in
2002, 48 in 2004

234 HIV positive
pregnant women from
ANC and 188 HIV
positive individuals from
infectious diseases clinic
(IDCC)

68 newly diagnosed HIV
positive attendees of
VCT sites in Kenya

Threshold survey February to April 2009  Proportion with TDR;

Threshold survey Samples from 2002
and 2004 annual ANC
HIV seroprevalence

survey

Proportion with TDR

Cross sectional April 2012 to

December 2015

Proportion with PDR

Cross sectional
study

May 2009 to March
2010

Proportion with TDR

<5% for all drug classes
(INNRTI mutation
detected)

<5% for all drug classes
for both periods. (No
mutations in 2002, & 2
NRTI mutations in 2004)

ANC 12/234 (5.1%)
Gaborone

2012: 3/105 (2.9%)
2014-15: 6/62 (9.7%)
Molepole (n=34) no
resistance mutations
Mochudi (n=33) 3/33
(9.1%)

IDCC 4/188 (2.1%)
Gaborone: 4/115 (3.5%)
Molepole (n=49) no
resistance

Mochudi (n=24) no
resistance

9/68 (13.2%)

NRTI 1.5%
NNRTI 7.4%
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Author Study setting Study Study design Year of sampling Outcome Prevalence/effect
population/Sample estimate
size
Pl 4.4%

Somda, A (344)

Somi, G (345)

Ssemwanga, D (346)

Steegen, K (347)

Tebit, D (348)

Ouagadougou,
Burkina Faso

Dar es Salaam,
Tanzania

SouthWestern
Uganda

National survey,
South Africa

Ouagadougou,
Burkina Faso

52 HIV positive women
attending antenatal
clinics; first 47 samples
sequenced

50 HIV positive pregnant

women, attending
antenatal clinics, first 39
samples sequenced

72 seroconverters in a
rural clinical cohort

277 HIV positive-
individuals attending a
health facility for ART
initiation

104 HIV positive ART
naive individuals

Threshold survey

Threshold survey

Longitudinal cohort

Cross sectional
survey

Cross sectional

June 2008 to July
2009

November 2005 to
February 2006

Feb 2004 to Jan 2010

March 2013 and
October 2014

November 2004 to
November 2006

Proportion with TDR

Proportion with TDR

Proportion with TDR

Proportion with PDR

Proportion wih PDR

5-15% for both NRTI and
NNRTI. No protease
mutations

No mutations identified
after the first 39
sequences <5% for all
drug classes

1/72 (1.4%)
NNRTI:1/72 (1.4%)
Pl: None

NRTI: None

25/277 (9%)

NNRTI: 23/277 (8.3%)
NRTI 7/277 (2.5%)

P1 2/277 (0.7%)

12.5% with PDR
NRTI 10.6%
NNRTI 6.1%

PIl: None
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Author

Study setting

Study
population/Sample
size

Study design

Year of sampling Outcome

Prevalence/effect
estimate

Tshabalala, M (349)

Wadonda-Kabondo,
N (350)

Weidle, P (351)

Chitungwiza,
Zimbabwe

Lilongwe, Blantyre in
Malawi

Uganda

236 HIV positive
pregnant women (236
sequences for RT and
175 for PR)

HIV positive pregnant
women attending ANC.
Blantyre: 54

Lilongwe: 55

11 HIV positive patients
who initiated ART

Cross sectional

Threshold survey

Retrospective
analysis of stored
samples

2006 to 2007 Proportion wih TDR

2006 &
Jan 2009 to April
2009

Proportion wih TDR

Stored samples from
1996 to 1998

Proportion wih TDR

2/236 (0.8%)
NNRTI: 1/236
NRTI: None
Pl 1/236

Blantyre

3 individuals with RT (2
with NRTI & 2 with NNRTI
mutations in first 47
samples (<5% to all drug
classes)

Lilongwe

3 with NNRTI in first 47
samples (5-15%)

<5% for Pl and NRTI

No mutations in RT and
PR
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Appendix o: Publication in AIDS and Clinical Research, The Art of HIV
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Abstract

Introduction: Remarkable strides have been made in controlling the HIV epidemic, although not enough to
achieve epidemic control. More recently, interest in biomedical HIV control approaches has increased, but substantial
challenges with the HIV cascade of care hinder successful implementation. We summarise all available HIV prevention
methods and make recommendations on how to address current challenges.

Discussion: In the early days of the epidemic, behavioural approaches to control the HIV dominated, and the few
available evidence-based interventions demonstrated to reduce HIV transmission were applied independently from
one another. More recently, it has become clear that combination prevention strategies targeted to high transmission
geographies and people at most risk of infections are required to achieve epidemic control. Biomedical strategies
such as male medical circumcision and antiretroviral therapy for treatment in HIV-positive individuals and as pre-
exposure prophylaxis in HIV-negative individuals provide immense promise for the future of HIV control. In resource-
rich settings, the threat of HIV treatment optimism resulting in increased sexual risk taking has been observed and
there are concerns that as ART roll-out matures in resource-poor settings and the benefits of ART become clearly
visible, behavioural disinhibition may also become a challenge in those settings. Unfortunately, an efficacious vaccine,
a strategy which could potentially halt the HIV epidemic, remains elusive.

Conclusion: Combination HIV prevention offers a logical approach to HIV control, although what and how the
available options should be combined is contextual. Therefore, knowledge of the local or national drivers of HIV
infection is paramount. Problems with the HIV care continuum remain of concern, hindering progress towards the
UNAIDS target of 90-90-90 by 2020. Research is needed on combination interventions that address all the steps of
the cascade as the steps are not independent of each other. Until these issues are addressed, HIV elimination may

remain an unattainable goal.

Keywords: HIV; Combination HIV prevention; Antiretroviral
therapy; Post-exposure prophylaxis; Pre-exposure prophylaxis; HIV
vaccines; HIV cascade

Introduction

As the HIV epidemic approaches its fourth decade, effective
prevention remains elusive in the communities most affected by the
virus. An estimated 36.9 million people were living with HIV globally by
end 2014 [1] of whom 70% in sub-Saharan Africa. In 2014, an estimated
1.4 million people acquired HIV infection; 66% of these new infections
and 66% of all HIV-related deaths occurred in sub-Saharan Africa,
a region disproportionately affected by the epidemic. Remarkable
strides have been made recently towards combating the epidemic and
increasing antiretroviral therapy (ART) coverage with considerable
reduction in mortality and morbidity [2], such that in 2014, 40% of all
people living with HIV were receiving ART. Following the results of the
START [3] and TEMPRANO [4] trials, the World Health Organisation
(WHO) now recommends ART regardless of CD4 count [5], a policy
that would maximise both the individual and population health benefit
of ART. This aligns with the recent UNAIDS target of 90:90:90 (90%
of people living with HIV aware of their HIV status, 90% of people
diagnosed HIV-positive on ART, 90% of people on ART virologically
suppressed) in 2020 [6], but will require huge financial investments and
commitments from governments to bear fruit.

It is now well-recognised that prevention approaches need to be
combined to accelerate the effective prevention of HIV acquisition and
transmissions [7]; HIV programme planning have now moved from the
implementation of single preventive methods to combination context-
specific prevention approaches, for which evidence of effectiveness
exists.

This paper reviews currently available HIV prevention methods,
highlighting the strengths and weaknesses of past prevention
approaches, draws attention to the present array of prevention
armamentarium available and conceptualises how these could be
combined towards the goal of HIV elimination.
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HIV Prevention
Behavioural prevention

Behavioural prevention approaches include: delaying onset of
first intercourse, decreasing the number of sexual partners, increasing
the number of sexual acts protected, counselling and testing for HIV
including repeat HIV testing, encouraging adherence to biomedical
HIV prevention strategies, decreasing sharing of needles and syringes
and reducing substance use [8].

A 2010review of behavioural intervention trials, with HIV incidence
as main outcome, showed no significant reduction in HIV incidence
in any of the nine randomised-controlled trials studied [9]. Project
Accept (HPTN 043), is a cluster-randomised trial evaluating whether
a multicomponent social and behavioural prevention approach could
reduce HIV incidence. In this trial community-based versus facility-
based HIV counselling and testing showed no significant reduction
in HIV incidence overall (relative risk [RR] 0-86, 95% CI 0-73-1-02)
although there was a significant reduction in HIV incidence in he sub-
group of women > 24 years of age (RR=0-70, 0-54-0-90) [10].

Structural interventions

HIV-associated structural factors are defined as the physical,
social, cultural, organizational, community, economic, legal or policy
aspects of the environment that impede or facilitate persons’ efforts to
avoid HIV infection [11] For example, laws that discriminate against
certain HIV risk groups such as men who have sex with men (MSM)
or injecting drug users may stigmatise and hinder access to HIV
prevention services. Similarly, cultural norms which perpetuate gender
inequity may leave women economically dependent on men and unable
to negotiate condom use for fear of abandonment [12]. Interventions
addressing these factors tend to be complex and context-specific;
they do not seek to address risky behaviours directly, but address the
prevailing circumstances which give rise to risky behaviours, acting
on factors distal to the HIV outcome of interest. Distal factors may
impact the outcome through multiple causal pathways making them
difficult to evaluate; replication in other environments is challenging.
One of the structural interventions receiving attention recently is the
use of social cash transfers to encourage safer sex and a reduction in
HIV acquisition. A randomised control trial in Lesotho using a lottery
scheme as an incentive to reduce risky sexual behaviour showed a
25% (OR 0.75, 95% CI 0.58 — 0.97) reduction in HIV incidence over
2 years [13]. A cluster randomised trial (CRT) in Malawi showed that
cash incentives to young women and their households reduced HIV
prevalence by 64% at 18 months; but making the payments conditional
on school attendance made no difference to the reduction in HIV
infection observed [14]. However a recently concluded CRT in South
Africa showed that a conditional cash transfer to young women
and men tied to HIV testing, participation in life skills training and
academic attainment reduced the incidence of HSV-2 by 30% but did
not have an impact on HIV incidence after 24 months [15]. Similarly,
another recently concluded randomised trial in South Africa found that
cash transfer which is conditional on 80% school attendance by young
women showed no reduction in HIV incidence after 3 years [16]. These
results suggest that the effectiveness of social cash transfer could be
context specific.

Treatment of sexually transmitted infections (STIs)

Substantial evidence exists from observational studies suggesting
an increased risk of HIV acquisition with both curable STIs and
genital herpes [17,18]. STIs have also been associated with increased

HIV infectiousness, although this has not been quantified directly in
observational studies [19]. HIV-STT co-infection appears more likely
to result in HIV transmission than infection with HIV alone [20,21]

However, nine randomised trials to date (four cluster randomised
trials, two individual randomised trials on treating curable STIs and
three individual randomised trials on Herpes suppressive therapy)
have together failed to confirm the hypothesis that STI treatment
would reduce HIV transmission and acquisition [19]. Of the four
cluster-randomised trials examining the impact of STI treatment on
HIV incidence, only the Mwanza trial in Tanzania showed syndromic
treatment of STIs to be associated with a 40% significant reduction
in HIV incidence [22]. Various factors may explain the differences in
effect between trials, including differences in the HIV epidemic phase,
enhanced interventions in the control group, and higher prevalence of
STIs in the Mwanza trial compared to the other sites [19].

Syndromic treatment of STIs focusses on patients presenting with
symptoms, but provision of inadequate treatment and poor adherence
could result in low effectiveness of syndromic treatment, which was
estimated to be only 13% for curable STIs in rural KwaZulu-Natal [23].
Further, a significant proportion of STIs are asymptomatic [24] and
the large pool of untreated individuals with asymptomatic STIs will
continue to transmit HIV. This situation coupled with poor uptake of
partner notification could result in significant rates of STI reinfections
and will likely impact HIV transmission and acquisition.

The effect of herpes simplex virus (HSV) suppressive therapy on
HIV incidence has been evaluated in two randomised trials; the first
one in high-risk HSV-2 positive, HIV negative women in Tanzania [25]
and the second involving women from three sites in Africa (Harare,
Lusaka, Johannesburg) and MSM from Peru and the USA [26]. In these
trials, treating HIV negative, HSV-2 positive individuals with aciclovir
did not result in decreased HIV acquisition. A third randomised trial
investigated the impact of HSV-2 suppressive therapy in HIV positive
individuals on the risk of HIV transmission. Although suppressive
therapy with acyclovir reduced HIV plasma viral load by about 0.25
log' and genital ulcers due to HSV-2 by 73%, there was no significant
effect on HIV transmission (RR 0.92, 95% CI 0.60-1.41).

Although, these results are disappointing there remains compelling
biological and epidemiological evidence that STIs are co-factors for
HIV acquisition and transmission [27] and treatment of STTs should be
part of the HIV care and prevention programme.

Male circumcision

A meta-analysis of 27 published observational studies on male
circumcision in sub-Saharan Africa [28] provided evidence that male
circumcision protects against HIV acquisition.

Male circumcision was shown to be protective against HIV
acquisition in three randomised controlled trials in South Africa,
Uganda and Kenya [29-31]; in pooled analysis the combined incidence
risk ratio (IRR) at 12 months was 0.50 (95% CI 0.34-0.72) and 0.46
(95% CI0.34-0.62) at 21 or 24 months [32].

These observations in heterosexual HIV acquisition raised the
question of whether this protection would also be observed in MSM.
However, an observational analysis of data from a randomised controlled
trial of HSV-2 suppressive therapy to prevent HIV acquisition found no
evidence that circumcision was associated with reduced HIV incidence
in MSM who practised predominantly insertive sex (RR 0.31, 95% CI:
0.06-1.51) [33]
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Non-ART vaginal microbicides

Initial research involving microbicides focused on non-ART related
compounds, with a recent shift to ART-related compounds following
multiple failures of the former to demonstrate effectiveness in the
prevention of HIV acquisition in women.

These earlier compounds were surfactants (nonoxynol-9) which
disrupt the cell membranes of bacteria and viruses, polyanions (Carraguard,
cellulose sulphate and PRO 2000) which interfere with the attachment of
the virus to target cells in the mucosa and vaginal milieu, and protectors
(BufferGel) which render the vagina acidic. In an acidic environment,
sperms and viruses are inactivated or killed [34]. A recent meta-analysis
of 13 randomised controlled trials involving 35,905 HIV negative women
from Africa, India, Thailand and the United States of America between
1996 -2011 showed no protective effects on HIV acquisition (RR 0.97,
95% CI: 0.87-1.08) [35]. This meta-analysis included mostly non-ART
related microbicides; five trials of nonoxynol-9, two trials of SAVVY,
two of cellulose sulphate, one of Carraguard, one of PRO 2000 and one
of BufferGel and one ART-related microbicide (CAPRISA 004 with 1%

vaginal tenofovir gel). More adverse events due to genital lesions were
reported in the nonoxynol-9 trials while these events were similar in both
the microbicide and placebo arms of the other trials.

Antiretroviral treatment

The efficacy of antiretroviral therapy at preventing HIV transmission
has been demonstrated in a variety of clinical scenarios such as in the
prevention of mother-to-child [36,37], and heterosexual transmission [38],
which led to the declaration that an HIV infected individual who is on
ART and has undetectable viral loads for at least 6 months with no STTs is
sexually non-infectious [39]. Other uses include post-exposure prophylaxis
in HIV-negative individuals after occupational or sexual exposure to body
fluids from known or suspected HIV-positive individuals [40-43].

Oral and topical ART-based pre-exposure prophylaxis: More
recently, studies have shown that ART could also be used by HIV-
negative individuals prior to exposure to HIV to prevent HIV
acquisition, known as pre-exposure prophylaxis (PrEP).

Table 1 summarises the 11 trials on pre-exposure prophylaxis using

Author Study setting | Sample size |Study Population Intervention/Control Follow-up  HIV seroconversions Impact on HIV
contributing time/Person incidence (95% Cl)
data years

Peterson, L Ghana, 936 18-35 year old high risk Intervention: Oral daily 476 Intervention: 2 Rate ratio (RR) 0.35

2007[44] Cameroun, HIV negative women tenofovir (TDF) Control: Control: 6 (0.03-1.93)

Nigeria Placebo

Abdool Karim, Q South Africa 889 18-40 year old HIV- Intervention: coitally 1341 Intervention:38 RR 0.61(0.40-0.94)

2010[45] (CAPRISA negative women administered 1% vaginal Control:60

004) gel formulation of TDF

Control: Placebo
Grant RM, 2010[51] Peru, Ecuador, 2499 >18 years, HIV negative | Intervention: Oral daily 3324 Intervention: 36 44% reduction
(iPrEX study) South Africa, MSM or transgender tenofovir/emtricitabine Control: 64 (15-63)
Brazil, (TDF-FTC)
Thailand, USA Control: Placebo

Thigpen MC, Botswana 1219 18-39 years, HIV negative |Intervention: Oral daily 1563 Intervention:9 62.2% reduction

2012[52] (TDF2 men and women TDF-FTC Control:24 (21.5-83.4)

Study) Control: Placebo

Baeten J.M, Kenya, Uganda 4747 Heterosexual HIV Interventions: i) Once daily 7830 Interventions: TDF 17 67% reduction due

2012[53] Partners serodiscordant couples oral TDF ii) Once daily TDF/FTC: 13 to TDF (44-81)

PrEP Study TDF-FTC Control: 52 75% reduction due

Control: Placebo to TDF/FTC (55-87)

Van Damme L, Kenya, 2056 18-35 years, HIV negative |Intervention: Oral daily 1407 Interventions: 33 Hazard ratio (HR)

2012[46] FEM- South Africa, women TDF-FTC Control: 35 0.94 (0.59-1.52)

PreP Study Tanzania Control: Placebo

Marrazzo J, South Africa, 5029 Mean age 25.3 years, HIV | Intervention: i) Oral daily 5509 Interventions: i) oral HR for Oral TDF

2013[54] VOICE Zimbabwe, negative women TDF ii)Oral daily TDF/FTC TDF 52 ii) oral TDF- 1.49 (0.97-2.3)

Study Uganda ii) 1% TDF vaginal gel FTC 61 iii) Vaginal TDF HR for oral TDF/

Control: i) Oral placebo ii) gel: 61 FTC 1.04 (0.7-1.5)
Placebo vaginal gel Control i) Placebo for HR for vaginal TDF
oral TDF: 35 gel 0.85 (0.6-1.2)
ii) Placebo for oral TDF/
FTC: 60 iii) Placebo for
vaginal gel: 70

Choopanya K, Bangkok, 2413 20-60 years, HIV negative Intervention: Oral tenofovir 9665 Intervention: 17 Efficacy of tenofovir

2013 [55] Bangkok | Thailand and reported injecting drug | Control: Placebo Placebo: 33 48.9% (9.6-72.2)

Tenofovir study use within the past year

Rees H, 2015 South Africa 2029 HIV negative women, 18- |Intervention: Pericoital 1% 3036 Intervention: 61 IRR 1.0 (0.7-1.4)

FACTS 001 30 years vaginal gel formulation of Control: 62

Tenofovir
Control: Placebo
McCormack S, England 544 HIV negative MSM, 218 Immediate: oral daily TDF/ 465 Immediate: 3 86% reduction
2015 PROUD years FTC Deferred: 20 (64-96)
Deferred: Oral daily TDF/
FTC after 12 months
Molina J-M, 2015 France, 400 HIV negative adult MSM | Intervention: On demand Intervention: 2 86% reduction
IPERGAY Canada TDF/FTC Control: 14 (39.4-98.5)

Control: Placebo

Table 1: Oral and ART-based topical pre-exposure prophylaxis.

J AIDS Clin Res

ISSN: 2155-6113 JAR an open access journal

Volume 6 - Issu

e 11 + 1000521
368


http://dx.doi.org/10.4172/2155-6113.1000525

Citation: Iwuji CC, McGrath N, de Oliveira T, Porter K, Pillay D, et al. (2015) The Art of HIV Elimination: Past and Present Science. J AIDS Clin Res 6:

525. doi:10.4172/2155-6113.1000525

Page 4 of 10

ART completed to date. The first trial evaluating the effectiveness of
once daily oral tenofovir for pre-exposure prophylaxis was conducted
in three sites in Ghana, Cameroun and Nigeria among high risk HIV-
negative women aged 18-35 years [44]. The Nigeria and Cameroun
sites were closed prematurely for unspecified reasons and as a result
this trial lacked statistical power because of the small number of HIV
seroconversions observed. In the CAPRISA 004, a proof-of-concept
phase II trial including 889 HIV negative women, 1% tenofovir
gel compared to placebo was shown to significantly decrease HIV
acquisition, (RR 0.63, 95% CI 0.43-0.93) [45]. However, the results of
three other PrEP trials, FEM-PrEP [46] , VOICE [47] and FACTS 001
[48] conducted in women have been very disappointing with none of
them demonstrating any efficacy. Substudies of adherence within these
large trials showed that there was poor adherence to the study drug
which could explain the lack of efficacy observed.

The placebo arm of two other PreP trials - IPERGAY [49] and
PROUD [50] - were terminated early because of marked reduction in
HIV acquisition in the intervention arm compared to the placebo arm

ART in HIV-discordant partnerships: Table 2 summarises
the nine observational studies and one randomised-controlled trial
evaluating the effectiveness of ART in preventing HIV transmission
from the index to the HIV-uninfected partner. A Cochrane review and

meta-analysis [56] of these observational studies identified 2112 HIV
transmissions: 1,016 among ART-treated couple and 1096 in those not
taking ART. The combined rate ratio for the nine observational studies
was 0.58 (95% CI: 0.17-0.75).

The one trial was a multicentre randomised-controlled trial (HPTN
052) [38] involving 1763 stable serodiscordant couples from 9 countries
(Table 2) which reported findings in 2011. HIV infected individuals
with CD4 counts between 350-550 cells/pL and in a stable relationship
with an uninfected partner were randomly allocated to receive ART
immediately (early therapy) or delayed until CD4 count decreased
below 250 cells/mm® or development of clinical symptoms (deferred
therapy). This study was stopped early because of clear efficacy of ART
in preventing transmission in the early therapy arm. There were 39
HIV transmissions in total of which 28 were virologically linked to
the infected partner; of the linked transmissions, 27 occurred in the
deferred and one in the early therapy group (HR 0.04, 95% CI: 0.01-
0.27). Besides the clear public health significance of this finding, there
was also a clinical benefit to the individual if randomised to the early
therapy arm.

An earlier meta-analysis [57] reviewed observational studies of
HIV transmission involving individuals on and not on ART from
11 cohorts comprising 5021 heterosexual couples and 461 HIV

Author Study setting No of Study population Study design/ Follow-up ART status of Effect estimate
couples intervention duration in index case &sero- (95% ClI)
person years | conversions (n)
Musicco, M Italy 436 Female sexual Observational/ 740 Partners of men not on  Risk lower in partners
1994[62] partners of HIV- Zidovudine (ZDV) ZDV:21 of treated Men
infected males monotherapy Partners of men on RR 0.50 (0.1-0.9)
majority of whom were ZDV: 6
injecting drug users
Melo MG, Brazil 93 Female index case: 67 Observational/ Not stated Partner on ART: 0 Risk lower if partner
2008[63] Male index case: 26 41 on triple ART Partner noton ART: 6 |on ART
52 not on ART RR 0.10 (0.01-1.67)
Sullivan P, Rwanda, Zambia 2993 HIV discordant Observational 5609 Partner on ART: 4 Risk lower if partner
2009[64] couples Partner not on ART: 171 |on ART
RR 0.21 (0.08-0.59)
Del Romero, J | Spain 424 Stable sexual couples Observational 1355 Partner on ART: 0 Risk lower if partner
2010[65] *144 couples with index Partner not on ART: 5 on ART
partner on triple ART RR 0.21 (0.01-3.75)
*47 couples on mono/dual
ART
*341 couples with index
partner not on ART
Donnell D, Botswana, Kenya, 3381 HIV serodiscordant Prospective cohort 4831 Partner on ART: 1 Risk lower if partner
2010[66] Rwanda, South partners 349 initiated ART Partner not on ART: 102 on ART
Africa, Tanzania, 3082 did not initiate ART 0.08 (0.00-0.57
Uganda, Zambia
Lu W, 2010[67] China 1927 HIV serodiscordant Prospective cohort 4918 Partner on ART: 66 RR 1.44 (0.85-2.44)
couples 1369 on ART Partner not on ART: 18
Male index 1092 558 not on ART
Female index 835
Reynolds SJ, |Uganda 250 HIV discordant Prospective cohort 513 Partner on ART: 0 RR 0.10 (0.01-1.64)
2011[68] couples 32 initiated ART Partner not on ART: 42
Male index: 145 218 not on ART
Female index: 155
Cohen MS, Botswana, Kenya, 1763 Stable HIV-discordant Randomised controlled 3152 Early therapy: 1 RR 0.04 (0.01-0.27)
2011[38] Malawi, South 97% heterosexual Immediate versus deferred Deferred therapy: 27
Africa, Zimbabwe, ART
Brazil, India,
Thailand, USA
Birungi J, 2012 Uganda 586 Serodiscordant 348 ART-eligible couples Median follow  ART group : 9 RR 0.91 (0.38-2.20)
[69] couples initiated up of 1.3 years Non-ART group: 8
238 not eligible for ART
Jia Z, 2012 [70] China 38, 862 Serodiscordant 24057 ART-treated 101,295 ART-group: 935 RR 0.74 (0.65-0.84)

couples

14,805 non-ART group

ART-naive: 696

Table 2: ART for preventing HIV transmission in HIV discordant partnerships.

J AIDS Clin Res

ISSN: 2155-6113 JAR an open access journal

Volume 6 - Issu

e 11 + 1000521
369


http://dx.doi.org/10.4172/2155-6113.1000525

Citation: Iwuji CC, McGrath N, de Oliveira T, Porter K, Pillay D, et al. (2015) The Art of HIV Elimination: Past and Present Science. J AIDS Clin Res 6:

525. doi:10.4172/2155-6113.1000525

Page 5 of 10

transmission events. The HIV transmission risk in the five studies of
individuals on ART, irrespective of viral load, was 0.46 (95% CI: 0.19-
1.09) based on five transmissions and 1098 person years of follow up.
When this meta-analysis was restricted to the two studies in which
individuals had undetectable viral load, no transmission was recorded
in 291 person years of follow up with an upper confidence limit of
1.27 per 100 person years.It is now established that ART is effective
at preventing transmission in stable heterosexual couples, it remains
unknown whether ART will be similarly effective at preventing HIV
transmission at the population level. An observational study from rural
KwaZulu-Natal suggests this to be the case [58]; and this question is
currently being addressed by four randomised trials [59-61].

HIV vaccines

Recent HIV vaccine research has focused on antibody-based
strategies following isolation of potent highly broadly neutralising
monoclonal antibodies from infected individuals [71]. However, both
arms of the adaptive immune system have important roles to play
against HIV infection and or disease [71,72]. Neutralising antibody
response aim to prevent acquisition of HIV infection, while cytotoxic
T lymphocytes (CTL) response, which only recognises infected host
cells, could play a role in controlling viral replication and disease
progression. It is unclear if robust CTL response can eradicate HIV
infection in humans [71].

Only one of the six HIV vaccine trials completed to date showed a
protective efficacy (Table 3).

The VAX004 (North America and the Netherlands) and VAX003
(Thailand) were protein subunit trials using rgpl20 monomers as
immunogens aiming to elicit neutralising antibodies. Both failed to
show significant protection against HIV acquisition [73,74].

Another vaccine approach is based on recombinant viral vectors
engineered to express the gene of interest. The recombinant adenovirus
serotype 5 was used as the vector for the Step (North and South
America, the Caribbean and Australia) and Phambili (South Africa)
trials [75,76]. These trials assessed the ability of these vaccines to
stimulate the cellular immune responses. The Step trial was terminated
early on the grounds of futility and lack of control of early viraemia
in those who became infected. Enrolment in the Phambili trial was
stopped because of the results observed in the Step trial.

The HVTN 505 (USA), was a phase 11b DNA vaccine trial that
evaluated a DNA prime expressing Gag, Pol, Nef and Env with a
recombinant adenovirus serotype 5 boost expressing Gag, Pol and Env.
This trial was also halted prematurely for futility [77].

Author Vaccine trial Vaccine type Sample size
(randomised-placebo
controlled
Flynn et al; 2005 [73] |VAX004 Protein: rgp120 5400
Pitisuttithum et al; VAX003 Protein: rgp120 2500
2006 [74]
Rerks-Ngarm et al;  RV144 Pox/protein: ALVAC/ 16,403
2009 [78] grp120
Buchbinder, SP et al; HVTN 502/Merck 023 Adenovirus type 5 (Ad5) 3000
2008 [75] (STEP) gag/pol/nef
Gray et al; 2011b [76] HVTN 503 (Phambili) Ad5 gag/pol/nef 801; original

target of 3000

Hammer, S 2013 [79] HVTN 505 DNA-Ad5 gag/pol/

nef/env

2504

The RV144 vaccine trial in Thailand employed a combination of
vaccine approaches [78], comprising a canary pox viral vector prime
expressing Env, Gag and Pol followed by a protein subunit vaccine
boost (AIDSVAX B/E). The vaccine efficacy was 31% (95% CI, 1.1
to 52.1) after 3.5 years. To date, this remains the only vaccine trial to
demonstrate some protection against HIV acquisition.

Mathematical modelling

Mathematical modelling has played a pivotal role in the
understanding of HIV pathogenesis by elucidating virus kinetics in terms
of virus production and clearance from blood and CD4 T-lymphocytes
depletion [80,81]. This showed that HIV replicated at a very rapid rate
and demonstrated the superiority of combination therapy over single
drug therapy on virus kinetics. This early models also examined the
role of long-lived and latently infected cell populations in the blood
and the question as to whether combination therapy would be adequate
to eradicate or cure HIV in an individual arose as a hypothesis. Later
models have identified third and fourth phase decays in HIV kinetics
through the use of single copy assays [82]. This discovery as opposed
to the initial two-phase decay proposed in earlier models implies that
combination therapy may not be sufficient to eliminate HIV within an
individual.

Models have also played significant roles in generating important
hypothesis about the impact of immediate ART on HIV elimination
from the general population. The model by Granich et al. [83] generated
a lot of interest in this regard. This model predicted that yearly HIV
testing followed by immediate ART coupled with male circumcision,
behaviour change programmes, condoms and treatment of STIs could
reduce HIV incidence to less than one case per 1000 per year within 10
years and reduce the prevalence of HIV to less than 1% within 50 years.
However the assumptions used to parameterise the model may be overly
optimistic as the impact of such approaches have been shown by more
recent models to be sensitive to factors such as uptake of HIV testing,
linkage to care and ART coverage and the nature of the sexual networks
[84-86]. There are challenges in achieving the sort of coverage required
as illustrated by the leaks in the HIV care cascade described below.

Mathematical models, in combination with empirical research
would play pivotal role in understanding interventions and their
expected impact on HIV prevention and elimination.

Barriers to HIV Elimination

HIV care cascade

For ART to succeed as an effective HIV prevention method, there

Population Phase Intended immune |Results
response

Mostly high-risk MSM |11l Antibodies, 6% (-17 to 24)
CDA4+ T cells

Injection drug users 1] Antibodies, CD4+ | 0.1% (-30.8 to 23.8)
T cells

Low risk heterosexuals |llI Antibodies, CD4+ & 31% (1.1-52.1)
CD8 T cells

High risk MSM, Ilb CD8+ & CD4+ T HR 1.2 (0.6-2.2)

heterosexual men and cells

women

Heterosexual men and |lIb CD8+ & CD4+ T HR 1:25 (0-76-2-:05)

women cells

High risk MSM Ilb Antibodies, CD4+ & -25% (-121.2 to 29.3)
CD8+ T cells

Table 3: Summary of HIV vaccine trials and outcomes.
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needs to be good coverage in all the steps of the HIV care pathway.
The entry point into this pathway is HIV testing. Those testing HIV-
positive need to be willing to initiate ART even when not clinically
indicated for their own health, retained in care and be adherent lifelong.
Equally important are those who tested negative. They should be aware
of methods to protect themselves from HIV acquisition and be willing
to test for HIV repeatedly for those who become HIV-positive to be
linked to the care pathway.

HIV testing and linkage to care

HIV testing is necessary for linkage to HIV care and treatment.
For HIV elimination, large numbers of individuals have to be willing
to test for HIV regularly and those testing positive need to be linked to
care and started on ART. However, despite the availability of effective
treatment for HIV, 36% of individuals in SSA have never been tested for
HIV [2], with low perception of risk, concerns about confidentiality and
fear of disclosure, stigma and discrimination suggested as explanations.
Gender inequity that leaves women economically dependent on men
may undermine the ability of women to seek HIV testing [87-89].

Further, studies have shown a huge drop between the numbers of
people taking an HIV test and linked to care. A systematic review and
meta-analysis of eleven studies in SSA estimated that only 57% (95% CI,
48-66) of those diagnosed HIV positive are linked to care [90]. Another
meta-analysis of studies in the USA estimated that 69% (95% CI, 66-71)
of individuals diagnosed with HIV entered into care averaged over the
time intervals from 1995 to 2009 [91]. Substantially higher numbers
of individuals need to be linked to care for treatment assessment to
realise the goal of HIV elimination. In a review of studies examining
the barriers to linkage, the most commonly identified factors include
transport costs and distance to clinics. Others include concerns about
disclosure and stigma, staff shortages, long clinic waiting times, male
sex and younger age [92].

Adherence/Retention in Care

The WHO defines adherence as “the extent to which a person’s
behaviour-taking medication, following a diet, and/or executing lifestyle
changes, corresponds with agreed recommendations from a health care
provider” [93]. Adherence to ART is vital for viral suppression [94],
which is important for optimal treatment outcomes and for prevention
of HIV transmission [95]. Studies reporting on routine treatment
programmes with differing ART initiation CD4 thresholds have shown
that individuals starting treatment at higher CD4 counts are less likely
to adhere consistently than individuals starting at lower CD4 counts
[96,97]. However in the HPTN 052 on stable sero-discordant couples,
adherence measured by pill count of at least 95% was seen in 79% of
participants in early therapy group (CD4 350-550 cells/mm?) compared
to 74% in the delayed therapy group (CD4<250 cells/mm?®) [38]. This
may not be reflective of real life situations. It remains to be seen how
evidence from the START [3] and TEMPRANO [4] trials which suggest
individual benefit to early ART would influence adherence.

In the pre-exposure prophylaxis studies in which participants
were aware that they were using the prescribed medications to prevent
HIV transmission, adherence measured by drug levels was poor
[46,54]. A meta-analysis involving 37 qualitative and 47 quantitative
studies on barriers and facilitators to adherence identified fear of
disclosure, concomitant substance abuse, forgetfulness, suspicions
of treatment, complex regimens, high pill burden, decreased quality
of life, work and family responsibilities, falling asleep and access to
medications as the main adherence barriers [98]. Retention in HIV

care takes two forms: pre-ART retention refers to retention in care of
individuals not yet eligible for ART while retention on ART refers to
individuals who remain in care after initiating ART. A review of four
studies in South Africa and one in Malawi estimated that the median
proportion of patients retained in pre-ART care was 45% when CD4
eligibility threshold was 200 cells/mm?® [90]. A review of 14 studies
reporting proportions of patients retained in care from ART eligibility
to ART initiation estimates a median of 68% (range 14-84%) [99].
For retention in care after initiating ART, a systematic review of 33
studies reporting on 39 patient cohorts estimated that 65% of patients
are retained in ART care (range 58%-72%) after 36 months [100].
Factors that impact retention in care include challenges that relate to
housing, transportation to clinics, mental health and drug abuse which
would need to be addressed in affected individuals. Provider-patient
relationship and clinic opening hours are other issues that need to be
addressed to improve retention in care [91].

Virological failure and drug resistance

Initiation of treatment early in the course of infection before
symptoms develop results in large proportions of HIV-infected
individuals on ART; if adherence is indeed sub-optimal, this could lead
to significant rates of virological failure and the likely development of
drug resistance. Studies in sub-Saharan Africa of people who started
treatment on the basis of conservative guidelines showed that 15-25%
of patients had HIV-RNA >400 copies/mL 6-36 months after starting
ART [101], consistent with findings from the Hlabisa HIV Treatment
and Care programme with an estimated 15% of patients having HIV
RNA >400 copies/mL 12 months after starting ART [102]. A further
study from this latter cohort showed that 86% of individuals failing
first-line ART with detectable VL had at least one drug-resistant
mutation [103] with high levels of NNRTI- (83%) and NRTI-(81%)
associated mutations; the median time spent on a failing regimen was
27 months (IQR 17-41). The long duration spent on failing ART with
accumulation of resistant mutations could be a possible explanation for
the 15% of patients with virological failurewhose second-line regimen
was compromised.

With increasing exposure of larger numbers of people to longer
durations of ART, those developing ART resistance could potentially
transmit resistant virus to their sexual partners, which would result in
increasing numbers of new infections due to resistant virus [104,105].
A recent evaluation of transmitted resistance in 11 regions in six sub-
Saharan African countries including South Africa estimated prevalence
of transmitted drug resistance in South Africa of 1.1%, but 12.3%
in Kampala, Uganda [106]. Increasing prevalence of transmitted
resistance would necessitate more complex and more expensive first-
line regimen which could impact on adherence and result in lack of
virological suppression and increased transmissions making HIV
elimination difficult.

Risk compensation

HIV has become a chronic condition, and some individuals may
be less concerned about HIV than thirty years ago [107], which,
coupled with the knowledge that ART may prevent HIV transmission,
could lead to increased high risk sexual behaviour, known as risk
compensation. However, studies in resource-limited settings with high
HIV prevalence have not shown an increase in risky sexual behaviour
amongst individuals initiating ART. In a Ugandan study , an increase
in sexual activity following ART was accompanied by a 70% reduction
in the number of unprotected sexual acts with a partner known to be
HIV negative or of unknown serostatus [108]. In a longitudinal study in
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South Africa on HIV-infected individuals with pre-ART and post-ART
follow-up over seven years, high risk sexual behaviour following ART
initiation was reduced [109]. A recent ecological study from a rural
South African surveillance site found no evidence of an increase in high
risk sexual behaviour at the population level following the expansion of
ART availability, instead there was an increase in reported condom use
at last sex with regular partners [110].

However, many studies in MSM in the developed world have shown
an increase in high risk sexual behaviour following the introduction of
ART coinciding with an increase in HIV incidence [111,112]. Whilst
the frequency of HIV testing increased during this period, this was not
sufficient to account for the observed increase in the number of new
diagnoses [112].

As ART roll-out in sub-Saharan Africa is relatively recent, it is
important to maintain on-going surveillance in risk behaviour in this
region as this may change as more people become aware of the benefit
of ART to prevent transmission.

Conclusion

Remarkable strides have been made in the past decade in potentially
curbing the HIV epidemic, although numbers of new infections remain
unacceptably high. No HIV prevention approach is 100% efficacious;
all require behaviour change as individuals need to have the agency
to decide which of the prevention methods best meet their needs at
any particular point in time. The optimal way to tackle the epidemic
is likely to be through combination HIV prevention [113,114], which
combines behavioural change, treatment of STIs, ART for HIV
positives and for pre-exposure prophylaxis for HIV negatives, male
medical circumcision and structural approaches (Figure 1). It is now
recognised that even within generalised epidemics, there are many
microepidemics, hence interventions need to be focussed in nature by
targeting areas of high transmission geographies and people at most
risk of infections including key populations [115]

Which and how these interventions are combined may vary by
setting using the “know your epidemic, know your response” concept

[116]. A modelling study calibrated using the Kenyan HIV epidemic
showed that combination of interventions which are deployed in a
focused manner as opposed to a uniform manner with a fixed budget
applied to both scenarios resulted in more substantial decrease in the
incidence of HIV infections [117]. This focused intervention approach
requires that the HIV epidemic in a particular setting is characterised
to subnational level. The partner demonstration project, which included
high risk serodiscordant couples in Kenya and Uganda combined ART
given to the HIV positive partner with PrEP given to the HIV negative
partner resulted in a 96% reduction in HIV transmission from the HIV
positive to the HIV-negative partner.

Research is needed into how the cascade of care can be strengthened
from the point of HIV testing to linkage of individuals to care and
virological suppression. This would be necessary steps to maximise the
impact the new WHO guidelines which recommend ART regardless of
CD4 count [5].

Factors which act as barriers and facilitators for each step of the
cascade need to be understood both at the individual and health care
system level so that appropriate interventions can be put in place.

Novel drug formulations that require infrequent administration
would be a welcome addition to the HIV prevention armamentarium,
as this strategy has the potential to increase adherence [118].

Although the HIV vaccine field has been disappointing with no
sufficiently efficacious vaccine currently available, lessons have been
learnt from the research with improved insight as to how HIV evades the
immune system. This is not the time to relax, rather to intensify efforts
in this area because an efficacious preventive vaccine would be required
in addition to other biomedical intervention in order to make HIV
elimination an attainable goal. The vaccine efficacy required to achieve
this would need to be modelled in combination with other prevention
approaches [119]. Substantial investments with smart health-financing,
integrating of health services and political commitment would be
required to achieve the goal of HIV elimination [119].

‘ HIV-Uninfected ‘

v

HIV testing
(community/facility based)

v

Behaviour

HIV-Positive

HIV negative

Treatment of STIs Political commitment Treatment of STIs

Circumcision Integration ART (community &

PrEP Resources/smart financing facility-based)

PEP Equity

Implementation research
R HI
Reduced HIV l Reduced HIV
P infectiousness
acquisition Elimination

Figure 1: Combination interventions required to eliminate HIV.
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