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1. Abbreviations 
AIDS Acquired immunodeficiency syndrome 
ART Antiretroviral therapy 
AZT Azidothymidine 
CART-1 Comorbidities and Virologic Outcomes among Patients on Antiretroviral Therapy in 

Rural Lesotho (cohort) 
CASCADE Same-day ART Initiation Versus Standard of Care after Positive HIV-test Result in Rural 

Lesotho (randomised controlled trial) 
CD4 Cluster of differentiation 4 
DNA Deoxyribonucleic acid 
DO-REAL Dolutegravir in Real Life in Lesotho (cohort) 
GIVE MOVE Genotype-Informed Versus Empiric Management Of VirEmia (randomised controlled 

trial) 
HIV Human immunodeficiency virus 
HIV-1 HIV type 1 
HIV-2 HIV type 2 
NNRTI Non-nucleoside reverse transcriptase inhibitor 
NRTI Nucleoside reverse transcriptase inhibitor 
ODYSSEY A Randomised Trial of Dolutegravir (DTG)-Based Antiretroviral Therapy vs. Standard of 

Care (SOC) in Children With HIV Infection Starting First-line or Switching to Second-line 
ART (randomised controlled trial) 

REVAMP Resistance Testing to Improve Management of Virologic Failure in Sub-Saharan Africa 
(randomised controlled trial) 

RNA Ribonucleic acid 
SESOTHO Switch Either near Suppression Or THOusand (randomised controlled trial) 
SIV Simian immunodeficiency virus 
SIVcpz Simian immunodeficiency virus strains infecting chimpanzees 
SIVsm Simian immunodeficiency virus strains infecting sooty mangabeys 
Swiss TPH Swiss Tropical and Public Health Institute 
U=U Undetectable=untransmittable 
UNAIDS United Nations Programme on HIV/AIDS 
VITAL Viral Load Triggered ART Care in Lesotho (randomised controlled trial) 
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2. Summary 
In 2015, the Joint United Nations Programme on HIV/AIDS (UNAIDS) set the ambitious ‘90-90-90’ 
targets with the aim that by 2020, 90% of people living with HIV should know their status, 90% of those 
who know that they have HIV should receive antiretroviral therapy (ART), and 90% of those receiving 
ART should achieve viral suppression. Success along this care cascade prevents HIV-related infections 
and progression to AIDS, leads to a life expectancy similar to that of people who do not have HIV, and 
prevents the onward transmission of HIV. Globally, these targets were narrowly missed at 84-87-90. 
To get back on track towards ending the epidemic by 2030, the target was raised to ‘95-95-95’ by 2025. 

This thesis aims to address the ‘third 95’ – viral suppression – in southern and eastern Africa, with 
projects conducted in Lesotho and Tanzania. The projects presented here address outcomes along 
each step of the ‘viral load cascade’: among people receiving ART, the detection of an unsuppressed 
viral load triggers adherence counselling, repeat viral load testing, and possibly switching to a different 
ART regimen. Particular consideration is given to children and adolescents, who are at a heightened 
risk for poor treatment outcomes. In line with the major underlying causes of viraemia among people 
receiving ART, viral resistance, adherence to therapy, as well as access to healthcare – including 
appropriate diagnostic services and antiretrovirals – are crosscutting themes. 

Some of the studies address ART provision: how does the timing of ART initiation affect long-term 
engagement in care and viral suppression; and how does the roll-out of new drug regimens impact 
viral suppression or adverse effects? Other studies question the algorithms that guide the 
management of viraemia: what threshold should be used to define viraemia; does the requirement for 
adherence counselling before switching ART facilitate the emergence (further) resistance; and, 
crucially, under what circumstances is resistance testing clinically beneficial, and how can it be 
implemented in resource-limited settings? Finally, we assess outcomes along the entire viral load 
cascade among children living with HIV. 

All projects aim to inform clinical guidelines, country programmes, and healthcare implementers in 
order to contribute to improved care for people living with HIV in and beyond the project countries. 
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3. Background 

3.1. A Brief History of HIV, Antiretroviral Therapy and Treatment Guidelines 

On 5 June 1981, an article in the Morbidity and Mortality Weekly Report described five cases of 
pneumocystis pneumonia – a disease associated with severe immunodeficiency – occurring in young 
homosexual men[1]. This short article would become known as the first time the disease later named 
acquired immunodeficiency syndrome (AIDS) entered the scientific literature. Further reports of 
formerly rare conditions were quick to follow, yet scientific progress was hampered by a lack of funding 
and political unwillingness, which only changed gradually and through tremendous efforts of activists 
and patient organisations[2].  

The causative agent of AIDS, the virus later renamed human immunodeficiency virus (HIV), was first 
isolated and reported by distinct research groups in 1983[3,4]. Belonging to the family of retroviruses, 
HIV infects immune cells carrying the cluster of differentiation 4 (CD4) receptor as well as a chemokine 
co-receptor; notably CD4+ T cells, macrophages, dendritic cells, and monocytes[5,6]. Despite initial 
expectations that a vaccine would be developed within two years (a goal that has not yet been realised 
almost forty years later)[7], it would take another four years for the United States Food and Drug 
Administration to approve the first drug for the treatment of advanced forms of HIV[8]. The nucleoside 
reverse transcriptase inhibitor (NRTI) zidovudine, also known as azidothymidine (AZT), improved short-
term survival and slowed disease progression[9–11]. However, it initially had to be taken every four 
hours[9], caused severe side-effects (prescribed at far higher doses than today)[8], and did not improve 
long-term survival[12,13]. As further drug options gradually followed, the three viral enzymes proved 
to be major drug targets: the reverse transcriptase, which mediates reverse transcription of viral 
single-stranded ribonucleic acid (RNA) to double-stranded deoxyribonucleic acid (DNA) in the infected 
host cell, is targeted by NRTIs and non-nucleoside reverse transcriptase inhibitors (NNRTIs; the first of 
which became available in 1996); the integrase, which mediates integration of the viral DNA into the 
host cell’s genome, is targeted by integrase inhibitors (first available in 2007); and the protease, which 
mediates proteolysis of viral precursor proteins during maturation of the viral particle, is targeted by 
protease inhibitors (first available in 1995)[5,6,14]. Other drugs target viral attachment to, fusion with 
and entry into the host cell[14], but are not as broadly used[15]. 

Reports that triple-drug combinations of antiretroviral therapy (ART) significantly improved clinical 
outcomes were integrated into new clinical guidelines in 1996[14,16,17], leading to massive declines 
in morbidity and mortality – for those with access to these treatment regimens[18,19]. It was not until 
2003 that the World Health Organization launched the ‘3 by 5 Initiative’, aiming at 3 million people in 
low- and middle-income countries – half of the estimated number needing it1 – receiving ART by 
2005[20]. The target was missed with only 1.3 million people in low- and middle income countries 
receiving ART by the end of 2005 (up from 400 000 two years prior), and huge disparities in access 

                                                             
1 It was estimated at the time that 6 million people in low- and middle income countries ‘needed’ access to 
ART[20]. The number of people living with HIV in low- and middle income countries was far higher (40.3 million 
people were living with HIV worldwide, of whom almost two thirds lived in sub-Saharan Africa)[21]; however, 
prior to 2015, treatment was only recommended for people with a certain level of immunodeficiency, according 
to a threshold which changed over time[22]. 
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remained[20]. Nevertheless, this initiative was credited as ‘[establishing] ART as an essential public 
health intervention’[20]. 

Even after the introduction of triple-drug combination ART, treatment was initially only recommended 
for those with advanced disease, corresponding to a low blood count of CD4 cells. The CD4 count for 
starting ART was progressively raised due to increasing evidence that early treatment with modern 
triple-drug combinations improves clinical outcomes. Finally, in 2015, the World Health Organization 
announced that all people living with HIV should receive access to ART[22], an approach that became 
known as ‘test-and-treat’. Total ART coverage is critical at the individual and population level: early 
and even same-day ART initiation leads to better clinical outcomes for people living with HIV[23–28]; 
in addition, the last decade has provided conclusive evidence that viral suppression eliminates the risk 
of onward transmission, giving rise to the slogan ‘undetectable=untransmittable’ (U=U)[29–32]. 

Today, most ART regimens worldwide consist of a three-drug regimen (often combined into a single 
pill to be taken once daily) consisting of two NRTIs (the ‘backbone’) and either an NNRTI, a protease 
inhibitor, or an integrase inhibitor[15]. The ART landscape is bound to keep on changing: there are 
several new drug options on the horizon[33]; simplifications to dual therapy[34,35], or even 
monotherapy in special cases[36], is becoming possible with more effective drugs; long-acting 
injectable drugs may help to address problems of adherence and subsequent development of viral 
drug resistance[37,38]; and there is a growing emphasis on increasing access to antiretroviral drugs as 
pre-exposure prophylaxis for the prevention of HIV infection[39]. 

3.2. Epidemiology of HIV 

HIV originated from simian immunodeficiency viruses (SIV), affecting non-human primates, through 
several instances of zoonotic transmissions in west and central Africa[40]. While humans may acquire 
SIV, notably through activities relating to bush meat[40], it is usually rapidly suppressed by the human 
immune system[41]. However, several successive human-to-human transmissions may allow the virus 
to adjust to the human host[41]. Separate transmission events led to the different groups within the 
two types of HIV known today: HIV-1, which appears to have evolved from SIVcpz, affecting a subs-
species of chimpanzee, and HIV-2, which is most closely related to and likely originated from SIVsm, 
affecting sooty mangabeys and is largely restricted to West Africa[40,42]. However, HIV-1 group M, 
which dominates the global HIV epidemic[42], is believed to have originated from a single transmission 
event in what is today the Democratic Republic of the Congo around the 1920s[40,43]. 

Since the start of the HIV epidemic, 79.3 million people worldwide have become infected with HIV and 
36.3 million people have died from AIDS-related causes[44]. In 2020, 37.7 million people worldwide 
were living with HIV, of whom around 27% were not receiving ART and around a third had an 
unsuppressed viral load[39]. The same year saw 1.5 million new HIV infections, as well as 680 000 AIDS-
related deaths[39] – missing the Joint United Nations Programme on HIV/AIDS (UNAIDS) target of 
reducing both annual mortality and new infections to below 500 000 by 2020. 

Eastern and Southern Africa are jointly home to 55% of all people and two thirds of all children living 
with HIV[39]. This is also the only UNAIDS region where the majority of new infections do not occur 
within a number of high-risk minority populations, or ‘key populations’ – such as men who have sex 
with men, sex workers, people who inject drugs, transgender people, and the sex partners of people 
belonging to these risk categories – but rather, 72% of cases occur in the ‘remaining population’[45], 
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with adolescent girls and women being at particular risk[39]. Even within this region, however, there 
are major discrepancies, with an adult HIV prevalence below 1% reported for four countries (Comoros, 
Madagascar, Eritrea, Ethiopia), and above 20% for three countries (Eswatini, Lesotho, Botswana).  

Lesotho and Tanzania, where the projects presented here are conducted, have an adult HIV prevalence 
of 22.8% and 4.8%, respectively[45]. Despite their considerable differences, these two countries share 
a few key challenges when it comes to healthcare provision for the management of HIV. One such 
challenge is rurality combined with difficult terrain and/or limited road infrastructure[46,47]: from a 
healthcare perspective, service delivery to remote and often mountainous areas is challenging; from a 
patient perspective, accessing care can entail a high time and financial burden[48]. Another closely 
linked challenge is poverty: in Lesotho in 2017, almost half the population lived below the national 
poverty line, and over a quarter lived below the international poverty line (1.90 US dollars per day in 
2011 purchasing power parity)[46]. In Tanzania in 2018, over a quarter of the population lived below 
the national poverty line and almost half below the international poverty line[47]. In both countries, 
poverty is higher in rural areas[46,47]. In 2017, HIV/AIDS remained the leading cause of death in 
Lesotho, and the fourth most common cause of death in Tanzania[49]. 

3.3. International HIV targets and the ‘Third 95’ of Viral Suppression 

At the start of the ‘test and treat’ rollout in 2015, there was great optimism that this approach could 
end the HIV/AIDS epidemic – towards a vision of zero new HIV infections, zero AIDS-related deaths, 
and zero stigma – by 2030[50]. At the time, modelling suggested an end to the pandemic would be 
possible if the world achieved what became known as the 90-90-90 goal: by 2020, at least 90% of 
people living with HIV should know their status, at least 90% of those knowing they have HIV should 
receive ART, and at least 90% of those receiving ART should achieve viral suppression, leading to an 
overall viral suppression rate among all people living with HIV of 73%[51]. This was an ambitious goal 
at a time when global ART coverage was estimated at 37%, with limited available data on viral 
suppression[51].  

The targets for 2020 were missed but drove substantial progress, with global numbers reaching 84-87-
90 in 2020[39]. Eight countries – including hard-hit countries like Eswatini and Botswana – even 
exceeded the targets; 11 further countries – including Lesotho – did not achieve ≥90% for each step of 
the cascade but surpassed the goal for overall viral suppression[39]. 

The new UNAIDS target is to increase success along the HIV care cascade to ‘95-95-95’ by 2025[50], 
which would lead to an overall rate of viral suppression of almost 86%. As mentioned above, viral 
suppression is key to stopping onward transmission[29–32], and can furthermore facilitate a life 
expectancy close to that of people without HIV, especially with early diagnosis and rapid initiation of 
ART[52].  

The optimal virological threshold constituting viral suppression has been subject to debate. Increasing 
evidence suggests that even low levels of viral replication increase the risk of virological treatment 
failure[53–56] and AIDS-defining events or mortality[55,57]. Unlike many high-income 
countries[58,59], however, guidelines of the World Health Organization as well as Lesotho and 
Tanzania national guidelines employ a high virological threshold of 1000 copies/mL for defining 
treatment failure[15,60–62]. Failure to achieve viral suppression typically triggers intensified 
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adherence counselling followed by a repeat viral load test and, if the viral load remains unsuppressed, 
a switch to a second-line regimen[15,61,62].2 

The work presented here focuses on strategies to improve outcomes along this ‘viral load cascade’ and 
improve viral suppression among people receiving ART. As particularly vulnerable age groups for 
treatment failure, special consideration is given to children and adolescents. 

3.4. Key Topics for Viral Suppression 

3.4.1. Viral Drug Resistance 

Treatment failure is most often caused by viral drug resistance or suboptimal adherence to ART. The 
two mechanisms are closely linked, as partial adherence and consequent exposure to sub-therapeutic 
drug levels select for drug-resistant viral quasi-species. The lack of proof-reading ability of the viral 
reverse transcriptase enzyme and consequent high error rate of reverse transcription[63,64], 
combined with the high replication rate of HIV[65], give rise to the potential for rapid acquisition of 
resistance-associated mutations. In many cases, a single point mutation is sufficient to confer high-
level resistance to an entire drug class.3 For this reason, modern ART regimens generally use three 
drugs from two separate drug classes. The diversity borne from this high mutation rate is also a key 
challenge for vaccine development[5].  

Resistance to medication can be acquired, i.e. develop within an individual initially infected with wild-
type HIV, or transmitted, meaning that the individual was infected with HIV harbouring resistance-
associated mutations[66]. Pre-treatment drug resistance refers to either transmitted resistance or to 
resistance acquired during a prior exposure to ART, e.g. in individuals returning to care after treatment 
interruption[66].  

Before the recent roll-out of the integrase inhibitor dolutegravir, increasing rates of pre-treatment 
resistance to NNRTI-based ART were a major concern, with World Health Organization guidelines 
recommending adjustments of the standard first-line regimens if rates exceeded 10%[66]. Rates of 
pre-treatment resistance were particularly high among children below 18 months of age, with over 
50% carrying NNRTI-resistant HIV[66]. Acquired NNRTI resistance was also a major threat[66]; 
evidence from Lesotho, including work contributing to this thesis (chapters 5.1.5 and 5.1.6), shows 
high rates of viral drug resistance to NNRTI-based first-line regimens among patients with incomplete 
viral suppression on ART[67–70]. 

Recently, the roll-out of dolutegravir-containing ART as a first-line regimen has been a game-changer. 
While resistance to dolutegravir does occur, it is rare compared to previous core agents in first-line 
regimens (notably the NNRTIs efavirenz and nevirapine), even in the context of compromised 

                                                             
2 The World Health Organization 2021 guidelines introduce exceptions for switching away from NNRTI-based 
first-line ART, which can be considered after a single viral load exceeding 1000 copies/mL or sustained viraemia 
above 50 copies/mL. These guidelines furthermore employ a threshold of 50 copies/mL for starting adherence 
counselling and 1000 copies/mL for switching to second-line ART[15], whereas current guidelines of Lesotho and 
Tanzania employ a threshold of 1000 copies/mL for both actions[60,61]. Lesotho guidelines additionally state 
that resistance testing should precede switching to second-line ART if the first-line regimen contains a protease 
inhibitor or integrase inhibitor[60,61], though in reality, access to resistance testing remains extremely limited. 
3 See the Stanford HIV drug resistance database (https://hivdb.stanford.edu/hivdb/by-mutations/) for 
information on the impact of individual mutations on available drug options (accessed 13.11.2021). 
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susceptibility of the NRTI backbone[71,72]. Despite this evidence, as well as promising early outcomes 
of dolutegravir performance in a ‘real-life’ cohort within this thesis (chapter 5.1.4)[73], resistance 
testing is likely to remain relevant at least for population-level surveillance in the years to come[15,74], 
and its future role for individual patient management currently constitutes a research gap[15]. Access 
to resistance testing is extremely limited in many regions worldwide, notably in the regions with the 
highest burden of HIV. Therefore, in contrast with guidelines of several high-income countries[58,59], 
current World Health Organization guidelines only give consideration to but do not broadly 
recommend resistance testing for individual patient management[15]. 

Several projects within this thesis address questions relating to resistance. Most notably, the ongoing 
GIVE MOVE randomised controlled trial is looking into the clinical impact of resistance testing-
informed onward treatment for children and adolescents on a failing ART regimen (chapters 5.1.7. and 
5.2)[75]. Further studies measure the prevalence of resistance-associated mutations in the context of 
low-level viraemia (chapter 5.1.6)[70], assess the risk of emergence of (additional) resistance-
associated mutations during the adherence counselling period after an first high viral load (chapter 
5.1.5)[69], and investigate the risk of resistance acquisition upon home-based same-day ART initiation 
among individuals who do not subsequently link to care (chapter 5.1.8)[76]. 

3.4.2. Adherence to Therapy 

Adherence to ART is key to viral suppression, though many hurdles may cause patients to either not 
take medication, or to take it inconsistently. Key factors in adherence vary widely between populations 
and age groups; factors specific to children and adolescents are addressed in chapter 3.4.3.  

In a systematic review and meta-analysis, the most common self-reported individual barriers to 
adherence included forgetting, being away from home, and changes to the daily routine, all three of 
which were reported more frequently by adolescents than by adults or children/caregivers[77]. 
Barriers related to health services, notably distance to clinics and stock-outs, were also commonly 
reported, as were treatment-related factors such as toxicity, side effects, pill burden, and 
palatability[77]. 

Further potential barriers include secrecy, stigma (including internalized stigma) and fear of 
discrimination[77–79]; depression or other psychiatric conditions[77,78,80]; use of alcohol and other 
substances[77,78,81]; feeling either sick or well (with feeling sick being a more frequent self-reported 
barrier)[77]; knowledge gaps[78]; financial barriers[78]; food insecurity[78,82]; and suboptimal quality 
of or dissatisfaction with healthcare services[77,78].  

Within this thesis, adherence is addressed to varying degrees in several projects. Reporting of 24-
month outcomes of the CASCADE randomised controlled trial on home-based same-day ART initiation 
investigated adherence-related factors upstream of the ‘third’ towards the ‘second 95’ – reasons for 
not linking to or not remaining in care (chapter 5.1.8)[76]. Another project, the DO-REAL cohort study, 
looked at overall viral suppression after the programmatic roll-out of dolutegravir-based ART in 
Lesotho, with the few instances of viraemia appearing to be caused by non-adherence rather than 
resistance (chapter 5.1.4)[73]. Within the same cohort, we also looked beyond the ‘third 95’ towards 
health-related quality of life on ART – which deserves attention in its own right, and can also be 
hypothesized to feed back into long-term adherence (chapter 5.1.2)[83]. 
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3.4.3. Paediatric HIV 

Early, sustained viral suppression is important for optimal neurocognitive development and growth in 
children[84–86]. However, children and especially adolescents are at particular risk for poor treatment 
outcomes[39,86–90]: in eastern and southern Africa, 72% of adults but only 43% of children living with 
HIV are virally suppressed[39]. Similarly, the proportion with viral suppression among those receiving 
ART is 92% for adults but only 75% for children in this region[39]. Similar differences between children 
and adults have been reported for Lesotho and Tanzania[45]. While this work focuses on viral 
suppression, it is important to acknowledge major gaps in HIV diagnosis, the ‘first 95’, among children, 
leaving over 40% of children living with HIV undiagnosed[39].  

The underlying causes for poor paediatric treatment outcomes differ by age group. Young children 
falling into lighter weight bands typically have to take several pills – or combinations of pills with 
pellets, granules, or syrup – often twice daily[61,90]. This is problematic, as studies in adults have 
shown that a higher pill burden is associated with both lower adherence and lower viral suppression, 
and that twice-daily regimens are associated with moderately lower adherence compared to once-
daily ART[91]. In addition to the higher pill burden and frequency of drug intake, correct administration 
of these formulations can be challenging[90]. 

Adolescents do not only report the same barriers reported by adults at a higher frequency[77], but 
also face unique challenges relating to disclosure, a lack of youth-friendly services, and transitioning to 
adult services[86]. Poor mental health, which has been linked to viral non-suppression[92,93], and 
stigma are key factors for this age group[79,94]. A cohort study including over a thousand adolescents 
in South Africa observed high rates of discrimination, which was associated with internalised stigma 
and disengagement from care[79]. A separate, large cohort study in South Africa found that only 37% 
of adolescents consistently reported past-week adherence over three interviews at roughly one-year 
intervals[95]. Considering the fact that those who left care were excluded from analysis[95], and the 
tendency of self-reporting to overestimate adherence[96], true adherence levels are likely even lower. 
Low adherence combined with reported high sexual risk-taking within this age group also increases 
the risk of onward transmission[97]. 

As incomplete adherence increases exposure to sub-therapeutic drug levels, children and adolescents 
are at a heightened risk for acquiring viral drug resistance. This is of particular concern considering the 
exceedingly high prevalence of transmitted resistance among infants and young children, further 
limiting treatment options[66]. 

Within this thesis, two studies focus specifically on children and adolescents. The ongoing GIVE MOVE 
randomised clinical trial (mentioned above) assesses the impact of resistance testing in these age 
groups, considering the increased vulnerability to treatment failure in this population (chapters 5.1.7 
and 5.2)[75]. Separately, we evaluated outcomes along the viral load cascade – from detection of 
viraemia, to confirmatory viral load testing, to switching to second-line ART if indicated – identifying 
key gaps and suggesting potential ways to address them (chapter 5.1.3)[98]. 
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4. Research Objectives and Project Overview 
The main objective of my PhD was to generate evidence on programmatic as well as individualised 
approaches towards achieving the ‘third 95’ – viral suppression. All projects focus on Lesotho, the 
country with the second-highest prevalence of HIV worldwide; one project is conducted in parallel in 
Lesotho and Tanzania. 

The studies presented here thus question specific aspects of ART provision:  

1) The timing of ART initiation;  
2) The impact of programmatic changes to first-line drug options on virological outcomes;  
3) The requirement for adherence counselling if viraemia is detected during first-line ART;  
4) The threshold to define virological treatment failure and switch to second-line ART;  
5) The potential for resistance testing to inform the switch to second-line ART; and  
6) The virological outcomes in children along this entire ‘viral load cascade’.  
7) Finally, we look beyond the ‘third 95’ to consider mental and somatic health outcomes 

associated with different ART regimens. 

First, my colleagues and I considered how the timing of ART initiation impacts long-term virological 
outcomes. Previously, the CASCADE trial had shown that offering ART initiation on the day of home-
based HIV diagnosis leads to better one-year care outcomes than requiring several sessions of 
counselling before starting ART, as was then required in the standard of care[23]. In a 24-month 
analysis of the CASCADE trial data, we no longer observed any difference between the study arms. 
Importantly, however, we were able to alleviate concerns that same-day ART initiation might later lead 
to increased defaulting from care, as had been suggested within one trial on clinic-based same-day 
ART[99]. We assessed reasons given for non-linkage to or non-retention in care: of note, only a 
minority of self-reported reasons were related to time or finances, whereas several participants listed 
non-structural reasons associated with scepticism surrounding the HIV diagnosis or ART, unwillingness 
or unreadiness to take ART, or perceived ill-treatment from healthcare professionals. We did observe 
individual cases where resistance-associated mutations were likely acquired in consequence of home-
based same-day ART initiation without subsequent linkage to care; however, in the small sample size 
available to address this risk, such outcomes appeared to be rare. Overall, we concluded that the 
considerable benefits of same-day ART in terms of earlier linkage to care and viral suppression 
outweigh the risks (see publication in chapter 5.1.8)[76].4 

Second, we assessed the impact of the recent roll-out of dolutegravir-based first-line ART on virological 
outcomes. HIV treatment in most low- and middle-income countries is far less individualized than in 
resource-rich settings; therefore, a programmatic transition from one drug to another can mean a 
regimen change for the majority of the patient population. With most people set to transition from 
efavirenz- to dolutegravir-based ART with no change to the NRTI backbone, there were open questions 
as to whether prior NRTI resistance might compromise dolutegravir-based first-line ART and, 
consequently, what the viral load threshold and maximal time since previous viral load testing should 
be in order to minimise the risk of functional dolutegravir monotherapy[100,101]. Moreover, until 
recently most data on dolutegravir stemmed from high-income countries and/or randomised trials, 

                                                             
4 This research was cited in the World Health Organization 2021 consolidated guidelines on HIV management, as 
well as the International AIDS Society – USA Panel 2020 recommendations on antiretroviral drugs for HIV 
prevention and treatment[15,59]. 
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whereas ‘real-life’ data from low- and middle-income countries was lacking[100,101]. In the DO-REAL 
cohort study, which includes over a thousand individuals who transitioned from NNRTI- (nevirapine or 
efavirenz) to dolutegravir-based ART, we observed favourable short-term virological outcomes: among 
individuals with complete viral load data, 99.5% and 98% had viral suppression to <1000 copies/mL 
and <100 copies/mL, respectively, four months after transitioning to dolutegravir-based ART (see 
publication in chapter 5.1.4)[73]. Even among those with viraemia ≥100 copies/mL at transition to 
DTG, 95% achieved resuppression to <100 copies/mL. All in all, the rate of viral suppression was high 
already at transition to dolutegravir and increased further after transition[73]. These results provide 
further support for the programmatic roll-out of dolutegravir, though more research is needed to 
investigate if these findings hold true in populations with lower baseline rates of viral suppression and 
without recent pre-transition viral load data[73]. Furthermore, it remains to be seen whether these 
positive outcomes can be maintained over time; we intend to report on longer-term outcomes of the 
DO-REAL once available. 

Third, we assessed short-term dynamics of resistance-associated mutations, questioning whether the 
current approach of dealing with viraemia could lead to the emergence of (additional) drug resistance-
associated mutations in people receiving NNRTI-based ART. In a post-hoc analysis of plasma samples 
collected in the previously completed CART-1 cohort study, we observed extensive high-level drug 
resistance already at the initial detection of viraemia, and a moderate accumulation of additional 
mutations by the time of confirmatory viral load testing after adherence counselling. This was 
associated with a non-significant decrease in genotypic susceptibility scores. These results led us to 
conclude that the risk of acquiring additional resistance-associated mutations during the adherence 
counselling period, which inherently entails delays in clinical decision-making, should be balanced 
against the benefit of avoiding unnecessary switches in people who achieve viral suppression after 
adherence counselling (see publication in chapter 5.1.5)[69]. Since the completion of this research, 
new World Health Organization guidelines have adjusted the viral load monitoring algorithm to allow 
for a switch away from NNRTI-based ART after a single unsuppressed viral load measurement, without 
strictly requiring prior adherence counselling[15]. 

Fourth, we questioned the viral load threshold for switching from NNRTI-based first-line ART to 
second-line ART. Cohort data[53–55,57], as well as the SESOTHO randomised controlled trial 
(conducted in the context of NNRTI-based first-line and protease inhibitor-based second-line ART)[56], 
showed evidence that the threshold for switching to second-line ART recommended by the World 
Health Organization at the time was too high, though data on the relative role of non-adherence and 
resistance was limited. In a genotyping study nested within SESOTHO, we found high levels of viral 
drug resistance among individuals with ‘low-level’ viraemia below the threshold for switching: among 
people on NNRTI-based ART, over 80% of participants with successfully sequenced samples and over 
half overall (sequencing success is often limited for low-level viraemia) harboured resistance-
associated mutations necessitating a regimen switch (see publication in chapter 5.1.6)[70]. These 
findings provide further support for lowering the threshold to switch[70]. Indeed, the World Health 
Organization’s 2021 guidelines lowered the threshold for considering switching specifically from 
NNRTI-based first-line ART from 1000 to 50 copies/mL[15,102], highlighting the timeliness of this 
research question. 

Fifth, we are assessing if the decision whether and how to switch to second-line ART should be 
informed by genotypic resistance data, as opposed to viral load data only. We hope to answer this 
question through an ongoing open-label randomised clinical trial, the GIVE MOVE trial, currently 
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conducted in seven sites (with additional sites planned) in two countries, Lesotho and Tanzania. As 
children and adolescents are particularly prone to poor treatment outcomes, this trial focuses on these 
priority age groups. A cost-effectiveness analysis will be conducted if any benefit of resistance testing 
is observed. Our goal is that the results of this trial will inform policymakers on whether or not to 
prioritise the roll-out and scale-up of access to resistance testing for this population (see publication 
of the protocol in chapter 5.1.7 and the current project status in chapter 5.2)[75]. 

Sixth, we assessed the entire viral load cascade – from detection of viraemia to outcomes after 
adherence counselling or switch – among children and younger adolescents with routinely detected 
viraemia while receiving treatment in Lesotho. In this study, conducted in the context of an open 
cohort study including all children receiving viral load testing in two districts of Lesotho, we identified 
substantial delays at each stage of the cascade (see accepted manuscript in chapter 5.1.3)[98], in line 
with previously reported outcomes among adults[103]. We propose interventions which may facilitate 
timely and appropriate clinical action in response to detecting viraemia. 

Finally, we began to look beyond the ‘third 95’ of viral suppression, and towards health-related quality 
of life for people in care for HIV. With over 27 million (73%) people living with HIV now accessing ART, 
of whom over 90% are virally suppressed[39], looking at health and wellbeing outcomes beyond viral 
suppression may become increasingly important[104]. Both dolutegravir and efavirenz, which it is 
largely replacing, have been associated primarily with neuropsychiatric adverse effects[105–109]. In a 
separate analysis within the above-mentioned DO-REAL cohort, we show that transitioning from 
efavirenz- to dolutegravir-based ART did not greatly alter overall health screening outcomes, but did 
lead to a significant reduction of specific mental health symptoms that may greatly impact health-
related quality of life, notably symptoms relating to sadness/depression, dreams/sleep, and 
nervousness/anxiety (see submitted manuscript in chapter 5.1.2)[83].  
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5. Results 

5.1. Published or Submitted Work 

5.1.1. List of Publications as (Co-) First Author 

Submitted: 

Brown JA, Nsakala BL, Mokhele K, Rakuoane I, Muhairwe J, Glass TR, Amstutz A, Tschumi N, Belus JM, 
Klimkait T, Labhardt ND. Dolutegravir in Real Life: self-reported mental and physical health outcomes 
after transitioning from efavirenz- to dolutegravir-based antiretroviral therapy in a prospective cohort 
study in Lesotho. Under review. 

Published / accepted: 

Muhairwe JA*, Brown JA*, Motaboli L, Nsakala BL, Lerotholi M, Amstutz A, Klimkait T, Glass TR, 
Labhardt ND. The suboptimal paediatric HIV viral load cascade: multi-district cohort study among 
children taking antiretroviral therapy in Lesotho, Southern Africa. Pediatr Infect Dis J; accepted. 

Brown JA, Nsakala BL, Mokhele K, Rakuoane I, Muhairwe J, Urda L, Amstutz A, Tschumi N, Klimkait T, 
Labhardt ND. Viral suppression after transition from non-nucleoside reverse transcriptase inhibitor- to 
dolutegravir-based antiretroviral therapy: a prospective cohort study in Lesotho (DO-REAL study). HIV 
Med. 2021; published online ahead of print. doi: 10.1111/hiv.13189. 

Brown JA, Mbunkah HA, Lejone TI, Ringera I, Cheleboi M, Klimkait T, Metzner KJ, Günthard HF, 
Labhardt ND, Kouyos RD*, Tschumi N*. Emergence of HIV-1 drug resistance during the 3-month WHO-
recommended enhanced adherence counselling period in the CART-1 cohort study. Open Forum Infect 
Dis. 2021; 8(5):ofab046. doi: 10.1093/ofid/ofab046. 

Brown JA, Amstutz A, Nsakala BL, Seeburg U, Vanobberghen F, Muhairwe J, Klimkait T, Labhardt ND. 
Extensive drug resistance during low-level HIV viraemia while taking NNRTI-based ART supports 
lowering the viral threshold for regimen switch in resource-limited settings: a pre-planned analysis 
from the SESOTHO trial. J Antimicrob Chemother. 2021;76(5):1294-1298. doi: 10.1093/jac/dkab025. 

Brown JA, Ringera I, Luoga E, Cheleboi M, Kimera N, Muhairwe J, Kayembe BP, Molapo Hlasoa M, 
Kabundi L, Yav CWD, Mothobi B, Thahane L, Amstutz A, Bachmann N, Mollel GJ, Bresser M, Glass TR, 
Paris DH, Klimkait T, Weisser M, Labhardt ND. Genotype-Informed Versus Empiric Management Of 
VirEmia (GIVE MOVE): study protocol of an open-label randomized clinical trial in children and 
adolescents living with HIV in Lesotho and Tanzania. BMC Infect Dis. 2020;20(1):773. doi: 
10.1186/s12879-020-05491-9. 

Amsutz A*, Brown JA*, Ringera I, Muhairwe J, Lejone TI, Klimkait T, Glass TR, Labhardt ND. Engagement 
in care, viral suppression, drug resistance and reasons for non-linkage after home-based same-day ART 
initiation in Lesotho: a two-year follow-up of the CASCADE trial. Clin Infect Dis. 2020;71(10):2608-2614. 
doi: 10.1093/cid/ciz1126. 

* Equal contribution. 
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5.1.2. Mental and Physical Health upon Transition to Dolutegravir, Under Review 
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5.1.3. Paediatric HIV Viral Load Cascade in Lesotho, Pediatr Infect Dis J, Accepted 
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5.1.4. Cohort on programmatic transition to DTG-based ART, HIV Med, 2021 
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5.1.6. Drug Resistance During Low-Level HIV Viraemia, J Antimicrob Chemother, 2021 
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5.1.7. GIVE MOVE Study Protocol, BMC Infect Dis, 2021 
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5.1.8. 24-Month Outcomes After Same-Day ART, Clin Infect Dis, 2020 
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5.2. Ongoing work: the GIVE MOVE trial 

Children and adolescents are at particular risk for treatment failure (see chapter 3.4.3). This may be 
caused by suboptimal medication intake or viral resistance to their current drug regimen, with 
different clinical interventions needed depending on the underlying cause. However, access to HIV-1 
resistance testing to inform clinical interventions is extremely limited in many of the regions with the 
highest burden of disease. The Genotype-Informed Versus Empiric Management Of VirEmia (GIVE 
MOVE) trial assesses the need for introducing routine resistance testing for children and adolescents 
living with HIV. 

GIVE MOVE is an ongoing, open-label randomised clinical trial conducted in two countries, Lesotho 
and Tanzania. It currently has seven active sites (six in Lesotho, one in Tanzania), with additional sites 
in Tanzania planned. The study aims to enrol 276 children and adolescents with HIV viraemia while in 
care and receiving ART. Participants are randomised 1:1 to a control arm, receiving viral load-informed 
onward care, and an intervention arm, receiving onward treatment informed by resistance testing and 
the recommendations of an Expert Committee. The composite primary endpoint is the occurrence of 
i) death, ii) a new WHO stage 4 event (with some exclusions), or iii) an HIV- or ART-related 
hospitalisation lasting ≥24 hours through the 36-week follow-up period; or iv) not having a 
documented viral load <50 copies/mL at 36 weeks follow-up. 

The study protocol has been published (see chapter 5.1.7[75]) and the trial is registered with 
ClinicalTrials.gov (NCT04233242). Updates are available on the trial website, www.givemove.org.  

The first site was activated on 20 February 2020 and the first participant was enrolled on 3 March 2020. 
As per 3 November 2021, 175 participants – 63% of the target sample size – have been enrolled. An 
amendment has been submitted to the relevant authorities slightly modifying enrolment criteria in 
light of newer drug regimens and logistical considerations, and adding three additional sites in 
Tanzania. A pre-planned interim analysis will take place once 50% of participants have completed the 
36-week study visit and/or reached the primary endpoint; as the 50% mark for recruitment was 
reached on 5 July 2021, this interim analysis is currently scheduled for mid-2022.  

At present, the internal study team consists of over forty team members (a Steering Committee 
including myself as Principal Investigator; site teams of the currently active sites; as well as clinical, 
statistics, data management, and diagnostic co-investigators). In addition, the trial has defined an 
independent statistician to conduct the interim analysis, a Data Safety Monitoring Board, and Expert 
Committee on genotypic resistance testing; and an Endpoint Committee. The trial is regularly 
monitored by monitors at the Swiss Tropical and Public Health Institute and SolidarMed (Lesotho), or 
the Ifakara Health Institute (Tanzania). 

Figure 1 shows a timeline of the major milestones achieved so far. Error! Reference source not found. 
shows the cumulative recruitment since the start of the trial. 
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Figure 1: Timeline of major milestones until 3 November 2021. Milestones related to funding, ethics 
approvals, site activations, recruitment, and output are shown in pink, green, orange, blue, and red, 
respectively. NH-REC: National Health Research Ethics Committee (Lesotho); EKNZ: Ethikkommission 
Nordwest- und Zentralschweiz (Switzerland); IHI-IRB: Ifakara Health Institute Institutional Review 
Board (Tanzania); NIMR: National Institute for Medical Research (Tanzania); TMDA: Tanzania 
Medicines and Medical Devices Authority (Tanzania). 

 

 

 

Among participants enrolled up to 3 November 2021, the majority are female (58%, vs male), live in 
Lesotho (82%, vs Tanzania), were between 12 and 19 years old at enrolment (53%, vs below 12 years 
old), and were taking integrase inhibitor-based ART at enrolment (54%, vs 39% taking protease 
inhibitor-based ART and 7% taking NNRTI-based ART).  

One sub-component of this trial is to assess the feasibility of resistance testing in relatively rural 
settings. This diagnostic test is cost- and time-intensive, and requires extensive infrastructure as well 
as technical expertise. Unfortunately, resistance testing has been hampered by numerous challenges, 
most notably relating to supply chain. Nevertheless, a business plan with a detailed, easily-adjustable 

Figure 2: Cumulative recruitment 
until 3 November 2021. The Covid-19 
pandemic caused several delays, 
especially (though not only) at the 
beginning of the trial. More recently, 
monthly recruitment rates have often 
aligned with the target. The planned 
addition of new sites in Tanzania is 
expected to considerably boost 
recruitment. 
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costing analysis was developed to guide the respective resistance testing laboratories involved in GIVE 
MOVE in each country with regards to future pricing.5 A cost-effectiveness analysis is planned if the 
intervention package proves to be clinically beneficial.  

                                                             
5 This process was led by Olivia Kitau at the Ifakara Health Institute in Tanzania, with support from Namvua 
Kimera at the Ifakara Health Institute laboratory, Molisana Cheleboi at the Seboche Mission Hospital laboratory 
in Lesotho, Guy de Coulon formerly at SolidarMed Tanzania, and myself. 
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6. Discussion 

6.1. Results of this thesis in context 

Recent years have shown tremendous progress in HIV care, with several countries in sub-Saharan 
Africa reaching the 90-90-90 targets, or narrowly missing it but reaching the target for overall viral 
suppression[30]. The studies presented here highlight important steps in these improvements; 
however, they also demonstrate that key gaps in access to adequate healthcare services remain, even 
for people who are already in care. 

This thesis contains projects covering all stages of health facility-based HIV treatment: my colleagues 
and I have considered questions relating to when to start ART, how to introduce new first-line 
regimens, how to handle viraemia during first-line ART, when and how to switch to second-line ART, 
the success of this entire viral load care cascade in children, and mental and somatic health 
considerations that look beyond the ‘third 95’ of viral suppression. 

Integrating these results as well as the current literature, the following chapters consider the current 
standard of care, potential gaps, and possible ways forward across four parameters of relevance to 
sustained viral suppression: ease of access to healthcare services; adherence to ART; the role of 
diagnostics; and novel antiretrovirals. 

6.2. The Way Forward for Access – Reaching Care Remains a Burden 

Even when HIV care is provided free of charge, accessing services can place a high financial and time 
burden on patients[48]. The Covid-19 pandemic has further exacerbated access barriers[110,111]. 
Interventions to improve access can adopt different approaches, notably including i) decentralising 
services, or ii) reducing the frequency of health facility visits. As such interventions can directly impact 
both engagement in care and viral suppression, both must be taken into account in their evaluation. 

The CASCADE trial, conducted in the context of a door-to-door HIV testing campaign, integrated 
aspects of both approaches: pre-ART services were decentralised to allow for home-based same-day 
ART initiation, though subsequent care was clinic-based[23]. Together with less-frequent clinic visits 
due to multi-month ART dispensing, this approach led to increased linkage to care as well as higher 12-
month engagement in care and viral suppression compared to the standard of care[23].  

When my colleagues and I analysed the 24-month CASCADE data, outcomes between the study arms 
had equalised, driven by a greater net increase in engagement in care in the control arm in the second 
year of the trial[76]. We could not be certain to what extent prior tracing of participants who were not 
in care at 12 months had had an equalising effect. Nevertheless, the earlier engagement in care 
observed in the intervention arm – allowing less time for disease progression or onward transmission 
– without greater subsequent attrition from care led us to endorse the trial intervention[76]. The only 
remaining (albeit minor6) concern was related to the few instances of acquired drug resistance 
observed among individuals who had taken the initial (efavirenz-based) ART supply without 

                                                             
6 Though the sample size to address this risk was small, our data suggested that only a minority of participants in 
the intervention arm who did not link to care ever took any medication and developed drug resistance[76]; 
furthermore, defaulting from care also occurs after initial linkage, and the trial had shown clear overall benefits 
of the intervention in terms of twelve-month engagement in care and viral suppression[23]. 
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subsequently linking to care[76]. This risk would be far lower today considering the recent roll-out of 
dolutegravir, which has a higher barrier to development of resistance[71], providing further support 
for home-based same-day ART.  

Despite the trial’s success, three-month linkage to care (69%) as well as 12- (64%) and 24-month 
engagement in care (64%) remained suboptimal even with same-day ART[23,76], necessitating 
additional interventions. Expanding on the approach of decentralised services, subsequent work in 
Lesotho attempted to fill this gap through the offer of village health worker-mediated ART refills[112]. 
However, uptake was lower than expected and no difference in viral suppression was observed 
between this intervention and clinic-based ART refill, potentially showing the limitations of task 
shifting[112]. A separate trial in Lesotho found that community-based ART dispensing was non-inferior 
to facility-based dispensing[113], and was associated with cost savings for providers and patients[48]. 

Within our research group, one ongoing project is taking the second above-mentioned approach, 
decreasing the frequency of clinic visits. The VITAL trial is testing a viral load-driven differentiated 
service delivery model, allowing for less-frequent ART supply among virally suppressed patients and a 
reallocation of resources towards individuals needing intensified support[114]. There is reason to 
believe that this approach may be successful: a recently published trial enrolling over nine thousand 
participants established the non-inferiority of six-monthly facility-based ART supply compared with 
three-monthly refills or the standard of care with regard to 12-month retention in care[115]. This was 
accompanied by lower provider and patient costs[115]. However, data on viral suppression as well as 
long-term outcomes were lacking in this trial – a research gap which VITAL is poised to fill[115]. 

6.3. The Way Forward for Adherence – No One-Size-Fits-All 

Within this thesis, extensive high-level resistance observed already at the first detection of viraemia 
during NNRTI-based ART, combined with the risk of acquiring additional resistance-associated 
mutations during ongoing exposure to a failing regimen, called into question whether the requirement 
for adherence counselling before switching to second-line ART was justified[69]. Indeed, recent World 
Health Organization guidelines loosened this requirement specifically for people taking NNRTI-based 
first-line ART[15]. However, these considerations change with the roll-out of dolutegravir: the 
increasing availability of antiretrovirals with a high barrier to resistance is bound to increase the 
proportionate role of suboptimal adherence as a cause of treatment failure, at least in the short term. 
Within this thesis, the high observed tolerability of dolutegravir-based ART in the DO-REAL cohort is a 
promising sign for long-term adherence[83]; nevertheless, the few cases of ongoing viraemia after 
transition from NNRTI- to dolutegravir-based ART appeared to be driven by suboptimal adherence 
rather than drug resistance (though longer-term follow-up will be important)[73]. Preliminary data 
from the GIVE MOVE trial also suggest an important role for adherence in viraemia during treatment 
with modern ART regimens.  

The diversity of factors influencing adherence to ART (described in chapters 3.4.2 and 3.4.3) poses a 
challenge to delivering suitable interventions, meaning that there cannot be a ‘one-size-fits-all’ 
approach[77], at least with the currently available drug options. It is therefore unsurprising that 
adherence interventions typically have small effects, and that packages comprising multiple 
interventions generally yield superior outcomes than single interventions[116]. Interventions that 
have shown moderate positive results in a systematic review and network meta-analysis included text 
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messaging, counselling, supporters, and combined behavioural and cognitive interventions, though 
effects tend to wane once interventions end[116]. 

Unfortunately, none of the studies presented in this thesis systematically assessed reasons for or 
predictors of non-adherence. While a great number of studies investigating adherence barriers already 
exist[77,78], the diversity of such barriers might necessitate a certain geographical and contextual 
granularity to inform subpopulation-specific intervention packages. This diversity of barriers might also 
make it more efficient to address adherence in combination with other health issues that impact 
adherence but deserve to be addressed in their own right: for example, among people with depression 
or with hazardous alcohol use, tailored approaches using behavioural interventions or cognitive 
behavioural therapy can reduce depression or alcohol use as well as improve adherence[117–120]. 
Within our research group, several nested studies within the VITAL trial are assessing the prevalence 
of and designing interventions for depression and alcohol use, both of which have been linked to 
reduced adherence[81,92,93]. As VITAL only enrols adults, separate studies will be needed to better 
investigate and address adherence challenges faced by children, adolescents, and their caregivers. 

While there is a clear need for broader adherence packages, new diagnostic technologies may 
revolutionise adherence monitoring to inform the use of downstream diagnostics, and novel drug 
options show promise to substantially ease the burden of adherence itself. Such approaches are 
discussed in the following two chapters. 

6.4. The Way Forward for Diagnostics – Novel Approaches to Inform Treatment 

Within this thesis, an analysis of routine viral load data in an ongoing open cohort study identified 
significant gaps along the paediatric viral load cascade, with notable delays in clinical action after 
detection of an unsuppressed viral load[98]. Similar outcomes were previously described among 
adults[103]. Unfortunately, understanding the underlying causes of delays was largely beyond the 
scope of our study. However, significant year-on-year differences in turnaround times at the laboratory 
level suggest a need for laboratory system strengthening and building in more redundancies[98].  

However, even under optimal conditions, patients typically only get their results one to three (with 
multi-month ART dispensing) months after phlebotomy when they next return to the clinic. In theory, 
delays between blood draw and clinical action could be completely eliminated by point-of-care viral 
load testing, as included in the latest World Health Organization guidelines[15]. In a randomised 
controlled trial, this approach led to improved viral suppression and retention in care, as well as faster 
switching to second-line ART where indicated[121]. As described in 2018 Lancet series on pathology 
and laboratory medicine, point-of-care viral load testing can play a key role within tiered laboratory 
systems – but cannot compensate for weak healthcare systems[122].  

When viral load testing detects viraemia, the decision whether or not to adjust an ART regimen has 
long been challenging in settings with no or limited access to resistance testing. In the time of NNRTI-
based first-line ART, viraemia was commonly associated with viral drug resistance necessitating a 
switch to second-line ART, as observed in two studies contributing to this thesis[69,70]. On the other 
hand, switching non-adherent individuals to second-line ART would expose them to further drugs in a 
context of limited treatment options. Until recently, unnecessary switching would moreover have 
made adherence even more challenging, as it meant moving from a once-daily (NNRTI-based) to a 
twice-daily (ritonavir-boosted lopinavir-containing) regimen.  
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Despite this apparent need for resistance testing, the recently-published REVAMP randomised 
controlled trial saw no benefit in providing genotypic resistance testing over the standard of care, i.e. 
repeat viral load testing, to inform onward treatment in terms of nine-month viral suppression[123]. 
This is an important message with regards to cost-effective allocation of funding. However, REVAMP 
enrolled adults with an unsuppressed viral load while taking NNRTI-based ART, which limits 
generalisability to many paediatric and to newer adult first-line regimens[123]. The ongoing GIVE 
MOVE trial, presented within this thesis, aims to fill this gap for children and adolescents[75]. The 
timeliness of this trial is demonstrated by research gaps identified in the most recent consolidated 
guidelines of the World Health Organization[15]: 

‘Considering the very low levels of drug resistance, the role of drug resistance testing is 
unclear in a treatment failure algorithm for people living with HIV receiving [dolutegravir]-
based treatment to minimize unnecessary switches from this regimen. Additional data for 
children and adolescents would support optimized treatment monitoring in these 
populations for which drug resistance is a critical issue.’ 

Indeed, the need for resistance testing in low- and middle-income countries is bound to change with 
increasing availability of dolutegravir, in multiple ways. The roll-out of dolutegravir further decreases 
the probability that pre-treatment resistance testing will be prioritised globally: despite being 
recommended in some high-income countries[58], there is evidence from high-income settings 
arguing against the need for or cost-effectiveness of pre-treatment testing for integrase 
resistance[124,125]. Furthermore, recent evidence suggests good performance of dolutegravir even 
in the context of extensive NRTI resistance[72], further decreasing the need for pre-treatment 
resistance testing. The drug’s high barrier for development of resistance will also mean that a smaller 
proportion of people with treatment failure on dolutegravir-based ART will require a treatment switch 
than was the case with efavirenz[71]. Therefore, strict implementation of current World Health 
Organization guidelines, which require a switch of regimen upon two successive viral load results 
≥1000 copies/mL[15], would lead to many unnecessary switches from generally well-tolerated, once-
daily dolutegravir-based ART to more complex, twice-daily ritonavir-boosted lopinavir-based ART[15], 
at least in countries where alternative second-line options are not available.7 While resistance to 
dolutegravir does emerge even in the context of standard triple-drug ART[71,72,128], its low 
prevalence might favour a more conservative approach to switching away from dolutegravir-based 
ART in the absence of resistance testing. On the other hand, excessive reluctance to switch might 
gradually allow for the prevalence of dolutegravir resistance to increase to a greater extent than was 
observed in resource-rich settings, where genotypic testing is readily available to rapidly respond to 
any emergent resistance and thereby limit its spread. 

Before the roll-out of dolutegravir, modelling studies reached highly divergent conclusions regarding 
the cost-effectiveness of resistance testing upon treatment failure in low- and middle-income 
settings[129–131], and evidence from the dolutegravir era is missing. One approach that might greatly 
improve the cost-effectiveness of resistance and even viral load testing is prior point-of-care testing 

                                                             
7 Ritonavir-boosted atazanavir and ritonavir-boosted darunavir are other recommended second-line core agents 
for people switching from dolutegravir-based first-line ART[15]. Neither are currently readily available in Lesotho 
or Tanzania, where the projects presented within this thesis were conducted. However, the adult market share 
of ritonavir-boosted atazanavir in low- and middle-income countries is rapidly increasing compared to ritonavir-
boosted lopinavir[126], and ritonavir-boosted darunavir is expected to become available in the near future at 
comparable prices to ritonavir-boosted lopinavir[127]. 
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for the presence of antiretrovirals in patient samples as a proxy for adherence[132–139]. In addition 
to saving costs, this technology has the potential to improve clinical outcomes through faster 
recognition of non-adherence and initiation of adherence interventions, or faster provision of 
resistance testing or switch to a new regimen in the case of viraemia despite measurable drug 
levels[137]. Innovative trials combining point-of-care testing for antiretrovirals, point-of-care viral load 
testing, and resistance testing with the aim to improve viral suppression are currently underway[133]. 

6.5. The Way Forward for Antiretrovirals – the Impact of New Treatment Options 

As shown throughout this work, dolutegravir has markedly changed the treatment landscape. 
Compared with efavirenz, previously the most common core agent in first-line regimens, dolutegravir 
has been shown to lead to non-inferior[140–143] or superior[144–146] as well as faster[141,144,145] 
viral suppression among adults. While long-term routine data from resource-limited settings is still 
needed, data presented within this thesis indicate good short-term viral suppression and tolerability 
of dolutegravir after its programmatic introduction in Lesotho[73,83]. As this analysis included 
individuals who are not at particular risk for treatment failure – ART-experienced adults in care in an 
urban, NGO-supported hospital setting with high access to viral load testing – further research should 
investigate to what extent these findings hold true in populations with lower baseline rates of viral 
suppression and without recent pre-transition viral load data. 

For paediatric patients, recent data from the ODYSSEY randomised controlled trial shows superior viral 
suppression with dolutegravir compared with the standard of care, for both first- and second-line 
ART[128,147]. The roll-out of paediatric dolutegravir for children weighing below 20 kilograms is now 
imminent in many countries in sub-Saharan Africa, which is hugely promising for paediatric virological 
outcomes while simultaneously reducing costs to the health system[90]. Moving forward, it will be 
important to better assess tolerability, adverse effect profiles, as well as patient and caregiver 
preferences with regard to paediatric regimens. This will help to determine to what extent dolutegravir 
can fully replace other paediatric first-line regimens, as has largely been the case among adults, or 
whether alternative options should remain available. Unfortunately, even with dolutegravir, cohort 
data from mostly high-income countries has shown suboptimal viral suppression among children, 
adolescents and young adults, though integrase resistance was only observed in few cases[148–152]. 
This suggests that the roll-out of paediatric dolutegravir might still not suffice to reach the ‘third 95’ 
target among younger age groups. 

With the major cause for viraemia shifting increasingly from viral resistance towards adherence, novel 
long-acting or extended release antiretrovirals may play a key role in curbing treatment failure. Recent 
trials have established the non-inferiority of monthly injections of cabotegravir and rilpivirine as 
compared with standard daily oral ART[153,154], as well as the non-inferiority of dosing every two 
months instead of monthly[155]. Furthermore, the overwhelming majority of study participants 
indicated a preference for long-acting injectable regimens and for longer dosing intervals[153–155].  

Long-acting cabotegravir and rilpivirine has since been included in some clinical guidelines[58,59], 
though not yet those of the World Health Organization[15]. Moving forward, it will be essential to 
ensure these new formulations meet the needs of and become available to the populations most 
impacted by HIV[37,38]. This will depend critically on costs and implementation 
constraints[38,156,157], with modelling data for Kenya suggesting that potential cost-effectiveness for 



PhD thesis     |     Jennifer A. Brown     |     2022 

98 
 

adolescents and young adults if these regimens can be provided at less than twice the cost of oral 
ART[156].  

Though not without risks and challenges[37], these novel regimen types could greatly increase the 
convenience of taking ART. By eliminating the most important patient-reported barriers to adherence 
– including forgetting, being away from home, changes to routine, stigma, depression, pill burden, or 
substance use – long-acting injectable ART might be a game-changer for viral suppression[77]. 
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7. Conclusions 
While major progress has been made, reaching 95% viral suppression across all geographic regions and 
population groups, and especially among children and adolescents, will be challenging. The work 
presented here addresses several key aspects relating to viral suppression.  

Starting slightly upstream of the ‘third 95’, the assessment of long-term outcomes after home-based 
same-day ART, which has since been cited by several guidelines[15,59], led to a strengthened 
recommendation for this approach but also showed that same-day ART is not sufficient to ensure 
linkage to and retention in care[76]. 

Once in care, patients until recently received NNRTI-based ART regimens that were effective, though 
vulnerable to the development of drug resistance. Accordingly, high levels of resistance to NNRTIs 
were observed in this work, including in the context of low-level viraemia[69,70]. This, combined with 
delays observed along the viral load cascade among children taking predominantly NNRTI-based 
ART[98], highlighted the need for less conservative switching away from NNRTI-based regimens. 
Indeed, the latest World Health Organization guidelines have substantially lowered the barriers for 
switching away from NNRTI-based ART[15].  

The recent roll-out of dolutegravir – a drug that is more robust regarding the risk of viral resistance – 
substantially impacts considerations on clinical management on viraemia. Two studies addressing the 
transition to dolutegravir-based ART among adults show positive outcomes with regard to short-term 
viral suppression and – looking beyond the ‘third 95’ – adverse effects[73,83]. However, longer-term 
follow-up of virological outcomes, including potential emergent resistance, is needed. The availability 
of new drug options with a high barrier to resistance will also impact the need for and cost-
effectiveness of resistance testing. Evidence to quantify the possible impact of resistance testing is 
lacking for the main current first-line ART regimens as well as for the age groups with the greatest 
need, namely children and adolescents. Here, the ongoing GIVE MOVE trial will assess the feasibility, 
clinical impact and, if beneficial, cost-effectiveness of routine resistance testing[75].  

As countries approach 95-95-95, distinct new research agendas are becoming clear. On the one hand, 
another major push is needed along the HIV care cascade as well as in preventive services, as the world 
is not on track to reach zero new infections by 2030[39]. Novel approaches – including strategies to 
decentralise and differentiate services delivery[114,162], intelligent combinations of novel and 
existing diagnostic approaches[133], and long-acting or extended release antiretrovirals for treatment 
and prevention[37,38,153–155] – show promise towards making an end to the epidemic possible. 

On the other hand, with 25 million people now on ART with viral suppression, it is also time to look 
beyond the ‘third 95’ of viral suppression and towards quality of life. For adults, dealing with 
comorbidities and co-medication as well as promoting healthy aging will increasingly shape the 
research agenda[104]. For younger children, the roll-out of paediatric dolutegravir is now imminent, 
though information on adverse effects, convenience, and preference is scarce. Further data to inform 
guidelines on the provision of paediatric ART is thus urgently needed.  

Achieving zero new infections and zero new deaths by 2030 will require targeted interventions 
reaching those most at risk. However, involvement of all of society will be needed to achieve the third 
goal for 2030 – creating a world with zero stigma.  
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