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Summary 

In the last twenty years combination antiretroviral therapy has constituted an unprecedented 

revolution in medical care and provided HIV-1 positive individuals with hope for full and 

normal lives. In spite of this, HIV-1 syndrome is still haunting us, and the quest for a sterilising 

vaccine and cure remains. The continued advance towards successful prophylactic and 

therapeutic interventions is dependent on unified efforts of diverse disciplines. Constructive 

collaborations are needed to resolve design and endpoint inconsistencies in studies that are 

aimed at achieving protection from infection and disease progression.  
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In the three-and-a-half decades from the description of the initial cases of AIDS [1], HIV-1 has 

spread across the globe without regard to gender, age, lifestyle or economic status [2]. So far 

75 million people have been infected, of whom 39 million have died. Continuing at this pace is 

not an option. The history of advances in medical intervention through the AIDS epidemic can 

be viewed thus far in four sequential episodes: The first episode was a period of catastrophe; 

entire communities became decimated at a time when the basic function of T cells was barely 

understood. The second episode, beginning in 1996 at which time the arrival of ‘cocktails’ of 

antiretroviral drugs heralded an astounding medical breakthrough in modern clinical care, was 

appropriately defined by euphoria. With a sense that the battle was won, the following third 

episode, beginning only a year or so later, may perhaps be described as one of complacency. 

The preceding sense of urgency being somewhat relieved by the mitigation of HIV-1’s effects 

and the emerging manageability of infection by combination antiretrovirals that, despite 

emerging anxieties about drug toxicities, became more accessible to all, even in the presence 

of poverty. Striking impacts have been made in advanced economies that provide not-for-

profit, universal health care, as demonstrated by the comprehensive surveillance undertaken 

by Public Health England [3], as well as some resource-limited nations such as Rwanda and 

South Africa, showing also that the global variation in antiretroviral therapy (ART) coverage is 

huge. Despite vast expenditure, understanding of this formidable pathogen still appears to 

evade the considerable efforts of immunologists, virologists and vaccinologists and remains 

the focus of intensive exploration. In the fourth episode today, we are faced with a realization 

that the war is far from over and to claim victory we must accomplish the ultimate goal of viral 

eradication - the cure. The unique case of the ‘Berlin patient’, who appears to have been 

cured following a haematopoietic stem cell transplant from a CCR5Δ32 homozygous donor [4], 

has ushered in the fourth period that is marked by renewed determination. During this 

contemporary period the boundaries between HIV prevention, treatment and cure 
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interventions have merged, particularly in the context of treatment as prevention, such as pre-

exposure prophylaxis which reduces risk of transmission by at least 86% [5].  

 

Progressing from this period of determination towards the ultimate endgame for HIV-1 

requires the resolution of numerous outstanding questions, in particular regarding the viral 

reservoir, which can highlight the path to a cure. Within weeks of HIV-1 infection a latent HIV-

1 reservoir becomes established that is not affected by long-term ART and represents the 

major obstacle for HIV-1 eradication [6]. Our understanding of the mechanisms involved in 

reservoir establishment and maintenance is far from complete, yet important leads may be 

revealed from the epidemiological outliers of untreated HIV-1 infection, who are notable 

exceptions to the virus’s almost universal rule of terminal immune system devastation. The 

marginal numbers of individuals who break this rule demonstrate the plausibility of long-term 

control or even eradication of the virus. These individuals seem to exist on a spectrum of 

atypical clinical outcome in HIV-1 infection where immune deterioration is either substantially 

delayed, in the case of long-term non-progressors (LTNP), or appears to be held off 

indefinitely, as seen in elite controllers (EC). The mechanisms responsible for LTNP/EC 

status and spontaneous favourable clinical outcome ascribed to both the host immune system 

and genetics, and to viral fitness, are still being elucidated. We and others have shown that 

maintenance of balanced and fully functional proliferative HIV-1-specific CD4 and CD8 T 

lymphocyte responses, observed in LTNP/EC, is highly associated with control of viraemia [7, 

8]. An increasing body of evidence indicates a causative mechanism in this relationship, such 

as the work of Shan et al. Here HIV-1-specific CD8 T cells from patients on ART pre-

stimulated with HIV-1 Gag peptides and IL-2, induced cellular proliferation and robust 

targeting of infected CD4+ T cells in the presence of the histone deacetylase inhibitor 

vorinostat [9]. Such approaches have the potential to reduce viral reservoirs in HIV-1 positive 
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subjects with chronic infection. A mechanistic role for HIV-1-specific T-cell responses in 

containment of viraemia is further supported by novel immune-monitoring models, which 

integrate multiple functions of epitope-specific CD8 T cells, and lists their proliferative capacity 

as the strongest single discriminant of non-progressive from progressive HIV-1 infection [10]. 

If balanced, polyfunctional responses can be demonstrated to be a causative mechanism of 

favorable clinical outcome, it stands to reason that curative strategies should aim to mimic 

such immune responses in chronically-infected patients on treatment [11, 12]. Theoretically, 

such a state would result in reduced viral replication, reduction of viral reservoirs, marked 

clinical benefits, prolonged survival and lowered transmission rates. 

 

The extraordinary stability of the hidden viral reservoir that is established principally in the 

memory CD4 T-cell compartment during the acute phase of infection raises several points. It 

remains speculative how the dynamic kinetic interactions during acute stage infection 

between the virus and its host sets the scene for disease outcome, especially in terms of 

impact of early ART initiation on decay of the reservoir [13-16]. We now have 

recommendations that ART should be initiated at threshold CD4 T-cell count of 500 cells/µl 

blood to reduce risks of disease progression [17, 18], although this may change in lieu of the 

results from the START study that indicate immediate ART commencement upon diagnosis of 

HIV-1 infection [19]. Furthermore the increased composition of the latent reservoir by 

cytotoxic T-lymphocyte-escape mutants during acute infection, imply that new non-

immunodominant T cell responses will have to be induced, if treatment is deferred [20]. These 

studies comply with the view that immunological memory is distorted early in infection. 

Immune responses are highly unique aspects of individual patients’ biology, and are 

consistently influenced by germline genetics and the constituent cell populations that 

continuously sample the microbiome, resulting in a cultivated immune system shaped by 
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memory. However, the fashioning of immunological memory by HIV-1 is quantitatively and 

qualitatively impaired. It is unclear how such impairments may affect the establishment, 

development and maintenance of the latent reservoir, and their contribution to its stability and 

inducibility. These parameters must be considered in future ‘cure’ strategies, particularly as 

we embark upon the era of personalized precision medicine.  

 

A number of agents and strategies have been proposed over the past decade to activate 

latent HIV-1 in order to deplete the reservoir to the point of no return, by a combination of viral 

cytopathic effects and modulated cell-mediated immunity [21, 22]. Spontaneous control of the 

reservoir, and the virus it produces, is observed in LTNP and EC and forms the theoretical 

foundation for functional cure [7, 23, 24]. Approaches aimed at purging virus by stimulating 

HIV-1-specific T cells in the absence of potentially detrimental global T-cell activation may yet 

benefit from often over-looked early strategies such as low-dose IL-2 immunotherapy, in 

addition to treatment with other agents described previously [11, 25]. Combination latency 

reversing agents (LRA) are demonstrably more effective than individual LRA and a synergistic 

trial design approach showing efficacy of new LRA with others is key [22, 26]. 

 

These trials are integral in the development of a cure, and comparisons between translational 

scientific studies will benefit from greater consensus regarding specific criteria for staging 

definitions: i) definitions of HIV-1 infection stages and progression rates, ii) differences in 

methodology and the relating of parameters to subpopulations, and iii) viable endpoints of 

clinical trials. Universal definitions need to be applied to stages of both HIV-1 infection and 

progression rates, utilizing agreed-upon criteria (clinical, virologic and immunologic 

parameters) to characterize patient cohorts; e.g. LTNP/EC [27] or acute stage infection [28], 

to facilitate effective comparison. Clinical and translational investigations conducted in such 
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cohorts would benefit from the uniform application of consistent definitions across studies and 

sites. The need for standardized cohort terminology and definitions is pressing and should be 

a prerequisite for further scientific evaluations of potential immunologic, genetic, and 

virological factors that contribute to spontaneous viral control and other atypical clinical 

outcomes. Standardization of methodology becomes paramount as technical advances, 

including powerful novel high-throughput technologies, enable comprehensive monitoring and 

phenotypic assessment of the vast array of immune cell subsets and their respective activities. 

Rigid criteria are needed in the definition of terminology, whilst still allowing flexibility as new 

data emerge that challenge the assumptions that may underpin those criteria. In addition, 

detailed investigations are required to identify immunological, virological and clinical 

biomarkers for accurate assessment of end-point efficacy in clinical trial designs and 

approaches. Accurate assessment to define and measure the size of the latent reservoir will 

prove relevant in the design of eradication clinical trials, as viral outgrowth assays 

underestimate reservoir size, while viral PCR assays overestimate it [6]. Successful 

virological and immunological approaches may require novel interventions, the grouping of 

existing and new generation immunotherapeutics and LRA, larger patient cohorts, and the 

development of accurate, standardized measurement of both latency reversal, and 

immunological efficacy to result in curative intervention.  

 

In the last 20 years ART has constituted an unprecedented revolution in medical care and 

provided HIV-1 positive individuals with hope for full and normal lives. In spite of this, HIV-1 

syndrome is still haunting us, and the quest for a sterilising vaccine or cure remains [29]. The 

advance towards successful prophylactic and therapeutic interventions is dependent on 

continued collaborations between research consortia, funding bodies and industry, in 

consultation with patient representative groups. Such unified effort of diverse disciplines in 
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constructive collaborations would undoubtedly yield favourable results and outcomes. A 

successful functional cure, be it achieved by prophylactic or therapeutic approach, will provide 

clues that pave the way to the elusive sterilising immunity so vigorously sought and so 

desperately deserved.  
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