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Figure 1: Conceptual Review Cover 
Control Without Cure: The Barrier of the Proviral Reservoir. 
Legend: A conceptual overview illustrating the "memory" of HIV infection stored within the host 
genome, which persists despite effective antiretroviral therapy (ART) and leads to systemic 
rebound if treatment is ceased. 

 
 
 
 



Abstract 
 
Despite more than four decades of intense research and the remarkable success of 
combination antiretroviral therapy(cART) in suppressing viral replication, HIV infection remains 
incurable. The virus persists in a stochastic archipelago of long-lived cellular reservoirs that 
evade immune surveillance and therapeutic intervention, guaranteeing viral recrudescence 
upon treatment cessation. This fundamental paradox—effective suppression without 
eradication—represents the central impediment to a cure. In this review, we deconstruct the 
biological and immunological architecture of HIV persistence. We focus on the establishment 
and maintenance of latent reservoirs, the pharmacological blind spot of current therapies, and 
the conceptual frameworks that distinguish viral control from clearance. Decoding these 
mechanisms is an essential predicate for the rational design of next-generation curative 
strategies. 
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1. Introduction: A Controlled Virus That Refuses to Disappear 
 
The advent of combination antiretroviral therapy(cART) transformed HIV/AIDS from a uniformly 
fatal prognosis into a manageable chronic condition. In treated individuals, plasma viral load is 
durably suppressed below the limit of clinical detection, immune function undergoes partial 
reconstitution, and life expectancy approaches population norms. Yet, this monumental 
therapeutic achievement obscures a deeper biological reality: HIV establishes a permanent, 
latent infection. Treatment interruption inevitably leads to rapid viral rebound, often within 14–21 
days, exposing the existence of a stable, replication-competent reservoir that cART cannot 
engage. This persistence defines the core paradox of contemporary HIV management: 
sustained control in the absence of cure. This paradox is not a failure of clinical science but a 
deliberate consequence of viral evolution, facilitating deep integration into host cell biology and 
immune homeostasis. 
 
 

 
Figure 1: Viral Dynamics and Latency 
Impact of cART on Plasma Viral Load and the Latent Reservoir. 



Legend: Left panel shows viral suppression to undetectable levels during continuous cART. 
Right panel illustrates rapid viral rebound following treatment interruption, driven by the 
activation of the latent reservoir. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. HIV as a Virus of Persistence, Not Just Replication 
 

2.1 Integration: The Point of Genomic Irreversibility 
 
As a lentivirus,HIV's lifecycle culminates in the integration of its reverse-transcribed DNA into 
the host genome. This step represents a biological point of no return: the virus transitions from 
an exogenous pathogen to an endogenous genetic element. The integrated provirus thereafter 
exists in one of two epigenetic states: 
 

●​ Productive infection, characterized by active transcription, viral protein production, and 
eventual cell lysis. 

 
●​ Latent infection, a state of transcriptional silence maintained by host epigenetic 

machinery (e.g., histone deacetylases, methylation) and a paucity of activating 
transcription factors. 

 
 

 



2.2 Latency: A Stochastic, Reversible Sanctuary 
 
Latency is not a viral gene product but aphenotypic byproduct of infection in quiescent or 
memory CD4⁺ T cells. The latent provirus is transcriptionally inert, producing no viral antigens, 
thereby rendering the infected cell invisible to immune effectors and antiretroviral drugs (which 
target active replication cycles). Critically, this state is metastable; latent provinces can 
stochastically or inductibly reactivate, serving as the foundational source for viral 
recrudescence. 
 
 

 
Figure 2: Cellular Fates of HIV Infection 
Pathways of HIV-1 Infection in CD4+ T Cells. 



Legend: (1) Productive Infection: Active viral replication leading to cytolysis. (2) Latent Infection: 
Transcriptional silencing and proviral integration into the host genome. (3) Clonal Expansion: 
Proliferation of latently infected cells via homeostatic or antigen-driven mitosis. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3. The Anatomical and Cellular Topography of HIV Reservoirs 
 
 
 

 
Figure 3: Anatomical Reservoirs 
Major Anatomical Sanctuaries of HIV-1 Persistence. 
Legend: Schematic representation of key reservoir sites, including lymphoid tissues (B cell 
follicles), GALT, the central nervous system (microglia), and circulating resting CD4+ T cells. 
Shield icons denote "immunologically privileged" sites. 
 
 
 

 
 



 
 
 
 

3.1 The Central Reservoir: CD4⁺ Memory T Cells 
 
The predominant and best-characterized reservoir resides within subsets of 
long-lived,self-renewing CD4⁺ memory T cells. HIV co-opts the biological purpose of these 
cells—immunological memory—to ensure its own perpetuation. Key reservoir properties include: 
 

●​ Extreme rarity (~1 in 10⁶ CD4⁺ T cells in well-suppressed individuals). 
 

●​ Remarkable stability, with an estimated half-life of ~44 months, implying a reservoir 
lifespan measured in decades. 

 
●​ Clonal proliferative potential, where infected cell clones expand through antigen-driven 

or homeostatic proliferation, amplifying the reservoir without viral reactivation. 
 
 
 
 

3.2 Sanctuary Sites: A Distributed Viral Archive 
 
Reservoirs are not monolithic but distributed acrossimmunologically privileged and 
pharmacologically suboptimal compartments: 
 

●​ Tissue-resident macrophages and microglia (CNS, lung, liver). 
 

●​ Follicular dendritic cells (FDCs) within B cell follicles of lymphoid tissues, where cytotoxic 
T lymphocytes (CTLs) have limited access. 

 
●​ Gut-associated lymphoid tissue (GALT), a site of massive early CD4⁺ T cell depletion 

and persistent viral DNA. 
 

●​ Genitourinary tract and other mucosal sites. 
 
These sanctuaries often exhibit subtherapeutic drug concentrations and/or immune effector 
exclusion, creating a perfect niche for persistence. 
 
 
 



 
Figure 4: The B Cell Follicle Sanctuary 
Immune Evasion within the Lymph Node Germinal Center. 
Legend: HIV virions trapped on FDC networks (red) remain infectious. The follicular boundary 
acts as a "exclusion zone" for cytotoxic CD8+ T cells (purple), preventing the clearance of 
infected TFH cells (orange). 
 
 
 
 
 
 
 
 
 
 



4. The Pharmacological Blind Spot: Why cART Cannot Cure 
 

4.1 cART Inhibits Viral Cycle, Not Proviral Existence 
 
Antiretroviral drugs are exquisitely effective against themechanistic steps of active viral 
replication (entry, reverse transcription, integration, protease maturation). They are, by design, 
agnostic to the silent, integrated provirus. Latent HIV is, from a pharmacological standpoint, 
indistinguishable from host DNA. 
 
 

4.2 Immune Exhaustion and Viral Camouflage 
 
 
Chronic HIV infection drives a state ofimmune dysfunction and exhaustion: 
 

●​ CTL exhaustion: Upregulation of inhibitory receptors (PD-1, LAG-3, TIGIT), loss of 
polyfunctionality, and impaired killing capacity. 

 
●​ Defective humoral responses: Inadequate neutralization breadth and potency against 

reservoir variants. 
 

●​ Antigenic silence: Latently infected cells present no viral peptides on MHC-I, 
constituting true immunological "dark matter.” 

 
 
 
5. Redefining Success: The Spectrum from Eradication to Remission 

 
The near-impossibility of asterilizing cure (complete elimination of all replication-competent 
virus) has refocused the field on attainable intermediate outcomes: 
 

●​ Functional Cure / Post-Treatment Control: Durable virologic suppression without 
cART, with an intact, potentially inducible reservoir. 

 
●​ Sustained ART-Free Remission: Long-term control, likely requiring ongoing 

immune-mediated suppression. 
 

●​ HIV Resistance: Genetic or engineered protection of target cells (e.g., CCR5 ablation). 
 
Understanding why eradication fails is prerequisite to defining and achieving these realistic 
endpoints 
 

 



6. Instructive Exceptions: Lessons from Curative Interventions 
 
The cases of the"Berlin Patient" (Timothy Ray Brown) and "London Patient" (Adam Castillejo), 
cured via CCR5Δ32 allogeneic hematopoietic stem cell transplant, provide critical 
proof-of-concept. They validate two non-scalable but instructive principles: 
 

1.​ Reservoir ablation is possible through myeloablation and graft-vs.-host effects. 
 

2.​ Target cell resistance (CCR5 deficiency) can prevent viral rebound from any residual 
reservoir. 

    
These exceptions illuminate the rule:cure requires either reservoir elimination or absolute 
blockade of viral re-expansion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7. Conceptual Prerequisites for Next-Generation Strategies 
 
 
The failure of cART to cure establishes non-negotiable design criteria for future therapies: 
 
1. Reservoir Measurement & Mapping: Development of scalable assays to quantify intact, 
replication-competent provinces. 
 
2. "Shock and Kill" / "Block and Lock": Strategies to either reverse latency for 
immune-mediated clearance ("shock and kill") or epigenetically silence the provirus permanently 
("block and lock"). 
 
3. Immune Reconstitution & Engineering: Restoring endogenous CTL function or deploying 
engineered effectors (CAR-T, bispecific antibodies). 
 
4. Early Intervention: Targeting the reservoir at its initial, potentially more vulnerable, 
establishment phase. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8. Conclusion 
 
HIV persistence is not a therapeutic oversight but the inevitable result of a retroviral strategy 
perfected by evolution:genomic integration into the host's immune memory. The virus survives 
by becoming a passive component of the host's cellular identity, invisible to drugs and immune 
surveillance. Therefore, any curative strategy must engage in a fundamental renegotiation of 
host-pathogen integration. It must shift the paradigm from targeting a replicating pathogen to 
eliminating or permanently silencing a clonal genomic parasite. Resolving the HIV paradox will 
require not just new drugs, but a new conceptual framework for viral eradication. 
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