
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/378706621

Counting Cells, Shaping Fates: CD4/CD8 Ratios in HIV

Article · March 2024

CITATIONS

4
READS

5

2 authors:

Emmanuel Ifeanyi Obeagu

Kampala International University (KIU)

1,422 PUBLICATIONS   11,224 CITATIONS   

SEE PROFILE

Getrude Uzoma Obeagu

Kampala International University (KIU)

384 PUBLICATIONS   3,307 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Emmanuel Ifeanyi Obeagu on 04 March 2024.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/378706621_Counting_Cells_Shaping_Fates_CD4CD8_Ratios_in_HIV?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/378706621_Counting_Cells_Shaping_Fates_CD4CD8_Ratios_in_HIV?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Kampala-International-University-KIU?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Getrude-Obeagu?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Getrude-Obeagu?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Kampala-International-University-KIU?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Getrude-Obeagu?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-ccc66eb3aa2407193cfec4e5116abe13-XXX&enrichSource=Y292ZXJQYWdlOzM3ODcwNjYyMTtBUzoxMTQzMTI4MTIyNzM4NDM5M0AxNzA5NTY4NTI1Nzkw&el=1_x_10&_esc=publicationCoverPdf


Elite Journal of Scientific Research and Review. Volume 2 issue 1(2024), Pp. 37-50 

https://epjournals.com/journals/EJSRR 

 

 

Citation: Obeagu EI, Obeagu, GU. Counting Cells, Shaping Fates: CD4/CD8 Ratios in HIV. Elite 

Journal of Scientific Research and Review, 2024; 2(1): 37-50 

1 

 

Counting Cells, Shaping Fates: CD4/CD8 Ratios in HIV 

 

*Emmanuel Ifeanyi Obeagu1 and Getrude Uzoma Obeagu2 

 

1Department of Medical Laboratory Science, Kampala International University, Uganda. 

2School of Nursing Science, Kampala International University, Uganda. 

 

*Corresponding authour: Emmanuel Ifeanyi Obeagu, Department of Medical Laboratory Science, 

Kampala International University, Uganda, emmanuelobeagu@yahoo.com, ORCID: 0000-0002-

4538-0161 

 

Abstract 

The dynamic interplay between CD4 and CD8 T-cell populations stands as a pivotal aspect of 

immune function, particularly in the context of HIV infection.  The balance between CD4 and CD8 

T-cell subsets is fundamental for orchestrating an effective immune response. In the realm of HIV, 

where the virus specifically targets CD4 T cells, understanding the nuances of CD4/CD8 ratios 

becomes paramount. The CD4/CD8 ratios have long served as crucial prognostic indicators in the 

HIV landscape. The advent of antiretroviral therapy revolutionized the management of HIV by 

suppressing viral replication. A comprehensive examination of how ART impacts CD4/CD8 

ratios, contributing to immune reconstitution and restoration of immune function, is discussed in 

this section. Immunosenescence, characterized by accelerated aging of the immune system, is a 

phenomenon observed in HIV. Elite controllers and long-term non-progressors represent unique 

subsets of individuals with HIV who exhibit remarkable control over viral replication without the 

need for immediate therapeutic intervention.  While CD4/CD8 ratios provide valuable insights, 

their interpretation is not without challenges. The review underscores the pivotal role of CD4/CD8 

ratios as key indicators of immune health in HIV. From prognostic markers to guides in therapeutic 

decision-making, CD4/CD8 ratios provide a window into the complex interplay between the virus 

and the host immune system.  

Keywords: CD4/CD8 ratio, T-cell subsets, HIV, immune response, disease progression, 

antiretroviral therapy, immunological monitoring 

Introduction 
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The immune system, a dynamic network of cells and molecules, serves as the body's primary 

defense against pathogens, including the human immunodeficiency virus (HIV).1-3 Among the key 

orchestrators of immune responses are CD4 and CD8 T cells, whose delicate equilibrium plays a 

pivotal role in sustaining a functional immune system. The CD4/CD8 ratio, a numerical 

representation of the balance between these T-cell subsets, has emerged as a critical biomarker 

with profound implications for understanding, monitoring, and managing HIV infection.  The CD4 

T cells, often referred to as helper T cells, play a central role in coordinating immune responses by 

assisting other immune cells. In contrast, CD8 T cells, or cytotoxic T cells, are vital for directly 

targeting and eliminating infected cells. The delicate balance between these two T-cell subsets is 

essential for an effective and well-coordinated immune response. Historically, CD4/CD8 ratios 

have served as crucial prognostic indicators in HIV infection, offering insights into disease 

progression and outcomes. The decline in CD4 T cells, targeted by the virus, and alterations in the 

CD4/CD8 ratio provide valuable information about the status of the immune system and the 

potential trajectory of the disease. The introduction of antiretroviral therapy marked a 

transformative era in HIV management, suppressing viral replication and allowing for immune 

reconstitution.  Immunosenescence, characterized by accelerated aging of the immune system, is 

a phenomenon observed in HIV-infected individuals. Elite controllers and long-term non-

progressors represent intriguing subsets of individuals with HIV who exhibit exceptional control 

over viral replication without immediate therapeutic intervention.4-32 

This review aims to explore the intricate dynamics of CD4 and CD8 T-cell biology in the context 

of HIV infection. From their pivotal roles in immune responses to the nuanced alterations during 

HIV pathogenesis, this exploration sets the stage for a deeper understanding of the CD4/CD8 

ratio's significance as a biomarker in HIV prognosis and therapeutic decision-making. By delving 

into the molecular and immunological intricacies, this review contributes to the broader 

comprehension of HIV immunopathology and guides future research directions in the quest for 

more effective therapeutic interventions. 

CD4 and CD8 T-Cell Biology 

The immune system, a remarkable orchestra of cellular interactions and responses, relies heavily 

on the delicate balance between various T-cell subsets for effective defense against pathogens and 

maintenance of homeostasis. Among these, CD4 and CD8 T cells play central roles in 

orchestrating immune responses, and their equilibrium holds particular significance in the context 

of HIV infection. As the virus preferentially targets CD4 T cells, understanding the dynamics of 

CD4 and CD8 T-cell biology is essential for unraveling the complexities of HIV pathogenesis and 

progression. CD4 T cells, often referred to as helper T cells, serve as architects of the immune 

system. Recognizing antigens presented by antigen-presenting cells (APCs), CD4 T cells 

orchestrate immune responses by providing crucial signals to other immune cells. Their ability to 

differentiate into distinct effector subsets, including Th1, Th2, and regulatory T cells, underscores 

their versatility in shaping immune reactions tailored to specific threats. In contrast, CD8 T cells, 

known as cytotoxic or killer T cells, specialize in targeting and eliminating infected host cells. 

Through the recognition of antigens presented on the surface of infected cells, CD8 T cells unleash 
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cytotoxic mechanisms, including the release of perforins and granzymes, to eradicate the threat. 

This cellular immune response is pivotal for controlling viral infections, including HIV.35-52 

HIV's insidious nature lies in its ability to exploit the very architects of immune responses – the 

CD4 T cells. The virus, binding to the CD4 receptor, gains entry into these cells, leading to their 

depletion and compromising the immune system's ability to mount an effective defense. This 

predilection for CD4 T cells sets the stage for the progressive immunodeficiency characteristic of 

HIV infection. The preferential targeting of CD4 T cells by HIV disrupts the delicate equilibrium 

between CD4 and CD8 T-cell populations. As CD4 T cells decline, CD8 T cells often undergo 

expansion in response to the ongoing viral replication. This imbalance, reflected in alterations of 

the CD4/CD8 ratio, becomes a hallmark of HIV infection and a key parameter in assessing disease 

progression. The CD4/CD8 ratio has emerged as a crucial prognostic indicator in HIV infection. 

A declining ratio is associated with an increased risk of opportunistic infections and other AIDS-

related complications. Monitoring this ratio provides valuable insights into the trajectory of the 

disease and guides therapeutic interventions, particularly in the initiation of antiretroviral therapy 

(ART).53-66 

Immune Dysregulation in HIV 

The human immunodeficiency virus (HIV) remains a formidable global health challenge, 

characterized by its insidious assault on the immune system. At the heart of HIV pathogenesis lies 

a complex web of immune dysregulation, where the virus systematically undermines the very 

defenses designed to protect the host.  A hallmark of HIV infection is the preferential targeting of 

CD4 T cells, the conductors of immune responses. The virus gains entry into these key 

orchestrators by binding to the CD4 receptor, leading to their progressive depletion. This assault 

on CD4 T cells underlies the immunodeficiency characteristic of HIV, leaving the host vulnerable 

to opportunistic infections and malignancies. HIV's impact extends beyond CD4 T cells, exerting 

a ripple effect on the CD4/CD8 ratio. As CD4 T cells decline, CD8 T cells often undergo expansion 

in response to the ongoing viral replication. This disruption in the equilibrium between CD4 and 

CD8 T cells serves as both a consequence and a contributor to immune dysregulation, influencing 

disease progression and prognosis. HIV further disrupts immune function by subverting the 

activity of antigen-presenting cells (APCs), including dendritic cells and macrophages. The virus 

hampers APC function, impairing the presentation of antigens to T cells and compromising the 

initiation of effective immune responses. This dysfunction contributes to the overall 

immunosuppressive milieu in HIV infection.67-76 

Persistent immune activation and chronic inflammation represent a double-edged sword in HIV. 

While inflammation is a hallmark of an effective immune response, the sustained activation 

observed in HIV becomes detrimental.77 The virus induces a state of systemic inflammation, 

fostering an environment conducive to viral replication and contributing to immune exhaustion. 

Prolonged exposure to HIV antigens induces a state of T-cell exhaustion, where T cells become 

functionally impaired and lose their ability to mount robust responses. The upregulation of 

inhibitory receptors, such as PD-1, on T cells further contributes to immune dysfunction. Strategies 
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employed by the virus, including immune evasion and escape mutations, exacerbate T-cell 

dysfunction. The dysregulation in HIV extends to B cells, compromising their ability to produce 

antibodies and mount effective humoral responses. Hypergammaglobulinemia, a hallmark of 

chronic HIV infection, reflects the persistent efforts of the immune system to combat the virus, 

albeit with impaired efficacy. The dysregulated immune milieu in HIV is further characterized by 

imbalances in cytokines and chemokines. Elevated levels of pro-inflammatory cytokines, such as 

interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α), contribute to chronic inflammation, 

perpetuating a state of immune dysregulation. 

Prognostic Value of CD4/CD8 Ratios 

The immune system is an intricate network of cellular interactions designed to defend the host 

against pathogens and maintain physiological balance. Central to this defense are CD4 and CD8 T 

cells, crucial orchestrators of adaptive immunity.78 In the realm of HIV, the virus's predilection for 

CD4 T cells and the consequential disruption of the CD4/CD8 ratio hold profound prognostic 

implications.  CD4 T cells, as architects of immune responses, coordinate the activation of various 

immune effectors, while CD8 T cells act as sentinels of cellular immunity, eliminating infected 

cells. HIV's preferential targeting of CD4 T cells disrupts this balance, instigating a cascade of 

events that profoundly shape the course of infection. HIV's ability to exploit CD4 T cells by 

binding to the CD4 receptor initiates a cycle of immune dysregulation. As the virus replicates, 

CD4 T cells are depleted, triggering compensatory expansions of CD8 T cells. This immune 

dysregulation, characterized by altered T-cell subset ratios, serves as a crucial indicator of the 

evolving immunopathology in HIV. The CD4/CD8 ratio, reflecting the equilibrium between helper 

and cytotoxic T-cell subsets, emerges as a valuable biomarker with significant prognostic 

implications. A declining ratio is associated with an increased risk of opportunistic infections, 

AIDS-related complications, and mortality. Monitoring this ratio provides clinicians with critical 

insights into the immune status of individuals living with HIV. 

The CD4/CD8 ratio offers prognostic insights at various stages of HIV infection. In the early 

stages, a lower baseline ratio may indicate a higher risk of disease progression. Longitudinal 

assessments further reveal the trajectory of immune recovery or deterioration, guiding therapeutic 

decisions, including the initiation of antiretroviral therapy (ART). The advent of ART 

revolutionized HIV management, significantly impacting CD4/CD8 ratios. Effective viral 

suppression through ART often leads to immune reconstitution, reflected in the restoration of CD4 

T cells and normalization of the CD4/CD8 ratio. Understanding the nuances of this evolution is 

pivotal for predicting long-term health outcomes. While CD4 counts traditionally served as 

primary indicators of HIV progression, the CD4/CD8 ratio provides a more comprehensive 

picture. This ratio accounts for both CD4 and CD8 dynamics, offering a nuanced assessment of 

immune health. Its integration into clinical practice enhances the precision of prognostic 

evaluations.78 

Impact of Antiretroviral Therapy 
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HIV infection heralds a complex interplay between the virus and the host immune system, resulting 

in progressive immune dysregulation. This dysregulation, marked by a cascade of events affecting 

various components of the immune system, lies at the crux of the pathogenesis and clinical 

manifestations of HIV/AIDS.79  HIV's primary target, CD4 T cells, undergo progressive depletion, 

compromising the immune system's ability to mount adequate responses. This depletion, coupled 

with persistent viral replication and the establishment of viral reservoirs, sets the stage for chronic 

immune activation and dysregulation. The chronic activation of immune responses in HIV is a 

double-edged sword. While an initial robust immune reaction is mounted against the virus, the 

sustained activation leads to a state of exhaustion and dysfunction among immune cells. This 

chronic inflammatory environment contributes to the pathogenesis of HIV-associated 

complications, including cardiovascular diseases and neurocognitive disorders. Beyond CD4 T 

cells, the dysregulation extends to other T-cell subsets, notably CD8 T cells. The expansion and 

functional alterations of CD8 T cells, often in response to persistent antigenic stimulation, 

contribute to the observed immunological imbalances, such as an increased CD4/CD8 ratio. These 

perturbations are not only indicative of immune dysregulation but also hold prognostic value in 

predicting disease outcomes. 

HIV-induced immune dysregulation also extends to B-cell populations. 

Hypergammaglobulinemia, polyclonal B-cell activation, and impaired antibody responses are 

characteristic features. The dysregulated B-cell function further contributes to compromised 

humoral immunity, impacting the host's ability to mount effective antibody responses against both 

HIV and opportunistic infections. Monocytes and macrophages, integral components of the innate 

immune system, are not spared from HIV-induced dysregulation. Persistent viral replication and 

the presence of viral proteins activate these cells, fostering a pro-inflammatory environment. This 

sustained activation has implications for tissue damage, immune exhaustion, and the progression 

of HIV-associated comorbidities. The impact of immune dysregulation in HIV is compounded in 

the presence of coinfections, such as hepatitis C and tuberculosis. Coinfections not only exacerbate 

the chronic inflammatory state but also contribute to additional challenges in managing HIV-

associated immune dysregulation. Recognizing the intricate web of immune dysregulation in HIV 

is crucial for developing targeted therapeutic interventions. While antiretroviral therapy (ART) 

remains the cornerstone, adjunctive strategies aimed at modulating immune activation and 

restoring immune homeostasis are areas of active investigation.79 

CD4/CD8 Ratio as a Therapeutic Endpoint 

In the evolving landscape of HIV management, the CD4/CD8 ratio has emerged as a critical 

immunological parameter with implications extending beyond mere diagnostic and prognostic 

value. As therapeutic interventions for HIV have progressed, understanding the dynamic interplay 

between CD4 and CD8 T-cell subsets and their ratio becomes integral in gauging the efficacy of 

treatments, optimizing health outcomes, and guiding therapeutic decision-making.  The historical 

significance of CD4 counts as a key determinant in initiating antiretroviral therapy (ART) is well-

established. However, with advancements in our understanding of HIV immunopathology, the 

focus has expanded to encompass the CD4/CD8 ratio as a more nuanced indicator of immune 
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function. This section provides a historical context, highlighting the paradigm shift from CD4 

counts to the CD4/CD8 ratio. A robust CD4/CD8 ratio has shown prognostic value, correlating 

with improved clinical outcomes and reduced risk of HIV-associated comorbidities. This section 

delves into the existing body of evidence linking the CD4/CD8 ratio to long-term health prospects, 

emphasizing its role in predicting disease progression, opportunistic infections, and overall 

mortality.78 

Antiretroviral therapy, a cornerstone in HIV management, plays a pivotal role in immune 

reconstitution. Examining the impact of ART on the CD4/CD8 ratio provides insights into the 

effectiveness of treatment. Achieving a balanced ratio becomes a therapeutic goal, reflecting not 

only viral suppression but also the restoration of immune homeostasis. Despite effective viral 

suppression with ART, residual immune activation and inflammation persist in many individuals 

with HIV. Monitoring the CD4/CD8 ratio in this context becomes crucial, offering a window into 

the ongoing immune dysregulation. Strategies aimed at mitigating residual inflammation and 

restoring a favorable ratio are explored in this section. Recognizing the limitations of focusing 

solely on viral suppression, this section explores therapeutic approaches that extend beyond 

traditional antiretroviral strategies. Immunomodulatory interventions aimed at optimizing the 

CD4/CD8 ratio, including targeted anti-inflammatory agents, immunotherapies, and adjunctive 

therapies, are discussed for their potential in enhancing overall immune health. The heterogeneity 

in immune responses among individuals with HIV underscores the need for personalized and 

tailored treatment approaches. Integrating the CD4/CD8 ratio as a therapeutic endpoint allows 

clinicians to individualize care, optimizing interventions based on the unique immunological 

profiles of patients.77 

Conclusion 

The CD4/CD8 ratio has emerged as a dynamic and clinically relevant biomarker with profound 

implications for the management and prognosis of individuals living with HIV. The delicate 

balance between CD4 and CD8 T-cell subsets, disrupted by the virus's preferential targeting of 

CD4 T cells, serves as a sentinel of immune health and disease progression. This The prognostic 

value of the CD4/CD8 ratio in predicting disease progression and clinical outcomes cannot be 

overstated. A declining ratio often heralds an increased risk of opportunistic infections and AIDS-

related complications, guiding timely therapeutic interventions. The advent of antiretroviral 

therapy (ART) has revolutionized HIV management, and the CD4/CD8 ratio stands as a critical 

parameter in assessing immune reconstitution and the effectiveness of treatment strategies. The 

normalization of the CD4/CD8 ratio under ART not only reflects successful viral suppression but 

also correlates with improved long-term health outcomes. Furthermore, the CD4/CD8 ratio holds 

promise as a therapeutic endpoint, guiding treatment decisions and providing insights into the 

overall immune health of individuals on ART. The pursuit of personalized medicine in HIV care 

involves not only achieving viral suppression but also restoring and maintaining a balanced 

immune profile, as reflected by the CD4/CD8 ratio. As new therapeutic modalities and 

interventions are explored, the CD4/CD8 ratio may serve as a crucial metric for assessing the 

success of these approaches in restoring immune homeostasis. 
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