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Abstract 

Chronic HIV infection poses significant challenges to immune function, often leading to a state of 

immune dysregulation characterized by persistent activation and depletion of CD4+ T cells. The 

CD4/CD8 ratio has emerged as a crucial biomarker for evaluating immune resilience in individuals 

living with chronic HIV. This review explores the implications of CD4/CD8 ratios in 

understanding immune responses, disease progression, and treatment efficacy. By examining the 

underlying mechanisms that influence these ratios and their prognostic value, we aim to provide 

insights that could inform personalized therapeutic strategies. The CD4/CD8 ratio not only reflects 

the balance between helper and cytotoxic T cells but also serves as an important indicator of overall 

immune health. A disrupted ratio, often marked by decreased CD4+ T cells relative to CD8+ T 

cells, is associated with worse clinical outcomes, including increased susceptibility to 

opportunistic infections and higher morbidity rates. Conversely, a higher CD4/CD8 ratio indicates 

a more favorable immune status and has been linked to better treatment responses and improved 

quality of life. 

Keywords: Immune resilience, CD4/CD8 ratio, HIV, immune function, T cells 

Introduction 

Chronic HIV infection significantly alters the immune landscape, leading to persistent immune 

activation, CD4+ T cell depletion, and a compensatory increase in CD8+ T cells. These changes 

profoundly impact the individual’s ability to respond to infections, manage co-morbidities, and 
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achieve optimal health outcomes. The immune system's functionality in HIV-infected individuals 

is often assessed through the lens of T cell populations, particularly focusing on the CD4/CD8 

ratio. This ratio reflects the balance between helper T cells, which are vital for orchestrating 

immune responses, and cytotoxic T cells, responsible for eliminating infected cells. Understanding 

the dynamics of CD4 and CD8 T cells in chronic HIV is essential for evaluating immune resilience 

and informing treatment strategies.1-3 The significance of the CD4/CD8 ratio extends beyond 

merely serving as a marker of immune status; it encapsulates the overall functionality of the 

immune response in chronic HIV infection. A low CD4/CD8 ratio, indicative of a disrupted 

immune equilibrium, correlates with adverse clinical outcomes, including heightened 

susceptibility to opportunistic infections and an increased risk of non-AIDS-related morbidities. 

Conversely, a higher CD4/CD8 ratio suggests a more robust immune response, associated with 

better control of the virus and improved health outcomes. This review article aims to explore the 

implications of CD4/CD8 ratios in understanding immune resilience in chronic HIV infection.4-6 

The CD4/CD8 ratio is influenced by a variety of factors, including viral load, immune activation, 

co-infections, and the effectiveness of antiretroviral therapy (ART). Chronic HIV infection induces 

a state of immune activation that can further exacerbate CD4+ T cell depletion and skew the 

CD4/CD8 ratio towards CD8+ T cell dominance. Additionally, co-infections with other pathogens, 

such as hepatitis viruses, can complicate the immune response, further impacting the CD4/CD8 

balance.7-8  Prognostically, the CD4/CD8 ratio serves as a valuable tool for predicting disease 

progression and treatment responses. Studies have demonstrated that individuals with a 

persistently low CD4/CD8 ratio are more likely to experience disease progression and poorer 

health outcomes. Therefore, monitoring the CD4/CD8 ratio can guide clinical decision-making, 

helping healthcare providers identify individuals who may benefit from intensified treatment 

strategies or additional immune-modulating therapies.9-10 

The Role of CD4 and CD8 T Cells in Chronic HIV Infection 

In the context of chronic HIV infection, the interplay between CD4+ and CD8+ T cells is pivotal 

in determining the immune response and disease progression. CD4+ T cells, also known as helper 

T cells, play a crucial role in coordinating the immune system's response to infections, including 

HIV. They facilitate the activation of other immune cells, such as B cells, which produce 

antibodies, and CD8+ T cells, which are responsible for directly killing infected cells. The 

depletion of CD4+ T cells is a hallmark of HIV infection, leading to a weakened immune system 

and increased susceptibility to opportunistic infections and various malignancies.11-12 The infection 

of CD4+ T cells by HIV leads to their gradual depletion through a variety of mechanisms, including 

viral replication, immune-mediated destruction, and apoptosis. This depletion has profound 

implications for the host's immune function, as CD4+ T cells are essential for maintaining the 

overall integrity of the immune response. The progressive loss of these cells is associated with an 

increase in CD8+ T cells, which attempt to control the viral load. However, this compensatory 

increase often results in a dysfunctional CD8+ T cell population characterized by reduced 

proliferative capacity, altered cytokine production, and impaired cytotoxic function. The 
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imbalance between CD4+ and CD8+ T cells can compromise the immune response, resulting in a 

state of immune dysregulation.13-15 

In chronic HIV infection, the CD8+ T cells play a dual role. While they are crucial for controlling 

viral replication and eliminating infected cells, their sustained activation can also lead to immune 

exhaustion. This phenomenon is characterized by the upregulation of inhibitory receptors such as 

PD-1 and Tim-3 on CD8+ T cells, limiting their ability to mount an effective response. The 

resulting state of immune exhaustion contributes to persistent viral reservoirs and challenges the 

efficacy of antiretroviral therapy (ART). Thus, the balance and functional status of CD4+ and 

CD8+ T cells are fundamental to understanding the immune dynamics in chronic HIV infection.16-

17 Moreover, the CD4/CD8 T cell ratio serves as a valuable marker for assessing immune health in 

individuals living with HIV. A lower CD4/CD8 ratio is indicative of an impaired immune response 

and is associated with worse clinical outcomes, including increased rates of opportunistic 

infections and comorbidities. Conversely, a higher CD4/CD8 ratio suggests a more favorable 

immune status, reflecting the presence of functional CD4+ T cells capable of orchestrating robust 

immune responses. Monitoring this ratio can thus provide insights into the immune resilience of 

individuals living with chronic HIV and help guide treatment decisions.18-19 

CD4/CD8 Ratio as a Biomarker of Immune Resilience 

The CD4/CD8 ratio is increasingly recognized as a valuable biomarker for assessing immune 

resilience in individuals living with chronic HIV infection. This ratio reflects the balance between 

CD4+ T cells, which are crucial for orchestrating the immune response, and CD8+ T cells, which 

are primarily responsible for cytotoxic activity against infected cells. A healthy immune system 

typically maintains a higher CD4/CD8 ratio, indicating robust immune functionality. In the context 

of HIV, alterations in this ratio can provide insights into the state of the immune system, guiding 

clinical management and therapeutic interventions.20-21 A low CD4/CD8 ratio is often indicative 

of immune dysregulation and has been associated with worse clinical outcomes in HIV-infected 

individuals. This disruption can occur due to the depletion of CD4+ T cells, a hallmark of HIV 

infection, which reduces the overall capacity of the immune system to respond effectively to 

pathogens. The consequent rise in CD8+ T cell numbers, in the absence of sufficient CD4+ T cell 

support, may lead to functional exhaustion of the cytotoxic T cell population. This scenario not 

only heightens the risk of opportunistic infections but also compromises the effectiveness of 

antiretroviral therapy (ART), as the immune system struggles to control the viral load.22-23 

Conversely, a higher CD4/CD8 ratio is often associated with improved immune competence and 

better health outcomes. Individuals with a favorable CD4/CD8 ratio are more likely to exhibit 

effective immune responses, maintain lower viral loads, and experience a reduced incidence of 

opportunistic infections and non-AIDS-related comorbidities. Thus, monitoring the CD4/CD8 

ratio can serve as a useful tool for evaluating immune resilience and predicting disease progression. 

Clinicians can utilize this information to tailor treatment strategies, focusing on enhancing CD4+ 

T cell recovery and maintaining a balanced immune response.24-25 Furthermore, the CD4/CD8 ratio 

is influenced by various factors, including viral load, immune activation, and co-infections. High 

levels of HIV viral load contribute to increased immune activation, leading to further depletion of 
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CD4+ T cells and skewing the CD4/CD8 balance. Additionally, co-infections with other pathogens 

can complicate the immune landscape, impacting the functionality of both CD4+ and CD8+ T 

cells.26-27 Research has shown that the CD4/CD8 ratio can also be used as a prognostic indicator 

in clinical settings. Studies have demonstrated that patients with a low CD4/CD8 ratio at the time 

of ART initiation are at greater risk of disease progression and have poorer overall survival rates 

compared to those with a higher ratio. This prognostic value underscores the importance of routine 

monitoring of the CD4/CD8 ratio in managing HIV-infected individuals and provides a basis for 

stratifying patients based on their immune status.28-29 In addition to its role as a biomarker, the 

CD4/CD8 ratio has implications for therapeutic interventions aimed at restoring immune function. 

Strategies that effectively boost CD4+ T cell numbers, such as ART and immune-modulating 

therapies, can improve the CD4/CD8 ratio, promoting better immune health. Emerging 

approaches, including immune checkpoint inhibitors and therapeutic vaccines, also hold promise 

for rejuvenating CD8+ T cell function and restoring balance within the immune system.30-31 

Mechanisms Influencing CD4/CD8 Ratios in Chronic HIV 

The CD4/CD8 ratio in individuals with chronic HIV infection is influenced by a complex interplay 

of immunological and viral factors. Key factors that impact the CD4/CD8 ratio include viral load, 

immune activation, the presence of co-infections, and the efficacy of antiretroviral therapy (ART). 

1. Viral Load: The level of HIV viral load is one of the most significant determinants of the 

CD4/CD8 ratio. High viral loads lead to increased immune activation and chronic inflammation, 

contributing to the accelerated depletion of CD4+ T cells. As the virus replicates, it targets CD4+ 

T cells for infection and destruction, leading to a progressive decline in their numbers. This 

depletion is often accompanied by a compensatory increase in CD8+ T cells, as the immune system 

attempts to control viral replication. Consequently, elevated viral loads are associated with lower 

CD4/CD8 ratios, indicating a state of immune dysregulation.32-33 

2. Immune Activation: Chronic HIV infection induces a state of persistent immune activation, 

characterized by the ongoing stimulation of T cells, B cells, and other immune components. This 

activation can lead to the premature aging of CD4+ T cells and their subsequent depletion. The 

upregulation of activation markers, such as CD38 and HLA-DR, on both CD4+ and CD8+ T cells 

indicate a hyper-responsive immune state. This chronic immune activation not only contributes to 

the loss of CD4+ T cells but also leads to CD8+ T cell exhaustion, which manifests as a reduced 

ability of these cells to proliferate and produce effector cytokines. Therefore, the high levels of 

immune activation commonly observed in HIV-infected individuals significantly influence the 

CD4/CD8 ratio.34-35 

3. Co-infections: The presence of co-infections, such as hepatitis viruses, cytomegalovirus 

(CMV), and tuberculosis, can further complicate the immune response in chronic HIV infection. 

These co-infections can exacerbate immune activation and contribute to additional CD4+ T cell 

depletion. For instance, CMV has been shown to drive the expansion of CD8+ T cells and 

contribute to their functional exhaustion, leading to a skewed CD4/CD8 ratio. Additionally, co-
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infections can impact the effectiveness of ART, further complicating the immune landscape and 

influencing the CD4/CD8 balance.36 

4. Antiretroviral Therapy (ART): The initiation and effectiveness of ART play a crucial role in 

modulating the CD4/CD8 ratio. Effective ART suppresses viral replication, leading to a reduction 

in immune activation and allowing for the recovery of CD4+ T cell numbers. Studies have 

demonstrated that individuals on effective ART typically exhibit higher CD4/CD8 ratios compared 

to those not receiving treatment. However, the degree of recovery may vary depending on factors 

such as the timing of ART initiation, the duration of HIV infection, and individual host factors. In 

some cases, individuals may still exhibit low CD4/CD8 ratios despite viral suppression, indicating 

ongoing immune dysregulation.37-38 

5. Host Genetic Factors: Host genetic factors can also influence the CD4/CD8 ratio in chronic 

HIV infection. Genetic variations in immune-related genes, such as those encoding cytokines and 

immune receptors, can affect individual susceptibility to HIV infection, disease progression, and 

the overall immune response. For example, polymorphisms in genes involved in cytokine 

production can impact CD4+ T cell homeostasis and influence the balance between CD4+ and 

CD8+ T cells. Understanding these genetic factors may provide insights into why some individuals 

maintain healthier CD4/CD8 ratios and better immune resilience than others.39 

6. Aging: Aging is another factor that can affect the CD4/CD8 ratio in individuals with chronic 

HIV. Older individuals often have a higher baseline level of immune senescence, characterized by 

a decline in CD4+ T cell function and an increase in CD8+ T cell numbers. This age-related 

immune decline may be exacerbated by the chronic inflammation and immune activation 

associated with HIV infection, further skewing the CD4/CD8 ratio.40 

7. Lifestyle and Comorbidities: Lifestyle factors, including nutrition, physical activity, and 

psychosocial stressors, can also influence immune function and the CD4/CD8 ratio. Individuals 

with poor nutritional status may experience more pronounced immune dysfunction and CD4+ T 

cell depletion. Similarly, the presence of comorbidities, such as cardiovascular disease or 

metabolic syndrome, can exacerbate the immune dysregulation observed in chronic HIV infection, 

further impacting the CD4/CD8 balance.41 

 

Prognostic Implications of CD4/CD8 Ratios 

The CD4/CD8 ratio serves as a crucial prognostic indicator in the management of individuals 

living with chronic HIV infection. Variations in this ratio can provide valuable insights into the 

immune status of patients, their disease progression, and their response to antiretroviral therapy 

(ART).  

1. Disease Progression: A low CD4/CD8 ratio is often associated with accelerated disease 

progression in HIV-infected individuals. Studies have shown that patients with lower ratios 

experience more rapid declines in CD4+ T cell counts and are at a higher risk of developing AIDS-
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related complications. The relationship between a low CD4/CD8 ratio and disease progression can 

be attributed to the inadequate CD4+ T cell response to HIV, resulting in ineffective viral control 

and heightened immune dysfunction. Monitoring the CD4/CD8 ratio can thus aid clinicians in 

identifying patients at higher risk for rapid disease progression and implementing more aggressive 

treatment strategies.42 

2. Immune Dysfunction and Comorbidities: The CD4/CD8 ratio not only reflects the state of 

the immune system but also correlates with the development of non-AIDS-related comorbidities. 

Individuals with low CD4/CD8 ratios are more susceptible to opportunistic infections, 

malignancies, and other chronic conditions, including cardiovascular disease and metabolic 

syndrome. This immune dysregulation can lead to increased morbidity and mortality, making the 

CD4/CD8 ratio a significant prognostic factor in the overall health and longevity of HIV-infected 

patients. By recognizing the implications of low CD4/CD8 ratios, healthcare providers can 

implement preventive measures and monitor for comorbid conditions more closely.43 

3. Response to Antiretroviral Therapy: The CD4/CD8 ratio can also serve as a biomarker for 

assessing the effectiveness of ART. Patients who achieve viral suppression and exhibit an 

improvement in their CD4/CD8 ratio typically have better immune recovery and overall health 

outcomes. Conversely, those with persistently low ratios despite effective ART may be at risk for 

incomplete immune reconstitution, indicating potential issues with ART adherence, drug 

resistance, or ongoing immune activation. Regularly monitoring the CD4/CD8 ratio can thus guide 

clinical decisions regarding treatment modifications and interventions aimed at improving immune 

function.44 

4. Long-Term Survival: Research has demonstrated that the CD4/CD8 ratio is associated with 

long-term survival in HIV-infected individuals. Patients with higher ratios tend to experience better 

survival rates compared to those with lower ratios. This correlation can be explained by the 

enhanced immune competence associated with favorable CD4/CD8 ratios, leading to better control 

of viral replication and reduced risk of opportunistic infections. The prognostic significance of the 

CD4/CD8 ratio highlights the importance of not only managing viral load but also fostering a 

balanced immune response.45 

5. Potential for Personalized Treatment Strategies: Given the prognostic implications of 

CD4/CD8 ratios, there is potential for using this biomarker to develop personalized treatment 

strategies for individuals with chronic HIV infection. Tailoring therapeutic approaches based on a 

patient’s CD4/CD8 ratio may help optimize immune recovery, improve overall health, and enhance 

the quality of life. For instance, patients with low ratios may benefit from intensified immune-

modulating therapies or adjunctive interventions aimed at restoring CD4+ T cell populations and 

mitigating chronic inflammation.46 

 

Therapeutic Strategies to Enhance CD4/CD8 Ratios 
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Enhancing the CD4/CD8 ratio in individuals living with chronic HIV infection is critical for 

improving immune function and overall health outcomes. Several therapeutic strategies aim to 

restore the balance between CD4+ and CD8+ T cells, reduce immune activation, and promote 

immune resilience. Here are some of the promising approaches currently being explored: 

1. Antiretroviral Therapy (ART): The cornerstone of HIV management, ART, plays a crucial 

role in improving CD4/CD8 ratios by suppressing viral replication. Effective ART reduces the viral 

load, which in turn decreases immune activation and allows for the recovery of CD4+ T cells. 

Early initiation of ART has been associated with better immune reconstitution and higher 

CD4/CD8 ratios. Continuous monitoring of CD4 counts and the CD4/CD8 ratio is essential to 

assess the effectiveness of ART and make necessary adjustments to treatment regimens.47 

2. Immune Checkpoint Inhibitors: Immune checkpoint inhibitors, which are primarily used in 

cancer therapy, have shown potential in modulating immune responses in HIV-infected 

individuals. These agents, such as anti-PD-1 and anti-CTLA-4 antibodies, can enhance the 

functionality of exhausted CD8+ T cells and promote CD4+ T cell recovery. By targeting 

inhibitory pathways, these therapies may help restore the balance between CD4+ and CD8+ T 

cells, improving the overall immune response against HIV.48 

3. Cytokine Therapy: Cytokine therapy aims to modulate the immune response by enhancing the 

production and function of key cytokines involved in T cell proliferation and differentiation. 

Interleukin-2 (IL-2) has been explored as a potential therapy to boost CD4+ T cell counts in HIV-

infected individuals. However, the efficacy of IL-2 in improving clinical outcomes has been 

variable, and its use is often limited due to associated toxicities. Ongoing research is focusing on 

optimizing cytokine therapy by identifying specific cytokines or combinations that can effectively 

enhance the CD4/CD8 ratio without adverse effects.49 

4. Immune Modulators: Agents that modulate the immune system, such as Toll-like receptor 

(TLR) agonists, may enhance immune responses in HIV-infected individuals. These agents can 

stimulate innate immune responses, leading to increased activation and proliferation of CD4+ and 

CD8+ T cells. TLR agonists have shown promise in preclinical and early-phase clinical studies, 

suggesting their potential to improve CD4/CD8 ratios and overall immune function. 

5. Co-infection Management: Co-infections, such as hepatitis C virus (HCV) or cytomegalovirus 

(CMV), can exacerbate immune activation and impact CD4/CD8 ratios. Effectively managing 

these co-infections through appropriate antiviral therapies can help reduce immune dysregulation 

and promote a healthier CD4/CD8 balance. Regular screening and treatment of co-infections 

should be integrated into the care of individuals living with HIV to optimize immune health.50 

6. Lifestyle Interventions: Non-pharmacological strategies, including lifestyle modifications, can 

play a role in enhancing immune resilience and improving CD4/CD8 ratios. Encouraging a 

balanced diet rich in antioxidants, regular physical activity, stress reduction techniques, and 

smoking cessation can positively influence immune function. Studies suggest that healthier 
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lifestyle choices may lead to improved immune parameters, including the CD4/CD8 ratio, and 

contribute to better overall health outcomes in HIV-infected individuals. 

Conclusion 

The CD4/CD8 ratio serves as a vital biomarker of immune resilience in individuals living with 

chronic HIV infection. This ratio not only reflects the balance between CD4+ and CD8+ T cells 

but also provides insights into immune status, disease progression, and the effectiveness of 

therapeutic interventions.  Therapeutic strategies to enhance CD4/CD8 ratios encompass a wide 

range of approaches, including effective antiretroviral therapy, immune checkpoint inhibitors, 

cytokine therapy, and immune modulation. Additionally, lifestyle interventions and the 

management of co-infections are crucial in promoting immune resilience and restoring the balance 

between CD4+ and CD8+ T cells.  
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