
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/379448758

HIV-Induced Immune Exhaustion in Neonates: A Review of Mechanisms and

Implications

Article · April 2024

CITATIONS

12
READS

48

2 authors:

Emmanuel Ifeanyi Obeagu

Kampala International University (KIU)

1,600 PUBLICATIONS   20,558 CITATIONS   

SEE PROFILE

Getrude Uzoma Obeagu

Kampala International University (KIU)

514 PUBLICATIONS   9,258 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Emmanuel Ifeanyi Obeagu on 01 April 2024.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/379448758_HIV-Induced_Immune_Exhaustion_in_Neonates_A_Review_of_Mechanisms_and_Implications?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/379448758_HIV-Induced_Immune_Exhaustion_in_Neonates_A_Review_of_Mechanisms_and_Implications?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Kampala-International-University-KIU?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Getrude-Obeagu?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Getrude-Obeagu?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Kampala-International-University-KIU?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Getrude-Obeagu?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-70e103b42c5ec01a3be42019b39f4243-XXX&enrichSource=Y292ZXJQYWdlOzM3OTQ0ODc1ODtBUzoxMTQzMTI4MTIzMzE0NTc1NEAxNzExOTYxMTc1MTkw&el=1_x_10&_esc=publicationCoverPdf


Elite Journal of Immunology. Volume 2 issue 3(2024), Pp. 45-61 

https://epjournals.com/journals/EJI 

 

 

Citation: Obeagu EI, Obeagu GU. HIV-Induced Immune Exhaustion in Neonates: A Review of 

Mechanisms and Implications. Elite Journal of Immunology, 2024; 2(3): 45-61 

1 

 

HIV-Induced Immune Exhaustion in Neonates: A Review of Mechanisms and Implications 

 

*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 

HIV infection during early life poses unique challenges to neonatal immune development, 

potentially leading to immune exhaustion and increased susceptibility to infections. This review 

explores the mechanisms and implications of HIV-induced immune exhaustion in neonates, 

focusing on the intricate interplay between viral pathogenesis, host immune responses, and 

developmental factors. We examine the impact of HIV infection on neonatal immune cell 

populations, including T cells, B cells, and myeloid cells, and discuss how viral persistence, 

immune dysregulation, and environmental factors contribute to immune exhaustion. Additionally, 

we explore the consequences of immune exhaustion in neonates, including impaired pathogen 

recognition, reduced vaccine responses, and increased risk of opportunistic infections. 

Understanding the mechanisms underlying HIV-induced immune exhaustion in neonates is 

essential for optimizing pediatric HIV care and developing targeted interventions to enhance 

immune function and improve outcomes in this vulnerable population. 

Keywords: HIV, neonates, immune exhaustion, immune development, pediatric HIV infection 

Introduction 

The neonatal period is a critical stage of immune system development characterized by rapid 

maturation and functional adaptation to the extrauterine environment. However, neonates are 

particularly vulnerable to infectious diseases, including HIV, due to the immaturity of their 

immune defenses. HIV infection during early life poses unique challenges to neonatal immune 
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development, potentially leading to immune exhaustion—a state of functional impairment 

characterized by diminished immune responses and increased susceptibility to infections.  HIV 

infection disrupts normal immune development and function in neonates through various 

mechanisms, including direct viral effects on immune cells and dysregulation of immune signaling 

pathways. The virus targets key immune cell populations, including CD4+ T cells, CD8+ T cells, 

B cells, and myeloid cells, leading to their depletion, dysfunction, and exhaustion. Additionally, 

viral persistence, immune activation, and chronic inflammation further contribute to immune 

exhaustion in neonates, impairing host defense mechanisms and increasing susceptibility to 

opportunistic infections. The intricate interplay between viral pathogenesis, host immune 

responses, and developmental factors shapes the trajectory of immune exhaustion in neonatal HIV 

infection. Impaired immune function in neonates with HIV-induced immune exhaustion has 

profound implications for disease progression, treatment outcomes, and long-term health. 

Neonates may exhibit impaired pathogen recognition, reduced vaccine responses, and inadequate 

immune control of opportunistic infections. Furthermore, immune exhaustion may compromise 

the efficacy of antiretroviral therapy (ART) and other interventions aimed at controlling viral 

replication and improving immune function. Addressing the consequences of immune exhaustion 

in neonatal HIV infection is crucial for optimizing pediatric HIV care and developing targeted 

therapeutic strategies to enhance immune function and mitigate disease progression.1-36 

Mechanisms of HIV-Induced Immune Exhaustion in Neonates 

HIV infection during the neonatal period disrupts normal immune development and function, 

leading to a state of immune exhaustion characterized by impaired immune responses and 

increased susceptibility to infections. Several mechanisms contribute to HIV-induced immune 

exhaustion in neonates, including direct viral effects on immune cells, dysregulation of immune 

signaling pathways, and modulation of the neonatal immune microenvironment. HIV targets key 

immune cell populations, including CD4+ T cells, CD8+ T cells, B cells, and myeloid cells, 

leading to their depletion, dysfunction, and exhaustion. HIV primarily infects CD4+ T cells, the 

central orchestrators of the adaptive immune response, causing a progressive decline in CD4+ T 

cell counts and impairing their effector functions. CD8+ T cells, which play a critical role in viral 

control and clearance, also undergo functional exhaustion, characterized by decreased cytotoxicity 

and cytokine production. Furthermore, HIV infection affects B cell function, impairing antibody 

production and humoral immunity, and dysregulates myeloid cell activation and cytokine 

secretion, contributing to chronic inflammation and immune dysfunction.37-64 

HIV disrupts immune signaling pathways involved in immune activation, regulation, and 

tolerance, leading to aberrant immune responses and persistent inflammation. The virus induces 

chronic immune activation, characterized by elevated levels of proinflammatory cytokines and 

chemokines, which drive immune cell activation and exhaustion. Additionally, HIV alters immune 

checkpoint pathways, such as PD-1/PD-L1 and CTLA-4, which regulate T cell function and 

maintain immune homeostasis. Dysregulation of immune checkpoint signaling contributes to T 

cell exhaustion, characterized by upregulation of inhibitory receptors and functional impairment. 

The neonatal immune microenvironment plays a crucial role in shaping immune responses and 
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determining susceptibility to infections. HIV infection alters the neonatal immune 

microenvironment through various mechanisms, including dysregulation of cytokine and 

chemokine networks, modulation of innate immune responses, and impairment of mucosal 

immune defenses. HIV-induced immune dysregulation disrupts the balance between 

proinflammatory and anti-inflammatory signals, promoting chronic inflammation and immune 

exhaustion. Furthermore, the neonatal gut mucosa, a key site of immune development and 

microbial colonization, is particularly vulnerable to HIV-induced damage, leading to gut barrier 

dysfunction and microbial translocation.65-85 

Implications of Immune Exhaustion in Neonatal HIV Infection 

Immune exhaustion in neonatal HIV infection has profound implications for disease progression, 

treatment outcomes, and long-term health. Neonates with HIV-induced immune exhaustion may 

exhibit impaired pathogen recognition, reduced vaccine responses, and inadequate immune control 

of opportunistic infections. Additionally, immune exhaustion may compromise the efficacy of 

antiretroviral therapy (ART) and other interventions aimed at controlling viral replication and 

improving immune function.  Immune exhaustion in neonatal HIV infection may impair the ability 

of the immune system to recognize and respond to infectious pathogens, increasing susceptibility 

to opportunistic infections. Diminished immune responses, including reduced cytokine production 

and impaired antigen presentation, compromise the host's ability to mount effective immune 

responses against pathogens, leading to prolonged or recurrent infections. Neonates with HIV-

induced immune exhaustion may exhibit impaired vaccine responses, including reduced antibody 

production and diminished T cell activation. Vaccination strategies aimed at boosting immune 

responses may be less effective in neonates with compromised immune function, leading to 

suboptimal vaccine efficacy and reduced protection against vaccine-preventable diseases. 

Furthermore, immune exhaustion may limit the durability of vaccine-induced immunity, 

necessitating booster doses or alternative vaccine formulations to maintain protective immunity.86-

115 

Immune exhaustion in neonatal HIV infection compromises the immune system's ability to control 

opportunistic infections, leading to increased morbidity and mortality. Opportunistic infections, 

such as bacterial pneumonia, fungal infections, and viral coinfections, may occur with greater 

frequency and severity in neonates with compromised immune function, necessitating aggressive 

antimicrobial therapy and supportive care. Immune exhaustion may compromise the efficacy of 

antiretroviral therapy (ART) in neonatal HIV infection, leading to persistent viral replication and 

disease progression. ART aims to suppress viral load, restore immune function, and prevent 

disease progression; however, immune exhaustion may limit the ability of ART to fully control 

viral replication and restore immune homeostasis. Additionally, immune exhaustion may increase 

the risk of virologic failure and the development of drug resistance mutations, further complicating 

treatment outcomes. Immune exhaustion in neonatal HIV infection may have long-term health 

implications, including increased risk of chronic immune dysfunction, immune-mediated diseases, 

and neurodevelopmental disorders. Persistent immune activation and inflammation associated 

with immune exhaustion may contribute to the development of cardiovascular disease, metabolic 



Elite Journal of Immunology. Volume 2 issue 3(2024), Pp. 45-61 

https://epjournals.com/journals/EJI 

 

 

Citation: Obeagu EI, Obeagu GU. HIV-Induced Immune Exhaustion in Neonates: A Review of 

Mechanisms and Implications. Elite Journal of Immunology, 2024; 2(3): 45-61 

4 

 

disorders, and neurocognitive impairment later in life. Furthermore, compromised immune 

function may impact growth and development, exacerbating nutritional deficiencies and growth 

stunting in affected infants.115-145 

Future Directions and Clinical Implications 

Advancing our understanding of HIV-induced immune exhaustion in neonates is essential for 

guiding clinical practice and improving outcomes in pediatric HIV care. Future research efforts 

should focus on identifying biomarkers of immune exhaustion, elucidating the mechanisms 

underlying immune dysregulation, and developing novel therapeutic interventions to restore 

immune function in neonates with HIV infection. Additionally, strategies to optimize ART 

initiation, enhance immune reconstitution, and prevent opportunistic infections are needed to 

improve long-term outcomes in this vulnerable population.  Identifying biomarkers of immune 

exhaustion in neonates with HIV infection is essential for early detection, prognostication, and 

monitoring of disease progression. Biomarkers such as immune cell subsets, cytokine profiles, and 

immune checkpoint expression may provide valuable insights into the extent of immune 

dysfunction and the efficacy of therapeutic interventions. High-throughput omics technologies, 

including genomics, transcriptomics, and proteomics, offer promising approaches for identifying 

biomarkers associated with immune exhaustion and predicting treatment outcomes.146-151 

Elucidating the mechanisms underlying immune dysregulation in neonatal HIV infection is crucial 

for developing targeted therapeutic interventions to restore immune function. Understanding how 

HIV modulates immune signaling pathways, disrupts immune cell development and function, and 

alters the neonatal immune microenvironment may reveal novel therapeutic targets for 

intervention.152 Preclinical models of neonatal HIV infection, including animal models and ex vivo 

tissue models, offer valuable tools for investigating immune dysregulation and testing potential 

therapeutic strategies. Developing novel therapeutic interventions to restore immune function in 

neonates with HIV infection represents a critical area of research. Strategies aimed at enhancing 

immune reconstitution, reducing immune activation, and reversing immune exhaustion hold 

promise for improving treatment outcomes and reducing the burden of opportunistic infections. 

Targeted immunomodulatory agents, such as immune checkpoint inhibitors, cytokine therapies, 

and cell-based therapies, may offer new avenues for restoring immune function and enhancing 

host defense mechanisms in neonates with HIV infection. 

Optimizing ART initiation, dosing, and duration is essential for maximizing viral suppression, 

preserving immune function, and preventing disease progression in neonates with HIV 

infection.153 Early initiation of ART in neonates diagnosed with HIV infection is critical for 

achieving rapid viral suppression and minimizing immune damage. Tailoring ART regimens to 

the individual needs of neonates, including consideration of drug pharmacokinetics, drug 

interactions, and potential adverse effects, is essential for optimizing treatment outcomes and 

minimizing treatment-related toxicity. Preventing opportunistic infections in neonates with HIV 

infection requires a multifaceted approach that includes antimicrobial prophylaxis, vaccination, 

and supportive care. Antimicrobial prophylaxis with agents such as trimethoprim-



Elite Journal of Immunology. Volume 2 issue 3(2024), Pp. 45-61 

https://epjournals.com/journals/EJI 

 

 

Citation: Obeagu EI, Obeagu GU. HIV-Induced Immune Exhaustion in Neonates: A Review of 

Mechanisms and Implications. Elite Journal of Immunology, 2024; 2(3): 45-61 

5 

 

sulfamethoxazole and azithromycin help prevent bacterial and opportunistic infections in HIV-

exposed neonates. Vaccination strategies aimed at boosting immune responses and enhancing 

vaccine efficacy in neonates with HIV infection are essential for reducing the risk of vaccine-

preventable diseases. Additionally, supportive care measures, such as nutritional support, growth 

monitoring, and psychosocial support, are essential for promoting overall health and well-being in 

neonates with HIV infection.154-156 

Conclusion 

HIV-induced immune exhaustion in neonates represents a complex and multifaceted challenge 

with far-reaching implications for disease progression, treatment outcomes, and long-term health. 

Understanding the mechanisms underlying immune exhaustion and its clinical implications is 

essential for optimizing pediatric HIV care and improving outcomes in this vulnerable population. 

The mechanisms of immune exhaustion in neonatal HIV infection involve a complex interplay of 

direct viral effects on immune cells, dysregulation of immune signaling pathways, and modulation 

of the neonatal immune microenvironment. These processes contribute to impaired immune 

responses, reduced vaccine efficacy, and increased susceptibility to opportunistic infections. 

Additionally, immune exhaustion may compromise the efficacy of antiretroviral therapy and have 

long-term implications for immune function and overall health. 
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