
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/380151656

Hemochromatosis and HIV: Unraveling Genetic Susceptibility

Article · April 2024

CITATION

1
READS

23

2 authors:

Emmanuel Ifeanyi Obeagu

Kampala International University (KIU)

1,630 PUBLICATIONS   21,998 CITATIONS   

SEE PROFILE

Dennis C. Nwosu

Imo State University

99 PUBLICATIONS   1,334 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Emmanuel Ifeanyi Obeagu on 27 April 2024.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/380151656_Hemochromatosis_and_HIV_Unraveling_Genetic_Susceptibility?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/380151656_Hemochromatosis_and_HIV_Unraveling_Genetic_Susceptibility?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Kampala-International-University-KIU?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dennis-Nwosu-2?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dennis-Nwosu-2?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Imo-State-University?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dennis-Nwosu-2?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Emmanuel-Obeagu?enrichId=rgreq-414222e6ee29293ef9822607f76d3ad5-XXX&enrichSource=Y292ZXJQYWdlOzM4MDE1MTY1NjtBUzoxMTQzMTI4MTIzOTI1NDE1MkAxNzE0MjQ2MDYyOTMy&el=1_x_10&_esc=publicationCoverPdf


Elite Journal of Medicine. Volume 2 issue 5(2024), Pp. 36-52 

https://epjournals.com/journals/EJM 

 

 

Citation: Obeagu EI, Nwosu DC. Hemochromatosis and HIV: Unraveling Genetic Susceptibility.  

Elite Journal of Medicine, 2024; 2(5): 36-52 

1 

 

Hemochromatosis and HIV: Unraveling Genetic Susceptibility 

 

*Emmanuel Ifeanyi Obeagu1 and D.C. Nwosu2 

 

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

2Department of Medical Laboratory Science, Imo State University, Owerri, Imo State, Nigeria. 

 

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

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

4538-0161 

 

Abstract 

Hemochromatosis, a disorder characterized by excessive iron absorption leading to systemic iron 

overload, and Human Immunodeficiency Virus (HIV), a viral infection targeting the immune 

system, represent significant health challenges worldwide. Concurrently, host genetic factors play 

a pivotal role in determining susceptibility to HIV infection and disease progression. Genetic 

polymorphisms affecting immune response pathways, viral entry receptors, and cytokine signaling 

pathways influence individual susceptibility and disease outcomes. Importantly, population-

specific genetic variations contribute to differential HIV susceptibility and response to 

antiretroviral therapy, emphasizing the need for personalized approaches in HIV management. The 

intersection of hemochromatosis and HIV introduces unique challenges and clinical implications. 

Individuals with hemochromatosis may exhibit increased susceptibility to HIV infection due to 

dysregulated iron metabolism compromising immune function. Conversely, HIV infection can 

exacerbate iron dysregulation, leading to accelerated progression of hepatic and systemic 

complications in co-infected individuals. Understanding the intricate interplay between iron 

homeostasis, immune response, and viral pathogenesis is essential for optimizing therapeutic 

strategies and improving clinical outcomes in this vulnerable population. Unraveling the genetic 

susceptibility to hemochromatosis and HIV opens avenues for targeted interventions and 

preventive measures. Mechanistic insights into the complex interactions between iron metabolism 

and viral infection may inform the development of novel therapeutic approaches, including iron 

chelation therapy and immunomodulatory interventions, to mitigate the adverse effects of co-

infection. 

Keywords: Hemochromatosis, HIV, Genetic Susceptibility, Iron Overload, Immune Response, Co-

infection 
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Introduction 

Hemochromatosis and HIV represent two distinct yet interconnected realms of medical science, 

each posing significant health challenges globally. Hemochromatosis, a hereditary iron overload 

disorder, arises from dysregulated iron absorption leading to excessive iron deposition in various 

organs, predominantly the liver, heart, and pancreas. This condition, if left untreated, can culminate 

in severe complications such as cirrhosis, cardiomyopathy, and endocrine dysfunction. 

Conversely, HIV, the causative agent of acquired immunodeficiency syndrome (AIDS), targets 

the immune system, progressively compromising its function and rendering individuals 

susceptible to opportunistic infections and malignancies. Despite advancements in treatment, 

HIV/AIDS remains a major public health concern, particularly in resource-limited settings. While 

traditionally viewed as disparate entities, recent research has unveiled intriguing connections 

between hemochromatosis and HIV, suggesting a complex interplay between genetic 

susceptibility factors, iron metabolism, and immune response. The genetic basis of 

hemochromatosis primarily revolves around mutations in the HFE gene, particularly the C282Y 

and H63D variants, which disrupt iron homeostasis by impairing hepcidin regulation and 

increasing iron absorption. However, emerging evidence indicates that other genes involved in 

iron metabolism, such as HAMP, TFR2, and SLC40A1, also contribute to the phenotypic 

expression and variability of hemochromatosis, underscoring the multifaceted nature of this 

disorder.1-26 

Concurrently, host genetic factors play a pivotal role in determining susceptibility to HIV infection 

and disease progression. Polymorphisms in genes encoding chemokine receptors (e.g., CCR5) and 

human leukocyte antigens (HLAs) influence viral entry, immune activation, and disease outcome. 

Moreover, genetic variations in innate and adaptive immune response pathways, including 

cytokine signaling and T-cell receptor diversity, modulate individual susceptibility to HIV 

infection and progression to AIDS. Ethnic and population-specific differences in genetic 

susceptibility further underscore the intricate interplay between host genetics and viral 

pathogenesis. The intersection of hemochromatosis and HIV introduces unique challenges and 

clinical implications. Individuals with hemochromatosis may exhibit increased susceptibility to 

HIV infection due to compromised immune function secondary to iron overload. Conversely, HIV 

infection can exacerbate iron dysregulation, leading to accelerated progression of hepatic fibrosis, 

cardiomyopathy, and other systemic complications in co-infected individuals. The synergistic 

effects of iron overload and immune dysfunction in the context of HIV infection highlight the need 

for tailored management strategies to address the dual burden of these conditions effectively. 

Understanding the genetic susceptibility to hemochromatosis and HIV is paramount for elucidating 

disease pathogenesis, identifying at-risk individuals, and optimizing therapeutic interventions. 

Genetic screening and counseling may facilitate early detection of hereditary hemochromatosis, 

enabling timely intervention with phlebotomy or iron chelation therapy to prevent complications. 

Similarly, insights into host genetic determinants of HIV susceptibility and disease progression 

may inform the development of personalized treatment regimens and preventive measures, 

including pre-exposure prophylaxis (PrEP) and immune-based therapies. This review aims to 

synthesize current knowledge on the genetic underpinnings of hemochromatosis and HIV, 
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shedding light on their complex interrelationships and potential implications for clinical practice 

and public health initiatives.27-56 

Genetic Basis of Hemochromatosis 

The genetic basis of hemochromatosis lies primarily in mutations affecting genes involved in iron 

metabolism regulation, particularly the HFE gene located on chromosome 6. The most common 

mutations associated with hereditary hemochromatosis are the C282Y and H63D variants within 

the HFE gene. These mutations disrupt the normal function of the HFE protein, which plays a 

crucial role in regulating iron absorption by interacting with the transferrin receptor and hepcidin, 

a key regulator of iron homeostasis. The C282Y mutation, occurring in approximately 80-90% of 

individuals with hereditary hemochromatosis, leads to a defective HFE protein that fails to 

properly interact with transferrin receptor 1 (TfR1) on the surface of intestinal epithelial cells. As 

a result, there is a diminished inhibition of intestinal iron absorption, leading to increased iron 

uptake from the diet and subsequent iron overload in tissues. The H63D mutation, although less 

common and typically milder in its effects, may also contribute to disruptions in iron homeostasis 

when present in combination with other genetic or environmental factors. In addition to HFE 

mutations, other genes have been implicated in the pathogenesis of hemochromatosis. Mutations 

in genes such as HAMP (encoding hepcidin), TFR2 (encoding transferrin receptor 2), and 

SLC40A1 (encoding ferroportin) can disrupt iron sensing, trafficking, and export mechanisms, 

leading to dysregulated iron metabolism and subsequent iron overload. These non-HFE mutations 

are less common but can contribute to the phenotypic variability observed in individuals with 

hemochromatosis. Moreover, the penetrance and expressivity of hemochromatosis-associated 

mutations can be influenced by additional genetic modifiers and environmental factors. Modifier 

genes involved in iron metabolism, inflammation, and oxidative stress pathways may modulate 

the clinical phenotype of hemochromatosis, contributing to variations in disease severity and age 

of onset among affected individuals. Environmental factors such as dietary iron intake, alcohol 

consumption, and comorbidities (e.g., viral hepatitis) can also influence the progression and 

clinical manifestations of hemochromatosis in genetically susceptible individuals.57-60 

Genetic Factors in HIV Susceptibility 

Genetic factors play a critical role in determining susceptibility to Human Immunodeficiency 

Virus (HIV) infection and influencing disease progression. Host genetic variations can influence 

various aspects of HIV pathogenesis, including viral entry, immune response, and disease 

outcome. Key genetic factors implicated in HIV susceptibility include polymorphisms in genes 

encoding chemokine receptors, human leukocyte antigens (HLAs), and innate and adaptive 

immune response pathways. One of the most well-studied genetic factors influencing HIV 

susceptibility is the Δ32 deletion in the CCR5 gene, which encodes the C-C chemokine receptor 

type 5. Individuals homozygous for the Δ32 deletion are resistant to infection by certain strains of 

HIV, as the absence of functional CCR5 receptors impairs viral entry into target cells, particularly 

CD4+ T lymphocytes and macrophages. Heterozygous carriers of the Δ32 deletion may exhibit 

delayed disease progression, highlighting the protective effect of CCR5 deficiency against HIV 

infection. Human leukocyte antigens (HLAs), encoded by the major histocompatibility complex 
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(MHC) genes, play a crucial role in immune recognition and response. Polymorphisms in HLA 

genes can influence the presentation of viral antigens to T cells and the subsequent immune 

response against HIV. Certain HLA alleles have been associated with differential susceptibility to 

HIV infection and disease progression. For example, HLA-B57 and HLA-B27 alleles are 

associated with slower disease progression and lower viral loads, whereas other alleles, such as 

HLA-B*35, are linked to rapid disease progression.61-81 

In addition to chemokine receptors and HLAs, genetic variations in innate and adaptive immune 

response pathways can impact HIV susceptibility and disease progression. Polymorphisms in 

genes encoding components of the innate immune system, such as toll-like receptors (TLRs) and 

cytokines, can affect the initial immune response to HIV infection. Similarly, genetic variations in 

genes involved in adaptive immunity, including T-cell receptor (TCR) genes and cytokine 

signaling pathways, can influence viral replication, immune activation, and disease outcome. 

Ethnic and population-specific differences in genetic susceptibility to HIV further underscore the 

complex interplay between host genetics and viral pathogenesis. Certain genetic variants 

associated with HIV susceptibility and disease progression may be more prevalent in specific 

populations, contributing to disparities in HIV prevalence and clinical outcomes observed globally. 

Understanding the genetic determinants of HIV susceptibility and disease progression is essential 

for developing targeted interventions, including vaccines, antiretroviral therapy, and immune-

based therapies, tailored to individual genetic profiles. Moreover, genetic screening and counseling 

may facilitate personalized approaches to HIV prevention and treatment, ultimately contributing 

to more effective management of the HIV/AIDS pandemic.82-101 

 

Intersection of Hemochromatosis and HIV 

The intersection of hemochromatosis and HIV represents a complex interplay between iron 

metabolism dysregulation and viral pathogenesis, posing unique challenges and clinical 

implications for affected individuals. Individuals with hemochromatosis may exhibit increased 

susceptibility to HIV infection due to compromised immune function secondary to iron overload. 

Iron is essential for the proliferation and virulence of many pathogens, including HIV, and excess 

iron accumulation in tissues may create a favorable environment for viral replication and 

dissemination. Moreover, iron overload can impair the function of immune cells, including T 

lymphocytes and macrophages, compromising their ability to mount an effective antiviral response 

against HIV. Conversely, HIV infection can exacerbate iron dysregulation in co-infected 

individuals, leading to accelerated progression of hepatic fibrosis, cardiomyopathy, and other 

systemic complications associated with hemochromatosis. HIV-associated immune activation and 

inflammation may further exacerbate iron-mediated tissue damage, contributing to the 

development of severe complications in co-infected individuals. Additionally, chronic 

inflammation associated with HIV infection can disrupt hepcidin regulation, leading to alterations 

in iron metabolism and exacerbating iron overload in susceptible individuals with 

hemochromatosis.102-121 
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The dual burden of hemochromatosis and HIV presents unique challenges in clinical management 

and therapeutic decision-making. Traditional therapeutic approaches for hemochromatosis, such 

as phlebotomy or iron chelation therapy, may need to be carefully tailored in co-infected 

individuals to minimize the risk of exacerbating HIV-related complications or interfering with 

antiretroviral therapy. Moreover, monitoring of iron parameters and liver function in co-infected 

individuals is essential to detect and manage complications such as hepatic fibrosis, cirrhosis, and 

hepatocellular carcinoma. The synergistic effects of iron overload and immune dysfunction in the 

context of HIV infection underscore the importance of interdisciplinary collaboration in 

optimizing clinical care for co-infected individuals. Integrated management strategies that address 

both iron metabolism dysregulation and HIV-related immune dysfunction may improve clinical 

outcomes and quality of life in this vulnerable population. Moreover, research efforts aimed at 

elucidating the underlying mechanisms driving the interaction between hemochromatosis and HIV 

may identify novel therapeutic targets and interventions for mitigating the adverse effects of co-

infection.122-141 

Mechanistic Insights and Future Directions 

The interplay between hemochromatosis and HIV involves intricate mechanisms encompassing 

iron metabolism dysregulation, immune activation, and viral pathogenesis. Iron, an essential 

nutrient for both host and pathogen, plays a multifaceted role in HIV infection. Excess iron 

accumulation in tissues, characteristic of hemochromatosis, creates a conducive environment for 

viral replication and dissemination, potentially exacerbating HIV-related complications. 

Moreover, iron overload impairs the function of immune cells, compromising their ability to mount 

an effective antiviral response against HIV. Conversely, HIV infection induces systemic immune 

activation and inflammation, which can disrupt iron homeostasis by altering hepcidin regulation 

and promoting iron sequestration within macrophages. This dysregulated iron metabolism may 

contribute to the progression of hepatic fibrosis, cardiomyopathy, and other complications 

associated with hemochromatosis. Furthermore, HIV-associated immune dysfunction may impair 

the clearance of iron-loaded macrophages, exacerbating tissue damage and organ dysfunction in 

co-infected individuals.142-155 

Further elucidating the mechanistic underpinnings of the interaction between hemochromatosis 

and HIV is essential for developing targeted therapeutic interventions and preventive strategies. 

High-throughput omics approaches, including genomics, transcriptomics, proteomics, and 

metabolomics, can provide comprehensive insights into the molecular pathways involved in co-

infection. Integrative analyses of host genetic factors, viral dynamics, and immune response 

profiles may uncover novel biomarkers of disease progression and therapeutic targets. 

Additionally, preclinical models, including cell culture systems and animal models of co-infection, 

can be employed to dissect the complex interplay between iron metabolism dysregulation and HIV 

pathogenesis. These models enable the evaluation of potential therapeutic interventions, such as 

iron chelation therapy, immunomodulatory agents, and combination antiretroviral therapy, in 

mitigating the adverse effects of co-infection on organ function and clinical outcomes. In the 

clinical setting, prospective cohort studies and clinical trials are needed to assess the efficacy and 

safety of tailored management strategies for co-infected individuals. Personalized approaches that 
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account for individual genetic profiles, viral characteristics, and disease stage may optimize 

treatment outcomes and improve long-term prognosis. Moreover, integrated care models that 

involve multidisciplinary teams of clinicians, researchers, and allied health professionals are 

essential for providing comprehensive care and support to co-infected individuals.156-157 

Conclusion 

The intersection of hemochromatosis and HIV represents a complex interplay between iron 

metabolism dysregulation and viral pathogenesis, posing unique challenges and clinical 

implications for affected individuals. Hemochromatosis, characterized by excessive iron 

accumulation in tissues, creates a conducive environment for HIV replication and dissemination, 

potentially exacerbating HIV-related complications. Conversely, HIV infection induces immune 

activation and inflammation, which can further disrupt iron homeostasis and exacerbate tissue 

damage in individuals with hemochromatosis. High-throughput omics approaches, preclinical 

models, and clinical studies provide valuable insights into the molecular pathways involved and 

guide the development of personalized management strategies for co-infected individuals. 

Integrated care models involving multidisciplinary teams of clinicians, researchers, and allied 

health professionals are essential for providing comprehensive care and support to co-infected 

individuals. 
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