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Abstract

Sickle cell disease (SCD) and HIV are chronic conditions with overlapping pathophysiological mechanisms that can
significantly impact patient outcomes. Vaso-occlusive crises (VOCs), a hallmark of SCD, result from inflammation,
endothelial dysfunction, and microvascular occlusion. HIV, through chronic immune activation, endothelial injury, and
hematologic alterations, may influence the frequency and severity of VOCs. The interaction between these two diseases
creates a complex clinical scenario that warrants further investigation. HIV-induced chronic inflammation and endothelial
dysfunction may exacerbate VOCs by increasing oxidative stress, promoting coagulation abnormalities, and altering red blood
cell adhesion properties. Additionally, hematologic complications such as anemia and bone marrow suppression due to HIV
further complicate SCD progression. While antiretroviral therapy (ART) has improved HIV outcomes, its impact on VOCs
remains unclear, with some regimens potentially exacerbating vascular complications while others may reduce systemic

inflammation and endothelial damage.
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Introduction

Sickle cell disease (SCD) is an inherited hemoglobinopathy
characterized by chronic hemolysis, recurrent vaso-occlusive crises
(VOCs), and progressive organ damage. VOCs are the most
common and debilitating complications of SCD, resulting from the
occlusion of small blood vessels by sickled red blood cells (RBCs),
leukocytes, and platelets. These episodes lead to ischemia, severe
pain, and end-organ complications. The frequency and severity of
VOCs vary among individuals, influenced by genetic,
environmental, and comorbid conditions. One such comorbidity
that may significantly affect VOC occurrence is HIV infection.?
HIV remains a global health challenge, particularly in regions with
high SCD prevalence, such as sub-Saharan Africa. HIV primarily
targets the immune system, leading to progressive
immunosuppression,  chronic  inflammation, and increased
susceptibility to opportunistic infections. The virus also has
profound effects on the hematologic system, causing anemia,
thrombocytopenia, and neutropenia, which can complicate SCD
progression. The overlapping pathophysiology of SCD and HIV
suggests a potential bidirectional impact, where HIV may
exacerbate SCD complications, including VOCs, and vice versa,>®
One of the key mechanisms by which HIV may influence VOC
frequency is through chronic inflammation. In SCD, inflammation
is driven by hemolysis-induced oxidative stress, endothelial
activation, and increased expression of adhesion molecules. HIV

infection further amplifies systemic inflammation through
persistent immune activation and cytokine dysregulation. Elevated
levels of inflammatory mediators such as tumor necrosis factor-
alpha (TNF-a), interleukin-6 (IL-6), and interleukin-1 beta (IL-1p)
contribute to endothelial dysfunction and vascular injury, which are
critical in VOC pathogenesis.®”

Endothelial dysfunction is another crucial factor linking HIV and
VOC frequency. In SCD, repeated cycles of hypoxia and
reperfusion injury damage the endothelium, promoting vaso-
occlusion. HIV exacerbates this condition by impairing endothelial
nitric oxide production, increasing endothelial permeability, and
inducing a procoagulant state. The combined effects of SCD and
HIV on the endothelium may enhance RBC adhesion, platelet
aggregation, and leukocyte recruitment, leading to more frequent
and severe VOC episodes.? HIV-related hematologic abnormalities
also play a significant role in VOC modulation. Anemia,
commonly observed in both SCD and HIV, reduces oxygen
delivery and increases sickling, potentially triggering more
frequent VOCs. Additionally, HIV-associated bone marrow
suppression may alter erythropoiesis, further contributing to
anemia and VOC risk. Neutropenia and thrombocytopenia,
common in HIV-infected individuals, can also affect the
inflammatory and coagulation pathways, influencing VOC
outcomes.*® Antiretroviral therapy (ART) has transformed HIV
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management, improving survival and reducing opportunistic
infections. However, the effects of ART on VOC frequency remain
unclear. Some ART regimens, particularly protease inhibitors, have
been associated with endothelial dysfunction and metabolic
complications that could exacerbate VOC risk. Conversely,
effective viral suppression through ART may reduce chronic

inflammation, potentially leading to a decrease in VOC episodes.
11-12

Pathophysiological Mechanisms Linking HIV
and VOC Frequency

1. Chronic Inflammation and Immune Activation

Both HIV and SCD are characterized by persistent inflammation,
which plays a central role in the pathogenesis of VOCs. In SCD,
chronic hemolysis leads to the release of free hemoglobin and
heme, triggering oxidative stress and endothelial activation. This
process enhances the expression of adhesion molecules such as
vascular cell adhesion molecule-1 (VCAM-1) and intercellular
adhesion molecule-1 (ICAM-1), promoting the adhesion of sickled
red blood cells (RBCs), leukocytes, and platelets to the
endothelium. HIV further exacerbates inflammation through
immune activation, leading to elevated levels of inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-a), interleukin-
6 (IL-6), and interleukin-1 beta (IL-1B). These inflammatory
mediators contribute to endothelial dysfunction, vascular injury,
and increased VVOC frequency in co-infected individuals.*>*°

2. Endothelial Dysfunction and Vascular Injury

Endothelial dysfunction is a key driver of VOCs and is worsened
by HIV infection. In SCD, endothelial cells are chronically
activated due to hemolysis and ischemia-reperfusion injury, leading
to reduced nitric oxide (NO) bioavailability and increased oxidative
stress. HIV infection further impairs endothelial function by
promoting  vascular  inflammation, increasing  endothelial
permeability, and disrupting normal coagulation pathways. The
combined effects of SCD and HIV on the endothelium create a
prothrombotic environment that enhances RBC adhesion and
microvascular occlusion, increasing the likelihood of VOC
episodes. Additionally, HIV proteins such as Tat and gp120 have
been shown to directly damage endothelial cells, further
contributing to vascular dysfunction,**8

3. Hematologic Abnormalities and Altered

Erythropoiesis

HIV infection induces a range of hematologic abnormalities,
including anemia, thrombocytopenia, and neutropenia, which may
impact VOC frequency. Anemia in HIV is often multifactorial,
resulting from chronic inflammation, nutritional deficiencies, and
bone marrow suppression due to viral infection or antiretroviral
therapy (ART). In SCD, anemia is primarily caused by hemolysis,
and the additional burden of HIV-related anemia may exacerbate
hypoxia, increasing sickling and VOC risk. Moreover, HIV-
associated bone marrow dysfunction can impair erythropoiesis,
leading to inadequate RBC production and an increased tendency
for sickled cells to persist in circulation. %

4. Hypercoagulability and Thrombosis

HIV and SCD are both prothrombotic conditions, increasing the
risk of vascular occlusion and VOCs. In SCD, chronic hemolysis
leads to the release of free hemoglobin, which scavenges NO and

promotes  platelet  activation.  Additionally,  circulating
microparticles from damaged RBCs contribute to coagulation
abnormalities. HIV infection further enhances this hypercoagulable
state by inducing endothelial activation, increasing tissue factor
expression, and altering fibrinolysis. Studies have shown that HIV-
infected individuals have elevated levels of procoagulant markers
such as D-dimer, fibrinogen, and von Willebrand factor, all of
which contribute to thrombotic events. The combination of these
factors in HIV-SCD co-infected patients may lead to more frequent
and severe VOCs.?"2

5. Oxidative Stress and Red Blood Cell Dysfunction

Oxidative stress plays a crucial role in both SCD and HIV
pathogenesis. In SCD, recurrent ischemia-reperfusion injury
generates reactive oxygen species (ROS), damaging RBC
membranes and promoting hemolysis. HIV further exacerbates
oxidative stress by increasing mitochondrial dysfunction, depleting
antioxidant reserves, and inducing chronic inflammation. Increased
oxidative damage to RBCs in co-infected individuals may enhance
sickling and shorten RBC lifespan, further contributing to VOC
frequency. Additionally, ART-related mitochondrial toxicity may
worsen oxidative stress, leading to increased hemolysis and vaso-
occlusion.?*?

6. Immune Dysregulation and Altered Leukocyte
Function

Leukocytes play a significant role in VOC pathophysiology, with
activated neutrophils contributing to endothelial adhesion and
vascular occlusion. In HIV infection, immune dysregulation leads
to abnormal neutrophil function, increased monocyte activation,
and chronic immune activation, all of which may worsen VOC
severity. Additionally, HIV-associated lymphopenia may impair
immune surveillance, increasing susceptibility to infections that
trigger VOCs. The interplay between immune dysfunction in HIV
and inflammation in SCD creates a vicious cycle that promotes
VOC recurrence and disease progression.?52’

7. Antiretroviral Therapy (ART) and Its Effects on
VOCs

While ART has improved survival and quality of life for people
living with HIV, its impact on VOC frequency in SCD remains
unclear. Some ART regimens, particularly protease inhibitors, have
been associated with metabolic complications, endothelial
dysfunction, and cardiovascular disease, potentially increasing
VOC risk. However, effective viral suppression through ART may
reduce chronic inflammation and immune activation, potentially
mitigating endothelial damage and VOC episodes. Understanding
the specific effects of different ART regimens on SCD
pathophysiology is essential for optimizing treatment strategies in
co-infected individuals.?®%°

Clinical Implications of HIV-SCD Co-Infection

1. Increased Frequency and Severity of Vaso-Occlusive
Crises (VOCs)

HIV-SCD co-infected individuals may experience more frequent
and severe VOCs due to the compounded effects of chronic
inflammation,  endothelial  dysfunction, and hematologic
abnormalities. Persistent immune activation in HIV promotes
systemic inflammation, leading to increased adhesion of sickled
red blood cells (RBCs) to the endothelium and higher risks of
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microvascular occlusion. Additionally, HIV-induced endothelial
injury and oxidative stress further exacerbate vascular dysfunction,
contributing to prolonged and more painful VOC episodes.
Clinically, this translates to higher hospitalization rates, increased
need for opioid analgesia, and greater overall disease burden in co-
infected patients.**3!

2. Higher Risk of Anemia and Blood Transfusion
Requirements

Both HIV and SCD are associated with chronic anemia, but co-
infection may worsen the condition due to multiple contributing
factors, including hemolysis, bone marrow suppression, nutritional
deficiencies, and ART-related myelosuppression. Severe anemia
increases the risk of hypoxia-induced sickling and VOCs, leading
to a higher dependency on blood transfusions. However, frequent
transfusions raise concerns about iron overload, alloimmunization,
and transfusion-transmitted infections, necessitating careful
monitoring and iron chelation therapy in co-infected patients.
Managing anemia effectively in HIV-SCD individuals is crucial for
preventing VOCs and maintaining overall quality of life.3*33

3. Increased Susceptibility to Infections

HIV-SCD co-infected individuals have a compromised immune
system due to both conditions, making them more vulnerable to
bacterial, viral, and fungal infections. SCD patients are already at
increased risk for infections due to functional asplenia and
impaired immune responses, and HIV exacerbates this by depleting
CD4+ T cells and impairing macrophage function. Common
infections such as pneumonia, osteomyelitis, and sepsis may occur
more frequently and with greater severity, leading to higher
morbidity and mortality. Prophylactic antibiotics, routine
vaccinations (including pneumococcal, meningococcal, and
influenza vaccines), and strict infection control measures are

essential for reducing infectious complications in this population.®*
35

4. Complications Related to Antiretroviral Therapy
(ART)

While ART has significantly improved HIV survival rates, its
impact on SCD progression and VOC frequency is not fully
understood. Some ART regimens, particularly protease inhibitors,
have been linked to endothelial dysfunction, metabolic
complications, and mitochondrial toxicity, all of which may
contribute to increased VOC risk. Conversely, effective viral
suppression through ART may reduce chronic inflammation and
immune activation, potentially mitigating VOC frequency.
Clinicians must carefully select ART regimens that minimize
hematologic and vascular complications while ensuring optimal
HIV control in SCD patients. Regular monitoring of hemoglobin
levels, liver function, and metabolic parameters is crucial when
managing ART in co-infected individuals.®*%’

5. Increased Risk of End-Organ Damage

Both HIV and SCD contribute to progressive multi-organ damage,
including renal dysfunction, pulmonary hypertension, and
cardiovascular complications. In SCD, chronic hemolysis leads to
kidney injury and endothelial dysfunction, while HIV-related
nephropathy and hypertension further increase the risk of renal
failure. Pulmonary hypertension, a common complication in SCD,
may be worsened by HIV-induced vascular inflammation and
immune dysregulation. Additionally, the combined cardiovascular

risks associated with SCD-related endothelial dysfunction and
HIV-related atherosclerosis increase the likelihood of stroke and
other cardiovascular events. Regular screening for renal function,
echocardiography for pulmonary hypertension, and aggressive
management of cardiovascular risk factors are essential in co-
infected patients.*®

6. Challenges in Pain Management

Pain management in HIV-SCD co-infected individuals is
particularly challenging due to overlapping neuropathic and
inflammatory pain mechanisms. Chronic VOC-related pain may be
exacerbated by HIV-associated neuropathy, which results from
direct viral effects on the nervous system and ART-induced
mitochondrial toxicity. Standard opioid-based pain management
strategies must be balanced with concerns about opioid
dependence, side effects, and potential drug interactions with ART.
Integrative pain management approaches, including non-opioid
analgesics, physical therapy, and psychological support, may help
improve quality of life while minimizing opioid-related
complications.*®

7. Need for Multidisciplinary Care and Tailored
Treatment Approaches

The complexity of HIV-SCD co-infection necessitates a
multidisciplinary approach involving hematologists, infectious
disease specialists, nephrologists, and pain management experts.
Coordinated care is essential for optimizing treatment outcomes,
managing complications, and improving overall survival. Tailored
therapeutic strategies should focus on reducing inflammation,
preventing VOCs, managing anemia, and selecting appropriate
ART regimens that minimize hematologic and vascular
complications. Regular follow-up, patient education, and adherence
support are critical in ensuring successful long-term management
of HIV-SCD co-infected individuals.*’

Therapeutic Considerations

1. Optimizing Antiretroviral Therapy (ART) for SCD
Patients

The selection of ART regimens in HIV-SCD co-infected patients
requires careful consideration due to potential drug interactions,
hematologic toxicity, and metabolic complications. Certain ART
drugs, such as zidovudine (AZT) and some protease inhibitors, can
exacerbate anemia, bone marrow suppression, or oxidative stress,
potentially worsening vaso-occlusive crises (VOCs). Newer ART
options, such as integrase inhibitors (e.g., dolutegravir), offer better
tolerability with fewer hematologic side effects. Future research
should focus on assessing the long-term effects of different ART
regimens on SCD progression, VOC frequency, and overall disease
outcomes.*

2. Anti-Inflammatory and Endothelial-Protective
Strategies

Given the central role of inflammation and endothelial dysfunction
in both HIV and SCD, anti-inflammatory therapies may help
mitigate VOC frequency. Hydroxyurea, a standard treatment for
SCD, reduces inflammation, increases fetal hemoglobin (HbF)
levels, and improves RBC deformability. Its potential benefits in
HIV-SCD co-infected individuals warrant further investigation.
Additionally, novel anti-inflammatory agents, such as JAK
inhibitors, statins, and endothelin receptor antagonists, may provide

Page | 32

Copyright ©2025. UAR Publisher All rights reserved




endothelial protection and reduce VOC risk. Future clinical trials
should explore these therapeutic strategies in co-infected patients to
determine their efficacy and safety.*?

3. Managing Anemia and Reducing Blood Transfusion
Dependency

Anemia is a major challenge in HIVV-SCD co-infected individuals,
increasing the risk of VOCs and worsening overall health status.
While blood transfusions are commonly used to manage severe
anemia, repeated transfusions can lead to iron overload,
alloimmunization, and other complications. Alternative strategies,
such as erythropoiesis-stimulating agents (e.g., erythropoietin), iron
chelation therapy, and novel RBC-modifying agents like voxelotor,
may help reduce transfusion dependence. Further studies are
needed to determine the safety and efficacy of these interventions
in HIV-SCD patients.*®

4. Addressing Hypercoagulability and Thrombotic Risk

Both SCD and HIV contribute to a hypercoagulable state,
increasing the risk of thrombosis and VOCs. Antiplatelet agents
(e.g., aspirin, P2Y12 inhibitors) and anticoagulants (e.g., low-
molecular-weight heparin, direct oral anticoagulants) have been
proposed as potential therapeutic options for reducing VOC-related
complications. However, balancing the risk of bleeding with the
benefits of anticoagulation remains a challenge. Ongoing research
should focus on identifying optimal anticoagulation strategies
tailored to HIV-SCD co-infected individuals.**

5. Integrative Pain Management Approaches

Pain management in HIV-SCD patients is complex due to the
overlapping mechanisms of VOC-related pain and HIV-associated
neuropathy. While opioids remain the mainstay for acute VOC
pain, chronic opioid use raises concerns about dependence,
tolerance, and drug interactions with ART. Non-opioid pain
management strategies, such as nonsteroidal anti-inflammatory
drugs (NSAIDs), neuropathic pain agents (e.g., gabapentin,
pregabalin), and behavioral therapies, should be incorporated into
treatment plans. Future studies should explore personalized pain
management protocols that consider both VOC-related and
neuropathic pain components.*®

6. Preventing and Managing Infections

HIV-SCD co-infected patients are highly susceptible to infections
due to immune dysfunction and functional asplenia.
Comprehensive infection prevention strategies should include
routine  vaccinations (e.g., pneumococcal, meningococcal,
influenza), prophylactic antibiotics (e.g., penicillin for SCD,
cotrimoxazole for HIV), and early infection screening. Future
research should explore novel immunomodulatory approaches that
enhance immune resilience in this population.*6*’

7. Precision Medicine and Biomarker-Guided Therapies

Advancements in precision medicine offer new opportunities for
tailoring treatments based on individual genetic and molecular
profiles. Biomarker-based approaches may help predict VOC risk,
ART-related complications, and response to anti-inflammatory or
anticoagulant therapies. Emerging technologies, such as single-cell
transcriptomics and proteomics, could provide deeper insights into
the unique pathophysiological interactions between HIV and SCD,
leading to more targeted therapeutic interventions.*®

Conclusion

HIV-SCD co-infection presents a complex clinical challenge due to
the overlapping pathophysiological mechanisms of both diseases.
The chronic inflammation, endothelial dysfunction, and immune
dysregulation associated with HIV exacerbate the frequency and
severity of vaso-occlusive crises (VOCs) in sickle cell disease
(SCD) patients. Additionally, co-infection increases the risk of
severe anemia, infections, thrombotic complications, and end-
organ damage, requiring a multifaceted approach to management.
While antiretroviral therapy (ART) has significantly improved HIV
outcomes, its potential hematologic and vascular effects in SCD
patients necessitate careful regimen selection and ongoing research.

A comprehensive treatment strategy for HIV-SCD co-infected
individuals should include optimized ART regimens, anti-
inflammatory  therapies, endothelial-protective agents, and
personalized pain management approaches. Preventive measures
such as routine vaccinations, infection prophylaxis, and regular
screenings for organ dysfunction are essential to improving patient
outcomes. Future research should focus on precision medicine,
biomarker-guided therapies, and novel pharmacologic interventions
that target the unique pathophysiological interactions between HIV
and SCD. Large-scale clinical trials are needed to establish
evidence-based guidelines for managing this high-risk population
effectively.
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