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Abstract 

Transfusion-related alterations in red blood cell (RBC) deformability play a critical role in the 

pathophysiology of severe malaria and HIV co-infection in pediatric populations. While blood 

transfusion is a cornerstone intervention for managing severe anemia and preventing mortality in 

children with severe malaria, its impact on RBC deformability in the context of HIV co-infection 

remains poorly understood. This review aims to comprehensively examine the existing literature 

on transfusion-related alterations in RBC deformability in pediatric severe malaria cases with HIV, 

focusing on the underlying mechanisms, clinical implications, and future research directions. By 

synthesizing current evidence and highlighting key findings, this review seeks to enhance our 

understanding of the complex interactions between transfusion, RBC deformability, and disease 

outcomes in this vulnerable population. 

Keywords: transfusion, red blood cells, deformability, pediatric, severe malaria, HIV 

Introduction 

Severe malaria and HIV co-infection present substantial health burdens in pediatric populations, 

particularly in regions where both diseases are endemic. Severe anemia is a frequent complication 
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mailto:emmanuelobeagu@yahoo.com


Elite Journal of Haematology. Volume 2 issue 4(2024), Pp.  199-218 

https://epjournals.com/journals/EJH 

 

 

Citation: Obeagu EI, Obeagu GU. Transfusion-Related Alterations in Red Blood Cell 

Deformability in Pediatric Severe Malaria Cases with HIV: A Review. Elite Journal of 

Haematology, 2024; 2(4): 199-218 

  

 

2 

 

of severe malaria, contributing significantly to morbidity and mortality among affected children. 

Blood transfusion remains a cornerstone intervention for managing severe anemia and preventing 

mortality in pediatric severe malaria cases. However, the impact of transfusion on red blood cell 

(RBC) deformability in the context of HIV co-infection remains inadequately understood. RBC 

deformability is a crucial physiological property that influences microcirculatory flow dynamics, 

oxygen delivery, and tissue perfusion. Any alterations in RBC deformability could have significant 

implications for disease outcomes in pediatric severe malaria cases with HIV co-infection. 

Understanding the mechanisms underlying transfusion-related alterations in RBC deformability is 

essential for optimizing transfusion strategies and improving outcomes in this vulnerable 

population. Blood transfusion introduces exogenous RBCs with varying deformability profiles, 

potentially altering overall RBC rheology. Moreover, factors related to the transfusion process, 

such as storage duration, storage solutions, and processing methods, may further influence RBC 

deformability and contribute to transfusion-related complications. In children with severe malaria 

and HIV co-infection, underlying disease processes such as inflammation, oxidative stress, and 

endothelial dysfunction may exacerbate transfusion-related alterations in RBC deformability. 

Transfusion-related alterations in RBC deformability have significant clinical implications for 

patient management and outcomes in pediatric severe malaria cases with HIV. Impaired RBC 

deformability could compromise microcirculatory flow dynamics, impair oxygen delivery, and 

lead to tissue hypoxia and end-organ dysfunction. Additionally, altered RBC deformability has 

been implicated in the pathogenesis of transfusion-related complications such as transfusion-

associated circulatory overload (TACO), transfusion-related acute lung injury (TRALI), and post-

transfusion hemolysis. Healthcare providers must remain vigilant for signs of transfusion-related 

complications and consider appropriate monitoring and management strategies to optimize patient 

outcomes in this vulnerable population.1-40 

Mechanisms of Transfusion-Related Alterations in RBC Deformability 

Blood undergoes significant changes during storage, collectively known as storage lesions, which 

can affect RBC deformability. Prolonged storage leads to the accumulation of cellular and 

biochemical changes, including alterations in RBC membrane structure, decreased levels of ATP, 

and increased levels of cell-free hemoglobin. These changes can impair RBC flexibility and 

deformability, potentially compromising their ability to traverse microcirculatory vessels 

efficiently following transfusion. During storage, RBCs are exposed to oxidative stress due to the 

accumulation of reactive oxygen species (ROS), leading to oxidative damage to membrane lipids, 

proteins, and hemoglobin molecules. Oxidative modifications can impair membrane integrity and 

cytoskeletal stability, resulting in decreased RBC deformability. Moreover, oxidative stress-

induced alterations in membrane fluidity and cytoskeletal dynamics can further exacerbate RBC 

rigidity, contributing to impaired deformability. Transfusion-related inflammation is characterized 

by the release of pro-inflammatory cytokines, such as interleukin-1β (IL-1β), tumor necrosis 

factor-alpha (TNF-α), and interleukin-6 (IL-6), which can modulate RBC deformability. 

https://epjournals.com/journals/EJH
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Inflammatory mediators alter RBC membrane properties and cytoskeletal organization, leading to 

changes in cell shape and deformability. Additionally, cytokine-induced activation of endothelial 

cells and leukocytes may further exacerbate RBC alterations, contributing to impaired 

deformability. The composition of storage solutions and additives used in blood bags can influence 

RBC deformability during storage. For example, the presence of certain preservatives, such as 

citrate-phosphate-dextrose (CPD) or citrate-phosphate-dextrose-adenine (CPDA-1), may affect 

RBC membrane integrity and deformability. Similarly, the type and concentration of 

anticoagulants and additives, such as mannitol or adenine, can impact RBC physiology and 

deformability, potentially influencing the quality of stored blood and its transfusion-related effects 

on recipient RBCs. The presence of underlying disease states, such as severe malaria and HIV co-

infection, can exacerbate transfusion-related alterations in RBC deformability. In pediatric patients 

with severe malaria, the disease process itself can induce RBC membrane alterations and oxidative 

stress, leading to impaired deformability. Similarly, HIV infection is associated with chronic 

inflammation and immune dysregulation, which may further compromise RBC function and 

deformability. Consequently, transfusion-related alterations in RBC deformability may be more 

pronounced in pediatric severe malaria cases with HIV co-infection, highlighting the need for 

careful consideration and monitoring of transfusion strategies in this population.41-80 

Clinical Implications 

Impaired RBC deformability can compromise microcirculatory flow dynamics, leading to reduced 

tissue perfusion and oxygen delivery. In pediatric patients with severe malaria and HIV co-

infection, where tissue oxygenation may already be compromised due to disease-related factors, 

transfusion-related alterations in RBC deformability may further exacerbate tissue hypoxia and 

contribute to end-organ dysfunction. Altered RBC deformability has been implicated in the 

pathogenesis of transfusion-related complications, such as transfusion-associated circulatory 

overload (TACO), transfusion-related acute lung injury (TRALI), and post-transfusion hemolysis. 

Impaired RBC deformability may promote vascular congestion, endothelial dysfunction, and 

inflammation, predisposing pediatric patients to these potentially life-threatening complications 

following blood transfusion. Transfusion-related alterations in RBC deformability may contribute 

to the development of organ dysfunction in pediatric severe malaria cases with HIV. Impaired 

microcirculatory flow dynamics and tissue hypoxia resulting from decreased RBC deformability 

can lead to ischemic injury and organ damage, particularly in vulnerable organs such as the brain, 

kidneys, and liver. Healthcare providers should be vigilant for signs of organ dysfunction and 

consider appropriate monitoring and management strategies to optimize patient outcomes. 

Understanding the impact of transfusion-related alterations in RBC deformability is essential for 

optimizing transfusion strategies in pediatric severe malaria cases with HIV. Healthcare providers 

should carefully consider the indications for transfusion, the selection of blood products, and the 

timing and frequency of transfusions to minimize the risk of transfusion-related complications and 

maximize the therapeutic benefits of transfusion. Healthcare providers should implement 

https://epjournals.com/journals/EJH
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appropriate monitoring and management strategies to mitigate the clinical implications of 

transfusion-related alterations in RBC deformability. This may include close monitoring of clinical 

parameters, such as hemoglobin levels, oxygen saturation, and organ function, following 

transfusion. Additionally, healthcare providers should be vigilant for signs of transfusion-related 

complications and promptly intervene with appropriate supportive measures as needed.81-140 

Future Research Directions 

Further elucidation of the specific mechanisms underlying transfusion-related alterations in red 

blood cell (RBC) deformability is essential. Mechanistic studies should explore the interplay 

between storage conditions, transfusion-related factors, such as storage solutions and additives, 

and recipient characteristics, including underlying disease states such as severe malaria and HIV 

co-infection. Understanding the molecular and cellular pathways involved in transfusion-related 

alterations in RBC deformability will provide valuable insights into potential therapeutic targets 

for intervention. Identification and validation of biomarkers for monitoring RBC deformability 

and predicting transfusion-related complications are needed. Prospective studies should evaluate 

candidate biomarkers, such as RBC membrane proteins, oxidative stress markers, and cytokine 

profiles, to assess their utility in predicting the quality of stored blood and the risk of transfusion-

related adverse events. Biomarker discovery efforts should focus on developing non-invasive, 

cost-effective assays suitable for clinical implementation in resource-limited settings. Evaluation 

of alternative transfusion modalities, such as fresh whole blood transfusion, erythropoietin therapy, 

and blood substitutes, is warranted. Comparative effectiveness studies should assess the impact of 

alternative transfusion strategies on RBC deformability, transfusion-related complications, and 

clinical outcomes in pediatric severe malaria cases with HIV. Additionally, randomized controlled 

trials are needed to evaluate the safety and efficacy of these interventions in improving patient 

outcomes while minimizing the risk of transfusion-related adverse events. Longitudinal studies are 

needed to assess the long-term effects of transfusion-related alterations in RBC deformability on 

clinical outcomes in pediatric severe malaria cases with HIV. Prospective cohort studies should 

follow patients over time to evaluate the durability of transfusion-related effects on RBC 

deformability, the incidence of transfusion-related complications, and the impact on disease 

progression and mortality. Longitudinal data will provide valuable insights into the trajectory of 

RBC deformability following transfusion and its implications for long-term patient care. 

Translational research efforts should aim to translate basic science discoveries into clinical 

applications to improve patient care. Collaborative research networks involving multidisciplinary 

teams of clinicians, researchers, and policymakers are needed to facilitate knowledge exchange, 

data sharing, and implementation of evidence-based practices. Translational research should focus 

on developing targeted interventions to mitigate transfusion-related alterations in RBC 

deformability and optimize transfusion strategies in pediatric severe malaria cases with HIV.141-194 

Conclusion 

https://epjournals.com/journals/EJH
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Transfusion-related alterations in RBC deformability play a critical role in the pathophysiology of 

severe malaria and HIV co-infection in pediatric populations. Understanding the mechanisms 

underlying these alterations and their clinical implications is essential for optimizing transfusion 

strategies and improving patient outcomes in this vulnerable population. Further research is needed 

to elucidate the specific mechanisms underlying transfusion-related alterations in RBC 

deformability, identify biomarkers for monitoring RBC rheology, and evaluate alternative 

transfusion modalities to minimize transfusion-related complications in pediatric severe malaria 

cases with HIV. Through collaborative research efforts and multidisciplinary approaches, we can 

enhance our understanding of transfusion-related alterations in RBC deformability and improve 

patient care for pediatric patients affected by severe malaria and HIV co-infection. 
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