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Abstract 

Pediatric severe malaria cases complicated by HIV co-infection present a significant clinical 

challenge, characterized by a complex interplay of severe anemia, coagulation abnormalities, and 

an increased risk of disseminated intravascular coagulation (DIC). Blood transfusion, a 

cornerstone intervention in managing severe anemia, introduces additional complexities by 

potentially altering coagulation parameters and predisposing patients to transfusion-related 

complications. Despite the clinical significance, the impact of transfusion on coagulation dynamics 

and DIC development in pediatric severe malaria cases with HIV remains poorly understood. This 

review aims to address this knowledge gap by critically evaluating current evidence and providing 

insights into tailored management strategies to optimize outcomes in this vulnerable population. 

Alterations in coagulation parameters, including thrombocytopenia, prolonged PT and aPTT, and 

elevated FDP levels, are frequently observed in pediatric severe malaria cases, reflecting 

underlying coagulation dysregulation. The presence of HIV infection further exacerbates 

coagulation abnormalities, potentially predisposing pediatric patients to DIC, a life-threatening 

complication associated with increased morbidity and mortality. Transfusion therapy, while 

essential for correcting severe anemia and improving tissue oxygenation, may exacerbate 

coagulation abnormalities and contribute to DIC development through various mechanisms, 

including dilution of coagulation factors and platelets, immunomodulatory effects, and pro-

inflammatory cytokine release. 
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Introduction 

Pediatric severe malaria cases complicated by HIV infection represent a formidable challenge in 

clinical practice, particularly in regions with high malaria endemicity and HIV prevalence. Severe 

malaria is characterized by a spectrum of complications, including severe anemia, cerebral malaria, 

respiratory distress, and metabolic derangements, contributing significantly to morbidity and 

mortality in pediatric populations. The coexistence of HIV infection further exacerbates the 

clinical complexity, as HIV-associated immune dysfunction and hematologic alterations may 

predispose pediatric patients to more severe manifestations of malaria, including coagulation 

abnormalities and disseminated intravascular coagulation (DIC). Thus, understanding the interplay 

between severe malaria, HIV, and transfusion-related changes in coagulation parameters is 

imperative for optimizing clinical management and improving outcomes in this vulnerable 

population.1-5 Pediatric severe malaria cases often present with alterations in coagulation 

parameters, reflecting the dysregulation of both procoagulant and anticoagulant pathways. 

Thrombocytopenia, prolonged prothrombin time (PT), activated partial thromboplastin time 

(aPTT), and elevated levels of fibrin degradation products (FDPs) are commonly observed in 

severe malaria, indicative of ongoing coagulopathy and endothelial activation. The presence of 

HIV infection further exacerbates coagulation abnormalities, as HIV-associated immune 

dysfunction and endothelial injury may potentiate coagulation activation and predispose pediatric 

patients to DIC. Consequently, pediatric severe malaria cases with HIV co-infection represent a 

high-risk group for coagulation-related complications, highlighting the need for tailored 

management strategies to address these complex pathophysiologic processes.6-10 

Transfusion therapy plays a crucial role in managing severe anemia and improving tissue 

oxygenation in pediatric severe malaria cases, but its impact on coagulation parameters and DIC 

development in the context of HIV co-infection remains poorly understood. Blood transfusion 

introduces exogenous erythrocytes, plasma, and coagulation factors into the recipient's circulation, 

potentially altering coagulation dynamics and predisposing patients to transfusion-related 

complications, including DIC. Moreover, the immunomodulatory effects of transfusion and the 

release of pro-inflammatory cytokines may further exacerbate coagulation activation and 

endothelial injury, complicating the management of coagulation abnormalities in pediatric patients 

with severe malaria and HIV co-infection.11-15 The development of DIC represents a critical 

complication in pediatric severe malaria cases with HIV co-infection, as it is associated with 

increased morbidity and mortality. DIC is characterized by systemic activation of the coagulation 

cascade, leading to widespread microvascular thrombosis, consumption of coagulation factors and 

platelets, and ultimately, organ dysfunction. Pediatric patients with severe malaria and HIV co-

infection may be particularly susceptible to DIC due to the complex interplay between malaria-

induced coagulopathy, HIV-associated immune dysfunction, and transfusion-related changes in 

coagulation parameters. Thus, early recognition and management of DIC are paramount in 

optimizing clinical outcomes and reducing mortality in this vulnerable population.16-18 Despite the 

significant clinical implications, there is a paucity of data regarding transfusion-related changes in 

coagulation parameters and DIC development in pediatric severe malaria cases with HIV co-

infection. Existing literature predominantly focuses on adult populations, with limited studies 
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investigating the specific challenges and management strategies relevant to pediatric patients. 

Therefore, this review aims to bridge this gap in knowledge by comprehensively evaluating current 

evidence and providing insights into tailored management strategies for pediatric severe malaria 

cases with HIV co-infection. By elucidating the complex interplay between severe malaria, HIV, 

transfusion-related changes in coagulation parameters, and DIC development, this review seeks to 

inform evidence-based clinical practice and improve outcomes in this vulnerable patient 

population.19-20 

Coagulation Parameters in Pediatric Severe Malaria Cases with HIV 

In pediatric severe malaria cases with HIV co-infection, alterations in coagulation parameters 

represent a significant aspect of the clinical presentation and management. Severe malaria often 

induces a dysregulated coagulation system, characterized by thrombocytopenia, prolonged 

prothrombin time (PT), activated partial thromboplastin time (aPTT), and elevated levels of fibrin 

degradation products (FDPs). These changes reflect the activation of both procoagulant and 

anticoagulant pathways, contributing to the pathogenesis of coagulopathy. In the context of HIV 

co-infection, the presence of immunosuppression and endothelial dysfunction further exacerbates 

coagulation abnormalities, increasing the propensity for thrombotic complications and 

disseminated intravascular coagulation (DIC). Therefore, monitoring coagulation parameters is 

essential in the management of pediatric severe malaria cases with HIV, guiding treatment 

strategies and mitigating the risk of thromboembolic events.21-25 Thrombocytopenia, characterized 

by a reduction in platelet count, is a common finding in pediatric severe malaria cases with HIV 

co-infection and is indicative of platelet sequestration, consumption, and destruction. The 

reduction in platelet count contributes to the hemorrhagic diathesis observed in severe malaria and 

increases the risk of bleeding complications, particularly in the setting of coexisting 

thrombocytopenia due to HIV-associated immune dysfunction. Moreover, thrombocytopenia may 

serve as a prognostic indicator of disease severity and mortality in pediatric patients with severe 

malaria and HIV co-infection, necessitating close monitoring and appropriate management to 

prevent hemorrhagic complications.26-28 Prolonged PT and aPTT, along with elevated levels of 

FDPs, reflect the activation of the coagulation cascade and fibrinolytic system in pediatric severe 

malaria cases with HIV co-infection. These abnormalities indicate a state of hypercoagulability 

and ongoing fibrinolysis, which may contribute to microvascular thrombosis, organ dysfunction, 

and DIC. Additionally, the presence of HIV infection exacerbates endothelial dysfunction and 

systemic inflammation, further potentiating coagulation activation and thrombotic complications. 

Therefore, monitoring coagulation parameters, along with clinical assessment, is essential in 

identifying patients at risk of DIC and guiding therapeutic interventions, including anticoagulation 

therapy and supportive care, to mitigate the risk of thromboembolic events and improve outcomes 

in this vulnerable population.29-30 

Transfusion-Related Changes in Coagulation Parameters 

Transfusion-related changes in coagulation parameters represent a critical aspect of clinical 

management in pediatric severe malaria cases with HIV co-infection, particularly given the 
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frequent need for blood transfusions to manage severe anemia. Blood transfusion introduces 

exogenous erythrocytes, plasma, and coagulation factors into the recipient's circulation, potentially 

altering coagulation dynamics and predisposing patients to transfusion-related complications. 

While transfusion therapy aims to improve tissue oxygenation and prevent mortality, its impact on 

coagulation parameters must be carefully monitored to mitigate the risk of thrombotic and 

hemorrhagic complications. Transfusion-related changes in coagulation parameters may include 

dilutional effects, alterations in coagulation factor levels, and immune-mediated reactions, all of 

which can influence hemostasis and contribute to coagulopathy in pediatric patients with severe 

malaria and HIV co-infection.31-35 

Dilutional effects are a primary mechanism underlying transfusion-related changes in coagulation 

parameters, particularly in pediatric patients receiving large-volume transfusions. Transfusion of 

packed red blood cells (PRBCs) may lead to dilution of coagulation factors and platelets, resulting 

in a relative deficiency of clotting factors and impaired hemostasis. Additionally, dilutional 

thrombocytopenia may exacerbate pre-existing thrombocytopenia in severe malaria cases, 

increasing the risk of bleeding complications. Therefore, close monitoring of coagulation 

parameters, including PT, aPTT, and platelet count, is essential in pediatric patients receiving 

blood transfusions to detect dilutional effects and guide transfusion strategies to mitigate the risk 

of coagulopathy.36-37 In addition to dilutional effects, transfusion-related changes in coagulation 

parameters may also involve alterations in coagulation factor levels and immune-mediated 

reactions. Transfusion of plasma-containing blood products, such as fresh frozen plasma (FFP) or 

cryoprecipitate, may introduce exogenous coagulation factors into the recipient's circulation, 

potentially correcting coagulation abnormalities and improving hemostasis. However, transfusion-

related immune reactions, such as transfusion-related acute lung injury (TRALI) or transfusion-

associated circulatory overload (TACO), can lead to systemic inflammation, endothelial 

dysfunction, and further exacerbation of coagulation abnormalities. Therefore, careful selection of 

blood products, along with vigilant monitoring for transfusion-related complications, is essential 

in optimizing transfusion therapy and minimizing the risk of adverse outcomes in pediatric severe 

malaria cases with HIV co-infection.38-40 

Implications for DIC Development and Management 

The implications of transfusion-related changes in coagulation parameters extend to the 

development and management of disseminated intravascular coagulation (DIC) in pediatric severe 

malaria cases with HIV co-infection. DIC represents a critical complication characterized by 

systemic activation of the coagulation cascade, leading to widespread microvascular thrombosis, 

consumption of coagulation factors and platelets, and ultimately, organ dysfunction. Transfusion 

therapy, while essential for correcting severe anemia, may exacerbate DIC development through 

various mechanisms, including dilutional effects, alterations in coagulation factor levels, and 

immune-mediated reactions.41-42 Transfusion-related dilutional effects can contribute to DIC 

development by impairing hemostasis and exacerbating pre-existing coagulopathy in pediatric 

severe malaria cases with HIV co-infection. The transfusion of packed red blood cells (PRBCs) 

may lead to dilution of coagulation factors and platelets, resulting in a relative deficiency of 
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clotting factors and increased bleeding tendency. Furthermore, the introduction of plasma-

containing blood products, such as fresh frozen plasma (FFP) or cryoprecipitate, may alter the 

balance between procoagulant and anticoagulant factors, promoting coagulation activation and 

thrombotic complications. Therefore, careful monitoring of coagulation parameters and prompt 

recognition of DIC are essential in guiding transfusion practices and optimizing outcomes in this 

vulnerable population.43-44 Management of DIC in pediatric severe malaria cases with HIV co-

infection requires a multidisciplinary approach involving pediatricians, hematologists, infectious 

disease specialists, and transfusion medicine experts. Early recognition and treatment of DIC are 

paramount in preventing progression to multiorgan failure and reducing mortality. Therapeutic 

interventions may include supportive care, such as volume resuscitation and vasopressor therapy, 

along with targeted treatments to address the underlying coagulopathy, such as anticoagulation 

therapy and transfusion of blood products. However, the management of DIC in pediatric patients 

with severe malaria and HIV co-infection presents unique challenges, given the complex interplay 

between disease pathophysiology, immune status, and transfusion-related complications. 

Therefore, further research is needed to elucidate optimal management strategies and improve 

outcomes in this vulnerable population.45-47 

Conclusion 

The management of coagulation parameters and disseminated intravascular coagulation (DIC) in 

pediatric severe malaria cases with HIV co-infection represents a complex clinical challenge. 

Transfusion therapy, while essential for correcting severe anemia, introduces additional 

complexities by potentially altering coagulation dynamics and predisposing patients to DIC 

development. Dilutional effects, alterations in coagulation factor levels, and immune-mediated 

reactions associated with blood transfusion can exacerbate pre-existing coagulopathy and increase 

the risk of thrombotic and hemorrhagic complications in this vulnerable population. Early 

recognition and management of DIC are paramount in optimizing outcomes in pediatric severe 

malaria cases with HIV co-infection. Close monitoring of coagulation parameters, along with 

vigilant assessment of clinical status, is essential in identifying patients at risk of DIC and guiding 

therapeutic interventions. A multidisciplinary approach involving pediatricians, hematologists, 

infectious disease specialists, and transfusion medicine experts is essential in developing 

comprehensive management strategies tailored to the individual needs of each patient. 
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