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Abstract 

Blood transfusion is a crucial intervention in the management of severe malaria-associated anemia, 

aiming to improve tissue perfusion and support recovery. However, in pediatric patients with 

severe malaria and concurrent HIV infection, the impact of blood transfusion on respiratory 

function remains a significant concern. Transfusion-related acute lung injury (TRALI) represents 

a severe complication of blood transfusion, characterized by acute respiratory distress and 

pulmonary edema. This comprehensive review examines the impact of blood transfusion on 

respiratory function in HIV-positive pediatric severe malaria cases, focusing on the risk factors, 

pathophysiology, clinical manifestations, diagnosis, management, and preventive strategies for 

TRALI. By synthesizing current evidence and clinical insights, this review aims to provide a 

comprehensive understanding of the impact of blood transfusion on respiratory function in HIV-

positive pediatric severe malaria cases, guiding clinical practice and future research efforts. 

Keywords: Blood transfusion, respiratory function, HIV-positive, pediatric, severe malaria, 

transfusion-related acute lung injury, TRALI 

Introduction 

Severe malaria and HIV co-infection present significant challenges in pediatric healthcare, 

particularly in regions where both diseases are endemic. Among the myriad complications of 

severe malaria, anemia stands out as a common and potentially life-threatening complication, 

necessitating blood transfusion in many cases to prevent mortality. However, in pediatric patients 
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with concurrent HIV infection, the impact of blood transfusion on respiratory function raises 

concerns, particularly regarding the risk of transfusion-related acute lung injury (TRALI). TRALI 

is a severe complication characterized by acute respiratory distress and pulmonary edema, often 

occurring within hours of transfusion. Understanding the implications of blood transfusion on 

respiratory function in HIV-positive pediatric severe malaria cases is crucial for optimizing clinical 

management and improving patient outcomes. The epidemiology of severe malaria and HIV co-

infection varies geographically, with sub-Saharan Africa bearing the highest burden of both 

diseases. In this region, pediatric patients are disproportionately affected, facing higher risks of 

mortality and long-term morbidity. Blood transfusion plays a critical role in the management of 

severe malaria-associated anemia, yet its impact on respiratory function in the context of HIV co-

infection remains poorly understood. Clarifying the relationship between blood transfusion and 

respiratory function in this vulnerable population is essential for guiding clinical practice and 

improving transfusion safety.1-30 

The pathophysiology of TRALI involves a complex interplay between transfused blood products 

and patient-specific factors, resulting in endothelial damage and pulmonary inflammation. 

Pediatric patients with severe malaria and HIV co-infection may have underlying immune 

dysregulation and endothelial dysfunction, predisposing them to TRALI development. 

Additionally, transfusion-related factors such as donor antibodies and bioactive substances can 

further exacerbate the risk of TRALI in this population. Understanding the pathophysiological 

mechanisms underlying TRALI in HIV-positive pediatric severe malaria cases is crucial for 

developing targeted interventions and preventive strategies. Clinical manifestations of TRALI 

include acute onset of respiratory distress, hypoxemia, and bilateral pulmonary infiltrates on 

imaging, mirroring those of other respiratory conditions. However, diagnosing TRALI in pediatric 

severe malaria cases with HIV co-infection can be challenging due to overlapping symptoms with 

underlying diseases and transfusion-related complications. Differential diagnoses such as 

transfusion-associated circulatory overload (TACO), anaphylactic reactions, and infectious causes 

of acute respiratory distress syndrome (ARDS) must be considered, highlighting the importance 

of accurate diagnosis and prompt intervention. The management and prevention of TRALI in 

pediatric patients with severe malaria and HIV co-infection require a multidisciplinary approach 

that integrates supportive care measures, judicious transfusion practices, and vigilant monitoring 

for adverse events. Strategies for preventing TRALI include careful donor selection, 

leukoreduction of blood products, and adherence to transfusion guidelines. By addressing the 

challenges associated with blood transfusion and respiratory function in HIV-positive pediatric 

severe malaria cases, healthcare providers can optimize patient care and improve outcomes in this 

vulnerable population.31-60 

Epidemiology and Risk Factors 

The epidemiology of transfusion-related acute lung injury (TRALI) in HIV-positive pediatric 

severe malaria cases is influenced by various factors, including patient demographics, transfusion 

practices, and donor characteristics. Pediatric patients with severe malaria and HIV co-infection 

represent a vulnerable population with unique immunological and endothelial characteristics that 
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may predispose them to TRALI development following blood transfusion. In regions where severe 

malaria and HIV are endemic, pediatric patients are disproportionately affected, with higher rates 

of morbidity and mortality compared to adults. The prevalence of anemia, a common complication 

of severe malaria, necessitates frequent blood transfusions in this population to prevent mortality. 

However, the prevalence of TRALI in HIV-positive pediatric severe malaria cases is not well-

established, partly due to underreporting and variability in diagnostic criteria. Risk factors for 

TRALI development in pediatric patients with severe malaria and HIV co-infection include both 

transfusion-related factors and patient-specific factors. Transfusion-related risk factors include the 

presence of donor-derived antibodies or bioactive substances in transfused blood products, such 

as human leukocyte antigen (HLA) and human neutrophil antigen (HNA) antibodies. These factors 

can interact with patient-specific factors, such as underlying immune dysregulation and endothelial 

dysfunction, to induce an inflammatory response and endothelial damage in the pulmonary 

vasculature, leading to TRALI development. Pediatric patients with severe malaria and HIV co-

infection may have heightened immune responses and endothelial dysfunction, predisposing them 

to TRALI following blood transfusion. Additionally, factors such as the volume and type of blood 

products transfused, the presence of comorbidities, and the underlying severity of illness can 

further increase the risk of TRALI in this population. Understanding the epidemiology and risk 

factors associated with TRALI in HIV-positive pediatric severe malaria cases is essential for 

identifying high-risk patients, implementing preventive measures, and optimizing transfusion 

practices to improve patient safety.61-100 

Pathophysiology 

The pathophysiology of transfusion-related acute lung injury (TRALI) in HIV-positive pediatric 

severe malaria cases involves a complex interplay between transfused blood products and patient-

specific factors, leading to endothelial damage, pulmonary inflammation, and acute respiratory 

distress. TRALI is thought to result from a two-hit mechanism, wherein transfusion of blood 

products containing donor-derived antibodies or bioactive substances interacts with patient-

specific factors to induce an inflammatory response in the pulmonary vasculature. In severe 

malaria and HIV co-infection, pediatric patients may have underlying immunological and 

endothelial dysfunction, predisposing them to TRALI development. Malaria infection can lead to 

systemic inflammation, endothelial activation, and microvascular sequestration of infected 

erythrocytes, further exacerbating endothelial injury. HIV infection, on the other hand, is 

associated with immune dysregulation, endothelial dysfunction, and increased susceptibility to 

inflammatory responses. Transfusion-related factors such as donor antibodies against human 

leukocyte antigen (HLA) or human neutrophil antigen (HNA) can trigger an immune response in 

the recipient, leading to endothelial activation and release of inflammatory mediators. These 

mediators, including cytokines, chemokines, and reactive oxygen species, contribute to endothelial 

damage, increased vascular permeability, and recruitment of neutrophils to the pulmonary 

vasculature. Neutrophil activation and sequestration within the pulmonary microvasculature play 

a central role in the pathogenesis of TRALI, leading to further endothelial damage and pulmonary 

inflammation. Neutrophils release proteases, reactive oxygen species, and pro-inflammatory 

cytokines, exacerbating tissue injury and impairing gas exchange. Endothelial dysfunction and 
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disruption of the alveolar-capillary barrier result in increased vascular permeability, pulmonary 

edema, and impaired oxygenation, culminating in acute respiratory distress and respiratory 

failure.1-30 

Clinical Manifestations and Diagnosis 

Transfusion-related acute lung injury (TRALI) presents with acute onset of respiratory distress, 

hypoxemia, and bilateral pulmonary infiltrates on imaging, often occurring within hours of blood 

transfusion. In HIV-positive pediatric severe malaria cases, distinguishing TRALI from other 

respiratory complications can be challenging due to overlapping symptoms and underlying disease 

processes. However, careful clinical evaluation and diagnostic workup are essential for accurate 

diagnosis and timely management. Clinical manifestations of TRALI in pediatric patients with 

severe malaria and HIV co-infection may include dyspnea, tachypnea, cyanosis, and respiratory 

distress. These symptoms can range from mild to severe, depending on the severity of lung injury 

and the underlying clinical condition of the patient. Additionally, signs of systemic inflammation, 

such as fever, tachycardia, and leukocytosis, may be present, reflecting the inflammatory response 

triggered by TRALI. Diagnostic criteria for TRALI include acute onset of respiratory distress 

within 6 hours of blood transfusion, hypoxemia, bilateral pulmonary infiltrates on chest imaging, 

and no evidence of cardiogenic pulmonary edema. However, differentiating TRALI from other 

causes of acute respiratory distress, such as transfusion-associated circulatory overload (TACO), 

anaphylactic reactions, and infectious pneumonia, requires a comprehensive evaluation. 

Diagnostic workup for TRALI may include chest radiography, arterial blood gas analysis, and 

laboratory testing. Chest radiography typically reveals bilateral pulmonary infiltrates consistent 

with non-cardiogenic pulmonary edema. Arterial blood gas analysis may demonstrate hypoxemia 

with respiratory alkalosis, reflecting impaired gas exchange and compensatory hyperventilation. 

Laboratory tests such as complete blood count, coagulation profile, and inflammatory markers 

may be obtained to assess for evidence of systemic inflammation and rule out alternative 

diagnoses. Additional diagnostic modalities, such as echocardiography, pulmonary function tests, 

and bronchoscopy with bronchoalveolar lavage (BAL), may be considered in select cases to further 

evaluate respiratory function and exclude alternative diagnoses. BAL fluid analysis showing a 

predominance of neutrophils and elevated protein levels can support the diagnosis of TRALI. 

However, these procedures may not be feasible or readily available in resource-limited settings 

where severe malaria and HIV co-infection are endemic.131-160 

Management and Prevention 

The management and prevention of transfusion-related acute lung injury (TRALI) in HIV-positive 

pediatric severe malaria cases involve a multifaceted approach aimed at supportive care, 

respiratory support, avoidance of further transfusions, and implementation of preventive strategies. 

Supportive care measures are essential in managing TRALI and include supplemental oxygen 

therapy to maintain adequate oxygenation and respiratory support as needed. Mechanical 

ventilation may be required in severe cases of TRALI to provide optimal respiratory support and 

improve gas exchange. Positive end-expiratory pressure (PEEP) can be utilized to recruit collapsed 
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alveoli and improve lung compliance, while low tidal volume ventilation strategies aim to 

minimize ventilator-associated lung injury. Fluid management is crucial in the management of 

TRALI, with a focus on avoiding fluid overload and optimizing cardiac preload. Diuretics may be 

used cautiously to reduce pulmonary edema and improve respiratory function in patients with 

evidence of fluid overload. Close monitoring of hemodynamic parameters, electrolyte balance, and 

renal function is essential to prevent complications associated with fluid management.161-170 

Avoidance of further transfusions is paramount in managing TRALI in HIV-positive pediatric 

severe malaria cases. Transfusion should only be considered if absolutely necessary and with 

careful consideration of the risks and benefits. When transfusion is deemed necessary, 

leukoreduced blood products should be used to minimize the risk of TRALI development. 

Additionally, close monitoring for signs of respiratory distress and hemodynamic instability is 

essential during and after transfusion to detect and manage TRALI promptly. Preventing TRALI 

in pediatric patients with severe malaria and HIV co-infection involves implementing strategies to 

minimize transfusion-related risks and optimize patient safety. These strategies include careful 

donor selection, leukoreduction of blood products, and adherence to transfusion guidelines and 

protocols. Screening blood donors for known risk factors associated with TRALI, such as HLA 

and HNA antibodies, can help reduce the risk of TRALI development. Furthermore, healthcare 

providers should educate patients, families, and staff about the signs and symptoms of TRALI and 

the importance of reporting adverse events associated with transfusion. By raising awareness and 

implementing targeted interventions, healthcare facilities can enhance transfusion safety and 

minimize the risk of TRALI in pediatric patients with severe malaria and HIV co-infection.171-180 

Challenges and Future Directions 

Despite advancements in transfusion medicine, several challenges persist in managing transfusion-

related acute lung injury (TRALI) in HIV-positive pediatric severe malaria cases, necessitating 

ongoing research and multidisciplinary collaboration to address these challenges effectively. 

One significant challenge is the lack of specific diagnostic criteria and biomarkers for TRALI, 

particularly in resource-limited settings where access to advanced diagnostic modalities is limited. 

Improved diagnostic tools and standardized criteria are needed to facilitate early recognition and 

timely intervention. Biomarkers such as brain natriuretic peptide (BNP) and interleukin-6 (IL-6) 

have shown promise in diagnosing TRALI but lack specificity and require further validation in 

pediatric populations. Another challenge is underreporting and variability in transfusion-related 

adverse events, which hinder accurate estimation of the true incidence and prevalence of TRALI 

in HIV-positive pediatric severe malaria cases. Enhanced surveillance systems and comprehensive 

reporting mechanisms are needed to capture accurate data on TRALI cases, identify risk factors, 

and assess the impact of preventive interventions. The complex pathophysiology of TRALI in the 

context of severe malaria and HIV co-infection requires further investigation to elucidate the 

underlying mechanisms and identify potential therapeutic targets. Research efforts should focus 

on understanding the interactions between transfused blood products, host immune responses, and 

underlying disease processes that contribute to TRALI development. Animal models and in vitro 
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studies can provide valuable insights into the pathophysiology of TRALI and inform the 

development of targeted interventions. Addressing transfusion-related risks and optimizing 

transfusion practices in pediatric patients with severe malaria and HIV co-infection requires a 

multidisciplinary approach involving collaboration among healthcare providers, transfusion 

medicine specialists, and researchers. Education and training programs for healthcare 

professionals on transfusion safety, recognition of TRALI, and appropriate management strategies 

are essential for improving patient outcomes and reducing the incidence of TRALI in this 

population.181-194 

Conclusion 

The impact of transfusion-related acute lung injury (TRALI) in HIV-positive pediatric severe 

malaria cases underscores the complexities and challenges in managing blood transfusion therapy 

in this vulnerable population. TRALI represents a significant complication of transfusion, 

characterized by acute respiratory distress and pulmonary edema, with potentially life-threatening 

consequences. Despite advancements in transfusion medicine, several challenges remain, 

including the lack of specific diagnostic criteria, underreporting of adverse events, and the complex 

pathophysiology of TRALI in the context of severe malaria and HIV co-infection. 
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