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DESCRIPTION

Blood transfusion remains one of the most frequently applied
supportive medical procedures in hospitals across the world.
Patients experiencing trauma, extensive surgery, hematologic
disorders, severe anemia, or complications during medical
treatment often depend on donated blood for survival and
recovery. Although transfusion practices have advanced
considerably through improved screening methods
laboratory assessment, scientists and clinicians continue to
examine the biological effects that occur after donor blood
the recipient’s Among these effects,
transfusion immunomodulation has become an important topic

and

enters circulation.
due to its association with immune alterations observed in
various patient populations.

Transfusion immunomodulation refers to changes in immune
activity that arise following the administration of blood
products. These responses may include temporary suppression of
defenses, inflammatory pathways,
modification of cytokine production, and shifts in cellular

immune activation  of
communication between immune cells. The phenomenon was
first suspected decades ago when clinicians noticed that some
transplant recipients receiving transfusions before organ
transplantation demonstrated improved graft acceptance. At the
same time, other studies reported increased infection rates
among surgical patients exposed to multiple transfusions. These
encouraged deeper investigation into the
interaction between donor blood components and recipient
immunity.

observations

Human blood contains far more than red blood cells alone.
Whole blood and blood products contain leukocytes, platelets,
plasma proteins, extracellular vesicles, soluble mediators, and
biologically active compounds generated during storage. Once
transfused, these may influence immune cell
signaling in recipients. Researchers believe that donor leukocytes

substances

contribute significantly to immunologic rtesponses because
foreign white blood cells can interact directly with recipient

antigen-presenting cells and lymphocytes. Even with modern
leukoreduction procedures, residual cellular material may still
affect inflammatory and anti-inflammatory pathways.

Stored blood products also undergo biochemical alterations
during preservation. Red blood cells experience membrane
changes, metabolic shifts, oxidative stress, and accumulation of
These
modifications may influence vascular function and immune
responses after transfusion. Certain investigators suggest that
older stored blood can stimulate inflammatory reactions
through the release of free hemoglobin, micro particles, and
cytokines. Other reports indicate that clinical outcomes depend
more strongly on the patient’s baseline condition than on
storage duration alone. This ongoing discussion continues to
influence blood banking policies and transfusion strategies in
hospitals worldwide.

bioactive molecules over time. storage-associated

transfusion has  drawn
Surgical patients receiving
multiple transfusions occasionally demonstrate elevated rates of
postoperative infections such as pneumonia, urinary tract
infections, or wound complications. Similar findings have been

suppression  following
considerable clinical attention.

Immune

observed in critically ill patients admitted to intensive care units.
One proposed explanation involves suppression of natural killer
cell activity and altered T-lymphocyte responses after exposure to
donor antigens. Reduced cellular immunity may temporarily
weaken host defenses against bacterial invasion. However,
immune effects vary substantially between individuals, making it
difficult to predict which patients will experience clinically
significant complications.

Inflammatory activation represents another important aspect of
transfusion immunomodulation. Certain transfusion reactions
occur when recipient immune cells respond aggressively to
donor-derived substances. Cytokines released during storage or
donor antibodies present in plasma may trigger fever, pulmonary
injury, or systemic inflammation. Transfusion-related acute lung
injury remains one of the most severe complications associated
with immune activation. This condition involves inflammatory
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damage within pulmonary tissue, resulting in respiratory distress
and impaired oxygen exchange. Improved donor screening and
plasma management policies have reduced incidence rates in
many countries, though vigilance remains necessary during
transfusion therapy.

CONCLUSION

Transfusion immunomodulation continues to represent a
dynamic field within clinical medicine and immunology.
Evidence accumulated over several decades demonstrates that
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donor blood can influence recipient immune function through
multiple biological mechanisms involving leukocytes, cytokines,
plasma components, and storage-associated changes. Although
many transfusions provide lifesaving support and remain
indispensable in modern healthcare, ongoing research seeks to
reduce complications and improve patient outcomes through
refined blood processing methods and individualized clinical
understanding future
transfusion practices may become increasingly precise, allowing

strategies. As  scientific expands,
clinicians to deliver effective therapy while limiting undesirable

immune effects in diverse patient populations
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