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Abstract
A blood transfusion is a special kind of transplantation and/or medical therapeutic intervention that carries with it great benefits and risks to the recipient. It involves the transfer of living tissue from one person to another and thus a recipient of a transfusion may experience an adverse reaction to the product during or soon after the transfusion. It is imperative that laboratory, nursing and clinical staff understand the different types of transfusion reactions so that they can deal with the situation when it occurs. The adverse transfusion reactions may be classified as immune mediated or non-immune mediated. The immune mediated transfusion reactions are usually due to alloantibodies formed after a previous exposure to foreign antigen through pregnancy, transfusion or transplantation and may result in a hemolytic or non-hemolytic transfusion reaction. A transfusion reaction may be immediate or delayed and when hemolysis is involved, it is usually either intravascular or extravascular. The non-hemolytic reactions include febrile non-hemolytic transfusion reactions, allergic reactions and anaphylactic reactions. Cytokines have been implicated as contributing to the febrile reaction experienced by the transfusion recipient. The cytokines may be released into the blood or blood components by contaminating leukocytes in the products. Leukocytes may also cause alloimmunization, and transmission of infectious diseases, transfusion-related acute lung injury, and immunomodulation. Adverse effects of transfused cellular blood components therefore may depend not only on the number of residual leukocytes in the blood or blood components, but also on the timing of the leukocyte removal. Extra care must be taken to ensure that the products transfused into a patient are safe and incapable of causing adverse reactions. In spite of all the care and good intensions exercised by the laboratory, nursing and clinical staff involved with transfusion therapy, accidents still occur. Many of these accidents are clerical in nature and therefore easily preventable if standard operating procedures are adhered to. 

Background
A blood transfusion may be considered a special kind of transplantation, and medical therapeutic intervention that carries with it many benefits and risks to the recipient. It involves the transfer of living tissue from one person to another. At times, a recipient of a blood or blood component transfusion may experience an adverse reaction as a result of the transfusion. Because of the risk of morbidity and mortality associated with transfusion therapy, no transfusion should be given until the decision is made that it is absolutely necessary and even then it must be done with the utmost care. The adverse and at times very severe transfusion reactions experienced by some recipients of blood and blood components therapy, have various causes some of which include the presence of red blood cell (RBC), leukocyte or plasma protein antibodies in the recipient and bacterial contamination of the transfused components. Fever, rigor, and dyspnea are common manifestations of these reactions, which may be mediated by cytokines or biological response mediators (BRMs), complement, or endotoxin. Hypotension with or without urticaria or erythema may also be a prominent feature, and bradykinin (BK) has also been implicated as mediator.1 As little as 10 to 15 ml of incompatible blood have been shown to trigger a transfusion reaction. 

To prevent these potentially life threatening events from occurring, it is imperative that the clinical, nursing and laboratory staff understand the different types of transfusion reactions and how to deal with them when they occur. Transfusion reactions may be divided into immune mediated and non-immune mediated and may be categorized as immediate or delayed. The onset of a transfusion reaction may be misleading or delayed, and therefore, its detection requires astute assessment.2 The transfusionist who is often a nurse is responsible for recognizing when a transfusion reaction has occurred. The different types of transfusion reactions that may occur include: hemolytic transfusion reactions (HTRs), transfusion associated graft-versus-host disease (TA-GVHD), hemoglobinuria, post transfusion purpura (PTT), fever, circulatory overload, thrombophlebitis, urticaria, hyperkalemia, noncardiogenic pulmonary edema, and allergic and anaphylactic reactions. The transfusionist must become conversant with the signs and symptoms of a transfusion reaction and be prepared to react quickly.3 Each blood bank and transfusion service must have a system in place for detection, reporting and evaluating suspected complications of transfusion. In the event of a suspected transfusion reaction, the individual responsible for the transfusion must notify the ordering physician and the transfusion service immediately. Every transfusion reaction must be investigated promptly and the transfusion must not resume until the investigation is complete. Measures should be taken to to minimize harm to the patient.

The rate of fatal transfusion event is estimated to be about one per million units transfused but the rate of adverse reaction to transfusion of blood or blood component is estimated to be about 1 in every 200 transfusions.4 Causes of fatal transfusions reaction include misidentification of patient, mislabeling of blood sample, error in laboratory records, mistakes in blood typing, and incorrect antibody screening or crossmatching.4 Typical causes of transfusion associated deaths include acute hemolysis due to ABO incompatibility, acute pulmonary edema, bacterial contamination of product, delayed transfusion reactions, anaphylaxis, external hemolysis, and graft versus host disease (GVHD).2 In vivo hemolysis of red blood cell injured by immune processes may be intravascular or extravascular. ABO antibodies are very efficient in fixing complement following sensitization of incompatible cells and therefore may precipitate an intravascular hemolytic crisis. Other antibodies such as those of Kidd, Vel Tja and Lea are also very efficient at complement fixing and may likewise cause intravascular hemolysis. Activation of complement results in the release of complement components such as C3a and C5a which act on mast cells resulting in the production of vasoactive substances such as serotonin, and histamine which mediate clinical signs and symptoms of transfusion reactions.5 When the complement cascade proceed to completion, the membrane attack complex is formed which leads to the lysis of the red blood cells. 

Antigen-antibody complexes can also activate factor XII, which acts on the kinin system.1 The resultant production of bradykinin increases capillary permeability, which causes the dilation of arterioles and leads to hypotension. Hypotension activates the sympathetic nervous system with the production of catecholamines, which result in vasoconstriction in the kidney. Factor XII and thromboplastic substances produced by lysed cells activate the intrinsic clotting system, which may precipitate disseminated intravascular coagulation (DIC). This may cause the formation of thrombi, which may lodge in the lungs, liver, and kidneys. This leads eventually to the consumption of coagulation factors, production of fibrin degradation products and uncontrolled hemorrhage and renal ischemia.1,5 Extravascular hemolysis results in red blood cell removal from the circulation and destruction by cells of the reticuloendothelial system in the liver and spleen. Antibodies commonly implicated in extravascular hemolysis include anti-Jka, anti-Fya and anti-K. Extravascular hemolysis is a less severe hemolytic crisis compared to intravascular hemolysis because complement activation is not complete and the sensitized cells are gradually removed from the circulation as they circulate through the liver and the spleen.

Immediate Hemolytic Transfusion Reactions
Immediate hemolytic transfusion reactions (IHTR) occur soon after the transfusion of incompatible red blood cells. The transfused red cells are rapidly destroyed with the release of hemoglobin and stroma from the hemolyzed cells into the circulation. The cause of the hemolysis is usually due to the presence of preformed alloantibodies produced as a result of previous transfusion or pregnancy. More commonly, they are due to naturally occurring ABO antibodies. When incompatible red blood cells are transfused, antigen-antibody complexes are formed, which activate the complement, plasminogen, kinin and coagulation systems. Only a little amount of incompatible blood needs to be transfused to trigger the signs and symptoms of an impending IHTR. The first signs and symptoms may include fever, chills, general uneasiness, back pain, hemoglobinuria, dyspnea, hypotension, shock, uncontrollable bleeding, pain at the infusion site, nausea, flushing, lightheadness, substernal pain, hemoglobinemia and anemia. These reactions are the consequences of the various cytokines which are released including interleukin 1 (IL-1), tumor necrosis factor alpha (TNF-() and IL-6 and IL-8.6 These BMRs are all critical mediators of immune and inflammatory response and synergize with each other to precipitate the reactions and produce the major signs and symptoms of IHTR. 

Many studies have expanded our knowledge of the pathophysiology of shock, inflammation and DIC, as they affect the outcome of HTRs. Rakic6 has shown in models of acute immunoglobulin M (IgM) mediated red cell incompatibility in experimental HTRs, that plasma TNF-( levels rise sharply in a dose and time-dependent manner, peaking at 2 hours after the onset of the event. He also showed that the elevated rise in TNF-( contributes to hyotension, fever, capillary permeability, and acute shock, which are associated with the HTRs. According to him, the levels of IL-8, monocyte chemotactic protein-1 (MCP-1), and neutrophil activators also rise after about 4 hours and remain elevated even after 48 hours. When the HTRs is IgG mediated, the concentrations of IL-1, IL-6, and IL-8 increase significantly within 6 hours, remain elevated for 24 hours and precipitate fever, hypotension, leukocytosis, shock, T cell proliferation and stimulation of immunoglobulin production. Increased BMRs also contribute to hemostatic dysfunction and precipitate a DIC. This may be attributed to the actions of IL-1 and TNF-(, which produce changes in the hemostatic properties of endothelial cells surface, resulting in elevated tissue factor and a decrease in thrombomodulin expression and a suppression of the activity of protein C. Activation of thrombin, bradykinin, epinephrine and IL-1 may induce acute renal failure, leading to renal hypoperfusion and widespread fibrin deposit. Thus the cytokines are major contributors to the immune and inflammatory response from HTRs.6
The morbidity and mortality of an acute hemolytic transfusion reaction correlates with the amount of blood transfused. The signs and symptoms associated with extravascular IHTR are relatively mild compared to intravascular hemolysis and not as life threatening. In either type of hemolytic crisis, the patients must be provided with the care and support they need to prevent or reduce the risk of developing DIC, hypotension, and acute renal failure. The best treatment for IHTR is preventative. Most cases of IHTR are preventable because they are usually attributable to clerical errors. Error is ubiquitous whenever humans are involved in a process. Fortunately, most transfusion-related errors are benign however, the risk of death due to IHTR rivals that of HIV transmission and administration of the wrong blood or of blood component to the wrong recipient has occurred at many facilities.7 Most blood misadministration errors are caused by failure to identify the recipient and blood unit adequately, although phlebotomy errors and blood bank errors also contribute significantly. Many of the errors are multifactorial and may reflect underlying systems defects. Noncompliant specimen labels may be a cue to an increased risk of phlebotomy error. Autologous blood is not immune from error and poses infectious disease risks as well as the risk of hemolytic transfusion reaction as is perioperatively recovered blood which may pose a risk of air embolism if improperly handled.7 

When all standard operating procedures (SOPs) are scrupulously followed and adhered to, to ensure proper patient identification, sample collection, labeling and identification of units, patient testing, and handling and correct transfusion at patient bedside, then the incidences of IHTR is minimized.2 Hemolytic transfusion reaction is considered a rare complication of platelet transfusion. If minor ABO incompatibility exists such as the presence of donor antibody directed against recipient's red cells in plasma-incompatible platelets, the antibodies present in the plasma of platelets might cause acute hemolysis.8
Delayed Hemolytic Transfusion Reaction
Delayed hemolytic transfusion reaction (DHTR) is the destruction of transfused blood or blood components after an interval during which the recipient mounts a secondary immune response to the foreign antigens. This reaction might be seen along with delayed serologic transfusion reaction (DSTR) in which transfused red cells are sensitized by newly formed antibodies without clinical hemolysis. Various alloantibodies have been implicated as causing DHTR. Rothman et al9, described a patient who developed a DHTR 11 days after receiving a transfusion, that was caused by anti-U. The case was a good illustration of the difficulty that can occur in differentiating a delayed transfusion reaction from autoimmune hemolytic disease when the antibody involved is directed against a high incidence blood group antigen.9 In another case, Moheng et al10, described the case of a 27-year-old, gravida 3, para 2 woman who experienced a DHTR caused by anti-Dob. She had anti-Dob in both her serum and eluate 8 days after transfusion of 6 units of Dob positive red cells. No antibody had been detected prior to transfusion however, by the 15th day posttransfusion, there was no evidence of survival of red cells from any of the 6 units. Anti-Dob are IgG, red cell stimulated antibodies that react primarily in indirect antiglobulin test (IAT) with polyethylene glycol (PEG) or enzyme enhancement.2 Anti-C and anti-M were also demonstrated later, but 29 months after transfusion, no atypical antibodies were detectable. This evidence suggests that anti-Dob should be considered an antibody of potential clinical significance until contrary evidence becomes available.10 

Squires et al11, described a DHTR that was precipitated by anti-Cob in a multiple transfused primigravida woman with sickle-cell disease. Sixteen days after the prophylactic transfusion of the first of 4 units of red cells, the patient was reported to have experienced a fall in hemoglobin concentration accompanied by a newly positive antibody screen and direct antiglobulin test (DAT). Anti-Cob was identified both in her serum and in an eluate prepared from her red cells.11 Anti-Cob is encountered rarely but they is IgG, red cell stimulated and reactive in IAT. It binds complement weakly and has been known to cause DHTR. Anti-M has also been shown to cause DHTR, as was the case reported by Alperin et al.12, of a 52-year-old gravida 1, para 1 woman with M- red cells who experienced a DHTR and exhibited an anti-M antibody following the infusion of four units of M+ red cells. Measurements of erythrocyte survival using 51Cr-labeled donor M+ and M- red cells and in vitro studies of monocyte-macrophage phagocytosis of sensitized reagent red cells implicate anti-M in the pathogenesis of the hemolysis.12 Chandeysson et al13, reported the case of a 67-year-old white woman who received a total of 87 units of whole blood and red blood cells transfusions during and within 48 hours following a pneumonectomy. Even though she had previously been transfused, unexpected antibodies were not detectable by routine screening. On the second postoperative day, she is said to have developed fever, hemoglobinemia, hemoglobinuria, and oliguria. However, the DAT and the antibody screen were negative. On the eighth postoperative day, an IgM anti-P1 antibody was detected for the first time. This anti-P1 antibody is reported to have increased in thermal amplitude from 22 to 37 C, but remained IgM. The circulating transfused P1-positive cells decreased progressively without evidence of bleeding. Testing of the patient's preoperative blood at 15 C found her serum to be weakly reactive with P1 cells, while her own cells were P2. Thus, an anamnestic response to the P1 antigen was most probably responsible for her DHTR.13 A 39-year-old multiparous woman who developed a mixed field positive DAT within 15 days of receiving four units of crossmatch compatible red blood cells was described by Waheed et al14 as later demonstrating anti-Jsb in both her serum and an eluate prepared from her red cells. The case was complicated by the fact that the patient's pretransfusion red blood cells typed as Jsb positive. Serologic studies demonstrated that this was a case of allo-anti-Jsb in a Jsb positive patient, which provides evidence of heterogeniety of the Js locus.14
Garraty et al15 reported the case of a 92-year-old group A, Rh-negative man with diverticulitis who was mistyped as group AB with the use of a monoclonal anti-B reagent. Anti-B was not detected in the patient's serum and after a negative antibody screen blood was issued through an immediate-spin crossmatch. The patient received 3 units of group AB blood and 1 unit of group A blood and no problems were noted. After a fourth unit of AB blood was transfused, the patient had a severe HTR, which resulted in kidney failure and death 10 days later. After the transfusion reaction, the patient's pretransfusion red cells were discovered to be group A with an acquired B antigen. A sample of the patient's serum taken before the transfusion was later found to contain a weak anti-B, detectable most obviously by the antiglobulin test, which was not performed at the crossmatch stage.15
 In order to investigate the use of immediate-spin crossmatch procedures in preparing blood for transfusion to patients in whom unexpected clinically significant antibodies have not been found by antibody screening by the indirect antiglobulin test (IAT), Pinkerton et al16 conducted a review of 8 years' experience with such a policy. In that period, 54,725 units of packed red cells or whole blood were transfused to 10,146 patients. They found 4 clinically overt DHTR and 18 clinically silent DSTR. In 3 of the 22 patients, the offending antibodies were detectable in the pretransfusion serum by an enzyme IAT, but none was detectable by routine saline IAT against either a three-cell screening panel or the transfused cells. Therefore the inclusion of saline IAT crossmatch would not have prevented the delayed reactions. They concluded that the use of a saline IAT crossmatch offers no significant advantage over the current policy of using only immediate-spin crossmatch for those patients whose pretransfusion serum gives negative results in a three-cell screen using a saline IAT.16 A measure to prevent DHTR occurrence is a thorough medical history which must include previous transfusions, pregnancy, transplant and transfusion reactions. A type and screen should be done on all patients who may need a transfusion and who have previously been transfused. Antigen negative units must be provided for patients in whom a clinical significant antibody was previously identified but which may no longer be demonstrable. 

Febrile Non-Hemolytic Transfusion Reactions
Febrile non-hemolytic transfusion reactions (FNHTRs) are common side effects after the transfusion of blood and blood components. Most of the reactions are mild, but some may be life threatening because of the possibility of severe anaphylactic shock. It occurs in about 0.5% of non-leukocyte reduced blood and blood component transfusions and patients with a history of FNHTR have about 15% risk of experiencing this adverse event again. It occurs in approximately 3% to 7% of patients receiving red blood cell transfusions and in 20% to 30% of those receiving platelet concentrates (PCs). It is the most common type of transfusion reaction and it is precipitated by the presence of leukoagglutinins present in the recipient plasma. The alloimmunization is usually the result of exposure to antigens through previous transfusion, tissue transplant or pregnancy. The leukoagglutinins are directed against antigens on monocytes, granulocytes, and lymphocytes. The febrile reaction may develop following complement activation through the production of C5a components, which induce the production of IL-1 by macrophages and monocytes. The hypothalamus initiates the synthesis of prostaglandins, which trigger the pyogenic effects of the IL-1. Febrile non-hemolytic transfusion reaction usually produces a rise in body temperature of 1oC or more, in association with the transfusion of blood or blood components and with no other explanation for the spike in temperature. Thus to make a diagnosis of FNHTR, other causes for the signs and symptoms must be excluded. Symptoms exhibited by the patient include fever, and rarely hypotension may be present.2 

In the past leukoagglutinins were of foremost relevance as factors in FNHTR, however, their impact has faded with the introduction of leukocyte reduction devices. Contaminating inflammatory cytokines in PCs, such as IL-1, IL-6, IL-8, or TNF-( have been shown to be instrumental in precipitating these reactions. These cytokines can accumulate in high concentrations in stored PCs, and their levels depend on the presence of contaminating leukocytes. Prestoarage filtration of PCs can dramatically reduce the number of contaminating leukocytes and consequently the inflammatory cytokines. Transfusion reactions still occur after the transfusion of leukocyte -reduced PCs therefore there might still be other underlying pathomechanisms besides the presence of leukocyte -derived inflammatory cytokines, which might also be involved in FNHTRs.17 However, FNHTR has been identified as a pivotal reason for prestorage universal leukocyte reduction.18,19 

In 1998, the Blood Product Advisory Committee to the FDA voted that the benefit-to-risk ratio associated with leukocyte reduction was sufficient to recommend universal leukocyte reduction (ULR). Universal leukocyte reduction was introduced in Canada in 1999, with one of its stated goals being the reduction of FNHTRs. The American Association of Blood Banks (AABB) recommends that a leukocyte-reduced unit of blood or blood component must contain WBC less than 5 x 106 leukocytes. Uhlmann el al19 conducted a retrospective analysis of reported reactions to RBC transfusions before (1999) and after (first 6 months of 2000) the implementation of prestorage ULR at their institution They found that out of the 36,303 allogeneic RBC transfusions that were administered in 1999, 85 reactions (0.23%) were reported. The reactions were classified as FNHTR in 43 cases, allergic in 13, delayed hemolytic in 19, and miscellaneous in 10. Out of the 31,543 non-leukocytes reduced RBC transfusions that were performed in 1999, 78 reactions (0.25%) were reported. The reactions were classified as FNHTR in 39 cases, allergic in 13, delayed hemolytic in 19, and miscellaneous in 7. In the first half of 2000, 32 reactions (0.20%) were reported for 16,093 prestorage leukocyte reduced RBC transfusions. These consisted of 13 FNHTRs and 10 allergic, 7 delayed hemolytic, and 2 miscellaneous reactions. They noted that the use of prestorage leukocyte reduced RBCs did not significantly affect the rate of reactions classified as allergic (0.04% in 1999; 0.06% in 2000) or as FNHTR (0.12% in 1999; 0.08% in 2000). For all patients, universal leukocyte reduction in 2000 did not reduce the rate of FNHTR from the rate seen with selective bedside leukocyte reduction, which was the practice used in 1999 (0.12% in 1999; 0.08% in 2000). They concluded that no significant difference was found in the incidence of transfusion reactions in patients receiving prestorage leukocyte reduced RBCs and non-leukocyte RBCs. In addition, they found no difference in transfusion reaction rates when periods of prestorage universal leukocyte reduction were compared to those of selective leukocyte reduction.19 Prestorage filtration is probably best for preventing FNHTR in platelet transfusion.18 Bedside filtration may not have any effect on the prevalence of FNHTR when it is used for platelet transfusions, possibly because cytokines may already have been released into the product prior to transfusion. In addition, bedside leukocyte reduction filters have been shown to cause episodes of significant hypotension, especially in patients treated with angiotensin-converting enzyme inhibitors.19  

Kluter et al17, investigated transfusion reactions with regard to the residual leukocyte content in the stored platelet concentrate in two consecutive study periods. In the first study period, they reduced the leukocytes in the PCs by bedside filtration. In the second period, they filtered all PCs before storage. They examined recipients who experienced transfusion reactions with regard to their main clinical symptoms during and after transfusion. They analyzed concentrations of IL-1(, IL-6, IL-8, TNF-(, macrophage inflammatory protein-1 alpha, and RANTES in the supernatant of the implicated PCs. The result showed that the incidence of transfusion reactions remained steady when the transfusion regimen was changed from bedside filtration to prestorage leukocyte filtration. The transfusion reactions experienced in both periods were mostly of allergic origin. They detected the inflammatory cytokines; IL-1(, IL-6, IL-8, and TNF-( in only a minority of the PCs involved in the transfusion reactions. However PCs involved in allergic reactions contained high concentrations of RANTES. They concluded that prestorage leukocyte filtration did not reduce the incidence of the reactions and that inflammatory cytokines were of minor relevance. The RANTES, which accumulates even in leukocyte -reduced PCs, was associated with allergic transfusion reactions thus the platelet-derived mediators may be a key to understanding non-hemolytic transfusion reactions.17,20
In a study to determine whether increased cytokine levels in PCs are responsible for FNHTR Muylle et al.21, measured several cytokine levels in PC at various times of storage up to 7 days. They found increased levels of IL-6 in 8 of 12 PCs after 3 days of storage and in 10 of 12 PCs after 5 and 7 days of storage. Several of the PCs with increased IL-6 levels also showed increased TNF-( and IL-1( levels. They observed that the increased levels of the cytokines were present when the leukocyte count in PCs exceeded 3 X109/L. When they compared the levels of the TNF-(, IL- 1(, and IL-6 in samples taken at various storage times the result indicated that the increased levels were the result of active synthesis and release of interleukins during storage. In the second part of the study, they evaluated 45 patients receiving leukocyte-reduced PCs for transfusion reaction. Six of 45 platelet transfusions had complicating febrile reactions. All six PCs that caused reactions showed significantly higher levels of TNF-( and IL-6 than PCs not causing reactions. Their findings indicate that transfusion reactions might be due to the intravenous administration of plasma with high cytokine levels and might not always result from an antigen-antibody reaction.21 

In another study, Heddle et al.22, investigated whether substances in the plasma or the cells in the product cause reactions to transfused platelets. They separated standard platelet concentrates into their plasma and cellular components and then transfused both portions in random order. They monitored patients for reactions during all transfusions. They measured the concentration of IL-1( and IL-6 in the platelet products before each transfusion. They performed studies on the platelet products to determine the effect of storage on the concentration of the cytokines. The result showed a strong positive correlation between the reactions and the concentration of IL-1( and IL-6 in the plasma supernatant. In vitro studies demonstrated that IL-1( and IL-6 concentrations rise progressively in stored platelets and that these concentrations are related to the leukocyte count in the platelet product. They concluded that the BRMs in the plasma supernatant of the platelet product cause most febrile reactions associated with platelet transfusions and that removing the plasma supernatant before transfusion can minimize or prevent these reactions.22 
Aye et al23, investigated whether leukocyte reduction in PCs by filtration significantly reduced the levels of cytokines normally generated during storage of unfiltered PCs up to 5 days. They also measured the levels of serotonin, platelet-derived growth factor (PDGF-((), and von Willebrand factor to establish whether or not filtration or storage elicited significant platelet activation and granule release. Their result showed that filtration significantly reduced total leukocyte counts by 99.1 percent before storage without affecting total platelet counts. Compared to unfiltered PCs, filtration prevented a rise in the levels of each cytokine by Day 3 for IL-1( (27.7 vs. 0.6 pg/mL), IL-6 (114.2 vs. 0.4 pg/mL), and IL-8 (4.2 vs. 0.02 ng/mL). By Day 5, they noted further increases in the levels of all cytokines in unfiltered PCs, but Day 0 levels remained in filtered PCs (IL-1(: 105.4 vs. 0.4 pg/mL,; TNF-(: 42.2 vs. 7.5 pg/mL,; IL-6: 268.8 vs. 0.4 pg/mL,; and IL-8: 7.6 vs. 0.02 ng/mL,). From Day 0 to Day 5, they found significant increases in serotonin (21.3 vs. 6.3 ng/mL), PDGF-(( (72.6 vs. 25.8 ng/mL), and von Willebrand factor (4.7 vs. 2.7 IU/mL) in unfiltered PCs, with similar increased levels being observed in filtered PCs during storage. They concluded that the accumulation of high levels of cytokines in stored PCs could be prevented by leukocyte reduction filtration of the PCs without the induction of significant platelet activation or granule release. Since cytokines are known to have the potential to induce FNHTRs, the transfusion of leukocyte reduced PCs would be expected to reduce the frequency and severity of such reactions.23,24 The question then is when and how to further reduce the number of contaminating leukocytes in PC24 Even with leukocyte reduction in blood components, all FNHTR may not be preventable. Patients with histories of FNHTR may benefit from premedication. As the debate on prestorage ULR continues and the cost of the leukocyte reduction filters decline, increased use of prestorage leukoreduced blood and blood components is likely to reduce the incidence of FNHTR.  

Allergic Transfusion Reactions
Acute reactions to plasma constituents may be classified as allergic, anaphylactoid or anaphylactic. Allergic reactions to an unknown component in donor blood are common, usually due to allergens in donor plasma or, less often, to antibodies from an allergic donor. IgE antibodies fix to mast cells and basophils, which cause the release of histamine and vasoactive amines.25 The reactions, are usually mild, with urticaria, edema, occasional dizziness, and headache during or immediately after the transfusion. Less frequently, dyspnea, wheezing, and incontinence may occur, indicating a generalized spasm of smooth muscle. Rarely, anaphylaxis may occur.26 In a patient with a history of allergies or an allergic transfusion reaction, antihistamine may be given prophylactically just before or at the beginning of the transfusion. Medications must never be mixed with the blood. If an allergic reaction occurs, the transfusion is stopped and an antihistamine is given to control mild cases, and transfusion may be resumed. For more severe reactions epinephrine should be given. A corticosteroid  may occasionally be required, and a transfusion reaction investigation initiated; further transfusion should not occur until the investigation is completed.26 In severe reactions washed or deglycerolized frozen red blood cells should be given.4
Anaphylactic transfusion Reaction
Anaphylactic reactions are rare events, which are seen in patients who are IgA deficient and have developed anti-IgA antibodies. The IgA antibody production may follow immunization from previous transfusion or pregnancy and some patient may have the antibodies without any previous known exposure.4 IgA deficiency is the most common of all the selective deficiencies of serum immunoglobulins. IgA anaphylactic transfusion reactions are estimated to occur in 1 in 20,000 to 47,000 transfusions. The signs and symptoms of these reactions are dramatic and rapid in their onset and they appear suddenly after exposure to the IgA protein often before 10 mL of plasma have been infused. Symptoms may include nausea, abdominal cramps, emesis, and diarrhea. Transient hypertension may be followed by hypotension, shock and loss of consciousness. Absence of fever distinguishes an anaphylactic reaction from other immediate reactions. The diagnosis of an anaphylactic transfusion reaction is established by showing an IgA-antibody in the patient's serum.27 Passive hemagglutination assays (PHA) may be used to detect IgA antibodies to confirm clinical diagnoses of suspected IgA anaphylactic transfusion reactions. Passive hemagglutination inhibition assays (PHIA) may be used to identify IgA-deficient blood donors whose plasma-containing components are transfused to prevent anaphylactic transfusion reactions in prospective recipients at risk because of the presence of IgA antibodies.28 Avoidance of exposure to IgA is mandatory in previously immunized patients. When an anaphylactic reaction is suspected, the transfusion should be stopped immediately and the intravenous line is kept open with normal saline. Epinephrine should be given immediately and in very severe cases, corticosteroids or aminophylline or both may be given.2     

Noncardiogenic Pulmonary Reaction
Noncardiogenic pulmonary reaction also known as transfusion-related acute lung injury (TRALI) is a rare but life-threatening complication of transfusion therapy. It is clinically similar in presentation to adult respiratory distress syndrome (ARDS) but with a much better prognosis. A mortality rate of 5% to 10% has been reported, compared with a rate of 50% to 60% for ARDS.29 The reaction usually starts within 6 hours after the transfusion event and is characterized by severe pulmonary edema, severe hypoxemia, hypotension, chills and fever. Cardiogenic and other causes of respiratory distress should be excluded. In most cases, TRALI improves clinically within 48 to 96 hours of onset.29 Sometimes it is presented as an unrecognized complication of transfusion. This may lead to misdiagnosis as circulatory overload, and result in inappropriate therapy. It has been associated with various types of blood components transfusions such as whole blood, RBCs, PCs, and granulocytes, but not with plasma derivatives. Immunoglobulin preparations for intravenous use have not been reported to cause TRALI, but there have been a case in which it was suspected.29 Granulocyte and/or HLA antibodies, present in donor blood, have most often been implicated as the cause of TRALI. Alloimmunization to granulocyte antigens is seen in about 3% of pregnant women, in 7.7% of female donors, and in up to 78% of recipients of granulocyte transfusions.29 HLA antibodies have been detected in 7.8%, 14.6%, and 26.3% of donors with 0, 1 to 2, and 3 or more pregnancies, respectively.29 During pregnancy, HLA antibodies can be detected in 19.2% of primiparous women and in up to 50% of multiparous women. It has been suggested in recent studies that TRALI may also be associated with the presence of neutrophil-priming agents in stored blood.29
The complication in TRALI is caused leukoagglutinins in donor plasma that agglutinate and degranulate recipient leukocytes within the lung. Acute respiratory symptoms develop, and chest x-ray show characteristic pattern of noncardiogenic pulmonary edema.26. It characteristically a transfusion problem associated with granulocyte transfusion.4 Two mechanisms have been proposed for this reaction. In one of the proposed mechanisms, it is suggested that donor leukoagglutinins and recipient leukocytes produce leukocyte aggregates that are trapped in the pulmonary microcirculation, which result in changes in vascular permeability. Administration of granulocytes concentrates result in the recipient’s leukoagglutinins aggregating the transfused granulocytes. The second proposed mechanism involves the activation of complement and the production of the complement inflammatory fragments C3a and C5a. The complement fragments stimulate histamine and serotonin release from tissue basophils and platelets in addition to aggregating granulocytes directly. The aggregated granulocytes produce leukocytic emboli that lodge in the microvascular circulation of the lungs.4 Although granulocyte transfusions are recommended for neutropenic patients with bacterial infections that are unresponsive to antibiotic therapy, the presence of leukoagglutinins in the recipient can render these transfusions ineffective. Recipients of granulocyte transfusions often become alloimmunized. Screening for leukocyte antibodies periodically during transfusions, after adverse reactions, or before subsequent transfusions is indicated. If leukoagglutinins are present, no further granulocyte transfusions should be given unless the granulocytes are collected from HLA- and/or neutrophil antigen- compatible donors.30 

Van Buren et al31, reported a case that suggests that the patient's preexisting condition may play an important role in determining whether TRALI develops upon transfusion of blood products containing leukoagglutinins. The case involved a 29-year-old woman with thrombotic thrombocytopenic purpura (TTP) who underwent an uneventful 1.5-volume plasma exchange, which was followed by the transfusion of 2 units of red blood cell. At the end of the transfusion of the second unit of RBC the patient developed clinical signs and symptoms of TRALI. Serologic studies demonstrated that the serum from the second RBC donor unit had no HLA antibodies but it did have a granulocyte-specific antibody (anti-NB2) that caused the agglutination of the recipient's granulocytes, which were NB2 positive. Serum from the donor of the first RBC unit and serum from the donors of units used in the exchange had no HLA or granulocyte-specific antibodies that reacted with the recipient's leukocytes. Because the donor implicated in this reaction had a history of 21 blood donations, none of which had been associated with a transfusion reaction, they suggested that the patient's preexisting condition played a significant role in her episode of TRALI, owing to the granulocyte-specific antibody.31 

In another case reported by Dubois et al32, TRALI was said to have occurred in an anesthetized patient during an otherwise uneventful laparotomy. Following transfusion of an individual unit of whole blood, routine intraoperative monitoring detected sudden major pulmonary shunting and an increased physiological alveolar dead space. They suggested that the TRALI probably resulted from the presence of a leukoagglutinins against the patient's granulocytes in the donor's plasma. This antibody had no apparent specificity for known HLA, neutrophil, or blood group antigens. The acute respiratory failure was transient, resolving in 72 hours with respiratory support. They concluded that the presence of otherwise unexplained TRALI during or soon after a blood transfusion should suggest the possible diagnosis of a leukoagglutinin reaction.32 General supportive therapy typically leads to recovery without long-lasting sequelae.26
Circulatory Overload
Circulatory overload may occur when a patient’s blood volume is increased beyond the capacity of the cardiopulmonary system.25 It may also occur when large volumes of blood are rapidly transfused without equivalent loss. When cardiac reserve is deficient, transfusions may raise the venous pressure and cause acute heart failure. Signs and symptoms may include congestive heart failure, coughing, dyspnea, cyanosis, severe headache, rapid increase in systolic pressure, and peripheral edema. Whole blood is contraindicated and use of packed erythrocytes reduces the risk of circulatory overload. In patients with chronic heart disease, blood should be administered slowly. It may be necessary to divide the unit to be transfused in half. One of the halves is first transfused while the other half is stored in the blood bank refrigerator. After the first half has been transfused then the second half may then be infused. The attending physician may order the administration of a diuretic to decrease fluid retention. This will reduce the risk of a rise in venous pressure. The patient should be observed for signs of increased venous pressure or pulmonary congestion. If acute heart failure occurs, the transfusion should be discontinued and treatment for acute heart failure begun immediately.26
Transfusion Related Bacterial Contamination
Transfusion-related bacterial contamination (TRBC) in patients is a growing cause of concern at the same time that that the risk of viral contamination has dramatically decreased. The prevalence of bacteria in blood components in prospective studies range from 0.04% to 2%, depending on the nature of the blood components.33,34 The correct incidence of TRBC in transfusion recipients is unknown, but the contribution of TRBC to transfusion-related mortality seems high. Transfusion-related bacterial contamination accounted for 29 (16%) of 182 transfusion-associated fatalities reported to the FDA from 1986 through 1991 and for 12 (23%) of 51 transfusion-associated fatalities reported to the French Blood Agency from July 1994 through December 1996.33 A method for preventing TRBC is to avoid the introduction of bacteria into blood components at all stages, from the manufacture of blood containers to the administration of the transfusion into recipients. The impact and risk factors of TRBC are poorly documented and the only data available originate from case reports and from a few prospective studies involving a limited number of patients hospitalized in specific settings.35 Systematic information is lacking on the distribution pattern of the severity of TRBC, on the bacteria involved, and on contamination sources. Comparative studies to identify risk factors have not been published.35 The collection of blood from the donor is very critical in the donor process, because donated blood may be contaminated by bacteria present in the donor's bloodstream or by those present of the donor’s skin. Punching a core of skin tissue or hitting a hair follicle may pick up skin bacteria and even a well-conducted antiseptic procedure may still leave residual concentrations of bacteria on the skin surface33
Thus bacterial contamination of blood and blood component may occur as a result of inadequate aseptic technique during collection or due to transient asymptomatic donor bacteremia. Refrigeration of RBCs usually limits bacterial growth except for cryophilic organisms such as Yersinia sp, which may produce dangerous levels of endotoxin. Yersinia enterocolitica is an increasing problem because the organisms probably originate from bacteremia in the donor and can subsequently multiply at low temperature.36 All RBC units should be inspected daily and before issue for bacterial growth as evidenced by a color change. Because platelet concentrates are stored at room temperature, they have an increased potential for bacterial growth and endotoxin production if contaminated. To minimize growth, storage of PCs are limited to 5 days. It is known that 1 in 1000 to 1 in 2000 platelet units are bacterially contaminated. It is estimated that severe morbidity or death due to bacterially contaminated platelets occurs in as many as 100 to 150 patients every year in the United States alone. It has been suggested that bacteremia is the most common transfusion-related infection today and that the risk of receiving bacterially contaminated platelets may be 50 to 250 times higher than the combined risk per unit of transfusion-related infection with HIV-1/2, HCV, HBV, and HTLV-I/II.37 

In the early 1980s, platelet storage for 7 days was approved in the United States. This 7-day storage was based on acceptable in vitro function, in vivo recovery, and survival data. However because of the increasing risk of the proliferation of bacteria the outdate time was reduced to the current 5 days. Recently, reports from Europe have advocated the use of bacteria culturing of platelets on Days 2 or 3 to extend the shelf life of platelets to 7 days, thereby reducing the outdating of platelets and preserving a limited medical resource. Such a strategy is considered cost-effective.37 The US blood supply is considered to be safer now than at any time in recent past however, severe, often fatal, transfusion reactions due to bacterial contamination of blood components continue to occur. Serratia liquefaciens, an uncommon human pathogen, is another recently identified potential cause of transfusion-related sepsis and endotoxic shock. Sporadic case reports implicating this organism in RBC contamination are beginning to emerge. In the United States, five episodes of transfusion-related sepsis due to S. liquefaciens were reported to the Centers for Disease Control and Prevention (CDC) from July 1992 through January 1999.38 Most commonly, contaminating organisms are gram positive skin saprophytes such as Staphylococcus sp. or Bacillus sp.38 Rarely, syphilis is transmitted in fresh blood however storing the blood for over 96 hours at 4 to 6° C kills the spirochete. Although federal regulations require a serologic test for syphilis (STS) on donor blood, infective donors are often seronegative because the test does not detect the spirochetemic state but recipients of infected units may develop the characteristic secondary rash.26
Viral Contamination
Hepatitis may occur after transfusion of any blood product. Current infectious disease testing, viral inactivation, and the use of recombinant factor concentrates have significantly reduced the risk. Serum albumin and plasma protein fractions that have been solvent/detergent and heat-treated during manufacture are, with rare exceptions, noninfectious. Laboratory tests for hepatitis that is required for all donor blood include hepatitis B surface antigen (HbsAg), hepatitis B core antibody (anti-HBc), hepatitis C antibody (anti-HCV) and ALT may be used as a surrogate test that might be associated with some form of transmissible hepatitis. The estimated risks of false-negative results on testing of donor blood are hepatitis B (HBV) 1:63,000 and hepatitis C (HCV) 1:103,000. Because its transient viremic phase and concomitant clinical illness likely preclude blood donation, hepatitis A (HAV) is not a significant cause of transfusion-associated hepatitis.26 The implementation of nucleic acid testing (NAT) for the detection of HCV RNA in blood donations is currently a matter of debate. The background to this is the residual risk of posttransfusion HCV infection, which has been calculated by several groups to be approximately 1 per 100,000 to 1 per 200,000 blood donations. This residual risk of virus transmission could mainly be due to test failure or to donations being made during the seronegative window period. This window period was calculated to be an average of 82 days, and HCV RNA testing of blood donations could reduce this markedly.40
Human immunodeficiency virus (HIV) in the USA is almost entirely HIV-1, although HIV-2 is also of concern. Testing for antibodies to both strains is required. HIV-1 p24 antigen testing is also required for all donor blood. Additionally, blood donors are questioned about behaviors that may put them at high risk for HIV infection. The estimated risk of a false-negative result on testing of donor blood is 1:676,000. A few cases have been acquired from donors in an early infectious seronegative phase.26 Herrera et al41, evaluated the usefulness of the STS in preventing the transmission of HIV, HBV and HCV, and human T- lymphotropic virus (HTLV) via the transfusion of seronegative, infectious window-period blood. They analyzed the demographic and laboratory information on blood donations made between January 1992 and June 1994 in 18 American Red Cross regions. They assumed that the same proportion of HIV-positive and HIV-infectious window- period donations reacted on STS and were negative on other screening tests such as HBV, HCV, and HTLV. This proportion multiplied by the estimated number of HIV-infectious window- period donations is the number of post-screening HIV-infectious donations removed by STS. The result showed that out of 4,468,570 donations, 12,145 (0.27%) were STS positive and 377 (0.008%) were HIV positive. Among donations that were negative on other screening tests, STS-reactive donations were 12 times more likely to be HIV positive. However, of an estimated 13 infectious window- period donations, 0.2 would have been removed because of a reactive STS, at a cost of over $16 million. Thus STS is a poor marker and a costly strategy for preventing post-screening HIV infections and other blood-borne diseases.41 

Cytomegalovirus (CMV) can be transmitted by leukocytes in transfused blood. Because its effects are absent or mild, routine CMV antibody testing of donor blood is not required. However, CMV may cause serious or fatal disease in immunocompromised patients, who should receive CMV-negative blood products that have been donated by CMV antibody-negative donors or leukocyte depleted by filtration. Fresh frozen plasma (FFP), which contains virtually no intact leukocytes is not considered a risk for CMV transmission.26 Whether transfusion increases the risk of AIDS-defining cytomegalovirus (CMV) infection (CMV AIDS) in immunosuppressed patients is not known. Because of concerns about the risk of transfusion transmission of CMV and potential exposure to multiple strains of CMV through transfusion, the National Hemophilia Foundation recently recommended that CMV-negative blood be used in HIV positive hemophiliacs, regardless of their CMV serologic status. Although the multiple strains of CMV cause different CMV disease manifestations in transplant recipients, there are no data on CMV disease in HIV positive hemophilia.42
Human T-cell lymphotropic virus type I (HTLV-I), causes adult T-cell lymphoma/leukemia, HTLV-I-associated myelopathy, tropical spastic paraparesis, and posttransfusion seroconversion in some recipients. All donor blood is tested for HTLV-I and HTLV-II antibodies. The estimated risk of false-negative results on testing of donor blood is 1:641,000.26 A program to prevent transmission of HTLV-I by blood transfusion through implementation of anti-HTLV-I screening of donated blood by particle agglutination (PA) method was instituted in Japan in 1986. Since then, many developed countries have introduced this technique, even though they have very low HTLV-I carrier rates compared with the rates in Japan. In 1990, a second-generation PA kit was released for donor screening in Japan. This kit has two improvements. The first is a reduction of false-positive reactions, made possible by decreasing the ratio of core proteins (mainly p19) of gelatin particles, which were coated with cell lysates of HTLV-I cell lines as specific antigens. The second is avoidance of false-negative prozone reactions. The reaction disappears when an increased percentage of env antigens are added. The risk of HTLV-I transmission after screening is thought to be very small, although there are no confirmation data.43
Other Viruses
About 3 years ago, a group of Japanese researchers discovered a new virus called TT virus (TTV), after the name of the patient in whose blood it was initially identified. The TTV is a small, unenveloped virus with a single-stranded circular DNA genome of negative polarity. Analysis of its genome organization suggests that TTV may be related to the Circoviridae, or it may eventually form a new virus family designated Circinoviridae. The existence of several genotypes of the virus has been demonstrated by studies. It was initially detected in the plasma of Japanese patients with posttransfusion non-A-G hepatitis. Other investigations indicate that the virus is present at various but generally high prevalences, not only in populations with parenteral risk exposure, such as intravenous drug users (6-40%) but also in apparently healthy individuals, such as blood donors (1-62%). High prevalences were first described in industrialized countries (Japan, and countries in Europe, North America, and South America) but also, recently, in rural African populations without any identified parenteral exposure (7-83%). Altogether, these findings suggest the existence of a nonparenteral route of virus transmission.44 
The GB virus C (GBV-C), also called hepatitis G virus (HGV), has a worldwide occurrence, but its clinical significance is still unclear. It belongs to the family Flaviviridae, which also includes HCV. The virus has various prevalences in different blood donor populations, which range from 0.9% to 14.6%. Its possible role in fulminant hepatitis and aplastic anemia has been debated. It has been shown to replicate in peripheral blood mononuclear cells both in vivo and in vitro. Several studies suggest that it does not replicate in hepatocytes, but some investigators also have reported replication in liver cells.45 It is parenterally transmissible, and coinfections with HBV and HCV are common. The virus is more frequently transmitted to infants than HIV or HCV. Transmission of this agent is associated with high-titer viremia and mode of delivery. Sexual transmission has also been suggested, however, little is known about other modes of transmission that could explain the high prevalence and worldwide distribution of this virus. 45
Neither Creutzfeldt-Jakob disease (CJD) nor bovine spongiform encephalitis has ever been reported to be transfusion-transmitted, but current practice precludes donation from a person who has received human-derived growth hormone or a dura mater transplant or who has a family member with CJD. Solid evidence from experimentally infected animals and fragmentary evidence from naturally infected humans indicate that blood may contain low levels of the infectious agent of CJD, yet blood components have never been identified as a cause of CJD in humans.46 Epidemiologic evidence of the absence in humans of disease transmission from plasma components can probably be explained by the absence of significant plasma infectivity until the onset of symptomatic disease, and comparatively low levels of infectivity during the symptomatic stage of disease, the reduction of infectivity during plasma processing and 3 the need for at least five to seven times more infectious agent to transmit disease by the intravenous than intracerebral route. These and other factors probably also account for the absence of transmission after the administration of whole blood or blood components.46
Physically or Chemically Induced Transfusion Reaction
Red cells may be damaged by the simultaneous administration or mixing of drugs or hypotonic or hypertonic solutions. The red cells may also sustain heat damage from warmers, or freezing damage in the absence of cryoprotective agents. Mechanical damage may result from cardiopulmonary bypass pumps or from roller pumps in the blood pump.2 These pose unique situations in that blood that is ABO, Rh and crossmatch compatible with patient is hemolyzed prior to it being transfused. Rapid transfusion of 10 or more units of citrated blood can increase plasma citrate levels and cause hypocalcemia. However, this is usually self-compensated with no need for calcium therapy.4 Other consequences of physically or chemically induced transfusion reactions include hypothermia, hyperkalemia, depletion or dilution of coagulation factors.2 The signs and symptoms may include facial numbness, chills, generalized numbness, muscle twitching, cardiac arrhythmias, nausea, vomiting, perioral tingling, altered respirations and anxiety.2   

Parasitic Contamination
Malaria is transmitted easily through infected RBCs. Many donors are unaware that they have malaria, which may be latent and transmissible for 10 to 15 yr. Storage does not render blood safe. Prospective donors must be asked about malaria or whether they have been in a region where it is prevalent. Donors who have had a diagnosis of malaria or who are immigrants, refugees, or citizens from countries in which malaria is considered endemic are deferred for 3 yr; travelers to endemic countries are deferred for 1 yr. Babesia microti a protozoan of rodents which is transmitted through the bite of the Ixodes dammini tick has been responsible for a few cases of transfusion-transmitted disease.26 Babesiosis is characterized by fever malaise and hemolytic anemia and may be mistaken for malaria because of the similarity of symptoms.5
Transfusion Associated Graft Versus Host Disease
Patients who are heavily immunosuppressed, such as those undergoing intensive anti-cancer chemotherapy, are at risk for development of accidental engraftment and GVHD when they undergo transfusion with cellular blood components, a condition known as TA-GVHD. To prevent this complication, it is routine to irradiate such blood components prior to their transfusion, although the minimum irradiation dose required is uncertain.47 Graft-versus-host disease is usually caused by the engraftment of immunocompetent lymphocytes from bone marrow transplants to an immunocompromised patient. However, even small numbers of viable lymphocytes in blood or blood component transfusions can divide spontaneously and cause GVHD in immunosuppressed recipients. Prevention is by irradiation of all blood products intended for transfusion to such patients. Graft-versus-host disease can occur occasionally in immunocompetent patients if they receive blood from a donor who is homozygous for an HLA haplotype (usually a close relative) for which the patient is heterozygous. Preventive irradiation is therefore required if donor blood is obtained from a first-degree relative. It is also required when transfusing HLA-matched components, excluding stem cells.26
Post Transfusion Purpura
Post transfusion purpura (PTP) is a rare complication of transfusion, which results in a sudden dramatic thrombocytopenia developing 5 to 10 days after transfusion of Whole Blood, RBC, FFP or PCs. Patients developing this complication have developed an anti-platelet antibody at the time of a previous, often remote, pregnancy or transfusion. Subsequent transfusion triggers immune mediated destruction of the patient’s own platelets resulting in a profound thrombocytopenia during which platelet levels often drop to <10,000/µl. Over 85 percent of reported cases have been associated with antibodies against the platelet-specific alloantigen HPA-1a, an epitope on glycoprotein (GP) IIIa of the GPIIb/IIIa complex. In addition to anti-HPA-1a, anti-HPA-1b, -3a/b, -4a, and -5b have been found occasionally to induce PTP.48 Post transfusion purpura manifests in adults, primarily women, with mucous membrane hemorrhage, epistaxis, gastrointestinal (GI) bleeding and bleeding from urinary tract. Nine percent of patients develop intracranial hemorrhage. Spontaneous platelet recovery occurs within two weeks. In the interim, patients may be treated with corticosteroids, plasma exchange, high dose IV immunoglobulin and transfusion with PlA1negative platelets.49 The exact pathophysiology is unknown and different mechanisms have been proposed. Due to life-threatening hemorrhages, diagnosis and therapy must not be delayed. The best therapy seems to be infusion of IvIgG.50 Thrombocytopenia is a major cause of morbidity and hospital expense following bone marrow transplantation. Platelet transfusions in these patients are frequently complicated by the recipient's development of antibodies to HLA class I antigens. When these patients become refractory to the transfusion of HLA-matched platelets, the recipient's platelet antigen phenotype must be determined, to ensure that donor platelets will be phenotypically compatible.51 
Alloimmunization
Platelet refractoriness arising from HLA alloimmunization is a serious complication of transfusion therapy. While transfusions are effective in preventing sickle cell morbidity, their use is complicated by a high incidence of RBC alloimmunization and transfusion-related complications. The risk of alloimmunization continues to increase with RBC exposure, such that 60 percent of chronically transfused adults have become alloimmunized. Furthermore, over half of these patients have antibodies to more than one antigen, which makes it difficult to obtain compatible blood and results in DHTR and occasional life-threatening events. Preliminary data indicate that alloimmunization also increases the rate of RBC autoantibody formation in sickle cell disease (SCD). The mechanism underlying the increased incidence of alloimmunization in these patients may be multifactorial, but the lack of phenotypic compatibility between donor and recipient blood is clearly a major factor.52 Transfusion support is vital to the management of patients with hematologic disorders and malignancies. Many such patients require blood transfusion during the course of their illness, and almost all patients who undergo chemotherapy or radiotherapy become anemic. It is well known that alloimmunization against RBC antigens resulting from the genetic disparities between donor and recipient are one of the risks of blood transfusion. The risk depends on the recipient's exposure to the foreign antigen and its immunogenicity. The number and frequency of the transfusions as well as the recipient’s sex, age, and underlying disease may also influence immunization. Clinically significant RBC alloantibodies develop in more than 30 percent of patients receiving multiple transfusions and can pose major problems in the case of long-term transfusion therapy. Several authors found that RBC alloimmunization mainly occurs after the first few transfusions. RBC antibodies, which can become undetectable over time, can cause delayed transfusion reactions after incompatible blood transfusions.53 The matching of donor and recipient RBC phenotypes to avoid sensitization in chronically transfusion dependent patient populations is recommended.  
Iron Overload
Hemochromatosis occurs in approximately 1 in 200 white persons of Western European descent, and it increases the propensity to absorb excess iron. Iron overload associated with hemochromatosis can cause hepatic cirrhosis, primary liver cancer, arthropathy, diabetes mellitus, other endocrinopathic disorders, and a reduction in lifespan55. Early diagnosis and appropriate management can avoid these complications of iron overload. Therapeutic phlebotomy appears to be the most effective way to reduce the body’s iron stores, and therefore it is the preferred treatment for iron overload associated with hemochromatosis. It is believed that persons with hemochromatosis who were volunteer blood donors prior to diagnosis may have less severe iron overload than those who were not donors, and therefore the former may have a reduced risk of developing complications of iron overload.55 However Barton et al55, in a study to determine if volunteer blood donation before diagnosis decreases the severity of iron overload at diagnosis in persons with hemochromatosis concluded from their study that routine blood donation does not, on average, decrease the severity of iron overload in persons with hemochromatosis.55
Hypertransfusion with baseline hemoglobin of 10 to 12 g/dL is considered to be the mainstay of conservative therapy for beta-thalassemia major. However, this regimen is frequently associated with manifestations of transfusion iron overload, despite regular chelation therapy with subcutaneous desferoxamine.54 In a study to verify whether a transfusion regimen with a target pretransfusion hemoglobin level between 9 and 10 g/dL can result in a significant reduction in blood transfusion, while still effectively suppressing erythropoiesis, Cazzola et al54, reviewed the records of 32 beta- thalassemia major patients, who were maintained at a pretransfusion hemoglobin of 11.3 +/- 0.5 g/dL between 1981 and 1986. At the beginning of 1987 the patients were switched to a transfusion regimen with pretransfusion hemoglobin of 9.4 +/- 0.4 g/dL. The degree of erythroid marrow activity was evaluated in the patients and in 32 subjects with beta-thalassemia intermedia through the measurement of serum transferrin receptor.54 Upon adoption of the moderate transfusion regimen, they noted that transfusion requirements decreased from 137 +/- 26 to 104 +/- 23 mL/kg/year of RBC, and mean serum ferritin decreased from 2448 +/- 1515 to 1187 +/- 816 (g/L. A half of the patients achieving serum ferritin levels lower than 1000 (g/L. They observed that the proportion of patients having spontaneous pubertal development increased significantly, as a result of less iron-related gonadotropin insufficiency. At the lower pretransfusion hemoglobin, erythroid marrow activity did not exceed two to three times normal levels in most subjects. They concluded that as compared with hypertransfusion, moderate transfusion might permit more effective prevention of iron loading, with higher likelihood of spontaneous pubertal development and without producing excessive expansion of erythropoiesis.54 

Immunosuppression
Blood transfusions may suppress the recipient’s immune system and produce a transfusion risk is called immunomodulation. This risk appears to be strongly associated to the presence of donor leukocytes in the transfused product. Immunosuppression may lead to life-threatening events, such as multiple organ failure, increased risk of infection after surgery and/or diminished prospect of cure in patients with certain malignancies.18,56 Other effects of immunosuppression include decreased rates of allograft rejection, decreased incidence of repetitive spontaneous abortion, and a decreased rate of recurrence of Crohn's disease.18 Transfusion-associated immune suppression has been seen to results in increased incidence of infection in transfused patients after trauma and surgery.56 Clinical studies have shown that leukocyte reduction by filtration of blood components may reduce transfusion associated immunosuppression and decrease the rate of postoperative infections.56 Preoperative autologous blood donation is commonly used to reduce exposure to allogeneic transfusion among patients undergoing elective surgery, with the aim of limiting the occurrence of viral infection transmission through blood components and reduce the risks of alloimmunization and immunosupprssion. As autologous blood was thought to have immunologically neutral effects in recipients, more liberal transfusion criteria for autologous blood were responsible for the increased transfusion rate among the autologous donors. Moreover, it is generally not appreciated that transfusion reaction to autologous blood may occur and that autologous blood transfusion itself may in fact exert an immunomodulatory effect.57
Investigation of a Transfusion Reaction 
All transfusion reactions must be investigated promptly. A preliminary laboratory investigation of transfusion reactions must include; clerical checks to ensure that the unit of blood was correctly administered to the right patient. This is very important because it is the most common cause of serious mortality and morbidity in transfused patients. The label on the blood container(s) and all other records must be examined to determine if there has been an error in identifying the patient or the blood product. The appropriate persons must be informed immediately if any clerical or identification error exists. If there is a discrepancy then check to see if other patients are at risk. There should be a visual inspection of the patients post transfusion serum or plasma for hemolysis and it must be compared with pre-reaction sample. A pink color in a properly drawn sample indicates that an intravascular hemolysis has taken place.4 

A direct antiglobulin test (DAT) should be performed on an anticoagulated post transfusion sample from the patient. In the event of an incompatible transfusion, the DAT will be positive with a mixed field appearance. If the post transfusion sample is positive then a DAT should be performed on the pre-transfusion sample. If only the post transfusion sample is positive, then the antibodies or complement coating the patient’s red blood cells should be identified. ABO and Rh typing of the pre and post transfusion samples should be performed. The ABO and Rh typing of the unit of donor blood should also be typed.5 Additional testing may be indicated depending on the patient’s condition and these may include compatibility test on the pre and post transfusion samples. If the crossmatch testing is positive with the pre transfusion sample that might indicate that an error was present in the patient or donor sample during the pre transfusion testing. If the crossmatch testing on the post transfusion sample is positive, that might indicate an amnestic reaction.4 

Perform antibody screen and alloantibody identification if applicable. A fresh urine sample taken after the transfusion reaction should be tested for hemoglobin. Presence of hemoglobin in urine is an indication of hemolysis while presence of intact red cells is indicative of hemorrhage into the urinary tract. Serum bilirubin levels may be determined as a measure of erythrocyte destruction. It may be necessary to perform a Gram’s stain on the recipient’s supernatant plasma for bacteria and culture of the content of the blood bag to confirm a reaction due to bacterial contamination.5 Coagulation and urine output studies may be performed to monitor the extent of damage due to DIC, oliguria and anuria. 
Conclusion
Blood transfusion therapy can be made very safe for the recipient when all blood banking protocols is carefully followed. Donated blood and blood components are tested with state of the art testing assays, which have made blood and blood components therapy considerably safer. Only on rare occasions are known viruses like HIV and HCV transmitted through transfusion when blood donors have been properly screened and donation protocols scrupulously followed. Frequently, the causes of transfusion reactions are attributable to patient misidentification, sample error, wrong issuance of blood, error in transcribing, error in administration, technical error and storage error. Most of the preventable transfusion associated deaths, are located in the laboratory, the nursing service, the anesthesia service and the clinical staff in that order of occurence.2 Adhering to well-established practice guidelines and following the SOP can prevent many complications of transfusion therapy. Therefore, individuals who are involved with the administration of blood transfusions should recognize points in the process that can result in unfavorable and unexpected outcomes. The transfusionist who is usually a nursing staff must be conversant with complications of the transfusion process in order to be able to deal with a transfusion reaction promptly and provide appropriate treatment.58 In spite of the risk involved in transfusion therapy, it is still an absolutely essential form of therapy in medical practice. When the transfusion protocols are followed scrupulously according to the SOP the adverse transfusion outcomes are minimized. Therefore, each blood bank must have in place, a system for detecting, reporting, and evaluating suspected complications of transfusion therapy. 
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