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Allogeneic blood transfusion was traditionally considered a necessary 
support in surgery to treat or prevent imminent inadequate delivery of 
oxygen to tissues induced by surgical related anemia, but it is now perceived 
as a procedure to be avoided. The safety of blood supply has been in ques
tion since the first cases of transfusion transmitted AIDS in the early 1980. 
In response to this crisis blood collection centres implemented a successful 
multilayered safety net which has dramatically reduced infectious risk of allo
geneic blood. However, although currently the blood supply is safer than it 
ever has been, it is unlikely that blood transfusion will ever be a risk free pro
cedure. There would always remain the possibility of the emergence of new 
unknown agents and even in already known diseases there may always be a 
group of infectious donors who, at various phases of their infection, will be 
undetectable even with the most sensitive screening tests. Moreover it is nec
essary to define, together with the risk of transfusion transmitted infections, 
the nature and magnitude of all the other potential risk of blood transfusion 
such as the immunological risks and circulatory and metabolic complication. 
Accurate estimates of blood transfusion risks are important to enable physi
cians and patients to make informed decisions about whether to receive an 
allogeneic transfusion or to select other therapeutic options (Table 1) .. 

Basically blood transfusion risks can be subdivided into 2 major cate
gories: the infectious risks and the immunological risks. 

Infectious risks of blood transfusion 

The potential for transmission of blood borne infection has been recognised 
since the early days of blood transfusion more than 50 years ago. A number 
of microbial agents are potentially transmissible by transfusion, however 
those that pose a higher transfusion risk are microbes who exhibit long incu
bation periods, cause inapparent infections - at least early in their course
and, in particular, are associated with long term persistence either through 
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Table 1. Current risk projections of infective and immunologic blood transfusion 
complications 

Risk Factor 

Infections 
HIV 
HCV 
HBV 
Bacterial contamination (RBCs) 
Bacterial contamination (platelets) 
Protozoa 
Prions 

Immunological complications 
Alloimmunization, RBCs 

Leukocytes (human leukocyte antigen) 
Allergic reaction, urticaria 
Fever and chill, RBCs 

Platelets 
Hemolysis, acute occurrence 

Fatalities 
Hemolysis, delayed occurrence 

Fatalities 
Anaphylaxis 
Transfusion related acute lung injury 
Postransfusion purpura 
TA-GVHD 
Immunomodulation 

Estimated Frequency 
(per actual unit) 

1 : 200.000-1 : 2.500.000 
1 : 28.000-1 : 288.000 
1 :31.000-147.000 
1:40.000 
1: 1.000-1 : 10.000 
Rare 
Unknown 

1:100 
1:10 
1:30-1:100 
1:100-1:200 
1:50-1:3 
1: 12.000-1 :25.000 
1 : 1.000.000 
1 : 4.000-1 : 11.000 
Rare 
1 :20.000-1 :47.000 
1 :300-1 :5.000 
Unknown 
Rare 
Unknown 

expressed carrier state (e.g. HBsAg), or through viral DNA incorporation 
latently in host blood cells (e.g. CMV or HTLV) (Table 1). 

Fortunately, the risk of transmission of infectious diseases has declined 
dramatically in the last few years. However transfusion transmitted infections 
remain in the public the most worrying residual complications of the thera
peutic use of blood derivatives. 

Transfusion transmitted infections can be subdivided into viral, bacterial 
and parasitic. Moreover, recently a new type of infectious risk is a cause of 
concern, i.e the possible transmission of prions by blood product. 

Viral infections 

Theoretically every virus present in the donor blood at the time of blood 
donation can be transmitted through blood transfusion. However only few 
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of the potentially transmissible viruses are implicated in clinically relevant 
transfusion-associated infections. Among them are those responsible for 
acquired immunodeficiency disease (HIV) hepatitis B (HBV) and hepatitis 
C (HCV). 

Ironically the greatest success in reducing the infectious risks of blood 
transfusion followed in the wake of the worst crisis of modern day blood 
banking, i.e. the emergence of transfusion associated AIDS. In the early 
1980s, human immunodeficiency virus (HIV) transmission among transfusion 
recipients in some developed countries peaked at a transmission rate of 
approximately 1 % per unit transfused. This led to the introduction of a 
number of measures that allowed a dramatic reduction of transfusion asso
ciated HIV infection in few years. Deferral of high risk blood donor and 
introduction of a sensitive anti-HIV antibody test were key interventions that 
resulted in the currently low risk of HIV transmission by transfusion. 

Drastic risk reduction throughout time also was achieved for the trans
mission of hepatitis virus Band C, that are responsible for most of the cases 
of posttransfusion hepatitis, the second most feared transfusion transmitted 
viral disease. It was estimated that before 1965, approximately 25% of trans
fusion recipients were infected. Since then, the rates of new transfusion 
transmitted hepatitis have plummed to almost zero. 

Currently new cases of transfusion transmitted hepatitis or HIV infec
tion occur so rarely that it is impossible to measure their rates of transmis
sion and mathematical models are now needed to estimate the residual risk 
of these complications. Recent studies indicate that the estimated risk for unit 
transfused ranges from 1: 2.5 million to 1: 200.000 for HIV infection, from 
1:147.000 to 1:31.000 for HBV and from 1:288.000 to 1:28.000 for HCV 
(Goodnough et al. 1999; Lackritz et al. 1995; Schreiber et al. 1996). 

Currently, the most common viral agent transmitted by allogeneic blood 
transfusion is cytomegalovirus (CMV). Normally, the clinical consequences 
of posttransfusion CMV-infections in immunocompetent individuals are not 
considered significant. Over 90% of the patients remain asymptomatic. 
Patients with clinical symptoms such as fever, hepatosplenomegaly and lym
phadenopathy always show an uneventful recovery whether a primary infec
tion or a reactivation occurred due to blood transfusion. However because 
CMV infection results in cellular immunosuppression of 50-250 days dura
tion in previously immunocompetent individuals, it is theoretically possible 
that immunosuppression in critical situations such as during cancer surgery 
may have a negative effect on tumor immunity. Moreover in neonates (espe
cially premature infants) or in immunocompromised patients (such as trans
plant recipients, patients undergoing splenectomy and oncology patients), 
post-transfusion CMV infection may be associated with extremely serious or 
even fatal pneumonitis, hepatitis, gastroenteritis, retinitis and disseminated 
disease (Preiksaitis 1991). 

Since CMV can only be transmitted by blood products containing white 
cells, the use of leukocyte-filtered blood decreases the transmissibility of 
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CMV and other cell-associated viruses (Smith et al. 1993). Another preven
tative strategy is the transfusion of blood from serologically negative donors, 
although the availability of CMV-negative blood products is limited. Extreme 
leukocyte depletion with third-generation filters seems to be effective in 
preventing CMV transmission in newborn or immunosuppressed hemato
oncological patients (Hillyer et al. 1994). However for preterm infants and 
highly immunocompromised patients, the transfusion of blood from CMV
seronegative donors is still recommended. 

Bacterial infections 

Patients undergoing blood transfusion are also potentially at risk to develop 
bacterial infections induced by different microrganisms such as Pseudo
monas, Escherichia Coli and enterocolitic Yersinia. In many Countries 
bacterial contamination is considered the more relevant infectious risk of 
blood transfusion and recent data suggest that this particular transfusion 
risk either is increasing or is recognized more frequently (Klein et al. 1997). 
Bacteria can enter allogeneic blood as a result of ineffective skin disinfection 
at the phlebotomy site, asymptomatic bacteremia at the time of donation 
and leakage into blood containers, or via the use of contaminated collection 
devices. 

Platelets, which require room temperature storage and therefore offer 
excellent conditions for bacterial growth, most commonly are associated with 
septic reactions from bacterial contamination (Klein et al. 1997; Blajchman 
1994; Wagner et al. 1994). Red cell units, which are stored refrigerated, 
provide a much less hospitable environment for most bacteria and are impli
cated less frequently in septic transfusion reactions. However, some patho
genic organisms, in particular Yersinia enterocolitica, are capable of growth 
at 4°C and have resulted in severe, fatal reactions. 

Bacterial contamination of allogeneic blood has been found to be respon
sible for 4% of 182 transfusion-correlated deaths reported in the United 
States to the FDA (Food and Drug Administration) between 1986 and 1991 
(Menitove 1996). This figure, however, is believed to be an underestimation 
of the actual number, as only 10% of fatal events attributable to bacterial 
infection is reported to the Authorities (Sazama 1994). In prospective studies, 
bacteria were cultured from approximately one in 40000 transfused red cell 
units and one in 1000 to approximately one in 10000 platelet units. Septic 
shock resulted in approximately 20% of platelet associated bacteremic 
episodes and death in 2% to 5%. From these figures it has been estimated 
that septic shock occurs per one in 5000 to one in 50000 platelet units trans
fused with a fatality rate of one in 20000 to one in 500000 platelet units trans
fused. The same calculations for cell units would project an incidence rate for 
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sepsis of one in 200000 transfused units and for fatal reactions of one in 
800000 to one in 2 million transfused red cell units. 

Parasitic infections 

A number of parasitic agents may be transmitted with blood transfusion, but 
are generally of much less concern than viruses and bacteria in most of the 
developed Countries. However potential exists for increased risk of trans
mission of parasitic infections because of immigration or travel. Moreover, 
at least some parasitic diseases meet the definition of emerging infections, 
thus requiring additional evaluation with respect to their effect upon blood 
transfusion. 

Transfusion-transmitted syphilis is now a very rare occurrence, in part 
due to the relative fragility of the spirochete: it does not survive prolonged 
storage in refrigerated temperatures. It has been observed that viable organ
isms do not persist beyond 48 to 72 hours under usual RBCs storage con
ditions (De Schiver and Meheus 1990). In consideration of the rarity of 
post-transfusion syphilis it has been even questioned the need to continue 
using serologic test for syphilis for all donors. 

On a global basis Malaria is currently considered the greatest threat, 
although to date in developed Countries, simple donor questioning for travel 
history and deferral for those who have travelled to malarious area appears 
to offer adequate protection. In USA the rate of post-transfusion malaria has 
been calculated to be 0,25 cases per million blood units collected; however 
the number of post-transfusion malaria is expected to increase in the near 
future (Dodd 1998). 

Chagas disease (caused by the Tripanosoma Cruzi protozoa) is a para
sitic infestations that present major risk to recipients of transfusion in Coun
tries where these infections are endemic (South and Central America) 
(Schmunis 1991). The exposure to the parasite may lead to both acute and 
lifelong infection with reSUlting chronic disease. In Europe the risk of dnfec
tion by blood transfusion is considered very low. 

Prions 

The demonstration that the new variant of Creutzfeldt-Jakob disease (vCJD) 
(Turner and Ludlam 2000) is caused by the same agent that causes bovine 
spongiform encephalopathy (BSE) in cattle has raised concerns that blood 
from human beings in the symptom-free stages of vCJD could transmit infec
tion to recipients of blood transfusions. CJD is one of a series of transmissi
ble spongiform encephalopaties (TSE) affecting both animals and humans 
associated with posttranslational conformational change in the secondary 



190 F. Mercuriali and G. Inghilleri 

structure of a normal cellular prion protein (PrP). The accumulation of the 
abnormally conformed molecule (PrPSC) is associated with disease and infec
tivity. It is believed that Prpsc acts as a template allowing conversion of the 
normal PrP molecules to further Prpsc as a result of either homodimerization 
or a physicochemical process of nuclear crystallization. The initiating event 
may be a predisposing coding mutation in the PRNP gene, exposure to infec
tious Prpsc from another source, or a rare spontaneous conformational con
version. It has been demostrated that a common polymorphism at codon 
129 affects disease susceptibility, incubation period, and clinical phenotype. 
Eighty percent of the cases of sporatid ClD and all the current cases of 
variant ClD are homozygous for methionine at this locus. It is thought that 
the degree of homology in the PrP structure between 2 species affects the 
ease with which a TSE can be transmitted from one to other, that is, it con
tributes to a transmission barrier between species. It is likely that individu
als who are homozygous or heterozygous for valine at this locus will be more 
resistant to infection, have more prolonged incubation periods, or have an 
altered clinical phenotype of variant ClD. 

Although clinical experience of sporadic ClD has been reassuring, with 
little clinical evidence of transmission by blood components, a number of fea
tures of vClD are of concern. In particular there is evidence for a higher 
degree of lymphoid involvement in vClD compared with sporadic ClD 
(abnormal PrP has been shown in tonsil, spleen, appendix and lymph nodes) 
(Hilton et al. 1998; Hill et al. 1999) and it has been demonstrated that the 
immune system is the initial site of infection and replication after peripheral 
transmission (Klein et al. 1997). Moreover, in humans PrP expression has 
been shown on Band T lymphocytes, monocytes, dendridic cell, and platelet 
and PrP proptein has been found also in plasma. 

Infectivity studies have not been completed on the peripheral blood and 
lymphoid tissue of patients with vClD. However recently Houston et al. 
(Houston et al. 2000) reported the preliminary results of their study on sheep 
demonstrating the transmission of TSE through the transfusion of whole 
blood collected from a previously BSE infected animal. 

Altogether the available data indicate that it seems prudent to assume 
that the peripheral blood of patients with vClD may well harbor infectivity 
from a relatively early stage in the incubation phase of the disease. Whether 
the level of any infectivity present in the peripheral blood of individuals incu
bating vClD will be sufficient to permit transmission to another individual 
after peripheral inoculation remains an open question. 

The absence of detectable nucleic acid and the lack of immune response 
in association with infection precludes standard approaches to donor screen
ing. The experimental evidence of early immune system involvement in 
peripherically transmitted disease and the presence of the highest levels of 
infectivity in buffy coat provide the basis for proposing leukodepletion as a 
mean to reduce the risk of transmission of vClD. Systematic leucocyte reduc-
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tion of cellular blood products has been included in some Countries 
(Kleinman 1999). Moreover, at present, in many Countries is excluded from 
donor pool any donor who spent more than six months in Great Britain 
during the epidemic period. Moreover plasma for fractionation can be 
obtained only from Countries where no clusters of CJD have been reported 
(England imports plasma from US for the manufacture of blood derivatives). 

Immunologic risks of blood transfusion 

Allogeneic transfusion induces changes in the patient's immune system that 
might be detrimental, for cancer patients in particular. Given the tremendous 
antigenic diversity among people, some degree of mismatch in minor red cell 
antigens, leukocyte, platelet and plasma proteins types is to be expected in 
allogeneic transfusions. Therefore, it is not surprising that immunologic inter
actions take place between the recipient and the donor blood that are respon
sible for the majority of adverse transfusion outcomes (Table 1). 

Alloimmunization 

Alloimmunization, that is the development of antibodies against antigens 
associated with transfused blood cells. platelets or plasma proteins, is the 
most common adverse consequence of transfusion. The process of allo
immunization is clinically silent, but may lead to numerous complications 
affecting future pregnancies, transfusions, transplants including: a potential 
for hemolytic disease of the newborn; difficulties in finding compatible red 
cells, in subsequent transfusion febrile transfusion reactions and refractori
ness to platelet transfusions because of development of antibodies to human 
leukocyte or platelet antigens; difficulties in finding a compatible organ for 
patients who are candidates for bone marrow or solid organ transplantation; 
a potential for acute rejection of a transplanted organ. The risk of allo
immunization to red cell antigens after transfusions is estimated to be approx
imately 1 % per unit transfused (Heddle et al. 1995). Alloimmunization to 
human leukocyte antigen epitopes on white cells occurs more frequently, with 
a projected incidence rate of approximately 10% per unit transfused and is 
evident in 30% to 60% of patients who had multiple transfusions (Walker 
1987). 

Transfusion reactions 

Next on the list of common immunologic transfusion complications are 
unpleasant, but generally benign fever, chill, and urticarial reactions, which 
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together constitute the most common acute adverse effects of blood trans
fusions, each occurring in approximately 0.5% to 3% of transfusions 
(Firestone 1995). Much higher rates of fever and chill reactions can be 
expected in patients who receive multiple transfusions and after platelet 
transfusion. 

Unfortunately, immunologic incompatibilities also may cause numerous 
potentially life threatening transfusion complications, including hemolytic 
reactions, transfusion related acute lung injury, anaphylaxis, post-transfusion 
thrombocytopenic purpura, transfusion associated graft versus host disease 
and immunomodulation. 

The most feared immunologic transfusion reaction is acute intravascular 
hemolysis sustained by alloantibodies against RBC antigens. This reaction is 
primarily attributable to transfusion of ABO group incompatible blood. Such 
reactions occur with an estimated frequency of one in 12000 to one in 25000 
red cell units transfused (Pineda et al. 1978; Pinkerton 1989). The reported 
mortality rate is variable but can be expected to be 5-10% from shock, renal 
failure and bleeding. It has been estimated that the true mortality rate is close 
to one patients death for every 1000000 transfusions. The majority of ABO 
incompatible transfusions occur because of clerical and administrative errors, 
such as mistakes in labeling of recipient specimens and misidentification of 
the intended recipient, which occurs most frequently in emergency situations 
and in the operating room when the patient cannot assist with identification 
(Linden and Kaplan 1994). 

It is of relevance to note that recent data demonstrate that transfusion 
errors represents the most frequent cause of severe outcome of transfusion. 
Of transfusion-related deaths reported to the FDA from 1990 through 1998, 
more than twice as many (169, or 50%) were the results of fatal hemolytic 
reaction as of infectious disease (69, or 17%) (Linden et al. 2000). Similar 
data have been reported by an initiative (named SHOT - serious hazard of 
transfusion) launched in 1996 in UK and Ireland with the aim of monitoring 
the residual risks of transfusion through a confidential voluntary reporting 
system. The most important finding from the SHOT report for 1997 was that, 
of 169 reported major transfusion-related adverse events, 81 (47%) resulted 
from the transfusion of the wrong blood to a patient. In contrast, 8 (5%) of 
reported major transfusion-related reactions were transfusion-transmitted 
infections (Williamson 1999). 

Hemolytic reactions can also occur 1 to 2 weeks after red cell transfu
sion. These reactions, called delayed hemolytic reaction, are caused by unsus
pected antibodies against minor red cell antigens. These derive from earlier 
exposure(s) to allogeneic red cells by transfusion or pregnancy but may be 
weak and therefore undetectable at pretransfusion testing. Reexposure to 
transfusion results in rapid appearance of antibodies that may be hemolytic. 
Clinically relevant reactions, of which a few may be fatal, occur in approxi-
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mately one in 11 000 to one in 4000 red cell transfusions (Ness et al. 1990; 
Vamvakas 1995). 

Anaphylactic shock from reactions to plasma proteins, most notably IgA 
containing plasma administered to patients with IgA deficiency, has been 
observed at a rate of approximately one in 20000 to one in 47000 transfu
sions. Anaphylactic reactions may occur almost immediately after the 
transfusion is started. Pretreatment with antihistamines or prednisone 
may mitigate anaphylactic reactions, but usually does not prevent them 
(Vamvakas and Pineda 1996). In individuals with proven IgA deficiency, 
either use of components from IgA deficient donors, or plasma removal from 
cellular blood components by washing, are recommended to avert anaphylac
tic reactions (Sandler et al. 1995). 

Transfusion related acute lung injury (TRALI) 

Transfusion-related acute lung injury (TRALI) was recently identified as a 
distinct entity. Its frequency, commonly considered to be 1 in 5000 transfu
sions, is likely underestimated because of both lack of recognition and under
reporting (Popovsky et al. 1992). Prevalence rates of 1 in 2000 transfusions 
for stored cellular components and 3 in 1000 for platelets concentrates 
obtained from whole blood have recently been documented (Silliman et al. 
1997). 

The plasma fraction of blood or blood components appears to be 
causative in TRALI rather than the cellular constituents (Popovsky et al. 
1992; Kopko and Holland 1999). A "two-event model" has been proposed for 
the pathogenesis of TRALI (Silliman et al. 1998). This model hypothesizes 
that biologically active compounds generated during stress (such as trauma, 
thermal injury, infection, recent surgery, induction phase of treatment for 
acute leukemia, cytokine therapy, cardiovascular disease), represent the first 
event, during which the recipient's pulmonary vascular endothelium becomes 
activated. This leads to increased surface expression of adhesion molt(cules, 
and consequently to pulmonary sequestration of PMNs with maximal cyto
toxic potential. A second event, the transfusion of priming agents as specific 
immunoglobulins, lipids, and cytokines contained in plasma fraction of stored 
components, activate the primed PMNs, resulting in endothelial damage, cap
illary leak, and pulmonary injury culminating in TRALI. 

TRALI is a serious complication of hemotherapy that occurs within 6hrs 
of transfusion, most cases presenting within 1-2 hrs. In the classic, severe form 
of TRALI, the clinical pattern is identical to that of the adult respiratory dis
tress syndrome (ARDS), with the insidious onset of acute pulmonary distress 
temporally related to transfusion of blood or blood components. The clinical 
findings of TRALI consist of a constellation of symptoms, including fever, 
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tachypnea, cyanosis, and dyspnea. Treatment consists of aggressive respira
tory support, including supplemental oxygen and mechanical ventilation. 
Milder forms ofTRALI have been described that require prompt delivery of 
supplemental oxygen alone. 

Unlike ARDS, TRALI is not associated with a high mortality rate: 80 to 
90% of patients survive, with most recovering in the first 72hr (Kollef and 
Schuster 1995). 

Post-transfusion purpura 

Posttransfusion purpura is a rare immune mediated consequence of blood 
transfusion, which is characterized by sudden onset of severe thrombocy
topenia 5 to 10 days after transfusion in a patient who previously received 
blood transfusions or a woman with previous pregnancies. The prognosis of 
the disease that was associated with a mortality higher than 5%, has signif
icantly improved since the availability of intravenous immunoglobulins 
(Mc Farland 1996). 

Transfusion associated graft versus host disease 

Graft-versus-host disease (GVHD) is a frequent complication of allogeneic 
bone marrow transplantation mediated by the donor T lymphocytes that 
recognize host HLA antigens as foreign and mount a vigourous immune 
response against the host cells. The reaction is clinically characterized by 
development of fever, cutaneous eruption, diarrhea, and liver function 
abnormalities (Ferrara and Deeg 1991). More rarely, GVHD is encountered 
in patients receiving solid organ transplantation, in which case it is mediated 
by T lymphocytes that may be present in the donated organ. GVHD can 
also occur as a complication of transfusion of nonirradiated cellular blood 
components, which also inevitably contain viable donor T lymphocytes. 
Transfusion associated GVHD (TA-GVHD) is currently considered a dis
tinct disease entity clinically characterized, in addition to the above men
tioned symptoms, by marrow aplasia resulting in pancytopenia (Anderson 
and Weinstein 1990). Moreover, in contrast to GVHD that develops in 
the setting of bone marrow transplantation, TA-GVHD is resistant to treat
ment and almost always results in rapid death (approximately 90% of the 
cases). 

Three conditions have to occur for the development of GVHD: 1) dif
ferences in HLA between the donor and the recipient, 2) the presence of 
immunocompetent cells in the graft; and 3) the inability of the host to reject 
these immunocompetent cells. The first and the second of these requirements 
are almost always present in the setting of blood transfusion. Host failure to 
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reject donor derived cells may occur in congenital or acquired immunodefi
cency states or when the recipient shares a HLA haplotype with the donor, 
as occurs most frequently when donor and recipients are relatives. 

Among the patients considered at significant risk of acquiringTA-GVHD 
are those with hematologic malignancy or lymphoproliferative diseases in 
which patients TA-GVHD has been estimated to occur in 0.1-1 percent of 
the cases. The risk of developing TA-GVHD was also identified in patients 
with solid tumors receiving cytotoxic chemotherapy and those who received 
intrauterine or exchange transfusion. Cases of TA-GVHD have been ob
served also in pre term infants who received unirradiated blood products or 
in solid organ transplant recipients. Finally TA-GVHD has been reported 
also in individuals without obvious immunodeficiencies, especially, but not 
only, in Japanese patients. A significant sharing of HLA antigens between 
donors and recipient has been indicated as the cause for many of the cases 
ofTA-GVHD in immunocompetent patients (Ohto and Anderson 1996). 

Leukocyte reduction of blood components may not prevent transfusion 
associated graft versus host disease as the transfusion of as few as 104 leuko
cytes/kg has been observed capable of inducing TA-GVHD. Irradiation of 
blood component, with a minimum dose achieved of 25 Gy is the strategy of 
choice for the prevention of this dangerous condition (Rosen et al. 1993). 
Photochemical treatment has also been proposed as an effective alternative 
to gamma irradiation (Grass et al. 1999). 

Immunomodulation 

An additional risk to which the transfused patient is exposed is the 
immunomodulatory effect of allogeneic blood transfusion. In fact, while on 
the one hand transfusion induces an up regulation of humoral immunity 
resulting in alloimmunisation especially with regard to HLA-A, B antigens, 
on the other hand there is a down regulation of cellular immunity. Evidence 
of this is a reduction of delayed cutaneous hypersensitivity, suppression of T 
cell proliferation with inversion of the helper:suppressor ratio, diminished 
natural killer cell activity and a defective antigen presentation, as observed 
in both transfused patients and in experimental models (Bordin et al. 1994; 
Brunson and Alexander 1990; Blajchman 1996). 

These alterations are assumed to be responsible for the experimental and 
epidemiological observations that highlight how allogeneic transfusion 
affects the significant prolonged survival of both the organ and the patients 
undergoing transplant procedures (Opelz et al. 1973). While the immuno
suppressive effect can be considered beneficial for the transplanted patient, 
it may adversely affects patients with a malignancy undergoing curative 
surgery, or the recipients of allogeneic blood transfusion might have increase 
susceptibility to infections (Braga et al. 1992; Heiss et al. 1993). In cancer 
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patients allogeneic transfusion-induced immunomodulation may increase 
cancer recurrence rate and the risk of developing metastases as observed 
in particular in colorectal carcinoma (Heiss et al. 1993; Busch et al. 1993; 
Houbiers et al. 1994). 

The role of allogeneic transfusion in affecting tumor recurrences and the 
survival of cancer patients has been debated by the international scientific 
community for many years. At present there are several studies that have 
evaluated the relationship between transfusion and incidence of relapse or 
survival in oncological surgery, but the results are not conclusive. In early ret
rospective studies (Blair and Janvrin 1985; Geasy et al. 1987) carried out on 
colon cancer patients comparable for disease stage, histological characteris
tics and for several other clinical factors, the patients that had received allo
geneic blood transfusions, in particular those receiving a high number of 
blood units, were observed to have more unfavourable prognoses than the 
patients that had not been transfused, in terms of incidence of recurrences, 
survival and disease-free life expectation. These observations have been con
firmed by subsequent retrospective studies, even in patients with kidney, lung, 
breast, head and neck or prostate cancer. Other retrospective studies, 
however, have not confirmed the relation between transfusion and tumor 
recurrence and even prospective studies have not provided univocal results. 

The dishomogenous results on the association between transfusion and 
the incidence of cancer recurrence, in addition to the ambiguous results 
obtained in prospective randomized studies (Busch et al. 1993; Houbiers 
et al. 1994; Heiss et al. 1994) induce some authors to deny the causality rela
tion between allogeneic transfusion and postoperative morbidity, hypothe
sising that the relationship may indicate that the transfusion is an indirect 
marker of other factors causing morbidity such as age, the quality of the sur
gical technique, the entity and duration of surgical trauma, intraoperative and 
postoperative blood loss, the severity of pre- or postoperative anemia. 

The tumor growth-promoting effect of allogeneic blood transfusion has 
been also studied in experimental animals. From these studies it emerges that 
the tumor growth-promoting effect of allogeneic blood is an immunologically 
mediated biological phenomenon related to the presence of allogeneic donor 
leukocytes in the transfused blood products. Moreover these studies show 
that the effects on tumor growth can be ameliorated by pre-storage leuko
depletion of transfused allogeneic blood while post-storage leukodepletion 
is not equally effective in ameliorating this effect (Bardin et al. 1994). In a 
recent study on rabbits, Blajchman observed that the transfusion of autolo
gous whole blood was not associated with a tumor growth-promoting effect 
(Blajchman 1998). 

Although the immunodepressive role of transfusion in affecting cancer 
outcome is still controversial it seems reasonable to minimise transfusion 
in cancer patients by reducing perioperative blood loss and increasing the 
tolerated loss. 
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Conclusions 

The blood supply is extremely safe today. In particular, hepatitis C and HIV 
- two viruses that have had a major impact on transfusion safety have been 
almost eliminated from blood supply. In large part, new screening tests have 
made the difference, but the safety net is multilayered with many processes 
adding protection. 

The hepatitis C story is particularly noteworthy. The hepatitis C virus 
eluded researchers' for almost two decades until around 1988, when hepati
tis C nucleic acid was finally identified. Hepatitis C is responsible for 90 
percent of what was called non-A, non-B hepatitis and was the number one 
cause of transfusion-related deaths in the late 1970s and in the 1980s. In the 
late 1970s, a typical patient received 5 units of blood and had a 7-10 percent 
risk of developing non-A, non-B hepatitis. This means that approximately 
one in 60 transfused units carried non-A, non-B hepatitis. Today, however, 
the risk is so low that we can no longer determine it on the basis of patient 
testing but only through mathematical models. Similar results have been 
obtained for transfusion-transmitted HIV infection. According to Centers for 
Disease Control and Prevention (CDC) data, only 40 patients developed 
AIDS after receiving a blood transfusion in the United States in the 15 years 
that blood has been tested for HIV and not a single case of transfusion asso
ciated HCV infection has been detected by the CDC Sentinel Counties Viral 
Hepatitis Surveillance System since 1994 (Klein 2000). 

Despite the dramatic improvement in blood safety and the low risk of 
viral transmission, substantial effort and resources continue to be expended 
to eliminate the few transmissions that still occur. These are mainly attribut
able to donations during the interval between infection and seroconversion 
(the "window period" of infection) when the donors are infected but test neg
ative by standard serological screening techniques. Thus recently in many 
developed Countries, methods of direct viral detection using nucleic acid 
amplification test for HIV, HCV and HBV have been introduced into the 
screening process. However, the incremental improvements in safety will 
come at a high price and will not completely eliminate viral transmission. 

Moreover, each measure adopted to increase the safety of donor blood 
will sharpen the problem of blood availability. Blood shortage problems are 
common now in Europe and United States and are expected to be even more 
common in the next future. A recent national survey in the United States 
reported that 8% of the surveyed hospitals postponed elective surgery 
because of lack of blood, and 25% delayed transfusion for 1 or more days 
(National Blood Donor Resource Center 1999). The demand for blood is 
increasing as the population is getting older and the incidence of pathologies 
requiring major surgery (orthopedic, cardiovascular and cancer surgery) with 
high transfusion requirements has dramatically increased and the quest to 
eliminate the last potentially risky blood donor has caused the loss of thou-
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sands of healthy donors. The recent decision in many Countries to defer 
indefinitely individuals who have spent at least 6 months in the United 
Kingdom between 1980 and 1996 on the chance that they might transmit 
some agents associated with BSE threatens to eliminate a significant number 
of otherwise qualified donors. 

Transmission of infectious agents and shortage problems are not the only 
concerns in the blood transfusion practice. In particular, the hospital must 
control and minimize the risk of an immediate ABO haemolytic transfusion 
reaction. According to a recent study (Linden et al. 2000) (and our data 
suggest the same), one in 14000 allogeneic red cell units is transfuse to the 
wrong patient, one in 38000 units is ABO-incompatible and one in 1800000 
units causes an ABO-related death. 

Other reactions such as delayed haemolytic transfusion reactions, trans
fusion-related acute lung injury, anaphylaxis, and volume overload cannot be 
prevented but can be recognised and treated. Thus, there will always be some 
risks associated with blood transfusions. 

In all, transfusion medicine safety has advanced considerably, and certain 
viral diseases that were once common are now quite rare. However blood 
transfusions are still associated with some relevant risks. These risks, some of 
which are associated also with the transfusion of autologous blood, must be 
considered by the physician who has the responsibility to prescribe a blood 
transfusion or to utilise one of the currently available alternatives to allo
geneic blood. 
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