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As discussed in one of the companion articles, significant
progress has been made in reducing the transfusion trans-
mission of viral infections such as hepatitis B, hepatitis C,
and HIV. Serologic testing of donors has decreased the risk
for acquiring some viral diseases to less than one in a mil-
lion. Now however, bacterial contamination of blood prod-
ucts has assumed a major role as a cause of morbidity and
mortality in recipients of blood products.? Although over-
all risk for acquiring a transfusion-transmitted bacterial in-
fection is still relatively low, methods to detect infected do-
nors are not available as they are for detection of virally-
infected donors. Therefore, detection of bacterial contami-
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nation is more problematic and is usually recognized only
when the recipient has a severe reaction following adminis-
tration of the blood component. In fact, after acute hemolytic
transfusion reactions, bacterial sepsis is the next most fre-
quent causes of transfusion related fatalities.®*

In this article we will discuss the major organisms associated
with bacterial contamination of blood components, studies
of prevalence of bacterial contamination and transfusion as-
sociated sepsis, and the methods developed or in develop-
ment to detect and/or prevent contamination.

BACTERIAL CONTAMINATION

Bacterial contamination of blood units occurs at any one
of the following points: collection, processing, pooling of
components, or transfusion. Infrequently, it may be due to
transient bacteremia in the donor.>” High bacterial con-
centrations are often responsible for a serious septic or fa-
tal reaction in the recipient with most of these reactions
occurring in the elderly, neonates, or patients
immunocompromised by illness or chemotherapy.>8 If pa-
tients who receive contaminated units are on antimicro-
bial therapy, there is often decreased severity of the clinical
reaction, making recognition more difficult. On the other
hand, low levels of bacterial contamination in the trans-
fused component may cause relatively mild symptoms, such
as fever and chills, which resemble a febrile, non-hemolytic
transfusion reaction.® It is widely recognized that the simi-
larities in these mild symptoms has led to the
underrecognition and underreporting of reactions due to
bacterial contamination of blood products.?”1°

Over the years, the literature has described case reports of
one or more fatalities due to bacterial contamination of blood
components or results from surveillance surveys designed to
detect the prevalence of bacterial contamination and/or trans-
fusion-associated bacterial sepsis in a single facility. Com-
paring these reported data or obtaining an overall incidence
rate can be difficult due to different criteria for identifica-
tion and reporting of a reaction, timing of cultures, and
methods used to detect contamination. In the last few years
however, there have been concerted efforts in several coun-
tries to obtain data about the overall prevalence of bacterial
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contamination in blood products and transfusion-related
fatalities in a standardized manner.}* The English SHOT
(Serious Hazards of Transfusion) project, the French
Hemovigilance effort, and the U.S. BaCon study (Bacterial
Contamination Associated with Transfusion Reactions) are
ones that have received wide dissemination and will be dis-
cussed later in the article. 14

Blood is an excellent growth medium but only a few bacte-
rial species such as Yersinia, Serratia, and Pseudomonas grow
well at 1 °C to 6 °C, the storage temperature for red blood
cells (RBC). Most bacteria, however, grow well at 20 °C to
24 °C, the storage temperature for platelets which is why
surveillance studies often show a higher rate of bacterial con-
tamination for platelets than for RBC.1%°

Normal skin flora such as coagulase-negative Staphylococcus,
yeast, Streptococcus spp., Bacillus cereus, Propionibacterium
acnes, or gram-negative bacilli that are attached to skin cells
or colonized in sebaceous glands are introduced into the unit
with the initial skin plug when the needle enters the arm
during phlebotomy. When the platelet concentrate made
from the blood is incubated at room temperature, these bac-
teria replicate rapidly and can increase from as few as one to
five colony forming units (CFU)/mL to greater than 1x10°
CFU/mL during the five day shelf-life.%*>1" Generally bac-
terial levels greater than 108 CFU/mL are associated with
severe and often fatal outcomes.®

Although the FDA requires reporting fatalities related to
transfusion, there is no requirement for reporting milder
reactions. From 1976 to 1985 in the United States, there
were 256 deaths directly related to transfusion and approxi-
mately 10% of these were traced to bacterial contamination
of a blood product.®# In another report from the years 1986
to 1991, there were 182 transfusion-related deaths docu-
mented with 29 of those deaths due to bacterial contamina-
tion.!® Over the past several years in Canada there have been
11 severe reactions associated with bacterially-contaminated
components; seven with platelet pools and four with RBC.2°

ORGANISMS IN RBC COMPONENTS

The overall fatality rate as a result of contaminated RBC
units is approximately one in every million units trans-
fused.*1%2 Yersinia enterocolitica, Serratia spp. and Pseudomo-
nas spp. represent more than 50% of the implicated organ-
isms that are reported to FDA, with Y. enterocolitica being
the most frequently identified.> 9 222

Y. enterocolitica causes an acute enteritis characterized by fe-
ver, nausea, and diarrhea as well as a transient bacteremia
associated with an asymptomatic period before or after the
episode of enteritis.?* If a donor is drawn during this asymp-
tomatic period, the phagocytized organism within the donor’s
white blood cells is released into the unit when the white
cells disintegrate. Y. enterocolitica is capable of growth at
4 °C in the presence of iron and glucose and subsequently
produces endotoxin. After an initial lag phase of 10 to 20
days the organism rapidly reproduces throughout the shelf-
life of blood to concentrations of greater than 10° CFU/mL.
Therefore the longer blood is stored, the more likely that
the concentration of endotoxin will be high enough to in-
duce sepsis.?2

Between 1985 and 1996 there were 21 cases of sepsis due to
Y. enterocolitica contaminated RBC, with a total of 12
deaths.2%-28 Ten of these cases and five fatalities occurred be-
tween 1991 and 1996. When implicated donors were ques-
tioned in follow up interviews, several reported diarrheal epi-
sodes within a few weeks before or after donation; but other
donors reported no symptoms. The first case of Y. enterocolitica
contaminated platelets has been reported from a patient who
received pooled platelets. The associated unit of RBCs, which
had not been transfused, also grew Y. enterocolitica.?®

The genus Serratia contains opportunistic organisms that
grow in moist areas including the respiratory and gastrointes-
tinal tract of animals, as well as the environment. They are
associated with nosocomial infections such as urinary tract
infections or wound infections. S. marcescens and S.
liquefaciens have been isolated from blood components. These
organisms are capable of growth over a wide range of tem-
peratures including 4 °C, and like Y. enterocolitica, produce
endotoxin. The organisms can adhere to plastic transfer bags
and derive nutrition from carbon sources in the water soluble
plastics of blood bags.® In the last ten years, S. liquefaciens
has gained increased prominence as a cause of transfusion-
associated sepsis. Between 1992 and 1999 there were five
cases of S. liquefaciens sepsis (80% fatality rate) — three from
infusion of RBC, one from a platelet transfusion, and one
from autologous blood.**#132 |solation of S. liquefaciens from
the blood bag and culture of the recipient’s blood confirmed
a fatal case of sepsis in the United Kingdom.*® In the cases of
RBC contamination, several of the contaminated units ap-
peared hemolyzed or had an unusual dark color. Symptoms
started after as little as 20 mL to 50 mL of blood were in-
fused and recipients developed septic shock due to an in-
creased endotoxin level.*!
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Even autologous blood carries a risk for bacterial contami-
nation. Several patients who developed transfusion-transmit-
ted Y. enterocolitica infection had received autologous trans-
fusions.* In a Japanese study, the most common contami-
nating organism in autologous blood was coagulase-nega-
tive Staphylococcus with the highest contamination rate found
in intra-operative salvage units.>

ORGANISMS IN PLATELET CONCENTRATES

The risk of a bacterially contaminated platelet transfusion is 50
to 250 times higher than risk of virally contaminated one.’ Be-
cause of the rapid growth of organisms at room temperature
and increased risk of resultant sepsis in the patient, platelet stor-
age is limited to five days. In most cases, the units implicated in
bacterial sepsis are those that are four to five days old and have
bacterial counts well in excess of 10° CFU/mL.*#%36 The caus-
ative organisms in platelet contamination are more varied than
those found in RBC. They are primarily normal skin flora with
coagulase-negative Staphylococcus (usually S. epidermidis), ac-
counting for more than 50% of the isolates.?835-3

As previously mentioned, several fatal cases were due to or-
ganisms such as Y. enterocolitica and S. liquefaciens that are
usually associated with contaminated RBC. Other organ-
isms that have been reported in fatal sepsis cases due to infu-
sion of contaminated platelets include: methicillin resistant
S. aureus, Clostridium perfringens, S. epidermidis, Salmonella
enteriditis, and S. marcescens.®>39-43

Most often however, transfusion of units contaminated with
normal flora is not fatal but rather causes symptoms similar
to those of a febrile, non-hemolytic transfusion reaction. The
frequency of contamination of units is much higher than
episodes of sepsis. Reports of incidence of bacterial contami-
nation of platelets ranges widely with most estimating con-
tamination as approximately 1 in 2,000 to 1 in 3,000 units,
regardless of whether the source is single donor (apheresis)
platelets or platelets made from whole blood. 18364445 Risk
for contamination in pooled platelets, because of the pool-
ing, is higher than the risk in apheresis platelets.** Septic re-
actions are estimated to occur in one-quarter to one-sixth of

Table 1. Summary of results from major bacterial contamination studies
Study Years Total confirmed due to Components Number of
bacterial contamination involved fatalities
SHOT® 1996-1998 4
(Voluntary) 1RBC 0
3 platelet 1
Hemovigilance'* 1994-1998 185
(Mandatory) 116 RBC 8
69 platelet
46 apheresis 8
23 random 2
Bacthem?! 1996-1998 41
(Case control) 25 RBC 4
16 platelet
9 apheresis 2
7 random 0
BaCon?*? 1998-2000 34
(Voluntary) 5RBC 3
29 platelets
18 apheresis 4
11 random 2
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contaminated transfusions with estimates for overall mor-
tality as high as 26%.2°

Several national studies have looked at the organisms involved
in transfusion related incidents and the fatalities that occurred.
Table 1 summarizes the number of incidents and fatalities re-
ported. The SHOT study in England was a voluntary report-
ing study designed to track complications associated with blood
transfusions.®® Clinicians responsible for transfusions reported
366 cases of complications between 1996 and 1998. Of these,
12 were confirmed as transfusion-transmitted infections, with
four being bacterial in origin, seven viral, and one malarial.
The three non-fatal bacterial infections were due to: Serratia
liquefaciens (from RBC) and Escherichia coli and Bacillus cereus
(from platelets). The single fatal bacterial infection was due to
Staphylococcus aureus in a unit of platelets.™

The French Hemovigilance Study was conducted from 1994
to 1999 in an effort to collect and analyze information from
transfusion related incidents. In this program, all transfu-
sion-related incidents regardless of severity were required to
be reported to The French Blood Agency (now The French
Agency of Medical Safety of Health Products). Of the 730
incidents suspected to be caused by bacteria, 185 were con-
firmed as bacterially-related with 89 from platelet compo-
nentsand 113 from RBC. There were 18 fatalities. The over-
all incidence of bacterial contamination was 12.6 per mil-
lion components. Fifty-eight percent of the bacteria isolated
in RBC were gram-positive cocci - primarily Staphylococcus
sp and Streptococcus sp., with gram-negative bacilli identi-
fied in 32% of the cases, and the remaining 10% of cases
were due to other types of bacteria. In platelet concentrates,
gram-negative organisms were isolated in 36% of the units;
gram-positive cocci in 42%, and other bacteria in 22%.2

The Bacthem Study was conducted within the French
Hemovigilance Network from 1996 to 1998.** T his matched
case control study assessed risk factors associated with trans-
fusion associated bacterial contamination. During this time
41 cases of transfusion associated bacterial contamination
met the criteria for inclusion in the study. Of these, 25 were
due to contamination in red cell components and 16 due to
contamination in platelets. There were six fatalities — four
due to RBC contamination and two due to apheresis plate-
let contamination. Gram-negative bacilli were responsible
for 52% of contaminants in red cell components versus 37%
of contaminants in platelets. Based on the number of units
transfused, the risk of contamination was three times higher
with platelets than with RBC transfusions and increased to

12 times when platelets were pooled. In addition, the risk of
contamination increased if the platelet concentrates had been
stored longer than one day or RBC longer than eight days.*!
One of the conclusions from this study was that there is a
strong association among type of component, age of com-
ponent at transfusion, and the risk of transfusion-associated
bacterial contamination.

In the U.S. the BaCon study was undertaken to assess the
rate of adverse reactions due to bacterial contamination of
blood products, to identify the organisms associated with
the reactions, and to identify the risk factors for contamina-
tion. It was conducted from 1998 through 2000 as a volun-
tary joint effort among the American Red Cross, Depart-
ment of Defense, and the American Association of Blood
Banks.'? During the first two years there were a total of 103
reports of reactions suspected to be due to bacterial con-
tamination. Of these, 34 reports met the criteria for the study
(Table 1). There were nine fatalities reported.? The most
common gram-positive organism isolated was Staphylococ-
cus epidermidis (eight isolates), followed by S. aureus (four
isolates). Of the gram-negative organisms, five isolates were
Escherichia coli and five Serratia sp. (three S. marcescens, two
S. liquefaciens). Patients who received units contaminated
with gram-negative organisms were more likely to have se-
vere reactions than those who received units contaminated
with gram-positive organisms. Although some authors had
previously shown that bacterial contamination and septic
reactions occurred up to five times more frequently with
pooled platelet concentrates than with single donor plate-
lets, in the BaCon study there were four fatalities due to
single donor platelets and two due to pooled platelets.t>1844

Methods to prevent or detect bacterial contamination
With the ultimate aim of preventing serious reactions due
to bacterial sepsis, the American Association of Blood Banks
(AABB) has added a new standard to the proposed 22nd
edition of Standards for Blood Banks and Transfusion Services.
This standard requires blood banks or transfusion services
to have methods that limit and detect bacterial contamina-
tion in all platelet components. Facilities are expected to
implement this by March 1, 2004.%

Over the years, a variety of methods has been suggested to
limit and/or detect bacterial contamination. These include
changes in aseptic technique for phlebotomy, diversion of
the initial aliquot of blood collected, leukoreduction of blood,
use of single donor apheresis platelets, use of gram stain or
automated blood culture to detect bacterial growth, and
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pathogen inactivation. Although RBC and platelets are the
most commonly contaminated components, fresh frozen
plasma and cryoprecipitate may also be contaminated. Be-
cause of the relatively infrequent reports of bacterially-con-
taminated plasma products, this section will focus on meth-
ods to detect and/or prevent bacterial contamination of RBC
and platelets. The detection of bacteria in units post-collec-
tion is necessary, but the improvement of methods to de-
crease contamination during collection should also be ad-
dressed. The entry of normal skin flora with the initial skin
plug or from a skin flap formed by the needle bore during
donation are two methods theorized to induce contamina-
tion. Comparative studies of donor skin disinfection meth-
ods have shown that a combination of isopropyl alcohol and
povidine iodine would give the greatest reduction in bacte-
rial skin counts (greater than 99% reduction) or platelet con-
tamination rates.*’4°

A second prevention approach is to decrease the number of
skin bacteria that reach the blood unit. Model systems were
developed to compare bacterial concentration in the first few
milliliters of blood into the blood bag versus the concentra-
tion in the latter part of the flow. Results from several stud-
ies showed that the initial 10 to 15 mL draw had the highest
bacterial contamination and that by diverting this from the
unit, there was a significant drop in percentage of contami-
nated units.>®%? deKorte noted that, after diversion of this
initial aliquot, the prevalence rate of bacteria in units de-
creased to 0.21% compared to a 0.35% rate in a previous
study in which blood was collected using a standard collec-
tion method. A significant drop in contamination by sta-
phylococcal species (from 0.14% to 0.03%) was seen after
diversion.® Diverted blood is collected in an attached pouch
and can be used for serologic testing or in some cases sampled
for bacterial growth. Within the last six months, the FDA
has given approval to market a diversion pouch on blood
bags in the United States.

Leukoreduction has been instituted in many countries to de-
crease the risk of HLA immunization, cytomegalovirus trans-
mission, and the incidence of febrile, non-hemolytic transfu-
sion reactions. It has also been suggested that use of prestorage
leukoreduction will decrease the growth of Y. enterocolitica in
blood units because white cells containing phagocytized bac-
teria will be removed before cells disintegrate and release the
bacteria. A number of studies have shown decreases in rates of
Y. enterocolitica contamination using prestorage
leukoreduction.!25 The predominance of organisms other
than Y. enterocolitica in contaminated RBC in the Bacthem
study may be due to use of leukoreduced units in the study.*
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Results from a study by Holden in which 19 strains of coagu-
lase negative Staphylococcus were inoculated into whole blood
prior to leukoreduction and component preparation showed
that leukoreduction reduced, but did not eliminate bacterial
contamination.*” The impact of leukoreduction was also stud-
ied as part of the Hemovigilance project. Prevalence of con-
tamination was compared in 18-month periods prior to, and
just after, leukoreduction was instituted. There was a signifi-
cant decrease in both the percentage of contaminated units
(3.8% pre-leukoreduction to 1.7% post-leukoreduction) and
in the number of septic reactions (71 to 24).3

The use of single donor apheresis platelets instead of pooled
platelets has been suggested as another way to decrease risk
of septic events. Data from a 12-year study in which platelet
units implicated in a febrile, non-hemolytic reaction were
cultured indicated that as the percentage of single donor
platelet transfusions increased, the rate of septic platelet re-
actions decreased. “ Several studies using gram stain and
bacterial culture demonstrated that bacterial contamination
was higher in pooled platelet concentrate than in single do-
nor apheresis platelets, while one study showed higher rates
of contamination in apheresis units.152054

Some initial platelet surveillance programs used Gram’s stain
and bacterial culture at the time of platelet transfusion and
compared results with storage age of the platelets. The con-
tamination rate was lowest in units stored less than four days.
The authors concluded that risk of bacterial contamination
was related to duration of storage.*® A major limitation is that
the Gram’s stain is usually not positive until bacteria reach
levels of 10* to 10° CFU/mL, which is often on the fourth or
fifth day of storage. Another microscopy approach involves
the use of a fluorescent nucleic stain applied to the platelet
sample with enumeration of the bacteria performed using an
epifluorescnet microscope. This method is able to detect bac-
teria at concentrations similar to that of the Gram’s stain.*®
Screening methods using visual changes or measurement of
biochemical parameters to detect bacterial contamination
have also been studied.>¢%°One screening method suggested
for detecting possible bacterial contamination in RBC was
visual observation of the unit.5”* RBC units with large num-
bers of bacteria often show hemolysis or darkening of plasma
as compared to blood in the attached segments. Brecher in-
oculated RBC with either Y. enterocolitica or S. liquefaciens
and observed for the presence of hemolysis. Aliquots were
sampled for glucose concentration. As bacterial growth in-
creased, the presence of hemolysis increased and the glucose
concentration decreased.®’
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Although bacterial contamination of RBC is usually from
the donor, external causes cannot be excluded. Case reports
have linked contamination of RBC by Burkholderia cepacia
(an environmental organism) to contaminated chlorhexidine
solution used in disinfection of donor arm prior to phle-
botomy as well as the presence of S. marcescens to a contami-
nated lot of blood bags.®¢?

Platelet concentrates are normally cloudy, therefore visual
evidence of bacterial growth is not a useful screening method.
Surrogate tests such as decreased glucose concentration (less
than 250 mg/dL) or a pH less than 7.0 in platelet concen-
trate as well as changes in platelet swirling patterns have been
suggested as results indicative of bacterial contamination.?25°

Several studies using a number of different bacterial strains
associated with platelet contamination were conducted to
evaluate changes in platelet plasma glucose and pH using
qualitative and semi-quantitative dipstick techniques.!>>1
The swirling pattern of normal discoid platelets, which is
disrupted by platelet shape alterations due to plasma pH
changes from bacteria, was visually evaluated. Bacterial con-
centration reached 107 to 108 CFU/mL before any of these
methods detected changes. Results indicated that these meth-
ods were less sensitive than microscopic examination of a
Gram's stained smear.155160

A number of studies have evaluated the use of an automated
blood culture system that detects increased CO, as an in-
dicator of bacterial contamination in platelet concentrates.®**
A variety of organisms (normal flora and pathogens), inocu-
lum sizes, and spiking techniques were used in these studies.
Some studies used a special blood collection system con-
taining an integral bag used for sampling that allowed se-
quential sampling.®*% Brecher inoculated apheresis units with
either 10 CFU/mL or 100 CFU/mL of one of 15 strains of
bacteria. All but one of the organisms (P. acnes) were de-
tected within 10 to 26 hours.%® Results from a study com-
paring growth of normal skin flora and pathogens at inocu-
lum levels of 10 to 100 CFU/mL in both apheresis platelets
and random donor platelets demonstrated that bacteria were
detected in 98% of the platelet units within 24 hours and in
all units within 48 hours, regardless of initial inoculum size.%

One novel approach to detect contaminated platelets involves
incubating a sample with a fluorescent-labeled vancomycin
probe and then examining it by microvolume fluorometry.
The method detected contamination at 10° CFU/mL.%8

Based on results of studies, the most rapid effective and sen-
sitive method (to one CFU/mL) to detect bacterially con-
taminated platelets is use of an automated blood culture sys-
tem. Major limitations to this method are that platelets must
be stored at least one day for bacterial growth to begin be-
fore samples can be inoculated into the blood culture me-
dium and growth must be monitored for another 24 hours.

Within the last year, the FDA has given approval for one
company to market the newest system to detect bacterial
contamination in platelets — the Pall bacterial detection sys-
tem (BDS® System). The method uses O, levels as a surro-
gate marker of bacterial contamination. A small aliquot of
platelet concentrate is passed over an in-line filter that al-
lows bacteria to move into a small pouch containing growth
media but keeps cells back. The pouch is incubated at 35 °C
for 24 hours and then tested at room temperature for oxy-
gen concentration. Decreased levels are indicative of bacte-
rial contamination and results are reported as ‘pass’ or ‘fail’.

INACTIVATION OF BACTERIA

Ideally, instead of having to detect and discard units that are
contaminated, any organism present could simply be inacti-
vated. Methods using photochemical treatment focus on
inactivating bacteria, viruses, and parasites that are present
in the component. Many of the compounds described are
targeted for platelet concentrates since these components
carry the highest rate of bacterial contamination but there
are methods reported for RBC.%" The most common pro-
cedure for platelets involves the combination of a psoralen
compound which intercalates with DNA and RNA in the
organism, and ultraviolet A (UVA) light. The combination
of compound and light causes crosslinking of molecules,
which in turn, inhibits replication and transcription. The
process does not appear to affect the hemostatic function of
platelets.”” Other similar procedures use thionine and short
wavelength ultraviolet light.% The psoralen methods have
also been used to successfully inactivate the intracellular bac-
terium Orientia tsutsugamushi (the etiologic agent of scrub
typhus) in platelet concentrates.™

AFINAL LOOK—THE OLDEST AND THE NEWEST
Syphilis is perhaps the oldest known transfusion-transmit-
ted disease and when blood was transfused directly from
donor to recipient it was the most common transfusion-trans-
mitted infectious disease. But now, due to improved donor
screening tests, medical history questions to identify high-
risk donors, refrigeration of units, and the decrease in syphi-
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lis in the general population, cases of transmission are rare.
In fact, the last reported case was in 1969.” Despite these
facts and the lack of consensus about need to retain the test,
there is concern about the remote possibility of survival of
the organism in platelet concentrate, so that syphilis screen-
ing of donors continues to be required.”s’

The May 2003 issue of Transfusion published a study by
Hedin that investigated the transfusion-transmission poten-
tial of Chlamydia pneumoniae.’ This intracellular bacterium
has the potential to be transmitted in white blood cells via
transfusion. Although results of this initial study using
leukodepleted blood did not yield serological evidence of
transfusion-transmission, the authors point out that further
investigation should be conducted before adding it to or
deleting it from the ever-growing list of transfusion-trans-
mitted organisms.

CONCLUSION

In summary, bacterial contamination remains a major cause
of sepsis in the transfused patient. Psychrophils such as Y.
enterocolitica predominate as causative organisms in RBC com-
ponents and normal flora in platelet components. As a result
of data from national studies on prevalence and studies on
optimizing detection methods, new AABB standards for pre-
vention and detection of bacterial contamination have been
developed. An AABB Association Bulletin from May 2003
has summarized procedures that can be used to help facilities
implement the new standards dealing with detection of bac-
terial contamination.” The methods include those discussed
in this article including improved disinfection, use of diver-
sion techniques, and various methods to detect contamina-
tion. Implementation of these methods provide the transfu-
sion community with another challenge in the on-going ef-
fort to make a transfusion as safe as possible for the patient.
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