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INTRODUCTION

Although sepsis from bacterial contamination of blood is a
very infrequent event in transfusion medicine, episodes of
transfusion-associated sepsis may lead to fatal outcomes or
other serious sequelae and therefore are an issue of concern.
This review examines the frequency of occurrence, the organ-
isms implicated, potential sources of contamination, blood
component storage ramifications, and possible interventions
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Holland Laboratory for the Biomedical Sciences, Product Develop-
ment Department, 15601 Crabbs Branch Way, Rockville, MD 20855-
2734. Phone: (301) 738-0701. Fax: (301) 738-0704. Electronic mail
address: WAGNERS@USA.RED-CROSS.ORG.

for transfusion-associated sepsis. Additional reviews relating to
this subject have been written (3, 14, 49, 51, 88).

Erythrocytes, platelets, and plasma are prepared from whole
blood by centrifugation and stored under well-established
conditions. Although a small fraction of these components may
initially contain some bacteria from a variety of potential
sources, the levels at the time of collection are usually thought
to be too low (<10 CFU/ml) to result in sepsis upon immediate
transfusion. With storage of erythrocytes (up to 42 days at 1 to

6°C) and platelets (up to 5 days at 20 to 24°C), however,
organisms may proliferate to levels of around 107 to 109
CFU/ml or more. Transfusion of blood components containing
high levels of bacteria will result in sepsis and occasionally
death, especially if the immune system of recipients, who are

often on chemotherapy, is compromised.
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MEASURES OF FREQUENCY OF BACTERIAL
CONTAMINATION IN BLOOD PRODUCTS

There are three "measures" of the frequency of bacterial
contamination in blood components. One appraisal is the
incidence of fatalities caused by transfusion-associated sepsis,
when the organism recovered from the septic patient is the
same as the one isolated from the component. Approximately
4% (2 of 70 incidents) of the transfusion-related fatalities
reported to the Food and Drug Administration (FDA) during
1976 through 1978 were associated with bacteria in blood
components (64). This measure increased to approximately
11% (10 of 89 incidents) for the period spanning 1986 to 1988
(64, 118). In the same period, on the order of 60 million units
of blood components were transfused (132). Therefore, on
average, there was roughly 1 death per 6 million transfused
units which was attributed to sepsis.
The frequency of nonfatal outcomes of transfusion-related

sepsis is not well characterized. However, these events are
likely to greatly outnumber fatal outcomes. Transient fever
during or following transfusion, or febrile transfusion reac-
tions, is not uncommon and may occasionally be caused by
blood components that contain bacteria. However, the major-
ity of cases are attributed to the patient's immune response to
transfused leukocytes. Morrow and coworkers found that
bacterial contamination that was associated with febrile trans-
fusion reactions occurred once in approximately 1,700 "pools"
of random donor platelets transfused, representing 10,219
individual units (a therapeutic dose of platelets is generally
a pool consisting of six to ten individual platelet concentrates)
or once in 19,519 single-donor platelets transfused (90).
Single-donor platelets are obtained by a process called aphere-
sis in which donor whole blood is collected, anticoagu-
lated, and separated by a sophisticated centrifuge into cellular
blood components and plasma. The unwanted cells (in this
case, erythrocytes and many leukocytes) and plasma are rein-
fused to the donor. One unit of apheresis platelets is thera-
peutically equivalent to a pool of random donor platelets but
is prepared from one collection from a single donor. To
be regarded as transfusion associated in the Morrow study,
the organism found in a blood culture from the febrile pa-
tient had to be the same species and have the same antibio-
tic susceptibility as the organism isolated from the implicated
pool of platelets. Similar frequencies of bacterial contamina-
tion in platelet concentrates that were associated with febrile
transfusion reactions were reported by Barrett and coworkers
(10).
Numerous other studies have used culture methods to

measure the frequency of bacteria present in blood compo-
nents. Of the three measures, this one varies the most widely;
it is susceptible to errors in aseptic technique, and the obser-
vation cannot be confirmed by comparing bacterial strains
isolated from the blood component and that of the patient.
Most often, these studies have focused on bacterial contami-
nation of random donor platelet concentrates, with positive
cultures ranging from 0 to 10% (6, 7, 22, 23, 31, 48, 72, 125,
154) and apheresis platelets ranging from 0 to 5% (2, 29,
83, 133). In over 75% of "contaminated" platelet concen-
trates, fewer than 10 organisms per ml were detected (6, 22,
31). For frozen, thawed, and deglycerolized erythrocytes, pos-
itive cultures ranged from 0 to 0.2% (105, 110). Differences
reported in these studies may be due to breaches in aseptic
technique, the number of components sampled and their age
and storage conditions, and the sample volume and culturing
conditions.

ERYTHROCYT7ES AND WHOLE BLOOD

Reported Episodes of Transfusion-Associated Sepsis and the
Implicated Organisms

Although a number of organisms have poor viability in
whole blood or exhibit a growth lag, some strains do not.
Interpolated data from values presented by Hogman and
coworkers suggest that Staphylococcus aureus and Pseudomo-
nas aeruginosa can undergo 1 to 2 doublings in whole blood
held for 8 h at room temperature (62). Currently, erythrocytes
can be prepared from whole blood that is held at room
temperature for up to 8 h after collection or from chilled (1 to
6°C) whole blood units stored for up to 3 days. After prepa-
ration, these erythrocytes are stored at 1 to 6°C for up to 42
days. Not surprisingly, these conditions select for the growth of
psychrophilic bacteria. The implicated organisms in recent
episodes of sepsis resulting from erythrocyte transfusions are
given in Table 1, and their frequency of occurrence is shown in
Fig. 1. Based on all of the data compiled from reports
presented in Table 1, roughly three-fourths of all occurrences
involved Yersinia enterocolitica and Pseudomonas fluorescens.
About one-half of all events resulting from transfused eryth-
rocytes involved Y enterocolitica alone. However, other psy-
chrophilic organisms, such as Pseudomonas putida and Campy-
lobacterjejuni, have also been implicated (128). All incidents of
sepsis, with the exception of Treponema pallidum and one case
of Y enterocolitica, occurred from transfusion of erythrocytes
stored for more than 14 days; most cases occurred after 25
days.

Y. enterocolitica

Individuals infected with Y enterocolitica are typically
asymptomatic at the time of blood donation (1, 142). In one
study, approximately two-thirds of donors implicated in Yer-
sinia transmission later recalled gastrointestinal illness prior to
donation (32, 152); most of these individuals reported mild or
moderate rather than severe diarrhea (73) that occurred 8 to
30 days prior to donation (142). Tipple and coworkers dem-
onstrated that one infected donor, who was seronegative at the
time of donation, had detectable Y enterocolitica-specific an-
tibody 52 days postdonation (142). This information and
the timing of diarrhea symptoms relative to the date of
donation suggest that infected donors develop Y enterocolitica-
specific antibody several weeks after donating the contami-
nated unit.

Several serotypes of Y enterocolitica have been observed in
septic recipients. In the United States, most recent episodes of
transfusion-acquired Y enterocolitica sepsis have been caused
by the 0:3 serotype (142). However, sepsis has also been
documented with the 0:1,2,3 (142), 0:5,27 (152), 0:8 (142),
0:9 (1), and 0:20 (142) serotypes.

Initially, the majority of the reported incidents led to death.
The frequency of fatalities caused by Y enterocolitica in
erythrocyte transfusions has declined recently (73), perhaps
because of increased awareness of the potential for sepsis from
contaminated erythrocyte units.

In vitro growth in erythrocytes. Several workers have de-
scribed the growth of Y enterocolitica in stored units of
erythrocytes deliberately inoculated with the organism shortly
after component preparation (5, 127). After a lag time of 7 to
14 days, the organism grew in refrigerated erythrocytes with
an 18- to 20-h doubling time and reached a level of 109
at stationary phase within 38 days (5). There was a rapid
increase in endotoxin production between 21 and 34 days,
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TABLE 1. Reported episodes of clinical sepsis from bacterial contamination of erythrocyte productsa

Positive Positive Time from Source ofPolle culture from No. of blood collection Soref
Organism culture from dut. . contamina- Reference

patient (no.) donation deaths to transfusion tion(no.) (days) to

Yersinia enterocolitica 1 2 1 21-30 NS Stenhouse and Milner (127)
1 1
1 0
1 1
1 1
1 1
1 1
0 1
1 1
5c 7

1 1
1 1
NS 1
1 1
1 Autologous
0 1
2 2

Pseudomonas fluorescens

Psychrophilic pseudomonads

Treponema pallidum

Pseudomonas putida

Pseudomonas putida, nonhe-
molytic streptococci

NS
29
21
21
31
NS
7

26
26-40
16
28
NS
NS
41
26
NS

16-19
NS
23
18
NS
32
28
NS

NS
Donor
Donorb
NS
NS
NS
Donor
Donorb
Donord
Donor
Donor
Donor"
Donor
Donor
Donor
Donor

NS
NS
NS
NS
NS
NS
NS
NS

NS NS

Schmitt et al. (120)
Bjune et al. (13)
Wright et al. (155)
Galloway and Jones (45)
Bufill and Ritch (24)
Janot et al. (66)
Jacobs et al. (65)
Mollaret (87)
Tipple et al. (142)
Bruining and deWilde-Beekhuizen (19)
Collins et al. (28)
Elrick (39)
Munro and Lye (92)
Richards et al. (113)
Stubbs et al. (131)
Wilkinson et al. (151)

Khabbaz et al. (75)
Tabor and Gerety (134)
Phillips et al. (106)
Gibaud et al. (47)
Murray et al. (94)
Scott et al. (121)
Foreman et al. (44)
Morduchowicz et al. (88)

Honig and Bove (64)

<1 Donort Soendjojo et al. (126)
<1 Donore Risseeuw-Appel and Kothe (114)

NS NS Tabor and Gerety (134)

NS NS ?Anesthesia Taylor et al. (138)

Flavobacterium sp.

Campylobacter jejuni

Enterobacter cloacae

Diphtheroids

Escherichia coli and other
strains

Serratia liquifaciens

0 2

1 0

1 1

NS 1

1 1

1 1
1 lg

NS NS NS

1

1

1

0

Thuillier and Gandrille (141)

NS Donorb Pepersack et al. (104)

NS NS

NS NS

NS NS

20 NS
26 NS

Bettigole et al. (12)

Morduchowicz et al. (88)

Morduchowicz et al. (88)

Wolf et al. (153)
Jeppsson et al. (68)

This table was updated from reference 49 with permission of the publisher. NS, not stated or undetermined.
High-specific antibody titer postdonation.

c One case previously reported (12).
d Positive test result: Venereal Disease Research Laboratory (VDRL) and fluorescent treponemal antibody, postdonation.
e Positive test result: VDRL postdonation.
f Positive VDRL and fluorescent treponemal antibody.
g Whole blood.

and maximum levels ("315 ng/ml) were reached between 28
and 34 days. The lag time for growth (3 to 9 days) and
endotoxin production (6 to 9 days) in another study by Kim
and coworkers was shorter and may reflect how different
conditions (initial inoculum levels, anticoagulant, and erythro-
cyte additive solutions) impact Y enterocolitica growth in vitro
(77). These data collectively suggest the important role of

erythrocyte storage in Y enterocolitica septicemia. The signif-
icance of erythrocyte storage on Y. enterocolitica sepsis was also
exemplified when a patient showed signs of severe transfusion
reaction (confusion, cyanosis, respiratory distress, and severe

shaking chills) after receiving 100 ml of his own blood (41-day
autologous erythrocytes) (113). Blood culture of patient and
erythrocyte samples showed that both harbored the same
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0

1
1
0
0
1
1

2
0
1
0

1
0

2 3
0 2
0 1

1
2 2
1 1
0 1
1 1

0 1

1 0
if 0

0 1

1 1

0
0
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WPsePseudomonas putida 4.1%
Treponema pallidum 4.1%

FIG. 1. Bacterial species associated with sepsis from erythrocyte
transfusions. Data are derived from cases described in the references
listed in Table 1. The case of Serratia liquefaciens septicemia from
transfusion of a whole blood unit (68) was not included.

strain of Y enterocolitica (bacterial count in erythrocyte unit,
108 CFU/ml).

Virulence. Under appropriate environmental conditions,
Yersinia spp. may display a virulence phenotype, and virulence
may play a role in the establishment and nature of an infection.
The factors that regulate the expression of virulence are not
well understood, although virulence is known to be expressed
at 37°C (but not at 22°C) and is inhibited by high calcium
concentrations (71, 84, 103, 108). It is important to note that
the citrate-based anticoagulants present in most primary col-
lection containers reduce the effective calcium concentration
by chelation. After infection, the organism invades host intes-
tinal mucosal cells (108) and can evade host defenses in blood
by expressing several plasmid-encoded virulence genes that
result in resistance to serum inactivation and phagocytosis
(8, 81, 82, 103, 139). In studies involving intradermal
inoculation of Y enterocolitica into the backs of rabbits,
plasmidless strains, which can be easily isolated from viru-
lent strains during routine culture (58, 108), were found in
neutrophils and mononuclear cells 12 h after inoculation,
while plasmid-bearing strains were localized extracellularly
(81).

Leukodepletion filters. Several research groups have re-
cently reported that the proliferation of Y. enterocolitica in
deliberately inoculated blood may be prevented or inhibited by
prestorage leukofiltration (21, 63, 77, 149) and, to a much
lesser extent, buffy coat depletion (50, 107) of erythrocytes.
The mechanism by which filters remove leukocytes is not well
understood. However, evidence suggests that leukocyte re-
moval occurs mainly by nonspecific affinity to nonwoven fiber
substrates (100). Some nonfibrous but porous materials (not in
clinical use) have the ability to remove leukocytes by sieving
effects (80). Theoretically, bacteria may be filtered from blood
components by two mechanisms. Organisms may be directly
removed by attachment to the filter substrate, or they may be
indirectly removed by interacting with leukocytes, which, in
turn, are removed by the filter. For example, Wagner and
coworkers have demonstrated direct removal of approximately
1 loglo of Y enterocolitica (serotype 0:8) from saline or

leukodepleted erythrocyte suspensions by leukocyte reduction
filters (147). Similar results have been reported by AuBuchon
and Pickard (7). Alternatively, bacteria can be indirectly
removed by phagocytic cells. Although some bacteria can bind
to these cells without additional modification, other organisms,
such as encapsulated strains of Escherichia coli, S. aureus,

pneumococci, and Haemophilus influenzae, require opsoniza-
tion by antibody and complement prior to binding and phago-
cytosis (129). Other conditions that influence the extent of
phagocytosis include the type of phagocytic cells present in the

blood component, the component storage temperature (bind-
ing, opsonization, and phagocytosis are reduced at 4°C), and
the duration of room temperature storage prior to filtration
(55).

It is not known whether virulence plays a role in the
localization of Y enterocolitica in blood of asymptomatic
donors. However, if it does, then some in vitro spiking exper-
iments involving leukodepletion may not reflect outcomes that
would be obtained with naturally infected blood (24, 115,
147). The absence of measurable yersiniae in these studies
may have been influenced by the localization of the organ-
ism. If the organism were avirulent, extracellular organisms
would be extensively killed by bacteriocidal factors in
plasma, and any intracellular organisms that remained
would be directly removed by leukocyte depletion. On the
other hand, virulent organisms, which should be resistant to
the bacteriocidal effects of plasma and localized extracellu-
larly, may not be adequately removed by the leukodepletion
filter.

PLATELET CONCENTRATES

Reported Episodes of Transfusion-Associated Sepsis and the
Implicated Organisms

In the United States, platelet concentrates and apheresis
platelets are stored in oxygen-permeable containers with agi-
tation at 20 to 24°C for up to 5 days. These conditions tend to
favor the growth of aerobic bacteria capable of rapid growth
rates at room temperature. Table 2 lists organisms recovered
from platelet products that have been associated with septic
episodes. Figure 2 shows their frequency of occurrence. The
highest percentage of episodes involves coagulase-negative
staphylococci or Staphylococcus epidermidis. It is also interest-
ing to note that sepsis from diphtheroids rarely occurs, even
though this group represents the second most frequently
observed type of organism isolated from platelets after S.
epidermidis (49). Other implicated organisms include S. aureus,
Enterobacter cloacae, E. coli, and Pseudomonas and Bacillus
species. There appears to be a much greater diversity of
organisms associated with sepsis from platelets than with sepsis
from erythrocytes (Tables 1 and 2).

Similar to the experience with sepsis from contaminated
erythrocyte units, most episodes of sepsis arising from contam-
inated platelets occur with units late in the storage period (4 or
5 days; Table 2), when high titers of organisms are potentially
present. In fact, concerns over elevated frequencies of bacterial
sepsis after transfusion of older units and in vitro demonstra-
tions of the potential for rapid microbial growth in platelet
concentrates led the FDA in 1985 to reverse their 1983
decision to extend the storage time of platelet concentrates
from 5 to 7 days (36).

Random Platelet Pools Versus Single-Donor Platelets

In the United States, both apheresis and pooled random
donor platelets are transfused to recipients. Six to ten random
donor platelet concentrates, constituting a therapeutic dose,
are pooled up to 4 h prior to transfusion. Sepsis can occur if
any one of the individual units is contaminated with high levels
of bacteria. In contrast to random donor platelets, apheresis
products are not pooled and can provide one or even two
therapeutic doses.
Morrow and coworkers observed that the rate of sepsis

caused by pooled random donor units was approximately 12
times that for apheresis products (90). Similar results were

Pseudomonas fluorescens:

Other species 14.3%
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TABLE 2. Reported episodes of clinical sepsis from bacterial contamination of platelet products'

Positive Positive Time from Source of
Organism culture from culture from No. of blood collection contami- Reference

patient (no.) donation deaths to transfusion nation(no.) (days)

Staphylococcus epidermidis

Coagulase-negative staphylococci

Gram-positive cocci

Staphylococcus aureus

1

NS
1
2

4
1

0

1
1

0 0
1 1
1 NS
1 0
2 1

3 0
3 0

1 1

1 1
1 1
1 0

5-7 NS Braine et al. (16)
3 NS Barrett et al. (10)

NS NS Halpin et al. (54)
5 NS Muder et al. (91)
1 NS Buchholz et al. (22)

3-4 Skin Anderson et al. (4)
5 NS Morrow et al. (90)

NS NS Honig and Bove (64)

3 Donore
5 NS
6 NS

Goldman and Blajchman (49)
Morrow et al. (90)
Heal et al. (56)

Serratia marcescens 1
3

Streptococci, viridans group

Bacillus cereus

NS
0

NS
0

Flavobacterium sp. 1
NS

1 1
2 1
1 0

0 0
1 0

NS NS Buchholz et al. (22)
1-3 Tube Blajchman et al. (15)
NS NS Van Lierde et al. (144)

5-6 NS Braine et al. (16)
1 NS Morrow et al. (90)

2 NS NS NS Halpin et al. (54)
1 1 NS NS Morduchowicz et al. (88)

1 0
0 0

2 NS Buchholz et al. (22)
5-6 NS Braine et al. (16)

Treponema pallidum

Enterobacter cloacae

1

2

Salmonella cholerae-suis 7

Escherichia coli 1

Salmonella heidelberg

Group A beta-hemolytic streptococci

Pseudomonas aeruginosa

Streptococcus pneumoniae

1

0 0

2 0

3 2

1 0

1 1

0
0

NS

0

1 0
1 0

NS Donor Chambers et al. (26)

2 NS Buchholz et al. (23)

<1 Donor Rhame et al. (112)

3 NS Arnow et al. (6)

5 Donor Heal et al. (56)

NS Donorb Douglas et al. (38)
2 NS Morrow et al. (90)

1 NS NS NS Halpin et al. (54)

1 0 5 NS Morrow et al. (90)

" This table was updated from reference 49 with permission of the publisher.
* Source of contamination not established definitely.

reported by Barrett and coworkers (10). On the surface, these
data might suggest that the 10- to 12-fold difference in sepsis
rates between the two platelet products was due to a recipient's
6- to 10-fold-greater donor exposure from pooled products.
However, there is another confounding factor that probably
contributes to this difference: the average storage time of
apheresis platelets is often less than that for random donor
platelets. On the basis of the data of Morrow et al., longer
platelet storage times are correlated with higher rates of sepsis
(also see Table 2). In the Morrow study, the mean storage time
for apheresis platelets was 1.48 days compared with 3.76 days
for random donor platelets. Although the storage times of
culture-positive apheresis and random donor platelets are
similar in the Barrett study, the authors unfortunately do not

Salmonella choleraesuis 13.5%
staphylococcus epidermidis 25%

Serratia marcescens 9.6%

Staphylococcus aureus 5.8% ........

Bacillus cereus 5.8%

Streptococcus, viridans group 3.8% Other species 36.5%

FIG. 2. Bacterial species associated with sepsis from platelet trans-
fusions. Data are derived from all cases described in the references
listed in Table 2. Coagulase-negative staphylococci were included with
S. epidermidis.

CLIN. MICROBIOL. REV.



TRANSFUSION-ASSOCIATED BACTERIAL SEPSIS 295

report their overall mean storage time of apheresis compared
with random donor platelets (10).

Bacterial Growth in Deliberately Inoculated Platelet
Concentrates

Several studies have demonstrated the ability of organisms
to proliferate in inoculated platelet concentrates during rou-
tine storage at 20 to 24°C (16, 57, 69, 70, 96, 109). Bacterial
strains differ in their lag phase and growth characteristics. For
example, in one study by Punsalang and coworkers, S. aureus
and Klebsiella pneumoniae exhibited a 2-day lag before expo-
nential growth. Other organisms, such as Enterococcusfaecalis,
showed no growth lag. Growth rates can be rapid, with
doubling times of 3 h or less; stationary-phase levels of 108 to
109 CFU/ml can be reached in 3 to 5 days (109). Care needs to
be exercised, however, in interpreting these growth curves,
because the conditions used to culture microorganisms before
inoculation can profoundly affect the lag-phase duration. Nev-
ertheless, data from these studies have clearly established the
potential for rapid growth of numerous bacterial species
during storage of platelet concentrates.

Leukocyte Filtration

Unfortunately, the efficacy of leukocyte filtration for re-
moval of bacteria is unclear. Buchholz and coworkers reported
that leukodepletion (using a PL10-A filter [Asahi, Tokyo,
Japan]) reduced the levels of some organisms but not others
(platelet concentrates were prepared from inoculated whole
blood) (20). Sherburne and colleagues failed to observe differ-
ences between the titers of S. aureus in control and leukode-
pleted (using a Pall PL-50 filter [Pall Biomedical, Glen Cove,
N.Y.]) platelet concentrates (prepared from inoculated plate-
let-rich plasma that was subsequently leukodepleted) (124).
Brecher and colleagues and Wenz and coworkers also failed to
observe reduction in bacterial levels following leukodepletion
of contaminated platelet concentrates (18, 150).
One experiment involving filtration and bacterial growth has

been carried out with buffy coats (the interface layer between
erythrocytes and plasma following centrifugation of whole
blood) (62). Buffy coats are currently being used in some
European blood centers as an alternative way to prepare
platelet concentrates. Hogman and coworkers reported that
buffy coats that were leukodepleted before inoculation with S.
epidermidis, S. aureus, E. coli, P. aeruginosa, and Propionibac-
terium sp. had higher titers during storage than unfiltered buffy
coats (62).
These studies, with their differing outcomes and methodol-

ogies, point to the complexities in evaluating the use of
leukocyte depletion filters for bacterial removal. For example,
experimental results of bacterial levels in leukodepleted plate-
lets may be strongly influenced by whether filtration was
performed before or after inoculation.

PLASMA

Plasma can be prepared from whole blood or collected by
apheresis and is usually frozen as soon as possible thereafter;
subsequent storage is at 18°C or below. If plasma is used for
transfusion, it is thawed in a water bath (using a plastic
overwrap) or microwave instrument and transfused immedi-
ately or stored between 1 and 6°C for up to 24 h before
transfusion. These conditions do not tend to favor bacterial
survival or growth. There are, however, two reported cases of
septicemia arising from transfusion of plasma. One was attrib-

uted to contamination of the water bath used for thawing (25);
the other was reported to involve Serratia marcescens (40).

SOURCES OF CONTAMINATION

In most cases of sepsis from transfusion, the source of the
contamination is not easy to identify. However, insight can be
gained about the probable routes of transmission by consider-
ing the species of organism isolated as well as by reviewing the
few cases in which the source may be inferred. Potential
sources include intrinsic contamination or contamination of
the phlebotomy site, donor bacteremia, contamination of
blood containers or needles, and contamination of processing
equipment.

Donation

Health questions. As part of the donation process, prospec-
tive donors are required to answer health questions which
include how well they are feeling, whether they have had cold,
flu, or sore throat symptoms, and whether they have recently
taken medications. Other questions are designed to evaluate
individuals whose travel or behavior increases their risk of
parasitic or viral disease. Another question inquires whether
the prospective donor has had dental work recently in order to
temporarily defer donors who may have transient bacteremia
from this source.

Preparation of phlebotomy site. Prior to blood collection or
apheresis, the donor's arms are inspected for evidence of
intravenous drug use or the presence of skin diseases. Several
cleaning agents are acceptable to prepare an arm for venipunc-
ture, including iodine tincture, iodine polyvinylpyrrolidone
(PVP-I), or green soap followed by acetone-alcohol. The
cleansing agent is used to scrub the phlebotomy site. Depend-
ing on the procedure used, the scrub is removed and/or a
second cleansing agent is used (148). Care is taken not to touch
the cleansed phlebotomy site prior to needle insertion.

Contamination of the phlebotomy site has been implicated
by many investigators as the source of transfusion-associated
sepsis involving common skin bacteria, such as Staphylococcus
species. In one study by Anderson and coworkers, four positive
blood cultures of a coagulase-negative Staphylococcus species
out of 17 plateletpheresis donations by one donor were
obtained when blood was drawn from a heavily used, "dim-
pled" site of the antecubital fossa, despite careful iodophor
cleansing (4). Transfusion of these units resulted in two cases
of sepsis. Phlebotomy from the nondimpled left antecubital
fossa repeatedly yielded negative cultures. Similar results were
obtained in four additional veteran apheresis donors with
dimpled phlebotomy sites on one arm. Results from this study,
with the use of an autocontrol from the undimpled arm,
suggest that scarring at the phlebotomy site may provide an
environment where skin bacteria can grow and are protected
from disinfectants. In addition to skin bacteria, soil bacteria
(most notably, P. fluorescens) have been isolated from skin
prior to disinfection (128) and have also been implicated in a
significant fraction of sepsis occurrences linked to contami-
nated erythrocytes. Other environmental soil organisms, such
as P. putida, have also been implicated in transfusion-transmit-
ted sepsis.
A number of alternative cleansing or disinfection solutions

or procedures are used in other countries. A survey of these
methods along with their respective bacterial contamination
rates of platelet components is given in Table 3. No one
procedure appears to be consistently better than another.
More information about how disinfection procedures impact
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TABLE 3. Comparison of effectiveness of skin preparation methods

No. of Platelet contamination

Method platelet rate (% culturecomponents positive of tested
tested component)

Ethanol + chlorhexidine 650 0
Ethanol + ethanol 1,040 0
Ethanola 500 0-0.2
PVP-I + PVP-I 9,000 0.05
Quaternary ammonium 10,000 0.05-0.13

saltsb
PVP-I 2,000 0.17-0.89
PVP-IC 1,500 0.95
Ethanol or PVP_Id 560 1.2

" Administered one or more times.
b Administered three times.
C Open system.
d One blood center in this country uses PVP-I; the remaining use ethanol.

blood contamination rates has been obtained from microbio-
logical analysis of blood specimens collected for clinical testing
(for example, at hospital emergency rooms) rather than for
blood collected for transfusion. Some investigators take the
position that blood cultures are rarely contaminated by bacte-
ria that originate from the skin (122). Others believe that
bacteria from the skin are responsible for many contamination
events and that some disinfectants are superior to others (11).
For example, in a double-blind study by Strand and coworkers,
tincture of iodine was reported to be superior to PVP-I for
disinfecting the phlebotomy site (130). These authors attrib-
uted the decreased blood contamination rate to faster disin-
fection with tincture of iodine (3.7% for iodine tincture versus
6.3% for PVP-I). Schifman and Pindur found that PVP-I
followed by a 70% isopropyl alcohol-10% acetone scrub led to
fewer contaminated blood cultures (2.2% versus 4.6%) than
PVP-I followed by a 70% isopropyl alcohol scrub (119). Since
there is little overlap in these studies of disinfectants used or
microbiologic measurement techniques, a comprehensive eval-
uation of numerous skin disinfectants by a standard method-
ology could provide important information on whether there is
an optimal technique for phlebotomy site preparation. Finally,
the process of arm preparation would be better understood if
quantitative distinctions could be made about the rate, extent,
and duration of disinfection.

Donor Bacteremia

Several organisms have been linked to bacteremia in asymp-
tomatic donors, e.g., Y enterocolitica (1, 142) and Salmonella
species (56), which can invade the intestinal mucosa and
become blood borne (30, 56). Asymptomatic individuals can
either exhibit no prior symptoms or harbor low-level blood
infections for several weeks after symptoms of gastroenteritis
have subsided (1, 142). In a somewhat unusual case, an
outbreak of transfusion-acquired Salmonella cholerae-suis sep-
ticemia was traced to a plasmapheresis donor who, unknow-
ingly, had Salmonella osteomyelitis of the tibia with low-grade
bacteremia (112).

Other infections may infrequently cause transfusion-trans-
mitted sepsis. Syphilis has been reported to occur after trans-
fusion of fresh blood components even though the donor's
serological tests were nonreactive (26, 114, 126). Fortunately,
the spirochete reportedly does not survive refrigerated storage
(49). Components that are contaminated with Serratia liquefa-
ciens (68, 153) or viridans group streptococci (16) may re-

present extremely rare instances of blood-borne bacterial
transmission caused by dental procedures (49). However,
bacteremias from dental work are not of long duration (typi-
cally 30 min) (51), and individuals who have undergone recent
dental procedures are excluded from donating. Despite the
observation that Borrelia burgdorferi, the agent of Lyme dis-
ease, can survive in components during refrigerated and room
temperature storage (9) and that the incidence of Lyme
disease in some areas has increased by 163% since 1977 (9),
there has been no documented case of transmission of the
organism by transfusion.

Blood Containers
Although rarely observed since the change to closed, sterile,

plastic blood collection container systems, contamination from
inadequately sterilized blood container sets or set overwraps
does occur. Two related outbreaks of sepsis have been docu-
mented: both involved Serratia marcescens. One case occurred
in Denmark, where investigators demonstrated that clinical
isolates from three septic patients, from the implicated blood
units (all units were collected using blood containers from a
single manufactured lot), and from samples obtained from the
blood container manufacturing plant were a single ribotype
(59). In a survey of 1,515 blood components in Denmark,
Serratia marcescens was isolated from 11 (0.73%) of the units.
The same lot of containers was implicated in transfusion-
acquired Serratia marcescens septicemia in Sweden (61). Inves-
tigators suspect that the source of contamination may have
been external to the container sets (59).
Another episode of Serratia marcescens contamination oc-

curred in Canada and involved blood sample vacuum tubes
(15). This incident, presumably caused by backflow of blood
from the contaminated vacuum tubes to the primary collection
bag (from where the samples were being taken), resulted in
three cases of sepsis. Subsequent investigation revealed that
82% of the same lot of tubes from a single manufacturer was
contaminated, while no organisms were found in six other lots.

Processing Equipment
Several reports caution readers about bacterial contamina-

tion in water baths (17, 25, 89, 112). In one, Pseudomonas
cepacia was isolated from two units of thawed, cryoprecipitate
(a plasma by-product) and one unit of frozen, thawed, and
deglycerolized erythrocytes (112). Subsequent investigation
revealed the use of the same water bath for thawing. Even
though it was disinfected with povidone-iodine and refilled
with fresh deionized water daily, quantitative cultures of the
bath yielded a P. cepacia titer of 1.8 x 106 CFU/ml. In the
other occurrence, a patient became septic after receiving a
thawed unit of plasma (25). Culture of the patient's blood and
the water in the bath revealed contamination with P. aerugi-
nosa pyocin type 1C. These episodes emphasize the need to
keep blood containers dry by using plastic overwraps or to use
dry procedures for thawing.

CURRENT RECOMMENDATIONS FOR INVESTIGATING
SUSPECTED CASES OF TRANSFUSION-ASSOCIATED

SEPSIS

When a patient develops clinical signs compatible with
receipt of a contaminated component, the Technical Manual of
the American Association of Blood Banks (148) recommends
that the transfusion be immediately stopped and the compo-
nent be inspected for visible signs of clots, hemolysis, or
abnormal color. A Gram stain of material from the suspected
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unit should be performed as well. Finally, the patient's blood,
the suspected component, and all intravenous solutions admin-
istered should be cultured under aerobic and anaerobic con-
ditions at refrigerator, room, and body temperatures (148).
Many investigators confirm that sepsis is associated with

transfusion by typing the organisms isolated from the patient
and from the residue in the containers that were transfused
(Tables 1 and 2). Testing has also included antibiotic suscep-
tibility tests (90). Identity of strains has also been demon-
strated by DNA restriction analysis (91) and other molecular
techniques (123).

INTERVENTIONS

Additional Donor Questions

Following the reports of Y enterocolitica outbreaks in 1988
and 1990 (32, 152), several investigators considered whether
donor screening questions relating to recent gastrointestinal
illness might be effective. Grossman and colleagues reported
that 0.6% of donors gave an affirmative answer to the question,
"Have you had two or more unusual episodes of diarrhea with
fever or unusually severe abdominal pain within the last 4
weeks"? Four percent of all donors responded positively to the
question, "Have you had any diarrhea in the last month?" (53).
Since the majority of asymptomatic Yersinia donors reported
mild or moderate symptoms of diarrhea, the second question
would appear to screen out more potentially infectious indi-
viduals. In an unpublished study by the Centers for Disease
Control, 9.7% of 6,000 donors reported general symptoms of
gastrointestinal illness 30 days prior to donation (73). These
results suggest that questions of this nature may screen out an
unacceptable number of healthy donors. Furthermore, one-
third of donors who transmitted Y enterocolitica did not
observe gastrointestinal symptoms (73, 142).

Altered Erythrocyte Properties of Contaminated Units

Several erythrocyte properties appear to be altered in bac-
terially contaminated components. Hemolysis in erythrocyte
units with high levels of Y enterocolitica was found by Kim and
colleagues to be five times that of uncontaminated, paired
controls (78). In addition, Kim and coworkers noted that
heavily contaminated erythrocyte units often appear much
darker than normal (76). This darker color can be discerned by
comparing the color of the container to that of attached tubing,
which is sealed at the time of component preparation. The
color change during growth of psychrophilic bacteria first
appears in units with titers exceeding 4 x 108 CFU/ml (147).
Heavily contaminated erythrocytes that display this darkened
appearance also have low oxygen tension (<5 torr [1 torr -

133 Pa]) compared with uncontaminated components (>50
torr) (76). Similar observations have been made by Wenz and
colleagues (149). Presumably, this phenomenon is caused by
competition of bacteria and erythrocytes for oxygen and is
responsible for the darkening. The higher levels of methemo-
globin measured in contaminated units (two- to fourfold over
uncontaminated controls) may partially contribute to this color
change as well (149). Color alterations have also been observed
in heavily contaminated units containing Enterobacter agglom-
erans and an unidentified gram-negative bacillus (76). Other,
more subtle changes may also appear. For example, extracel-
lular erythrocyte pH declines by 0.13 to 0.18 unit when Y
enterocolitica reaches titers exceeding 4 x 108 (145).

Altered Platelet Properties of Contaminated Units

Myhre and coworkers reported that bacterial contamination
of platelet concentrates can result in significant declines in
extracellular pH beyond the values that are typically observed
(95). As expected, S. epidermidis, S. aureus, Bacillus cereus, E.
coli, and other organisms that produce acid as a by-product of
glycolysis significantly lowered extracellular pH by day 3 of
storage. Similar results with S. epidermidis have been recently
obtained by Brecher and colleagues, who also demonstrated
that differences between the control and contaminated plate-
lets were evident when titers reached a level of 3 x 106
CFU/ml (18).
A number of organisms did not alter extracellular pH

beyond the normal 6.0 to 7.4 range in the Myhre study.
Acinetobacter lwoffii, which does not readily form acids, cannot
directly alter platelet pH. Other organisms, such as Klebsiella
spp., Bacillus subtilis, and Proteus mirabilis, did not cause
significant declines in platelet extracellular pH because the
organisms can metabolize the citrate (present as anticoagu-
lant) and lessen the impact of acidification. Therefore, acidi-
fication of the medium by bacterial proliferation is not univer-
sal, and dangerously high titers may be reached before pH
declines beyond normal levels.
Another indicator of bacterial contamination of platelet

concentrates is the cessation of platelet "streaming" or "swirl-
ing." Platelet swirling is the consequence of changes in mac-
roscopic light refraction that are observed when platelets are
oriented by their normal discoid shape during liquid flow.
Myhre and coworkers found that cessation of swirling was
closely correlated with declines in pH observed in contami-
nated components (95). Like pH, dangerously high levels of
bacteria can be present in platelet products without noticeable
changes (95).

Reduction of Erythrocyte and Platelet Storage Times

Because bacterial strains often proliferate in blood compo-
nents during storage, some consideration has been given to
shortening storage times in the hope of reducing transfusion-
associated sepsis. In 1986, concern about several sepsis-related
fatalities and a study (16) that documented the rapid prolifer-
ation of bacteria following intentional inoculation of platelet
concentrates prompted the FDA to reduce the storage time of
platelets from 7 to 5 days (36). Similar concerns about several
cases of Y enterocolitica septicemia and fatalities resulting
from the transfusion of erythrocyte components led the FDA
to consider but not approve a reduction of erythrocyte storage
time in 1991 (98, 117). Reasons for this decision included the
infrequent incidence of transfusion-related Y enterocolitica
septicemia, the observation that some contaminated units
whose transfusion resulted in sepsis were stored for less than 2
weeks at 1 to 6°C, and concerns that a reduction of erythrocyte
storage time would exacerbate shortages in the blood supply
that often occur during January and the summer months. Thus,
the benefits of a potential reduction in the incidence of sepsis
(resulting from a reduction in blood component storage time)
must always be weighed against the problems associated with
blood shortages.

Antibiotics
The inclusion of antibiotics in additive solutions or primary

containers has been considered an intervention to prevent
bacterial proliferation in stored blood (146). However, the
effectiveness of any antibiotic would be limited to the suscep-
tible strains; resistant strains would presumably continue to be
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a problem. Furthermore, the adverse consequences of any

particular antibiotic must be carefully considered. Individuals
can experience hypersensitivity reactions and other side effects
that occasionally lead to death from antibiotics. Even fairly
safe antibiotics like the aminoglycosides still produce an occa-

sional incident of rash, urticaria, febrile reaction, hypotension,
and anaphylactic shock (116). Therefore, before routine addi-
tion of antibiotics to blood components could be considered a

feasible intervention, the risk of serious adverse side effects
would have to be less than the risk of transfusion-related
sepsis.

Testing

Microscopy. The microscopic evaluation of Gram- or acri-
dine orange-stained blood smears has been considered a

bacterial screening test to be performed just before transfu-
sion. The limits of reproducibly detecting bacteria in blood
smears are approximately 105 to 106 CFU/ml with the Gram
stain (111) and 104 to 105 CFU/ml with acridine orange (85).
Barrett and coworkers followed the incidence of bacterial
contamination associated with transfusion reactions from
blood components over a 5-year period (10). There were 2,208
transfusion reactions from 51,278 transfusions of apheresis
platelets, platelet concentrates, erythrocytes, and plasma. Of
1,898 reactions evaluated, seven components gave positive
bacterial cultures. Gram staining was performed on residual
components from six of the seven components that gave
positive cultures; three of the six positive cultures were positive
by Gram stain. Only one of the seven patients who received
these contaminated products had any clinical sequelae. In this
recipient, the contaminated unit may have been a contributing
cause of death (10).

In additional studies, Gram staining was performed before
transfusion of 3,829 apheresis platelets. Although eight plate-
lets gave a positive Gram stain smear, only two were culture
positive. Barrett and coworkers concluded that culture and
Gram staining are poor screening techniques and suggested
that more sensitive and specific bacterial detection methods
are needed (10).

Culture methods. Instrumented blood culturing systems that
result in more rapid detection of bacteria than do traditional
manual broth or agar plate culturing techniques have been
introduced (2, 99, 140). Many of these systems rely on detect-
ing the increasing levels of CO2 released with bacterial prolif-
eration. However, these methods generally require 1 to 5 days
of incubation to ensure minimum false-negative rates. There-
fore, reliance on a negative result from these culturing systems
would effectively reduce the length of time available to trans-
fuse platelets from 5 to 3 days or less. Furthermore, since only
a small fraction of the blood component is cultured (less than
10 ml) and the samples must be taken at the time of blood
collection or component preparation, these methods may not
be effective in detecting bacteria in freshly drawn units in which
contamination levels may be less than one organism per
sample volume.

Nucleic acid hybridization. Several investigators have de-
scribed a novel application of a chemiluminescence-linked
rRNA gene probe system to detect bacterial contamination in

platelet concentrates (18, 27, 60, 74). Using a "universal"
hybridization probe that recognizes a sequence of rRNA
conserved among bacteria, the researchers can routinely detect
a number of relevant bacterial species in platelet concentrates
with levels greater than 104 CFU/ml. Similar results have been
obtained in erythrocytes (60, 74). Since results can be observed
on a luminometer within hours rather than days, this test could

potentially be performed just before transfusion. Therefore,
screened platelet products could be transfused anytime during
the storage period. Another advantage includes the potential
objectivity of the test, which is based on the quantitative
measurement of light. One area for improvement would be
automation and reduction of the time required to complete the
procedure for RNA extraction, hybridization, and hydrolysis.
Current manipulations require approximately 1 h from sample
procurement to test results.
PCR. A PCR-based assay for the detection of Y enteroco-

litica has been developed by several investigators (41, 42).
Using primers to detect sequences in the virF gene of the PYV
plasmid and the chromosomal ail gene, Feng and coworkers
were able to detect Y enterocolitica at a level of 5 x 103
CFU/ml from a 100-[L whole-blood sample. The authors
speculated that cell debris and protein, as well as prokaryotic
and eukaryotic nucleic acids, interfered with the specific hy-
bridization of primers and were responsible for reducing the
assay's sensitivity. The preparation of nucleic acid samples
from whole blood was also quite involved and employed
multiple centrifugation steps, protease treatment, and boiling
of samples. Also, the PCR thermocycling procedure took
approximately 3 h to complete 35 cycles. Improvement to
greatly simplify the procedure may be required before PCR-
based protocols could be routinely performed in already busy
hospital transfusion services. Other difficulties with PCR-based
procedures, such as extraneous contamination with the result-
ant detection of false-positive signals, would have to be ad-
dressed and overcome. Finally, detection would be limited to
one species of bacteria unless conserved sequences, like those
of rRNA, could be identified.

Properties of an "ideal" bacterial test for blood banking
application. The ideal test for bacteria in blood components
should be simple to perform, rapid enough to be carried out in
hospital transfusion services concurrently with compatibility
testing, and not prohibitively expensive. Preferably, the same
test could be used with erythrocytes, platelets, and plasma
products and would have an easy-to-interpret endpoint that
requires no (or very simple) instrumentation. The false-posi-
tive rate should be low and the false-negative rate should be as

close to zero as feasible (certainly less than the incidence of
sepsis). Tests should be capable of detecting all organisms at
levels that are below those that have been associated with
sepsis from transfusion.

OTHER ASPECTS: IMMUNOSUPPRESSIVE EFFECTS
OF TRANSFUSION

Transfusion of allogenic blood can have generalized immu-
nological effects on patients. An important early example of
the immunosuppressive effect of blood was reported by Opelz
et al., who found that (allogeneic) transfusion prior to kidney
transplant significantly reduced transplant rejection (101).
Later, investigators described the effects of transfusion of
allogeneic blood on cancer recurrence and bacterial infections
in recipients. Only a general outline of transfusion-related
immunosuppression and infection is given here. For compre-
hensive treatment, the reader is directed to several review
articles (46, 136, 143).
Numerous clinical studies have linked perioperative trans-

fusion and an increased incidence of postsurgical bacterial
infection (33, 34, 35, 43, 52, 67, 86, 93, 97, 102, 135, 137).
Eleven of 13 clinical studies, which have been conducted either
retrospectively or prospectively, suggest that transfusion is

significantly and independently related to an increased risk of
bacterial infection (67, 136). As expected, all 13 studies
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demonstrated that transfusion was associated with infection of
wounds, incisions, or burns. However, more significantly, 11 of
12 studies also established the association between transfusion
and the occurrence of infections distal to the site of injury,
suggesting a generalized rather than a specific response (136).
In a prospective clinical study by Jensen and colleagues, the
presence of donor leukocytes and platelets in transfused blood
was highly correlated with increased incidence of bacterial
infection of patients undergoing colorectal surgery (67). In
addition, patients who received whole blood had significantly
impaired natural killer cell function compared with untrans-
fused patients (67). Finally, in seven of eight studies, there was
a dose response between the number of components trans-
fused and the incidence of infection (136).

In the above studies, infection rates following transfusion
ranged from 8 to 57%. Therefore, infections that are a
consequence of immunosuppression from blood transfusion
appear to be much more common than sepsis caused by blood
components containing bacteria.

CONCLUSION

The frequency of patient sepsis attributable to transfusion of
bacterially contaminated blood components appears to be very
low but is similar to or less than that of transfusion-associated
hepatitis C virus infection, which is transmitted in approxi-
mately 1 of 2,000 to 6,000 tested units (79) and which is
frequently asymptomatic. It is significantly greater than that for
infection with the human immunodeficiency and hepatitis B
viruses, which are reported to transmit infections in I in
225,000 and 1 in 200,000 of all tested units, respectively (37).
Although it is not clear whether published data on assessment
of contamination levels by culture of routine components are
accurate, the data do imply that the risk could be significantly
greater than that measured by patient observation. In fact,
transient fever during or following transfusion is not uncommon,
but most cases are attributed to the patient's immune response to
transfused leukocytes. The true incidence and the range of
outcomes from bacterial contamination of blood products are
poorly characterized. Consequently, more information is needed.

Several potential interventions for reducing the incidence of
sepsis have been discussed. Careful attention to the process of
phlebotomy itself should reduce the frequency of contamina-
tion by environmental and skin surface organisms, although it
is evident that it may not be possible to sterilize organisms that
reside below the most superficial levels of the donor's skin. It
does not appear likely that effective donor health history
screening procedures can be developed to identify individuals
with low levels of bacteremia. Although not rigorously evalu-
ated, it appears that the risk/benefit ratio for the addition of
antibiotics to blood components may not be favorable. Further
reduction in the storage time of erythrocytes or platelets is
logistically difficult and could impact the availability of blood
components. The efficacy of leukodepletion filters for the
prevention of sepsis awaits further study. These and other
approaches were considered in public meetings of the Blood
Products Advisory Committee to the FDA. The FDA's con-
cluding assessments presented at that meeting were in general
accordance with these comments. They did, however, recom-
mended further efforts to educate hospital professionals to
recognize and respond promptly and appropriately to adverse
signs in recipients during transfusion.

Perhaps the most promising approach considered for the
reduction or prevention of transfusion -associated sepsis is the
use of tests to detect bacteria directly in blood components
shortly before their infusion. There is much potential for the

application of modern techniques in biotechnology to the
development of simple, accessible, and effective test proce-
dures for bacteria in blood.
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