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Bacterial Contamination of Blood Components:
Risks, Strategies, and Regulation

Joint ASH and AABB Educational Session
In Transfusion Medicine

Christopher D. Hillyer, Cassandra D. Josephson, Morris A. Blajchman, Jaroslav G. Vostal,

Jay S. Epstein, and Jesse L. Goodman*

Bacterial contamination of transfusion products,
especially platelets, is a longstanding problem that
has been partially controlled through modern
phlebotomy practices, refrigeration of red cells,
freezing of plasma and improved materials for
transfusion product collection and storage.
Bacterial contamination of platelet products has
been acknowledged as the most frequent infec-
tious risk from transfusion occurring in approxi-
mately 1 of 2,000-3,000 whole-blood derived,
random donor platelets, and apheresis-derived,
single donor platelets. In the US, bacterial con-
tamination is considered the second most com-
mon cause of death overall from transfusion (after
clerical errors) with mortality rates ranging from
1:20,000 to 1:85,000 donor exposures. Estimates
of severe morbidity and mortality range from 100
to 150 transfused individuals each year.

Concern over the magnitude and clinical
relevance of this issue culminated in an open
letter calling for the “blood collection community
to immediately initiate a program for detecting the
presence of bacteria in units of platelets.” Thereaf-
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ter, the American Association of Blood Banks
(AABB) proposed new standards to help mitigate
transfusion of units that were contaminated with
bacteria. Adopted with a final implementation date

of March 1, 2004, the AABB Standard reads“ The

blood bank or transfusion service shall have
methods to limit and detect bacterial contamina-
tion in all platelet components.”

This Joint ASH and AABB Educational Ses-
sion reviews the risks, testing strategies, and
regulatory approaches regarding bacterial con-
tamination of blood components to aid in prepar-
ing practitioners of hematology and transfusion
medicine in understanding the background and
clinical relevance of this clinically important issue
and in considering the approaches currently
available for its mitigation, as well as their imple-
mentation.

In this chapter, Drs. Hillyer and Josephson
review the background and significance of bacte-
rial contamination, as well as address the defini-
tions, conceptions and limitations of the terms
risk, safe and safety . They then describe current
transfusion risks including non-infectious serious
hazards of transfusion, and current and emerging
viral risks. In the body of the text, Dr. Blajchman
reviews the prevalence of bacterial contamination

Cassandra D. Josephson, MD, Emory University School of in cellular blood components in detail with current
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references to a variety of important studies. He
then describes the signs and symptoms of trans-

and Canadian Blood Services, Hamilton, Ontario, Canada fusion-associated sepsis and the sources of the
Jaroslav G. Vostal, MD, PhD, Center for Biologics Evaluatiobacterial contamination for cellular blood products

and Research, FDA

Jay S. Epstein, MD, Center for Biologics Evaluation and

Research, FDA

including donor bacteremia, and contamination
during whole blood collection and of the collection
pack. This is followed by strategies to decrease
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including improving donor skin disinfection, bacterial proliferation, and detection of bacteria in

removal of first aliquot of donor blood, pre- transfusion products. This is followed by a discus-
transfusion detection of bacteria, reducing recipi- sion of sampling strategy for detection of bacteria
ent exposure, and pathogen reduction/inactivation. in a transfusion product, as well as the current

In the final sections, Drs. Vostal, Epstein and approval process for bacterial detection devices,
Goodman describe the regulations and regulatory trials recommended under “actual clinical use”
approaches critical to the appropriate implementa- conditions, pathogen reduction technologies, and
tion of a bacterial contamination screening and bacterial detection and the extension of platelet
limitation program including their and/or the FDA’s storage.

input on prevention of bacterial contamination,

Bacterial contamination of transfusion products, espeentaminated with bacteria. Adopted with a final imple-
cially platelets, is a longstanding problem that has beementation date of March 1, 2004, AABB Standard
partially controlled through modern phlebotomy prac5.1.5.1. now reads:

tices, refrigeration of red cells, freezing of plasma, and 5 1 5 1Theblood bank or transfusion service shall
improved materials for transfusion product collection  have methods to limit and detect bacterial con-

and storage. Indeed, bacterial contamination of plate- tamination in all platelet components. Standard

let products has been acknowledged as the most fre- 56.2 applies. [Arm Prep]

quer?tinfectiousriskfrom transfusion occurring in ap- Thus, this Joint ASH and AABB Educational Session
proximately 1 of 2,000-3,000 whole-blood derived, "ANyas conceived to review the risks, testing strategies,
dom donqr platelets (hereafter RDP), and apheresgﬁd regulatory approaches regarding bacterial contami-
derived, single donor plat_elets (here_aftgr SBEQee . hation of blood components; to aid in preparing practi-
below). In the US, bacterial contamination is Cons'OGoners of hematology and transfusion medicine in un-
ered the secqnd most common cause OT death Oye'@élrstanding the background and clinical relevance of
from transfusion (after clerical errors) with mor'[all'[y,[hiS important issue; and to consider the approaches cur-

rates for platelet-related sepsis ranging from 1:20,0Q8y available for its mitigation as well as their imple-
to 1:85,000 donor exposureEstimates of severe mor- mentation

bidity and mortality range from 100 to 150 transfused

individuals each yedr. Background and Significance

To address this problem, the US Food and DrL\ﬂlhereas the risk of transfusion related transmission of

Administration (FDA) has sponsored scientific Work'\/iral diseases such as human immunodeficiency virus

shops to highlight and clarify reIevan_t ISSUes an(_j to pr9:|IV) and hepatitis has steadily decreased over the last
mote the development of technologic interventioiis. 4 years, the risk of transmission of bacteria has re-
Additionally, the Centers for Disease Control and Pre: Jined about the same. Thus. due to our success with
vention (CDC) (_:onducted'a Qa’uo_nwde SurVe'”""m@iral pathogens, bacterial contamination now has the
study on bacterial contamination in blood proddets. g ,iqys distinction of being the most common infec-
Many p_ubllcatlons (detailed Ia'ter in this cha_pter) ha\’f;r‘ous risk from transfusion and has become a matter of
?ddeﬂ |mportalnt.da|ta f?ttempf)tlljng to _d(letermlne_anq qﬂ'creasing concern and attenti$f® Recent studies of

Ine the true clinical effect o _ qcterla contamlnatl_o latelets have suggested a bacterial contamination rate
O.f blood components, and a similar ngmber of pl_’bl'c f about 1 per 1-3,000 units, clinical sepsis in about 1
tions have offered data as to 'Fhe ab'“ty,Of a variety ?Jer 20,000 transfusions and related fatality in about 1
methods to detect and I|m|t.th|s contanjnjanon. er 60,000 transfusiohd**(reviewed in detail below).

Concern over the magnitude and clinical relevanc%,le fatality risk from bacterially contaminated red

of this issue culminated in an open letter calling for thﬁlood cells (RBCs) is much lower, about 1 per 500000
“blood collection community to immediately initiate a Despite this longstanding, persistent infectious risk

program for detecting the presence of bacteria in u_n' ¥ transfusion, it has been tolerated by some as an “ac-
of platelets” (see http://www.cbbsweb.org/bacteri eptable risk.” However, with the significant risk re-

rilsk.zdf). 'Lhereafter, the Amirl_icalj ASSfOCiatiOT) OHuction of transfusion-transmitted diseases attributable
Blood Banks (AABB), after publication of a num ®Mto viruses such as HIV, hepatitis C virus (HCV), and

of Association Bulletins (see AB 96-06at hepatitis B virus (HBV), the magnitude and relative im-
www.AABB.org), proposed new standards (Decembeﬂortance of platelet-induced sepsis has moved to the

2002) to help mitigate transfusion of units that Were .afront of blood supply safet§In order to appreci-
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ate the significance of the relative importance of bacteentracting HIV through transfusion and subsequently
rial contamination of platelets, a perspective on thguing the blood supplier. In one case, a $100 million
safety of the nation’s blood supply is necessary. dollar negligence lawsuit has been filed. Additionally,
a number of “emerging pathogens” still exist, as does
Risk the transfusion transmission of pathogens for which
There are approximately 30 million units of blood andesting is not required. Thus, how safe the blood supply
blood products transfused each year in the US, and perbecomes difficult to quantitate and by some criteria
haps an equal number internationally. The Americahe risks to the blood recipient would be considered
public, the medical profession, and the government hdldery low” to “negligible” (seeTable 1).%
the transfusion of these units to the highest standards
of safety!” Indeed, the blood supply in the US has beeBafe and safety
described as “safer than ever relative to known risksThe word “safe” has been defined as free from “harm
however, “the usual notions of safety do not necessar risk” or “secure from danger, harm, or evil.” How-
ily apply where transfusion is concernétiThe CDC, ever, safety is a more subjective term emanating from
the AABB, and the American Red Créidsave echoed one’s understanding and perspective, as well as the
these statements. amount of control one has in determining the chance of
In the early 1980s, the incidence of transfusiothe adverse outcome occurring. Thus, while the risk of
transmitted (TT) HIV was greater than 1 case per 1,0@¥ing in a car accident significantly exceeds the risk of
units in some locales, whereas the current incidenceafing from TT-infectious disease, the latter has elements
TT-HIV is less than 1 case per 2 million screened araf increased dread and less control and therefore has
tested unit$? some authorities have posited that thian increasingly fear-filled association. The Paling Per-
risk may actually be closer to 1 in 5 million screenedpective Scaféprovides several examples of risks with
and tested units especially if there is widespread impleshich the public is “comfortable” (seeigure 2) and
mentation of “single unit” nucleic acid testing (NAT).allows comparison to the risk of TT-HIV (< 1:2M) and
Similar improvements have been made for HBV anlacterial contamination (see discussion of risk estimates
HCV, two TT-viruses carrying significant morbidity andbelow). Indeed, research has shown that patients, and
mortality (Figure 1).2° Despite these improvements,the majority of the population, have a very poor under-
many experts argue that the potential US blood recipgtanding of risk. It is worthwhile to compare the risk of
ent demands a “zero-risk” blood supply. Unfortunately\death from influenza, cigarette smoking, motorcycle
even for HIV in 2002, this goal has not been achievaiting, or lightning with the risk of dying or acquiring
as there were two reported cases of persons allegedayiant Creutzfeldt-Jakob disease (vCJD) though there

HIV Figure 1. New test
implementation and
declining risk of viral
infections from

1:1,000 — transfusion. %

Abbreviations: HIV, human
immunodeficiency virus; HCV,
hepatitis C virus; NAT, nucleic
acid testing.

Modified by M.P. Busch from
table in AuBuchon JP,
Birkmeyer JD, Busch MP.

""""" . ) 1:120,000 Safety of the Blood Supply in

the United States: Opportuni-

ties and Controversies. Ann
Intern Med. 1997;127:904-909
and used with permission.
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Table 1. Risk of an individual dying (D) in 1 year or developing an adverse response (A). 2

TermUsed Risk Range Example Risk Estimate
High >1:100 (A) Transmission to susceptible household contacts of 1:1-1:2
measles and chickenpox
(A) Transmission of HIV from mother to child (Europe) 1:6
Moderate 1:100-1:1,000 (D) Smoking 10 cigarettes per day 1:200
(D) All natural causes, age 40 1:850
Low 1:1,000-1:10,000 (D) All kinds of violence 1:3,300
(D) Influenza 1:5,000
(D) Accident on road 1:8,000
Very low 1:10,000-1:100,000 (D) Leukemia 1:12,000
(D) Playing soccer 1:25,000
(D) Accident at work 1:43,000
Minimal 1:100,000-1:1,000,000 (D) Accident on railway 1:500,000
Negligible <1:1,000,000 (D) Hit by lightning 1:1,000,000
(D) Release of radiation by nuclear power station 1:10,000,000

have been no known TT-cases of vCJD, although arission (often termed NiSHOTSs; séable 2) which dra-
mal models support the possibility that vCID may bmatically outweigh the residual risk of TT-infectious

transfusion-transmitte#.

disease$ However, the agents that are known to be

transfusion transmitted, and those that “might be” are

Transfusion risks

described infable 3, for it is only upon this backdrop

It is vital to consider the other risks of transfusion suctinat a decision can be made on the relative value of
as those termed non-infectious serious hazards of transw technologies and their ability to abrogate the agents,

-6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6
rosaary | L
I ' I ] PROBABILITY
102 10"t 100 10 10® 107 106 105 104 10% 102 107 1
s
RISK DECREASING RISK INCREASING

T T 1 T T T T
4r 1al risk of being killed in a moter vehicle accident in Canada " |

1 I 1 1 1
‘ Annual risk of death from accidents at home 2 h
1 ! 1 1 1 |
Risk of mother dying during the birth of a single child !

Anﬁual risk of cancer from drinking
one beer a day for 1 year '
Annual risk of cancer from eating a peanut | ] 1 I
butter sandwich every day for a year ™ )
Annual risk of skin cancer* from

o Annul sk of
iving in Denver
Annual risk of drowning in a bathtub > | ll 9 ’ | ‘

1 1 I 1
Annual risk of fatal accidental electrocution **

I I |

Annual risk of cancer from eating a -
charbroiled steak once a week for a year '

| 1 | i !
| | | 1 B Annual risk of being killed by lightning in Canada "'

is considered too small fo be of regulatory
concern for the US FDA 0

Point below which any risk from a food additive

5 5 4 3 2 1 Eﬁncmbzero +|-‘|Iome bas:z +3 +4 +5

Paling Perspective Scale @ John Paling 1992

Figure 2. Risks with which the public is comfortable.

+6

The numbers denoting references in this figure are those from the primary article and are not notations of the references found at the

conclusion of this chapter.
Abbreviations: FDA, Food and Drug Administration.22

Reprinted with permission from Lee DH, Paling JE, Blajchman MA. A new tool for communicating transfusion risk information. Transfu-

sion. 1998;38:184-188.
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Table 2. Noninfectious serious hazards of transfusion Table 3. Agents and their likelihood of transfusion

(NiSHOTs). transmission in qualitative terms.
« Mistransfusion and ABO/Rh incompatible transfusion Agent Transfusion Transmission
. - Parasites
« Cardiopulmonary toxicit
p. y y o Malaria Rare cases
« Transfusion-related acute lung injury (TRALI) Babesia Occasional cases, endemic
« Transfusion-associated graft-versus-host disease (TA-GVHD) T. cruzii Occasional cases, US
. . I . . T. gondii Rare cases
Metabolic derangements in pediatric and massive transfusion Leishmania Rare cases (< 5 worldwide)
« Undertransfusion .
Bacteria
Contaminants Approximately 1:3,000 platelet units
Specific Agents
Table 4. Criteria for transfusion transmission of viruses and prpallidgm Rare cases
other infectious agents.  ** B. burgdorferi No known cases
E. chaffeensis No known cases
1. There must be an asymptomatic, viremic phase in the blood E. cytophagophilia One possible case
donor. R. rickettsii One reported case
2. Virus viability must be maintained during storage. Viruses
. . . HIV Rare cases
3. There must be a seronegative recipient population. HCV Rare cases
4. The agent must be capable of inducing disease. HBV Occasional cases
HTLV Rare cases
CMV Occurs, threat to specific pts
. . . . . EBV Occurs, threat to specific pts
including bacterial contamination of platelet products.  gq Oceurs, threat to specific pts
Typically, four elements are required for an infec-  Hav Rare cases
tious disease—causing agent to be transmitted by trans- ?g\)’ 8CCUFS' ”mamfea: :0 P:S
. L. . 25 ccurs, not a threat to pts
fusmn and the crlter_la are listedTable 42> However, . Sen-v Oceurs. not a threat to pts
despite many possible agents that can be transmitted HHv-8 No known cases
by transfusion, units are regularly tested only for HIV, WNV Several cases reported
HCV, HBV, HTLV, and Treponema pallidum. Donor ~ Enterovirus Known donor viremia
; ; - rions
demographics may bring changes in risk level of tran8 . No Known cases

fusion-transmitted agents and affect future choices for ,cjp No known cases*

routine screening. For example, the incidence of ma-

laria a_‘nd Chagas dlseas_e seems '[O' be rnsing due tO*L,Kln'imal models support the possibility that this agent may be able
creasing travel to endemic areas, climate changes, a®k transmitted by transfusion

immigration. Abbreviations: HIV, human immunodeficiency virus; HCV, hepatitis
C virus; HBV, hepatitis B virus; HTLV, human T-cell lymphotrophic
. virus; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HAV,
C“nlcal_ relevance . . hepatitis A virus; HGV, hepatitis G virus; TTV, transfusion-
The unique aspect of most bacterial species when coiansmitted virus; HHV-8, human herpes virus—8 WNV, West Nile

pared to viral pathogens is that they can readily prolifius; CID, Creutzfeld-Jakob disease; vCJID, variant CJD.

erate in the nutrient-rich blood product environment

during storage. This is particularly true in platelet prod-

ucts that are stored at room temperature, rather tharoider individuals with poor nutritional status will be
the cold. It is estimated that the level of contaminatiothe most susceptible population. However, even healthy
at the time of collection is generally relatively low, probindividuals can have a rapidly fatal outcome when trans-
ably on the order of 1-10 colony forming units/mL ofused with a large load of endotoxin-producing Gram-
less?® Once the product is contaminated, the inoculatetkgative bacteria.

bacterial seed can proliferate within hours to reach lev- Thus, there is significant concern about, and de-
els of 16/mL or greater. Such quantities of bacterianand for, a “safe” or “safer” blood supply in order to
infused with the transfusion product over a short pgrovide the best and safest patient care. This, in turn,
riod of time can cause bacteremia that may progresshas the public, government, and blood suppliers’ atten-
sepsis and death. The outcome of a contaminated tratisa keenly focused on preventing bacterial contami-
fusion is highly dependent on the amount of bactermation of platelets and subsequent sepsis due to plate-
transfused, the type of bacteria and its pathogeniciligt transfusions. This risk has become “unacceptable”
for humans, the rate of transfusion, and the clinical stax a climate where the blood supply remains “the safest
tus of the recipient. Immunosuppressed patients atitht it has ever been.”

Hematology 2003 579
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Table 5. Summary of the available prospective studies

evaluating the prevalence of bacterial contamination in whole

blood —derived platelets, apheresis platelets, and red blood

cell units.

Blood Positives per  Contamination
Produce Number of Pre valence per
Type Reference Units Tested 100,000 Units
WB-plts  Morrow et al32 6 per 74,598 8
WB-plts Barrett et al33 1 per 4,272 23
WB-plts  Yomtovian et al34 6 per 15,705 38
WB-plts  Chiu et al3® 10 per 21,503 46
WB-plts  Blajchman et al3¢ 16 per 31,610 51
WB-plts  Leiby et al3? 4 per 4,995 80
WB-plts  Blajchman et al38 7 per 10,065 70
A-plts  Morrow et al3? 1 per 9,519 5
A-plts  Blajchman etal3! 14 per 6,055 230
A-plts  Barrettetal33 5per 17,928 28
A-plts Yomtovian et al3* O per2,476 0
A-plts  Dzieczkowski et al®® 1 per5,197 19
A-plts  Aubuchon et al*® 1 per 2,678 37
RBCs Barrettetal33 1 per 31,385

RBCs  Dzieczkowskietal®® 1 per7,080
Overall n=15 89 per 274,379

* 95% confidence intervals 25.6 to 39.1

Abbreviations: A-plts, apheresis platelets; WB-plts, whole blood—
derived platelets; RBCs, red blood cells; n, number of studies.

Prevalence of Bacterial Contamination
in Cellular Blood Components

32.4*

mean prevalence of bacterial contamination in whole
blood—derived, RDP platelets is 33.9 per 100,000 units
and for apheresis-derived, SDP platelet units is 51.0
per 100,000 units. For RBCs itis 2.6 per 100,000 units.
The overall cellular blood product contamination preva-
lence from all of the data shownTable 5is 32.4 per
100,000 units. This translates into an approximate rate
of 1 bacterially contaminated cellular blood product unit
per 3,000 cellular blood product units released.

In contradistinction to the available data on the bac-
terial contamination of cellular blood products (RBCs
and platelets), the frequency of clinically apparent septic
transfusion events or reactions due to such contami-
nated products is considerably lower. The available data
on the prevalence of transfusion-associated septic events
is summarized ifable 6. It should be noted that these
summaries report only the more severe or potentially
life threatening septic reactions. It is likely, therefore,
that these reports represent only one end of the clinical
spectrum of transfusion-associated septic transfusion
reactions. Moreover, it is very likely that even severe
and even fatal septic transfusion reactions go unrecog-
nized as being transfusion-associated. Thus, the actual
prevalence of septic transfusion reactions may be con-
siderably higher than reported, due to the observational
bias that occurs. For all of these reasons, it has been
very difficult to determine the true morbidity and mor-
tality risk of transfusing bacterially contaminated cel-
lular blood products.

The variation in the reported prevalence of clinical
events is shown clearly ifable 6. This table enumer-
ates the risk of septic clinical events per million units
transfused from 3 published studies: (1) the BaCon
Study from the US, (2) the Hémovigilance system in

The contamination of RBCs and platelets with bactergrance, and (3) the Johns Hopkins Hospital, which re-
occurs relatively frequentl:*>23'However, the avail- ports a 10-year follow-up of platelet transfusion epi-
able prevalence data vary considerably from one stuggdes detected in that institutiBri*®*From the data in

to the next. The data from the available prospective stutlable 6, it is impossible to define a specific prevalence
ies evaluating frequency of bacterial contamination @ff clinical transfusion-associated septic events, except

blood components are summarizedTable 5. The

Table 6. Prevalence of transfusion-associated septic reactions per million (10 %)
apheresis platelets, whole blood —derived platelets, and red blood cell units

transfused. 17%°

Case Fatality

to say that they probably occur with a frequency of 1
per approximately 25,000 platelet units
transfused, and 1 per approximately
250,000 RBC units transfused. This lat-
ter estimate excludes the data from the
BaCon study (1:5 million), as this study

Rate
Study Country A-Plts WB-Plts - Plts
Perez et al4! France  31.8 71.8 31.3%
Kuehnert et alll us 9.9 10.6 20.7%
Ness et al® us 74.5 67.0  17.4%

Abbreviations: A-plts; apheresis platelets; WB-plts, whole blood—derived platelets;

RBCs, red blood cells; ND, not determined.

580

Case Fatality . S .
Rate was Il_kely limited by an underestima-
-RBCs tion bias*
24.0% Itis important to note that transfusion-
60.0% associated septic reactions due to bac-

ND terially contaminated cellular blood
products often go unrecognized as such,
because of the high frequency of febrile
non-hemolytic transfusion reactions

American Society of Hematology
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(FNHTR) that occur following the transfusion of cel-nation during the whole blood collection procedure,
lular blood products, particularly following plateletcontamination of the collection pack, and contamina-
transfusions. For platelets, the FNHTR rate may be #en during the blood processing procedure.

high as 15% per unit transfused, whereas for RBCs the

FNHTR rate is less than 1% per RBC unit transfuse®onor bacteremia

As the symptoms of septic transfusion reactions oft@slood donors with an asymptomatic bacteremia or who
mimic those occurring with FNHTRs, many apparentlare in the recovery phase of a bacterial infection, may
mild septic transfusion reactions may not be recognizédve transient bacteremic episodes and still qualify as
as such. Moreover, most of the organisms isolated fromblood donor. Approximately 30 casesYefsinia
contaminated platelet and RBC units tend to be skienterocolitica sepsis associated with RBC transfusion
associated organisms (i.e., Gram-positive cocci), whidtave been reported in the literature. This Gram-nega-
are not usually implicated in RBC-associated septitve bacillus may cause enterocolitis, characterized by
transfusion reactions, and are often considered contaiarrhea, low-grade fever, and abdominal pain in the
nants related to procedure of taking the sample for culenor. Symptoms may be very mild and asymptomatic

ture (i.e., a false positive). cases have been documented. In cases of transfusion-
associatedrersinia enterocolitica septicemia reported
Signs and Symptoms of to the CDC, approximately 75% of the implicated blood
Transfusion-Associated Sepsis donors recalled having had diarrhea in the days pre-

The transfusion of a contaminated cellular blood produceding or following their blood donation, on retrospec-
unit may be associated with variable signs and symptontise questioning? Transfusion-associatedersinia
As indicated above, not all contaminated blood productsterocolitica sepsis varies markedly from country to
cause symptoms in the recipient; in fact, it appears thaiuntry, with an estimated incidence of 1 per 65,000 trans-
many do not® The initial signs and symptoms, when theyusions in New Zealand to 1 per 500,000 transfusions in
occur, include fever and chills, which usually begin shortlthe US*44 It is important to note thatersinia-related
after (within 2 hours) the start of the transfusion. Subssepsis is very episodic. Thus, over longer time intervals,
guent signs may include: hypotension, nausea, vomitirthe rates in these two countries might be different.
diarrhea, oliguria, and shock. Other potential presenting Bacteremia of short duration may also occur follow-
symptoms include: respiratory symptoms (dyspne#ng dental manipulation such as tooth extraction, the use
wheezing, and/or cough) and bleeding due to the conségum irrigation devices, and even tooth brushing. A case
guence of endotoxin-induced disseminated intravasculair transfusion-associatefiaphyl ococcus aureus platelet
coagulation. It is important to note that a majority of segontamination has been documented, likely the result of
tic transfusion reactions associated with contaminatedbacteremia in a blood donor who had undergone the
RBCs usually occur with units that have been stored fagpair of a tooth 3 hours before the donatfon.
more than 21 days, whereas septic reactions associated
with contaminated platelets usually occur with units th&ontamination during whole blood collection
have been stored for 3 days or nf8re. Contamination at the time of blood collection is the
The clinical severity of a transfusion-associatethajor cause of bacterial contamination of platelet units.
septic reaction can vary considerably, depending ofhe majority of organisms present in both culture stud-
(1) the species of bacteria present in the blood produes and case reports of platelet-associated sepsis is usu-
unit, with Gram-negative organisms tending to causaly normal skin flora as it may be virtually impossible
more severe reactions, due to the presence of endotakiriotally decontaminate human skin. Blood culture re-
often elaborated by such organisms; (2) the total nursudlts show an incidence of positive cultures, ranging
ber of bacteria infused or present in the cellular bloddom 2% to 6% after the cleansing of the skim ad-
product unit infused to a recipient; (3) the rate of propalition, it has been postulated that a small core of skin
gation of the bacteria present; and (4) recipient charamay enter the phlebotomy needle at the time of dona-
teristics, such as underlying disease, leukocyte coutign and that viable bacteria remain associated with the
the status of the immune system, and whether the deep layers of skin, in spite of adequate skin disinfec-
cipient is receiving concomitant antibiotic therapy. tion.*” In the presence of a scarred phlebotomy site,
surface cultures may be negative, while blood cultures
Sources of the Bacterial Contamination for are positive®® Organisms not part of the normal skin
Cellular Blood Products flora may colonize on the skin and be associated with a
Possible mechanisms of the bacterial contamination &éptic transfusion reaction. A recent report of a fatal
blood components include: donor bacteremia, contamieaction due t€lostridium perfringenswas linked to a

Hematology 2003 581

20z Al 81 uo 1senb Aq Jpd'e685 G/S/018€ELLLISLS/L/E00Z/Pd-aloe/ABOjojeWaY A8 SUOEdlgNdysE//:dRy WOl papeojumoq



donor who frequently changed his infant children’s diamode of application of the antiseptic can influence the
pers. This organism, as well as other species, normadifficacy of skin disinfection. Thus, one possibility of re-
part of fecal flora, grew in arm swab cultures from thducing the prevalence of blood product bacterial contami-
implicated donof? Although not linked to episodes of nation might be to improve donor skin disinfection.
bacterial contamination of blood products, skin disin-

fection materials including swab sticks containing ioRemoval of first aliquot of donor blood

dine or alcohol have been reported to be contaminatBeen if skin disinfection is optimal, bacteria may be

by various bacterial specié&s. introduced into the blood container by means of a skin
core, which is often taken inadvertently when the blood
Contamination of the collection pack collection needle enters the sRinThis has been re-

Leaky seals, damaged tubing, or micro-punctures ported to occur in approximately 65% of all vene-
collection bags have been linked to episodes of bacfinctures? Recently, studies have suggested that when
rial sepsig? Regularly, blood packs used to collect doa needle tip is contaminated, the majority of the con-
nor blood have been found to have micro-punctureminating bacteria can be detected in the first few mil-
possibly leading to the bacterial contamination of Bmeters of blood passing through the venepuncture
cellular blood produc® Moreover, it has been reportedneedle. Several recent studies suggest that the diver-
that blood packs in the absence of any defects may $ien of the initial 15 to 30 mL of whole blood from the
heavily contaminated. A report published in 1999 remain container might be associated with reduced risk
ported 6 patients who developed septicemia 8t of bacterial contaminatiott>® Several blood bag manu-
ratia marcescens, following transfusions with red cells facturers have developed plastic software to accommo-
or platelet$! This outbreak was traced to the heavglate such an option. Several countries, including
contamination of the exterior of blood packs. Upon in€anada, have recently introduced this intervention to
vestigation, 0.73% of blood bags from the same lot dfy to reduce the rate of transfusion-associated sepsis.
packs grew the same ribotypeSafratia marcescens. It

was postulated that the bacteria probably entered the bldeetransfusion detection of bacteria

bag at the time of blood donation, either by suction int@he pretransfusion detection of bacteria is an important
the needle or due to contamination of the phlebotomisgmtential method to reduce the risk of transfusion-associ-
hands and subsequently the donor’s 8kin. ated bacteremia and septic reactions. However, no single

Strategu_es_ to Decre_ase _the Transfuspn-Assouated Table 7. Proposed strategies to reduce transfusion-
Morbidity/Mortality Risk of Contaminated associated septic risk.
Cellular Blood Products
A variety of strategies have evolved in recent years 1  Reducing risk of blood product contamination:
an attempt to decrease the morbidity and mortality risk ; :mproveg donor screening. dicinfecti
. . . _ - . . mprove: venepuncture site disinfection.
assqmatgd with transfusion-associated .bacterem|c ar]d 3. Removal of first aliquot of donor blood.
septic episodes. These measures are aimed at redu%mg I . ,
. . - B. ZOptimizing blood component processing and storage:
the risk of the transfusion of cellular blood product units 1 optimize storage temperature.
that are contaminated with bacteria by: (1) reducing 2. Limitstorage time. _
recipient exposure; (2) avoiding contamination (i.e., 3 Universalleukocyte reduction.
improved donor screening or better skin disinfection); (¥ Reduce recipient exposure to blood donors:
L. blood t brocessing and storage: and 1. Optimize transfusion indications.
opt!m|2|ng 09 component p Ing ge; 2. Reduce transfusion triggers for RBCs and platelets.
(4) implementing tests and procedures that can be used to 3.  Increase use of apheresis-derived products.
detect the presence of bacteria in blood product #inits.  Pretransfusion bacterial detection:

These approaches are summarizethinle 7. Visual inspection of components before issue.
Direct staining for bacteria.

Bacterial ribosomal assays.

Assays for bacterial endotoxin.

NAT for bacterial DNA.

Measure CO, production by bacteria.

Improving donor skin disinfection

Because most of the bacteria isolated from contami-
nated blood products are normal skin flora, optimal dis- . _

. . . . . Measure O, consumption by bacteria.

infection of donor venesection sites may significantly Direct bacterial culture (manual or automated).
reduce the bacterla_l contam|_nat|on of blood prod:  impiement pathogen reduction methodology when
ucts®253 Recent studies exploring blood culture con-  available.

tamination rates of blood products have demonstrated

that both the quality of the antiseptic used and/or th@breviations: NAT, nucleic acid test; RBCs, red blood cell units.
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currently available laboratory technique is id&al. rived platelet units usually used per platelet trasisfu
Pretransfusion detection of bacteria is much more compisode to an adult recipient. Finally, attention should be
plex than traditional transmissible disease testing, becaysgd to optimizing transfusion indications. Audits of cel-
the amount of bacteria present in a particular cellular blodglar blood transfusion use have regularly indicated that
component usually changes over time. Moreover, becawg@lular blood products are often prescribed inappropri-
the initial inoculum is usually very small (less than l@tely. The reduction of such inappropriate use of cellular
organisms per mL) even a very sensitive technique willood products should significantly reduce the incidence
miss some contaminated units, if the testing is performedl transfusion-associated septic reactions.
very soon after blood collectidh.
Automated blood culture methods are being usdeéathogen inactivation
currently in some European and US centers to test buffpver the past 10 years, a number of photodynamic or
coat platelets or apheresis platelet concentrates for flgotochemical methods have been reported that could
presence of bacterial contamination. Because of thead to the reduction of viruses, bacteria, and protozoa
larger volume of these products, a 10-mL sample cdhat are present in cellular blood produétshese
be used for bacterial culture, substantially improvingathogen reduction devices include: the use of a com-
the sensitivity of detection. Various protocols are in udgination of a psoralen and ultraviolet A (UVA) light;
to culture platelet units: this can be done either shorthiboflavin and visible light; ultraviolet B irradiation; and
after component production, or only for platelet unitthe addition of methylene blue or phthalocyanines with
that have not been transfused by day 3 of storage.visible light57-¢° With regard to the bacterial inactiva-
guarantine period of 24—-48 hours after inoculation inttion of contaminated platelet concentrates, Lin et al re-
a culture tube is used in some European centers, pnmorted that the novel psoralen amotosalen (S-59), com-
to issuing such platelet units. In several European counined with UVA light exposure has effective bacterial
tries, the regulatory authorities have accepted the dractivation capability* Thus, a combination of 150
tension of the platelet shelf life to 7 days, for platelgimol/L of the psoralen S-59 and 3 joules/cm UVA light
units on which bacterial cultures have been performecksult in significant bacterial reduction of contaminated
Reduced platelet outdating appears to offset the costapfheresis platelets, as well as whole blood—derived plate-
such bacterial testirf. lets. Such methodologies are undergoing regulatory re-
Because the number of bacteria present in a coview in both North America and Western Europe.
taminated blood unit increases over time of storage, less
sensitive methods potentially can be used in the hosplegulation and Regulatory Approaches
tal blood bank to perform bacterial screening prior to
transfusion. Relatively rapid methods of bacterial déRrrevention of bacterial contamination
tection, such as Gram-staining or the detection of met8everal approaches have been instituted by the trans-
bolic changes, are being used. However, screening wittsion community and the FDA to help minimize the
such low sensitivity methods may be inadequate to prehances of bacterial contamination of transfusion prod-
vent some transfusion-associated septic reactions. ucts at the time of collection. However, the improve-
ment of collection techniques cannot prevent product
Reducing recipient exposure contamination when the source is occult bacteremia in
One approach that has not been extensively utilizedtime donor; this risk may potentially be reduced by more
an attempt to prevent transfusion-associated bacteri@reful and specific questioning of donors to identify re-
contamination is to reduce recipient exposure. In thient medical procedures or symptoms that could indicate
regard, it would be possible to reduce transfusion-athe onset of an infectious process. For sources of con-
sociated septic events by reducing transfusion triggetamination associated with the collection method, steps
Recent studies for both the use of allogeneic RBCs ean be taken that are more likely to decrease the risk.
well as prophylactic platelet transfusions have suggested An obvious first step is more effective sterilization
that reduced transfusion triggers do not endanger m@-the phlebotomy site. The FDA has publicly discussed
cipients. One suggested approach to reducing the risttucation about proper application of disinfectants and
of transfusion-associated sepsis due to contaminatix problems with scar tisséfeMore effective disin-
platelets is to use apheresis platelets in preferenceféatants have been recommended to sterilize the col-
pools of whole blood-derived platelét$he universal lection sites and the use of ineffective disinfectants, such
use of apheresis platelets would significantly reduces green soap, have been discourdgéthwever, a
recipient exposure to contaminated blood products lareful review of the literature by FDA revealed that
a factor of 5. Five is the number of whole blood-deeertain skin disinfection procedures using isopropyl
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alcohol followed by tincture of iodine that have beettheir ability to remain in circulatioff. Attempts to un-
thought to be superior to those using povodone iodimerstand the basis of the temperature sensitivity of plate-
actually are comparably effective in studies using hofets have only recently been productive.
pitalized patient§? Sterilization of the skin surface also A new study has suggested that platelets may re-
has limits when the phlebotomy needle cores out a skdpond to cold by clustering of Gplb on their surface
plug as it passes through the skin. This inherentlyhich is then recognized by macrophages as a signal
nonsterile skin plug can be carried into and seed tlf@r clearancé’ Better understanding of the molecular
collected blood. changes in platelet physiology after cold exposure could
Recently, two studies have suggested that diversitead to alternate storage conditions that would allow
of the initially collected blood to a separate containezold temperature storage and a reduction of bacterial
(referred to as a diversion pouch) away from the rest pfoliferation while preserving platelet function and vi-
the collected product that is to be used in transfusi@bility. Evaluation of novel storage conditions would
could reduce the contamination rate. In a Europeamvolve in vitro experiments to demonstrate that the
study of actual transfusion products, diverting the firgilatelets have not been extensively activated or dam-
15 mL of whole blood appeared to reduce the contanaged by the conditions. Since in vitro tests have a poor
nation rate of the final contain®Similar findings were predictive value for clinical performance of platelets,
also shown in an artificial model of blood collectf®n. the gold standard for platelet evaluation remains the
The diversion pouch approach, using two recently FDPecovery and survival of radiolabeled transfused plate-
approved collection systems, is now being adopted Ists % Platelets, collected from a single donor by aphe-
many blood centers as a way to lower the contamingesis, are divided into two products and stored under
tion risk. However, the ability of initial aliquot diver- either conventional or novel conditions. At the end of
sion to prevent clinical cases of transfusion-associatetbrage a small portion of the cells is labeled with ei-
sepsis has not, as yet, been reported. It is importantther®'Cr or''n and the radiolabeled cells are reinfused
note that this approach will only reduce the level ahto the original donor. Serial blood samples are then

skin contaminants in blood products. taken to monitor clearance of the cells from circula-

tion. The double label allows for a direct comparison
Prevention of bacterial proliferation— of the same platelets stored under different conditions
Refrigeration of platelets? in the same recipient.

For red cells that are stored at 4°C, bacterial growth is
slow and limited to a few psychrophilic bacteria sucetection of bacteria in transfusion products
as Yersinia enterocolitica, Pseudomonas species and Ultimately, the reduction of bacterial contamination of
Serratia liquefaciens.®* In comparison, platelets aretransfusion products will require routine testing of the
stored at room temperature and provide a good mediyproducts for the presence of bacteria. Attempts to de-
for growth of both Gram-negative and Gram-positivéect bacteria in transfusion products have spanned the
bacteria. For most bacterial species, growth in plateletnge of simple to highly sophisticated state-of-the-art
units can occur, rapidly reaching log phase within 24nethodologies. On the low tech side, changes in the
48 hoursi22® An exception is the common skin con-appearance of the product, such as platelet swirling or
taminantStaphylococcus epidermidiswhich is a slower the color of the red cell units, have been utilized but
growing organism and usually reaches the log phaseviith low specificity and sensitivit§?. Other tests such
48-72 hours. Since this and similar organisms accoust determining pH or glucose levels, or direct bacterial
for a large proportion of the bacterial species found &taining with Gram’s stain or acridine orange have simi-
contaminate blood units, such slower growth charatarly not been very useful due to relatively low sensi-
teristics need to be considered when optimizing sartivity when compared with bacterial concentrations that
pling strategies for bacterial detectién. can cause sepsis. Tests with bacteria-specific nucleic
Rapid proliferation of bacteria during storage ofcid probes or fluorescent dyes or antibodies are cur-
transfusion products could be decreased if cold terrently being developetl:* However, the most useful
peratures were used. For red cells, this is generallydatection systems currently available appear to be au-
standard practice and reduces the growth of most baosmated, culture-based methods similar to what has been
terial species and the risk of transfusion related sepsised for clinical detection of bacteremia in blood cul-
On the other hand, platelets do not maintain adequdtees obtained from patierfts.
function when stored at cold temperatures. Even rela-
tively short exposures to cold are associated with irre-
versible changes in platelets that significantly decrease
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Sampling strategy for detection of bacteria in a of 10-100 CFU/mL and the sensitivity of methods that
transfusion product could be used at the point of transfusion would most
Currently utilized platelet products are either randorikely be in the range of 100-1000 CFU/rL.
donor or apheresis units. Both types of units may be
stored individually for up to 5 days at room temperacurrent approval process for
ture. Approximately 4—6 random donor units are pooledacterial detection devices
prior to transfusion to achieve a transfusion product withhe FDA has encouraged manufacturers to submit ap-
sufficient platelet content. The major factor in samplinglications for devices that will detect bacteria in trans-
either a random donor unit or an apheresis unit is tifesion products. The most urgent need is for bacterial
difference in volume. A typical apheresis unit containscreening of platelet products. Two devices have re-
approximately 200-250 mL while the random donocently been cleared by the FDA for use in quality con-
unit contains only 45-55 mL. Thus, the volume of th&ol monitoring of the platelet collection process that,
sample taken for bacterial detection can have a signiiit the past, was performed by manual culture (Bio-
cant impact on the amount of product left for transfuMeriuex, Inc. BK 000042; Pall Corp. BK 020014). The
sion, particularly for random donor units. On the othezurrent devices allow sampling of the platelet product
hand, a larger sample volume increases sensitivity aadd automation of the quality control culture process.
thus a balance has to be reached to optimize sensitivye device detects bacteria based on elaboration.pf CO
and minimize the impact on the product. in the sample culture, while the other detects a decrease
The timing of sampling is highly dependent on thén pQO,. However, these devices have not yet been spe-
method of detection. For culture-based methods, tlodically approved for use in release of platelets for
product sample is inoculated into a container (bottle dransfusion because the effectiveness of the devices to
bag) that allows for bacterial growth. Usually this oceetect bacterial contamination in the clinical setting
curs at 37°C and in the presence of sodium polysulfohas not been established.
(SPS), a bacteria growth-potentiating substance, that For the quality control indication, the validation was
allows the bacteria to grow faster in the device than lmased on in vitro “spiking” experiments. A unit of plate-
the transfusion product. As the bacteria proliferate ilets, either whole blood—derived, random donor, or aph-
the device, there is a fixed amount of time before eresis-derived, single donor, was deliberately contami-
positive signal can be detected. The time to detectiomated with a known amount of a single bacterial spe-
dependent on the initial inoculum and the growth chacies. The unit was then repeatedly sampled 10 times
acteristic of the bacteria, is usually 24-48 hours wheand each time the sample was inoculated into the de-
employing currently available detection methods. Berice. Thus, 10 separate readings were performed by
cause of this time required, the ideal sampling time fahe device for each bacterial species. The manufactur-
culture-based devices is as early as possible in the sters were encouraged to validate their devices for as
age period so that a test-based decision about the climany bacterial species as possible and a list of the most
cal usefulness of the product can be made prior to temmon relevant bacteria was agreed on based on lit-
use. However, since the level of contamination at therature search, FDA advisory committee input and pub-
time of collection is low and bacteria could be misselic workshops input®®®
by a sampling error (especially with a low sample vol-
ume) at the beginning of storage, a certain amount ®fials recommended under
presampling storage time is usually allowed for th&actual clinical use” conditions
bacteria to begin to proliferate in the product. For platé-he FDA has proposed that validation of bacterial de-
lets this is usually 24—-48 hours. tection devices for release of platelets for transfusion
The length of this presampling incubation perioavould require a field trial of the device under actual
also depends on the sensitivity of the detection deviadinical use condition& The design of such a trial
A more sensitive device can utilize a sample collecteglould be to obtain a sample for bacterial detection by
earlier in the product storage period while a less sensi-culture-based device early in the storage period. A
tive device would require a sample that contains mosecond sample would then be taken at the end of the
bacteria as occurs later in storage. The sampling straterage period or at the time of release of platelets. The
egy can be altered for a detection method that detectsults of both cultures would be compared to deter-
bacteria in real time. These approaches utilize probesine if the first culture was predictive of the result of
antibodies or nucleic acid—based detection system atim second culture. If the unit is contaminated at col-
can produce an answer within hours of sampling. THection, then the bacteria will have time to grow be-
sensitivity of culture-based assays should be in the rangeeen the first and second sampling. The bacterial load
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should be higher and detection of bacteria should laed evaluation of the potential toxicities of any residual
easier at the second sampling. chemicals to the recipients of the product. In fact, con-

The needed studies should demonstrate thatcarns about the safety of these products may arise be-
sample taken early in the storage period and screergaiise of mutagenicity of some of the chemical agents
by the automatic culture device is predictive of the cuemployed and thus their potential to be carcinogenic
ture results up to the time of outdate of the producind genotoxic. In addition, the reactions of the chemi-
Although some aspects of the study could be modeledl agent(s) with plasma and cellular proteins and lip-
in vitro it is not clear what is the expected level of bades can create novel chemical entities that may have
terial contamination under actual clinical conditionsynexpected toxicities and increased immunogenicity
whether the devices will have sufficient sensitivity owhen administered to certain patient populations. Be-
whether sampling errors may occur when low levels @lause of the uncertainties that surround the treated prod-
bacteria are present early in the storage period. In agtts, even after extensive preclinical and clinical evalu-
dition, such studies will also demonstrate the false position, it is likely that postmarketing studies will be
tive rate and rate of contamination, if any, from bacteriaeeded to identify any low frequency adverse events
introduced by sampling and inoculation procedd@s1  associated with their use in a broader patient popula-
excessive false positive rate would lead to an unnecesgarn. Another issue is whether the therapeutic efficacy of
ily high discard rate for transfusion products. the treated transfusion products has been fully preserved

Such issues raise the level of safety and efficacy coafter treatment with the pathogen reduction process. This
cerns for devices intended for release of blood produdssagain being evaluated both in vitro and in Phase 2 and
for transfusion and are the basis for the current FDA pra@<linical trials designed to follow efficacy endpoints, such
tice of requesting clinical or field study data prior to apas hemostasis in the case of platelet transfusions.
proval of the devices. The field trials of the bacterial de- The final analysis of the documented and theoretical
tection devices could be combined, under an IND or IDEsks of the pathogen reduction process to the recipient of
application, with an extension of storage to day 7 or witlneated transfusion products will need to be weighed
pre storage pooling, allowing some costs to potentialigainst the risk of the transfusion-transmitted diseases they
be offset by savings from decreasing platelet product lossuld prevent, a risk which currently is relatively low.
due to expiration and/or from pre storage leukoreductiorhus, the clinical use of these products will ultimately
of a pool instead of individual units. depend on the appropriate risk benefit analysis for pro-

posed uses and upon the data submitted for evaluation.

Pathogen reduction technologies
As an additional measure of safety, transfusion prod¥ansfusion product substitutes
ucts could potentially be treated with a pathogen r&he risk of transmitting pathogens by transfusion has
duction process to decrease or eliminate pathogel&en a major driving force for the development of manu-
including bacteria, which were not detected by testingactured substitutes for transfusion products. Such prod-
Methods are being developed that allow selective tanets would ideally be free of pathogens, have a long
geting of pathogens in blood products. The selectivitghelf life and may also not present the requirement of
is based on absence of nucleic acids in platelets amaving to be serologically typed for each recipient.
red cells. A chemical compound is added to the transtowever, initial results of efforts to engineer red cells
fusion product that interacts with the nucleic acids ar platelets have so far fallen short of matching the natu-
pathogens and, upon spontaneous or light energsel cells. For example, initial efforts using the hemo-
induced activation, cross links nucleic acids and predobin molecule to carry oxygen has been associated
vents their transcription and replication. Efficacy ofvith a variety of toxicity issue8.Additional research
these methods is usually established by in vitro studiasd clinical testing will need to be done to fully evalu-
where various pathogens are “spiked” into a platelet ate and, hopefully, realize the potential of these types
red cell unit and then treated using the pathogen redwd-products.
tion methodology. The efficacy of these treatments
should be in the range of 6—10 log reduction of conBacterial detection and the
mon bacterial pathogefis. extension of platelet storage

However, from an FDA perspective, evaluation ofncreased risk of bacterial contamination has been the
the safety aspects of these methods is more complagjor concern regarding prestorage pooling of plate-
and challenging. Itincludes assessment of possible dalets and extension of platelet storage beyond the cur-
age caused by the treatment to the transfusion produoently allowed 5 days. For pooled platelets it has been
(including functionality and survival of transfused cellsgdemonstrated that a platelet pool created by combining
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1 contaminated unit with 3—4 other units permits great&ride variety of measures have been proposed in order
levels of bacteria at stationary ph&sentil 1986, plate- to reduce the frequency of transfusion-associated sep-
lets could be stored for up to 7 days at room temperée reactions and many of these measures are being ac-
ture. However, due to concerns over a rise in clinicallyvely investigated, and in some countries being insti-
significant transfusion-associated infections from an irnuted!>’® Thus, the potential reduction in the risk of
creased bacterial load at the end of an extended stwansfusion-associated septic reactions is a realistic
age period, this was shortened to 5 days on the advmessibility in the foreseeable future.
of an FDA scientific advisory committee.

Returning to platelet storage beyond 5 days and REFERENCES
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