Transfusion Medicine
and Hemotherapy

Transfus Med Hemother 2011;38:259-265
DOI: 10.1159/000330305

Original Article - Originalarbeit

Received: May 4, 2011
Accepted: June 8, 2011
Published online: July 7, 2011

Implementation of Bacterial Detection Methods
into Blood Donor Screening - Overview of Different

Technologies

Michael Schmidt Walid Sireis Erhard Seifried

German Red Cross, Institute for Transfusion Medicine and Immunohaematology, Johann Wolfgang Goethe University, Frankfurt/M., Germany

Keywords
Bacterial detection systems - Culture tests -
Rapid detection systems - Bedside tests

Summary

Background: Through the implementation of modern
technology, such as nucleic acid testing, over the last
two decades, blood safety has improved considerably
in that the risk of viral infection is less than 1 in a mil-
lion blood transfusions. By contrast, the residual risk of
transfusion-associated bacterial infection is stable at
approximately 1 in 2,000 to 1 in 3,000 in platelets. To
improve blood safety with regard to bacterial infec-
tions, many countries have implemented bacterial
screening methods as part of their blood donor screen-
ing programmes. Methods: Bacterial detection meth-
ods are clustered into three groups: i) culture methods
in combination with the ‘negative-to-date’ concept, ii)
rapid detection systems with a late sample collection,
and iii) bedside screening tests. Results: The culture
methods are convincing because of their very high ana-
lytical sensitivity. Nevertheless, false-negative culture
results and subsequent fatalities were reported in sev-
eral countries. Rapid bacterial systems are character-
ised as having short testing time but reduced sensitiv-
ity. Sample errors are prevented by late sample collec-
tion. Finally, bedside tests reduce the risk for sample
errors to a minimum, but testing outside of blood dona-
tion services may have risks for general testing failures.
Conclusion: Bacterial screening of blood products, es-
pecially platelets, can be performed using a broad
range of technologies. Each system exhibits advan-
tages and disadvantages and offers only a temporary
solution until a general pathogen inactivation technol-
ogy is available for all blood components.

Schliisselworter
Bakterielle Screening-Methoden - Kulturtests -
Schnellnachweissysteme - «Bedside»-Tests

Zusammenfassung

Hintergrund: Die Sicherheit der Blutprodukte wurde in
den letzten Jahren deutlich verbessert. Durch die Ein-
fihrung von Nukleinsaureamplifikationstests konnte das
virale Restinfektionsrisiko auf kleiner 1:1 Million redu-
ziert werden. Dem gegenlber steht ein bakterielles
Ubertragungsrisiko von zirka 1 in 2000 bis 1 in 3000 bei
Thrombozytenkonzentraten. Um die Sicherheit der Blut-
produkte in Bezug auf bakterielle Infektionen zu erhohen,
haben viele Lander bakterielle Screening-Methoden ein-
gefihrt. Methoden: Bakterielle Screening-Methoden
werden in folgende Gruppen klassifiziert: a) Kultur-
methoden mit einer Freigabe als «negative-to-date», b)
bakterielle Schnelltestmethoden, c¢) «Bedside»-Nach-
weisverfahren. Ergebnisse: Kulturmethoden liberzeugen
durch eine sehr hohe analytische Sensitivitat. Trotzdem
wurden in verschiedenen Landern schwerwiegende
bakterielle Ubertragungen aufgrund von falsch negati-
ven Ergebnissen mit Kulturmethoden berichtet. Bakte-
rielle Schnelltestmethoden werden durch eine kurze
Testzeit, jedoch auch durch eine reduzierte Sensitivitat
charakterisiert. Das Risiko fur Probenfehler ist aufgrund
der spaten Probenziehung reduziert. Die «Bedside»-Tests
reduzieren dieses Risiko auf ein Minimum, haben jedoch
moglicherweise ein hoheres Risiko flr Testfehler, da die
Testung nicht in einem Blutspendedienst erfolgen kann.
Schlussfolgerung: Das bakterielle Screening von Blut-
komponenten, insbesondere von Thrombozytenkonzen-
traten, kann mit vielen Technologien erfolgen. Jede Me-
thode hat sowohl Vorteile als auch Nachteile und stellt
somit eine Zwischenlosung dar, bis eine generelle Pa-
thogeninaktivierungstechnologie fiir alle Blutkomponen-
ten verfligbar ist.
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Introduction

Although patients are still afraid of transfusion-transmitted
viral infections, especially HIV, improvements in blood
safety (e.g., improved donor selection programmes, introduc-
tion of 3rd- and 4th-generation antibody tests, and implemen-
tation of nucleic acid technologies in blood donor screening)
has diminished the residual risk to a minimum. Based on 30
million mini-pool nucleic acid testing (NAT) investigations,
Hourfar et al. [1] calculated the residual transfusion-transmit-
ted risk for viral infections to be 1:10.88 million and 1:4.3 mil-
lion for HCV and HIV-1, respectively. These risks are close
to zero, with a diagnostic window period of 3-6 days for HCV
and 6-8 days for HIV-1, and are far below the risk for bacte-
rial transmission. Therefore, bacterial contamination of
blood products represents an ongoing challenge in the area of
transfusion medicine. Haemovigilance systems, such as the
Serious Hazards of Transfusion (SHOT) study from the UK
[2], have demonstrated that the major cause of morbidity and
mortality are the transfusion-transmitted infections (TTI),
identified as bacterial infections (data collected between 1996
and 2009; major morbidity in 28 out of 51 cases; death caused
by TTI in 11 out of 15 cases). The Paul Ehrlich Institute in
Germany reported 5 transfusion transmitted fatalities due to
bacterial transmission by platelet concentrates between 1997
and 2007 [3, 4]. In 4 out of 5 cases, the platelet concentrates
were transfused on day 5 after donation. These data, which
are representative for world-wide results, contrast the per-
ceptions of many physicians. Based on these data, the Ger-
man authorities in 2008 reduced the maximum shelf life of
platelets from 5 days after blood donation to 4 days. Poten-
tially contaminated blood components (e.g., platelet concen-
trates stored at room temperature) are one major risk. Fur-
thermore, patients are at additional risk for bacterial infec-
tions due to catheters, contact with staff; and non-compliance
of hygiene standards. The patient’s immunological status is
also a critical and important factor for susceptibility to bacte-
rial infections. Immunosuppressed patients undergoing
chemotherapy or gamma irradiation are at a greater risk for
bacterial infections compared with the normal population.
Bacteria can be classified in a number of different ways: as
Gram-negative and Gram-positive bacteria, as aerobic and
anaerobic bacteria due to the major metabolic pathway, or as
hospital and environmental bacteria. The latter classification
is important because hospitals are at risk for developing
multidrug-resistant bacteria, which represent a major chal-
lenge for efficient treatment. The major source for bacterial
contamination of blood components is physiological donor
skin flora. To reduce the bacterial contamination risk of
blood components, all critical steps such as donor selection,
donor arm disinfection, diversion of the initial blood flow,
manufacturing processes of blood components, bacterial
screening methods, and pathogen-reduction technologies
should be analysed and optimised. This paper gives an over-
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view of bacterial screening methods and their efficacy as well
as of new strategies to improve blood safety with regard to
bacterial contamination [5-7].

Material and Methods

Bacterial Screening in Platelet Concentrates

The ideal screening test should have an extremely high diagnostic sensi-

tivity, a short test time, and a high clinical efficiency. All of the described

test systems were evaluated with regard to these criteria. Bacterial screen-

ing systems can currently be divided into culture assays and rapid detec-

tion systems. Based on the published data in the literature, methods can

be classified into the following three categories:

— Culture methods in combination with a ‘negative-to-date’ concept

— Rapid detection methods with a late sample collection

- Bedside tests for screening immediately before transfusion at the
hospitals.

Culture Methods in Combination with a ‘Negative-to-Date’ Concept

In 2007, the International Society of Blood Transfusion (ISBT) held an
international forum [8], which reported on bacterial detection in platelet
concentrates in 12 countries. Eight of these 12 countries used BacT/
ALERT (bioMérieux, Niirtingen, Germany). A defined volume of the
product sample (4-10 ml) is added to a culture bottle under sterile condi-
tions containing specific growth medium. All of the inoculated bottles are
incubated for up to 7 days at 35-37 °C in an incubation unit of the BacT/
AELRT system. Bacteria growth changes the colour of a gas-permeable
sensor at the bottom of the culture bottle from grey to yellow. The ana-
lytical sensitivity was determined in several studies and was found to be
less than 1 colony forming unit (CFU)/ml [9-14]. The culture methods
were used in combination with a ‘negative-to-date’ concept [15-18]. All of
the samples were collected from the platelet concentrates within 24 h
after donation. The platelet concentrates with a negative diagnostic status
were released without any delay. If the result status changed from nega-
tive to reactive, physicians were informed immediately, and products
were recalled. If platelet concentrates were already transfused, physicians
took special care of their patients due to suspected bacterial infection.
Additional culture systems, such as the Bactec™ system (BD Diagnostics
- Diagnostic Systems, Becton Dickinson GmbH, Heidelberg, Germany),
were also available on the market and were implemented in some of the
blood donor services with comparable data [19-21]. The Pall eBDS sys-
tem [19, 22-24] (Pall GmbH, Dreieich, Germany) must be grouped be-
tween the culture methods and the rapid detection methods. In this
system, a small sample volume is incubated in special growth medium for
24 h. Thereafter, the O, consumption is analysed. The final results are
available within 24 h. Based on this strategy, only bacteria that use aero-
bic metabolism can be detected, which confers some risk for false-nega-
tive screening results.

Rapid Detection Methods in Combination with a Late Sample Collection

Bacterial Screening in Platelets by NAT

In addition to the established culture methods described above, several
rapid detection systems for bacterial screening of blood components have
been developed and investigated in spiking studies. Several investigators
focused on NAT systems [25-28]. To develop generic polymerase chain
reaction (PCR) systems, investigators used nucleic acid sequences of bac-
terial ribosomes (16s and 23s), which are conserved in certain regions of
eubacteria, as potential targets. Unfortunately, bacteria (e.g., Thermus
aquaticus or Escherichia coli) are the source of the enzymes that are used
for PCR amplification, which are therefore not free of contamination with
bacterial genome fragments. Therefore, non-specific signals that arise dur-
ing the PCR might reduce the analytical sensitivity of this system.
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Bacterial Screening in Platelets by FACS Methods

Another approach is the detection of bacteria in platelet concentrates by
flow cytometry. A method based on reagents from BD Biosciences (Bec-
ton Dickinson GmbH, Heidelberg, Germany) has been evaluated for the
investigation of platelet concentrates [29]. First, a 50-ul volume of platelet
concentrates is added to a BD True Count tube with a defined number of
fluorescent beads. Second, 450 ul of the incubation solution that contains
thiazole orange as fluorescent dye is added to label the bacteria. The de-
tection method is rapid, such that the total time for the preparation and
FACS analysis is only 5 min and can be fully automated. The analytical
sensitivity can be improved by a pre-incubation of the sample volume in
bacterial growth media under optimal conditions [30].

Furthermore, a solid-phase cytometry system has been developed by
Hemosystems (Marseille, France). Sample volumes from three platelet
products are pooled into one sample pouch, stained with the fluorescent
dye picogreen, filtered on a black membrane, and scanned by a solid-
phase cytometre that is connected to an argon-laser epifluorescence mi-
croscope. Bacterial detection is feasible in platelet concentrates [31-33]
and red cell concentrates [34] and has an analytical sensitivity of 100 to
1,000 CFU/ml. However, differentiating between bacteria and other la-
belled substances is difficult. Therefore, the system is no longer available
on the market.

Dreier et al. [35] described a novel system named Bactiflow (Chemu-
nex, Ivry-Sur-Seine, France), which was developed for the food industry to
detect bacterially contaminated meat. The staining dye is released by bac-
terial esterases in this system. Therefore, the system screens for live bacte-
ria by FACS. The analytical sensitivity is approximately 500 CFU/ml.

Motoyama et al. [36] described a new bacterial detection system based
on a fluorescent indicator for esterase activity. Bacterial cells that are
trapped on a filter are automatically discriminated from other particles or
platelet debris and counted by a bioimaging system. In the first study, the
analytical sensitivity was demonstrated for 14 bacterial strains to be 20
CFU/ml. The entire process takes approximately 45 min. The discrimina-
tion between bacteria and particles is performed in a fully automated
manner and is independent of the investigator.

Bacterial Detection by ELISA

Another new approach was presented by Fleming et al. [37] at the AABB
in 2008. This approach uses an automated enzyme-linked immunosorbent
assay (ELISA). The system is capable of high-throughput analysis and
can test up to 180 samples in approximately 3 h. The capture technology
is based on the use of a high-affinity pattern recognition protein (PRP)
that binds to a component of the bacterial cell wall. The analytical sensi-
tivity for this assay is approximately 10* CFU/ml.

Bacterial Detection with Experimental Approaches

Norton et al. [37] described a bacterial detection system that uses ATP
luminometry. 1 ml of platelet concentrate is incubated with 100 ul of lysis
buffer. The lysis takes 5 min. The ATP level after lysis is compared with
the ATP background level at the beginning of the investigation. The ana-
lytical sensitivity was demonstrated to be 10* CFU/ml.

Bedside Tests
Further experimental and clinical validation studies are needed to assess the
benefit of these methods. The Pan Genera Detection technology [38, 39]
(Verax Biomedical Inc., Worcester, MA, USA) targets the conserved anti-
gens, lipopolysaccharide and lipoteichoic acid, that are present on Gram-
negative and Gram-positive bacteria, respectively [40]. These antigens are
present on bacterial cells at high copy numbers (>200,000 copies/cell). Pre-
liminary studies demonstrated an analytical sensitivity of approximately 10°
CFU/ml. The handling time is only 20 min. Therefore, this system might be
feasible as a bedside test that can be performed directly before transfusion
or at the blood transfusion unit before release of platelet concentrates.

A new non-invasive continuous O, measurement system was pre-
sented at the AABB in 2008 in Montreal [37]. Special testing probes inte-
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grated into the platelet bag monitor the O, concentration inside the plate-
let concentrates. The investigators demonstrated a correlation between
an increase in bacterial concentration and a decrease in O, concentration.
Analytical sensitivity was between 10° and 10° CFU/ml. This technology
can be combined with radiofrequency identification [41-44] (RFID) to
improve blood safety by avoiding errors in identification of patients. O,
probes can monitor data until the transfusion begins. Despite reduced
analytical sensitivity associated with this method, it might be clinically ef-
ficient because of the chance to detect contaminated platelets immedi-
ately before transfusion.

Results

Culture Methods
The BacT/ALERT culture system is widely used to screen
platelet concentrates for bacterial contamination. Te
Boekhorst et al. [45] reported that 203 out of 28,104 (0.72%)
cases initially tested positive using this system. The bacterial
strain could be identified in 184 out of 203 (90.6%) samples.
Unfortunately, in 113 out of 203 (55.7%) cases, the contami-
nated platelet concentrates had already been transfused prior
to the positive signal reported by the Bact/ ALERT. In con-
trast, Eder et al. [46] reported that only 186 out of 1,004,206
(0,019%) apheresis platelet samples gave confirmed positive
results. Transfusion of all but one of the associated blood
components was prevented. Differences between these two
studies might be explained by their different screening proto-
cols (the use of pre-donation sampling versus non-pre-dona-
tion sampling; a sample volume of 4 ml versus 5-10 ml; detec-
tion with aerobic bottles only versus aerobic and anaerobic
bottles; and different definitions of test results). With a ‘nega-
tive-to-date’ strategy, most platelet units (55%) had already
been issued at the time of the first positive culture. Te
Boekhorst et al. [45] and Schrezenmeier et al. [18] screened
all of the platelets with aerobic and anaerobic bottles. Propi-
onibacterium acnes was identified in anaerobic bottles only in
20 out of 37 confirmed positive samples. This bacterial strain
is slow growing, which might explain the prolonged detection
time that was not recognised in the US study [47].
Nevertheless, culture methods such as the BacT/ALERT
systems can also be implemented with a different approach, in-
cluding the semi-rapid detection method with a maximum incu-
bation time of 12 h. Sireis et al. [48] reported on a spiking study
with sample collection on day 3, 4 and 5 after blood donation.
Platelet concentrates were spiked with a very low bacterial con-
centration (0.03 CFU/ml) to mimic real-life conditions. The
maximum culture time was 12 h for Streptococcus pyogenes.
Data from Sireis et al. [48] demonstrated that the incubation
time can be shortened for culture systems by screening sample
volumes from day 3 or later after donation. This strategy might
reduce the risk for sample errors in culture systems.

Rapid Bacterial Detection Methods
Feng et al. [49] described one of the first NAT assays for the
detection of Yersinia enterocolitica in blood; the assay had an
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analytical sensitivity of 5,000 CFU/ml. This sensitivity is not
acceptable for blood screening tests because donors with 2.5
million bacteria in 500 ml of blood (5,000 CFU x 500 ml)
would be excluded due to illness. Newly developed primers
and probes with fluorescent molecules at the 5' and 3' ends
allow detection with improved sensitivity in a closed system
compared with conventional PCR and detection via agarose
gel electrophoresis. This real-time PCR system for bacterial
detection was described by Nadkarni et al. [26] and has an
analytical sensitivity between 30 and 100 CFU/ml. However,
this system is still unable to overcome, in principle, the prob-
lem of non-specific signals. Mohammadi et al. [S0] solved this
challenge by pre-treating the PCR mixture with the restriction
enzyme Sau3Al. Prior to the addition of the template DNA,
the PCR mixture was subjected to digestion with the enzyme
Sau3Al, which improves the detection limit to 1 CFU equiva-
lent/PCR reaction. Another possible solution includes an ad-
ditional filtration step for all NAT reagents with GenElute
Plasmid Maxiprep binding columns [51]. Both of the methods
can be combined to optimise the results. Other investigators
attempted to decontaminate PCR materials by UV irradia-
tion, 8-methoxypsoralen treatment, DNase treatment, or
combinations of these methods [51-55]. However, most of
these methods also reduce analytical sensitivity. Therefore,
some investigators recommend a reduction in the number of
PCR cycles as the most effective and reproducible way to
avoid false-positive results [26, 53]. Real-time NAT is a pow-
erful tool for the clinical diagnosis of bacterial contamination
in blood products. The extraction method can be fully auto-
mated [56, 57] and barcode controlled to perform the screen-
ing of a large number of samples. DNA/RNA extraction can
be completed using material from platelet concentrates and
whole blood to include all blood components into the bacte-
rial screening process. The analytical sensitivity is currently
between 10 and 50 CFU/ml, and thus, this method is slightly
less sensitive compared to culture methods. The total screen-
ing time for NAT systems (extraction and amplification) is ap-
proximately 4 h. Therefore, these methods offer opportunities
for late sampling, which can overcome sampling errors. Fur-
ther field studies are needed to definitively show the applica-
bility of NAT for routine screening.

The analytical sensitivity of FACS technologies was deter-
mined to be between 10° and 10° CFU/ml [29, 58]. The pre-in-
cubation is performed in a special bacterial growth medium.
As described by Schmidt et al. [30, 54], this incubation can im-
prove the analytical sensitivity to 10 CFU/ml depending on
the pre-incubation time and the bacterial strain.

Unfortunately, the complete lysis buffer and staining dye
from BD Biosciences as well as the Scansystem™ (Hemosys-
tems) method are no longer available on the market. How-
ever, a new FACS approach called Bactiflow, which was devel-
oped for the food industry, was adopted by Dreier and co-
workers for bacterial detection in platelets. Vollmer et al. [59]
presented data on 14 months of bacterial detection in platelets.
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Out of 472 screened platelet concentrates, 1 sample was con-
taminated with Staphylococcus aureus and was diagnosed as
positive by both, Bactiflow and BacT/ALERT. Eight samples
were falsely positive, and 2 platelet concentrates showed false-
negative results by Bactiflow. In both platelet concentrates, P.
acnes were detected after 7 days of culture by BacT/ALERT.

Bedside Tests

A sample collection immediately before transfusion provides
the best opportunity to avoid false-negative screening results
with regard to sample errors. Two different technologies are
available for this purpose. The Pan Genera Detection Immu-
noassay (Verax Biomedical Inc) is able to detect Gram-posi-
tive and Gram-negative bacterial strains. To use the system,
limited medical devices such as a table centrifuge, a vortex
system, and hand pipettes are needed. All of the working
steps can be performed in a laboratory space on the ward
within a total test time of less than 30 min. As reported by
Yomtovian et al. [60, 61], the specificity of this method is suf-
ficient, but the analytical sensitivity is in a range between 10°
and 10° CFU/ml. This range might be acceptable if platelet
concentrates will be transfused immediately after testing.
Therefore, any additional increase in bacterial concentration
between testing and transfusion can be excluded.

Schmidt et al. [62] described another approach by real-time
monitoring of O, concentrations within platelet liquids. Re-
sults can be stored on a RFID chip. If the O, concentration is
below a critical threshold, platelet concentrates seems to be
contaminated with bacteria and are not used for transfusions.
The analytical sensitivity is comparable with the Verax sys-
tem, but hospital testing procedures will be reduced to read-
ing data on the RFID chip. A disadvantage of this approach is
that only aerobic bacteria consume O,; therefore, only these
pathogens will be detected using this system.

Discussion

In several countries, transfusion-transmitted bacterial infec-
tion with a fatal clinical outcome and false-negative screening
results have been reported (2 cases with Bacillus cereus in the
Netherlands, 1 case with Klebsiella pneumoniae in Germany,
and 3 cases with Staphylococcus spp. in the USA). Fatalities
in the USA and Germany occurred after transfusion on day 5
after blood donation. A small sample of the contaminated
platelet product (in the German case) was retested using
BacT/ALERT to exclude the possibility of a general failure in
the screening assay. All of the samples tested positive in these
subsequent tests, and all of these cases were examples for
sampling errors. Based on low bacterial concentrations in
final platelet concentrates (estimated between 1 and 10 CFU/
bag), there is a risk that the sample volume processed in cul-
ture systems did not contain bacterial colonies, although
platelet concentrates are still contaminated. Within platelet
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Fig. 1. Bacterial screening strategies. Bacterial
screening in platelets can be performed by:

A Culture methods with a ‘negative-to-date’
concept. Although this system has a high sen-

Donation Production

Release of platelet concentrates s

sitivity, most platelet concentrates are already
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Donation Production
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testing before transfusion. The performance is ;
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transferred from the blood establishments to

hospitals. The risk for sample errors will be reduced to a minimum, but the analytical sensitivity will be lower than for strategies A and B.

concentrates shelf life, low concentrations of bacteria can
grow up and might cause severe septic reactions after transfu-
sion. Benefits of culture systems are high analytical sensitivi-
ties, complete barcode-controlled systems, and fully auto-
mated working processes. Disadvantages of these methods
are risks for sampling errors and reduced clinical efficiency,
especially for slow-growing bacteria like P. acnes.

As reported by Silva et al. [63], approximately 10% of
apheresis platelets in the USA are screened by the enhanced
bacterial detection system (eBDS). The detection device
measures the oxygen concentration in the air above the sam-
ple. The sampling pouch is connected by sterile docking to the
PC, and samples are incubated for 18-24 h at 35 °C on a hori-
zontal agitator. Thereafter, the O, level is determined in the
headspace. All of the results with an O, concentration below a
threshold of 9.4% are interpreted as positive. The analytical
sensitivity has been investigated in several studies [22-24, 64]
and is comparable to the BacT/ALERT sensitivity with 1
CFU/ml. The advantage of this bacterial detection assay is that
it is a barcode-controlled, closed system to avoid secondary
contamination, and it has a fixed detection time of 24 h after
sample collection. Platelets can be released if a definite test
result is observed. Recalls are not necessary. However, the risk
for sampling errors is the same as that for BacT/ALERT.

As demonstrated by Schrezenmeier et al. and Schmidt et
al. [18, 22], fatalities have also been reported even after
blood products were screened using eBDS. Another disad-
vantage is that anaerobic bacterial strains cannot be de-
tected. Unfortunately, only a few bacterial strains exclusively
use an aerobic or anaerobic metabolism. Most bacterial
strains possess both metabolic options, with facultative aero-
bic or anaerobic metabolism. Therefore, false-negative re-
sults can be obtained if bacterial strains switch from aerobic
to anaerobic metabolism.

Fatalities from transfusion reactions have been observed
solely with platelet concentrates that were transfused at the
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end of shelf life. The initial risk of sampling errors due to cul-
ture methods can be overcome with a rapid screening system
on days 3-5 after donation. Therefore, a rapid detection sys-
tem, such as NAT or the FACS systems, may be implemented
into routine blood donor screening. Within the last decade, a
real-time NAT system has been developed and improved to
avoid false-negative unspecific screening results. Experimen-
tal data from different groups demonstrated that the analyti-
cal sensitivity (approximately 100-1,000 CFU/ml) as well as
the diagnostic specificity is comparable between NAT systems
and modern FACS systems including the Bactiflow testing
procedure. Implementation of rapid bacterial screening tests
into screening should be combined with a sample collection
on days 3, 4, or 5 after blood donation. Within this screening
procedure, platelet concentrates can be released on days 1
and 2 after donation without bacterial screening and on days
3-5 with bacterial testing. This strategy includes two quality
levels of platelet concentrates: i) products without bacterial
screening and ii) products with testing. Based on published
data, release of platelets on day 1 and 2 is unlikely to cause
bacterial fatalities. Therefore, the screening procedure de-
scribed by Dreier et al. [35] may be an alternative to bacterial
screening with culture systems based on the ‘negative-to-date’
concept. All three options (i) bacterial screening by culture
systems; ii) rapid bacterial screening with late sample collec-
tion; iii) bedside testing) are presented in figure 1. In princi-
ple, platelet shelf life can be extended to a maximum of 7 days
by implementation of bacterial screening methods, but only a
few countries accept this approach. The majority of countries
reduced the maximum platelet shelf life to 5 days due to de-
cline of the risk for septic reactions as well as to avoid transfu-
sion of platelet concentrates with reduced function.

Bedside tests are also considered as rapid detection assays.
The major benefit of these systems is the reduction of sample
errors to a minimum. Unfortunately, the analytical sensitivity
of these tests is lower than that of other rapid tests or culture
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Bacterial detection methods

A: Culture methods B: Rapid methods C: Bedside tests
Fig. 2. Advantages and disadvantages of bac- Advantage  Disadvantage Advantage  Disadvantage Advantage  Disadvantage
terial screening strategies. All of the strategies - — - - - - — - —
R £ Good sensitivity % Long test time £ Short test time 2 Reduced sensitivity | & Short test time = Reduced sensitivity
demonstrate advantages and disadvantages.
. . . £ Easy test procedure (= Recalls necessary £ Automated testing = Release without £ Norecalls = Testing notin
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. . £ Automated analysis  Limited clinical y £ High clinica i
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. . . efficienc errors i
for strategies B and C mainly derived from errors ) v necessery in
L o R £ Reduced risk for hospitals
spiking data. Further clinical trials are eagerly sampling errors
awaited.

tests. Another disadvantage is the additional laboratory
equipment. Handling of tests on clinical wards might be more
critical than under the controlled good manufactured praxis
(GMP) conditions in blood establishments. Systems that use
RFID technology will be much easier to handle because only
stored data on the chip must be read. However, current field
studies are eagerly awaited to expand our experience with
those technologies. Finally, figure 2 summarises the advan-
tages and disadvantages of the culture systems, rapid detec-
tion systems, and bedside tests. As shown in figure 2, all of the
screening strategies have advantages as well as disadvantages
and demonstrate that bacterial screening of blood compo-
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