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Abstract

The risk of transfusion-associated sepsis due to transmission
of bacteria is a persistent problem in the transfusion field.
Despite numerous interventions to reduce the risk, cases of
bacterial sepsis following transfusion are repeatedly being
reported. Especially platelet concentrates are highly suscep-
tible to bacterial contaminations due to the growth-promot-
ing storage conditions. In Europe, blood establishments and
national authorities have implemented individual precau-
tion measures to mitigate the risk of bacterial transmission.
To obtain an overview of the different approaches, we com-
piled information from national authorities, blood establish-
ments, and the current literature. Several aspects such as the
shelf life of platelets, time of sampling and the applied con-
trol measures are compared between the member states.
The analysis of the data revealed a broad heterogeneity of
procedures on a national level ranging from platelet release
without any safety testing up to mandatory screening of all
platelet concentrates prior to transfusion. Despite the sub-
stantial progress made in recent years, several bacterial re-
ports on transfusion-associated sepsis indicate that further
efforts are needed to increase the safety of blood transfu-
sions in the long term. ©2019 S. Karger AG, Basel

Isabelle Bekeredjian-Ding Oleg Krut

Introduction

Since the first successful administration of platelets to
treat hemorrhagic disorders in 1910, platelet concen-
trates (PC) have become one of the most effective and
indispensable medicinal products [1]. This is corroborat-
ed by their listing in the World Health Organization
(WHO) “List of Essential Medicines” [2]. Platelet transfu-
sion is generally applied in cases of thrombocytopenia
with platelet counts less than 10 x 10° counts/L caused
either by severe hemorrhage, stem cell therapy, or malig-
nancies [3]. In 2015, more than 2.8 million PC were pro-
duced by blood establishments (BE) in Europe, of which
2.2 million were actually transfused to patients [4].

Blood products are subject to regulation with the objec-
tive of quality and safety assurance for both donor and re-
cipient. In Europe, the European Parliament and the Coun-
cil adopted general guidelines for the quality and safety of
blood and blood components in the directives 2002/98/EC
and 2004/33/EC [5, 6]. These directives provide quality
standards for the collection, testing, processing, storage,
and distribution of human blood and blood components.
In addition, a description of some practical principles for
BE is provided in the regularly updated “Guide to the Prep-
aration, Use and Quality Assurance of Blood Components”
issued by the European Directorate for the Quality of Med-
icines & HealthCare (EDQM) [7]. Regarding the microbial
quality control of blood components, specific requirements
have to be fulfilled by BE. These recommendations ensure
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a concept to minimize the risk of microbial contamination
in all blood products, and, therefore, the wording in the
guidance documents is general in nature. According to
these guidelines, national authorities are responsible to
adopt these specifications on a national level. Moreover, in-
dividual measures that exceed the current requirements can
be approved. As a result, different strategies and method-
ologies can be found among European countries, each hav-
ing both advantages and disadvantages.

This article provides an overview of the different ap-
proaches in bacterial safety control of PC in Europe with
a special emphasis on safety screening of PC. Further-
more, individual aspects affecting bacterial detection are
discussed and compared between different member states
(MS). A survey of European BE as well as information
obtained from national authorities served as primary
source for this review and was complemented by data
published in the current literature.

It should, however, be noted that the information pro-
vided in this review does not cover all strategies applied
in Europe in detail because individual BE in the respective
MS might follow other nationally justified guidelines.
However, some general variations will be highlighted and
discussed in regard to their efficiency. Nevertheless, the
authors emphasize that the analysis disregards other as-
pects such as platelet quality, logistic problems in imple-
menting certain test methods, or cost factors.

Susceptibility of PC to Microbial Contaminations

Compared to other blood components, PC are highly
susceptible to bacterial contamination. This is mainly at-
tributed to the general PC storage conditions, which fa-
cilitate the proliferation of bacterial contaminants. The
recommended storage temperature of 20-24 °C permits
growth of many bacterial species originating from both
the human microflora and environmental sources. More-
over, bacterial growth is promoted by the comparably
high oxygen supply supported by continuous mixing of
the gas-permeable PC bags. Frequently employed addi-
tives in the storage solution might serve as an additional
energy source for some microorganisms resulting in a
growth advantage [8]. The clinical relevance of bacterial
PC contamination is confirmed by hemovigilance reports
of transfusion incidents [9]. According to current knowl-
edge, clinical complications caused by bacterial transmis-
sion range from mild septic reactions accompanied by
fever up to severe septic shock and death of the recipients
[10-12]. Moreover, delayed effects of transfusion-related
bacteremia and subsequent infections cannot be entirely
ruled out. Therefore, PC require adequate quality control
measures to minimize the risk of bacterial transfusion-
transmitted infectious diseases (TTID).

Bacterial Safety of Platelets

Preventative measures to decrease the risk of bacterial
TTID have been implemented in the past by defining do-
nor deferral criteria of at-risk patients, effective skin dis-
infection procedures, aseptic blood collection and pro-
cessing by utilization of sterile equipment, predonation
sampling, and leukocyte depletion. Especially the imple-
mentation of predonation sampling revealed a high po-
tential of a simple but efficient preventive procedure. In
2 studies, diversion of the first milliliters of blood dona-
tion reduced the contamination rate from 0.35 to 0.21%
for whole blood and from 0.17 to 0.05% for PC [13, 14].
A separation of the initial 20 ml of blood in combination
with an improved skin disinfection using a two-step pro-
cedure resulted in a 77% decrease of contaminated plate-
lets [15]. These interventions have significantly reduced
the number of patients with bacterial sepsis following
transfusion in the last decade. However, a low PC per-
centage still displays bacterial contaminations when ap-
propriate quality control measures are performed [16-
18].

Asymptomatically infected donors or an inadequate
disinfection of the venipuncture site are persistent sourc-
es of contamination. Referring to various publications,
the rate of confirmed contaminated platelets is in the
range of approximately 100-2,000 per million PC [16,
18-20]. These contaminated PC are transfused if no fur-
ther safety measures are in place. To ensure high safety
standards for patients, different strategies can be pursued
in order to prevent bacterial transmission via contami-
nated PC. However, the success rate for bacterial detec-
tion is strictly dependent on the parameters of the re-
spective methodology.

Data that have been collected during the analysis re-
vealed a remarkable northwest-southeast divide in Eu-
rope with respect to bacterial safety measures (Fig. 1). A
rather rudimentary strategy is followed in southeastern
European countries where testing is performed either
only as quality control or not at all. In contrast, the major-
ity of MS in the northwest part of Europe have imple-
mented different safety control strategies to mitigate the
risk of transfusion-associated bacterial sepsis. These indi-
vidual approaches will be described and discussed in the
following sections.

Risk Mitigation through Platelet Storage Limitation

The duration of storage is one of the most critical fac-
tors which has a decisive impact on the severity of bacte-
rial contaminations in PC. In contrast to viral contamina-
tions, bacteria have the ability to proliferate. Thus, the
initial bacterial counts can increase tremendously over
time. This is exemplified by the platelet transfusion-rele-
vant bacterial strain panel that was established by the
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WHO in cooperation with members of the ISBT-TTID
working party and Paul Ehrlich Institute (PEI) [21, 22].
The bacterial reference strains in this panel originate
from reported transfusion incidents and grow rapidly in
PC. It has further been shown that some of these strains,
e.g., Klebsiella pneumoniae, Serratia marcescens, or Pseu-
domonas fluorescens are able to grow, starting from a few
bacterial colony-forming units (CFU) to concentrations
exceeding 107 CFU/ml within 2 days. Consequently,
worldwide, the general duration of PC storage is limited
to a maximum of 7 days due to microbiological concerns.

With respect to the storage duration, quite uniform
specifications apply in the different European MS. In gen-
eral, the standard storage time of platelets is usually lim-
ited to a maximum of 5 days from the time of donation.
In Poland, Italy, Latvia, Malta, Bulgaria, and the Czech
Republic, platelets are released up to this period without
bacterial screening. The time limitation is attributed to
the occasional observation that particularly older plate-
lets bear an increasing risk of bacterial transmission [11,
23]. These reports are, however, contradicted by publica-
tions questioning the strict correlation between the trans-
fusion of older platelets and sepsis [24, 25]. A compre-
hensive literature review by Aubron et al. [26] revealed,
that only 1 of 5 studies confirmed the assumption of
an increased sepsis risk by the administration of older
platelets.

Nevertheless, the suspected rise in the contamination
risk for older PC was decisive for the introduction of
stricter release criteria in Germany. In 2008, the German
Blood Working Party decided to decrease the shelf life of
platelets from 5 to 4 days (Votum 38) due to a dispropor-
tionate number of 5-day-old platelets causing transfusion
reactions [27]. To avoid supply shortages, the extension
of the shelf life to day 5 was authorized upon implemen-
tation of bacterial testing as a safety measure (Fig. 2).
Based on hemovigilance data from 1997 to 2013, a grad-
ual reduction in transfusion-transmitted bacterial infec-
tions was observed due to the implementation of preven-
tive measures such as leukocyte depletion of cellular
blood components and the implementation of predona-
tion sampling [23]. Since 2008, the reduced PC storage
time led to a reduction in reported transfusion incidents
by approximately 50% in comparison to the period before
introduction of this measure, thus, resulting in a total of
5.3 cases per 10° platelet units. Interestingly, however, the
analysis of hemovigilance data from 2005 to 2010 in Swit-
zerland documented that the frequency of transfusion-
transmitted bacterial infections was almost equally dis-
tributed among PC stored for 5 or 4 days [28]. Thus, pre-
vention of 50% of TTID might represent the maximum
benefit to be expected from PC storage time reduction to
4 days. And, despite a considerable decrease in bacterial
transmissions, the overall success of this strategy might
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Fig. 1. Strategies applied for risk reduction of transfusion-trans-
mitted bacterial transmission via platelets in Europe. Green, rou-
tine-based screening; orange, routine-based pathogen inactiva-
tion; blue, only partial and/or quality control testing; white, no
data available; dots, mini states. The map was generated with www.
mapcharts.net.

be questioned, because it can neither guarantee the ab-
sence of septic transfusion reactions nor prevent their
mortality. Consequently, despite its effectiveness, when
used as a stand-alone prevention measure, the reduction
in the PC shelf life should be limited to less than 4 days,
which would, however, have a negative impact on prod-
uct availability.

Mandatory Microbiological Screening by
Culture-Based Methods

In contrast to the shelf life reduction strategy, a rather
proactive approach is pursued in the Netherlands, Ire-
land, UK, Denmark, and Portugal. Here, a national rou-
tine bacterial screening of all platelet preparations is man-
datory. In general, a sample is taken from each platelet
unit and inoculated in an automated culture bottle-based
system. This microbiological culture system allows bacte-
ria of contaminated platelet samples to grow in rich me-
dium under permissive temperatures. In Europe, the 2
most common devices used by BE are the semiautomated
blood culture systems BacT/ALERT® (bioMérieux) or
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Fig. 2. Detailed strategies of individual
member states (MS) to prevent contami-
nated platelet concentrate (PC) transfu-
sion. A) Shelf life reduction to 4 days with
an extension to 5 days by additional testing
with culture-based or rapid microbiologi-
cal methods (dashed line). B) Implementa-
tion of a random quality control (QC)
testing; release of platelets up to day 7 is
possible in individual MS dependent on
additional measures to detect bacteria
(dashed lines). C) Routine culture-based
screening with early sampling. A 2-bottle
strategy (aerobic and anaerobic) is fol-
lowed except for Denmark, where an aero-
bic culture bottle is used. Shelf life varies
between 5 and 7 days among the respective
MS. Ireland and UK allow additional test-
ing on day 4 for shelf life extension to
day 7. D) Routine culture-based screening
with late sampling and a corresponding
shelf life of 7 days. E) Implementation of
pathogen reduction; red boxes indicate the
sampling period.

A) no screening,
limited storage

B) QC/ no routine
screening

early sampling

late sampling

E) Pathogen
reduction

C) Routine screening:

D) Routine screening:
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BacTec (Becton Dickinson). Both technologies analyze
cell growth via the detection of CO, as a by-product of the
metabolism of bacteria in the medium. The release of
CO, leads to a colorimetric (BacT/Alert) or fluorescent
(BacTec) signal, which is continuously monitored. The
exact specification of the sampling and incubation proce-
dures differs according to national guidelines and varies
among the different countries.

For stratification and analysis, here, we distinguish 2
major approaches based on the sampling time, e.g., “ear-
ly sampling” defined as sampling within 36 h after blood
donation and “late sampling,” when cultivation is initi-
ated later than 36 h. Notably, most countries with man-
datory PC screening have implemented early sampling
(Table 1). For instance, the time of sampling in the Neth-
erlands is designated within a range of 18-26 h for pooled
platelet preparations. Apheresis platelets are tested with-
in 12 h after collection. In Ireland, apheresis platelets are
sampled 1 day after donation (12-24 h) whereas pooled
platelets are tested following the “late sampling” strategy,
1 day after pooling, which corresponds to day 2 after col-
lection (36-48 h). In the UK, BE can choose from 2 dif-
ferent sampling schedules. Samples can either be taken
18 h after collection limiting storage duration to 5 days,
or sampling can be performed at >36 h allowing a shelf
life of 7 days. In Portugal, testing is performed 24 h after
collection with restriction of storage time to 5 days. In
Denmark, samples are taken 1 day after donation for
apheresis platelets and 1 day after donation of whole
blood on the day of pooling with storage duration lasting
7 days. The rationale behind this early sampling is to ob-

Bacterial Safety of Platelets

tain microbiological results as early as possible. Howev-
er, due to the low initial concentration of microbial con-
taminants, the detection of pathogens within the first
24 h bears the risk of sampling errors and false-negative
results [29].

So far, the initial bacterial load of a natural contamina-
tion has not been clearly enumerated. Based on bacterial
screening data, a bacterial count <60 CFU/bag is predict-
ed to be present in a naturally contaminated PC [30, 31].
This extremely low concentration is prone to sampling
errors, especially when samples are collected shortly after
donation when the bacterial load is far below 1 CFU/mL
and knowing that bacteria tend to grow in aggregates and
are not evenly distributed in solutions. Therefore, the
estimated frequency of false-negative results associated
with the “early sampling” strategy is alarming: only 10—
50% of the contaminated blood cultures are detected as
positive [18, 29].

With this reasoning, “late sampling” for bacterial de-
tection was introduced to allow microbial contaminants
to replicate and to reach concentrations above the detec-
tion limit. Furthermore, late sampling strategies allow the
discrimination of replicating bacteria from residual bac-
teria killed by PC components, in particular complement.
Currently, late sampling is implemented as a stand-alone
screening procedure and criterion for PC release in the
UK only. More frequently “late sampling” - often per-
formed on day 4 or 5 of storage — serves as an additional
safety measure that allows extension of the PC shelf life
by BE, as is the case in Germany, Ireland, Finland, Latvia,
Lithuania, Portugal, and Poland.
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Table 1. Summary of safety test strategies for platelet concentrates (PC) applied in Europe

No routine testing Shelf life reduction Early sampling (<36 h) Late sampling (>36 h) Pathogen reduction
culture based culture based
Pro Cheap Cheap Detection of some Detection of Elimination of pathogens
No logistical efforts Prevention of contaminated PC contaminated PC High level of microbiological
Highest availability of  transfusion of highly Increased safety for patience  Increased safety for safety
PC contaminated PC patience
Possibility of an extended
shelf life
Contra  High risk for Residual risk of High sampling error due to Logistically complex Insufficient killing of spores
transfusion- bacterial transmission  low inoculum or bacteria Disposal of PC due to and/or biofilm-producing
associated sepsis Supply shortage Limited shelf life false-positive results bacteria
Disposal of PC due to false- Additional costs Possible risk of pyrogenic
positive test results reaction due to bacterial
Additional costs components
Time critical
Logistically complex
Additional costs
Strategy  Poland, Italy, Germany Denmark, Portugal, UK Belgium, Switzerland, France

used in  Malta, Bulgaria,

Czech Republic

Netherlands, Ireland, UK

Quarantine of PC during Screening

Even for highly contaminated platelet samples, it takes
several hours to yield a positive result in a culture-based
screening process. For example, culture bottles inoculat-
ed with PC samples with a bacterial load of >10® CFU/mL
of K. pneumoniae or Escherichia coli still require a mini-
mum of 4 h to generate a positive alarm signal in aerobic
and anaerobic culture bottles [32]. Similar results were
obtained with gram-positive bacteria, e.g., Staphylococcus
aureus or Bacillus spp., with concentrations >10° CFU/
mL resulting in a positive signal ata minimum incubation
time of 4 h. The time between the inoculation step and the
test result might, however, be critical if platelets are re-
leased with a negative-to-date result. In order to prevent
the transfusion of bacterially contaminated platelet units,
PC could be quarantined for a predefined period. Such an
approach is pursued in the UK, where a hold time for PC
is authorized in combination with a culture-based screen-
ing approach. Using either a single or 2-test strategy, PC
are put on hold for 6 or 24 h, respectively, after the inocu-
lation of the culture until they are released on a negative-
to-date result. The implementation of such quarantine
time slots allows the detection of potential contaminants
without the risk of PC release on the basis of false-
negative results. In the context of the “late sampling”
approach, the use of the quarantine principle as an addi-
tional safety measure should be considered. As “late sam-
pling” is often performed after several days of storage,
potential contaminants can have multiplied to significant
and life-threatening levels [22, 33]. Recently published
data justify an appropriate and efficient hold period for
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the prevention of TTID. An extensive study was per-
formed by Vollmer et al. [32] for the implementation of
a culture-based method for shelflife extension of PC from
day 4 to day 5. PC were spiked with few CFU of various
bacterial isolates comprising species with both low and
high pathogenicity. Within the first 24 h of incubation, a
positive signal was obtained in all samples. The reduction
in the testing period down to less than 12 h resulted in the
detection of only 59% of bacteria from the low-pathoge-
nicity group, whereas 100% detection of high-pathoge-
nicity isolates was achieved. The detection rate was sig-
nificantly improved to more than 97% if the detection
time was increased to 18 h. Similar results were also ob-
served in an early sampling setting (24 h after blood do-
nation) utilizing a 2-bottle approach and a volume of
7-10 mL [16]. These examples demonstrate that product
release directly after sampling might lead to severe trans-
fusion reactions due to highly contaminated platelet
units, which can be prevented by the introduction of a
hold time by a risk-based approach. However, the short
quarantine only confers prevention of severe transfusion-
associated sepsis. A longer hold time is necessary to en-
sure the identification of slow-growing bacteria and
samples with a low starting inoculum as a prerequisite
for the efficient prevention of clinical septic reactions.

Improved Safety through Increased Sample Volume
Alow bacterial concentration, particularly shortly after

blood donation, is one of the major challenges for bacte-
rial screening methods. Parameters that can be altered to
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increase sensitivity, e.g., the minimum detection rate of
contaminants, are currently limited. The sample volume
is one factor that has a significant influence on the detec-
tion rate. The maximum sample volume for both semi-
automated culture detection methods (BacTec and BacT/
Alert) is 10 mL per culture bottle according to the manu-
facture’s specifications. Based on this volume, the theo-
retical detection limit of these systems would be 0.1 CFU/
mL. However, analysis revealed a lower sensitivity of the
systems when applied as routine control systems [34]. BE
that have implemented culture-based screening of PC in-
oculate different volumes per bottle. For example, a max-
imum volume of 10 mL is used in Portugal and Denmark.
Smaller volumes are inoculated in Ireland and the UK
(8 mL/bottle) as well as in the Netherlands (7.5 mL/bot-
tle). Although the general effect of the sample volume on
the detection rate is limited, an extensive data analysis re-
vealed a significant increase of 57% for true-positive re-
sults using 8 versus 4 mL of sample volume [35]. An alter-
native to the inoculation of a fixed volume is depicted by
a so-called proportional sample volume approach [36].
Based on a Poisson model, inoculation of 3.8% of the total
platelet product volume might lead to an improved detec-
tion rate compared to a fixed volume of 8-10 mL [37]. The
verification of the hypothesis revealed a 2-fold increase in
true-positive rates using the proportional sample volume
strategy. It should, thus, be noted that a sample volume of
10 mL is sufficient for the 200- to 250-mL PC unit. The
maximum sample volume of 10 mL per bottle can be ex-
panded using a second culture bottle, which can addition-
ally be used to implement both aerobic and anaerobic cul-
ture conditions. Although larger sample volumes used for
bacterial screening improve the detection rate, other spec-
ifications of platelet components such as minimum
platelet count per unit should be considered.

Anaerobic Screening - Is it Worth the Effort?

Potential contaminants of PC comprise a broad spec-
trum of species that require specific growth conditions. A
ranking of transfusion-transmitted bacteria considering
several risk factors showed that all relevant pathogens ex-
cept for Clostridium spp. can be cultivated under aerobic
culture conditions [38]. In Europe, the screening of PC
using a single aerobic bottle is implemented in Denmark
(Fig. 2). Finnish BE perform random testing of PC with 1
aerobic bottle as a quality control. In contrast, BE from
Ireland, Portugal, the Netherlands, and the UK use a
2-bottle strategy comprising both aerobic and anaerobic
bottles. It is conceivable that strict anaerobic isolates such
as Clostridium perfringens or Cutibacterium acnes (for-
merly Propionibacterium) will not grow under aerobic
conditions. Therefore, a strategy utilizing both bottles

Bacterial Safety of Platelets

types offers several advantages. Firstly, the use of an an-
aerobic culture bottle extends the bacterial spectrum that
can be identified as a contamination. This benefit has been
confirmed by several reports [11, 18, 39, 40]. For instance,
astudy from NHS Blood and Transplant showed that 66%
of all confirmed positive results were only detected in an-
aerobic culture bottles, whereas 8% were positive in an
aerobic and 26% in both bottle types [17]. It should, how-
ever, be noted that if both bottles are removed as soon as
one of both is flagged as positive, it is unknown whether
the second bottle would have led to a positive signal after-
wards. Data from Australia confirmed an increase in safe-
ty with the 2-bottle strategy as several bacterial contami-
nants were only detected in anaerobic culture bottles [16].
Secondly, inoculation of 2 culture bottles increases the
sample volume and thereby decreases the sampling error
particularly when early sampling is performed. Notably,
many bacterial pathogens are facultative anaerobes and
grow under aerobic and anaerobic conditions, among
them S. aureus, E. coli, and Candida albicans. Moreover,
some bacteria particularly from the enteric flora show
even a faster detection time in anaerobic bottles compared
to aerobic conditions [16]. A negative aspect connected to
the anaerobic culture is the relatively high rate of false-
positive alarms leading to a withdrawal of non-contami-
nated PC [17]. Furthermore, the clinical relevance of an-
aerobic pathogens as contaminants in platelets is still un-
der debate. For instance, 35-81.8% of confirmed positive
results in anaerobic bottles are caused by C. acnes isolates
[16]. But, to our knowledge, there are only rare reports on
infections caused by C. acnes, which mainly focus on bio-
films on iatrogenic implants [41]. Moreover, growth stud-
ies of 10 C. acnes PC isolates in platelets showed lack of
proliferation, which indicates either persistence or death
within 10 days of incubation [42]. Nevertheless, sporadic
cases of transfusion incidents involving anaerobic bacte-
ria have been reported. In 2017, two fatalities caused by
the same C. perfringens isolate were documented by the
Centers for Disease Control [10]. The routine safety test
of these 2 PC units by aerobic culture was negative during
the whole incubation period. Although it is not clear
whether an anaerobic culture would have prevented the
administration of these PC, the reports of transfusion-
associated fatalities involving C. perfringens highlight the
necessity of a 2-bottle strategy [43], especially because no
donor-related risk factors have been identified that would
assist in identifying donors with anaerobic bacteremia.

Role of Direct Methods as Safety Measures
In addition to these conventional systems, rapid mi-

crobiological methods (RMM) represent a promising al-
ternative for BE to minimize the risk of TTID. Examples
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of RMM comprise direct methods such as flow cytome-
try, amplification of nucleic acids, or detection of
bacterial compounds, e.g., lipopolysaccharides or pep-
tidoglycans. Particularly when applied shortly before
administration, RMM might identify contaminated PC
that were approved during the initial sampling proce-
dure. Several systems are available on the market with
different analytical sensitivities dependent on the detec-
tion principle. An overview of available methods and
their test principles is provided by Stormer and Vollmer
[44]. With regard to the time-to-result parameter, RMM
are superior in comparison to culture-based methods.
Depending on the method, results are obtained within a
few minutes to hours, which allows for a fast release deci-
sion. However, in practice, RMM are only rarely used by
BE or clinicians as final release tests. This might be due to
several drawbacks of these systems such as low sensitivity,
high costs, and increased hands-on time leading to logis-
tic challenges.

In Europe, routine application of RMM as safety mea-
sures was so far only performed in Germany, where it is
implemented by BE to extend the shelf life of platelets
from 4 to 5 days [45]. The flow cytometry-based Bacti-
Flow (Biomerieux) system is most frequently used by
German BE, although technology based on nucleic acid
amplification is approved for single BE, too. Due to a rel-
atively short time-to-result window, platelets tested by
this approach can be administered without putting them
on hold. However, the implementation of RMM will not
result in a complete elimination of transfusion-associated
bacterial transmissions due to the relatively low sensitiv-
ity of these methods [46]. Samples with low bacterial
counts will not be detected. Yet, when applied directly
prior to transfusion, fatal incidents caused by highly con-
taminated platelet units can be prevented. Considering
potential replication of PC pathogens, RMM results are
usually valid for no more than 24 h. Afterwards, the num-
ber of contaminating microorganisms may increase dra-
matically devaluating previous results for fast-growing
bacteria.

Septic Reactions due to False-Negative Results

Screening of platelets using semiautomated culture
systems is a valuable tool to increase patient safety, which
is emphasized by several studies on method efficacy.
However, positive outcomes are repeatedly overshad-
owed by reported transfusion-related fatalities and trans-
fusion incidents with false-negative PC. This indicates the
existence of a safety gap despite the aforementioned mea-
sures being implemented. Bacterial transmission of S. au-
reus was recently reported by the Northern Ireland Blood
Transfusion Service in spite of the use of a semiautomat-
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ed culture system [47]. Further analyses suggested that
biofilm formation might have been responsible for the
false-negative result in the respective culture bottles. Due
to adhesion of bacterial cells to the inner surface of the
platelet bags, a sampling error is very likely [48]. Similar
tindings are reported for S. aureus isolates, which escaped
from the screening process despite late sampling [17]. To
this end, S. aureus can form aggregates by direct interac-
tion with platelets [49]. This aggregation might increase
the sampling error due to an uneven distribution of
bacterial cells in the platelet bag.

Even though semiautomated bacterial detection sys-
tems provide a benefit in regard to safety, it should be
stressed that a classical visual PC inspection should still
be part of the routine quality control at all stages of the
delivery chain. In many cases, transfusion of microbially
contaminated PC was prevented due to visual anomalies,
e.g., clot formation, lack of swirling, or color change
[47, 50].

Elimination of Bacterial Contaminations Using
Pathogen Reduction Techniques

Bacterial screening of PC using automated culture sys-
tems as any screening method is limited by sensitivity and
specificity, i.e., by false-negative or false-positive results
[16], leading to transfusion of contaminated or discard-
ing of microbiologically safe PC, respectively [18]. Patho-
gen reduction (PR) technologies as a tool to prevent
transfusion-related septic infections are, therefore,
worthwhile mentioning. Here, the main advantage is the
simultaneous depletion of potential pathogens including
bacteria, many viruses, and parasites. Two systems, the
Intercept Blood System (Cerus Corp., Concord, CA,
USA) and Mirasol (Terumo BCT Inc., Lakewood, CO,
USA) are currently on the market, and the Theraflex sys-
tem (MacoPharma, Mouvaux, France) will be submitted
for market authorization presumably in 2019. All 3 sys-
tems received the CE mark approval for treatment of
platelets. The general mechanism of all 3 systems is based
on an irreversible damage to the bacterial DNA prevent-
ing nucleic acid replication. The mechanisms of the PR
system are out of scope of the current review and de-
scribed elsewhere [51, 52].

Several countries implemented PR treatment for PC.
In Belgium, PR is performed for all platelet units and is
obligatory since the royal decree of June 28, 2009. Along
with PR implementation, the shelf life of platelets was re-
duced from 7 to 5 days due to concerns on platelet effi-
cacy. A similar situation is found in Switzerland, where
the Intercept system was generally introduced in 2011.
Recently, Jutzi et al. [28] assessed the implementation of
PR by comparing the number of reported adverse reac-
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tions related to both traditional and PR-treated PC. Be-
fore PR implementation, 2-4 septic reactions per year or
125 adverse reactions per million platelets units were re-
ported. This number decreased to 0 directly after PR in-
troduction, indicating the absence of transfusion-trans-
mitted bacterial infection since then. After a 5-year re-
gional test phase in France, nationwide PR implementa-
tion started in 2017 [53]. Future analysis of PR efficiency
in PC in France will provide further evidence on the suc-
cess of this strategy.

Similar to growth-based methods, time is a critical pa-
rameter for the successful implementation of PR. Fast-
growing bacteria can reach a high bacterial load within a
short time, thereby exceeding the reduction capacity of
the PR systems. In the worst case, a single bacterial cell
that survived the treatment might be the cause of a lethal
PC transfusion. Even if a successful elimination of all bac-
teria was achieved, remaining pyrogenic cell wall compo-
nents from gram-negative bacteria or exotoxins may con-
stitute a threat for recipients. For instance, PR of 15 PC
30 h after low-CFU inoculation revealed 1 positive PC on
day 5, whereas an earlier treatment 24 h after inoculation
resulted in 100% culture-negative PC [54]. Similar results
were obtained when blood components were inoculated
with higher concentrations (100-1,000 CFU/bag) of
transfusion-relevant reference strains. Here, occasional
contaminations following a reduction procedure due to
bacterial loads >10° CFU/ml are reported [55]. Another
challenge is presented by biofilm-positive isolates or
spores, which show increased resistance towards PR
treatment [56, 57]. In contrast to the preferred late bacte-
rial culture, it is, therefore, important to treat PC with PR
as early as possible to avoid high bacterial loads. BE pro-
ducing PR-treated platelets are required to follow the
specifications and instructions given by the respective
manufacturers to guarantee efficacy and safety. Taken to-
gether, use of PR methods requires establishment of a
comprehensive quality assurance procedure including
proficiency testing.

Concluding Remarks

Despite the implementation of numerous interven-
tions, the risk of transfusion-associated bacterial sepsis
still remains. In the European MS, different strategies —
from routine screening of PC to release in the absence of
adequate safety measures — are applied. The latter is cer-
tainly the most controversial approach due to the implic-
it acceptance of an increased risk of transfusion-associat-
ed morbidity and mortality. The decrease in the number
of platelet transfusion-transmitted infections, particular-
ly in the last 2 decades, should not divert from the fact that
a substantial risk for patients still exists [10, 50].

Bacterial Safety of Platelets

For instance, it is clear that the significance of the data
is strictly dependent on the identification of septic trans-
fusion reactions and their subsequent reporting. How-
ever, it is assumed that the incidence of transfusion-asso-
ciated sepsis is underestimated, thereby not reflecting the
real risk. Based on data from Hong et al. [58], a high pro-
portion of transfusion-associated bacterial infections are
not recognized. Active surveillance by platelet sample
analysis at the time of release revealed a 10-40 times high-
er risk for platelet-associated bacterial transmission com-
pared to passive surveillance. The major reason for this
underreporting is that the administration of a bacterially
contaminated PC does not necessarily lead to overt clini-
cal symptoms in the recipient [47]. The outcome is influ-
enced by several factors, e.g., pathogenicity of the strain
and the bacterial count at the time of administration.
Moreover, both the clinical status and the ongoing ther-
apy of the patient, including administration of antibiot-
ics, might affect the manifestation and severity of the re-
action. Delayed infections upon transfusion of a bacteri-
ally contaminated PC cannot be excluded. To date, there
is no documented evidence for such a scenario although
delayed infections caused by nonsterile pharmaceuticals
are known [59]. Therefore, the relatively low number of
transfusion-associated sepsis cases should not provide a
justification for the implementation of a “no-testing”
strategy. However, several European MS enforce routine
testing of PC (Fig. 1).

The efficacy of the different measures on the frequen-
cy of septic reactions described has recently been report-
ed [59]. For instance, culture-based screening reduced
the number of contaminated PC to 5.4 per million com-
pared to 16.3 before routine screening was introduced in
the UK. Focusing on adverse transfusion reactions, the
number even decreased by 90% [17]. Moreover, no fa-
talities were reported since the implementation of cul-
ture-based screening. In Belgium, France, and Switzer-
land, where PR treatment for PC was introduced in recent
years, no septic reactions were reported since its imple-
mentation. Compared to historical data, the rates of mi-
crobiologically contaminated PC decreased significantly
from 19, 82.9, and 35.6 per million cases to zero cases in
France, Switzerland, and Belgium, respectively [9].

Several safety measures are conceivable, which vary in
their costs and effort. On the basis of the current knowl-
edge, PC might be released without any additional testing
only up to 12 h after platelet production. The release of
platelets without further microbiological control after
this time should not be regarded as state of the art and
might be driven by economic arguments. In this case, PC
should be subjected to quarantine for at least 18-20 h. In
addition, at least 10 mL of sample per 250 mL PC should
be inoculated in both aerobic and anaerobic culture bot-
tles. If the culture remains negative after 18 h, PC can
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be released on the negative-to-date principle with a shelf
life up to 7 days.

An even higher safety level with respect to transfusion-
associated bacterial transmission is provided by the im-
plementation of PR systems. Data from pathogen-inacti-
vated platelets have so far shown promising results on the
reduction of PC transfusion-associated sepsis. Prior to
the marketing authorization, numerous studies on the
performance of these systems were conducted. Focusing
on the efficacy of PR, all 3 systems demonstrated signifi-
cant log reduction of bacteria in platelets [60, 61].

The Good Practice Guidelines of the EDQM stated
that “(...) blood and blood components are not released
for distribution, until their quality has been judged to be
satisfactory and that the necessary and relevant tests have
been carried out.” As a consequence of the nonbinding
nature of this guidance, a clear lack of harmonization of
safety measures across Europe with respect to the micro-
biological safety of PC becomes apparent (Fig. 1). How-
ever, itis clear that the implementation of additional safe-
ty measures is associated with higher expenses, which
may represent an obstacle for both MS with limited finan-
cial resources and smaller BE. Taken together, on the ba-
sis of our current knowledge, it is, however, not appropri-
ate to omit safety measures for mitigation of microbio-
logical quality control of blood components.
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