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introDUction 

IGH Rood, A Pettersson, D de Korte, PHM Savelkoul.

Adapted from LABMEDICINE 2008; 39: 553-8.
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 Long before the first successful transfusion of blood, people realised that blood is a vital fluid. 
Although blood transfusion can be a life saving procedure, the first attempts had sometimes a 
worrying quality and most of the times death as a result. In the 19th century, the first successful 
blood transfusion was performed. However, many other attempts still resulted in death and it 
was not until 1901, when the Austrian Karl Landsteiner discovered human blood groups, that 
blood transfusions became safer. The first transfusions had to be done directly from the donor 
to the recipient, before coagulation could take place and therefore were not done frequently. The 
discovery of anticoagulant and the possibility to store blood for some days by refrigerating it, 
completely transformed the practise of transfusion. For the first time the donation process could 
be separated, in time and place, from the actual transfusion. This was especially important for 
soldiers during the First and Second World Wars and the need for medical support during these 
armed conflicts stimulated further development.
In 1937, the first hospital blood bank in the United States was established in the Cook County 
Hospital in Chicago. In Europe, experience from the Spanish Civil War proved the advantages 
of the use of preserved blood and there was a major initiative to increase the number of blood 
donors and to establish large-scale blood banks to ensure adequate supplies [1]. 
Until the 1960s, blood was collected in glass bottles and transfused as whole blood. The in-
troduction of sterile and closed plastic bag systems enabled the separation of whole blood into 
different components, and thereby blood component therapy. From that time, the different blood 
components could be stored under optimal conditions and used more efficiently. Moreover, pa-
tients only received the component they needed.

blood components
The basic components that can be derived from whole blood are red blood cells, platelets and 
plasma. Red blood cells are involved in oxygen transport and are transfused to raise the haema-
tocrit level in patients with anaemia or to replace losses after acute bleeding episodes. Platelets 
are important for haemostasis and are given to patients with thrombocytopenia, for example 
during chemotherapy, or impaired platelet function. Plasma is a non cellular blood compo-
nent that consists mainly of water in which salt, minerals, carbohydrates, fats and proteins are 
dissolved. Plasma can be transfused to patients that have a shortage of plasma proteins, for 
example due to major blood loss, but preferably only the desired proteins are given to the patient 
as purified concentrates. Therefore, most plasma is used for fractionation to produce the dif-
ferent pure plasma proteins, like coagulation factors, immunoglobulin and albumin.
Blood products can be collected in two different ways, through whole blood donation and ap-
haeresis. Aphaeresis is the process of removing a specific component of the blood, such as plate-
lets, and returning the remaining components, such as red blood cells and plasma, to the donor. 
This process allows more of one particular part of the blood to be collected than could be sepa-
rated from a unit of whole blood. Whole blood can be separated into the three basic components 
by centrifugation and for this purpose two different centrifugation methods can be used. The 
first method makes use of a slow speed centrifugation step where a layer of platelet rich plasma 
(PRP) on top of a layer of red cells mixed with some plasma is formed. The two fractions are 
separated into different bags and the PRP layer is subjected to a high speed centrifugation step 
where the platelets are separated from the plasma. These two fractions are also separated into 
different bags. The second method makes use of a high speed centrifugation step and is called 
the buffy coat method [2]. After centrifugation, the whole blood donation is divided into a red 
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cell fraction, a buffy coat fraction consisting of platelets and white blood cells, and finally a 
plasma fraction. These three fractions are separated and collected into different bags. Five units 
of buffy coats are mixed with one unit of plasma or a platelet additive solution and after a slow 
centrifugation step a platelet concentrate (PC) is obtained. Residual white cells are removed 
from red cells and PC by a leukocyte reduction filter. 
In the Netherlands, the Sanquin blood supply foundation is responsible for the collection, pro-
cessing, and distribution of safe blood products. There are over 400,000 blood donors associa-
ted with Sanquin who donate their blood on a voluntary non-remunerate basis, contributing to 
a total of more than 800,000 donations in 2007 [3]. The majority of donations are whole blood 
donations that are processed into the different blood components by the buffy coat method.

transfusion transmitted infections
Blood for transfusion can be a potential source of infection by a variety of known and unknown 
transmissible agents. To guarantee optimal safety, several quality control tests have been intro-
duced ranging from donor selection to testing of all donor blood for the presence of micro-orga-
nisms that can be transmitted by blood. From the very beginning of transfusion practice, sepsis 
due to transfusion of bacterially contaminated blood was recognized [4]. However, during the 
eighties of the last century, public concern focused mainly on the risks of the transmission of 
viral agents causing hepatitis or AIDS and the risk of bacterial contamination of blood products 
was generally not acknowledged. After successful early detection and subsequent reduction 
of virus transmission by blood components, attention has now focused on the remaining risk 
of transfusion transmitted bacterial infections. Before the introduction of measures to reduce 
bacterial contamination of blood products, the rate of septic platelet transfusion reactions due 
to contaminated PCs was 1 in 2,500 for whole blood derived PCs and 1 in 15,000 for aphaeresis 
PCs [5]. Currently, the prevalence of contamination of cellular blood products is approximately 
1 in 3000. Subsequent significant clinical events have been reported to be approximately 1 in 
25,000 for platelet transfusions and 1 in 250,000 for red blood cell (RBC) transfusions [6, 7]. 
The current risk to transmit a bacterial infection is 10 to 100 fold larger compared to the risk of 
transfusion transmitted infections caused by various viruses or prions [7].

Transfusion associated bacterial sepsis is caused more frequently by platelets than by RBCs or 
plasma because PCs are stored at room temperature under constant agitation. These conditions 
are necessary to preserve function and vitality of the platelets but also make them an excellent 
growth medium for a broad range of bacteria. Because red cells are stored at 2°C to 6°C and 
plasma is stored frozen, the risk for bacterial growth in and transfusion transmitted bacterial 
infection by these components is much lower. 
It has been shown that in a majority of cases, bacterial contamination is a result of skin bacte-
ria that gain access to the unit during blood collection [8]. Other possible mechanisms include 
asymptomatic bacteraemia of the donor [9-11], contamination of the collection bag, and conta-
mination during the blood processing procedure. Several strategies have been developed to re-
duce contamination of blood products. For example, donor selection was introduced to exclude 
donors with risk of bacteraemia [12] and skin disinfection was improved [13]. Diversion of the 
first volume of whole blood in a diversion bag contributed significantly to a reduction in the 
prevalence of superficial skin bacteria in whole-blood units [14] as well as in PCs [15]. 
The American Association of Blood Banks released a standard which stated that a blood bank 
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or transfusion service should have methods to limit and detect bacterial contamination in all 
platelet components. The ideal test for detection of bacteria in PCs should meet a number of de-
mands [16]. It is thought that bacterially contaminated blood products initially contain less than 
1 colony forming units (CFU)/ml [17], therefore the test should be sensitive in order to detect a 
very low number of bacteria. However, because bacteria can grow during storage, less sensitive 
methods are acceptable if sampling is performed within a few hours prior to transfusion. PCs 
can be stored for up to 7 days without compromising the quality. Because PCs have a limited 
shelf life, results need to be generated fast. Furthermore, the test should detect all bacteria that 
are relevant for contamination of PCs and should be simple to perform and affordable. Several 
tests are available or in development which meet one or more of these requirements. These tests 
are based on metabolic changes, morphology, microscopic examination, culture or DNA/RNA 
detection (Table 1).

Detection methods for bacterial contamination

Metabolic parameters and morphology
When bacteria grow in PCs they consume glucose and produce lactic acid. Production of acid 
is accompanied by a decrease of pH which can be measured by a pH meter or a dipstick. Also 
the decrease in glucose can be measured with an automated glucose analyzer or a dipstick. 
During bacterial growth the decrease of pH leads to a morphological change of the platelets. 
This morphological alteration is thought to be predictive for loss of viability of platelets. Swir-
ling is an effect related to the discoid morphology of platelets and is a result of reflection of 
light scattered by the discoid platelets in movement. This scattering is reduced or absent in non-
discoid platelets. Therefore, the measurement of swirling is an indirect method used to detect 
bacterial growth and moreover, the presence of swirling is not an indication for the absence of 
bacteria. Although the methods mentioned above are inexpensive, simple to perform and fast, 
the sensitivity is very low. Only bacterial loads as high as 107 to 108 CFU/ml can be detected and 
results vary between bacterial strains [18]. Due to the low sensitivity, these methods should be 
discontinued in favour of a more sensitive method [19].

Microscopy
Although a higher sensitivity is obtained with microscopic examination with either gram stai-
ning or acridine orange, the sensitivity remains poor. The lower detection limits are 105 to 106 

CFU/ml for gram stain and 104 to 105 CFU/ml for acridine orange stain [20].
Better sensitivity with microscopic examination is obtained with the optimized Scansystem 
(Hemosystem, Marseilles, France) or similar systems, which tests a mini pool of 3 PCs. Briefly, 
for the Scansystem 3 ml of PC is incubated with a solution that contains a monoclonal antibody 
that aggregates any platelets present. After incubation, aggregated platelets are removed by a 
filtration step that allows the passage of bacteria. Bacteria are then mixed with a permeabili-
zing and fluorescent labelling reagent. By a vacuum step the bacteria are retained on a black 
membrane. The membrane is scanned with a laser and bacteria present on the membrane are 
counted by means of computer assisted visual confirmation [21-23]. The system is rapid (results 
within 70 minutes and an additional 5 minutes for each subsequent sample) and when samples 
are taken 24h after spiking, the Scansystem has a sensitivity of 50 CFU/ml [22]. Due to a com-
plex analysis procedure, this test requires specially trained staff and is not very frequently used.
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Culturing methods
Two culture based methods have been approved by the FDA for detecting bacterial contamina-
tion of platelets. These are the semi-automatic BacT/ALERT (BioMérieux, Boxtel, Netherlands) 
and the non automated enhanced bacterial detection system (eBDS) (Pall Medical, Covina, 
CA). In countries that have implemented culture based bacterial screening BacT/ALERT is used 
nearly exclusively [24]. For example, Sanquin started in 2001 with the nationwide screening of 
PCs for bacteria with the BacT/ALERT method. Briefly, PC aliquots are inoculated into an ae-
robic and anaerobic bacterial culture bottle. The presence of bacteria is detected by monitoring 
for bacterial growth in an automated system and is based on the detection of CO2 as a marker 
for bacterial growth. Platelets are released on a negative to date result which means that on the 
day of release the culture bottles of the platelets are negative for bacterial growth. However, 
culturing is continued for up to seven days and if during this period the culture bottle becomes 
positive for bacterial growth the product is recalled and/or the hospital informed. A follow up 
study showed that about 50% of the positive cultures were related to a product that had to be 
recalled [15]. Up to 90% of these recalled products were already transfused. However, transfu-
sion reactions associated with these products were very rare [25], indicating that the bacteria in 
the PCs were not yet grown to harmful concentrations or the BacT/ALERT gave a false positive 
result. Despite the higher sensitivity introduced by the use of an aerobic and anaerobic culture 
bottle [15, 26], many countries that screen PC with the BacT/ALERT system only use the aero-
bic bottle. Some countries quarantine the PC up to 24 hours after inoculation [24]. Because most 
PC are released between day 2 and 5 of shelf life [27, 28], the difference between quarantine and 
no quarantine are not spectacular [15]. The BacT/ALERT method is very sensitive and reliably 
detects contamination of platelets inoculated to 10 CFU/ml and in many cases to ≤ 5 CFU/ml 
[29]. Although not all positive PCs are detected before they are transfused, the culture system 
is able to prevent transfusion for most PC contaminated with clinically significant bacteria [15]. 
However, due to sampling error or low initial bacterial loads, false negative tests do occur [10, 
30-33].
An alternative but less frequently used culture system is the eBDS Pall system. This consists of 
a sample pouch containing growth medium to enhance bacterial growth. Sample pouches are 
inoculated with 2 to 3 ml of PC product. The headspace oxygen concentration is read with an 
oxygen gas analyzer after incubation for 24 hours on a PC-type incubator at 35°C. An eBDS 
Pall result is interpreted as positive if the oxygen concentration is less than 9.4 percent [34]. 
Because the eBDS detection system is based on a decrease in oxygen content, aerobic and fa-
cultative anaerobic organisms are detected but strict anaerobes not. The eBDS system has the 
same sensitivity as the BacT/ALERT system but because it is a completely closed system, false 
positive results due to exogenous contamination are prevented. However, slow growers will not 
be detected in this system, because the culture is only followed for 24 h and fatalities due to 
false negative results have been reported [27].
Recently, a study was published that made use of a microcalorimetry instrument to detect bac-
teria in PCs. It is based on the fact that all living organisms produce heat as a result of their 
metabolism. Although micro-organisms have a low heat output, their exponential replication in 
culture allows their detection by microcalorimetry. A spiking test with five different bacterial 
species showed that all bacteria could be detected at inocula of 10 CFU/ml. However, the test is 
not fast since time to detection ranged from 8 to 73 hours [35] and so far, this test is not further 
commercialized.
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Immunoassay
In September 2007 the platelet pan genera detection (PGD) test system (Verax biomedical, 
Worcester, USA), a rapid detection system, was approved by the FDA. The PGD test system 
detects the presence of conserved antigens on the surface of bacteria, lipoteichoic acid (LTA) 
found on gram positive bacteria and lipopolysaccharide (LPS) found on gram negative bacteria. 
LTA and LPS are primary constituents of the cell walls of bacteria and are detected by the use 
of specific antibodies. The PGD test system is a rapid test in which non-automated procedures 
are involved and results are given fast. Analytical sensitivity of the test was determined for ten 
bacterial strains and ranged from 8.2 x 103 to 8.6 x 105 CFU/ml. The test is only cleared to be 
used as a supplement quality control test. Because of its low sensitivity the test can not be used 
for screening of PCs.

Fluorescence-activated cell sorting (FACS) analysis
For FACS analysis, bacteria are stained for 5 minutes with the membrane permeable dye thia-
zole orange, which stains the nucleic acids of both viable and dead cells. The bacteria are detec-
ted by flow cytometric analysis. The sensitivity of the assay is approximately 105 CFU/ml [36] 
but a pre-incubation step in a bacterial growth medium increases the sensitivity considerably to 
10 CFU/ml [37]. Bacterial detection with FACS analysis without the pre incubation step takes 
approximately 20 minutes. Not all bacteria are easily detected by FACS analysis. A study where 
platelets were spiked with K. pneumoniae showed that the signal from bacteria overlapped with 
the signal from platelet debris. Because of the influence of the background signal, the quantifi-
cation of this bacterium is difficult [36].

NAT assays
Nucleic acid amplification techniques (NAT) are already widely used in blood banks to screen 
blood donations for viruses as it is a very sensitive and rapid method. Several NAT assays have 
been published that detect bacterial contamination in PCs [38-40]. Bacterial DNA is detected 
by real time PCR which combines PCR chemistry with fluorescent probe detection of amplified 
products in the same reaction vessel. This makes it possible to detect the PCR product as it ac-
cumulates in ‘real time’. The assays are based on the 16S or 23S rRNA gene that is conserved 
among bacteria and is present in multiple copies within the genome. Because of this it is pos-
sible to detect all bacteria that are relevant for transfusion transmitted bacterial infection with 
a single PCR test. This is in contrast to viral NAT assays, where one PCR test detects only one 
type of virus. A major drawback of a broad bacterial approach is the presence of traces of con-
taminating bacterial DNA present in DNA isolation and amplification reagents [41]. This gives 
rise to a background signal leading to a lower sensitivity of the assay. To overcome this problem 
extensive purification of reagents is necessary raising the assay costs. A further disadvantage 
of a NAT test based on DNA might be that also DNA from dead bacteria might be detected, 
leading to false positive results.
Two generic NAT assays have been well described [38, 39]. The first is based on the detection 
of the 16S rRNA gene [38]. The amount of exogenous DNA in the assay was reduced by filtra-
tion of the DNA isolation reagents and treatment of the amplification reagent with a restriction 
enzyme. Spiking studies of bacteria in PCs showed a sensitivity of 50 CFU/ml [42]. The second 
assay detects bacteria in platelets by a 23S rRNA real-time reverse transcription PCR assay 
[39]. Due to the combination of an optimized temperature profile with LNA probes and the use 
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of a quite pure enzyme, elimination of exogenous contamination was unnecessary. Spiking 
studies demonstrated that gram positive bacteria could be detected with a sensitivity of 29 
CFU/ml and gram negative bacteria with a sensitivity of 22 CFU/ml. Specificity testing with 
28 different bacterial species demonstrated that the 23S rRNA real time reverse transcription 
PCR could detect a broad range of bacteria. No false positive samples occurred during testing 
of 1030 negative PCs [39]. 
Up till now, the sensitivity of NAT tests has not been good enough for screening purposes, but 
it might be high enough for pre-release testing, just before actual transfusion. 

Pathogen reduction
Next to methods that detect bacteria there are methods that reduce the amount of bacteria in 
PCs [43, 44]. An advantage of pathogen reduction (PR) is that it, next to bacteria, inactivates a 
broad range of pathogens such as viruses, parasites and fungi. There are several approaches for 
PR of PCs, Intercept (Cerus), Mirasol (Caridian BCT) and the Theraflex UV PR system (Ma-
copharma). The first two methods are CE-certified and available on the European market and 
the last one is in the clinical trial phase. The Intercept method uses psoralen combined with long 
wavelength UV light to inactivate a broad range of contaminating pathogens, including bacteria 
[45]. The potential of mutagenicity of psoralen is reduced by absorbing the residual psoralen 
and photoproducts on a compound adsorption device [46]. Of all bacterial species tested to 
date, only spores of B. cereus were found to be resistant to inactivation [47]. Large in vivo trial 
studies showed that photochemical treated PCs are considered to be functionally as safe and 
effective as control PCs for patients [48, 49].
The Mirasol technique uses Riboflavin (vitamin B2) in combination with UV to reduce patho-
gens in blood products. Riboflavin is classified as a ‘generally regarded as safe’ compound and 
also the photoproducts produced by the process are regarded as safe [50]. Also for Mirasol it 
was shown that a broad range of contaminating pathogens, including bacteria, are effectively 
inactivated. A study that looked at the effect of this process on PCs demonstrated changes in 
PC parameters compared to controls. However, the numbers were within defined clinical limits 
for use and suggested the platelets would be functional [51].
Theraflex UV is a pathogen reduction system for PCs based on exposure to UV light, wit-
hout the addition of any photosensitising chemicals. It was demonstrated that plasma redu-
ced PCs were only slightly affected when treated with the Theraflex UV system. In vitro 
parameters and storage stability were well preserved until day 8 after blood donation [52, 
53]. However, further optimization is necessary when dealing with blood borne viruses like 
HIV [54].
Although attractive, PR of PCs is costly. A study that compared the cost effectiveness of PR 
and culturing showed that bacterial culturing is more cost effective [55]. Nevertheless, after 
evaluating various systems for detecting bacteria in PCs, some blood centers in Europe started 
to gradually implement PR [24].

studies comparing the different detection methods
Several tests to reduce the risk of bacterial contamination of PCs have been developed. To com-
pare the different methods with each other, several studies have been performed
A study where the BacT/ALERT, eBDS and Scansystem were compared under routine conditi-
ons showed that clinical sensitivity was best for BacT/ALERT [56]. The Scansystem performed poor 
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but this was due to use of an older version of the system which had a sensitivity of only 1000 
CFU/ml. Diagnostic specificity was best for the eBDS as the BacT/ALERT system suffered from 
false positive results. The BacT/ALERT and eBDS failed to detect one bacterially contaminated 
PC that was split in two bags that were transfused (the products were not tested with the Scan-
system). The products caused severe transfusion adverse reactions in the recipients immediately 
after transfusion. One recipient died 10 days after the transfusion because of multiple organ fai-
lure, whereas the second recipient recovered after antibiotic treatment. Retesting of the products 
with BacT/ALERT and eBDS demonstrated positive results for both concentrates. This case 
shows that early sampling bears the risk of sample errors due to low concentrations of bacteria 
present in the sample. In contrast, late sampling collection allows bacterial growth in PCs during 
intermittent storage and enhances sensitivity. Rapid detection methods offer the opportunity of 
late sample collection and represent an alternative to culture methods.
Another study compared the optimized Scansystem to an in house NAT assay and FACS ana-
lysis [40]. The NAT assay was based on a 16S rRNA real time reverse transcription PCR assay. 
Analysis showed that the NAT assay displayed superior sensitivity when PCs were spiked with 
low inocula of bacteria. However, the sensitivity of all three methods depended on which bacteria 
were used for spiking. Especially optimized Scansystem suffered from reduced sensitivity when 
PCs were spiked with a high inoculum (10 CFU/ml) of E. coli or a low inoculum (10 CFU/300 
ml) of B. cereus and K. pneumoniae. The efficiency of the staining process was thought to be 
dependent on the bacterial strain used. This theory was supported by the observation that sensiti-
vity of the FACS analysis, that involved a staining process as well, was also lower for E. coli [40].
To assess the applicability of a 16S rRNA real time PCR assay for routine use in blood centres, 
it was compared with the BacT/ALERT culture system [38]. This NAT assay was based on de-
tection of the 16S rRNA gene from bacteria. Routinely produced PCs were screened by both 
methods and the PCR assay showed 100% sensitivity and specificity compared with the BacT/
ALERT system. The NAT assay did not detect additional possible positive PC samples that were 
missed with the BacT/ALERT culture method. Another study compared the BacT/ALERT with 
a 23S rRNA real time reverse transcription PCR [57]. The BacT/ALERT showed superior sensi-
tivity when PCs were spiked with a slow growing organism. However, when sampling was done 
24h after PC preparation, all samples showed positive results with the real time RT-PCR. This is 
in accordance with other studies that recommend sampling at least 24h after PC preparation to 
minimize sampling errors, either for detection by culturing or NAT [17, 58, 59].
Another study compared the efficacy of bacterial detection by BacT/ALERT and PR. PCs were 
spiked with seven species of bacteria at low concentrations. The PC unit was split and one part 
was photo chemically treated and the other was left untreated. All units were sampled at diffe-
rent time points for culturing by the BacT/ALERT system. Photo chemical treatment effectively 
inactivated bacteria in PCs as no bacteria were detected by culturing. Detection of bacteria in the 
untreated PCs depended on the bacterial species, concentration of the bacteria in the inoculums 
and the duration of PC storage before sampling for culture. This shows that it is not unusual for 
the BacT/ALERT system to become positive after PCshave been transfused. Moreover it was 
shown again in this study that the BacT/ALERT can result in false negatives [60]. 

Detection methods currently used in blood banks
At the moment, culture based methods for bacterial screenings of PCs are the most com-
mon method used in blood banks. From these methods, the BacT/ALERT system is used 
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almost exclusively. It is used in all countries where bacterial screening has been implemented or 
will be implemented. As quality control it is used in Austria, Germany and the UK. In the USA, 
90% of all aphaeresis PCs are screened with the BacT/ALERT system, the eBDS system is used 
only in 10% of cases [24]. The majority of positive cultures with the BacT/ALERT are false positive 
results that could not be confirmed in the strict definition of a confirmed case, which is culturing 
of the same micro-organism in the recipient or in a new sample of the involved blood product [24]. 
In the Netherlands this is considered as a matter of minor importance. It is reasoned that a test with 
high sensitivity will result in more false positive results. Although BacT/ALERT has been able to 
reduce the risk of transfusion of bacterially contaminated PCs, false negatives do occur [30-33]. This 
was one of the reasons why France decided not to use the BacT/ALERT for PCs screening. Instead, 
France and some other European countries gradually implemented pathogen reduction, although it 
can be predicted that this system will also have its failures. At present, many countries are hesitant 
to introduce pathogen reduction. The reasons are that it is believed that platelet quality is reduced 
after the treatment, that bacterial spores are probably not inactivated, cost benefit problems [24] and 
concerns about the possible effect in neonates. 

scope of this thesis
At Sanquin, all PCs are screened with the BacT/ALERT culturing system. Although the system pre-
vents the transfusion of most bacterially contaminated PCs, the occurrence of (septic) transfusion 
reactions after the transfusion of BacT/ALERT negative PCs, shows that it does not prevent them 
all. Moreover, the situation where a PC can become positive for bacterial contamination even after 
transfusion of the unit is far from ideal.

The aim of this thesis was to develop an alternative (molecular) method to detect bacteria in PCs 
and to investigate the epidemiology of bacterial strains found in PCs. The new method needs to 
meet a number of criteria; it should be rapid, affordable, adequately sensitive, specific and simple 
to perform. In the past, Sanquin started with the development of a real time PCR. The PCR was 
based on the detection of the 16S rRNA gene of bacteria and had a sensitivity of 50 CFU/ml [42]. 
In chapter 2 the efficiency of the real time PCR was improved by introducing a different universal 
primer and probe set that amplified a shorter amplicon of the 16S rRNA gene (160 bp versus 450 bp). 
Subsequently, an internal control was constructed to make the assay suitable for diagnostic use. In 
chapter 3 the sensitivity of the assay was further improved by a real-time reverse transcriptase (RT) 
PCR detecting bacterial rRNA in addition to DNA. In chapter 4 a comparison was made between 
the performance of the BacT/ALERT and the real time RT PCR assay when PCs are tested on the 
day of production. To determine the frequency of false negative BacT/ALERT results, outdated PCs 
where re-cultured, and the species found in the false negative cultures were determined in chapter 
5. To gain more insight in the epidemiology of the bacterial species involved in bacterial contamina-
tion of PCs, the identified species were analysed further in Chapters 6 and 7. In chapter 6, different 
coagulase negative Staphylococcal (CNS) species that were detected in PCs with the BacT/ALERT 
were determined and typed to the strain level to learn more about the source and risk of contami-
nation. In chapter 7, the putative relatedness of Propionibacterium acnes strains that were derived 
from PCs, the accompanying RBC and at the skin of the donor that was involved with this donation 
was determined.
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abstract

A real-time PCR assay based on the 16S rRNA gene was optimized for detection of a broad 
range of bacteria in plasma and platelet concentrates (PC). A lambda phage internal control was 
constructed and implemented in the assay, which made it suitable for diagnostic use. Spiking 
studies in plasma and PCs were performed to determine the analytical sensitivity of the as-
say. Thirty three colony forming units (CFU)/ml of E. coli and 72 CFU/ml of Staphylococcus 
epidermidis could be detected in plasma, and 97 CFU/ml of S. epidermidis in PCs. The assay 
detected all bacteria relevant for bacterial contamination of PCs. The short turn around time of 
the assay made it suitable for testing PCs for bacterial contamination prior to transfusion.
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introDUction

Currently, the highest microbiological risk occurring from transfusion is due to bacterial conta-
mination of blood products. It exceeds the risk for contamination with a virus by a factor 100 to 
1000 [1, 2]. The risk for bacterial contamination is greatest for platelet concentrates (PCs). PCs 
are stored at 22°C under constant agitation to preserve function and vitality. These conditions 
make them an excellent growth medium for bacteria.
In 2001 the Dutch Blood Bank Sanquin started with large scale screening of PCs for bacterial 
contamination by using the BacT/ALERT culturing system (bioMérieux, Boxtel, The Nether-
lands). After routine PC preparation (16 to 24 hours post collection), 5 to 10 ml aliquots are 
inoculated into both aerobic and anaerobic culture bottles. PCs are released on a negative to 
date result which means that on the day of release the culture bottles of the PCs are negative for 
bacterial growth. However, culturing continues for up to seven days and during this period the 
culture bottles can become positive for bacterial growth. The culturing system is very sensitive, 
in theory it can detect 1 colony forming unit per 5 to 10 ml PC.
Culturing is currently the most applied method in countries where PCs screening has been 
implemented [3]. However, culturing is time consuming, and PCs may have been transfused 
before the BacT/ALERT becomes positive [4]. Furthermore, slow growing bacteria or low bac-
terial loads can be missed [5, 6]. This led to the development of alternative methods based on 
detection or inactivation of bacteria [2, 7, 8].
A promising method for the detection of bacteria in PCs is the use of nucleic acid amplification 
techniques (NAT). NAT assays are widely used in blood banks to screen blood donations for 
viruses and it is a sensitive and rapid method. Several in-house NAT assays have been develo-
ped to detect bacteria in PCs based on the ribosomal RNA genes of bacteria [9-11]. The primers 
and probes anneal to conserved universal regions of the genes that are present in multiple copies 
within the bacterial genome. In theory, only a single test is needed to detect a broad range of 
bacteria. A disadvantage of this approach is the presence of exogenous DNA in reagents decre-
asing the sensitivity of the assay [12].
Sensitivity of the assay depends on the efficiency of DNA isolation and amplification. To mo-
nitor this process, an internal control (IC) should be included in the samples. Most NAT assays 
make use of a plasmid IC or co-amplification of a gene that occurs naturally in the sample. 
However, plasmid IC does not monitor the lysis of pathogens during the DNA isolation process 
and co-amplification of a different gene does not necessarily reflect amplification of the target 
sequence. A more suitable IC is a recombinant lambda phage [13] with primer sites identical 
to the target but with a different probe binding site. By labelling the IC probe with a different 
fluorophore, amplification of the target and IC DNA can be monitored in a single test. IC DNA 
packaged into bacteriophage particles is inaccessible for nucleases. When phage IC is added to 
samples prior to DNA extraction, all steps of the NAT assay will be monitored.
This study describes the analytical validation of a NAT assay applicable for screening of PC 
for bacterial contamination. A previously described 16S rRNA real-time PCR assay [14] was 
optimized and made suitable for diagnostic use by implementation of a lambda phage IC.

Development of a real time pcr
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Materials anD MetHoDs

Bacterial strains and culture conditions
Analytical sensitivity of the real-time PCR assay was tested by culturing Escherichia coli 
(ATCC 35218) and Staphylococcus epidermidis (ATTC 14990) in Luria-Bertani (LB) broth me-
dium at 37°C to a turbidity corresponding to McFarland standard 0.5 (approximately 1.5 x 108 
CFU/ml). Tenfold serial dilution (10-3 to 10-7) series were made in plasma or PC. Suspensions 
were plated on blood agar plates to determine the bacterial titer. 
In order to test specificity of the assay, different bacterial species were cultured on blood agar 
plates (Table 3). A colony of each bacterial strain was diluted in phosphate-buffered saline 
(PBS) to match a turbidity of McFarland standard 0.5. Dilutions (10-5 and 10-6) were made 
in plasma and suspensions were plated on blood agar plates to determine the corresponding 
bacterial titer.
The Escherichia coli strain DH5α  (Invitrogen, Carlsbad, CA, USA) was used for cloning and 
plasmid propagation for construction of the IC. E. coli cells containing the plasmid were selected 
on LB plates containing 100 μg/ml ampicillin, 0.5 mM Isopropyl β-D-1-thiogalactopyranoside 
(IPTG) and 80μg/ml X-Gal. E. coli strain Y1088, cultured according to the manufacturer’s in-
structions (Stratagene, La Jolla, USA), was used for the propagation of the λgt11 phage vector.

Construction of the internal control phage
To monitor DNA isolation and amplification, a lambda phage IC was constructed. The modified 
pGEM-T Easy plasmid containing a 182 bp artificial DNA fragment with the IC probe sequence 
(unpublished) was a kind gift of A. Catsburg. The IC was generated by PCR amplification of the 
artificial DNA fragment in the plasmid by using artificial DNA specific primers, elongated with 
the 16S rRNA gene primer sequences (Invitrogen) (Table 1, Figure 1). 

figure 1. schematic representation of the pcr performed to construct the ic fragment. 
A modified pGEM-T easy vector, containing a artificial DNA fragment (white box on the plasmid) with the IC probe 
target sequence (PTS, grey box), was used to construct the 16S IC fragment. Primers composed of sequences com-
plementary to the artificial plasmid DNA (arrows) were elongated with sequences of the 16S rRNA gene primer sites 
(dotted lines) and used for PCR (Table 1)

chapter2
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The PCR was performed using 0.2 mM dNTPs each, 10× Taq buffer (Promega, Madison, USA), 0.5 
μM primers each, 1.5 mM MgCl2, 1 U Taq DNA polymerase (Promega), and PCR grade water. Ten 
μl of modified pGEM-T Easy plasmid (0.5 μg/ml) was used as template. PCR conditions were 2 min 
95°C, 1 cycle of 30 seconds 95°C, 1 min 54°C, and 90 seconds 72°C followed by 40 cycles of 30 se-
conds 95°C, 1 min 63°C and 90 seconds 72°C ending by 5 min 72°C. The PCR product was purified 
with the GFX™ PCR DNA and gel band purification kit (Amersham, Bioscience, Buckinghams-
hire, UK). Subsequently, it was ligated into a pGEM-T Easy vector according to the manufacturer’s 
instructions (Promega). E. coli DH5α cells (Invitrogen) were used for the transformation which was 
performed according to manufacturer’s instruction (Promega). E. coli cells containing the recombi-
nant plasmid with insert were selected and the plasmid was purified with the Qiagen plasmid midi 
kit (Qiagen, Venlo, The Netherlands) The fragment, which contained the 180 base pair IC target, 
was excised by EcoRI digestion. It was then purified from agarose with the GFX™ PCR DNA and 
gel band purification kit (Amersham, Bioscience). The fragment was cloned in the EcoRI- site of the 
λgt11 phage vector with the use of the λ gt11/EcoRI/CIAP-treated Vector kit (Stratagene). Packaging, 
infection of E. coli strain Y1088 and plating was performed according to the manufacturer’s instruc-
tions (Stratagene). Single plaques were recovered in 200 μl SM buffer (100 mM NaCl, 50 mM Tris, 8 
mM MgSO4, 0.1 g/l gelatine, pH 7.5) containing 50 µl of chloroform (Merck, Darmstadt, Germany). 
Each phage clone that contained an IC insert was propagated separately in the E. coli host strain 
Y1088 and plated according to the manufacturer’s instructions. The plates were overlaid with 5 ml 
of SM buffer and the phages diffused into the SM buffer at 4°C for 3 hours. Phage particles were 
stored in SM buffer with 50 µl of chloroform at 4°C. The phage clones were sequenced with phage 
specific primers (Promega) to confirm the presence of the IC fragment. The selected phage clone 
was treated with DNAse RQ1 (Promega) (90 U/ml phage clone stock) at 37°C for 30 min in order to 
remove free phage DNA and bacterial DNA. Both before and after treatment with the DNAse, phage 
stock samples were checked with 16S rRNA PCR for traces of bacterial DNA. The phage clone stock 
with 50 µl of chloroform was stored at 4°C. The titer of the phage clone was determined according 
to manufacturer’s instructions (Stratagene).

Development of a real time pcr

table 1. oligonucleotide sequences of primers and probes used in the study

Oligonucleotide Sequence (5’→3’)

16S Forward primer (P891F)1 TGGAGCATGTGGTTTAATTCGA

16S Reverse primer (P1033R)1 TGCGGGACTTAACCCAACA
Forward primer Propionibacterium1 CGGAGCATGCGGATTAATTCGA
Reverse primer Bacteroides1 TATGGCACTTAAGCCGACA
Uniprobe1 Fam-CACGAGCTGACGACARCCATGCA-Tamra
IC probe1 Vic-AATGCACATCCGCCAAATCTTTCGCCAGA-Tamra
Forward primer IC2 TGGAGCATGTGGTTTAATTCGACTGGATTGACTCCGA 
 CAACGTATTCC
Reverse primer IC2 TGCGGGACTTAACCCAACAATCATTGCCATT
 GAAAGGGCAGAAGGTGC

1Primers en probes used for 16S rRNA real-time PCR test. 2Primers used for the construction of the IC, primer se-
quences corresponding to the primers of the 16S rRNA real-time PCR are underlined.
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Nucleic acid extraction
DNA was isolated from 1 ml aliquots of spiked material (plasma or PC) with the MagNA Pure 
LC automated extraction system (Roche Diagnostics, Almere, The Netherlands). Prior to DNA 
isolation, the samples were centrifuged at 5000 x g for 10 min. The supernatant of the samples 
was discarded. Five μl of IC was added to the pellets, which corresponds to 10 plaque forming 
units (PFU). The pellet was incubated for 30 min at 37ºC with 180 μl of lysozyme (Sigma-
Aldrich, Missouri, USA) solution (20 mg/ml lysozyme; 20 mM Tris-HCl, pH 8.0; 2 mM EDTA; 
1.2% Triton®X-100). The lysozyme solution was made freshly and prior to use it was filtered 
with an Amicon® Ultra centrifugal filter device (Millipore) at 4000 x g for 15 min in a swinging 
bucket rotor. After incubation, the samples were transferred to the MagNA Pure. DNA was 
isolated with the MagNA Pure total nucleic acid kit (Roche Diagnostics) and eluted in 50 μl. 
Negative controls with water, plasma or PC were included in each run.

Real-time PCR amplification
A 160-bp fragment of the bacterial 16S rRNA gene was amplified with a broad range probe 
and primer set [14]. Additional forward and reverse primers were added to detect Bacteroides 
and Propionibacterium species. An extra probe with a different fluorescent label was added to 
detect the IC amplification signal. The primer and probe sequences are listed in Table 1. All 
primers were synthesized by Invitrogen. Uniprobe was synthesized by Eurogentec (Seraing, 
Belgium) and the IC probe was synthesized by Applied Biosystems (Foster City, CA, USA). The 
PCR reactions were performed in 25 μl comprising 1 x Taqman Universal PCR master mix (Ap-
plied Biosystems), 300 nM of each of the reverse primers, 225 nM of the 16S forward primer, 
75 nM of the forward Propionibacterium primer, 100 nM of each of the probes, 0.04% Bovine 
serum albumin (BSA), and 5 μl of template DNA. Prior to amplification, the master mix without 
template DNA was digested for 30 min at 37°C with 5 units MseI (New England Biolabs) per 
PCR reaction. After digestion the enzyme was heat inactivated at 65°C for 20 min.
PCR conditions were 2 min 50°C, 10 min 95°C and 45 cycles of 15 seconds 95°C, and 1 min 
60°C. The PCR assay was performed on the ABI 7000 Sequence Detection System (Applied 
Biosystems). To define the cut off value for the assay, Ct values of 35 negative plasma samples 
were determined. The negativity of the plasma samples was confirmed by BacT/ALERT (bio-
Mérieux, Boxtel, The Netherlands) culturing of the accompanying PCs. Negative controls with 
water instead of template DNA were included in each run.

Data analysis and statistics
Amplification data was analyzed with SDS v1.2 software (Applied Biosystems). The cycle thres-
hold value, or Ct, represents the PCR cycle at which the SDS software first detects an increase 
in reporter fluorescence above a baseline signal. The threshold was set at 0.1. Windows Excel 
2000 Software was used to perform statistical calculations with the data. Vector NTI Advance 
10.1.1 (Invitrogen) was used for alignment of sequences.

resUlts

Optimization of the real-time PCR assay
To detect all bacteria that are relevant for PC contamination (Table 3), a known broad range re-
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al-time PCR assay was used [14]. A comparison of the primer set with the published 16S rRNA 
sequences of bacteria involved with PCs contamination [15, D. de Korte, Sanquin, personal 
communication] was performed. This analysis revealed mismatches in the primer sequences for 
Bacteroides and Propionibacterium species. Therefore, additional reverse and forward primers 
were added to detect these species (Table 1). Addition of the primers was done throughout the 
whole study.
To remove exogenous DNA, PCR master mix was pre-treated with restriction enzyme MseI. 
Pre-treatment of the master mix with MseI did not result in PCR inhibition and reduced the Ct 
value of a water sample with 4 cycles (data not shown).
DNA isolation from gram positive bacteria was not as efficient as DNA isolation from gram 
negative bacteria. To improve DNA extraction from gram positive bacteria on the MagNA 
Pure LC automated extraction system, an extra incubation step with lysozyme prior to DNA 
isolation was introduced. By introducing a centrifugation step prior to the incubation step, it 
was possible to increase the initial sample volume input from 200 μl to 1 ml. Table 2 shows that 
for the gram positive bacterium S. epidermidis, the incubation step with lysozyme improved 
the sensitivity with one log value. For the gram negative bacterium E. coli the incubation step 
had no effect on the DNA isolation efficiency (data not shown). Some batches of lysozyme were 
found to contain high levels of exogenous DNA. This reduced the analytical sensitivity of the 
assay by a factor 500. When the lysozyme was filtered prior to use, the exogenous DNA was 
removed and the analytical sensitivity restored (data not shown).

table 2. ct values for s. epidermidis pre-treated with or without lysozyme.

 ~105 CFU/ml ~104 CFU/ml ~103 CFU/ml ~102 CFU/ml ~101 CFU/ml Plasma NTC

+ Lysozyme 21. 9 ± 0.1 25.2 ± 0.2 28.5 ± 0.6 31.3 ± 0.7 33.3 ± 0.5 34.3 ± 0.9 34.3 ± 0.9
- Lysozyme 25.5 ± 0.2 28.9 ± 0.4 32.2 ± 0.8 33.5 ± 0.9 33.9 ± 0.5 32.8 ± 0.7 33.3 ± 0.7

Pre-treatment with lysozyme improved the sensitivity of the assay for S. epidermidis with one log value. With 
lysozyme ~102 CFU/ml could still be distinguished from the background plasma signal. Without lysozyme this 
was ~103 CFU/ml.

Construction of an internal control 
To monitor DNA isolation and amplification, a lambda phage IC was constructed. The IC frag-
ment was carried in bacteriophage particles, which protects the IC DNA for nucleases. DNA iso-
lation from the phage could be done simultaneously with the samples, which makes it a suitable 
control for efficient DNA extraction, in addition to its use as an inhibition control. The IC con-
sists of a DNA fragment with sites corresponding to the 16S forward and reverse primer and 
a probe binding that was specific for the IC (Table 1, Figure 1). The phage stock solution was 
treated with DNAse to remove exogenous DNA. When the plasma was spiked with high concen-
trations of phage, the DNAse treatment eliminated the signal from the 16S rRNA primers, which 
means that exogenous 16S rRNA was removed from the phage stock solution. The optimal IC 
concentration that did not inhibit amplification of samples with low DNA concentration but did 
give a constant Ct value was determined. For this phage stock solution was serially diluted and 
spiked into plasma and water samples. The DNA was recovered and analyzed by PCR. A con-
centration of ten plaque forming units (PFU) per PCR reaction was consistently detected and 
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gave a Ct value of 35.4 (SD 1.0). When less than 10 PFU of IC per PCR reaction was used, in-
consistent results were obtained. To exclude the possibility that the IC reduced the amplification 
efficiency of the target, serial dilutions of E. coli were made, spiked with IC or not, and Ct values 
were determined. At a concentration of 10 PFU per reaction, the IC did not compete with the 
amplification signal of E. coli (data not shown). When bacteria were present at a concentration 
of  ≥1000 CFU/ml, the IC signal was out competed (Figures 2-4).

Sensitivity of the assay in plasma and platelet concentrates
To determine the analytical sensitivity of the assay independent serial dilutions of five E. coli 
and seven S. epidermidis cultures in plasma (Figures 2 and 3) were made. Each dilution was 
analyzed in duplicate or triplicate. It was not possible to eliminate the background signal from 
the plasma samples. Therefore, a cut-off value was determined. For this the mean Ct value mi-
nus two times the standard deviation (SD) of 35 different negative plasmas was used The mean 
Ct value of negative plasma was 34.3 (SD 0.9). A sample was considered positive when the Ct 
value was below 32.5 and negative above this value, under the assumption that there was no 
inhibition in the PCR reaction recognized from the IC signal. To determine the sensitivity of the 
test, the lowest concentration of approximately 101 CFU/ml (100 CFU/PCR) was left out because 
this concentration could not be distinguished from the background signal of negative plasma 
samples. The analytical sensitivity for E. coli was 33 CFU/ml and for S. epidermidis 72 CFU/ml.
In parallel, the analytical sensitivity in PCs was determined for S. epidermidis (Figure 4). The 
cut-off value for negative PCs was 33.7 cycles. The lowest concentration was left out of consi-
deration because the signal from samples of this concentration could not be distinguished from 
the background signal of negative PC samples. S. epidermidis had an analytical sensitivity of 
97 CFU/ml.

figure 2. Determination of clinical sensitivity for e. coli in plasma. 
The log CFU/ml is plotted against the Ct value of the PCR reaction. A standard curve was generated from 5 indepen-
dent serial dilutions of cultures of E. coli (●) diluted in plasma. Of every dilution two or three samples were taken. The 
dotted line is the mean plasma background signal minus 2 times standard deviation. At x=0, the values of the negative 
plasma samples are shown. Slope of the standard curve: -3.36, intercept: 37.6 and R2: 0.98. The box below indicates the 
IC signal at the given sample concentrations. Plus means detection and minus no detection of the IC signal.
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Figure 2. Determination of clinical sensitivity for E. coli in plasma. The log CFU/ml is plotted 

against the Ct value of the PCR reaction. A standard curve was generated from 5 independent 

serial dilutions of cultures of E. coli (●) diluted in plasma. Of every dilution two or three samples 

were taken. The dotted line is the mean plasma background signal minus 2 times standard 

deviation. At x=0, the values of the negative plasma samples are shown. Slope of the standard 

curve: -3.36, intercept: 37.6 and R2: 0.98. The box below indicates the IC signal at the given 

sample concentrations. Plus means detection and minus no detection of the IC signal. 
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figure 3. Determination of clinical sensitivity for s. epidermidis in plasma. 
The log CFU/ml is plotted against the Ct value of the PCR reaction. A standard curve was generated from seven independent serial 
dilutions of cultures of S. epidermidis (●) diluted in plasma. Of every dilution two to three samples were taken. The dotted line 
is the mean plasma background signal minus 2 times standard deviation. At x=0, the values of the negative plasma samples are 
shown. Slope of the standard curve: -3.18, intercept: 38.4 and R2: 0.96. The box below indicates the IC signal at the given sample 
concentrations. Plus means detection, plus minus inconsistent detection and minus no detection of the IC signal.
 

figure 4. Determination of clinical sensitivity for S. epidermidis in platelet concentrate. 
The log CFU/ml is plotted against the Ct value of the PCR reaction. A standard curve was generated from three inde-
pendent serial dilutions of pure cultures of S. epidermidis in platelet concentrate (●). Of every dilution three samples 
were taken. The dotted line is the mean platelet concentrate background signal minus two times standard deviation. 
At x=0 all the values of the negative plasma samples are shown. Slope of the standard curve: -3.09, intercept: 39.9 and 
R2: 0.96. The box below indicates the IC signal at the given sample concentrations. Plus means detection, plus minus 
inconsistent detection and minus no detection of the IC signal.
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Figure 4. Determination of clinical sensitivity for S. epidermidis in platelet concentrate. The 

log CFU/ml is plotted against the Ct value of the PCR reaction. A standard curve was generated 

from three independent serial dilutions of pure cultures of S. epidermidis in platelet concentrate 

(●). Of every dilution three samples were taken. The dotted line is the mean platelet concentrate 

background signal minus two times standard deviation. At x=0 all the values of the negative 

plasma samples are shown. Slope of the standard curve: -3.09, intercept: 39.9 and R2: 0.96. The 

box below indicates the IC signal at the given sample concentrations. Plus means detection, plus 

minus inconsistent detection and minus no detection of the IC signal. 
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Specificity of the real-time PCR assay in plasma
To determine the specificity of the real-time PCR assay, DNA was extracted from several bac-
terial strains and PCR was performed. Negative plasma samples were spiked with twenty five 
different bacterial strains to a concentration of approximately 102 and 103 CFU/ml. All bacteria 
could be detected at concentrations between 500 and 5000 CFU/ml with Ct values comparable 
to those of E. coli and S. epidermidis (Table 3, Figure 2 and 3)

table 3. bacterial species detected by 16s rrna real-time pcr test

Bacterial species Strain Ct

Bacillus cereus1 ATCC 9139 27.0
Bacillus cereus1 ATCC 11145 26.8
Bacillus subtilis1 Str. 168 28.2
Bacteroides fragilis2 ATCC 25285 28.4 (33.5)*
Clostridium perfringens1 ATTC 13124T 28.3
Corynebacterium difteriae1 ATCC 13812 29.5
Enterobacter cloacae1 ATCC 13047 26.2
Enterobacter cloacae1 ATCC 23373 30.3
Enterococcus faecalis2 ATCC 29212 28.1
Escherichia coli1 ATCC 35218 29.4
Escherichia coli1 ATCC 25922 29.3
Klebsiella pneumoniae2 ATCC 13883 26.6
Klebsiella oxytoca1 ATCC 13182 26.7
Klebsiella oxytoca1 ATCC 700324 27.7
Propionibacterium acnes1 ATCC 6919T 30.7 (34.3)**
Pseudomonas aeruginosa1 ATCC 27853 28.5
Pseudomonas aeruginosa1 ATCC 10145 29.2
Serratia marcescens1 ATCC 13880 27.2
Staphylococcus aureus1 ATCC 25923 29.4
Staphylococcus aureus1 ATCC 29213 30.6
Staphylococcus capitis2 ATCC 35661 28.5
Staphylococcus epidermidis1 ATCC 14990 28.7
Streptococcus mitis1 DSM 12643 29.5
Streptococcus pneumoniae2 ATCC 6305 27.6
Streptococcus pyogenes1 ATCC 19615 29.7
Plasma  32.5

Ct values are given of different bacterial species; 1relevant in PC contamination [15]; 2found during screening of PCs 
at Sanquin (D. de Korte, personal communication). Bacteria were diluted in plasma to a concentration of approxi-
mately 500 to 5000 CFU/ml, dilutions were plated to determine the exact concentration. *Ct value without the extra 
primer for Bacteroides or **Propionibacterium.
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DiscUssion

Screening of PCs for the presence of bacteria is necessary to increase the safety of blood sup-
ply. In the Netherlands this is done by automated culturing with the BacT/ALERT. Although the 
system is sensitive, its use is restricted by long assay times and slow growing bacteria or low 
bacterial loads are not always detected by the system [6]. This makes it desirable to create an 
alternative test that is both sensitive and rapid. In this study, a 16S rRNA real-time PCR assay 
was developed as alternative for culturing of PCs.
In this study plasma was used as a model for PCs, because plasma is one of the main constitu-
ents of PCs and this makes it comparable. However, plasma is cheaper and easier to handle. As 
expected comparable results were obtained, and it was concluded that the assay setup in plasma 
is representative for testing for bacterial contamination in PCs.
DNA was isolated from the gram negative E. coli and the gram positive S. epidermidis bacteria 
with the MagNA Pure LC automated extraction system. For the gram positive S. epidermidis, a 
significantly lower sensitivity was observed. This was in contrast to the results of other studies 
[9, 16] and was most likely due tot suboptimal lysis of the bacterium. Pre-incubation with lyso-
zyme, an enzyme that hydrolyzes the peptidoglycan layer of gram positive bacteria, improved 
the DNA isolation.
A problem with real-time PCR performed on the 16S rRNA gene of bacteria is the presence of 
exogenous bacterial DNA in isolation and amplification reagents. Several attempts have been 
made to remove bacterial DNA from amplification reagents, for example by DNAse treatment, 
filtration and/or the use of restriction enzymes [12, 14, 17]. None of these methods proved to be 
completely effective and they sometimes had a negative influence on the sensitivity of the real-
time PCR tests. In this study exogenous DNA in the PCR master mix was removed by digestion 
with the restriction enzyme MseI. This approach only partly removed exogenous DNA. This 
is due to the introduction of exogenous DNA into the samples during DNA isolation caused by 
contaminated reagents. Additionally, MseI originates from bacteria and may introduce DNA 
into the master mix. 
To monitor the DNA isolation and the PCR efficiency, an IC was designed. A recombinant 
lambda phage which contained an IC fragment was chosen instead of a plasmid derived IC. The 
latter consists of bare unprotected DNA and therefore cannot monitor the lysis of pathogens. 
Furthermore it is difficult to remove chromosomal DNA from a plasmid preparation resulting 
in a background signal in the broad range PCR reaction. In a recombinant lambda phage, the 
DNA is packaged into bacteriophage particles and the IC target is thereby inaccessible to nu-
cleases. This makes it a suitable control for monitoring lysis of pathogens during DNA isolation. 
Furthermore, the phage stock solution can be treated with DNAse to remove exogenous DNA. 
The lambda phage IC contained the primer sites of the 16S rRNA assay, but had a different 
probe sequence. This enabled it to perform both tests in one reaction by making use of different 
fluorophores. The length of the IC target was 20 bp longer than the bacterial target which fa-
voured the amplification of the bacterial target. When the IC lambda phage was added in a low 
concentration, it had no effect on the sensitivity of the test. In addition, phage standards are easy 
to produce and remain stable [13].
Other tests use IC templates that occur naturally within the PC as extraction control, for 
example the human HLA-DQA gene [9] or the human housekeeping gene β2 microglobulin 
[11]. A disadvantage of these ICs is that the primers of the IC target differ from the primers of 
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the bacterial target. Because of this, the IC demonstrates PCR inhibition in samples but it fails 
to demonstrate inhibition at a specific location on the gene with the actual primers and probe 
used in the test. Therefore an additional control, like spiking samples with bacterial control 
DNA or bacteria, is desirable [9, 11].
The analytical sensitivity of the assay for S. epidermidis and E. coli is in the same range as re-
sults published earlier with a broad range 16S rRNA real-time PCR assay [18]. Compared to the 
test of Mohammadi et al. [18], PCR efficiency is increased due to the detection of a shorter PCR 
amplicon (160 bp versus 450 bp). Because PCR efficiency is optimal with an amplicon of 50-150 
bp, co-amplification of a lambda phage IC DNA fragment within the assay of Mohammadi et 
al. might interfere with PCR efficiency and sensitivity. Therefore a primer set that amplified a 
DNA fragment of only 160 bp was used. By using a lambda phage IC DNA fragment of 180 bp 
no effect on the PCR efficiency was introduced.
The specificity of the assay was tested with spiking plasma samples with different bacteria. 
It was shown that the assay could detect all bacteria that are relevant for PC contamination. 
The detection values fall in the same range as the values for E. coli and S. epidermidis. This 
is a strong indication that the analytical sensitivity found for these two bacteria applies to the 
other bacteria detected with the assay. However, sensitivities might vary due to variations 
in copy number of the 16S rRNA gene in bacteria. For example, the B. cereus strain ATCC 
10987 (NC_003909) contains twelve 16S rRNA genes whereas P. acnes strain KPA171202 
(NC_006085) contains only three.
It is thought that bacterially contaminated blood products initially contain less than 1 CFU/ml 
[19]. The assay may therefore not be sensitive enough to detect contaminated blood products on 
the day of production. However, even the most sensitive culturing method does not detect all 
contaminated PCs cultured from fresh PC samples [19, 20]. It is not known which concentration 
of bacteria is clinically relevant. As a result, it is not known what sensitivity is desirable for a 
test that detects bacterial contamination in blood products. Therefore, the assay can be an al-
ternative for detection of bacterial contamination in PCs. In particular as a quality assay to test 
PCs shortly before transfusion. PCs are stored at 22°C under constant agitation which makes 
them an excellent growth medium for bacteria. Under these storage conditions low concentrati-
ons of bacteria can grow exponentially. A PCR test has the advantage that results are generated 
faster than by culturing. At the moment, the assay can be performed within four hours, but ex-
pectedly the real-time PCR methods will improve and become faster to perform. For example, 
the new generation Real-Time PCR System (Applied Biosystems) reduce the PCR amplification 
time with more than 1 hour. The amplification products of the assay are less than 200 bp which 
means the PCR assay can be run in such a fast modus.
In summary, a broad range real-time PCR assay based on detection of the 16S rRNA gene was 
optimized and validated for the detection of bacteria in blood products. An IC in a lambda 
phage was introduced in order to monitor DNA extraction and amplification. Furthermore, the 
DNA extraction for gram positive bacteria was improved. The assay can be used to test PCs for 
bacterial contamination during storage or shortly before transfusion. A study where PCs are 
screened with the 16S rRNA real-time PCR assay in parallel to bacterial culture systems, should 
demonstrate the suitability of this assay in blood screening.

chapter 2



37

acknowleDgeMents

We would like to thank Theo Cuypers for helpful discussion and Jorinde de Boer for editing.
 

Development of a real time pcr



38

 references

 1  Blajchman MA, Beckers EA, Dickmeiss E, et al. Bacterial detection of platelets: current problems and 
possible resolutions. Transfus Med Rev 2005; 19: 259-72.

 2  Brecher ME, Hay SN. Bacterial contamination of blood components. Clin Microbiol Rev 2005; 18: 195-
204.

 3  Pietersz RN, Engelfriet CP, Reesink HW, et al. Detection of bacterial contamination of platelet concen-
trates. Vox Sang 2007; 93: 260-77.

 4  de Korte D, Curvers J, de Kort WL, et al. Effects of skin disinfection method, deviation bag, and bacterial 
screening on clinical safety of platelet transfusions in the Netherlands. Transfusion 2006; 46: 476-85.

 5  Benjamin RJ, Wagner SJ. The residual risk of sepsis: modeling the effect of concentration on bacterial de-
tection in two-bottle culture systems and an estimation of false-negative culture rates. Transfusion 2007; 
47: 1381-9.

 6  te Boekhorst PA, Beckers EA, Vos MC, et al. Clinical significance of bacteriologic screening in platelet 
concentrates. Transfusion 2005; 45: 514-9.

 7  Seghatchian J, de SG. Pathogen-reduction systems for blood components: the current position and future 
trends. Transfus Apher Sci 2006; 35: 189-96.

 8  Wagner SJ. Transfusion-transmitted bacterial infection: risks, sources and interventions. Vox Sang 2004; 
86: 157-63.

 9  Mohammadi T, Pietersz RN, Vandenbroucke-Grauls CM, et al. Detection of bacteria in platelet con-
centrates: comparison of broad-range real-time 16S rDNA polymerase chain reaction and automated 
culturing. Transfusion 2005; 45: 731-6.

 10  Schmidt M, Hourfar MK, Nicol SB, et al. A comparison of three rapid bacterial detection methods under 
simulated real-life conditions. Transfusion 2006; 46: 1367-73.

 11  Stormer M, Kleesiek K, Dreier J. High-volume extraction of nucleic acids by magnetic bead technology 
for ultrasensitive detection of bacteria in blood components. Clin Chem 2007; 53: 104-10.

 12  Corless CE, Guiver M, Borrow R, et al. Contamination and sensitivity issues with a real-time universal 
16S rRNA PCR. J Clin Microbiol 2000; 38: 1747-52.

 13  Stocher M, Berg J. Internal control DNA for PCR assays introduced into lambda phage particles exhibits 
nuclease resistance. Clin Chem 2004; 50: 2163-6.

 14  Yang S, Lin S, Kelen GD, et al. Quantitative multiprobe PCR assay for simultaneous detection and identi-
fication to species level of bacterial pathogens. J Clin Microbiol 2002; 40: 3449-54.

 15  Epstein JS, Vostal JG. FDA approach to evaluation of pathogen reduction technology. Transfusion 2003; 
43: 1347-50.

 16  Rosey AL, Abachin E, Quesnes G, et al. Development of a broad-range 16S rDNA real-time PCR for the 
diagnosis of septic arthritis in children. J Microbiol Methods 2007; 68: 88-93.

 17  Carroll NM, Adamson P, Okhravi N. Elimination of Bacterial DNA from Taq DNA Polymerases by 
Restriction Endonuclease Digestion. J Clin Microbiol 1999; 37: 3402-4.

 18  Mohammadi T, Reesink HW, Vandenbroucke-Grauls CM, et al. Optimization of real-time PCR assay for 
rapid and sensitive detection of eubacterial 16S ribosomal DNA in platelet concentrates. J Clin Microbiol 
2003; 41: 4796-8.

 19  Brecher ME, Holland PV, Pineda AA, et al. Growth of bacteria in inoculated platelets: implications for 
bacteria detection and the extension of platelet storage. Transfusion 2000; 40: 1308-12.

 20  Blajchman MA, Ali A, Lyn P. Bacterial surveillance of platelet concentrates: quantitation of bacterial load 
(abstract). Transfusion 1997; 37: 74S.

 
 

chapter 2



39

Development of a real time pcr





41

DevelopMent of a reverse transcription- 
polyMerase cHain reaction assay for  

eUbacterial rna Detection in platelet  
concentrates

IGH Rood, A Pettersson, PHM Savelkoul, D de Korte

Transfusion 2010; 50: 1352-1358

chapter 3



42

abstract

The sensitivity of a real-time polyemerase cahin reaction (PCR) assay detecting bacteria in 
platelet concentrates (PCs) was improved by detection of ribosomal RNA (rRNA) in addition to 
DNA. The real-time reverse transcription-PCR (RT-PCR) assay was compared with the BacT/
ALERT culturing system (bioMérieux) to determine its value for routine screening of PCs for 
bacterial contamination. 
The sensitivity of the assay was determined by spiking PCs with serial dilutions of bacte-
ria. RNA amplification was performed with real-time RT-PCR, using an universal primer and 
probe set based on the conserved 16S rRNA gene of bacteria. Routinely prepared PCs in plasma 
were spiked with low bacterial titers of four different bacteria to compare the real-time RT-PCR 
with the BacT/ALERT. For the BacT/ALERT, samples were taken directly after spiking. For the 
real-time RT-PCR, samples were taken daily during 7 days of storage.
RNA detection improved the sensitivity of the PCR assay at least 10-fold. When PCs were spi-
ked with low bacterial titers, all positive samples were detected by the real-time RT-PCR after 
48 hours. The BacT/ALERT became positive for almost all samples within 24 hours. However, 
some positive PC samples remained negative in the BacT/ALERT.
The sensitivity of the PCR assay was improved by detection of rRNA. A spiking study demon-
strated the advantage of late sampling for PCR testing compared to early sampling for culturing 
with the BacT/ALERT system. A real-time RT PCR assay that is performed on PCs during 
storage or shortly before transfusion can be a good alternative to culturing methods.
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introDUction

Blood products contaminated with bacteria are a risk for patients receiving transfusion. Be-
fore 2004, the risk of a septic platelet transfusion reaction (SPTR) for single donor platelet 
concentrates (SDPC) in the United States was approximately 1:15,000 [1]. Because of this high 
risk, measures like diversion [2] and improved donor arm disinfection [3] were developed to 
reduce the initial contamination and screening was introduced to prevent issue of contamina-
ted units [4]. In the United States, a standard was released in 2003 by the AABB stating that a 
blood bank or transfusion service should have methods to limit and detect bacterial contami-
nation in all platelet (PLT) components. The introduction of an automated microbial detection 
system using an aerobic culture bottle reduced the risk for a SPTR due to SDPC in the United 
States to approximately 1:42,000 for a two-arm procedure [5]. A further reduction was obtained 
by introduction of diversion of the initial collected blood volume, with a remaining risk for 
SPTR due to SDPC of approximately 1:91,000 [6]. However, despite the implementation of 
preventive measures, the risk for transfusion transmitted bacterial infection is still much higher 
than for viral infections via transfusion [7].
In countries that have introduced PC screening, culture-based methods are used almost exclu-
sively [4]. In the Netherlands the BacT/ALERT (BioMérieux, Boxtel, the Netherlands) culturing 
method is used. The method is sensitive; it can detect 1 to 10 colony-forming units (CFUs) per 
5 ml, generally within 24 to 28 hours. PCs are released on a “negative-to-date” result, which 
means that at the moment of issuing the culture bottles of the PCs are negative for bacterial 
growth and the PCs can be transfused. However, culturing continues for up to 7 days and 
during this period the culture bottles can become positive for bacterial growth. Reports of sep-
tic transfusion reactions and fatalities after the transfusion of culture-negative PCs show that 
slow growing bacteria or low bacterial loads can be missed [6, 8, 9]. For this reason alternative 
or supplementary methods are developed to improve PCs screening.
A promising method to screen PCs for bacteria is the detection of bacteria by polymerase chain 
reaction (PCR) assays [10-12]. PCR assays are sensitive and in contrast to the BacT/ALERT 
results are generated relatively fast (within 4 hours). However, due to low inocula -it is thought 
that blood products contaminated with bacteria initially contain less than 1 CFU/ml [13]- PCR 
is often not able to detect bacterial contamination in PCs immediately after preparation [14]. 
Therefore, it is suggested that PCR can be used to test PCs after an initial delay to allow bacte-
rial growth.
In this study, a previously described real-time PCR assay detecting the 16S ribosomal RNA 
(rRNA) gene [10] was improved by detection of rRNA in addition to DNA. The detection of 
rRNA should theoretically increase the sensitivity compared to assays based upon the detection 
of DNA because each cell may contain up to 1000 to 10,000 copies of rRNA. The sensitivity of 
the assay was determined for Staphylococcus epidermidis and Escherichia coli. To explore the 
possible advantages of the improved real-time reverse transcription-PCR (RT-PCR) compared 
to the BacT/ALERT, routinely prepared PCs were spiked with low bacterial titers of four dif-
ferent bacteria and a comparison was made between the assays.
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Materials anD MetHoDs

Bacterial strains and culture conditions
To determine the amount of RNA and DNA in bacteria during growth, E. coli (ATCC 35218) 
and S. epidermidis (ATCC 12228) were cultured in Luria-Bertani broth at 37°C. Overnight 
cultures were diluted 1000-fold into fresh Luria-Bertani medium and samples were taken every 
hour and diluted in PC to a concentration where both DNA and RNA copies could be deter-
mined with PCR. Growth was monitored by plating samples on blood agar plates to determine 
the bacterial titer and by measuring the optical density at 600 nm. To determine the DNA and 
RNA concentration in copies/ml, tenfold serial dilutions of S. epidermidis at t=4 hours and 
E. coli at t=2 hours were made in PC. At these time points the strains were in the logarithmic 
phase, and thus all cells were expected to be viable and producing colonies. A standard curve 
for DNA was made and used to calculate the concentration in copies/ml for all other samples. 
S. epidermidis and E. coli contain five and seven 16S rRNA DNA copies per cell, respectively. 
E. coli strain DSM 5695, cultured according to the manufacturer’s instructions (DSMZ GmbH, 
Germany), was used for propagation of the MS2 phage. Bacterial standards used for the spi-
king study were provided by Dr. T. Montag and Dr. M. Störmer (PEI, Langen, Germany) [15]. 
The following standards were used; Staphylococcus epidermidis (PEI-B-13-03), Streptococ-
cus pyogenes (PEI-B-20-05), Klebsiella pneumonia (PEI-B-08-09) and Escherichia coli (PEI-
B-08-09).

Internal RNA phage control (IC)
Phage MS2 (DSM 13767) was used as an internal control (IC) for the real-time RT-PCR. Vacu-
um-dried MS2 was revitalized in E. coli strain DSM 5695 according to the manufacturer’s 
instructions (DSMZ GmbH, Germany) and resolved in SM buffer (100 mM NaCl, 50 mM Tris-
HCl, 8 mM MgSO4, 0.1 g/l gelatin, pH 7.5). Chloroform was added (5% vol/vol) and cell debris 
was removed by centrifugation. The supernatant was treated with DNAse RQ1 (Promega, Ma-
dison, WI) at 37°C for 30 minutes to remove bacterial DNA. MS2 was stored with 0.3% (vol/
vol) chloroform at 4°C. Plaque-forming units were determined by plating assays as described 
by the manufacturer.

Nucleic acid extraction
DNA was isolated from 1-ml aliquots of spiked PC using an automated extraction system 
(MagNA Pure LC, Roche Diagnostics, Almere, the Netherlands). Before DNA isolation, sam-
ples were centrifuged at 5000 x g for 10 minutes. Supernatant of the samples was discarded. 
Five microliters of DNA IC [10] and RNA IC (MS2) was added to the pellets. The pellet was 
incubated for 30 min at 37ºC with 180 μl of lysozyme (Sigma-Aldrich, Missouri, USA) solution 
(20 mg/ml lysozyme; 20 mM Tris-HCl, pH 8.0; 2 mM EDTA; 1.2% Triton®X-100). The lyso-
zyme solution was made freshly and filtered before use with an ultracentrifugal filter device 
(Amicon, Millipore, Bedford, MA) at 4000 x g for 15 minutes in a swinging bucket rotor. After 
incubation, samples were transferred to the MagNA Pure. DNA and RNA was isolated simul-
taneously with the MagNA Pure total nucleic acid kit (Roche Diagnostics) and eluted in 50 μl 
elution buffer. Negative isolation controls with water or PC were included in each run.
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Primer and probe design
Primers and probes used for amplification of 16S rRNA DNA by real-time PCR were used 
as described previously [10, 16]. For amplification of MS2 cDNA by real-time PCR, primers 
were designed with computer software (Primer Express version 2.0, Applied Biosystems, Fos-
ter City, CA). Sequence data, obtained from the GenBank, NCBI (NC_001417), were used to 
design the forward primer 5’-GCGGACGGTGAGACTGAAGA-3’ (MS2F), the reverse primer 
5’-CGATGACCCACTTCGCTTGTA-‘3 (MS2R) and the probe (VIC)-5’-ACAGTGGCAC-
TACCCCTCTCCGTATTCAC-3’-(TAMRA) (MS2P). The target was 180 bp (nt 193-372).

Real-time RT-PCR amplification
The RT-PCR procedures were performed in a volume of 50 μl comprising 1 x RT buffer, 5.5 
mM MgCl2, 500 μM of each dNTP, 2.5 μM random hexamers, 20 units RNase inhibitor, 62.5 
units of MultiScribe Reverse Transcriptase (all reagents from Applied Biosystems) and 20 μl of 
template RNA. The reverse transcription conditions were 10 min at 25°C, 30 min at 48°C and 
5 min at 95°C. Real-time PCR for DNA and cDNA was performed as described previously [10] 
except that the PCR mix for cDNA amplification did not contain probe for the DNA IC. The 
PCR detecting MS2 IC was performed in 25 μl comprising 1 x Taqman Universal PCR master 
mix (Applied Biosystems), 300 nM of MS2R and MS2F and 100 nM of MS2P, 0.04% bovine 
serum albumin, and 5 μl of template cDNA. Before amplification, the master mix without tem-
plate cDNA was incubated for 30 minutes at 37°C with 5 units of MseI (New England Biolabs, 
Beverly, MA) per PCR procedure to digest contaminating bacterial DNA. After incubation, the 
enzyme was heat inactivated at 65°C for 20 min. PCR conditions were 2 min at 50°C, 10 min 
at 95°C and 45 cycles of 15 seconds at 95°C, and 1 min at 60°C. The PCR assay was performed 
on a sequence detection system (ABI 7000, Applied Biosystems). Negative controls with water 
were included in each run.

Spiking study
Four routinely prepared buffy coat-derived leukocyte reduced PCs in plasma (~350 ml, con-
sisting of 5 buffy coats and 1 plasma unit) were obtained from Sanquin Blood Bank and were 
each divided into four smaller units (Compoflex, Fresenius Kabi, Emmer-Compascuum, The 
Netherlands) of approximately 90 ml with a sterile docking device (TSCD; Terumo Europe, 
Leuven, Belgium). Of these 16 units four were used as negative controls (spiked with saline). 
The other 12 units were each spiked with 1 ml of appropriate bacterial suspension of one of the 
four bacteria to obtain a final concentration of 10 CFU per bag (i.e. 0.1-0.2 CFU/ml) (Figure 1). 
The titer of the bacterial suspensions was determined by plating on TSA plates (Merck, Darm-
stadt, Germany). Each bacterium was used to spike three different PCs units. Immediately after 
being spiked, 5 ml samples were taken from each unit with a syringe via a sampling-site coupler 
(Codan, Deventer, The Netherlands) under aseptic conditions and transferred to a BacT/ALERT 
aerobic and anaerobic culture bottle (BioMérieux). Culture bottles were incubated at 35°C in 
the BacT/ALERT until the system gave a positive signal or if they remained negative for up to 
7 days. The PCs were incubated at 22 ± 2°C horizontally shaking with one cycle per second for 
up to 7 days (Helmer PLT incubator, Baxter, Deerfield, IL). Additional samples to monitor the 
presence of bacteria by real-time RT-PCR (1 ml) and by plating on TSA plates (0.1 ml) were 
taken daily till day 7.
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figure 1. flow diagram representing the inoculation and sampling strategy of the spiking study. 

Data analysis and statistics
Amplification data were analyzed with computer software (SDS v1.2, Applied Biosystems). The 
cycle threshold (Ct) value represents the PCR cycle at which the SDS software first detects an 
increase in reporter fluorescence above a baseline signal. The threshold was set at 0.1. Computer 
software (Windows Excel 2000, Microsoft Corp., Redmond, WA) was used to perform statisti-
cal calculations with the data.

resUlts

Sensitivity of the assay
To improve the sensitivity of a real-time 16S rRNA assay, RNA was detected in addition to 
DNA. To control all the reaction steps, the MS2 phage was used as an IC. Serial dilutions of 
an E. coli (Figure 2) or S. epidermidis culture in PCs were made. To discriminate between 
negative PCs or PCs contaminated with bacteria, the mean Ct-value of negative PCs minus 2.5 
times the SD was used as a cut-off value. In the DNA assay, a sample was considered positive 
when the Ct-value was below 30.6 (Figure 2A), and in the RNA assay the cut-off value was 
27.8 (Figure 2B). The sensitivity of the real-time assay for detecting E. coli in PC was 170 
CFU/ml when DNA was used as a template (Figure 2A) and 3 CFU/ml when RNA was used 
as a template (Figure 2B). The sensitivity for detecting S. epidermidis was lower, 750 CFU/ml 
when DNA was used as a template and 80 CFU/ml when RNA was used as a template.
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figure 2. analytical sensitivity for E. coli in pcs. 
Five independent serial dilutions of E. coli (∙) were prepared in PC. The log of CFU/ml is plotted against the Ct value 
of the real-time RT-PCR reaction. Analytical sensitivity when DNA (A) or RNA (B) was used as a template. The dot-
ted line is the cut-off value.
 
RNA and/or DNA copy number during growth
The improved sensitivity of the real-time 16S rRNA assay above was determined for actively 
growing bacteria. It is, however, important to be able to detect bacteria during every growth 
phase. Therefore, the amount of DNA and RNA copies of S. epidermidis and E. coli were de-
termined during growth. It should be noted that in the real-time RT-PCR, RNA as well as DNA 
is amplified. However, for the amplicons of the real-time RT-PCR the term “RNA copies” will 
be used. During 24 hours of growth, there were always more RNA copies than DNA copies 
(Figure 3), making the RNA assay more sensitive than the DNA assay for every time point. For 
both S. epidermidis and E. coli, RNA copies reached a maximum at t=4h (Figure 3A, and 3B). 
After 4 hours of growth RNA copy numbers decreased slightly for S. epidermidis but remained 
constant for E. coli. The difference between copy numbers of DNA and RNA is much higher 
for E. coli than for S. epidermidis, which might explain the difference in sensitivity of the RNA 
assay for the two bacteria. To determine the amount of DNA and RNA copies when bacteria 
stop growing or die, different antibiotics were added to actively growing S. epidermidis. When 
tetracycline, a bacteriostatic antibiotic, was added to the S. epidermidis culture at t=3 hours, 
bacteria stopped growing but remained viable (culture data, not shown). There was not much 
difference in the RNA and DNA copy numbers compared to the culture without antibiotics (Fi-
gure 3C). When a bactericidal antibiotic, gentamicine, was added at t=3 hours, the bacteria died 
(culture data, not shown). The RNA and DNA copy numbers decreased slightly (Figure 3D) but 
the RNA copy number still remained higher than the DNA copy numbers. During every growth 
phase, there were more RNA copies than DNA copies. 
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Figure 2. Analytical sensitivity for E. coli in PCs. Five independent serial dilutions of E. coli (·) 
were prepared in PC. The log of CFU/ml is plotted against the Ct value of the real-time RT-PCR 
reaction. Analytical sensitivity when DNA (A) or RNA (B) was used as a template. The dotted 
line is the cut-off value. 
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figure 3. rna and Dna copy numbers during growth. 
RNA and DNA (▲) and DNA (■) copy numbers were determined for (A) S. epidermidis, (B) E. coli, (C) S. epider-
midis treated with tetracycline (added at t=3hr) and (D) S. epidermidis treated with gentamicine (added at t=3hr) 
during 24 hours.

BacT/ALERT versus real-time RT-PCR
The possible advantages of the real-time PCR in comparison to the BacT/ALERT culture sys-
tem was investigated by mimicking contamination of PCs with low titers (0.1-0.2 CFU/ml) of 
four different bacterial strains. All PCs spiked with S. epidermidis or K. pneumoniae, two of 
three spiked with E. coli and none spiked with S. pyogenes gave a positive result with the BacT/
ALERT culture system (Table 1). The positive results with the BacT/ALERT culture system 
were always found within 24 hours after spiking. Directly after spiking (day 1) none of the 
spiked PC samples were found to be positive for growth on TSA plates or with real-time PCR 
detection. K. pneumoniae and E. coli samples were found positive after 24 hours (day 2), S. 
epidermidis samples after 48 hours (day 3). Two of three S. pyogenes were found positive with 
PCR after 24 hours (day 2). One sample spiked with S. pyogenes remained negative for 7 days 
with all methods used. Two E. coli samples were found to be positive after 24 hours (day 2) 
when RNA was used as a template but negative when DNA was used as a template. These sam-
ples were also negative for growth on TSA plates on day 2, whereas on day 3 the samples were 
positive for growth on TSA plates and in PCR with DNA as template.
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Figure 3. RNA and DNA copy numbers during growth. RNA and DNA (▲) and DNA (■) 
copy numbers were determined for (A) S. epidermidis, (B) E. coli, (C) S. epidermidis treated with 
tetracycline (added at t=3hr) and (D) S. epidermidis treated with gentamicine (added at t=3hr) 
during 24 hours. 
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DiscUssion

Currently, culture based methods, like the BacT/ALERT, are the most common methods used 
in blood banks for bacterial screening of PCs [4]. Although the BacT/ALERT has reduced the 
risk of transfusion of bacterially contaminated PCs, the method is not ideal because of false ne-
gatives [6, 8, 9]. Earlier publications showed the potential for detecting bacterial contamination 
in PCs by RNA [11, 17]. In this study, the sensitivity of a previously described real-time PCR 
assay [10] was improved at least 10-fold by detecting RNA in addition to DNA.
In comparison to our previously described results with the real-time PCR assay [10] using DNA 
as a template, this study showed a lower background Ct value for PCs (Ct value of 30.6 versus 
33.7 previously). This difference could be explained by batch-to-batch variation of exogenous 
bacterial DNA in isolation and amplification reagents [18]. Bacterial DNA is very stable even 
when bacteria are not viable anymore [19]. Exogenous DNA derived from bacterial sources 
such as Taq DNA polymerase gives a background signal when PCR is performed on the 16S 
rRNA gene of bacteria, but rRNA also appeared to be very stable; while the number of ampli-
cons increased proportionally during bacterial growth, they decreased only slightly when bac-
teria were treated with antibiotics. The presence of exogenous bacterial 16S rDNA and rRNA 
in reagents is a problem for the sensitivity of nucleic acid-based assays. Before blood banks can 
introduce the 16S rRNA real-time RT-PCR assay for routine diagnostics, reagents should be of 
constant quality and contain as little exogenous DNA and RNA as possible.
The sensitivity of the DNA assay differed between gram positive S. epidermidis and gram 
negative E. coli bacteria. In the RNA assay, this difference was even more prominent but the 
reason for this is not known. It could be due to incomplete lysis of S. epidermidis cells due to a 
bigger peptidoglycan layer in gram positive cells but longer incubation times with lysozyme to 
lyse the cells did not result in better sensitivity for S. epidermidis (data not shown). Additional 
sensitivity studies with other bacteria should be performed to investigate if this is a peculiarity 
of S. epidermidis or gram positive bacteria in general.

table 1. spiking of pcs with low bacterial titers*

 PCR

 BacT/ALERT  Day 2 (24h)  Day 3 (48h)  Day 7 (144h)

 Pos Day DNA RNA Plate DNA RNA Plate DNA RNA Plate

S. epidermidis (n=3) 3 0.9 0 0 0 3 3 3 3 3 3
S. pyogenes (n=3) 0 >7 2 2 2 2 2 2 2 2 2
K. pneumoniae (n=3) 3 0.5 3 3 3 3 3 3 3 3 3
E. coli (n=3) 2 0.75 1 3 1 3 3 3 3 3 3
No bacteria (n=4) 0 >7 0 0 0 0 0 0 0 0 0

*Bacteria were detected by culturing in the BacT/ALERT, PCR (DNA or RNA assay) and growth on TSA plates. For 
the BacT/ALERT, time until detection is given in days. For PCR, all samples were negative on day 1 (0h). Day 4 and 
day 5 gave the same results as days 3 and 7. 
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In case of contamination of PCs, the number of bacteria originally present in the PC preparation 
is usually very low. It is calculated that the bacterial concentration of a PC is approximately 
0.154 CFU/ml at the time of sampling [6]. To detect bacterial contamination in platelets directly 
after production, the RNA assay is not sensitive enough. However, the BacT/ALERT system 
may also not always detect bacterial contamination in PC directly after production [13]. A 
mathematical model showed that the probability of an 8-ml sample taken from a 300-ml PC 
with a bacterial concentration of 0.15 CFU/ml that is inoculated into two culture bottles has a 
60 % chance of detection [8]. In this study the event of bacterial contamination was mimicked 
by spiking PCs with low numbers of bacteria that are known to proliferate in PCs. It should be 
noted that the bacterial standards used are made of bacteria that are in their logarithmic growth 
phase and adapted to growth in plasma. It is expected that these bacteria will start growing in 
PC almost immediately after spiking. In the real event of bacterial contamination in PCs, there 
could be a delay before the bacteria start growing in PCs [20, 21]. The BacT/ALERT gave a false 
negative signal for three samples which became positive with PCR after 2 days (two S. pyogenes 
samples and one E. coli sample). According to the mathematical model [8] there would be five 
false negatives expected for the BacT/ALERT. In this study the amount of false negatives is 
lower but this is probably due to the small sample size used in our study [22]. Nevertheless, in 
real life these false positives could cause serious threats to patients receiving the transfusion. 
One PC spiked with S. pyogenes remained negative in the BacT/ALERT culture and the PCR 
and plating assays even after 7 days. This could be because the PCs were spiked with a bacterial 
suspension with a very low concentration. Only 1 ml of bacterial suspension was added to the 
PCs and the bacteria might not have been evenly distributed in the suspension. Taken together, 
this experiment shows that if platelets are tested for bacterial contamination at a later time point 
with the RNA assay, it could be superior to screening immediately after production with the 
BacT/ALERT. Due to the short turn around time of the real-time RT-PCR assay, it is possible 
to postpone testing of the PCs from directly after production to shortly before transfusion. This 
could also help reducing the amount of false positive results found with the BacT/ALERT [4] 
(positive cultures that are not confirmed) because PCs get more time for the process of auto ste-
rilization [23]. This means that low amounts of bacteria can be killed during storage of the PCs 
due to preformed antibodies, complement proteins, lysozymes, or some lipoproteins in plasma 
[23]. The RNA and DNA of these low amounts of bacteria will not be detected by the real-time 
RT-PCR assay.
In conclusion, a previously described real-time PCR assay for detection of bacteria in PCs was 
improved by adding a reverse transcriptase step to detect rRNA in addition to DNA. A com-
parison between the real-time RT-assay and BacT/ALERT showed that the real-time RT-PCR 
assay can be an alternative for, or an addition to, culturing when PCs are tested at a later time 
point. It should be investigated if the real-time RT-PCR assay is applicable for routine screening 
of PCs in blood banks.
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abstract

In this study the applicability of a 16S rRNA real time reverse transcriptase (RT) PCR and a 
Staphylococcus-genus specific PCR for screening of bacterial contamination in platelet concen-
trates (PCs) was determined.
336 sample bags, from PCs that were routinely tested in the BacT/ALERT, were collected and 
frozen until testing by the PCR assays. Based on the BacT/ALERT results, 107 PCs were posi-
tive and 229 were negative for bacterial growth.
The analytical sensitivity of the 16S rRNA real time RT PCR ranged from 5 to 40 CFU/ml. The 
PCR detected five positive samples, four of which were also positive in the BacT/ALERT. The 
sensitivity of the test was 3.8%, the specificity 99.5%. The analytical sensitivity of the Stap-
hylococcus-genus specific PCR ranged from 5 to 15 CFU/ml. 39 units that were BacT/ALERT 
positive for staphylococci were tested with this PCR. Six samples were positive with the PCR, 
five of which were also BacT/ALERT positive. The sensitivity of the Staphylococcus-genus 
specific PCR was 12.8%, the specificity 98.8%.
Despite the rapid availability of results compared to the BacT/ALERT, the analytical sensitivity 
of a generic or specific PCR assay is not high enough to be an alternative for the BacT/ALERT 
when PCs are screened on the day of production.
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introDUction

Bacterial contamination of platelet concentrates (PC) is a potential danger for patients receiving 
platelet transfusion [1, 2]. In the Netherlands, screening of PCs for the presence of bacteria is 
performed by automated culturing with the BacT/ALERT culture system (bioMérieux), and 
about 0.37% of all whole blood derived PCs are tested positive for bacterial growth [3]. The 
PCs are released on a “negative-to-date” result, which means that at the moment of issuing 
the culture bottles of the PCs are negative for bacterial growth and the PCs can be transfused. 
However, the culturing continues for up to 7 days and during this period the culture bottles can 
still become positive for bacterial growth. Moreover, false negative BacT/ALERT results due to 
slow-growing bacteria or low bacterial loads can occur [4-6]. To improve PC screening, alter-
native or supplementary methods are developed.
In a previous study, a generic real time RT-PCR assay was developed to detect bacteria in PCs 
as a fast alternative for culturing with the BacT/ALERT. It was shown that the assay could detect 
Escherichia coli with an analytical sensitivity of 3 CFU/ml and Staphylococcus epidermidis 
with an analytical sensitivity of 80 CFU/ml [7]. In this study, the performance and applicabi-
lity of the test was further investigated. The analytical sensitivity of the assay was determined 
for six additional bacteria; Bacillus cereus, Clostridium perfringens, Klebsiella pneumoniae, 
Staphylococcus aureus, Staphylococcus warneri, and Streptococcus pyogenes. Depending on 
the bacterial load and the condition of the patients these bacteria can cause serious septic trans-
fusion reactions [2, 4, 8]. To determine whether the real time RT-PCR is sensitive enough to 
screen PCs directly at the day of production, PC were screened for bacterial contamination by 
the real time RT-PCR and the results were compared with the BacT/ALERT results. To investi-
gate the benefits of a specific approach over a generic approach, a selection of the PCs were also 
screened by a real time PCR specific for staphylococci.

Materials anD MetHoDs

Bacterial strains
The following bacterial strains (PEI blood bacteria standards) were used to determine the ana-
lytical sensitivity of the real time RT PCR, Staphylococcus aureus (PEI-B-23-07), Clostridium 
perfringens (PEI-B-25-04), Staphylococcus warneri (PEI-B-28-02), Streptococcus pyogenes 
(PEI-B-20-05), Klebsiella pneumoniae (PEI-B-08-09) and Bacillus cereus (PEI-A-33) (Paul 
Ehrlich Institute, Langen, Germany). The bacterial strains with known titers were selected on 
their ability to multiply in PCs under routine storage conditions and were kept at -80°C.

Culturing of PCs and collection of the sample bags
Throughout 2008 and 2009, sample bags that were used for routine screening of PCs were 
collected at the quality control departments of the Dutch blood bank Sanquin at location Gro-
ningen, Nijmegen and Rotterdam. The PCs were leukoreduced and derived from pooled buffy 
coats prepared from overnight stored whole blood donations [9]. The sample bags were used 
to transfer 7.5 ml of PC aseptically to a BacT/ALERT aerobic and anaerobic culture bottle 
(bioMérieux, Marcy l’Etoile, France) according to the screening procedure as described before 
[3]. Directly after inoculation of the BacT/ALERT (about 20 h after whole blood collection), all 
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the sample bags were stored frozen. When the BacT/ALERT culturing system gave a positive 
result, the corresponding sample bag was selected together with at least two BacT/ALERT ne-
gative PC sample bags from the same production batch. The remaining negative PC sample 
bags were discarded. At the end of the collection period, all selected sample bags were thawed 
and screened for bacterial contamination with the real time RT PCR and results were compared 
with the results of the BacT/ALERT culture system. 

Nucleic acid extraction
DNA and RNA were isolated from 1-mL aliquots of PCs using an automated extraction system 
(MagNA Pure 96, Roche Diagnostics, Almere, the Netherlands). Before DNA isolation, MS2 
RNA internal control was added and the samples were incubated with lysozyme as described 
previously [7]. After incubation, 300 µl lysis buffer (Roche Diagnostics) was added and sam-
ples were transferred to the MagNA Pure 96. DNA and RNA were isolated simultaneously with 
the MagNA Pure DNA and viral NA kit (Roche Diagnostics) and eluted in 50 mL of elution 
buffer. Negative isolation controls with water were included in each run.

Real-time RT-PCR amplification and sequencing
The RT-Real Time PCR to detect 16S rRNA was performed as described previously [7]. A 
Staphylococcus-genus specific real-time PCR based on the tuf gene was performed in a vo-
lume of 25 µl consisting of 1 x Taqman Universal PCR master mix (Applied Biosystems), 300 
nM of each forward primer Fstap-tuf-a 5’-CCAACTCCAGAACGTGACTCTG-3’, and Fstap-
tuf-b 5’-CCAACWCCAGAACGTGATTCTG-3’ and reverse primer Rstap-tuf 5’-GTTGTCAC-
CAGCTTCAGCGTAGT-3’ primer (Invitrogen, Life Technologies, Paisley, UK), 150 nM of 
probe Pstap-tuf 5’- FAM-ACAGGCCGTGTTGAACGTGGKCAAATCAA-TAMRA-3’ (Ap-
plied Biosystems), 0.04% BSA, and 5 μl of PC isolate from the MagNA Pure 96. Real-time 
PCR conditions were 2 min 50°C, 10 min 95°C and 40 cycles of 15 seconds 95°C, and 1 min 
60°C. The PCR assay was performed on the ABI 7000 Sequence Detection System (Applied 
Biosystems). Negative controls with water were included in each run.
For sequencing, a part of the 16S rRNA gene was amplified by PCR, using universal primers 
generating a ~500- bp amplicon [10]. Samples contained 1 x PCR buffer, 0.2 mM of each de-
oxynucleotide triphosphate, 0.5 μM of each primer (Invitrogen), 1.5 mM MgCl2, 1.25 U of 
Platinum GoTaq® DNA Polymerase (Promega Benelux, Leiden, the Netherlands), and 1 μl of 
PC isolate from the MagNA Pure 96 in a total volume of 50 μl. PCR conditions were 95°C for 
2 min; 35 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 45 s; and a final step at 72°C for 
5 min. PCR products were purified using ExoSAP-IT® (USB, Staufen, Germany). Sequencing 
was performed using the Big Dye terminator sequencing kit according to the instructions of the 
manufacturer (Applied Biosystems, Foster City, CA, USA). The sequence products were sub-
jected to analysis on an ABI Prism 3100 automated DNA sequence analyser (Applied Biosys-
tems). Sequence homology analysis was performed with BioEdit version 7.0.4.1. and the basic 
local alignment search tool (blast, www.ncbi.nlm.nih.gov) to confirm gene identity.

Analytical sensitivity of the real-time RT PCR assays
To determine the analytical sensitivity of the assays, bacterial standards were thawed and di-
rectly diluted in phosphate buffered saline (PBS). Suspensions were plated on blood agar plates 
to determine the colony forming units (CFU) per ml. The bacteria in PBS were further diluted 
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in outdated PCs that were negative for bacterial growth and DNA/RNA extraction and PCR 
amplification was performed on different dilutions. All standards were tested at least in dupli-
cate at three different time points. To discriminate between negative PCs or PCs contaminated 
with bacteria, the mean Ct value of negative PCs minus 2.5 times the standard deviation (SD) 
was used as a cutoff value.

Data analysis and statistics
Real time PCR data were analyzed with SDS v1.2 software (Applied Biosystems). The cycle 
threshold value, or Ct, represents the PCR cycle at which the SDS software first detects an in-
crease in reporter fluorescence above a baseline signal. The threshold was set at 0.1. Windows 
Excel 2000 Software was used to perform statistical calculations with the data.

resUlts

Analytical sensitivity of the real time RT PCR 16S rRNA assay
The analytical sensitivity of the previously developed real-time PCR 16S rRNA assay was de-
termined by testing of dilutions of bacterial standards in PCs. Because buffers and reagents 
contained exogenous bacterial DNA and/or rRNA that could not be completely removed, a 
cutoff was determined to discriminate between negative PCs and PCs contaminated with bac-
teria. A sample could be considered positive when the Ct value was below 28.0. The analytical 
sensitivity of the assay was determined for five gram positive and one gram negative bacteria 
(Table 1) and ranged from 5 CFU/ml (C. perfringens) to 40 CFU/ml (S. aureus).

Testing of the sample bags with the real time RT PCR 16S rRNA assay
A total of 336 PC sample bags were collected over a period of approximately two years. 107 sam-
ple bags were positive for bacterial growth and from the corresponding positive BacT/ALERT 
culture bottles bacteria were cultured and identified by a certified microbiologic laboratory (Ta-
ble 2). 229 sample bags were negative for bacterial growth and were used as negative controls. 
With the 16S rRNA assay, 15 out of 336 samples were initially found to be positive. These sam-
ples were re-tested because of minimal differences between cut off and test values. 5 samples 
were found to be positive for the second time and scored as positive for bacterial contamination. 
The 10 samples that gave a negative result during re-testing were tested again and the result 

table 1. analytical sensitivity of the 16s rrna real time rt pcr assay

bacterial species analytical sensitivity

Bacillus cereus  10 CFU /ml
Clostridium perfringens 5 CFU /ml
Escherichia coli 3 CFU/ml*
Klebsiella pneumoniae 10 CFU /ml
Staphylococcus aureus 40 CFU /ml
Staphylococcus epidermidis 80 CFU/ml*
Staphylococcus warneri 40 CFU /ml
Streptococcus pyogenes 15 CFU /ml

*Results found in a previous study [7]
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remained negative. These samples were scored as inconclusive and were not included in the 
calculations, because no independent confirmation test was available to solve the inconclusive 
result. Four out of 5 samples that were scored as positive with the 16S rRNA assay were also 
positive for bacterial growth in the BacT/ALERT (Table 3). The species of these bacteria were 
determined by sequencing of the first 500 bp of the 16S rRNA gene and were found to be S. 
epidermidis (2x), S. aureus and Bacillus cereus. This result confirmed the results obtained 
previously by culturing from the positive BacT/ALERT bottle. One sample that was negative in 
the BacT/ALERT gave a positive result in the 16S rRNA assay (Table 3), attempts to determine 
the species by sequencing failed. Taken together, the sensitivity of the 16S rRNA RT PCR in 
comparison with the BacT/ALERT culturing system was 3.8%, the specificity was 99.5% the 
positive predictive value was 80% and the negative predictive value was 68.8% (Table 4). Incon-
clusive results were not included in the calculations.

table 4. sensitivity and specificity of the pcr assays

 TP TN FP FN Sensitivity Specificity PPV NPV

16S PCR 4 221 1 100 3.8% 99.5% 80% 68.8%
Staph PCR 5 82 1 34 12.8% 98.8% 83.3% 70.7%

TP = true positive; TN = true negative; FP = false positive; FN = false negative; PPV = positive predictive value; NPV 
= negative predictive value.

table 2. bacterial species cultured from positive bact/alert bottles corresponding to 
sample bags tested in pcr

bacterial species  total time to detection (days)

Coagulase negative Staphylococci (CNS) 36*, † 1.15 (0.75-2.36)
Propionibacterium species 35 4.48 (2.4-6.29)
Bacillus species 6‡ 1.42 (0.4-2.86)
Diphtheroid gram positive rods 6† 4.85 (3.7-5.6)
Anaerobic gram positive cocci 4 2.37 (2.27-2.5)
Gram negative rods 4 2.67 (0.8-4.4)
Gram positive cocci 4* 2.15 (1-3.75)
Staphylococcus aureus 4 0.87 (0.68-1.1)
Bacteroides species 3 5.03 (3.4-5.9)
Peptostreptococcus species 3 2.10 (1.1-2.6)
Gram positive rods 2 4.52 (4.5-4.53)
Micrococcus species 2‡ 1.45 (1.2-1.7)
Streptococcus species 1 0.6
BacT/ALERT positive, no confirmation§ 36 0.66 (0.09-2.4)

a In one PC, CNS and gram positive cocci were found
†  In one PC, CNS and diphterhoid gram positive rods were found
‡ In one PC, Bacillus species and Micrococcus species were found
§ BacT/ALERT positive samples that were not confirmed by the microbiological laboratory were scored as negative.
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Staphylococcus genus specific real time PCR
Because of the low sensitivity of the 16S rRNA PCR, a Staphylococcus genus specific real time 
PCR was performed to determine if a specific PCR approach could increase the sensitivity to 
detect bacteria shortly after production. First, the analytical sensitivity of the Staphylococ-
cus- specific PCR was determined using the PEI bacterial standards Staphylococcus aureus 
and Staphylococcus warneri and it was found to be 15 CFU/ml and 5 CFU/ml respectively. In 
contrast, the analytical sensitivity of the 16S rRNA PCR for these two species was 40 CFU/
ml, and thus a more specific test results in higher analytical sensitivity. A specified selection of 
sample bags was tested with the Staphylococcus genus specific assay. The selection consisted 
of 39 sample bags that were BacT/ALERT positive for Staphylococcus species plus 83 sample 
bags that were either BacT/ALERT negative (n=64) or BacT/ALERT positive but not for Staphy-
lococcus species (n=19). Six samples were positive with the Staphylococcus specific PCR, five 
of which were positive for bacterial growth in the BacT/ALERT, all for Staphylococcus species 
(Table 3). The species of these bacteria were determined by 16S rRNA sequencing, and for 4 
samples the species found confirmed the culture results, namely S. epidermidis (2x), S. aureus 
and S. hominis. The samples that were positive for S. epidermidis and S. aureus were also po-
sitive with the 16S rRNA real time RT PCR. The sample that was positive for S. hominis had 
an inconclusive result in the 16S rRNA real time RT PCR. Attempts to determine the species 
by sequencing failed for the other two PCR-positive samples. The sensitivity of the Staphylo-
coccus- specific PCR in comparison with the BacT/ALERT culturing system was 12.8%, the 
specificity was 98.8%, the positive predictive value was 83.3% and the negative predictive value 
was 70.7% (Table 4). 

DiscUssion

To increase the safety of blood transfusion, PCs are routinely tested for the presence of bacteria 
by the BacT/ALERT culture system. The system is sensitive but because the bacteria should 
grow before they can be detected, assay times can take up to 48h or longer. During culturing, 
the PCs are issued to the hospitals and administered to the patients and it can happen that a PC 
that is already transfused becomes positive in the BacT/ALERT. However, active surveillance 
has shown that transfusion reactions related to this type of products are uncommon [1, 11] and 
severe transfusion reactions are more associated with false negatives in the BacT/Alert screening 
[1, 4, 5]. Previously, a real time RT PCR was developed as a fast alternative for culturing with 
the BacT/ALERT. In this study, the two systems were used to test PCs directly after production 
and a comparison was made. A selection of the PCs was also tested with a Staphylococcus-genus 
specific PCR which is more sensitive than the generic PCR.
The real time RT PCR failed to detect bacteria in most samples that were positive with the BacT/
ALERT. One of the possible explanations is the low sensitivity of the PCR assay due to a high 
background signal derived from exogenous 16S RNA and DNA present in DNA isolation and 
PCR buffers and enzymes [12]. Furthermore, the initial number of bacteria present in PCs is as-
sumed to be very low [3, 13]. It is estimated that the initial number of bacteria present in PC is 
60 CFU/platelet unit (PC volume of 333 ml) or less than 1 CFU/ml [13] which requires a much 
more sensitive assay than the real time RT PCR. The BacT/ALERT can detect these low concen-
trations of bacteria because of the higher input volume of the system and the fact that the bacteria 
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have the opportunity to grow until the detection level of the system is able to detect them. 
Previously, it was shown that the real time RT PCR can detect PCs that are spiked with low 
concentrations of different bacterial species when the PCR is carried out 24 to 48h after spiking 
[7, 14]. By introducing a hold period for PCs, it is possible to test PCs by the real time RT PCR 
after this period and issue them as negative instead of negative to date. Another possibility 
would be to test the PCs shortly before transfusion. At the moment, the real time RT PCR takes 
about 4 hours to perform but further automation could reduce the turnaround time of this assay 
considerably. 
To increase the sensitivity for detecting bacteria in PCs by a PCR assay, a specific PCR for the 
Staphylococcus genus was used. The assay was indeed slightly more sensitive than the generic 
PCR assay, and when testing the sample bags it was able to detect two additional BacT/ALERT 
positive samples. However, the Staphylococcus-genus specific PCR was still much less sensitive 
than the BacT/ALERT. A specific PCR assay is therefore not an alternative for the BacT/ALERT 
when PCs are tested at the day of production. Testing at a later time point as mentioned above 
could be a possibility, but it would be difficult to determine which bacterial species should be 
covered by different specific PCRs. This study already revealed at least ten different bacterial 
species and though not all bacteria are frequently detected, it is important to detect them all. 
Therefore a generic approach is preferable, which can be expanded to a multiplex approach, with 
one or more specific PCRs added.
The samples that were found positive by the two PCR methods became positive with the BacT/
ALERT within 24 hours. There seemed to be no direct correlation between time to detection 
with the BacT/ALERT and detection with the PCR; several other BacT/ALERT positive samples 
became positive within 24 hours but were not detected by the PCR assay.
The 16S rRNA real time RT PCR and the Staphylococcus genus specific PCR did both repeatedly 
detect bacteria in one (different) sample that stayed negative in the BacT/ALERT. Sequencing to 
determine the species of the bacteria in these samples did not give a result. Although it is known 
that the BacT/ALERT can give false negative results [5, 6], these results are most likely due to a 
false positive PCR result. Another possibility is the presence of DNA and RNA from non-viable 
bacteria in the PCs which leads to a negative BacT/ALERT result but a positive PCR result.
Testing at a later time point with the real time RT PCR could also help to reduce the amount of 
false positives as detected with the BacT/ALERT that do not proliferate in PC. For example, one 
of the most frequently identified contaminants in this study are Propionibacterium species. In 
contrast to most bacteria found by the BacT/ALERT, it has been shown that these bacteria have 
very limited survival under PC storage conditions [15]. Because of the long time to detection, 
PCs are often already transfused before they become positive in the BacT/ALERT but transfusi-
on reactions due to Propionibacterium species are rarely reported [1, 14]. The optimized growth 
conditions of the BacT/ALERT give Propionibacterium species the opportunity to grow and be 
detected but these growth conditions do not reflect the real storage conditions of PCs. By testing 
at a later time point with the real time RT PCR only bacteria are detected that started growing in 
PCs and can be a danger to the patient when transfused. 
At the moment detecting bacteria in PC at the day of production by PCR is not an alternative 
for culturing the PCs by the BacT/ALERT. However, as the BacT/ALERT also still has its dis-
advantages, it is recommendable to continue optimizing the analytical sensitivity of and/or the 
sample size used for isolation of DNA/RNA for the PCR assay and look into the possibility of 
testing PCs at a later time point by PCR.
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Abstract

In the Netherlands, platelet concentrates (PCs) are screened with the BacT/ALERT culturing 
system. To determine the frequency of false negative culture results for this method, outdated 
PCs were re-cultured with the BacT/ALERT.
In the period of April 2009 to October 2010, 4082 outdated buffy coat PC units were re-cul-
tured. When a culture bottle became positive, the test was confirmed and the PC and BacT/
ALERT culture bottles were sent to a microbiological laboratory for confirmation. The 16S 
rRNA gene was sequenced for species confirmation and the strains were analyzed by AFLP 
typing to determine if the strains found in the PCs and the accompanying culture bottles were 
identical. The bacterial concentration of the false negatives was determined by quantitative real 
time PCR combined with the time to positivity of the BacT/ALERT. 
There were 5 false negative PCs found leading to a frequency of false negative BacT/ALERT 
results of 0.12% (95% confidence interval 0.02-0.23). Three PCs were contaminated with Stap-
hylococcus epidermidis one with S. haemolyticus and one with S. hominis. AFLP analysis sho-
wed that all strains that were cultured from the PC and its accompanying culture bottles were 
identical. The S. epidermidis strains from the different PC bags were all different strains. The 
bacterial concentration of the false negative PCs on the day of re-testing was estimated to be at 
least 106 CFU/ml except for the PC contaminated with S. haemolyticus which was < 1 CFU/ml.
Although screening of PCs with the BacT/ALERT prevents the transfusion of PC contaminated 
with bacteria, this study demonstrated that not all contaminated PCs are detected. Because 
these false negative PCs can be a risk for patients receiving transfusion, additional or alternative 
actions and testing may be necessary to further reduce this risk.
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introDUction

Bacterial contamination of blood products is a risk for patients receiving transfusion. This ap-
plies especially for platelet concentrates (PCs), because their storage conditions, at room tempe-
rature and under constant agitation, make them excellent growth media for bacteria. Approxi-
mately 1 in 2000 to 1 in 3000 PCs is contaminated with bacteria originating from the donor’s 
skin or, more rarely, from the bloodstream of the donor [1]. Despite the implementation of 
preventive measures, such as improved donor arm disinfection and diversion of the first 20 to 30 
ml of the whole blood donation that showed a significantly reduction of transfusion transmitted 
bacterial infections [2-4], bacterial contamination of PCs is difficult to avoid completely. It is 
not possible to sterilize the site of phlebotomy entirely and occasional asymptomatic bacterae-
mia in blood donors occurs [5, 6]. Therefore, additional testing is required to reduce the residual 
risk of bacterial contamination in PCs.
In the Netherlands, PCs are screened with the BacT/ALERT culturing method (bioMérieux). 
Briefly, aerobic and anaerobic culture bottles are inoculated with approximately 7.5 ml of PCs 
and the BacT/ALERT bottles are incubated until positive, or for 7 days if negative. During 
these 7 days, PCs are released on a ‘negative to date’ result which means that at the moment 
of issuing the culture bottles of the PC are negative and the PC can be transfused. Because the 
culturing continues, incidentally the BacT/ALERT becomes positive after the PC has already 
been transfused. Two years of active surveillance have shown that no transfusion reactions were 
related to this type of products in the Netherlands [7]. However, concerns were raised about 
false negatives after incidents of septic transfusion reactions and fatalities after the transfusion 
of culture-negative PCs [6, 8, 9].
In America, the performance of the BacT/ALERT culture method was evaluated in the PASS-
PORT study. Day 8 apheresis platelets (APs) were re-cultured and a false negative frequency 
of 0.07% was found [10]. This number was high compared to the frequency of initial positives 
found during routine screening (0.1%) [10]. A similar result was found for pooled buffy coat de-
rived platelets in a study from Ireland [11]. Taken together these studies raised questions about 
the safety of PCs at the end of storage time in the Netherlands, where the frequency of bacterial 
contamination during routine screening is 0.37% [2, 12]. To determine the real frequency of 
false negative cultures in the Netherlands over a period of 1,5 years, all PCs still in stock at the 
moment of expiry (outdating) were re-cultured with the BacT/ALERT.

Materials anD MetHoDs

Re-culturing of outdated PCs
In the period from April 2009 to October 2010, a total of 4082 outdated buffy coat PC units [13] 
were collected and retested. From all four regional centres of the Sanquin Blood Bank, PCs in 
plasma (7 days shelf life) or platelet additive solution (PAS, 5 days shelf life; PASII, Fenwal, 
Inc., Lake Zurich, Illinois, USA) that were not issued at the day of expiration and negative in 
the bacterial screening, were collected and send to a centralized facility for re-testing. A sam-
ple bag was sterile connected and filled with approximately 35 ml of PC and used to transfer 
7.5 ml of PC aseptically to a BacT/ALERT aerobic and anaerobic culture bottle (bioMérieux, 
Marcy l’Etoile, France). For every 5 outdated PCs, 1 negative control (with a minimum of 5 
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per series inoculated) was inoculated, consisting of 7.5 ml of Composol (Fresenius Kabi, Zeist, 
the Netherlands). A positive control was included every week by inoculating an aerobic an 
anaerobic culture bottle with 7.5 ml of S. epidermidis ATCC 12228 culture (Selectrol®, tcs 
bioscience, Buckingham, United Kingkom). The inoculated culture bottles were loaded into 
the BacT/ALERT in batches of twenty with an interval of half an hour to prevent false positives 
due to temperature fluctuations within the incubator. The culture bottles were incubated for 
seven days, and PCs from positively flagged bottles were cultured again in the BacT/Alert for 
confirmation. If confirmed, the positive BacT/ALERT bottles with the accompanying PC were 
sent to the Department of Microbiology, Slotervaart hospital (Amsterdam, the Netherlands) 
for sub-culturing and identification. If not confirmed, the initial positive bottle was send to the 
same laboratory to check if it was a false-positive. The bacteria were plated on blood agar plates 
and identified with the VITEK® system (bioMérieux). 
To estimate the concentration of bacteria in false negative PCs, two fresh PCs were spiked 
with serial dilutions of a S. epidermidis bacterial standard (PEI-B-06-07, PEI institute, Langen, 
Germany). This strain was selected for its ability to multiply in PCs under routine storage con-
ditions. Samples for the BacT/ALERT were taken in triplicate as described above in the testing 
of outdated PCs section and the titers of the different dilutions were determined by plating the 
dilutions on blood agar plates. The time to positivity (TTP) was determined and plotted against 
the number of bacteria present in the samples.

Nucleic acid extraction
For the real time PCR, DNA was isolated from 1 ml aliquots of PCs using an automated ex-
traction system (MagNA Pure 96, Roche Diagnostics, Almere, the Netherlands). Before DNA 
isolation, a DNA internal control was added and the samples were incubated with lysozyme as 
described previously [14]. After incubation, 300 µl lysis buffer (Roche Diagnostics) was added 
and samples were transferred to the MagNA Pure 96. DNA was isolated with the MagNA Pure 
DNA and viral NA kit (Roche Diagnostics) and eluted in 50 µl of elution buffer. Negative isola-
tion controls with water were included in each run.
For sequencing, all bacterial isolates were cultured for 1 day on blood agar at 37ºC under either 
anaerobic or aerobic conditions. Prior to extraction of DNA, pure bacterial colonies were sus-
pended in 100 µl TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and adjusted to match a 
turbidity of 0.5 McFarland Standard. The suspension was incubated with 10 mg/ml lysozyme at 
37ºC for at least 1h. DNA was isolated with the MagNA Pure LC automated extraction system 
using the MagNA Pure LC DNA Isolation Kit III (Roche Diagnostics, Almere, the Nether-
lands). Prior to isolation, the samples were incubated with bacteria lysis buffer and proteinase 
K at 56ºC for at least 1 h and subsequently loaded in the MagNA Pure and processed. Extracted 
nucleic acids were eluted in 100 µl of elution buffer and stored at -20ºC.

Real time PCR and sequencing
The real time PCR to detect the 16S rRNA gene was performed as described previously [14]. 
For sequencing, part of the 16S rRNA gene was amplified using universal primers 5’-TGGA-
GAGTTTGATCCTGGCTCAG-3’ and 5’-TACCGCGGCTGCTGGCAC-3’ generating a ~500- 
bp amplicon [15]. Samples contained 1 x PCR buffer, 0.2 mM of each deoxynucleotide triphosp-
hate, 0.5 μM of each primer (Invitrogen Life Technologies, Paisley, UK), 1.5 mM MgCl2, 1.25 
U of Platinum GoTaq® DNA Polymerase (Promega Benelux, Leiden, the Netherlands), and 1 
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μl of bacterial DNA in a total volume of 50 μl. PCR conditions were 95°C for 2 min; 35 cycles 
of 95°C for 30 s, 55°C for 30 s, and 72°C for 45 s; and a final step at 72°C for 5 min. PCR pro-
ducts were purified using ExoSAP-IT® (USB, Staufen, Germany). Sequencing was performed 
using the Big Dye terminator sequencing kit (Applied Biosystems, Foster City, CA, USA). The 
sequence products were subjected to analysis on an ABI Prism 3100 automated DNA sequence 
analyser (Applied Biosystems). Sequence analysis was performed with BioEdit version 7.0.4.1. 
Homology analysis was done with the basic local alignment search tool (blast, www.ncbi.nlm.
nih.gov) using sequences from culture collection strains to confirm gene identity [16].

AFLP analysis
The AFLP analysis and the restriction site-specific adapter and primer sequences have been 
used as described previously [17]. Briefly, the restriction/ligation reaction mixtures consisted 
of 10 ng DNA, 1x T4 DNA ligase buffer, 0.05 M NaCl, 0.5 µg BSA, 1 pmol of the EcoRI adap-
ter, 10 pmol of the MseI adapter (Eurogentec, Maastricht, the Netherlands), 80 U of T4 DNA 
ligase, 1 U of EcoRI and 1 U of MseI. All enzymes were purchased from New England Biolabs 
(Beverly, MA, USA). After incubation at 37ºC for 3 h, the mixtures were diluted 1:20 in 0.1 x 
TE buffer. For amplification of the restriction fragments, 5 µl of the diluted mixture was added 
to 5 µl of PCR mixture, which consisted of 1x PCR buffer (Sphaero Q, Gorinchem, The Ne-
therlands), 200 µM dNTPs (Promega), 1 U Super Taq (Sphaero Q), 20 ng of Eco-A primer and 
60 ng of Mse-C primer. The Eco-A primer was fluorescently labelled with carboxyfluorescein 
(Eurogentec). Amplification was carried out under the following conditions: 2 min at 72ºC, 
followed by 12 cycles of 30 s at 94ºC, 30 s at 65ºC (in the first cycle, thereafter the temperature 
decreased 0.7ºC per cycle) and 1 min at 72ºC and then 23 cycles of 30 s at 94ºC, 30 s at 56ºC 
and 1 min at 72ºC and ended by a single extension at 72ºC for 10 min. Before analysis on an 
ABI Prism 3130 sequencer (Applied Biosystems), 2.5 µl of each PCR product was added to 22 
µl Hi-Di formamide and 0.5 µl GeneScan-600 LIZ size standard (Applied Biosystems). Data 
were analysed with the GeneScan® Analysis Software (Applied Biosystems) and the BioNume-
rics software package, version 5.10 (Applied Maths, Sint-Martens-Latem, Belgium). Similarity 
coefficients were calculated with Pearson correlation and dendrograms were obtained by the 
unweighted pair group method using arithmetic averages (UPGMA) clustering. Three windows 
of similarity were determined. Window I, 80 to 100% homology, identical strains; window II, 
35 to 80% homology, different CNS strains of the same species; window III, less than 35% 
homology, different CNS species.

resUlts

To determine the frequency of false negative PC culture results in the Netherlands, 4082 out-
dated PCs derived from pooled buffy coats were collected and re-cultured in the BacT/ALERT. 
All negative controls remained negative and all positive S. epidermidis controls became posi-
tive within 4 hours. The BacT/ALERT gave 60 positive signals, 55 of which were false positive 
results, that is, no bacteria could be re-cultured by the BacT/ALERT from the PC bag. All false 
positive results were only positive in one of the two culture bottles and no micro-organism 
could be isolated from positive cultured bottle.
Five samples were considered as true positive, that is; bacteria could be cultured repeatedly 
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from the PCs and isolated from the positive culture bottles and the PC. Because in the initial 
screening these units were found to be negative, these units are considered as ‘false-negatives’. 
The TTP ranged from 4 to 20 hours and almost all gave a positive signal both in the aerobic and 
anaerobic culture bottles, with a similar or shorter TTP upon repeat culture (Table 1). Three 
false-negatives were found in PCs suspended in plasma, the other two were found in PCs sus-
pended in PAS II (Table 1). Species identification was performed by phenotypic identification 
and by sequencing of the 16S rRNA gene. Three out of the five false-negative PCs were conta-
minated with S. epidermidis. The fourth false negative PC was contaminated with S. haemoly-
ticus and the fifth with S. hominis. This results in a frequency of false negative BacT/ALERT 
results of 0.12% (95% CI 0.02-0.23).

All bacteria that were found in the PC bags and culture bottles were typed by AFLP analysis. 
All strains that were cultured from the PC and the accompanying culture bottles showed iden-
tical AFLP patterns, indicating identical isolates from one source (Similarity between 80 and 
100 %, Figure 1, Table 1). None of the S. epidermidis strains from the different PC bags showed 
identical patterns and were therefore considered as independent isolates (Similarity below 80%, 
Figure 1).

figure 1. aflp patterns of bacterial isolates found in false negative pcs. 
Percentages of similarity and molecular sizes (in base pairs) are shown above the dendrogram. The windows of simi-
larity are indicated with dotted lines with window I: identical strains, window II: different CNS strains of the same 
species and window III: different CNS species. The reference strains S. epidermidis ATCC 14990 and S. epidermidis 
ATCC 12228 are included in the analysis. The bacteria are numbered according to table 1. A denotes the strains cul-
tured from the aerobic bottle, N from the anaerobic bottle and PC from the platelet concentrate.
 

chapter 5





73

bacterial screening of pcs

T
ab

le
 1

 F
al

se
 n

eg
at

iv
e 

PC
s 

 
 

 
 

 
A

er
ob

ic
 c

ul
tu

re
 b

ot
tle

 
 

A
na

er
ob

ic
 c

ul
tu

re
 b

ot
tle

 
 

 
 

R
ea

l T
im

e 
PC

R
 

# 
Pr

od
uc

t 
A

ge
 o

f 

PC
 

Se
qu

en
ci

ng
 

re
su

lts
 

 
TT

P 
B

ac
te

ria
l 

co
nc

en
tra

tio
n 

 
TT

P 
B

ac
te

ria
l 

co
nc

en
tra

tio
n 

 
A

FL
P 

ty
pi

ng
 

 
C

t 
B

ac
te

ria
l 

co
nc

en
tra

tio
n 

1 
PC

 in
 p

la
sm

a 
8 

da
ys

 
S.

 e
pi

de
rm

id
is

 
 

(I
) 4

.1
h 

(I
I)

 4
.3

h 
> 

10
5  

 
(I)

 4
.1

h 

(I
I)

 3
.8

h 
> 

10
5  

 
Id

en
tic

al
 is

ol
at

es
 

 
17

.7
8 

> 
10

7  

2 
PC

 in
 p

la
sm

a 
8 

da
ys

 
S.

 e
pi

de
rm

id
is

 
 

(I
) 4

.7
h 

(I
I)

 8
.2

h 
> 

10
5  

 
(I)

 4
.3

h 

(I
I)

 6
.0

h 
> 

10
5  

 
Id

en
tic

al
 is

ol
at

es
 

 
12

.2
4 

> 
10

8  

3 
PC

 in
 P

A
S 

II
 

7 
da

ys
 

S.
 e

pi
de

rm
id

is
 

 
(I

) 1
1h

 

(I
I)

 1
0.

6h
 

> 
10

5  
 

(I
) 1

1h
 

(I
I)

 1
0.

1h
 

> 
10

5  
 

Id
en

tic
al

 is
ol

at
es

 
 

18
.8

3 
> 

10
6  

4 
PC

 in
 p

la
sm

a 
9 

da
ys

 
S.

 h
ae

m
ol

yt
ic

us
 

 
(I

) 2
0.

4h
 

(I
I)

 5
.5

h 

(I
) <

 1
 

(I
I)

 >
 1

05  
 

(I)
 n

eg
at

iv
e 

(I
I)

 6
.2

h 

(I)
 - 

(II
) >

 1
05  

 
Id

en
tic

al
 is

ol
at

es
 

 
N

A
 

- 

5 
PC

 in
 P

A
S 

II
 

7 
da

ys
 

S.
 h

om
in

is
 

 
(I

) 4
.3

h 

(I
I)

 5
.8

h 
> 

10
5  

 
(I)

 4
.3

h 

(I
I)

 6
.5

h 
> 

10
5  

 
Id

en
tic

al
 is

ol
at

es
 

 
17

.8
5 

> 
10

7  

 *T
he

se
 is

ol
at

es
 w

er
e 

no
t a

va
ila

bl
e 

fo
r s

eq
ue

nc
in

g;
 th

e 
cu

ltu
re

 re
su

lts
 o

f t
he

 m
ic

ro
bi

ol
og

ic
al

 la
bo

ra
to

ry
 a

re
 g

iv
en

. T
he

 fi
rs

t c
ul

tu
re

 is
 in

di
ca

te
d 

by
 (I

), 
th

e 
co

nf
irm

at
io

n 
cu

ltu
re

 b
y 

(I
I)

, T
TP

 st
an

ds
 fo

r t
im

e 

to
 p

os
iti

vi
ty

. T
he

 b
ac

te
ria

l c
on

ce
nt

ra
tio

n 
is

 g
iv

en
 in

 C
FU

/m
l. 

N
A

 st
an

ds
 fo

r n
ot

 a
va

ila
bl

e.
 

 
tio

n 
cu

ltu
re

 b
y 

(I
I)

, T
T

P 
st

an
ds

 fo
r t

im
e 



74

To estimate differences in the amount of bacteria present in the false negative PC, two different 
methods were used. In the first method the TTP of the BacT/ALERT for the outdated product 
was compared to the TTP of PCs spiked with a known bacterial concentration of a S. epider-
midis reference strain (Figure 2, Table 1). The false negatives that were contaminated with S. 
epidermidis or S. hominis all contained more than 105 CFU/ml. The false negative that was 
contaminated with S. haemolyticus initially contained less than 1 CFU/ml but the confirmation 
culture that was taken the day after contained more than 105 CFU/ml. 
The second method estimated the concentration of bacteria in the PC sample with a real time 
PCR based on the 16S rRNA gene. The Ct values were compared with the Ct values of a serial 
dilution of S. epidermidis in PC that was made previously [14] and the concentration of bacteria 
ranged from more than 106 CFU/ml to 108 CFU/ml (Table 1). The sample that was contaminated 
with S. haemolyticus was not available for analysis with the real time PCR.

figure 2. bacterial growth in the bact/alert. 
The time to positivity (hours) of the BacT/ALERT aerobic (●) and anaerobic (■) culture bottle is plotted against the 
LOG value of colony forming units (CFU) per ml. 

DiscUssion

To test PCs for bacterial contamination, the BacT/ALERT culturing system is generally used 
as the gold standard [18]. For example, in the Netherlands all PCs are tested with an aerobic 
and anaerobic culture bottle and 0.37% is tested positive for bacterial growth according to the 
Dutch standards [2]. The American Red Cross uses only the aerobic culture bottle and 0.016% 
of all PCs are tested positive for bacterial growth, however, 0.001% of the PC units that stayed 
negative in the BacT/ALERT were involved in a septic transfusion reaction [3]. Several other 
studies have also shown that false negatives occur [10, 11, 19-21]. In this study, the frequency of 
false negative BacT/ALERT results was determined for outdated buffy coat derived PCs in the 
Netherlands. The PCs consisted of plasma-PCs and PAS II PCs, but because routine culturing 
of PCs in the Netherlands showed that there was no significant difference in the amount of 
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positives found in plasma-PCs or PAS II-PCs [2], the two groups were combined in this study. 
Nevertheless, it should be kept in mind that the plasma-PC are re-tested at day 8 or 9 and the 
PAS II-PCs at day 7 due to different expiry dates of the products. The frequency of false nega-
tives BacT/ALERT results in the Netherlands was shown to be 0.12%.
The frequency found in this study was lower than the results found by Murphy et al. where 18 
out of 8282 outdated PCs became positive (0.21%) [11]. However, the 18 false negatives from 
the study did include 11 unconfirmed positives, that is, a positive culture from the bottle but 
no residual material available for confirmation or all residual material was negative on culture. 
When excluding these unconfirmed positives 7 out of 8282 outdated PC became positive, a fre-
quency (0.08%), similar to the results found in this study. The frequency was about the same as 
the study by Pearce et al. [21] that found 6 false negative results in 6438 outdated units (0.09%) 
and Dumont et al. [10] who found 4 false negative results in 6039 outdated units (0.07%). The 
frequency was lower than the study by Larsen et al. [19] that found 2 false negative results when 
testing 1061 outdated PCs (0.19%). Because Larsen et al. only used the aerobic culture bottle 
during routine screening of PCs, this might be an underestimation [12]. 
The bacteria found in the outdated PCs that were initially missed were all coagulase negative 
staphylococci (CNS), which are one of the most frequently identified bacteria during routine 
culturing of PCs [2]. The CNS bacteria found are common skin flora and are most likely intro-
duced into the blood product during the phlebotomy procedure. Three of the five false negatives 
were contaminated with S. epidermidis. By AFLP typing it was demonstrated that the strains 
were independent isolates and that there is not a specific S. epidermidis clone that is missed 
during routine culturing of PCs.
Surprisingly, Propionibacterium acnes, which also is one of the most frequently identified bac-
teria in PCs [2], was not found in this study. In the study of Murphy et al. [11] 6 P. acnes from 
outdated PCs were cultured, but it is not clear if these belong to the unconfirmed positives. 
Dumont et al. found one P. acnes, but the identification was discordant, that is, Streptococcus 
viridans and CNS were grown from the first positive culture bottle and P. acnes from the con-
firmation culture bottle [10]. In the study of Larsen et al. no anaerobic culture bottles were used, 
and thus P. acnes, an obligate anaerobe, could not be cultured [19]. It was earlier stated that P. 
acnes lack the capability to proliferate in PCs [22], which could explain why these bacteria were 
not found in our study with outdated PCs.
The reason why the routine BacT/ALERT screening did not detect the five false negative PCs is 
probably due to low initial inocula of bacteria. The average number of bacteria in contaminated 
PCs at the time of sampling for screening is considered to be low, sometimes even below 1 CFU/
ml [2, 11]. When PCs with these low initial inocula are sampled for BacT/ALERT culturing, the 
probability of a false negative result is high [12]. 
One of the false negative PCs (nr. 4 in Table 1) initially only became positive in one of the two 
culture bottles, which indicates that the bacterial concentration was still very low even after 9 
days [12]. This PC would probably not be a risk for the patient when transfused at day 7 and is 
only considered a false negative based on our tight definition. The other 4 false negative PCs 
had bacterial titers above 106 CFU/ml when sampled one or two days after expiration date. 
This means that at the end of storage these PCs contained a considerable amount of bacteria 
and could have been a risk for patients if transfused one or two days before expiration. Several 
reports on severe transfusion reactions due to PCs contaminated with CNS show that there is a 
risk for patients receiving transfusion with PCs contaminated with CNS [9, 23, 24]. However, 
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there is no clear correlation between the amount of bacteria and severity of the transfusion reac-
tion. Although in general virulent species with a load of  ≥ 105 CFU/ml are associated with more 
severe reactions, it is also shown that CNS with a load of up to 105 CFU/ml are easily tolerated 
and cleared by most patients [23].
An explanation why false negatives are mainly S. epidermidis might be the fact the storage 
conditions of PCs support the growth of S. epidermidis [25] both in plasma-PC as PAS II-PC 
[26]. This suggests that also PCs with an initial low bacterial count can become a risk for 
transfusion when they are transfused after longer storage. This is one of the reasons why Japan 
decided to limit the expiry date for PCs to 72 hours [4]. At Sanquin, approximately 60% of all 
PCs are issued to the hospitals after 3 days of storage and 20% after day 5 (data extracted from 
the Blood Bank information system). On a total of 50,000 PCs transfused per year this means 
that there are about 10,000 units stored longer than 5 days, resulting in a theoretical amount of 
12 false negatives per year. However, our haemovigilance reports shows that the frequency of 
serious transfusion reactions due to administration of false negative BacT/ALERT PCs in the 
Netherlands is very low, with only 2 reported serious events with a high imputability during the 
last 3 years [27-29]. To increase the safety of PC transfusion, it would be advisable to introduce 
additional testing for bacterial contamination shortly before transfusion. This could be achieved 
with a PCR assay [30].
Bacterial screening of PCs with the BacT/ALERT has improved the safety of transfusion in 
the Netherlands. However, possible risks remain, as shown by the frequency of 0.12% of false 
negatives, though this is not reflected in the national haemovigilance data. Additional or alter-
native actions and testing may be required to further reduce the remaining risk for transfusion 
of bacterially contaminated PC.
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Abstract

Transfusion associated bacterial sepsis is the most common microbiological risk of transfusion 
and is caused mostly by platelet concentrates (PCs). The most frequently identified bacterial 
contaminants of PCs are coagulase negative staphylococci (CNS). In order to learn more about 
the distribution, source and risk of the CNS that are involved in bacterial contamination of 
PCs, CNS strains isolated during platelet screening were collected and characterized to spe-
cies level with three different methods; 16S rRNA and sodA gene sequencing, matrix-assisted 
laser desorption ionization time-of-flight mass spectrometry (MALDI TOF MS) and amplified 
fragment length polymorphism (AFLP). AFLP analysis was also used for typing of the CNS 
strains. A total of 83 CNS strains were analyzed by sequencing and eight different CNS species 
were identified with Staphylococcus epidermidis being the predominant species. MALDI TOF 
MS and AFLP analysis confirmed these results to a large extent. However, MALDI TOF MS 
could not identify all strains to species level and AFLP analysis revealed an additional, likely 
novel, CNS species. The species identified are mainly recognized as part of the normal skin 
flora. Typing of the CNS strains with AFLP showed that there was not a unique strain which is 
significantly more often present during bacterial contamination of PCs.
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introDUction

Bacterial contamination of blood products is the main infectious hazard of blood transfusion. 
From all blood products, platelet concentrates (PC) are at highest risk because their storage con-
ditions, at room temperature under constant agitation, support bacterial growth. In the Nether-
lands, screening of PCs for the presence of bacteria is performed by automated culturing with 
the BacT/ALERT culture system (bioMérieux) and about 0.37% of all whole blood derived PCs 
are tested positive for bacterial growth [1]. It is assumed that bacterial contamination of PCs 
originates primarily from the skin at the time of phlebotomy and less frequently from asymp-
tomatic donor bacteraemia or from contamination introduced during processing of the units. 
This is reflected in the types of bacteria that are most commonly implicated in these events; 
the most frequently identified bacterial contaminants of PCs are Propionibacterium acnes and 
coagulase negative staphylococci (CNS) [1]. P. acnes is a gram positive, non-spore forming 
anaerobic bacterium that is part of the normal skin flora. Adverse transfusion reactions with P. 
acnes are rare [2, 3] and therefore contamination of PCs with P. acnes is considered clinically 
less relevant. On the other hand, several adverse transfusion reactions due to PCs contaminated 
with CNS have been reported [2-7]. In the Netherlands at the Dutch blood bank Sanquin, most 
of the CNS strains that are found in the positive BacT/ALERT bottles are only scored as CNS 
and not identified to the species level. In this study, we wanted to gain more insight in the dif-
ferent CNS species involved in bacterial contamination of PCs and learn more about the source 
and risk of contamination. For this purpose, 67 CNS strains that were isolated throughout 2007 
and 2008 from PCs by screening with the BacT/ALERT system in the Sanquin North West and 
South East regions were collected. In addition, 16 CNS strains from an unrelated population 
isolated during routine screening of PCs by the Canadian Blood Services (CBS) from 2006 
to 2009 were included to see if there is a difference in CNS strains found at blood banks in 
different countries. The strains were determined to species level by sequencing of ~500 base 
pairs (bp) of the 16S ribosomal RNA (rRNA) gene or ~400 bp of the sodA gene, encoding 
the manganese-dependent superoxide dismutase, by matrix-assisted laser desorption ionization 
time-of-flight mass spectrometry (MALDI TOF MS) analysis as a new and fast alternative to 
sequencing and with amplified fragment length polymorphism (AFLP) analysis. Furthermore, 
AFLP was used for typing to determine whether specific strains are involved more frequently 
in contamination of PC.

Materials anD MetHoDs

Bacterial strains
A total of 67 CNS strains, isolated from positive BacT/ALERT culture bottles were collected 
from the Sanquin North West and South East regions. The strains had previously been cultured 
from PCs produced at the blood bank services according to the screening procedure as descri-
bed before [1]. Briefly, an aerobic and anaerobic culture bottle was inoculated with approxima-
tely 7.5 ml PC per bottle. Inoculation was performed under aseptic conditions provided by a 
laminar airflow cabinet. Culture bottles were incubated in the BacT/ALERT culture system and 
positively flagged bottles were sent to certified microbiological laboratories for confirmation 
and identification. The strains were collected over a period of two years. An unrelated collection 

cns from platelet concentrates



86

of CNS strains (n= 16) that were isolated during routine screening of PCs by the CBS during 
three years was included (strains earlier described by Greco et al., [8]). At the CBS only aerobic 
culture bottles are inoculated. All isolates were cultured on blood agar at 37ºC under aerobic 
conditions. Staphylococcus saccharolyticus strains could not be cultured under aerobic condi-
tions and were cultured under anaerobic conditions for two days on blood agar plates. S. epi-
dermidis (ATCC 14490T and ATCC 12228) S. aureus (ATCC 25923) S. caprae (DSM 20608), 
S. capitis (LMD89.175) and S. saccharolyticus (DSM 20359) were used as reference strains to 
define the windows of similarity for AFLP. Escherichia coli (DSM 1576) was used as a quality 
control of the MALDI TOF MS.

DNA extraction 
Prior to extraction of DNA, pure bacterial colonies from overnight cultures on blood agar plates 
were suspended in 100 µl TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and adjusted to 
match a turbidity of 0.5 McFarland Standard. The suspension was incubated with 10 mg/ml 
lysozyme at 37ºC for at least 1h. DNA was isolated with the MagNA Pure LC automated ex-
traction system using the MagNA Pure LC DNA Isolation Kit III (Roche Diagnostics, Almere, 
the Netherlands). Prior to isolation, the samples were incubated with bacteria lysis buffer and 
proteinase K at 56ºC for at least 1 h and subsequently loaded in the MagNA Pure and extracted. 
Extracted nucleic acids were eluted in 100 µl of elution buffer and stored at -20ºC.

PCR amplification and sequencing
The 16S rRNA gene was amplified using universal primers 5’-TGGAGAGTTTGATCCTGGCT-
CAG-3’ and 5’-TACCGCGGCTGCTGGCAC-3’ generating a ~500- bp amplicon [9]. The sodA 
degenerate primers d1 (5′-CCITAYICITAYGAYGCIYTIGARCC-3′) and d2 (5′-ARRTAR-
TAIGCRTGYTCCCAIACRTC-3′) were used to amplify an internal fragment, of the sodA gene 
[10]. Samples contained 1 x PCR buffer, 0.2 mM of each deoxynucleotide triphosphate, 0.5 μM 
of each primer (Invitrogen Life Technologies, Paisley, UK), 1.5 mM MgCl2, 1.25 U of Platinum 
GoTaq® DNA Polymerase (Promega Benelux, Leiden, the Netherlands), and 1 μl of bacterial 
DNA in a total volume of 50 μl. PCR conditions for 16S rRNA gene amplification were 95°C 
for 2 min; 35 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 45 s; and a final step at 72°C 
for 5 min. PCR conditions for amplification of the sodA gene were 95°C for 2 min; 35 cycles of 
95°C for 30 s, 37°C for 60 s, and 72°C for 45 s; and a final step at 72°C for 5 min. PCR products 
were purified using ExoSAP-IT® (USB, Staufen, Germany). Sequencing was performed using 
the Big Dye terminator sequencing kit (Applied Biosystems, Foster City, CA, USA). The se-
quence products were purified and then subjected to analysis on an ABI Prism 3100 automated 
DNA sequence analyser (Applied Biosystems). Sequence homology analysis was performed 
with BioEdit version 7.0.4.1., the basic local alignment search tool (blast, www.ncbi.nlm.nih.
gov) and sequences from culture collection strains [10, 11] to confirm gene identity.

MALDI-TOF mass spectrometry
For MALDI-TOF MS, fresh colonies from blood agar plates were used and a thin smear of 
bacteria was deposited on a FlexiMass TM target and 1 μl of α-cyano-4-hydroxycinnamic acid 
matrix solution (Shimadzu, Benelux) was added. The sample was co-crystallized by air-drying 
at room temperature. Measurements were performed on an AXIMA MALDI-TOF mass spec-
trometer (Shimadzu). Spectra were recorded in the positive linear mode within a mass range of 
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2,000 to 20,000 Da. Each spectrum was accumulated from 1000 laser shot cycles and automa-
tically processed before exported to SARAMIS (Spectral Archive and Microbial Identification 
System; Anagnos Tec) for the identification procedure.

Strain typing by AFLP
The AFLP protocol and restriction site-specific adapter and primer sequences have been used 
as described previously [12]. Briefly, the restriction/ligation reaction mixtures consisted of 10 
ng DNA, 1x T4 DNA ligase buffer, 0.05 M NaCl, 0.5 µg BSA, 1 pmol of the EcoRI adapter, 10 
pmol of the MseI adapter oligonucleotides (Eurogentec, Maastricht, the Netherlands), 80 U of 
T4 DNA ligase, 1 U of EcoRI and 1 U of MseI. All enzymes were purchased from New England 
Biolabs (Beverly, MA, USA). After incubation at 37ºC for 3 h, the mixtures were diluted 1:20 
in 0.1x TE buffer. For amplification of the restriction fragments, 5 µl of the diluted mixture 
was added to 5 µl of PCR mixture, which consisted of 1x PCR buffer (Sphaero Q, Gorinchem, 
The Netherlands), 200 µM dNTPs (Promega), 1 U Super Taq (Sphaero Q), and 20 ng of Eco-A 
primer and 60 ng of Mse-C primer. The Eco-A primer was fluorescently labelled with carboxy-
fluorescein (Eurogentec). Amplification was carried out under the following conditions: 2 min 
at 72ºC, followed by 12 cycles of 30 s at 94ºC, 30 s at 65ºC and 1 min at 72ºC and then 23 cycles 
of 30 s at 94ºC, 30 s at 56ºC and 1 min at 72ºC and ended by a single extension at 72ºC for 1 min. 
Before analysis on an ABI Prism 3130 sequencer (Applied Biosystems), 2.5 µl of each PCR pro-
duct was added to 22 µl Hi-Di formamide and 0.5 µl GeneScan-600 LIZ size standard (Applied 
Biosystems). Data were analysed with the GeneScan® Analysis Software (Applied Biosystems) 
and the BioNumerics software package, version 5.10 (Applied Maths, Sint-Martens-Latem, Bel-
gium). Similarity coefficients were calculated with Pearson correlation and dendrograms were 
obtained by the unweighted pair group method using arithmetic averages (UPGMA) clustering. 
The windows of similarity were defined by analysing Staphylococcal reference strains three 
times in three different runs. 

resUlts

CNS strains from PCs
A total of 83 CNS strains were included in this study, isolated from BacT/ALERT culture bottles 
that were inoculated with PCs and flagged positive within 7 days of culture. The 83 strains were 
found at the Sanquin North West (n=45) and South East (n=22) region during 2007 and 2008 and 
at the CBS (n=16) from 2006 to 2009. The strains were analyzed to species level by sequencing. 
For this, ~500 bp of the 16S rRNA gene of all strains were sequenced and in case of discrepant re-
sults, ~400 bp of the sodA gene of some strains were also sequenced. 16S rRNA gene sequencing 
revealed nine different CNS species, with S. epidermidis as the predominant group (n=35) both in 
the Netherlands and in Canada (Table 1). However, the sodA gene sequencing of representatives 
of the different groups revealed only eight different CNS species. This was due to the fact that 
the S. caprae strains (n=4, initially identified by 16s rRNA gene sequencing) were identified as 
S. saccharolyticus by sodA sequencing. In case of discrepancies between the two sequencing 
methods, the results from sodA sequencing were decisive because the staphylococcal sodA genes 
exhibit a higher divergence than does the corresponding 16S ribosomal DNA. One CNS strain 
shared 99.4% identity with the 16S rRNA fragment and 95.6% identity with the sodA fragment of 
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S. capitis DSM 20326. This strain was included in the S. capitis group (Table 1).
The above mentioned CNS strains were originally cultured from 81 unique PCs. Two independent 
BacT/ALERT culture bottles contained two different CNS strains each, both of which contained 
S. warneri as well as S. pasteuri. For six of the 81 unique PCs, the BacT/ALERT gave a positive 
result in both the aerobic and anaerobic culture bottle. In only two out of these six cases, both CNS 
species found in the two culture bottles were still available. In each case the strains from the two 
respective culture bottles were of identical species (S. capitis or S. epidermidis). Re-culturing of 
these two PC bags gave a negative result. Confirmatory testing of the initial positive PC bags from 
the Sanquin North West and South East region in this study gave in 14 cases a positive result, in 38 
a negative result and in 15 cases the initial positive PC culture could not be confirmed because the 
PC was not available for re-culturing (Table 1). The strains that were found during re-culturing 
of the initial positive PCs were not available for analysis. All strains obtained from the CBS were 
classified as true positives, that is, the same micro-organism was isolated during initial and con-
firmatory testing (Table 1) [13]. This definition is different in The Netherlands, where an initial 
positive PC is concerned as true positive when a micro-organism is cultured from the positively 
flagged bottle [14].

table 1. Distribution of cns strains. 

The strains were found in initial positive BacT/ALERT cultures from PCs in the North West and South East 
districts and from confirmed positive PC (after re-culture) of the Canadian blood service. For the Dutch 
strains, a re-culture of the initial positive PC was performed if the PC was available and results are given as 
positive re-culture (+), negative re-culture (-) or not available for re-culturing (NA). The strains were identi-
fied to species level by sequencing of ~500 bp of the 16S rRNA gene or ~400 bp of the sodA gene. In case of 
discrepancies between the two sequencing methods, the results from sodA gene sequencing were decisive.

 
MALDI TOF MS
The CNS strains were analysed by MALDI TOF MS-SARAMIS and the results were compared 
to the results from sequencing. All strains, except for S. pasteuri and S. saccharolyticus, were cor-
rectly identified to species level (Table 2). The majority of the CNS strains (53 out of 83) could be 
determined to species level with an identification confidence of ≥99.9%, 16 could be determined 
to species level with an identification confidence of ≥90%. One S. capitis strain showed an am-
biguous result and was identified as S. capitis/caprae with an identification confidence of ≥90%. 
Two CNS strains were misidentified by MALDI TOF MS; this concerned two S. pasteuri strains 
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Strain District North West District South East Canada Total 

  
First 
culture Re-culture  

First 
culture Re-culture     

   + - NA  + - NA   
S. epidermidis 17 4 8 5 7 1 4 2 11 35 
S. capitis 9 4 5  3  2 1 3 15 
S. warneri 6  3 3 3  2 1 1 10 
S. saccharolyticus 4 3 1 6 1 2 3  10
S. hominis 6  6  1 1    7 
S. pasteuri 2  2  2  2   4 
S. saprophyticus 1  1       1 
S. lugdunensis         1 1 
Total 45    22    16 83 

The strains were found in initial positive BacT/ALERT cultures from PCs in the North West and South East districts and from 
confirmed positive PC (after re-culture) of the Canadian blood service. For the Dutch strains, a re-culture of the initial positive PC was 
performed if the PC was available and results are given as positive re-culture (+), negative re-culture (-) or not available for re-
culturing (NA). The strains were identified to species level by sequencing of ~500 bp of the 16S rRNA gene or ~400 bp of the sodA 
gene. In case of discrepancies between the two sequencing methods, the results from sodA gene sequencing were decisive. 
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that were identified as S. warneri with an identification confidence of <90%. The two remaining 
S. pasteuri strains could not be identified at all as well as four of the S. saccharolyticus strains. Six 
of the S. saccharolytics strains could only be identified to Staphylococcus genus level with a low 
identification confidence between 50 and 55%, which is below the threshold of 70% confidence 
considered for a reliable identification. The reason for this lack of identification was that S. sac-
charolyticus was not yet available in the SARAMIS spectra database. In contrast, spectra of S. 
pasteuri strains were available in the SARAMIS database. 

table 2. species identification of cns by MalDi tof Ms. 

Genus; Identification of the CNS strain to Staphylococcus genus with an identification confidence 
between 50 and 55%, MM; mismatch, identification of the CNS strain to a wrong species with an identi-
fication confidence between 70 and 89.9% , NM; no match with the spectra in the database, no identifi-
cation. *One S. capitis strain was identified as S. caprae/capitis by MALDI TOF MS. 

AFLP
The CNS strains were analysed and typed by AFLP analysis. For S. epidermids, strains clus-
tering with a similarity between 80 and 100% were defined as identical CNS strains. For all 
species, strains clustering with a similarity above 35% were defined as CNS strains of the same 
species and strains clustering with a similarity below 35% were defined as different CNS spe-
cies. Analysis of all 83 CNS strains according to the cut off values stated above revealed that 
there were nine different CNS species present. One strain that was identified as S. capitis with 
sequencing and S. capitis/caprae with MALDI TOF MS did not cluster within 35% of the other 
S. capitis strains, defining it as a different species by AFLP (strain 08019, Figure 1). The S. capi-
tis strains that were found in both the aerobic and anaerobic culture bottles that were inoculated 
from one PC (strains 502 and 534, Figure 2) showed an almost identical band pattern, which 
made it highly likely that they were identical strains. The S. epidermidis strains that were found 
in the aerobic and anaerobic culture bottles from the same PCs showed a similarity of >90% 
which identified them as identical strains (strains 506 and 546, Figure 2). Analysis of S. caprae 
and S. saccharolyticus DSM reference strains confirmed the sodA sequencing results; there 
were no S. caprae strains in the collection and ten S. saccharolyticus strains (data not shown). 
All CNS strains belonging to the same species from the different populations from the Nether-
lands and Canada clustered randomly within a group. As an example, the AFLP pattern of S. 
epidermidis is presented in Figure 2. This indicates that there are no specific clones involved in 
contamination of PCs in either of the countries.
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Table 2. Species identification of CNS by MALDI TOF MS. 
Strain as identified by 
sequencing 

  
Identification confidence by MALDI-TOF MS-SARAMIX 

  
Total 

  ≥ 99.9% 90-99.9% genus MM NM   
S. epidermidis  30 5     35 
S. capitis  11 4*     15 
S. warneri  6 4     10 
S. saccharolyticus    6  4  10 
S. hominis  6 1     7 
S. pasteuri     2 2  4 
S. saprophyticus   1     1 
S. lugdunensis   1     1 
Total  53 16 6 2 6  83 
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figure 1. aflp analysis of s. capitis species (based on soda gene sequencing) found in pcs.
Strains clustering with a similarity below 35% (dotted line) were defined as different CNS species. The cut-off value 
is represented with a dotted line. Reference strains were LMD 89.175 (S. capitis) and ATCC 12228 (S. epidermidis). 
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figure 2. aflp analysis of s. epidermidis strains (based on 16s rrna gene sequencing) found in pcs. 
Strains clustering with a similarity between 80 and 100 % were defined as identical CNS strains. Strains clustering 
with a similarity above 35% were defined as CNS strains of the same species and strains clustering with a similarity 
below 35% were defined as different CNS species. The cut-off values are represented with dotted lines. The reference 
strains were ATCC 14990, ATCC 12228 (both S. epidermidis) and LMD 89.175 (S. capitis).
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DiscUssion

CNS strains are one of the most frequently found bacteria in PCs [1]. In an attempt to gain more 
insight into the species involved in bacterial contamination of PCs and identify the source of 
bacterial contamination, CNS strains that were cultured from PCs with the BacT/ALERT sys-
tem were identified to species level with three different methods. 
The CNS strains were identified by sequencing of ~500 bp of the 16S rRNA gene. This gene was 
chosen as a large amount of published sequence data is readily available in a public database. 
Most of the strains were determined with this method. However, because of poor discriminative 
power due to high sequence similarity between some species, for example a 464 bp fragment of 
S. capitis and S. caprae displayed only a single bp difference [11], the sodA gene, which had a 
higher divergence than the 16S rRNA gene [15], was sequenced for confirmation. This confir-
med the poor discriminative power of 16S rRNA gene sequencing for some species as four S. 
saccharolyticus strains were initially misidentified as S. caprae by 16S rRNA gene sequencing.
As a fast alternative for identification compared to sequencing, the CNS strains were also iden-
tified by MALDI TOF MS. Recent studies have demonstrated that MALDI TOF MS is a power-
ful tool for the identification of bacterial strains with low costs of consumables, easy interpre-
table results, and a fast turnaround time [15-18]. Overall identification of the CNS strains with 
the MALDI TOF MS was good. However, the applicability of MALDI TOF MS is dependent 
on the reference strains included in the database, for example; S. saccharolyticus could not be 
identified in this study as it was not included in the database. Other difficulties were recognized 
with the identification of S. pasteuri, a species that was present in the database, but was misi-
dentified or not identified at all. Misidentification of S. pasteuri with MALDI TOF MS has been 
demonstrated before [15, 18] and is probably associated with an absence of sufficient spectra 
from suitable reference strains in the mass spectral database.
Typing of the CNS strains with AFLP confirmed the results found with sequencing and MALDI 
TOF and moreover explained ambiguous results. S. saccharolyticus strains that were identified 
as S. caprae strains with 16S rRNA gene sequencing and as S. saccharolyticus strains with 
sodA gene sequencing clustered with a similarity between 35 and 90% with the S. saccharoly-
ticus reference strain, defining them as S. saccharolyticus, thereby confirming the sodA gene 
sequencing. Strain 08019 that shared 99.4% identity with the 16S rRNA fragment and 95.6% 
identity with the sodA fragment of S. capitis and was identified as a S. capitis or S. caprae with 
MALDI TOF clustered with a similarity of <35% with the other S. capitis strains and the S. ca-
prae reference strain , defining it as a different, likely novel, species. All different strains from 
the blood bank services in The Netherlands and Canada that belonged to one species clustered 
randomly. This demonstrates that within a species there is not a unique strain or species that is 
better adapted to survive in contaminated PCs.
Of all CNS species found from positive BacT/ALERT culture bottles, S. epidermidis was found 
predominately, which is in agreement with results from other countries that screen PCs for bac-
terial contamination [4, 8, 20-22]. The other CNS species found corresponded to a large extend 
with the CNS species found in a study that determined the spectrum of bacteria detected in PCs 
in Germany [22]. The CNS species found originate most likely from the normal skin flora [19] 
with one remarkable exception; S. pasteuri. This bacterium is commonly isolated from natural-
ly fermented Italian sausages, but has rarely been collected from human specimens. Recently S. 
pasteuri has been identified twice from contaminated PCs in Italy. Both contaminated PCs were 
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detected before they were transfused [20, 21]. In the first case it was found that S. pasteuri was 
cultured from swabs from the hands of the nurses who were in charge of collecting the platelets 
but it was not determined by typing if these strains were identical to the strain found in the PC 
[20]. S. pasteuri is not known as transient skin flora and adverse transfusion reactions caused 
by this bacterium are unknown. S. saccharolyticus, a strictly anaerobic resident of the skin flora 
[22] was relatively often found at Sanquin but never at the CBS, where anaerobic cultures are 
not performed [13]. This bacterium has never been implicated in transfusion reactions and is 
rarely encountered in patient but can be of clinical significance [23]. The finding of this strict 
anaerobic species supports the importance of anaerobic culturing.
When a PC is found positive for bacterial contamination at Sanquin the PC, if available, is 
removed from the supply and a re-culture of the product is started as soon as possible. A large 
amount of these positive PCs were negative on re-culturing. According to the Canadian defi-
nitions, these would be classified as false positives due to contamination [13]. However, in the 
Netherlands false positives are defined differently, only positively flagged bottles from which 
no micro organism is recovered are called false positives. The reason for a negative result in the 
second culture might for example be, as has been shown for S. epidermidis [24], that bacteria 
in PCs can show slow and varied growth compared to the BacT/ALERT culture. Also, not all 
bacteria that are initially present in PCs proliferate; some bacteria have the property of being 
susceptible to self-sterilization or so-called auto sterilization in PCs [25]. Moreover, due to 
the ‘negative to date’ release policy, a large percentage of PCs is not available for re-culturing. 
Fifteen initial positive PCs cultures could not be confirmed by re-culturing of the positive BacT/
ALERT bottle. Two of these were already transfused but neither was involved in a transfusion 
reaction or septic period [26].
Some S. epidermidis strains from the CBS collection showed a potential enhanced virulence 
due to the ability of these strains to produce biofilms [8]. Biofilms consist of slow-growing 
surface-attached bacterial cell aggregates embedded in a slimy matrix with increased antibiotic 
resistance which are able to evade the immune system and cause chronic infections [27]. Earlier 
it was demonstrated that the storage conditions of PCs support the formation of biofilms on 
platelet aggregates and on PC bags [28]. Preliminary results showed that from the Dutch strains 
that were positive on re-culture, one S. capitis strain was able to form biofilms (unpublished 
data).
The implementation of diversion of the first aliquot of the donation and improvement of skin 
disinfection have proven to be effective in reducing the frequency of contaminated blood pro-
ducts, especially for contamination with resident skin flora [1]. However, the most frequently 
identified bacterial contaminants of PCs are still bacteria that are part of the normal skin bac-
teria. This suggests that there is a need for improved skin disinfection [29], which can easily be 
evaluated in the bacterial screening of PCs. On the other hand, some skin contaminants reside 
in the lower skin layers and no disinfection method would reach those layers, asking for a dif-
ferent approach. 
In conclusion, 83 CNS strains were analyzed with three different methods; sequencing, MALDI 
TOF MS and AFLP. All species could be identified by 16S rRNA or sodA sequencing, making 
this the most suitable method for identification of CNS strains. Identification with MALDI 
TOFF MS looked promising. However, not all CNS species were yet present in the MALDI 
TOFF MS data base. Eight different CNS species were identified with S. epidermidis being 
the predominant isolate. The species identified are mainly recognized as part of the normal 
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skin flora. AFLP analysis showed that there is not a unique CNS bacterium that is involved in 
contamination of PC.
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abstract

Propionibacterium acnes is one of the most frequently cultured bacteria during routine 
screening of platelet concentrates (PC) with the BacT/ALERT. In more than 50% of the cases, 
P. acnes is also cultured from the related red blood cell concentrate (RBC). P. acnes strains that 
were cultured from PCs, related RBC and from the phlebotomy site of the respective donors 
(n=22) were typed by amplified fragment length polymorphism (AFLP). 
Three phylogenetic groups of P. acnes were found. All strains that were found in PCs and re-
lated RBCs were identical, which indicates that the strain is already present in the whole blood 
donation. P. acnes could be found on the skin of almost all screened donors. In eight out of 
twenty two cases, one of the strains from the donor skin was identical to the strains found in 
PCs and related RBCs. In two other cases the strains belonged to the same phylogenetic group. 
This study provides evidence that the source of P. acnes contamination is in many cases the 
skin of the donor. Because it is difficult to prevent bacterial contamination by P. acnes comple-
tely, it is necessary to further investigate the clinical significance of blood products contamina-
ted with P. acnes.
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introDUction

Contamination of platelets with bacteria is the main microbiological risks of blood transfusion. 
This applies especially for platelet concentrates (PCs) because their storage conditions, at room 
temperature and under constant agitation, support bacterial growth. From all whole blood de-
rived PCs in the Netherlands, approximately 0.37% are tested positive for bacterial growth with 
the BacT/ALERT culture system [1]. From all the bacteria that are found with the BacT/ALERT 
more than half are Propionibacterium acnes [2, 3], gram positive, anaerobic bacteria that are 
part of the normal resident skin flora [4]. This bacterium is rarely implicated in serious trans-
fusion related reactions. However, several studies suggested its involvement in various clinical 
conditions and infections such as spondylodiscitis [5], endocarditis [6], and it is the second most 
frequent bacterium colonizing catheter tips [7].
In the Netherlands, PCs are prepared from pools of buffy coats from 5 different donors and 
when a PC is flagged positive for bacterial growth, the 5 red blood cell concentrates (RBCs) 
that are derived from the same donation are, if available, also cultured for bacterial growth. 
When a Propionibacterium species is cultured from a PC, it is in more than 50% of the cases 
also cultured from one of the five related RBCs. For coagulase negative staphylococci, another 
bacteria that is frequently cultured from PCs, this percentage is only 6%. In an earlier study, the 
Propionibacterium strains cultured from PCs and their related RBCs were typed by amplified 
fragment length polymorphism (AFLP) and it was found that in almost all cases the strains 
were identical [8]. This outcome makes it highly likely that the Propionibacterium contamina-
tion is already present in the whole blood donation. Furthermore, AFLP typing showed that the 
Propionibacterium strains could be divided into three different phylogenetic groups. The 16S 
ribosomal RNA gene of strains from these three groups was sequenced and the high identity le-
vel found (>99%) showed a very close relationship between the groups [8]. This fact confirmed 
that they all belonged to the same species, P. acnes. 
It is generally assumed that the bacteria found in blood products originate from the skin of the 
donor but this has not been examined properly. The aim of this study was to investigate whether 
the P. acnes strains present in the PCs and related RBCs, originate from the skin of the donor. 
Therefore, strains that were found in PCs and RBCs with the BacT/ALERT and strains that were 
cultured from the phlebotomy site (antecubital fossa) of the donors of these blood products were 
analyzed. The strains were determined to species level by sequencing of the 16S rRNA and 
recA genes and typed by AFLP analysis. 

Materials anD MetHoDs

Bacterial strains
A total of 127 Propionibacterium strains, isolated from positive BacT/ALERT culture bottles 
throughout 2007 and 2008, were collected from the Dutch blood bank Sanquin North West and 
South East regions. Not all P. acnes strains were available for culturing, 17 strains found only 
in PC and 1 strains found in RBCs were not available. The strains had previously been cultured 
from pooled buffy coat derived PCs or related RBCs produced at the blood bank services ac-
cording to the screening procedure as described before [1]. Briefly, an aerobic and anaerobic 
culture bottle was inoculated with 7.5 ml PC per bottle. Culture bottles were incubated in the 
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BacT/ALERT culture system and positively flagged bottles were sent to certified microbiolo-
gical laboratories for confirmation and identification. If the RBC product was still available 
(which was the case in >97%), it was cultured with the BacT/ALERT as well and if positive sent 
to a certified microbiological laboratory for confirmation and identification. Furthermore, Pro-
pionibacterium strains were also isolated from the phlebotomy site of 22 donors from the North 
West region. The donors were selected based on previously found Propionibacterium species in 
PCs, found in 2007 or 2008. This contamination could be traced back to specific whole blood 
donation through the finding of Propionibacterium species in the RBC. All donors provided 
informed consent. The phlebotomy site of the donor was sampled with a cotton swab (Copan 
Diagnostics Inc., Brescia, Italy) that was dipped into phosphate buffered saline. The swab was 
immediately spread on a Schaedler agar plate, transported to the laboratory and incubated for 
two days at 37ºC under anaerobic conditions. From each plate, 8 colonies that showed characte-
ristics of Propionibacterium, were selected and typed by AFLP analysis. The swabs were taken 
throughout 2010. Staphylococcus epidermidis ATCC 14990 and P. acnes ATCC 6919 were in-
cluded in the AFLP analysis as control strains.

DNA extraction 
Prior to DNA extraction, pure bacterial colonies were suspended in 100 µl TE buffer (10 mM 
Tris-HCl, 1 mM EDTA, pH 8.0) and adjusted to match a turbidity of 0.5 McFarland Standard. 
The suspension was incubated with 10 mg/ml lysozyme at 37ºC for at least 1h. DNA was iso-
lated with the MagNA Pure LC automated extraction system using the MagNA Pure LC DNA 
Isolation Kit III (Roche Diagnostics, Almere, the Netherlands). Prior to isolation, the samples 
were incubated with bacteria lysis buffer and proteinase K at 56ºC for at least 1 h and subse-
quently loaded in the MagNA Pure and processed. Extracted nucleic acids were eluted in 100 µl 
of elution buffer and stored at -20ºC.

Strain typing by AFLP
The AFLP restriction site-specific adapter and primer sequences have been used as described 
before [8]. Briefly, the restriction/ligation reaction mixtures consisted of approximately 10 ng 
DNA, 1x T4 DNA ligase buffer, 0.05 M NaCl, 0.5 µg BSA, 1 pmol of the EcoRI adapter, 10 
pmol of the MseI adapter (Eurogentec, Maastricht, the Netherlands), 80 U of T4 DNA ligase, 1 
U of EcoRI and 1 U of MseI. All enzymes were purchased from New England Biolabs (Beverly, 
MA, USA). After incubation at 37ºC for 3 h, the mixtures were diluted 1:20 in 0.1x TE buffer. 
For amplification of the restriction fragments, 5 µl of the diluted mixture was added to 5 µl of 
PCR mixture, which consisted of 1x PCR buffer (Sphaero Q, Gorinchem, the Netherlands), 200 
µM dNTPs (Promega), 1 U Super Taq polymerase (Sphaero Q), and 20 ng of Eco-A primer and 
60 ng of Mse-C primer. The Eco-A primer was fluorescently labelled with carboxyfluorescein 
(Eurogentec). Amplification was carried out under the following conditions: 2 min at 72ºC, 
followed by 12 cycles of 30 s at 94ºC, 30 s at 65ºC (touch down procedure with 0.7ºC decrease 
per cycle) and 1 min at 72ºC and then 23 cycles of 30 s at 94ºC, 30 s at 56ºC and 1 min at 72ºC 
and ended by a single extension at 72ºC for 10 min. Before analysis on an ABI Prism 3130 se-
quencer (Applied Biosystems), 2.5 µl of each PCR product was added to 22 µl Hi-Di formamide 
and 0.5 µl GeneScan-600 LIZ size standard (Applied Biosystems). Data were analysed with 
the BioNumerics software package, version 5.10 (Applied Maths, Sint-Martens-Latem, Bel-
gium). Similarity coefficients were calculated with Pearson correlation and dendrograms were 
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obtained by the unweighted pair group method using arithmetic averages (UPGMA) clustering. 
The analysis was performed between 60 and 600 bp. Principal component analysis (PCA) of 
the AFLP data was performed. PCA computation is displayed as a 3-dimensional scatter plot in 
which the position along the axes shows the PCA score of the strain profiles. PCA was used to 
identify subgroups of AFLP profiles of P. acnes.

PCR amplification and sequencing
Nucleotide sequence analysis was performed on 16S rRNA and recA genes. The 16S rRNA 
gene (1484 bp) was amplified using the universal primers UFPL and URPL [9], while recA 
was amplified with the primers PAR-1 and PAR-2, which bind to downstream and upstream 
flanking sequences of the recA open reading frame (ORF), respectively, and generate a 1201 bp 
amplicon [10]. Samples contained 1 x PCR buffer, 0.2 mM of each deoxynucleotide triphosp-
hate, 0.5 μM of each primer (Invitrogen Life Technologies, Paisley, UK), 1.5 mM MgCl2, 1.25 
U of Platinum GoTaq® DNA polymerase (all PCR reagents from Promega Benelux, Leiden, the 
Netherlands), and 1 μl of bacterial DNA in a total volume of 50 μl. PCR conditions for the 16S 
rRNA gene amplification were 95°C for 2 min; 35 cycles of 95°C for 30 s, 42°C for 30 s, and 
72°C for 90 s; and a final step at 72°C for 5 min. PCR conditions for amplification of the recA 
ORF were 95°C for 2 min; 35 cycles of 95°C for 30 s, 52°C for 30 s, and 72°C for 90 s; and a 
final step at 72°C for 5 min. PCR products were purified using ExoSAP-IT® (USB, Staufen, 
Germany). Sequencing was performed using the Big Dye terminator sequencing kit (Applied 
Biosystems, Foster City, CA, USA). The sequence products were analysed on an ABI Prism 
3100 automated DNA sequence analyser (Applied Biosystems). Sequence homology analysis 
and clustering was performed with Vector NTI Advance 10.3.0 9 (Invitrogen). Gene identity 
was confirmed by the basic local alignment search tool (blast, www.ncbi.nlm.nih.gov).

resUlts

Analysis of Propionibacterium strains found in PCs and RBCs. 
A total of 127 Propionibacterium strains from positive BacT/ALERT cultures were collected, 
the strains were found only in PCs (40; all related RBC negative) or in PCs and related RBCs 
(88) derived from the same donation. All strains were typed by AFLP analysis. Consistent with 
earlier findings [8], three different phylogenetic groups of P. acnes were found. The windows of 
similarity in the AFLP were determined by analyzing representatives of the three phylogenetic 
different P. acnes groups and a S. epidermidis strain (ATCC 14990) in triplicate in three diffe-
rent AFLP runs. The window of similarity for identical strains within a species was set between 
90% and 100%, for related strains of the same phylogenetic group between 60% and 90%, for 
strains from a different phylogenetic group between 35% and 60%, and for different species be-
low 35%. PCA analysis on the P. acnes AFLP data showed a clear distinction between the three 
phylogenetic groups (Figure 1). Group 1 consisted of 71 strains, group 2 of 36 strains and group 
3 of 20 strains. All P. acnes strains that were derived from PCs and their corresponding RBCs 
were identical. From these 88 strains, 42 clustered in group 1, 30 in group 2 and 16 in group 3. 
The distribution of P. acnes strains over the three phylogenetic groups was different for strains 
found only in PCs and strains found in PCs and RBCs. Proportionally, group 1 was found less 
in RBC and PC than in PC only (Figure 1).
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figure 1. pca analysis of the aflp data for p. acnes isolates. 
The light circles represent P. acnes strains cultured only from PCs. The dark gray circles represent the P. acnes strains 
cultured from PCs and related RBCs (only the P. acnes strains cultured from the PCs are shown). Each axis represents 
the score calculated for that strain on each PC. The three ellipses indicate the different phylogenetic AFLP clusters.

A selection of strains from the three different phylogenetic groups was analyzed by sequencing 
of the 16S rRNA and recA genes. Sequence analysis of the 16S rRNA gene showed a very close 
relationship between the strains and the P. acnes strain ATCC 6919, with a sequence similarity 
of more than 99%, demonstrating that they all belonged to the species P. acnes. Analysis of the 
recA gene sequence revealed three different groups that each clustered separately, confirming 
the AFLP data (data not shown). The groups were named as previously described (groups 1-3) 
[8].

P. acnes isolates from PC, RBC and donors
Because all strains from PCs were identical to their corresponding P. acnes strains derived 
from RBCs, it is assumed that the P. acnes contamination is already present in the whole blood 
product and thus should originate from the skin of the donor. To investigate this assumption, 
we typed the P. acnes strains present on the skin of 22 donors and compared them to the strains 
found in their corresponding PCs and RBCs. The blood products of 10 donors contained group 
1 P. acnes, of 7 donors group 2, and of 5 donors group 3. A query in the Sanquin blood bank 
donor information system showed that from March 2004 until July 2009 none of the other blood 
products collected from these donors were contaminated with bacteria. In general, P. acnes 
was present on the skin of almost all donors (Table 1). The most predominant group found was 
group 1, group 2 was found on two donors but only in combination with group 1 (Example in 
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Figure 1. PCA analysis of the AFLP data for P. acnes isolates. The light circles represent P. acnes 
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Figure 2A). Group 3 was not found on the skin of any of the donors. In 8 out of 22 cases, one of 
the strains from the donor skin was identical to the strain found in PCs and their related RBCs 
(Example in Figure 2B). In 2 other cases the strain belonged to the same phylogenetic group 
(Example in Figure 2C). Ten donors had several different strains on their skin (Table 1).

table 1. presence of p.acnes in pc, rbc and on donor skin as analysed with aflp. 

Propionibacterium from blood products

Table 1. Presence of P.acnes in PC, RBC and on donor skin as analysed with AFLP.  

PC/RBC*  Donor skin 

PCA 
Group Donor ID  PCA 

Group 
number of different 

strains cultured Similarity with PC and RBC strains 

1 7  1 1 Identical strains 

1 8  1 2 One strain identical 

1 10  1 3 One strain identical 

1 12  - No growth  - 

1 15  1 1 same PCA group 

1 16  1 2 One strain identical 

1 17  1 2 One strain identical 

1 18  1 2 One strain identical 

1 21  1 3 same PCA group 

1 22  1 1 Identical strains 

2 2  1 2 different PCA group 

2 5  - No growth - 

2 9  1 2 different PCA group 

2 11  1 1 different PCA group 

2 13  
1 2 different PCA group 

2 1 Identical strains 

2 14  1 1 different PCA group 

2 20  - No growth  - 

3 1  1 1 different PCA group 

3 3  1 4 different PCA group 

3 4  1 1 different PCA group 

3 6  
1 1 different PCA group 

2 1 different PCA group 

3 19  1 1 different PCA group 

* All P. acnes strains that were derived from PCs and their corresponding RBCs were identical. 
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figure 2. aflp analysis of p. acnes strains found in the pc, rbc and on the skin of donors. 
Three examples of AFLP typing results with accompanying dendrogram are shown for P. acnes strains found on 
the skin, the PC and RBC products of donor 6 (A), 10 (B) and 21 (C). Representatives of P. acnes groups 1, 2 and 
3 and S. epidermidis (ATCC 14990) are included in each analysis. Strains clustering with a similarity above 90% 
were defined as identical strains, between 60 and 90% as different strains belonging to the same phylogenetic 
group, between 35 and 60% were defined as P. acnes strains from a different group and strains clustering with a 
similarity below 35% were defined as different species. The cut-off values are represented with dotted lines.
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DiscUssion

Propionibacterium is one of the most common bacterial contaminants of PCs [2, 3]. In this 
study we wanted to gain more insight in the species and individual strains that are involved and 
the source of bacterial contamination. For this purpose, Propionibacterium species from PCs, 
RBC, and the skin of corresponding donors were analyzed by sequencing of the 16S rRNA and 
recA genes and AFLP analysis.
Analysis of the AFLP data revealed that the strains could be grouped into 3 different groups, 
a result that has been demonstrated before [8]. Sequencing of the 16S rRNA gene of represen-
tatives of the three different groups demonstrated the limitations of 16S rRNA sequencing for 
discrimination between different sub-groups within the P. acnes species. Therefore the recA 
gene was sequenced as well and the three different AFLP groups all clustered into a different 
phylogenetic group, all being P. acnes [11]. 
The difference in the pathogenic potential of the three groups remains to be determined. The 
clinical significance of P. acnes contamination in PCs has been questioned and an earlier study 
has shown that Propionibacterium species do not proliferate under PC storage conditions [12]. 
That study did, however, only test the proliferation of P. acnes in apheresis derived single donor 
PCs and did not take into account the different phylogenetic groups of P. acnes. For example, 
group 3 is able to form filaments and possibly also biofilms [11]. It was shown that under storage 
conditions of PCs, S. epidermidis can form biofilms on PC aggregates and bags [13]. The ability 
of P. acnes to form biofilms could enable it to proliferate in PCs and cause chronic, post trans-
fusion infections and would make it a risk for PC transfusion. However, it is difficult to relate 
these cases to earlier transfusions. 
It is also conceivable that the role of P. acnes as a potential pathogenic is underestimated due 
to under reporting. In a clinical follow up by the German blood service after the transfusion of 
PCs contaminated with P. acnes, mild clinical reactions were only revealed when the treating 
physicians were questioned afterwards [2]. Moreover, not all countries use the anaerobic culture 
bottle [14-16].
Results from a study that used AFLP to investigate P. acnes species found on the skin of pa-
tients with the skin disorder progressive macular hypolmelanosis (PMH) or acnes, showed that 
all three P. acnes groups were found on the skin [17]. This makes it highly likely that the three 
P. acnes groups found in PCs and RBCs are also derived from the skin and not from other 
sources. In the study by Relyveld [17], a link was made between the presence of P. acnes group 
3 and patients that were diagnosed with PMH. It is not known if any of the donors in our study 
with a blood product positive with P. acnes group 3 had PMH.
To explore the idea that P. acnes is found in a blood product that originates from the skin of the 
donor, swabs were taken from the phlebotomy site of selected donors. The P. acnes strains from 
PCs and RBCs were collected throughout 2007 and 2008 and the swabs were taken throughout 
2010. This should not be a problem; though the interpersonal variability of bacteria found on the 
human body is high, it is known that the personalized microbiota remains relatively stable over 
time [18]. In three out of twenty two cases, P. acnes could not be cultured from the skin swab of 
the donor. This fact is possibly due to the presence of other bacteria on the skin overgrowing the 
Propionibacterium species. In all other cases, group 1 or a combination of group 1 and 2 were 
found and in some cases different strains from the same group. This implies that there is not 
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just one strain of P. acnes present on the skin of some donors, but a mix and one of these strains 
contaminates the PCs. Additionally, not all the strains that originate from the blood product 
were identical to the strains found on the skin of the donor. P. acnes strains from group 3 could 
not be cultured from the skin of any of the donors. In the study by Relyveld et al. [17], strains 
from group 3 were found. However, in this study, samples were obtained by taking biopsies 
from the skin, and therefore bacteria from the deeper layers of the skin could also be cultured. It 
is therefore suggested that P. acnes bacteria from group 3 are derived from the deeper layers of 
the skin and are introduced into the blood products when the needle punctures the skin. This is 
supported by a study that investigated the effects of skin disinfection methods and the diversion 
of the first 20-30 ml aliquot of donation on the number of PCs positive for bacterial growth. 
While the new disinfection method did not have any effect on the number of PCs positive with 
diphtheroids including Propioinbacterium, diversion did result in a reduction [1].
In this study we presented evidence that P. acnes, one of the most common bacteria found in 
PCs, in many cases originates from the skin of donors, since 8 of 22 donors had the same strain 
on their skin as cultured from their respective PCs and RBCs. Several strategies have been 
implemented to reduce the risk of bacterial contamination of PCs like different donor-arm dis-
infection methods and diversion of the first aliquot of blood from the donation [1, 3]. Although 
these actions helped reducing the rate of positive PCs, a risk still remains, also for P. acnes. 
Further study is necessary to investigate the clinical significance of P. acnes contaminated 
blood products that are transfused.
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Bacterial contamination of platelet concentrates (PCs) can be a serious risk for patients recei-
ving a platelet transfusion. Due to new treatments and therapies the use of PCs has increased 
during the last decades, thereby increasing the often immunocompromised patient population 
relying on PCs. To reduce the risk of bacterial contamination of PCs, the American Associa-
tion of Blood Banks (AABB) requires, since 2004, blood banks to implement methods to limit 
and detect bacterial contamination in PCs. Before implementation of preventive measures, the 
prevalence of bacterial contamination of platelets was approximately 1 in 1000 to 3000 units 
transfused [1] and thereby one of the most common risks of transfusion.
To limit bacterial contamination of PCs, blood banks have introduced several measures like 
leukocyte depletion, improved donor arm disinfection [2-4] and diversion of the first 20 to 30 
ml of the whole blood donation [5]. The implementation of these methods significantly reduced 
the rate of bacterial contamination in PCs. As one of the first countries, the Netherlands intro-
duced the diversion method in 2003 and demonstrated that this method and to a lesser extent 
the improvement of donor arm disinfection, led to a reduction of contamination of buffy coat 
derived PCs of approximately 60% [6]. This finding was confirmed by several other studies, for 
example, in Germany and Japan the introduction of the diversion method led to a decrease of 
bacterial contamination of PCs of 70% [7, 8].
To detect bacterial contamination of PCs, most blood banks started using a culture based detec-
tion method like the BacT/ALERT [9]. The Dutch blood bank Sanquin started in 2001 with the 
nationwide screening of PCs for bacteria with the BacT/ALERT culture method. The method 
uses aerobic and anaerobic culture bottles that are inoculated with approximately 7.5 ml of 
PCs. The BacT/ALERT bottles are incubated until positive, or for up to 7 days if negative. Due 
to the short shelf life of PCs, it is not possible to wait for completion of the culture and PCs are 
therefore issued as ‘negative to date’. In the Netherlands the frequency of positive BacT/ALERT 
cultures found for buffy coat derived PCs is 0.37% [6]. Although the BacT/ALERT detects most 
of the contaminated PCs, the method is limited. Because PCs are issued as negative to date, 
not all positive PCs are detected before they are transfused. However, active surveillance has 
shown that no transfusion reactions were related to this type of products in the Netherlands [10, 
11]. On the other hand, septic transfusion reactions due to false negative results as a result of 
slow growing bacteria and/or sampling errors do occur [11-13].
To improve the screening of PCs for bacterial contamination, several alternative methods are 
developed based on for example microscopic examination or DNA and/or RNA detection 
(chapter 1). Previously, a real time PCR assay was developed at Sanquin that was based on 
the detection of 16S rRNA gene of bacteria. The assay showed high sensitivity and promising 
results when it was compared with the BacT/ALERT culturing system [14]. 

Development of a real time RT PCR
In this thesis, the real time PCR as an alternative for screening of PCs with the BacT/ALERT 
culture method was further developed for clinical use. The basic approach of detecting bacteria 
in PCs with a universal 16S rRNA real time PCR was maintained but the method was conside-
rably changed to be applicable for clinical use. This is described in chapter 2 and 3. First, the ef-
ficiency of the real time PCR was improved by using a different primer and probe combination 
that amplified approximately 160 bp of the 16S rRNA gene instead of 450 bp [15]. A better PCR 
efficiency should lead to an improved PCR sensitivity. Secondly, the input volume was five 
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fold increased from 200µl to 1 ml to reduce sample errors. In the third place, the nucleic acid 
(NA) isolation of gram positive bacteria was improved by introducing an incubation step with 
lysozyme, an enzyme that hydrolyses the peptidoglycans in the gram positive cell wall, prior to 
NA isolation. Finally, the sensitivity of the real time assay was further improved by introducing 
a reverse transcriptase step to detect RNA in addition to DNA. With these improvements, the 
gram negative bacterium Escherichia coli could be detected with a sensitivity of 3 CFU/ml and 
the gram positive bacterium Staphylococcus epidermidis with a sensitivity of 80 CFU/ml. This 
sensitivity is comparable to the sensitivity of a real time RT PCR detecting the 23S rRNA gene 
that was developed at a Blood bank in Germany [16]. 
Most likely, the sensitivity of the assay can be improved even further because at the moment the 
presence of exogenous bacterial DNA and RNA present in buffers and enzymes used for the as-
say limit the sensitivity of the assay. The problem of bacterial contamination in PCR reagents is 
already known for a long time [17] and several solutions were suggested, but until now no ade-
quate solution was found. Nucleic acid contamination of reagents can vary from batch to batch 
and it seems that up scaling of the production process, due to an increased demand, has made 
the problem worse. As demonstrated in chapter 3, bacterial DNA and RNA is extremely stable 
and as a consequence difficult to remove. In this thesis, exogenous DNA and RNA was removed 
from reagents by treating the buffers and enzymes with a restriction enzyme, and by filtration 
of the buffers. However, these modifications could not completely remove the exogenous RNA 
and DNA and a background signal remained. Furthermore, these modifications could affect 
the robustness of the assay. Small changes in production and composition of the used enzyme 
or buffer can have serious effects on the efficiency of the DNA and RNA removal steps and 
thereby the sensitivity of the assay. It is therefore highly recommendable to use reagents that 
are made especially for the assay by one company, preferably as a complete kit. Although some 
effort to produce DNA and RNA free reagents has been made by some companies, the quality 
so far was variable (unpublished results) and supplying these products with high and constant 
quality still remains a challenge. 

Detection of bacteria in PCs with real time RT PCR
In chapter 4, the applicability of the real time RT PCR was determined by testing PCs for bac-
terial contamination on the day of production and RT PCR results were compared to the routine 
culturing results of the BacT/ALERT. This study showed that despite the relative high sensitivity 
of the real time RT PCR assay, it was less suited to detect the very low amounts of bacteria in 
PCs on the day of production. A total number of 336 PCs were tested, of which 107 were found 
positive for bacterial growth by routine culturing with the BacT/ALERT. The time to positivity 
of the BacT/ALERT ranged from less than 10 hours to more than 6 days. Only 4 out of 107 
PCs that were positive with the BacT/ALERT, were detected by the real time RT PCR. The low 
sensitivity of the real time RT PCR when compared to routine culturing with the BacT/ALERT 
can be explained by the low initial number of bacteria in PCs. In the majority of cases, only one 
of the BacT/ALERT culture bottles became positive for bacterial growth [6] which indicates a 
low bacterial concentration at the time of sampling [12]. Concentrations of less than 1 CFU/ml 
have been reported in the literature [6, 18]. The BacT/ALERT can detect these low numbers of 
bacteria due to a higher input volume and because the bacteria can start growing to the detection 
limit after some time in culture. Therefore a real time RT PCR assay based on a 1 ml PC volume 
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is currently not suited to screen PCs for bacterial contamination directly after production.
The study in chapter 3 and several other studies showed that a real time RT PCR can detect PCs 
that are spiked with low numbers of bacteria when the assay is performed 24 to 48 hours after 
spiking [19, 20]. Less than 50% of the BacT/ALERT positive PCs are detected within 48 hours 
[11]. Therefore, it is possible to introduce the real time RT PCR assay into routine screening by 
introducing a holding period for PCs of 24 tot 48h after production. It should be further inves-
tigated if such a holding period has any effect on the availability of PCs for transfusion. This 
will increase the mean age of PCs when transfused, but so far no clinical problems are to be 
expected. Although PCs show a decrease in transfusion efficacy when they are stored for longer 
periods, until day 7 the efficacy is still good enough for successful transfusion [21]. Further-
more, an inventory in a large academic hospital in Amsterdam in 2009 showed that only 13% 
of the PCs are transfused within 48 hours after production, and at Sanquin, more than 80% of 
the PCs were still in stock 48 hours after production. 
A different approach would be to test the PCs with the real time RT PCR shortly before trans-
fusion. The turnaround time of the assay is around 4 hours but automation of the different steps 
could reduce this time considerably. Furthermore, the method is capable of high throughput, 
and relatively easy to perform. Data on the relationship between bacterial load and transfusion 
reactions showed that reaction severity was associated with bacterial load and virulence, where 
all severe reactions were associated with loads of ≥105 CFU/ml and/or more virulent bacterial 
species [22]. A detection threshold of a clinically useful detection method at the time of use 
should thus be at least 105 CFU/ml to prevent serious transfusion reactions. However to prevent 
all possible transfusion reactions a threshold of 102 CFU/ml is necessary [22], a threshold value 
that is easily met by the real time RT PCR assay.
Testing of PCs at a later time point or before transfusion also has several other advantages. 
When the PCs are tested shortly before transfusion the PCs can be issued as negative for bacte-
rial growth instead of ‘negative to date’. Furthermore, false positive and false negative results 
as found by the BacT/ALERT can be prevented. False positive results occur when a low initial 
number of bacteria in PCs is detected by the BacT/ALERT while these bacteria do not prolife-
rate in PCs due to auto sterilization [23]. False negative results occur when a low initial number 
of bacteria in PC is missed by the BacT/ALERT but do proliferate in PCs.

Frequency of false negative in routine screening
In chapter 5, the performance of the BacT/ALERT culturing system was assessed. Different re-
ports on septic transfusion reactions and fatalities after the transfusion of culture negative PCs 
questioned the performance of the BacT/ALERT and have shown that the BacT/ALERT does 
not detect all PCs that are contaminated with bacteria. Previously, other blood banks that use 
the BacT/ALERT reported false negative frequencies ranging from 0.19% to 0.07%. Because 
these false negative PCs can be a risk for (immunocomprimised) patients receiving transfusion 
it was important to determine the frequency of false negatives for PCs produced at Sanquin 
with the system that is used for routine screening. Therefore, all outdated buffy coat derived 
PCs (PC that are past their expiry date) were collected and re-tested with the BacT/ALERT 
from April 2010 to October 2011. During this 19 month period, 4082 outdated PCs were tested 
and 5 false negative PCs were found resulting in a false negative frequency of 0.12%. All false 
negatives were coagulase negative staphylococci (CNS). It is unknown whether these false 
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negative units would have resulted in transfusion reactions when transfused before the expiry 
date. Four out of five units contained high concentrations of bacteria (≥ 105 CFU/ml) in the 
sample taken one or two days after expiry, but the starting moment of proliferation in the PCs 
is not known. Active surveillance studies have shown that PCs with CNS loads as high as 109 
CFU/ml can be transfused without any transfusion reaction but on the other hand, PCs with 
CNS loads of up to 102 to 104 CFU/ml can give transfusion reactions [22, 24]. This is probably 
highly depended on the virulence of the CNS strains and the condition of the patient receiving 
the transfusion. Given the low number of septic transfusion reports after the transfusion of 
BacT/ALERT negative PCs, it seems that not all false negative PCs cause transfusion reactions 
[25-28]. However, caution is warranted because false negative units can be a risk for immuno-
compromised patients receiving transfusion.

Bacteria found in PCs
All false negative PCs found in the study described in chapter 5 contained CNS, three S. epider-
midis strains, one S. haemolyticus strain and one S. hominis strain. During routine screening 
with the BacT/ALERT, CNS strains are among the most frequently identified bacteria contami-
nating PCs. In chapter 6, CNS strains that were found in PCs during routine screening with the 
BacT/ALERT were characterized to species level to gain more insight in the source and risk of 
CNS species and strains involved in bacterial contamination of PCs. A total of 83 CNS strains 
were analyzed and nine different CNS species were identified, with S. epidermidis being the 
most common species. Most of the species identified were recognized as part of the normal skin 
flora and thereby likely originate from the skin of the donor (or from the skin of blood bank 
personnel processing the donation). Typing of the S. epidermidis strains by amplified fragment 
length polymorphism (AFLP) showed a variety of strains and therefore contamination of PCs 
was not caused by one unique species or strain. The risk of the CNS strains to cause serious 
post transfusion infections in the recipient depends on various factors, such as the ability of the 
strains to proliferate in PCs. In an earlier study it was shown that PCs are an excellent growth 
medium for S. epidermidis due to an optimal pH value. Furthermore, studies suggest that the 
pathogenicity of a given CNS species is highly correlated with its ability to form biofilms. Pre-
viously, it was demonstrated that S. epidermidis forms biofilms on PC bags under PC storage 
conditions [29]. It would be interesting to determine the growth and biofilm formation proper-
ties and thereby the possible virulence potential of all CNS strains found in PCs.
A second group of bacteria frequently cultured from PCs are Propionibacterium acnes, and in 
more than 50% of the cases this species is also cultured from an accompanying red blood cell 
concentrate. In chapter 7, we investigated whether the P. acnes strains present in the PCs and 
red blood cell concentrates (RBCs) originated from the skin of the donor. For this purpose, P. 
acnes strains that were cultured from PC, their accompanying RBC and from the phlebotomy 
site of 22 donors (traced back to a P. acnes containing RBC) were typed by AFLP. The strains 
from PCs and RBC clustered in the three earlier recognized phylogenetic groups. All strains 
that were found in PCs and their accompanying RBCs were identical, which indicates that the 
strain is already present in the whole blood donation. P. acnes could be cultured from the skin 
of almost all donors and all strains found belonged to phylogenetic groups 1 or 2. In eight out 
of twenty two cases, one of the strains from the donor skin was identical to the strains found in 
PCs and their accompanying RBCs. In two other cases, the strains were from the same group. 
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The absence of P. acnes group 3 on the skin of the donor is probably due to the sampling tech-
nique that only sampled bacteria present on the surface of the skin. Therefore it is suggested 
that P. acnes from group 3 is only present in the deeper layers of the skin. This study provided 
evidence that the source of P. acnes contamination is in many cases the skin of the donor.
Since the two most predominant bacteria found in PCs most probably originate from the skin of 
the donor, measures to limit bacterial contamination in PCs have to be focused on sterilization 
of the phlebotomy site of the donor. The virulence and clinical significance of PCs contamina-
ted with P. acnes strains is questionable [30, 31]. Although it has been reported that P. acnes 
can colonize foreign body parts like aortic valves and intravascular catheters [32], these cases 
are difficult to relate to earlier transfusions. However, septic transfusion reactions due to CNS 
are known. It is therefore important to have a good method to detect bacterial contamination 
in PCs.

Alternative approaches to PC safety
Since the introduction of PC screening in the Netherlands in 2001 the BacT/ALERT culturing 
system has been the gold standard. However, several alternative methods and approaches have 
been developed to limit or detect bacterial contamination in PCs. Most methods are still highly 
experimental and not ready for routine screening.
One of the most promising alternative that has already been implemented in blood banks in 
some countries is pathogen reduction (PR). Instead of detecting bacteria in PCs, PR reduces the 
amount of bacteria in PCs [33, 34] by treatment of the product with UV light with or without 
the addition of photosensitizing chemicals. An advantage of PR is that it, next to bacteria, in-
activates a broad range of other pathogens such as viruses, parasites and fungi. Although PR of 
cellular blood components is considered to be a “dream solution” to the problem of transfusion-
related transmission of viruses and bacteria, the implementation of these precautionary inter-
ventional methods is not yet universally approved. Concerns still exist with regard to clinical 
efficacy, potential long term toxicity, bad inactivation of spores, and the shelf life of PCs after 
PR. In a Dutch trial the clinical effectiveness of three PC products were compared, PCs stored 
in plasma, PCs stored in platelet additive solution (PAS) and PCs stored in PAS with PR treat-
ment. The PCs stored in PAS with PR treatment displayed inferior haemostatic efficacy [21]. 
This calls for a critical re-evaluation of the PR technique and optimization is needed before PR 
can be used on PCs for transfusion.
Another possible approach is additional testing of the PCs at day 4 of storage [18, 35] or at day 
5 if a fast detection system with a low sensitivity is used [18]. With the initial BacT/ALERT 
screening, PCs contaminated with bacteria are detected. However, because the sensitivity of 
the BacT/ALERT is limited, a risk for transfusion related bacterial sepsis remains. This applies 
especially for PCs that are stored longer than 4-5 days. The small numbers of bacteria that were 
missed by the initial screening with the BacT/ALERT and were first of no harm for patients had 
time to grow to concentrations that can be a risk for patients. In the Netherlands, plasma-PCs 
have a shelf life of 7 days and more than 20% of all plasma-PCs are issued after 5 days.
At the moment, only the Pan Genera Detection (PGD) system is FDA licensed for the screening 
of PCs for bacterial contamination prior to transfusion. The PGD test system uses specific anti-
bodies to detect the presence of conserved antigens on the surface of bacteria, lipoteichoic acid 
(LTA) found on gram positive bacteria and lipopolysaccharide (LPS) found on gram negative 
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bacteria. One study compared the PGD system with a pH testing method that was currently in 
use. The PGD system showed higher specificity and a better positive predictive value than pH 
testing [36], The sensitivity of pH testing is very low [37, 38] The frequency of PCs contamina-
ted with bacteria that were missed by the PGD test is unknown and the frequency of bacterial 
contamination observed in this study was lower than that reported in the literature, suggesting 
that not all positive PCs were detected. This finding could be explained by the lower analytical 
sensitivity of the PGD test. Another study showed that for some gram negative bacteria the PGD 
test showed analytical sensitivity that was lower than the claimed values and result interpreta-
tion was sometimes difficult, [39] thereby questioning the feasibility of this system for release 
testing.

Concluding remarks
At the moment, the risk of bacterial contamination in PCs is decreased by initial screening of all 
PCs with the BacT/ALERT culturing system. Although the BacT/ALERT prevents transfusion 
of bacterial contaminated PCs, the residual risk of in particular false negative BacT/ALERT 
results should not be underestimated. Improvements in donor arm disinfection methods could 
reduce the risk of bacterial contamination in PC though only limited. To further reduce the risk, 
it would be advisable to implement an additional screening step at day 4 or 5 of PCs storage. The 
real time RT PCR method described in this thesis, though still experimental, could complete 
bacterial testing. The advantages of the method are the fast turnaround time, the high through-
put and the extensive experience with routine PCR testing in blood banks. This approach would 
certainly further increase the safety of transfusion with respect to transmission of bacterial 
infections.
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Het toedienen van een bloedtransfusie aan patiënten kan levensreddend zijn. In Nederland ver-
zorgt de Stichting Sanquin Bloedvoorziening op basis van vrijwillige onbetaalde bloeddonaties 
de bloedvoorziening. De meerderheid van bloeddonaties bestaat uit volbloeddonaties waaruit 
verschillende kort en lang houdbare bloedproducten bereid kunnen worden. Kort houdbare 
bloedproducten zijn rode bloedcellen (erytrocyten), bloedplaatjes (trombocyten) en plasma. 
Rode bloedcellen verzorgen het zuurstoftransport in het lichaam en worden gebruikt voor trans-
fusie bij bloedarmoede of groot bloedverlies. Bloedplaatjes zijn belangrijk voor de bloedstolling 
en worden gegeven aan patiënten met een tekort aan plaatjes door bijvoorbeeld chemotherapie 
of na groot bloedverlies. Plasma bestaat voornamelijk uit water met daarin mineralen, koolhy-
draten, vitaminen, vetten en vele eiwitten opgelost. Plasma kan worden toegepast bij bloedin-
gen maar wordt vooral gebruikt voor de productie van lang houdbare bloedproducten zoals stol-
lingsfactoren voor de behandeling van de bloedstollingziekte hemofilie en immunoglobulinen 
voor bestrijding van infecties. 

Het toedienen van bloedtransfusies aan patiënten brengt echter ook risico’s met zich mee, onder 
andere omdat bloedproducten ziektekiemen kunnen bevatten. Door verschillende maatregelen, 
zoals donorkeuring en het testen van bloedproducten op virussen worden deze risico’s zoveel 
mogelijk beperkt. Op dit moment wordt bacteriële contaminatie van bloedproducten gezien als 
het grootste microbiologische risico bij bloedtransfusie. Dit risico geldt vooral voor plaatjes-
concentraten (PCs) omdat de bewaarcondities van PCS, schuddend bij kamertemperatuur, een 
uitstekende omgeving zijn voor bacteriële groei. Transfusie van PCs waarin bacteriën aanwezig 
zijn kan ernstige bloedvergiftiging (sepsis) geven in patiënten, soms met dodelijke afloop. De 
meeste bacteriën die gevonden worden zijn afkomstig van de huid. Sanquin heeft verschillende 
matregelen genomen om dit soort besmettingen te voorkomen. Zo zijn er methoden geïntrodu-
ceerd om de huid van de donor voor de donatie beter te ontsmetten. Daarnaast is het monster 
deviatiezakje geïntroduceerd waarin de eerste 30 ml van de donatie opgevangen wordt. In deze 
eerste milliliters zit de huidplug, het stukje huid dat los komt wanneer de holle naald in het 
lichaam wordt geprikt. Omdat deze plug die een scala aan bacteriën bevat niet meer in het voor 
transfusie gebruikte bloed komt is de hoeveelheid bacteriële contaminatie van de bloedproduc-
ten uit dit bloed lager. Deze maatregelen zijn zeer succesvol maar kunnen niet alle bacteriën uit 
PCs weren. Om deze reden is Sanquin in 2001 gestart met het testen van alle PCs op bacteriële 
contaminatie door middel van een kweek met de BacT/ALERT. Een klein gedeelte van het 
concentraat wordt gekweekt in twee flesjes die een medium bevatten waarin bacteriën goed 
groeien. In het ene flesje kunnen bacteriën groeien die zuurstof nodig hebben om te groeien en 
in het andere flesje bacteriën die zonder zuurstof groeien.

Vanwege de korte houdbaarheid van de PCs (5 tot 7 dagen) worden de PCs uitgegeven aan de 
ziekenhuizen volgens een negative to date principe; zolang de kweek negatief is, is het product 
veilig. De BacT/ALERT kweek duurt 7 dagen en het is dus mogelijk dat de kweek pas positief 
wordt na transfusie van het product. Daarnaast kan het gebeuren dat de kweek negatief blijft 
maar het product toch een bacteriële sepsis veroorzaakt bij de patiënt. Deze fout negatieve 
kweken geven aan dat de BacT/Alert kweek soms niet gevoelig genoeg is. Om dit soort geval-
len te voorkomen is er een gevoelige test nodig welke snel kan aantonen of er bacteriën in PCs 
aanwezig zijn.
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Om de screening van PCs te verbeteren zijn er verschillende methoden ontwikkeld welke be-
schreven zijn in hoofdstuk 1 van dit proefschrift. Eerder is Sanquin begonnen met de ontwik-
keling van een real time polymerase chain reaction (PCR) test welke een gedeelte van het 16S 
rRNA gen van bacteriën aantoont. Omdat dit gen in alle bacteriën voorkomt en delen hiervan 
zeer geconserveerd zijn kunnen in principe met één test alle bacteriën worden aangetoond. 
Eerdere resultaten waarbij de PCR test werd vergeleken met de BacT/ALERT waren zeer veel-
belovend. 
In hoofdstuk 2 en 3 van dit proefschrift is de real time PCR test verder ontwikkeld. De effi-
ciency van de real time PCR is verbeterd door gebruik te maken van een primer en probe set 
welke een korter stuk van het 16S rRNA gen amplificeert. Daarnaast is het input volume van de 
test 5 keer verhoogd van 200 µl naar 1 ml en is het isoleren van nucleïnezuur uit gram positieve 
bacteriën sterk verbeterd door een incubatie stap met lysozyme, een enzym dat de peptidogly-
can laag van gram positieve bacteriën hydrolyseert (doorknipt). Als laatste is de gevoeligheid 
van de test verbeterd door een reverse transcriptase (RT) stap aan de test toe te voegen zodat 
naast DNA ook RNA wordt aangetoond. Een nadeel van het aantonen van het 16S rRNA gen 
is dat zowel het 16S RNA als DNA zeer stabiel is en aanwezig is in reagentia en buffers die 
gebruikt worden voor de test wat zorgt voor fout positieve resultaten. Door de lysozyme buffer 
te filtreren en de PCR mix te behandelen met een restrictie enzym is dit probleem grotendeels 
opgelost, maar de achtergrond van RNA en DNA in de gebruikte reagentia blijft in wisselende 
mate aanwezig. Met al deze verbeteringen was het mogelijk om de gram negatieve bacterie 
Escherichia coli met een gevoeligheid van 3 kolonie vormende units (CFU)/ml aan te tonen en 
de gram positieve bacterie Staphylococcus epidermidis met en gevoeligheid van 80 CFU/ml. 
In hoofdstuk 4 is de real time RT PCR vergeleken met de BacT/ALERT, de test die op dit mo-
ment gebruikt wordt in de bloedbank om PCs te screenen voor bacteriële contaminatie. De PCs 
werden direct na productie getest. Uit deze vergelijking bleek dat de PCR test niet gevoelig 
genoeg is om PCs te kunnen testen direct na productie. Er is ook gekeken of een test welke een 
specifieke bacterie soort aantoont en daardoor gevoeliger is, betere resultaten zou geven dan de 
generieke 16s rRNA test. Hiervoor zijn de PCs ook getest met een Staphyolococcus specifieke 
PCR. Maar ook hieruit bleek dat een specifieke PCR niet gevoelig genoeg is om PCs te kunnen 
testen direct na productie. Op dit moment is de real time RT PCR test dus geen alternatief voor 
de BacT/ALERT op de dag van productie. Het zou wel mogelijk zijn om de PCR test te gebrui-
ken op een later tijdstip of vlak voor transfusie wanneer de bacteriën de tijd hebben gehad om 
zich te vermenigvuldigen in de PCs (zoals is aangetoond in hoofdstuk 3).
In hoofdstuk 5 is vastgesteld hoe hoog de frequentie van fout negatieve BacT/ALERT resultaten 
is. Hiervoor werden outdated PCs, PCs welke over de houdbaarheidsdatum zijn, verzameld en 
opnieuw getest met de BacT/ALERT. In een periode van 19 maanden zijn 4082 outdated PCs 
verzameld en getest. Hiervan werden er 5 alsnog positief voor bacteriële groei, allemaal gecon-
tamineerd met coagulase negatieve Staphylococcen (CNS). Hoewel het niet met zekerheid te 
zeggen is of deze fout negatieve problemen zouden hebben veroorzaakt in patiënten wanneer 
ze gebruikt zouden zijn voor transfusie, laten deze resultaten wel zien dat de BacT/ALERT niet 
perfect is. Omdat de fout negatieve PCs mogelijk een risico kunnen zijn voor patiënten zou een 
aanvullende test op een later tijdstip of vlak voor transfusie de veiligheid van de transfusie van 
PCs kunnen verbeteren. De real time RT PCR zou dus een aanvullende test kunnen zijn.
In hoofdstuk 6 en 7 is er in meer detail gekeken naar de bacteriën die gevonden worden in 
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PCs met de BacT/ALERT. De twee meest gevonden bacteriën zijn CNS en Propionibacterium 
acnes. In hoofdstuk 6 is de CNS groep nader bekeken. Negen verschillende CNS species wer-
den gevonden waarvan S. epidermidis de meest voorkomende species was. Met behulp van de 
amplified fragment length polymorphism (AFLP) methode zijn de verschillende S. epidermidis 
stammen getypeerd. Hieruit bleek dat contaminatie van PCs door S. epidermidis niet veroor-
zaakt wordt door een unieke stam maar door allerlei verschillende stammen. Vrijwel alle CNS 
stammen zijn onderdeel van de normale huidflora en zijn dus waarschijnlijk afkomstig van de 
huid van de donor. 
In hoofdstuk 7 is de P. acnes groep nader bekeken. P. acnes bacteriën zijn ook onderdeel van 
de normale huidflora en eerder is met behulp van AFLP aangetoond dat de P. acnes stammen 
die gevonden worden in PCs in 3 verschillende groepen kunnen worden ingedeeld. In ongeveer 
50% van de gevallen wanneer er een P. acnes stam wordt gevonden in een PC, wordt deze 
ook gevonden in een bijbehorende rode bloedcel concentraat. Wanneer met AFLP naar deze 
stammen wordt gekeken blijkt dat de stammen uit de bijbehorende producten identiek zijn. 
Dit betekend dat de bacterie zeer waarschijnlijk al aanwezig was in de volbloeddonatie. Om 
te onderzoeken of deze bacteriën afkomstig zijn van de donorhuid zijn de P. acnes stammen 
welke gevonden zijn in het PC en het bijbehorende rode bloedcel concentraat door middel van 
AFLP analyse vergeleken met de P. acnes stammen welke gevonden werden op de huid van de 
bijbehorende donor. Hiervoor werden 22 donoren van een volbloeddonatie die P. acnes bevatte 
bereid gevonden om een swab af te laten nemen van de huid welke op kweek werd gezet. De 
bacterie P. acnes werd teruggevonden op de huid van bijna al deze donoren. Bij 8 van de 22 
donoren was de stam gevonden op de huid identiek aan de stam gevonden in de bloedproduc-
ten. Bij twee donoren behoorde de stammen tot dezelfde groep. Dit laat zien dat de bron van 
besmetting in veel gevallen de donorhuid is. Een P. acnes groep werd niet gevonden op de 
donorhuid, waarschijnlijk omdat deze P. acnes groep zich in de diepere huidlaag bevindt en 
niet wordt opgepikt bij het nemen van een swab. Een vervolgstudie is nodig om de virulentie 
van de drie verschillende groepen P. acnes vast te stellen. Ondanks verbeterde methoden voor 
de ontsmetting van de donorhuid is het moeilijk om de contaminatie van PCs met CNS en P. 
acnes volledig te voorkomen. Een goede test om bacteriële contaminatie in PCs op te sporen 
blijft dus nodig.

Op dit moment is bacteriële contaminatie het grootste microbiologische risico bij de transfusie 
van PCs. Door alle PCs te testen met behulp van de BacT/ALERT is dit risico verkleind, maar 
niet opgelost. Verbeterde methoden voor het ontsmetten van de donorhuid kunnen dit risico 
verder verkleinen, zij het gelimiteerd. Om het risico verder te verkleinen zijn extra testen nodig 
op een later tijdstip of vlak voor transfusie. De real time RT PCR, welke beschreven is in dit 
proefschrift, zou een dergelijke extra test kunnen zijn. De test kan snel worden uitgevoerd en 
vanwege de grote ervaring van bloedbanken met PCR testen gemakkelijk worden geïmplemen-
teerd. Het extra testen van de PCs met behulp van de real time RT PCR zal de veiligheid van de 
transfusie van PCs zeker vergroten.
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Dit promotie onderzoek is uitgevoerd binnen de afdeling medische microbiologie en infec-
tiepreventie van het VU medisch centrum en binnen verschillende afdelingen van Sanquin 
research. Op deze plaats wil ik graag iedereen bedanken die op één of andere manier heeft 
geholpen bij het tot stand brengen van dit proefschrift en/of heeft bijgedragen aan de ple-
zierige omstandigheden waarin ik de afgelopen vijf jaar aan mijn project heb gewerkt. De 
volgende mensen wil ik graag in het bijzonder bedanken. 

Als allereerst natuurlijk mijn promotor en co-promotoren voor hun begeleiding, ideeën en 
praktische advies. Paul, jij weet elk resultaat positief te brengen, dat halfvolle glas, dat is 
iets wat ik graag van je meeneem. Ondanks je drukke agenda was er toch altijd wel weer 
een gaatje te vinden voor overleg, dat was erg fijn. Annika, dankzij Paul zijn drukke agenda 
kwam jij erbij, dat was een goede zet, ik heb veel gehad aan al je feedback op mijn stukken en 
het al dan niet wekelijkse overleg om weer verder te komen. Dirk, ook jij kwam er wat later 
bij en ook dat was ook een goede zet. Je inzet en contacten binnen en buiten Sanquin hebben 
mij en m’n onderzoek goed vooruit geholpen.

Ik heb bij het opstarten ook zeer veel aan de hulp van Theo gehad. Ook later toen je niet meer 
direct bij het project betrokken was bleef de interesse en werd er altijd een plek voor me vrij-
gehouden op het lab om te werken, veel dank hiervoor. 

Henk wil ik bedanken voor het initiëren van het project. Tami, bedankt voor het leggen van 
het fundament van het onderzoek, hoe vaak ik jouw proefschrift toch wel niet heb doorgele-
zen…

De leden van de leescommissie; prof.dr. Alex van Belkum, prof.dr. Wilbert Bitter, prof.dr. 
Peter Huijgens, dr. Thomas Montag-Lessing en prof.dr. Hans Zaaijer wil ik bedanken voor 
de tijd en moeite die zij hebben gestoken in het kritisch lezen en beoordelen van mijn proef-
schrift.

Binnen Sanquin ben ik gestart bij de afdeling virusdiagnostiek, ik wil graag al mijn collega’s 
van deze afdeling bedanken voor de fijne samenwerking. Met name mijn kamergenoten Mir-
jam, Peter en Marco, m’n eerste kamergenoot, je gevoel voor humor, relativerende woorden 
over iedereen die ook wel eens een stukje schreef en je kennis van de Nederlandse misdaad 
literatuur heb ik zeer gewaardeerd. 

Daarnaast liep ik ook geregeld rond op het VU medisch centrum en de faculteit. Ik wil al 
mijn collega’s daar graag bedanken voor alle kennis, hulp en gezelligheid. In het bijzonder de 
medewerkers van het Baclab voor al hun hulp bij mijn vragen over bacteriën, Arnold, voor als 
ik weer eens een nieuwe PCR of DNA isolatie wilde uitproberen en de dames van de MEP, 
Madelon, Martine en Bianca voor alle hulp bij het AFLP-en.

M’n tweede plekje op Sanquin was tussen de andere onderzoekers op de afdeling bloedcel 
research. Bedankt dat hier een plekje voor me is gemaakt. Al voelde ik me met mijn onder-
zoek soms een vreemde eend in de bijt, ik heb het hier enorm naar mijn zin gehad en dat komt 
vooral door alle fijne collega’s. Met name mijn kamergenoten, Agatha, Anton, Bram (heel 
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even), Michel en Sanne. Bedankt iedereen voor alle gesprekken, borrels, diners en uitjes en 
veel succes met al het verdere onderzoek.

Op de afdeling O&O heb ik als gast aan tafel in alle rust mijn boekje kunnen schrijven, wat 
een luxe. Willy, heel erg bedank dat ik kon aanhaken bij je onderzoek wat geresulteerd heeft 
in hoofdstuk 5. M’n andere kamergenootjes, Ido, Rob en Lara bedankt voor de gezelligheid.

Tot slot wil ik natuurlijk mijn ouders, familie, club, vrienden en vriendinnen bedanken voor 
de interesse, steun en de nodige ontspanning tijdens het hele proces. Voor het aanhoren van 
al mijn twijfels en bedenkingen waarna het opeens zomaar af was. Annemarie en Marjon, 
super dat jullie mijn paranimfen willen zijn. En als laatste natuurlijk Niels, ik had je er niet 
bij willen missen!

Dankwoord
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