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Abstract
Bacterial contamination of blood components remains a major challenge in transfusion medicine, particularly, platelet 
concentrates (PCs) due to the storage conditions that support bacterial proliferation. In this study, we develop a rapid, 
sensitive and specific real-time PCR protocol for bacterial screening of PCs. An internally controlled real-time PCR-based 
method was optimized and validated with our proprietary 16S Universal PCR Master Mix (IBMP/Fiocruz), which 
targets a conserved region of the bacterial 16S rRNA gene. Nonspecific background DNA was completely eliminated by 
treating the PCR Master Mix with ethidium monoazide (EMA). A lower limit of detection was observed for 10 genome 
equivalents with an observed Ct value of 34±1.07 in calibration curve generated with 10-fold serial dilutions of 
E. coli DNA. The turnaround time for processing, including microbial DNA purification, was approximately 4 hours. 
The developed method showed a high sensitivity with no non-specific amplification and a lower time-to-detection 
than traditional microbiological methods, demonstrating it to be an efficient means of screening pre-transfusion PCs.
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Otimização de um método baseado em PCR em tempo real para 
rastreamento de bactérias em concentrados de plaquetas

Resumo
A contaminação bacteriana dos componentes sanguíneos é um grande desafio na medicina transfusional, principalmente 
nos concentrados de plaquetas (PCs) devido às condições de armazenamento que favorecem a proliferação bacteriana. 
Neste estudo, desenvolvemos um protocolo de PCR em tempo real rápido, sensível e específico para a triagem 
bacteriana de PCs. Um método baseado em PCR em tempo real, controlado internamente, foi otimizado e validado 
com um Master Mix Universal PCR 16S (IBMP / Fiocruz), que detecta uma região conservada do gene 16S rRNA 
bacteriano. O background de DNA não específico foi completamente eliminado tratando a PCR Master Mix com 
monoazida de etídio (EMA). O limite de detecção inferior observado foi de 10 cópias equivalentes do genoma com 
um valor de Ct 34 ± 1,07, a curva de calibração foi gerada com diluições seriada de 10 vezes do DNA de E. coli. 
O tempo de processamento, incluindo a purificação microbiana do DNA, foi de aproximadamente 4 horas. O método 
desenvolvido mostrou alta sensibilidade sem amplificação inespecífica e menor tempo de detecção do que os métodos 
microbiológicos tradicionais, demonstrando ser um meio eficiente de triagem de PCs pré-transfusionais.

Palavras-chave: contaminação bacteriana, PCR em tempo real, teste molecular, concentrado de plaquetas.

1. Introduction

Bacterial contamination of blood components is 
one of the major causes of transfusion-related infection. 
Despite the implementation of preventive measures, 
the risk of transfusion-transmitted bacterial infection 
is still greater than that of transfusion-transmitted viral 
infection (Brecher et al., 2003). The risk of receiving 
bacterial-contaminated platelets has been estimated to be 
10 to 1,000 times higher than that of receiving platelets 
contaminated with viruses, such as HIV, HBV, HCV and 

HTLV, primarily due to the efficient screening methods 
used to detect viral pathogens (Blajchman, 2002). In the 
United States, the residual risk of bacterial contamination 
is estimated at 1/6,000 for contaminated platelet products 
and 1/100,000 for septic reactions (Walther-Wenke, 2008).

Transfusion therapies of blood products that are 
contaminated with bacteria are considered the third most 
common cause of death reported to the US Food and 
Drug Administration (FDA), following acute pulmonary 
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lesions and hemolytic reactions related to transfusion 
(Razjou et al., 2017). In addition, transfusions of PCs that 
are contaminated with some type of bacteria can cause 
serious septic complications to patients.

The primary sources of such contamination include 
the bacterial skin flora present at puncture regions, 
asymptomatic bacteremic donors and contamination that 
occurs during product processing (Palavecino and Yomtovian, 
2003; Schrezenmeier et al., 2007). The most frequent 
bacterial contaminants in PCs are Staphylococcus spp., 
Streptococcus spp., Escherichia coli, Bacillus spp., 
Serratia spp., Enterobacter spp., and other organisms 
(Wagner, 2004).

The prevention or reduction of adverse septic reactions 
associated with platelets is a major challenge. There have been 
many advances in technologies and transfusion strategies to 
reduce the risk of bacterial contamination and sepsis. Some 
methods can efficiently identify microbial contaminants in 
PCs, but the time required is an inconvenience, and these 
methods have low specificity and sensitivity when the initial 
levels of bacterial contamination are low (Mancini et al., 
2010; Ezuki et al., 2007).

Culture methods are capable of detecting as few as one 
bacterial colony-forming unit (CFU) in a sample and can 
reliably detect 10 CFU in an inoculated sample without 
any inhibitors. In general, the BacT/ALERT system is used 
in Brazil for bacterial screening of PCs, which can detect 
1-10 CFU per 5 mL within 24 - 48 hours (Albertoni et al., 
2011). The sensitivity of such tests is directly proportional 
to the bacteria loads and the inoculated volume in a sample. 
It was previously reported that increasing the sample 
volume from 4 to 8 mL may significantly increase the 
detection rate of contaminating bacteria and reduce the 
risk of transfusion-associated infections (Bruhn et al., 
2015). Culture-based techniques are considered the gold 
standard for detecting bacterial contamination in PCs. 
However, these methods require large sample volumes 
and long incubation periods that do not meet all the needs 
and requirements for a routine assay.

For several years, nucleic acid tests (NAT) have promised 
to offer more sensitive and faster alternatives to methods 
based on bacterial growth. These technologies function 
by rapidly creating copies of DNA from target cells by 
amplifying the nucleic acid sequences to a detectable level 
(Mohammadi et al., 2005; Rood et al., 2011).

In a clinical context, real-time PCR is one of the most 
promising molecular methods for diagnosing infectious 
diseases with high specificity and sensitivity with a rapid 
turnaround time using a small sample volume. The sensitivity 
of real-time PCR screening allows 10-100 CFU/mL to be 
detected in PCs, depending on the contaminating bacterial 
species (Esmaili et al., 2017).

Numerous studies have established the 16S rRNA gene 
as a universal DNA amplification target in a wide range 
of microorganisms (Wilson et al., 1990; Anderson, 1994; 
Hendolin et al., 1997; Klausegger et al., 1999). However, 
the contamination of PCR reagents with microbial DNA is 
a known problem, particularly when targeting conserved 

regions of bacterial genomes using universal primers for 
broad-range PCR amplification analysis (Garson et al., 
2014). Because PCR can amplify low amounts of DNA, 
co-amplification of trace amounts of contaminating 
DNA can occur, producing false-positive results. Several 
different approaches have been described to eliminate 
or reduce PCR reagent contamination, such as physical, 
chemical and enzymatic treatments (Hein et al., 2007; 
Humphrey et al., 2015). The treatment of PCR master 
mixes with ethidium monoazide (EMA) followed by 
photoactivation is considered to be the most reliable and 
effective means of eliminating residual contaminating 
DNA without compromising the sensitivity of the assay 
(Hein et al., 2007; Humphrey et al., 2015; Rueckert and 
Morgan, 2007; Patel et al., 2012; Takahashi et al., 2014).

In this study, we developed a simple, rapid and sensitive 
broad-range real-time PCR protocol for bacterial screening 
of PCs that eliminates the problem of co-amplification 
of contaminating microbial DNA. This protocol will be 
particularly useful for assaying samples with low levels of 
contamination and to detect microorganisms that are difficult 
to grow in vitro or require a long period of incubation.

2. Materials and Methods
2.1. Real-Time PCR

2.1.1. Design and optimization
A broad-range bacterial PCR detection system targeting 

a highly conserved region of the 16S rRNA gene was 
previously described (Yang et al., 2002). Representative 
16S rRNA gene sequences for the most common bacterial 
species causing platelet concentrate contamination were 
obtained from the GenBank sequence database (www.ncbi.
nlm.nih.gov/genbank/) (including Propionibacterium acnes, 
Bacillus cereus, Staphylococcus aureus, Staphylococcus 
epidermidis, Escherichia coli, Serratia marcescens and 
Klebsiella pneumoniae). The sequences were aligned 
using MEGA 7 (Kumar et al., 2016). The forward primer 
sequence was modified to allow Propionibacterium acnes to 
be detected. The optimized oligonucleotide concentrations 
used were 500 nM of each PCR primer and 250 nM of the 
hydrolysis probe. The human ribonuclease P gene (encoding 
RNase P) amplification system was included as internal 
positive control using 800 nM of each PCR primer and 
50 nM of the hydrolysis probe according to a previously 
described protocol (WHO, 2009). Reactions were performed 
in a 20 µL final volume using the commercial TaqMan 
Universal PCR Master Mix (Thermo Fisher Scientific) 
containing DNA purified from microbial pure culture. 
A minimum of three reactions were performed for each 
experiment using the following cycling condition: 95°C 
for 10 min followed by 40 cycles of 95 °C for 15 sec and 
60 °C for 1 min.

2.1.2 Proprietary reaction composition
A proprietary reaction mixture was optimized from 

a basic PCR reaction buffer (10 mM Tris-HCl (pH 8.8), 
50 mM KCl, 0.1% Triton X-100, and 0.1 mM DTT), 
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supplemented with 1.5 mM MgSO4, 0.2 mM dNTPs, 
30 nM ROX and 2 units of hot start Taq DNA polymerase. 
Other salts (MgCl2 or MgAc) and their concentrations 
(from 1.5 to 9 mM), as well as additives (BSA, ammonium 
acetate, potassium glutamate, potassium sulfate and betaine) 
were also evaluated but did not improve the detection limits 
or reaction efficiencies. A commercial TaqMan Universal 
PCR Master Mix (Thermo Fisher Scientific) was used as 
a reference. The final optimized real-time PCR reaction 
mixture was produced in our GMP (good manufacturing 
practices) facility according to quality standards for 
diagnostics applied to health. Oligonucleotides were 
synthesized by Integrated DNA Technologies, Inc. (IDT) 
and were purified by HPLC.

2.1.3. Analytical performance
DNA was purified from pure microbial cultures and 

used to determine the analytical performance of the bacterial 
16S rRNA gene detection assay. The purity and quantity 
of each DNA sample was measured using a DeNovix 
DS-11+ spectrophotometer (DeNovix Inc., Wilmington, 
DE, USA). The quantified DNA was diluted 10-fold 
(107 to 101 genome equivalents per 5 µL) and 5 µL of each 
dilution was used as template DNA in PCR reactions to 
generate the calibration curve. As a control, 103 genome 
equivalents of human DNA was assayed.

2.1.4. Removal of contaminant DNA
PCR Master Mix reactions were treated with ethidium 

monoazide (EMA) as described (Patel et al., 2012) to 
overcome the contamination of PCR reagents with residual 
microbial DNA. Briefly, EMA (Sigma-Aldrich) was dissolved 
in 20% DMSO at a concentration of 10 mg/mL in the dark, 
after which 50-µL aliquots were stored at -20 °C. Working 
solutions were prepared fresh on the day of use by dilution 
in molecular biology grade water (Bioline). The complete 
PCR Master Mix, including primers and probes, were 
treated with 1.2 µM EMA and photoactivated on ice with 
a 500 W halogen light source (Golden) for 5 min at a 
distance of approximately 20 cm from the tubes. Next, 
the PCR Master Mix was distributed in the 96-well plate 
(15 µL), wells were loaded with 5 µL of DNA template or 
water (no template control, NTC) and real-time PCR was 
performed on a 7500 Real Time PCR System (Thermo Fisher 
Scientific). Assays were performed using a minimum of three 
experimental replicates. Statistical analyses (standard curve, 
mean ± standard deviation, 95% confidence intervals (CI), 
coefficient of variation) were calculated using GraphPad 
Prism v6.0 (Graph Pad Prism Inc., USA).

2.2. DNA extraction
Platelet concentrates were processed targeting 

the enrichment of microbial DNA using a selective 
lysis approach followed by the disruption of microbial 
cells with an alkaline solution as described previously 
(Dobbelaer et al., 2012; Van Meerbergen et al., 2011; 
Loonen et al., 2013; Trung et al., 2016). Five milliliters 
of pooled whole blood-derived PCs (1 mL from each of 
5 individual donors) was mixed with an equal volume 

of selective lysis buffer (500 mM sodium carbonate, 
1% Triton X-100, pH 10.5) by inverting the tubes for 
30 seconds. The selective lysis step was stopped by the 
addition of an equal volume of initial sample volume of 
neutralization buffer (1 M Tris). Intact microbial cells 
were then concentrated by centrifuging the suspension for 
15 minutes at 2,791 xg. Pellets were resuspended in 5 mL 
of washing buffer (1X phosphate buffered saline - PBS) 
and then centrifuged for 15 minutes at maximum speed. 
The resulting pellets were then resuspended in 200 µL 
of alkaline lysis buffer (200 mM NaOH and 0.5% SDS) 
and incubated for 10 minutes at 95 °C in a thermomixer 
set at 1,000 rpm. Finally, 20 µL of neutralization buffer 
(1 M Citric Acid Solution) was added and the microbial DNA 
was purified using a QIAamp Blood Mini kit (QIAGEN) 
according to the manufacturer’s protocol.

3. Results

3.1. Primers and probe design
We evaluated primers and probes described in literature 

that were primarily developed for universal/pan-bacterial 
PCR detection. A bioinformatics analysis was performed 
by aligning 16S rRNA gene sequences of the major 
bacteria that contaminate platelet concentrates and cause 
bloodstream infections. A set of universal oligonucleotides 
specific for the conserved 16S rRNA gene is displayed in 
Figure 1, showing the P891F-modified primer designed 
in this study to incorporate the P. acnes target sequence.

For primers and probe evaluations, PCR assays were 
performed with commercial TaqMan Universal PCR Master 
Mix (Thermo Fisher Scientific). Amplification efficiencies 
obtained with the forward reference primer (P891F) were 
compared to the newly designed primer (P891F-modified) 
using DNA that was purified from pure cultures of P. acnes 
or E. coli. The results show that the P891F-modified primer 
is slightly more efficient than P891F for P. acnes DNA 
amplification (Figure 2A). No difference between the two 
primers was observed when E. coli DNA was used as a 
template (Figure 2B).

3.2. Real-time PCR optimization
We evaluated the effect of several PCR cofactors on 

the amplification efficiencies of the bacterial 16S rRNA 
gene in the presence of human genomic DNA. The best 
experimental optimized condition was named 16S Universal 
PCR Master Mix (IBMP/Fiocruz) and was compared to 
the TaqMan Universal PCR Master Mix (Thermo Fisher 
Scientific) for PCR amplification efficiency. The results show 
a more efficient reaction with the optimized IBMP/Fiocruz 
proprietary Master Mix formulation, especially with low 
quantities of target DNA (Figure 3). As the target quantity 
decreased, the reaction curve generated with our 16S 
Universal PCR Master Mix shift to the left compared 
to the commercial TaqMan Universal PCR Master Mix, 
presenting lower Ct values (Figure 3A). The human RNase 
P-encoding gene was amplified in each reaction as an 
internal control (Figure 3B).
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3.3. Analytical sensitivity test
Using a 10-fold dilution calibration curve covering 

a range of 107 to 101 genome equivalents per reaction, 
a linear dynamic range was established with a strong 
linear correlation (R2 = 0.999) (Figure 4A). The limit 
of detection (LoD) of the bacterial 16S rRNA gene, 
concomitant with the amplification of the human RNase 
P-encoding gene in duplex reactions, was calculated from 
the lower concentration with a 95% rate of detection. 
The LoD was set at 10 bacterial genome equivalents 
with a Ct value of 34±1.07. GraphPad Prism was set 
the cut-off value with two standard deviations above the 
lower LoD detected (95% CI), so the Ct values > 36.19 
indicating a negative result.

3.4. PCR Master Mix decontamination via EMA 
treatment

First, the analytical sensitivity of the assay untreated 
or treated with EMA was evaluated with a 10-fold serial 
dilution of bacterial DNA from 105 to 101 genome equivalents 
per reaction. The untreated and treated with 1.2 μM EMA 
show equivalent amplification profiles as observed in 
Figure 4B. No significant difference between the conditions 
was observed when analyzing the amplification yield or 
sensitivity of the assay.

Next, the 16S Universal PCR Master Mix that was 
untreated or treated with 1.2 μM EMA was evaluated for 
non-specific amplification in no template control reactions 
(NTC). Each condition was analyzed using 48 replicates 
in the same 96-well plate. As show in the Figure 5, no 
amplification was observed using the Master Mix treated 

Figure 1. Representative nucleotide sequence alignment of the bacterial 16S rRNA gene PCR target. Primers and probes are 
depicted in the picture. Propionibacterium acnes (accession number AB108484), Klebsiella pneumoniae (accession number 
NC_009648), Serratia marcescens (accession number NC_005211), Escherichia coli (accession number AE005174), Bacillus 
cereus (accession number AP007209), Staphylococcus aureus (accession number AP017922) and Staphylococcus epidermidis 
(accession number NC_002976). Sequences were obtained from the GenBank database.

Figure 2. Comparison of bacterial 16S rRNA gene 
amplification efficiencies using the primers P891F (black line) 
and P891F-modified (gray line). The results were obtained 
using 10-fold serial dilutions containing 106 to 103 genome 
equivalents per reaction. (A) P. acnes DNA. (B) E. coli DNA.
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with EMA, while the untreated Master Mix presented 
non-specific amplification signals with a minimum 
Ct of 35.45. The results showed a significant difference 
between untreated and treated Master Mix conditions 
(p = 0.0001) (Fisher, 1956).

3.5. Routine platelet screening
This study was performed with PCs from HEMEPAR 

(Center of Hematology and Haemotherapy of Paraná, 
Curitiba, Brazil) and was approved by the Institutional 
Review Board of Hospital do Trabalhador/SES/PR 
(IRB# 51711815.0.0000.5225). The 16S PCR-based method 
to screen platelet concentrates for bacteria was evaluated 
in routine samples undertaken at 24 hours after donation. 
A total of 250 PCs that were considered negative for bacterial 
contamination, according to standard protocol applied in 
the HEMEPAR routine, were analyzed in pools containing 
five PCs each sample, resulting in 50 samples. The samples 
were processed on 12 consecutive working days, the results 
of which are show in Figure 6. A Ct distribution above 
37 was observed for the 50 samples assayed, considering 
that all samples were negative for bacterial contamination. 

Figure 3. Comparison of bacterial 16S gene amplification 
with 16S Universal PCR Master Mix - IBMP/Fiocruz (grey 
line) and TaqMan Universal PCR Master Mix - Thermo 
Fisher Scientific (black line). (A) Amplification plot obtained 
with a known concentration of E. coli DNA (106, 104 and 102 
genome equivalents per reaction) in the presence of 103 copies 
of human genomic DNA per reaction. (B) Amplification of 
the human RNase P-encoding gene.

Figure 4. Calibration curve generated with 10-fold serial 
dilutions of E. coli DNA. (A) The calibration curve containing 
107 to 101 genome equivalents per reaction. The assay showed 
a strong linear dynamic range over 6 log10 concentrations 
with R2 = 0.999. The mean reaction efficiency was 90% 
with a slope of -3.584 and a y-intercept at 37.24. Dashed line 
represents the cut-off value (Ct 36.10). The graph was generated 
using six experimental replicates. (B) Comparison of linear 
regression of the threshold cycles (Ct) to detect the E. coli 16S 
rRNA gene with PCR Master Mix that was untreated (black 
square) or treated (grey circle) with ethidium monoazide 
(EMA). The calibration curve was generated using 10-fold 
serial dilutions containing 105 to 101 genome equivalents per 
reaction. Paired t-test: P > 0.05 (0.2909).

Figure 5. Evaluation of non-specific bacterial 16S rRNA gene 
amplification in no template control (NTC) reactions using 
PCR Master Mix that was untreated or treated with ethidium 
monoazide (EMA).
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For each assay, no template control (NTC) did not show 
any amplification and positive control with pre-determined 
bacterial concentration reactions were evaluated.

4. Discussion

Several techniques have been adopted to prevent or reduce 
transfusion-related bloodstream infections associated with 
blood banks, varying from manual methods to automated 
culture systems. These methods have been demonstrated to 
be useful for bacterial detection in platelet concentrates, but 
these systems can fail to produce timely results due to the 
time required to indicate bacteria presence (Macauley et al., 
2003; Ecker et al., 2010; Pietersz et al., 2003).

Culture methods continue to be the primary means for 
bacterial screening, and commercially available automated 
systems are the most commonly used method for the quality 
control of blood components. However, in many cases, 
the patient may be transfused before the culture results 
are obtained from automated culture systems. Samples 
containing slow-growing organisms and low bacterial 
loads are particularly prone to producing false-negative 
culture results (Benjamin and Wagner, 2007). In addition, 
culture methods miss fastidious organisms that are difficult 
or impossible to culture.

Therefore, new strategies have been proposed to 
reduce the risk of transfusion-associated bloodstream 
infections (Blajchman et al., 2004). Advances have been 
made in molecular biology that offer more sensitive and 
fast alternatives to traditional methods, and PCR-based 
methods are considered the most promising among them 
(Paolucci et al., 2010). According to the literature, a 
real-time PCR should be simple, sensitive enough to detect 
clinically significant levels of bacteria, highly specific, and 
rapid enough to allow platelet concentrates to be cleared 
for clinical use within hours (Mohammadi et al., 2006; 
Corless et al., 2000). Furthermore, real-time PCR allows 
the number of CFU present in a sample to be estimated by 

interpolating the Ct value in a linear regression formula 
that describes a dynamic range of the quantifiable copies 
established by a calibration curve (Bustin et al., 2009).

In this study, we modified the primer-probe set 
originally described by Yang and coworkers (Yang et al., 
2002). The forward primer was adapted to allow for the 
detection of Propionibacterium acnes, one of the most 
common contaminating microbial species in PCs and 
which was previously described using an additional set of 
oligonucleotides specific for its detection via PCR reaction 
(Patel et al., 2012). Moreover, we developed a test with a 
proprietary reaction mixture that exhibits better efficiency 
and sensitivity than the commercial TaqMan Universal 
Master Mix (Thermo Fisher Scientific).

According to earlier studies, virtually all PCR reagents 
are contaminated with minute amounts of bacterial DNA 
(Corless et al., 2000). This finding is problematic for highly 
sensitive PCR-based assays, especially when detecting 
highly conserved regions in the bacterial genome, such as 
the 16S rRNA gene (Albertoni et al., 2011). Because the 
frequency of bacterial contamination of platelet concentrates 
is low and the product is scarce, it is necessary to minimize 
false-positive results. In this context, the primary parameters 
that need to be addressed are the analytical sensitivity 
and specificity of the assay, which refers to how many 
target copies the assay is able to detect and whether 
the no template controls (NTCs) are reliably negative. 
Determining the sensitivity and specificity equilibrium 
is a fundamental of evaluating a prototype test for use in 
blood centers. The treatment of PCR reagents with EMA 
is a reliable means of reducing the level of residual DNA 
contamination in these products, which we confirmed to 
be an effective solution in this study.

To overcome the difficulties associated with the limit 
of detection calculation described in the literature, we 
considered the analytical sensitivity of the test as the lowest 
copy number detected in 95% of the reactions (Bustin et al., 
2009), which can also be interpreted as the lowest copy 
number that can be distinguished from background 
(Armbruster et al., 1994; Burns and Valdivia, 2008). The limit 
of detection estimates in real-time PCR-based methods are 
particularly complicated when the template concentration 
is zero, because Ct is undefined and determination of a 
LoD algorithm is the focus of continuous research (Burns 
and Valdivia, 2008). Considering the PCR approach, 
the most sensitive LoD that is theoretically possible is 
3 copies of a template per reaction (Bustin et al., 2009). 
We calculated a mean for each data set in the calibration 
curve and analyzed the lowest detectable point corresponding 
to 10 bacterial genome equivalents per reaction with a 
100% of detection and a cut-off value established with 
two standard deviations above.

The platelet concentrate samples analyzed according 
to the established HEMEPAR protocol were considered 
negative and inserted into the donation routine. The 16S 
rRNA gene PCR-based method described was used to 
assay 250 routine PCs, and the results confirmed that all 
samples were negative for bacterial contamination, although 

Figure 6. Evaluation of bacterial 16S rRNA gene detection 
in routine platelet concentrates from HEMEPAR. The total 
number corresponds to 50 samples analyzed on 12 consecutive 
working days. NTC amplification is shown for each of the 
12 days of analysis. The dashed line represents the cut-off 
value (Ct 36.10).
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some samples crossed the threshold before 40 cycles with 
a lower detection point above the established cut-off. These 
negative results were expected, since approximately 1 in 
1,000 to 3,000 platelets units may be contaminated with 
bacteria (Blajchman et al., 2005; Palavecino et al., 2006; 
Das et al., 2015).

Molecular techniques can provide information regarding 
blood contamination during collection or processing and 
can be implemented in blood banks as a routine screening 
test to reduce and prevent the risk of transfusion-transmitted 
bacterial infections. Additionally, this information can be 
valuable from a statistical and epidemiological point of view, 
as it could be an opportunity to gain knowledge regarding 
the contamination detection sources (Mohammadi et al., 
2006).

In conclusion, the broad-range real-time PCR-based 
method described in this study may be used to screen for 
bacteria in pre-transfusion platelet concentrates. Furthermore, 
real-time PCR can be integrated into automated sample 
processing platforms to allow for complete automation of 
the process, meeting the requirements for blood components 
screening in blood centers.
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