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ABSTRACT

Bacterial contamination is a major cause of morbidity and mortality in platelet
concentrate (PCs) transfusion al over the world. To develop a PCR method for

Keywords sterility testing of PCs that is sensitive, specific for all relevant bacterial species,

also to determine the prevalence of bacterial contamination, types of organisms and
Platelet their antibiotic susceptibility. A randomly selected 56 PCs on the fifth day of
ST donation were included in the study; 20 apheresis single and 36 random donor
bacterial ' units. Bacterial contamination was detected by BACTEC 9050 culture system and
D PCR of a conserved region of the bacterial 16S rDNA, followed by DNA
B —— ’ sequencing. Out of the 56 platelet units, 7 were positive by both methods and 3 by
B PCR aone with highly significant association (P<0.001). All positive units were
PCR: ' random donor. Isolates were Staphylococcus epidermidis (n=3), E. coli, Klebsiella,
DN A’ Staphylococcus aureus and Acinetobacter. By PCR, additional two E. coli and one
sequencing Klebsiella were detected. PCR had 100% sensitivity and 93.9% specificity. All

Saphylococci and Acinetobacter were multi-drug resistant. PCR has an excellent
sensitivity and shorter turnaround time for detection of bacterial contamination of
PCs. Thus sterility check, platelet apharesis and proper infection control measures
are mandatory.

I ntroduction

For blood transfusion, blood products are
routinely screened by
methods to reduce the risk of virus
transmission. Bacteria contamination is
still the major cause of transfusion-related
complication (Ribault

infectious

2004; Carr-Greer, 2012). Contamination
of platelet components is considered the
second most common cause  of
transfusion-related deaths in the United
States (CDC, 2013).

ultra-sensitive

etal.,
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Platelet concentrates (PCs) carries the
greatest risk for bacteria contamination
due to their aerobic storage at 20-24°C to
maintain optimum viability and function
of platelets. The estimates are 50 to 250
times higher than the combined risk of
infection with human immunodeficiency
virus, hepatitis B virus and Hepatitis C
virus, and human T-cell leukemia virus
type 1 and 2 after blood transfusion(Dreier
et al., 2004; Ribault et al., 2004; Canellini
et al., 2010).Up to 1000 cases of clinical
sepsis  after  platelet transfusion are
reported every year in the United
States. The actual risk of transfusion-
associated sepsis is higher due to under-
reporting and unrecognition of infected
cases.The condition is characterized by
acute reaction symptoms and the rapid
onset of septicemia that carries a 20 to
40% mortality rate (Hillyeret al., 2003;
CDC, 2013).Platelets are often given to
pancytopenic immunocompromised
patients that do not have the ability to fight
infection. Therefore, early detection of
bacterial contamination in  platelet
concentrates is of great value for patients
in need for repeated platelet transfusion
(Leon et al., 2008).

Since March 1, 2004, The American
Association of Blood Banks (AABB)
adopted effective standards to limit the
potential for bacterial contamination
during collection of platelet units and for
detection of bacteria prior to their release
or issue (Hillyer et al., 2003; Carr-Greer,
2012). The sterility screening of PCs is
mandatory in some countries as Belgium
(since 1998), Netherland (since 2001) and
USA (since 2004) (Dreier et al., 2004).
Although the methods to limit and detect
bacterial contamination of PCs are
implemented, this does not eliminate the
risk of infection (AABB, 2013).The
implementation of early platelet culture
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has decreased the post-platel et
transfusion—associated fatalities up to 60%
to 83% (Brecher et al., 2013).

Different methods for detection of
bacterial contamination in PCs include
automated culture (gold standard),
bacterial morphology,  biochemical,

immunological and molecular methods. A
proper test should be rapid, affordable,
sensitive and simple to perform. Although
automated culture is very sensitive and
detects many types of microorganisms.
Still, it requires prolonged periods of time
(2 to 4 days). Molecular methods for
detection of bacterial genes were
developed with high sensitivity (Dreier et
al., 2004). The aim of this study was to
develop a PCR method to detect the
bacterial contamination in  platelet
concentrates that is sensitive, specific for
al transfusion-relevant bacterial species,
and more suitable for routine sterility
testing of platelet concentrates (PCs); Also
to determine the prevalence of the
bacterial contamination of PCs, the types
of the involved organisms and their
antibiotic susceptibility pattern.

Materialsand Methods

The present study was conducted during a
two years period from October 2006 to
October 2008 at the Main Blood Bank,
Ain Shams University Hospitals, Cairo
and the National Blood Transfusion Center
inCairo, which is a governmental non-
profit organization under the full authority
of the Ministry of Health and Population
in Egypt. Bacterial contamination in
platelet concentrates was detected by
automated culture as a gold standard
(Yomtovianet al., 2006; Korsak, 2012)
and by PCR and DNA sequencing.
Automated culture was performed in the
Microbiology Laboratory of Ain Shams
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University Hospitals. All  molecular
techniques were done at The Molecular
Epidemiology Department, U.S. Naval
Medical Research Unit No.3 (NAMRU-3).

Specimen collection

The study involved 56 platelet units that
were randomly selected on the fifth day of
donation. Twenty apheresis-derived single
donor platelets units and thirty six random
donor platelets were conducted in our
study. Blood donors were selected
according to the AABB questionnaire
(2005). All the units were sero-negative
for HCV, HBV, HIV and syphilis.

Samples from the platelet units were
collected on the fifth day of donation
usingl0 mL sterile syringe after alcohol
swabbing. From each platelet sample, 5ml
aliquot was cultured in automated blood
culture system; 2ml aliquot was stored
immediately a -70°C for PCR
amplification of the 16S rRNA gene and
DNA sequencing to detect the presence of
microorganisms. A direct Gram-stained
smear was also examined for detection of
microorganisms by  their  staining
character.

Processing
Platelet culturetechnique

Five milliliters of each platelet sample was
cultured using the automated blood culture
BACTEC 9050 system (Beckton
Dickinson, USA) and incubated according
to the manufacturer’s protocol at 37°C for
five days. Samples from the positive signal
blood culture bottles were obtained after
shaking under aseptic conditions. The
sample was then centrifuged, and the
deposit was used for Gram stain and sub-
cultured on two blood agar plates (Oxoid,
UK) (aerobic and anaerobic) as well as on
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MacConkey agar plate (Oxoid, UK) and
incubated at 35°C overnight. Growing
organisms were subsequently identified by
routine  methods and APl systems
(bioMérieux, Marcy L’Etoile, France)and
their  antimicrobial  sensitivity was
determined by disc diffusion method
(Konemanet al., 2006). Negative bottles
were removed after 5 days from the
instrument and processed as previously
mentioned before being discarded to
confirm absence of microorganisms.

Antimicrobial disk diffusion test

All the isolates detected by automated
culture were tested for antimicrobial
susceptibility according to the
recommendations of the  Clinica
Laboratory Standard Institute (CLSI)
(2008).The antibiotic disks (Oxoid, UK)
were used on Mueller Hinton agar (Oxoid,
UK). The inoculum turbidity was adjusted
to 0.5 McFarland. Then the agar plates
were inverted and incubated at 35°C for
24h.

Amplification of the bacterial 16SrRNA
gene by polymerase chain reaction
(PCR)

DNA extraction

The genomic DNA was extracted using a
DNA Purification, QIA amp DNA Mini
Kit supplied by (Qiagen, USA) following
the manufacturer’s instructions. For cell
lysis, 400ul of the platelet suspension was
added to 1.5 mL microfuge tube with
40uL Proteinase K and 400uL AL buffer,
and incubated at 56°C for 1h. Then 400uL
Ethanol (96-100%) was added and
vortexed. The Lysate was added to QIA
amp Spin column and centrifuged at 8,000
rpm for 1min and this step was repeated.
500 puL of AW1 Buffer was added then
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centrifuged a 8,000 rpm for 1min
followed by 500 pL of AW2 Buffer and
centrifuged at 14,000 rpm for 3min. The
QIA amp spin column was placed in a new
2mL collection tube and centrifuged at
14,000 rpm for 1min.200 pL of AE Buffer
was added then incubated at room
temperature for 1min and then centrifuged
at 8,000 rpm for 1min.

DNA amplification

Five microliters of the DNA template was
added to the PCR mix (Promega,
USA)which contained 10ul 5x Taq buffer,
3ul 25mMMgCl,, 4ul 25mM  PCR
nucleotide mix, 1ul 30 uM 8-27 Forward
primer, 1ul 30 uM 806 Reverse primer,
0.5ul Tag DNA polymerase, and 25.5ul
sterile nuclease free water. Sterile nuclease
free water was used as negative control in
each PCR run. Oligosynthetic DNA,
prepared by Genesearch (Australia), was
used as a postive control. The
amplification was then performed by
including the reaction mix for 35 cycles
into a thermalcycler, Gene Amp PCR
system 9700 (Applied Biosystems, USA).
Each cycle consisted of denaturation at
95°C for 30 seconds, followed by
annealing at 50°C for 30 seconds, and
extension at 72°C for 30 seconds with an
initial delay for 10 minutes at 95°C at the
beginning of the first cycle and a 7
minutes delay at 72°C by the end of the
last cycle followed by soak at 4°C (Jalva,
2000).The primers (Promega, USA) used
for the amplification of the 16S rRNA
gene arelisted in Table (1).

Detection of the amplification product

Ten microliters of each of positive control,
negative control, PCR amplicons and 5l
of the molecular size DNA ladder
(Promega, USA), were mixed with 2ul of
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6x gel loading dye (Promega, USA) and
the mixture was electrophoresed on 2%
agarose gel (Sigma, Germany) in Tris
acetate EDTA buffer (2M Tris-HCI,
0.05M EDTA, adjusted to pH 8.0 by
glacial acetic acid) and stained with
ethidiumbromide (Amersco, USA). The
gels were viewed under ultraviolet light
and photographs were taken.

I nterpretation of the PCR results

The molecular size marker gave different
bands ranging from  100bp-1600bp
(Promega, USA). The negative control
was examined to exclude any source of
contamination. Samples that yielded
amplified products corresponding to
400bp were considered positive for the
16S rRNA gene (Jalva, 2000) (Figure 1 &
2).

DNA Sequencing of the Amplified PCR
Product

The PCR products were sequenced by the
dideoxynucleotide chain  termination
method (Sanger et al., 1997) in an
automated DNA  sequencer Genetic
Analyzer 3100 (Applied Biosystems,
USA). DNA sequencing and analysis
included the following steps:

Purification of the PCR products

It is done by QIA quick PCR Purification
Kit (Qiagen, USA) according to the
manufacturing instructions. Two hundred
microliters of PBI buffer was added to
40uL of the PCR product and centrifuged
to bind DNA in a QIA quick spin column
for 1 minute at 13,000 rpm.A 750uL of PE
Buffer was added to the QIA quick
column and centrifuged for 1min at 13,000
rpom. After discarding the flow-through,
centrifugation for additional 1min was
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done. The QIA quick column was placed
in a clean Eppendorf. To elute DNA, 40
puL of EB Buffer (10mM Tris-Cl, pH 8.5)
was added and centrifuged for 1 min at
13,000 rpm.

Cycle sequencing reaction (fluorescent
dye labeling of PCR products)

Principle A smple method in which 25
successive  cycles of  denaturation,
annealing and extension results in linear
application of fluorescent dye labeled
extenson product by using labeled
(ddNTPs) dye terminator. Taq polymerase
extends the primers incorporated ddNTPs
that stops the extension reaction to
randomly generate fragments that differ in
length by one base.

Procedure

Cycle sequencing reaction was done using
the ABI Prism Big Dye Terminator V3.1
Cycle Sequencing Ready Reaction Kit (PE
Applied Biosystem Com, Cal, USA).Four
microliters of the PCR products,
containing the amplified genes, were
added to 16yl reaction mixture containing
2ul  Terminator ready reaction mix
(fluorescein-labeled dye terminators), 2pl
Primer, and 8ul deionized water in a tota
volume of 20ul. The mixture was then
placed in the Gene Amp 9700
Thermocycler (Applied Biosystems, USA)
which was programmed for 25 cycles,
each consisting of rapid thermal ramp to
96°C for 10 sec, 50°C for 5 sec then 60°C
for 4 min (McMurrary et al., 1998).

Purification of labeled extension
products from excess unincorporated
dyes

Complete removal of the unincorporated
dye terminators was done before sample
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electrophoresis to avoid masking of datain
the early part of the sequence as well as
interference with the base calling. This is
achieved by the dye Extraction2.0 Spin kit
(Qiagen, USA) which is designed using
gel filtration technology in a convenient
microspin format (Eppendorf centrifuge
5417R, Germany) to alow cleaning of
sequencing reaction in just 7 minutes. The
spin column was vortexed gently and
centrifuged for 3min at 7,000rpm.20ul of
the sequencing reaction mixture was
applied onto the danted gel-head surface
and centrifuged for 3min at 7,000rpm. The
mixture was heated at 85°C for 30min;
12uL Hi-Di  formamide  (Applied
Biosystems, UK) was added, heated at
95°C for 5 min and finally transferred to

ice till  anadyzed by capillary
electrophoresis.
Loading of the purified labeled

extension products on the ABI prism
310 Genetic Analyzer for determination
of gene sequence

Ten microliters of the purified elute was
loaded in the reaction well of the auto-
sampler tray. The AB 3100 Genetic
Analyzer then analyzes the fluorescently
labeled DNA fragments by capillary
electrophoresis and the base calling view
of the DNA sequence was obtained for
each case (Figure3) (Leeet al., 1997).

Data reading and inter pretation

Sequence editing was performed using the
BioEdit ProgramV.5.0 and data obtained
were compared to the sequence obtained
from the GenBank data base

Statistics

Categorical variables were expressed as


http://www.ncbi.nih.gov/BLAST

Int.J.Curr.Microbiol.App.Sci (2014) 3(4): 38-52

number (%). The sendtivity, specificity
and the positive and negative predictive
values were calculated. All the analyses
were performed with  commercially
avallable software (SPSS version 16.0,
SPSS, Inc., Chicago, IL, USA).

Results and Discussion

Fifty six platelet units were collected from
the Main Blood Bank, Ain Shams
University Hospitals and the National
Blood Transfusion Center. Twenty single
donor and thirty six random donor
platelets were examined. All platelet
concentrates were taken on the fifth day of
donation. Microbial contamination was
detected by automated culture and PCR
followed by DNA sequencing.

From the automated culture bottles of the
platelet units, 7 out of 56 (12.5%) were
positive. PCR and sequencing detected 10
out of 56 samples (17.9%) including those
detected by culture. All positive samples
were collected by the random donor
method and all apheresis platelet units
were negative. Saphylococcus
epidermidis was the most frequent isolate,
it was found in 3 (5.4%)units by both
methods. One (1.8%) of each of E. cali,
Klebsiella, Saphylococcus aureus and
Acinetobacter was isolated by culture.
While by PCR 3 (5.4%) E. coli and 2
(3.6%) Klebsiella were detected. Each
organism was isolated alone in one single
platelet unit (Table 2). A highly significant
association was detected between the
results of platelet units’ culture and that of
PCR and sequencing (P<0.001) (Table 3).

Regarding antibiotic susceptibility testing,
al the isolated strains showed different
patterns of sensitivity. All S epidermidis
and S aureus were methicillin resistant
and Acinetobacter was multi-drug
resistant.

The diagnostic test performance for
detection of all organismsisolated by PCR
and DNA sequencing in comparison to
automated culture (gold standard) was
100% sengitivity and 93.9% specificity.
Three false positive and no false negative
cases were detected.

The sensitivity and negative predictive
value of PCR for the detection of any of
the isolated organisms in reference to the
automated culture was 100%. The
sengitivity and specificity of each of
Saphylococcus epidermidis,
Acinetobacter and Saphylococcus aureus
were 100% as regards the results of PCR
versus culture as shown in Table 4.

The present study discusses the bacterial
contamination in platelet concentrates and
the most frequently isolated bacterial
microorganisms. It evaluates PCR and
DNA sequencing in comparison to platelet
culture technique (gold standard) for the
detection of bacterial contamination in
platelet concentrates (Yomtovian et al.,
2006; Korsak, 2012).

In the current study, automated culturing
was done for each of the randomly
selected 56 platelet concentrates on the
fifth day of donation with a resultant
bacterial contamination rate of 12.5% by
automated culture and 17.9% by PCR. All
positive PCs for bacteria contamination
were collected by the random donor
method. Similarly Adjel et al. (2009) in
Ghana reported 9% prevalence of bacterid
contamination in PCs. Much lower rates
were reported, 0.81% by Claeys and
Verhaegle (2000) and 0.033% by
Munksgard et al., (2004) and Blg chman et
al., (2005). All of studies used the
automated culture technique for diagnosis.
Countries that perform prospective testing
reported variable prevalence of bacteria
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contaminated PCs from 0.08% to 0.7%
depending on technology, testing protocols
and additional intervention methods
(Dreier et al., 2007; Canellini et al., 2010;
Martinez et al., 2010). The high detection
rate in our study may be related to the
random donor method of platelet
collection and the time of sampling of the
PCs on the fifth day of -collection.
Martinez and coworkers (2010) reported
that 89% of the contaminated PCs detected
were multi-donor units. Johns Hopkins
University demonstrated by culture a
reduction in the septic transfusion
reactions when switching to single-donor
apheresis only, from 7.45 / 100,000
platelet transfusions (1987-1998) to 2
/100,000 platelet transfusions (2004-
2007), a 69.7% reduction (Ness et al.,
2001; Fuller et al., 2009). In Japan,
Vienna, some centers in France and USA,
only apheresis platelet concentrates are
used. Apheresis platelets are preferred due
to the reduced incidence of platelet
refractoriness and donor  exposure.
However, the limited availability of
apheresis donors and the considerably
greater costs limit the availability of their
use (Leitneret al., 2007).

Timing for detection of bacterial
contamination in PCs is very critical. Too
early sampling may lead to falsely sterile
results, as the number of the initially
contaminating bacteriais usually very low.
So sampling is recommended after the first
24 hours of preparation. The estimated
clinical sensitivity for Day 1 culture varies
between 22% and 40% (Stormer et al.,
2007; Rockville, 2012). Longer culture
time may be applied for detection of slow
growing bacteria as Propionibacteria
(Candlin et al., 2010). While too late
screening up to the fifth day of PCs
validity may lead to higher rates of

bacterial contamination (Stormer et al.,
2007).With very low density inoculum
size (below 1 CFU/mL), some bacteria
cannot grow. Some bacteria could be
susceptible to self- or auto-sterilization in
platelets through killing by preformed
antibodies, complement proteins,
lysozymes, or lipoproteins in plasma
(Ezuki et al., 2007). Storage of platelets,
suspended in gas permeable bags for five
days on agitators in room temperature,
supply optimal conditions for bacterial
proliferation. Rapid proliferation of
bacteria occurs to reach 10%-10%ml within
the 2"-5" day of storage (Wagner et al.
1995; Korsak, 2012).Most patients can
tolerate and clear a bacterial load of 10°
coagulase negative Staphylococci (Larsen
et al., 2005; Korsak, 2012). Transfusion of
fresh units of PCs and antibiotic
administration may explain the lack of
clinical consequences in the recipients
(Martinez et al., 2010).

Severa researchers in different countries
reported that the residual risk of
contamination of the cultured platelet
apheresis units was still high. Repeated
cultures detected almost about half of the
contaminated units indicating that the
residual risks was in the range of 1/1000
units (AuBuchon, 2012). Repeated culture
of outdated, culture negative platelet
apheresis units by Dumont et al. (2010)
and Jacob et al. (2011) found 4/6,039
positives (1/1,500) and 9/27,620 (1/3,100)
respectively that were missed by Day 1
culturing.

Several approaches to increase the
sensitivity of culture for detection of
bacterial contamination and to reduce the
false negative results were suggested. First
is re-culturing on day 3in order to detect
the slowly growing organisms. Increasing
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Table.l PCR primers of 16SrRNAand DNA sequencing

Primers Seguence

#515 Forward 5’- GTG CCA GCA GCC GCG GTA A-3
#1390 Reverse 5- AGG CCC GGG AACGTATTCAC-3
#8-27 Forward 5-AGAGTITTGATCCTGGCTCAG-3
#3806 Reverse 5’- GGA CTA CCA GGG TAT CTA AT -3

Figure.l Agarose Gel Electrophoresis of the Amplified DNA

Lane 1: 100 bpmolecular size marker; Lanes 2, 3: positive samples (400 bp); Lane 4: negative case;
Lane 5: positive control (400 bp); Lane 6: negative control;

Figure.2 Agarose Gel Electrophoresis of the Amplified DNA

123456 789101121314 1516171819 20

Lane 1: 100 bpmolecular size marker; Lanes 2, 3, 4, 5, 7, 8, 9, 15: positive samples (400 bp); Lane 4:
negative case; Lane 16: positive control (400 bp); Lane 17: negative control.negative control;
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Figure.3 Base Calling View of Case no $taphylococus epidermidis
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