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Abstracts:

Introduction: The problem of microbial contamination of platelets is widespread.  Currently, National Blood Centre, 

Thai Red Cross Society has prevented and detected microbial contamination by using bacterial cultures in all 

platelet units. However, this method has its limitations.  The incubation period for the growth of the micro- 

organisms should be long enough to obtain the optimal number of organisms detectable by the machine.  To solve 

this problem, pathogen inactivation technology, a technology to inhibit the growth of microorganisms, was studied 

in LDPPC production.  Objective: To investigate the quality of pathogen inactivation treated leukodepleted pooled 

platelet concentrates (LDPPC): amotosalen - UVA light treatment after 7 days of storage.  Materials and Methods: 

A total of 120 units of whole blood were used to prepare 30 units LDPPC by the buffy coat method. The quality 

of LDPPC was assessed before pathogen inactivation by testing for volume, platelet count, leukocyte content, 

pH and swirling phenomenon.  Pathogen inactivation was performed by the amotosalen - UVA light treatment 

method. LDPPC with PI were stored at 20-24°C in platelet incubator and examined for their quality on day 2, day 

5 and day 7 for preparation volume, platelet count, pH, swirling phenomenon and bacterial cultures.  Results: 

Testing before pathogen inactivation treatment, volume was 314.31±9.82 mL, platelet count was 327.21±26.19 

×109 per bag, leukocyte content was 0.04±0.02 ×106 per bag, pH was 7.15±0.03, swirling phenomenon was 5+ 

and red blood cell was 0.03±0.01 ×106 per bag.  After treatment with pathogen inactivation on day 2, volume was 

289.02±9.73 mL, platelet count was 279.11±22.24 ×109 per bag, pH was 7.04±0.03, and swirling phenomenon was 

5+.  On day 5, volume was 289.02±9.73 mL, platelet count was 266.12±22.32 ×109 per bag, pH was 7.26±0.04, and 

swirling phenomenon was 5+.  On day 7, volume was 289.02±9.73 mL, platelet count was 263.89±23.13 ×109 per  

bag, pH was 7.13±0.07, and swirling phenomenon was 5+.  The bacterial culture test was negative at day 2, 5 

and 7.  Conclusion: The results of LDPPC treated with pathogen inactivation were within the standard of National 

Blood Centre, Thai Red Cross Society during the 7 days of storage. 
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นิพนธต์น้ฉบบั

การศึกษาคณุภาพของ leukodepleted pooled platelet concentrates
(LDPPC) ที่ผ่านการท�ำ pathogen inactivation ดว้ยวธิ ีamotosalen - UVA 
light treatment เม่ือเกบ็รกัษาเป็นระยะเวลา 7 วนั
มลัลกิา  เลบ็ครุฑ   นฤมล  วระชนุ   ภคมน  จนัทรย์ิ้ม และ สริพิร  เสนีโสด
ศูนยบ์รกิารโลหติแห่งชาต ิสภากาชาดไทย

บทคดัย่อ

โลหติประเภทเกลด็เลอืดเขม้ขน้ทกุถงุ ซึง่วธิีน้ียงัมขีอ้จ�ำกดั ในดา้นระยะเวลาทีใ่ชเ้พือ่การเจริญเตบิโตของเชื้อจุลชพีใหม้จี �ำนวนมากพอที ่

เครือ่งจะสามารถตรวจวดัได ้ดงันัน้เพือ่แกป้ญัหาน้ีจงึท�ำการศึกษาโดยใชเ้ทคโนโลย ีpathogen inactivation ซึง่เป็นเทคโนโลยกีาร

gen inactivation ดว้ยวธิี amotosalen-UVA light treatment เมือ่เกบ็รกัษาเป็นระยะเวลา 7 วนั  วสัดุและวธิกีาร ใชโ้ลหติรวม

จ�ำนวน 120 ยนิูต น�ำมาผลติเป็น LDPPC จ�ำนวน 30 ยนิูต โดยวธิี buffy coat method และน�ำ LDPPC ไปตรวจคณุภาพก่อน

การท�ำ pathogen inactivation โดยวดั volume, platelet count, leukocyte content, pH และ swirling phenomenon จาก

นัน้น�ำ LDPPC ทีผ่ลติไดไ้ปผ่านการท�ำ pathogen inactivation และน�ำไปตรวจคณุภาพในวนัที ่2, 5 และ 7 ของวนัทีผ่ลติโดยวดั 

volume, platelet count, pH, swirling phenomenon และท�ำการทดสอบ bacterial culture  ผลการศึกษา การทดสอบก่อน

ท�ำ pathogen inactivation พบวา่ ใน 1 ถงุของ LDPPC มปีริมาตร 314.31±9.82 มลิลลิติร ปริมาณเกลด็เลอืด 327.21±26.19 

×109 เซลล ์ปริมาณเมด็เลอืดขาว 0.04±0.02 ×106 เซลล ์ค่า pH 7.15±0.03 ค่า swirling 5+ และปริมาณเมด็เลอืดแดง 0.03±0.01 

×106 เซลล ์การทดสอบหลงัการท�ำ pathogen inactivation ในวนัที ่2 พบวา่ LDPPC with PI มปีริมาตร 289.02±9.73 มลิลลิติร 

ปริมาณเกลด็เลอืด 279.11±22.24 ×109 เซลล ์ค่า pH 7.04±0.03 และ swirling 5+ ในวนัที ่5 พบวา่ LDPPC with PI มปีริมาตร 

289.02±9.73 มลิลลิติร ปริมาณเกลด็เลอืด 266.12±22.32 ×109 เซลล ์ ค่า pH 7.26±0.04 และ swirling 5+ ในวนัที ่ 7 พบวา่ 

LDPPC with PI มปีริมาตร 289.02±9.73 มลิลลิติร ปริมาณเกลด็เลอืด 263.89±23.13 ×109 เซลล ์ค่า pH 7.13±0.07 และ swirling  

5+ ส�ำหรบัผลการทดสอบ bacterial culture negative ในวนัที ่2, 5 และ 7  สรุป การศึกษาถงึคณุภาพของ leukodepleted pooled 

platelet concentrates (LDPPC) ทีผ่่านการท�ำ pathogen inactivation ดว้ยวธิี amotosalen-UVA light treatment เมือ่เกบ็

รกัษาเป็นระยะเวลา 7 วนั พบวา่ปริมาณเกลด็เลอืด ปริมาณเมด็เลอืดขาว ค่า pH swirling และผลการทดสอบ bacterial culture 

อยู่ในเกณฑม์าตรฐานของศูนยบ์ริการโลหติแห่งชาตติลอดระยะเวลา 7 วนั ทีท่ �ำการศึกษา ดงันัน้ การท�ำ pathogen inactivation 

ดว้ยวธิี amotosalen-UVA light treatment สามารถน�ำมาใชใ้นการผลติ LDPPC ได ้

ค�ำส �ำคญั :	l เกลด็เลอืด  l เกลด็เลอืดทีล่ดเมด็เลอืดขาวดว้ยวธิีการกรอง

			   l เกลด็เลอืดทีผ่่านการยบัย ัง้การเจริญเตบิโตของเชื้อจุลชพี

วารสารโลหิตวิทยาและเวชศาสตร์บริการโลหิต. 2566;33:269-76.

บทนำ� การปนเปือนเชือจุลชีพในส่วนประกอบโลหิตประเภทเกล็ดเลือดเป็นปัญหาทีพบบ่อย ปัจจุบันศูนย์บริการโลหิตแห่งชาติ 

สภากาชาดไทย มีมาตรการในการป้องกันและตรวจสอบการปนเปือนของเชือจุลชีพ โดยใช้วิธี bacterial culture ในส่วนประกอบ

้ ้

้ ้

่

ยับยังการเจริญเติบโตของเชือจุลชีพในการผลิต LDPPC  วัตถุประสงค ์ เพือศึกษาถึงคุณภาพของ LDPPC ทีผ่านการทำ� patho-้ ้ ่ ่
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Introduction

Microbial contamination of blood components is a 

problem that is dangerous to patients and can lead to 

death.  Many countries need to prevent and detect 

microbial contamination in blood components.  The 

National Blood Centre, Thai Red Cross Society (NBC, 

TRCS) is committed to providing patients with high 

quality and safe blood components.

Microbial contamination of blood components1-3 may 

be caused by the blood donors having bacteremia or 

by the donor’s and the blood collector’s skin being 

contaminated during the blood donation process or by 

the equipment used during blood collection.  Widely 

accepted and proven methods to reduce the risk of 

microbial contamination are applying antiseptic to the 

donor’s skin and collecting approximately 30 mL of 

donor blood in the diversion pouch (which the blood is 

most likely to contain microorganisms) before entering 

into the bag3.  In addition, the cause of microbial con-

tamination may happen during the processing of blood 

components4-6, such as in the preparation of LDPPC. 

LDPPC is prepared by combining the buffy coats from 

four donors of the same ABO blood type using a sterile 

connecting device and adding platelet additive solution 

(PAS), a process that carries the risk of contamination 

with microorganisms. In addition, storage temperature 

of platelet concentrate is another factor that affects 

the growth of microbial normal skin flora7-10 coagulase- 

negative Staphylococci such as S. epidermidis which 

is the most common bacteria detected.

Currently, bacterial cultures are used at the NBC, 

TRCS to detect microbial contamination of all platelet 

bags.  This method still has a limitation in terms of the 

time needed for enough microbial growth to be detectable 

by the device and the short life span of platelets lasting 

only 7 days, so some microbially contaminated platelet 

concentrates may be used in patients, causing infection 

and can be fatal10.  However, the severity depends on 

several factors, such as the number of microorganisms 

in the blood components, the type of microorganism 

present, the ability to cause disease, and the clinical 

condition of the patients11,12.  This also affects the hos-

pital’s confidence in the products of NBC, TRCS.

In addition, some countries use pathogen inactiva-

tion (PI)13 which is a technology to inhibit the growth 

of microorganisms from 3 mechanisms13-15,16 1) physical 

mechanisms such as the use of heat inactivation,  2) 

photochemical mechanism e.g. methylene blue (MB) - 

light treatment14, amotosalen - UV light treatment, ribo-

flavin - UV light treatment,  3) chemical inactivation e.g. 

solvent detergent (SD).  Pathogen inactivation damages 

the nucleic acid of bacteria and inhibits the mechanism 

of microbial division.  This method inhibits the white 

blood cells and can be used as a substitute for gamma 

or X-ray irradiation to prevent transfusion-associated 

graft-versus-host disease (TA-GVHD)17-19 in patients who 

are immunocompromised, such as undergoing bone 

marrow transplantation. This is a rare disease but the 

mortality rate is 90-100%.

The NBC, TRCS used pathogen inactivation (PI) in 

single donor platelet collection (SDP with PI) by aphere-

sis using amotosalen (INTERCEPT, Concord, CA, USA) 

since 2017.  And recently, inactivation of pathogens in 

apheresis plasma was performed in the research project 

for plasma from people recovered from COVID-19 infection 

using the amotosalen (INTERCEPT, Concord, CA, USA)

Therefore, we aimed to study the quality of leukode-

pleted pooled platelet concentrates (LDPPC) treated with 

pathogen inactivation: amotosalen - UVA light treatment, 

through 7 days of storage.  In this way, patients can 

use the product with greater safety13 because the lead 

time to delivery of the product is much shorter than 

the bacterial culture methods currently used to detect 

microbial contamination of platelets in each bag, but 

this production method is still limited by the price of 

the equipment used, so it is not available for every 

unit.  This service can only be provided on request by 

the hospitals.
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Materials and Methods

A total of 120 whole blood units were separated into 

30 units of LDPPC and treated by the amotosalen UVA 

light treatment method in the Blood Component Prepa-

ration Department, NBC, TRCS from December 2022 to 

February 2023.  This study was approved by the Human 

Research Committee of the National Blood Centre, Thai 

Red Cross Society under COA. number 5/2565.

Whole blood containing the anticoagulant CPD 

was used.  The total blood volume of 468 to 558 mL 

was collected in 450 mL blood bags at a temperature 

between 20 and 24°C.  A temperature controlled cen-

trifuge (Heraeus Cryofuge 16, Thermo Scientific, Ger-

many) was used to centrifuge at 3,400 rpm/minute 

(3,838×g) at 22±2°C for 12 minutes, after which blood 

components were squeezed out using an automated 

separator (KAWASUMI KL 521) including leukocyte poor 

packed red cells (LPRC), buffy coat and fresh plasma. 

After that, stored the buffy coat in platelet incubator 

at 22±2°C for 24 hours pending testing for infectious 

markers and ABO blood groups.  Four bags of buffy 

coats with the same ABO blood group were combined 

with platelet additive solution (PAS) (Terumo, Belgium) 

in a 40:60 plasma: PAS ratio using a  sterile connection 

device.  PAS was the first bag followed by four buffy 

coat bags and the last bag was for platelet storage with 

leukocyte filter.  The buffy coats were connected to the 

last buffy coat bag and suspended, then the buffy coat 

was rinsed with PAS so that each bag had no buffy 

coat residue.  The pooled buffy coats with PAS was 

left at room temperature (20-25°C) for at least 1 hour 

and mixed gently before centrifugation at 2,100 rpm/

minute (1,464×g) at 22±2°C for 3 minutes and then 

squeezed out by flowing the platelet rich plasma frac-

tion through a leukocyte filter to obtain LDPPC and 

buffy coat remnant (Figure 1).  From the segment of 

LDPPC by mixing every 5 sets of 10 times each  to 

put samples in bags for quantification of cells using an 

Automated Hematology Analyzer (SYSMEX® XN-1000, 

Sysmex Corporation, Kobe, Japan).  Add amotosalen and 

LDPPC in illumination container, mixed well.  Exposed 

the illumination container to light using a UVA light 

Figure 1  Represents the production process of LDPPC
C D

A B
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illuminator, for 5 minutes.  Then removed the illumination 

container from the illuminator, hung the illumination 

container and kinked the cannula to allow the LDPPC 

with PI to flow into the CAD container.  Place the storage  

container in an incubator and shook the platelets for 

4.5 hours, then transferred to the storage container for 

LDPPC with PI (Figure 2).  Samples were prepared from 

segments of LDPPC with PI by stripping wire to mix 

5 sets of 10 times each to represent samples in bags 

for cell quantification using LDPPC with PI samples 

were visually examined for swirling and scored (5+ = 

strongest swirling, 3+ = moderate swirling, 1+ = slight 

swirling, and 0 = no swirling) together with pH measure 

on days 2, 5, and 7.  In addition, bacterial screening 

was also performed.

Criteria for the evaluation of the test20,21

Standardized LDPPC approval criteria before treat-

ment with pathogen inactivation were:

-	 Volume between 230-430 mL and 100% of bags 

tested passed.

-	 Platelet count must be greater than 240 ×109 per 

bag and 75% of bags tested passed.

-	 Leukocyte content must be less than 1 ×106 per 

bag and 90% of bags tested passed.

-	 Swirling and scored greater than 3+ and 100% 

of bags tested passed.

-	 pH must be greater than or equal to 6.4 per bag 

and 100% of bags tested passed.

Standardized LDPPC approval criteria after treatment 

with pathogen inactivation were:

-	 Volume between 230-430 mL and 100% of bags 

tested passed.

-	 Platelet count must be greater than 240 ×109 per 

bag and 75% of bags tested passed.

-	 Swirling and scored greater than 3+ and 100% 

of bags tested passed.

-	 pH must be greater than or equal to 6.4 per bag 

and 100% of bags tested passed.

-	 Bacterial screening test results must be negative 

for each bag and 100% of bags tested passed.

Figure 2  Represents the production process of LDPPC with PI

A B C D E

F

A  LDPPC
B  Amotosalen
C  illumination
D  CAD container
E  storage container
F  illuminator
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Statistical Analysis

The statistical data analysis was performed using IBM 

SPSS Statistics version 28.0.1.0.  Data were averaged 

() to compare volume, platelet count, leukocyte counts, 

pH, and swirling, and standard deviation (SD) was cal-

culated for each parameter of LDPPC before pathogen 

inactivation and of LDPPC after pathogen inactivation 

were recorded at different time points (days 2, 5, and 

7) to assess whether the platelets were in good quality 

after stored for 7 days.

Results

Table 1 shows LDPPC parameters before pathogen 

inactivation including volume, platelet count, leukocyte 

count, pH and swirling.  The maximum and minimum 

volumes were 327.80 and 293.24 mL.  The mean and 

standard deviation volumes were 314.31 mL and 9.82 

mL.  The maximum and minimum platelet counts were 

326.74 ×109 per bag and 264.65 ×109 per bag.  The mean 

and standard deviation of platelet counts were 327.21 

×109 per bag and 26.19 ×109 per bag.  The maximum 

and minimum leukocyte counts were 0.11 ×106 per bag 

and 0.03 ×106 per bag.  The mean and standard devi-

ation of leukocyte counts were 0.04 ×106 per bag and 

0.02 ×106 per bag.  The maximum and minimum pH 

were 7.20 and 7.09.  The mean and standard deviation 

of pH were 7.15 and 0.03 and swirling scores were 5+. 

Table 2 shows LDPPC parameters after pathogen 

inactivation including volume, platelet counts, pH, swirling 

and bacterial screening.  The mean volumes on days 

2, 5 and 7 were the same.  The mean platelet counts 

on days 2, 5 and 7 decreased.  The mean pH on days 

2, 5 and 7 decreased.  Swirling scores were 5+ and 

bacterial screening test results were negative for all 7 

days of the study.

Table 1  Quality parameters of LDPPC before pathogen inactivation treatment: amotosalen-UVA light method

Parameters Min Max  ± SD

Volume (mL) 293.24 327.80 314.31±9.82

Platelet count (109/bag) 264.65 326.74 327.21±26.19

Red blood cell (106/bag) 0.02 0.06 0.03±0.01

Leukocyte count (106/bag) 0.03 0.11 0.04±0.02

pH 7.09 7.20 7.15±0.03

Swirling 5+

Table 2  Quality parameters of LDPPC after treatment with pathogen inactivation: amotosalen-UVA light method 

on day 2, day 5 and day 7.

Parameters

LDPPC with PI

Day 2 Day 5 Day 7

Min Max  ± SD Min Max  ± SD Min Max  ± SD

Volume (mL) 266.38 307.83 289.02±9.73 266.38 307.83 289.02±9.73 266.38 307.83 289.02±9.73

Platelet count (109/bag) 222.45 309.94 279.11±22.24 207.39 300.75 266.12±22.32 202.85 300.16 263.89±23.13

pH 6.97 7.10 7.04±0.03 7.16 7.35 7.26±0.04 6.95 7.24 7.13±0.07

Swirling 5+

Bacterial screening Negative
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Discussion

The platelets storage temperature was between 20-

24°C1 which is the optimal temperature for microbial 

growth, that’s making platelets more at risk of microbial 

contamination than other blood components.  In addition, 

data showed that in some countries the technology of 

pathogen inactivation are used in the manufacture of 

blood components.  This technology inhibits the growth 

of microbial organisms by damaging the nucleic acid of 

bacteria, inhibiting the division of microbial organisms. 

The advantage of using the pathogen inactivation sys-

tem is that it can also inactivate viruses and parasites, 

especially emerging pathogens that cannot be detected 

by current immunological or molecular screening 

assays.  Another advantage of pathogen inactivation is 

that it can inactivate viable lymphocytes and prevent 

transfusion-associated graft-versus-host diseases (TA-

GVHD) so it can substitute blood irradiation.  In this 

way, patients can use the product with greater safety13 

because the lead time to delivery of the product is much 

shorter than the bacterial culture methods currently 

used to detect microbial contamination of platelets in 

each bag, The National Blood Centre, Thai Red Cross 

Society has been performing pathogen inactivation in 

single donor platelets (SDP with PI) collected using an 

apheresis machine since 2017. 

When compared to other studies, Dr Helen New22 

studies validation of plasma and platelet pathogen 

inactivation.  The study found that after 7 days of 

storage the platelet counts, volume, pH and swirling 

were still within standard.  The researchers also studied 

additional parameter such as activation markers CD26P, 

LDH, glucose/lactate, ATP, function platelet, cytokines, 

chemokines, coagulation activation markers (FXIIa) and 

microvesicles to ensure that the quality remained good 

throughout the 7 days of storage.

Canadian Blood Services23 studies pooled pathogen- 

reduced platelets, manufactured from seven donor 

buffy coats, which are pooled together to create an 

individual double-dose unit that is then divided into two 

separate units.  In contrast, current untreated pooled 

platelets in plasma units.  While platelets are derived 
from seven donors (PPPT) than untreated pooled plate-
lets from four donors, the total volume of plasma in a 
unit of PPPT is less than the total volume of plasma in 
a unit of untreated pooled platelets.  This is because 
the PPPT product is pooled in PAS-E rather than male 
plasma (PAS-E: plasma ratio is approximately 60:40). 
the lower platelet yield, and differences in volume and 
mean platelet count, of PPPT compared to the untreated 
pooled platelet component.  The residual white blood 
cell count post-filtration in a double-dose unit of PPPT 
is 0.04±0.06 x106 cells/unit, which is comparable with 
the residual white blood cell count post-filtration in 
untreated pooled platelets in plasma (0.04±0.09 x106 
cells/unit).  Additionally, the few residual white blood 
cells in PPPT are inactivated by amotosalen - UVA 
light treatment.

From this study, all units before treated with patho-
gen inactivation were checked for leukocyte content 
and passed the standard criteria, with a small amount 
of red blood cells found.  The results on days 2, 5 and 
7 showed the average volume of LDPPC with PI on 
days 2, 5 and 7 was 289.02 mL, which had a standard 
value of 230-430 mL which was considered to pass the 
criteria.  The average platelet counts on days 2, 5 and 
7 was 240 ×109 per bag.  All criteria were met. LDPPC 
with PI showed normalized platelet counts throughout 
storage.  The swirling phenomenon was scored as 5+ 
throughout the storage period.  The pH on days 2, 5, 
and 7 was ≥ 6.4 which was the standard value.  All 
bacterial screening tests were negative throughout the 
storage period.

Statistical analysis compared LDPPC before pathogen 
inactivation with LDPPC after pathogen inactivation at 
day 7 to determine if LDPPC was of lower quality after 
pathogen inactivation.  It was found that platelet counts 
and pH had significantly decreased.  This is due to the 
fact that platelet death increases with shelf life.  How-
ever, the study showed that pH and platelet counts at 
day 7 are still able to pass the criteria, therefore, good 
quality LDPPC with PI can be delivered to patients at 
7 days of age.
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Conclusion

The quantitative study of LDPPC with PI showed 

that platelet count, pH, swirling and bacterial screen-

ing were all within standard values during the 7 days 

study period.  Pathogen inactivation may replace the 

current method of detecting microbial contamination 

in LDPPC by bacterial cultures in all bags.  Inactivation 

of pathogens achieves good standard LDPPC quality 

and shortens the waiting time before dispensing and 

increases patient safety.

References
1.	 De Korte D, Marcelis JH, Soeterboek AM.  Determination of the 

degree of bacterial contamination of whole blood collections 

using an automated microbe-detection system.  Transfusion. 

2001;41:815-8.

2.	 De Korte D, Marcelis JH, Verhoeven AJ, Soeterboek AM. 

Diversion of first blood volume results in a reduction of bacterial 

contamination of whole blood collection.  Vox Sang. 2002;83:13-6.

3.	 Soeterboek AM, Welle FHM, Marcelis JH.  Sterility testing of 

blood products in 1994/1995 by three cooperating blood banks 

in The Netherlands.  Vox Sang. 1997;72:61-2.

4.	 Kleinman S, Reed W, Stassinopoulos A.  A patient oriented 

risk benefit analysis of pathogen-inactivated blood components: 

application to apheresis platelets in the United States.  Trans-

fusion. 2013;53:1603-18.

5.	 McDonald CP.  Bacterial risk reduction though by improved donor 

arm disinfection, diversion and bacterial screening.  Transfus 

Med. 2006;16:381-96.

6.	 Wagner SJ.  Transfusion transmitted bacterial infection: risks 

sources and interventions.  Vox Sang. 2004;86:157-63.

7.	 Braine HG, Kickler TS, Charache P.  Bacterial sepsis secondary 

to platelet transfusion: an adverse effect of extended storage at 

room temperature.  Transfusion. 1986;26:391-3.

8.	 Mertens G, Muylle L, Goossens H.  Possible implication of sterile 

connecting device in contamination of pooled platelet concentrates. 

Transfus Sci. 1997;18:387-92.

9.	 Blajchman MA.  Bacterial contamination and proliferation during 

the storage of cellular blood products.  Vox Sang. 1998;74:155-9.

10.	 Goldman M, Blajchman MA.  Bacterial contamination. In: Popovsky 

M, editor.  Transfusion reaction.  2nd ed.  Bethesda, MD: Association 

for the Advancement of Blood & Biotherapies; 2001. p. 129-54.

11.	 Breacher ME, Holland PV, Pineda AA, Tegtmier GE, Yomtovian 

R.  Growth of bacteria in inoculated platelets implications for 

bacteria detection and extension of platelet storage.  Transfusion. 

2000;40:1308-12.

12.	 Blajchman MA, Beckers EAM, Dickmeiss E.  Bacterial detection 

of platelets: current problems and possible resolutions.  Transfus 

Med Rev.2005;19:259-72.

13.	 Bryant BJ, Klein HG.  Pathogen inactivation: the definitive safe-

guard for the blood supply.  Arch Pathol Lab Med. 2007;131:719-33.

14.	 Politis C, Kavallierou L, Hantziara S.  Quality and safety of fresh 

frozen plasma inactivated and leukoreduced with the Theraflex 

methylene blue system including the Blueflex filter: 5 years of 

experience.  Vox Sang. 2007;92:319-26.

15.	 Solheim BG, Seghatchain J.  Update on pathogen reduction 

technology for therapeutic plasma: an overview.  Transfus Apher 

Sci. 2006;35:83-90.

16.	 Amphonmaha P, Nathalang O.  Pathogen inactivation in blood 

donor plasma.  J Hematol Transfus Med. 2012;22:59-63.

17.	 Crowder LA, Steele WR, Stramer SL.  Infections disease screening. 

In: Cohn CS, Delaney M, Johnson ST, Katz LM, editors.  Technical 

manual.  20th ed.  Bethesda: Association for the Advancement of 

Blood & Biotherapies; 2020. p. 173-227.

18.	 Uchida S, Tadokoro K, Takahashi M, Yahagi H, Satake M, Juji 

T.  Analysis of 66 patients definitive with transfusion-associated 

graft versus host disease and the effect of universal irradiation 

of blood.  Transfus Med. 2013;23:416-22.

19.	 Ohto H, Anderson KC.  Survey of transfusion-associated graft 

versus host disease in immunocompetent recipients.  Transfus 

Med. 1996;10:31-43.

20.	 Council of Europe.  Guide to the preparation use and quality 

assurance of blood components.  17th ed.  European Directorate 

for the Quality of medicines and Health Care of the Council of 

Europe; 2013.

21.	 Council of Europe.  Guide to the preparation use and quality 

assurance of blood components.  19th ed.  European Directorate 

for the Quality of medicines and Health Care of the Council of 

Europe; 2017.

22.	 New HH H.  Joint United Kingdom (UK) Blood Transfusion and 

Tissue Transplantation Services Professional Advisory Committee. 

Validation of plasma and platelet pathogen inactivation.  Avali-

able from: https://www.transfusionguidelines.org/document-library/

documents/validation-of-plasma-and-platelet-pathogen-inactiva-

tion-march-2019-pdf. 

23.	 Canadian Blood Services.  pathogen reduced platelets (online). 

2022, Avaliable from: https://professionaleducation.blood.ca/en/

transfusion/clinical-guide/pathogen-reduced-platelets (10 Novem-

ber 2023).


