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Abstract:

Introduction: Single donor platelets (SDPs) contain approximately 300 mL of plasma. ABO antibodies in SDP 

may cause hemolysis if transfused to an ABO-incompatible recipient.  Currently, one-third of the plasma in SDP 

is replaced with platelet additive solution (PAS) to lower ABO antibodies.  Objective: We aimed to compare the 

ABO antibody titers in apheresis platelet donors and SDP-PAS.  Materials and Methods: Sixty platelet donors, 

20 each from groups O, A, and B, were enrolled. Anti-A and anti-B titers were measured using the automated  

column agglutination technique (CAT) at room temperature (RT) and anti-human globulin phases (AHG). 

Results: All 60 participants were male, aged 23-63 years.  The anti-A titers in donors ranged from 2 to 2,048, 

while the anti-B titers ranged from 4 to 8,192.  The titer > 256 was observed only in group O donors. The anti-A 

and anti-B titers in SDP-PAS ranged from 2-512 and 8-2,048, respectively.  The ABO titers in SDP-PAS were 

≤ 64 in 100% of groups A and B, and in 60% of group O.  Compared to the titers in donors, the titers of SDP-

PAS were significantly reduced by two titers on average (p < 0.001).  Conclusion:  There were group O platelet 

donors with an exceptionally high titer, all SDP-PAS groups A and B had a titer of 64 or lower.  Testing of ABO 

antibody titers in group O SDP-PAS is recommended to ensure transfusion safety.
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นิพนธต์น้ฉบบั

การศึกษาเปรยีบเทยีบระดบัเอบโีอแอนตบิอดีในผูบ้รจิาคเกลด็เลอืดและ
เกลด็เลอืดจากผูบ้รจิาครายเดียวที่ผสมน�้ำยาเลี้ยงเกลด็เลอืด
นงคนุ์ช  ชูดอกพฒุ1   ปารชิาต ิ เพิม่พกิลุ1   วมิล  ชนิสวา่งวฒันกลุ2 และ โกมล  หลวงตระกูล1

1ภาควชิาเวชศาสตรก์ารธนาคารเลอืด   2ภาควชิาพยาธวิทิยาคลนิิก คณะแพทยศาสตรศิ์รริาชพยาบาล มหาวทิยาลยัมหดิล

บทคดัย่อ

บทน�ำ เกลด็เลอืดของผูบ้ริจาครายเดียว (SDP) ประกอบดว้ยพลาสมาประมาณ 300 มลิลลิติร ABO แอนตบิอดีในเกลด็เลอืดของ

ผูบ้ริจาครายเดียว อาจทาํใหเ้มด็เลอืดแดงแตกหากนาํไปใหก้บัผูร้บัทีห่มูเ่ลอืด ABO เขา้กนัไมไ่ด ้ปจัจุบนัพลาสมาปริมาณ 1 ใน 3 

ของผูบ้ริจาครายเดียวถกูแทนทีด่ว้ยน�ำ้ยาเลี้ยงเกลด็เลอืด (PAS) เพือ่ลด ABO แอนตบิอดี  วตัถุประสงค ์ เพือ่เปรียบเทยีบระดบั 

ABO แอนตบิอดีในผูบ้ริจาคเกลด็เลอืด และเกลด็เลอืดจากผูบ้ริจาครายเดียวทีผ่สมน�ำ้ยาเลี้ยงเกลด็เลอืด (PAS)  วสัดุและวธิกีาร  

การศึกษาน้ีทาํในผูบ้ริจาคเกลด็เลอืดหมู ่O, A และ B จาํนวนหมูล่ะ 20 ราย โดยวดัค่า titers ของ anti-A และ anti-B ทีอ่ณุหภมูิ

หอ้ง (room temperature; RT) และ anti-human globulin (AHG) phase โดยวธิี column agglutination technique โดยใช ้

เครือ่งตรวจอตัโนมตั ิ ผลการศึกษา ผูเ้ขา้ร่วมวจิยัท ัง้หมด 60 คน เป็นชาย อายตุ ัง้แต่ 23-63 ปี anti-A titers ในผูบ้ริจาคเกลด็เลอืด

อยู่ระหวา่ง 2 ถงึ 2,048 ในขณะที ่anti-B titers อยู่ระหวา่ง 4 ถงึ 8,192  ค่า titer > 256 พบเฉพาะในผูบ้ริจาคเกลด็เลอืดหมู ่O 

anti-A titers และ anti-B titers ใน SDP-PAS มค่ีาต ัง้แต่ 2-512 และ 8-2,048 ตามลาํดบั สาํหรบั SDP-PAS หมู ่A และ B 

100% มค่ีา ABO titer ≤ 64 แต่ในหมู ่O มเีพยีง 60%  เมือ่เทยีบกบัผูบ้ริจาคเกลด็เลอืด เอบโีอแอนตบิอดีมกีารลดลงโดยเฉลีย่ 2 

titers และลดลงอย่างมนียัสาํคญั (p < 0.001)  สรุป  ผูบ้ริจาคเกลด็เลอืดหมู ่O บางรายมรีะดบั titer สูงมาก และ SDP-PAS หมู ่

A และ B ท ัง้หมดมรีะดบั แอนตบิอดี titer ≤ 64 แนะนาํใหท้าํการทดสอบ ABO แอนตบิอดี titer ในหมู ่O SDP-PAS เพือ่ความ

ปลอดภยัในการใหเ้กลด็เลอืด

ค�ำส �ำคญั :	l เกลด็เลอืดจากผูบ้ริจาครายเดียว  l ความแรงของแอนตเิอและแอนตบิ ี l วธิีคอลมันแ์อกกลูตเินช ัน่

			   l น�ำ้ยาเลี้ยงเกลด็เลอืด

วารสารโลหิตวิทยาและเวชศาสตร์บริการโลหิต. 2567;34:19-26.
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Introduction

ABO is the most important blood group system in 

clinical transfusion because of the presence of antigens 

on red blood cells and naturally occurring corresponding 

antibodies in serum or plasma.1-3  Platelets are transfused 

to treat bleeding or used prophylactically to prevent 

bleeding in thrombocytopenic patient.4  International 

guidelines recommend the transfusion of ABO-compatible 

platelets to achieve a good increment.  However, when 

ABO type-specific platelets are not available, transfu-

sion of different ABO types is an acceptable practice.5-6 

Transfusion of ABO-incompatible platelets leads to pas-

sive transfer of anti-A and/or anti-B antibodies, which 

may cause acute hemolytic transfusion reactions and/

or a positive direct antiglobulin test.7  Therefore, when 

ABO-incompatible platelet transfusion is unavoidable, 

it is recommended to select whole blood-derived plate-

lets that came from several donors to avoid the chance 

of transfusion of a high-titer ABO antibody from only 

one donor.  Because it is believed that the hemolytic 

transfusion reaction is related to the high ABO antibody 

titer.8  However, on many occasions, whole blood-derived 

platelets are unavailable.  The single donor platelets 

have to be issued for an ABO-incompatible transfusion 

instead.  Consequently, many blood banks must prepare 

their single donor platelets as safely as possible for 

ABO-incompatible transfusions.

Several approaches exist to reduce the risk of adverse 

reactions related to ABO-incompatible platelet trans-

fusions, such as reduction of plasma volume, washing 

the platelets, screening for low antibody titer donors, or 

use of platelets in platelet additive solutions (PAS).9-10  

The PAS replaces about 20-80% of the plasma volume 

in single donor platelets (SDPs), so the titer of isoag-

glutinin should be lessened.9  However, it is unknown 

how much the titer has diminished.  Moreover, whether 

the titer reduction is enough for safe ABO-incompa- 

tible platelet transfusion is still in doubt, especially for  

the products derived from high antibody titer donors. 

Therefore, determining the final antibody titer of single 

donor platelets in PAS and looking for the relationship 

between the ABO antibodies titers in donors and those 

in the SDP-PAS may be useful to guide the preparation 

of platelets that are safe for ABO-incompatible platelet 

transfusion. 

Nowadays, automatic analyzers are developed for 

immunohematology tests using the column agglutina-

tion technique (CAT), which provides a standardized 

test procedure to achieve reliable results.  They can be 

used to determine antibody titration using a validated, 

standardized protocol.  Fully automated systems can 

reduce errors in human operations and reading and result 

in accurate results, and reduce staff hand-on time.11-13

Materials and Methods

This study was approved by the Siriraj Institutional 

Review Board under number 627/2022.  Sixty apheresis 

platelet donors (20 donors of each blood group O, A, and 

B) were enrolled from September 7, 2022, to November 

7, 2022.  All apheresis platelet donors were qualified as 

guided by our national standards of blood banks and 

transfusion service.14  Apheresis platelet collection to 

achieve single donor platelets in platelet additive solu-

tion was done using a Trima Accel blood cell separator 

(Terumo BCT, Ltd., Lakewood, CO, USA) using an auto-

mated blood collection system tubing set (Terumo BCT, 

Ltd., Lakewood, CO, USA) according to manufacturer 

protocol.  We used platelet additive solution (T-PAS, 

Terumo BCT, Ltd., Lakewood, CO, USA) to achieve the 

ratio of plasma to platelet additive solution of 35:65.

EDTA blood samples were collected from the 

diversion pouch bag of the apheresis platelet bag.  The 

samples from the SDP-PAS were collected from the final 

product bag.  The titers of anti-A and anti-B antibodies 

were tested at both room temperature (RT) and anti- 

human globulin test (AHG) phases using CAT on a fully 

automated system (IH-500 Bio-Rad Laboratories Ltd., 

Cressier, Switzerland) according to the manufacturer’s 

protocol.  For room temperature (RT) anti-A and anti-B 

titers, we used 0.8% A1 and B cells (ID-Diacell ABO, 
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Bio-Rad Laboratories Ltd., Cressier, Switzerland) and 

the neutral cards (ID Card, Bio-Rad).  The anti-human 

globulin test (AHG) was tested on the LISS/Coombs 

card (anti-IgG, C3d; polyspecific cassette, Bio-Rad).  All 

tested procedures used an endpoint reaction of 1+.  In 

the case of samples that reached maximum titer by 

the automated system, we further diluted the patient 

samples and tested them manually with CAT using the 

same reagents to determine the final titers. 

Statistical analysis

The age distribution of apheresis platelet donors 

was assessed using descriptive statistical analysis.  The 

Wilcoxon signed-rank test was used to compare anti-A 

and/or anti-B titers in apheresis platelet donors and sin-

gle donor platelets in a platelet additive solution.  The 

p-values of less than 0.05 were considered significant. 

The software SPSS 21.0 was used for statistical analysis.

Results

All donors were male with a mean age of 46.06 (range 

23-63) years old.  The mean ages of the apheresis platelet 

donor groups (O, A, and B) donors were 46.10±11.06, 

45.65±8.69, and 44.45±11.10 years, respectively.  There 

was no statistical difference in age between blood donors 

in the three different groups (groups O vs. A, group O 

vs. B, and group A vs. B: p = 0.800, 0.143, and 0.920).

The distribution of anti-A and anti-B titers in aphere-

sis platelet donor groups O, A, and B that reacted at RT 

and AHG, as determined by CAT, is shown in Figure 

1. The results showed that AHG anti-A titers of groups 

O and B were significantly higher than RT titers (p = 

0.003 and p = 0.001).  In contrast, anti-B titers at AHG 

phase of groups O and A were not significantly different 

(p = 0.167 and p = 0.314).

ABO antibody titers in SDP-PAS

The distribution of anti-A and anti-B titers in SDP-

PAS of groups O, A, and B that reacted at RT and AHG 

by CAT is shown in Figure 2.  The results showed that 

the anti-A titers of groups O and B reacted at the AHG 

phase were higher than the RT titer (p = 0.001 and p = 

0.001).  Anti-B titers of SDP-PAS groups O and A at AHG 

were not significantly different (p = 0.712 and 0.301).

ABO antibody titers in SDP-PAS were significantly 

reduced compared to the titers in blood donors. Twelve 

of the 20 group O SDP-PAS (60%) and all groups A and 

B SDP-PAS had ABO titers ≤ 64.  In eight groups O 

SDP-PAS with ABO antibodies ≥ 128, five units had 

high AHG anti-B titers (titers 128, 128, 128,  512, and 

2,048), two units had high AHG anti-A titers of 128 

and the last unit had RT and AHG anti-A titer 128 and 

512, respectively. 

Comparison of ABO antibody titers determined by CAT 

in apheresis platelet donors and single donor platelet 

in PAS (SDP-PAS)

Both anti-A and anti-B titers reacted at RT and 

AHG in the SDP-PAS, which showed a significant de-

crease compared to those in apheresis platelet donors 

(p < 0.001).  A comparison of ABO antibody titers in 

blood donors and SDP-PAS in blood groups O, A, and 

B by CAT is shown in Table 1.  The reduction of ABO 

antibody titers in SDP-PAS compared with that in the 

donors was about twofold.

Discussion

This study demonstrated the ABO antibody titer in 

apheresis platelet donors compared with single donor 

platelets in platelet additive solution in the same donor 

by measuring anti-A and anti-B titers by CAT.  The 

result showed that individual apheresis platelet donors 

had different levels of antibody titers.  Some apheresis 

platelet donors had very high antibody titers, as found 

in group O apheresis platelet donors with an anti-B 

titer of 8,192, while in SDP-PAS collected from the same 

donor, the anti-B titer was 2,048.  Therefore, we have 

retested antibody titers in the same apheresis platelet 

donor, which still have a high titer of 8,192.  However, 

SDP-PAS in blood groups O, A, and B had a significant 

reduction of the anti-A titers and anti-B titers compared 

to apheresis platelet donors.
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Figure 1  Distribution of the ABO antibody titers in apheresis platelet donors determined by CAT

Figure 2  Distribution of the ABO antibody titers in SDP-PAS determined by CAT
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There were studies about ABO antibodies in Thai 

blood donors by Mavichak et al. that reported the anti-B 

titer (4-1,024) to be slightly higher than the anti-A titer 

(4-512).  The titer range of anti-A and anti-B was 4-512 

and 4-1,024, respectively.15  Khampanon K, et al. reported 

that the IgM anti-A and anti-B titers in blood group O 

donors range from 8 to 1,024.16  They reported an ABO 

antibody titer slightly different than ours.  Our study 

included only a small number of participants (n = 60) and 

we included all blood groups, not only group O. When 

analyzing only group O at RT, the ABO antibody titer 

is closer to the reported results.  The other study from 

Gayathiri KC, et al. reported comparable titers for IgM 

only and reported an ABO antibody titer similar to our 

result.  The median ABO antibody titers in apheresis 

platelets suspended in PAS were lower than in apheresis 

platelets suspended in plasma, similar to our results.17 

Tendulkar AA, et al. studied anti-A and anti-B titers 

in group O platelet donors.  They reported a high ABO 

antibody titer in group O platelet donors (anti-B titer of 

2,048).18  When analyzing only group O, the anti-A titer 

and anti-B titer are closer to the report of our results.

On the other hand, Bazigou F, et al. studied group O 

apheresis donors by evaluating anti-A and anti-B titers. 

They reported that anti-A titers were in the range of 

2-1,024 (median titer: 64), while anti-B titers were in 

the range of 2-256 (median titer: 32).19  When analyzing 

only group O apheresis donors, their results are different 

than ours.

Due to the fact that apheresis platelets are collected 

from only one donor, if the donors had high ABO titers, 

the platelet product may also have a high ABO antibody 

titer. With current technology which replaces part of the 

plasma in platelets with PAS, the ABO titers in SDP-

PAS would not be as high.  Our data confirmed the low 

titer ABO antibodies in all tested group A and group 

B SDP-PAS platelets, which ABO antibodies lower by 

about two fold from the donors’ titer.  However, we found 

one group O platelet donor who had an exceptionally 

high AHG anti-B titer of 8,192, and the SDP-PAS from 

this donor had an AHG anti-B titer of 2,048.  Besides 

this, of the 20 group O SDP-PAS tested, 8 (40%) of the 

SDP-PAS had an ABO titer of 128 or higher.

There was no consensus about the critical ABO 

titers in platelet products.20  But there were reported 

cases of hemolysis and fatalities after transfusion with 

high-titer single donor platelets from US21 before the era 

of using PAS; however, after using PAS, there was a 

report that high ABO antibody titers in plasma might 

lead to hemolysis in the recipient.  The ABO antibody 

Table 1  Comparison of ABO antibody titers between apheresis platelet donors and SDP-PAS in blood groups 

O, A, and B by CAT

Blood group antibody Donor / platelet
Antibody titers at

RT phase AHG phase

Median (IQR) Range Median (IQR) Range

O, anti-A Donor 32 (16,32) 4-256 256 (128,256) 32-2048

SDP-PAS 8 (4,8) 1-6 4 64 (32,128) 8-128

B, anti-A Donor 8 (8,16) 1-32 32 (16,64) 2-128

SDP-PAS 4 (2,4) 1-8 8 (4,16) 1-32

O, anti-B Donor	 32 (16,64) 8-256 256 (128,512) 16-8192

SDP-PAS 8 (4,16) 2-64 64 (32,128) 8-2048

A, anti-B Donor	 16 (8,64) 2-128 32 (16,64) 2-128

SDP-PAS 4 (2,8) 1-32 8 (4,16) 1-32

AHG = antihuman globulin;  IQR = interquartile range;  RT = room temperature;  SDP-PAS = single donor platelets with 
platelet additive solution
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titers that should be considered to have high risk for 

hemolytic reaction can be as low as 128 as found in 

reported cases from the US FDA.21  In other references, 

ABO RT titer exceed 100 and AHG titer exceed 400 were 

considered to have high risk for hemolytic reaction22 

and from this criteria, our 3 units of SDP-PAS group 

O had high risk for hemolytic reaction too (one SDP-

PAS had both RT anti-B titer of 128 and AHG anti-B 

512, other two SDP-PAS had AHG anti-A titer 512 and 

2,048).  Therefore, we recommended that the SDP-PAS 

be tested for ABO antibody titers if the products will be 

transfused to ABO-incompatible recipients.  Our results 

correlated with the other studies.23

Conclusion

Antibodies in blood donors varied among individuals. 

We tested only a limited number of donors’ blood, but 

we found unexpectedly high anti-B at AHG phases (titer 

of 8,192) in blood group O donors, while SDP-PAS from 

the same donor still had a high titer of 2,048. The ABO 

antibody titer in the SDP-PAS platelet product was 

significantly reduced from the titer in blood donors. All 

group A and B SDP-PAS ABO titers were < 64, however, 

the ABO titer in 40% of SDP-PAS group O were ≥ 128. 

We encourage blood centers to use PAS to reduce ABO 

antibody titers in single donor platelet products and 

measure ABO antibodies titer in group O SDP-PAS to 

identify the SDP-PAS unit with a high titer and avoid 

transfusing to an ABO incompatible recipient.
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