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Abstract:
Introduction: ABO antibodies may cause severe hemolytic transfusion reactions in ABO-incompatible recipients
of whole blood and platelets. Objective: To study the ABO antibody titers of groups O, A, and B blood donors
and their pooled leukocyte-poor platelet concentrates (LPPC) in platelet additive solution (PAS), the association
of ABO antibody titer and hemolytic-inducing ability, and the prevalence of “low antibody titer” group O blood
donors at Siriraj Hospital. Materials and Methods: One hundred blood donors from each group (O, A, and B) were
enrolled. ABO antibody at room temperature (RT) and anti-human globulin (AHG) phases of donors and LPPC
were assessed and compared. Hemolytic-inducing ability of donor serum was also evaluated. Results: In donors,
anti-A and anti-B titers ranged from 4-1,024 and 4-2,048, respectively. In LPPC, anti-A and anti-B titers ranged
from 4-128 and 8-256, respectively. The titers in LPPCs were significantly different from their maximum donors’
titer (p < 0.001). Hemolysin was positive in 98%, 83%, and 69% of group O, A, and B donors, respectively. The
positive hemolysin had higher RT/AHG anti-A and anti-B titers than the negative group (p < 0.001). Conclusion:
ABO antibody titer < 128 was observed in 22% of group O blood donors, but 98% had positive hemolysin. Eighty-
five percent of LPPC from these donors had ABO antibodies titer < 128. Twenty percent of group O LPPC had
titer > 128. Testing for hemolysin in universal group O whole blood donors and assessing ABO antibody titers
in LPPC may increase the transfusion safety of ABO incompatible recipients.
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@ Platelet additive solution (PAS)
J Hematol Transfus Med. 2024;34:81-9.

Received 22 November 2023 Corrected 10 December 2023 Accepted 18 December 2023
Correspondence should be addressed to Wimol Chinswangwatanakul, Department of Clinical Pathology, Faculty of Medicine Siriraj Hospital,

Mahidol University, Mahidol University, 2 Wanglang Rd., Siriraj, Bangkok-Noi, Bangkok 10700 Tel +66 817519517 E-mail; wimol.chi@mahidol.edu

J Hematol Transfus Med Vol 34 No. 2 April-June 2024



82 Duangtida Promlee, et al.

Inusauaiy

ABO Ltam‘uaﬂvlmL@\asu,aquvlamu‘luwmmﬂImwu O, A La% B Wag
ef,uwamzwnmamaamu@iwmﬂmmLaa@mﬂmﬂauuasmwam

o LSIneNLNaAsaY

agsen W 1Ad WnAna' Ane Fuahelaung’ ey Inua vieeasea’
NAANNTFNEASNITWIANTADN  ZMAANNENTINENAETIN ADAUNEFNERSAaT TN NAnenatnfing

unAea
umsir ABO uowdvadoraibidadaaunaumnaehopuss hugfsidoauasndaidansiony ABO Sagulszaee iadnm

4611 ABO uaufiuadivasgisnelafions O, A uas B unundaidansiiarisgaididadenmathuilowios (LPPC) posi
FUs Tz INTTAL ABO uawiiuaduazannasnsn lunnazelildndamuaman Lgagmwzmﬁﬂmﬁi/%a7@[@%"@7%@' 0
fidedunanduaden filamennafsny JaauazIsms Ussdusea ABO uoAuadTigmndias (RT) unzuaudiaa-
wulnydwns (AHG) lugfiSmeladiany 0, A uaz B wijay 100 1 wiauideurly LPPC uazaawawisalums
nsesiuliidaidonunsunnaaedsigiSan namsAng wu anti-A uae anti-B loumaslugltSainaesenin 4-1,024 uae
4-2,048 ewaes §aulu LPPC loumasag/ssning 4-128 uae 8-256 mNaIeil seebuanfiuadiu LPPC shvainseeiggn
lugfi 5010909 LPPC qou@as/nﬁu”yﬁm”zy (b < 0.001) wudluladuan 98%, 83% uay 69% lugfisnavs O, A uas B
mNETAL NgNLINdlsest RT/AHG anti-A U anti-B gunainguay (p < 0.001) a5yl soeay 22 vevgisialaiians O
fazsuuauduadlmeas < 128 ustsosas 98 G5l ladudluian Jaeas 85 189 LPPC anghAmamanidiasiuaudued
loumas’ < 128 20% 999 LPPC myf O Sseemandvadlmmes > 128 mensradluaguludanasusmny O uay sza
ABO uaufiuaélu LPPC g O a7%77%’)&/@7/‘\75/@0mﬂaam"@?umﬂwﬁam’wmj

MEARY : @ TDMINAFDUULLNADANANNNINTITIY @ indadoniiamasgiddadanmudoumioe

® shenidandnidon
asnslaiininemasiagemansyinisladia. 2567;34:61-9.

J Hematol Transfus Med Vol. 34 No. 2 April-June 2024



ABO antibody titers in blood donors and LPPC 83

Introduction

ABO antibodies are unique in that they are naturally
occurring in each individual according to ABO blood type
and are very important to determine safe transfusion.
ABO antibodies can cause severe hemolysis or even
fatal transfusion reaction if each individual is transfused
with ABO-incompatible red cells or plasma’. This is
why every transfusion of red cells and plasma-containing
blood products must be selected based on the ABO
blood group of the patient and the products. Currently,
with the progress of blood component production, it is
safe to transfuse ABO-compatible red cells. However,
to transfuse ABO non-identical whole blood, the blood
bank needs to check the ABO antibody titers in the
plasma of whole blood”.

At present, the ABO antibody titers are tested in
many clinical practices such as ABO incompatible
kidney transplantation, emergency transfusion of low-
titer group O whole blood (LTOWB), and transfusion of
incompatible platelets. All of these applications had
different ABO antibodies level that were defined as “low
titer”. For example, in kidney transplant, low titer was
defined as < 512° while for the use of whole blood, the
titer in LTOWB varied from 50 to 200°. In addition, the
low titer for platelet transfusion was defined as < 64°.
This is why we are interested in testing ABO antibody
titers in our blood donors and pooled platelet products.

For platelet transfusion, the platelet products originally
contained a considerable amount of plasma, so the ABO
antibodies in platelets can cause hemolysis in the recipient.
Therefore, the ideal transfusion is ABO-identical platelet.
There were reports of fatal cases after transfusion of
ABO incompatible plasma which was related to high
titer ABO antibodies’. However, in large hospitals with
high demand for platelet transfusion to support surgery,
hematologic patients, trauma, and massive transfusion,
the need to transfuse ABO incompatible platelets is not

uncommon. Platelet products can be produced by two

major methods. First is the separation of platelets from
donated whole blood and pooled the platelets from four
to six donors to achieve one adult therapeutic dose.
The other is the selective collection of platelets from one
donor using an automated blood cell separator. Both
types of products contain a large amount of plasma.
The difference is the plasma of single donor platelet
products come from only one donor, while that of whole
blood-derived platelets come from several donors so the
risk of having high final antibody titer is lower’. This
is important because the hemolytic-inducing ability
of antibodies is believed to be associated with high
antibody titer’. Recently, the plasma in pooled platelet
product is partly (20-80%) replaced with platelet additive
solution therefore the ABO antibody titers should further
be reduced’. The LPPC is the main platelet product
used at Siriraj Hospital and in 2023, all the LPPCs at
Siriraj Hospital were produced by replacing two-thirds
of the plasma volume with platelet additive solution
to reduce the antibody titers and better preserve the
platelets. However, whether the final antibody level is
lowered enough for a safe transfusion is unknown. It is
interesting to explore the final ABO antibody titer in an
LPPC unit. Moreover, examining how the final antibody
level in LPPC related to the original antibody levels of
the 4 donors is noteworthy. In the past, hemolytic-
inducing activity or hemolysin was checked prior to the
release of group O whole blood for transfusion to the
different ABO group recipients. Later, this test is rarely
performed in concordance with less whole blood issued
from blood bank for transfusion purposes. However, the
use of low-titer group O whole blood recently become
convincingg. Therefore, besides the antibody titers in
both donors and LPPC, the hemolytic-inducing ability of
antibodies and its association with the antibody titer was
also analyzed in this study. The incidence or possible
number of whole blood group O with low titers among

the donors of Siriraj Hospital was evaluated.
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Materials and Methods

This study was approved by the Institutional Review
Board, Faculty of Medicine, Siriraj Hospital, Mahidol
University (653/2022). A total of 300 healthy donors
were included in this study, including 100 donors with
each blood group (A, B, and O) aged from 18-66 years
old were consented and enrolled from September to
December 2022 at Siriraj Hospital Blood Donation Center.
EDTA and clotted blood samples were collected from the
diversion pouch of the blood donation set. The whole
blood was separated into blood components by the
standard protocol of a top-bottom bag system (Teruflex,
Terumo BCT. Ltd., Lakewood, Colorado, USA) using an
automated presser. The four buffy coats from the same
ABO group were pooled together and platelet additive
solution (T-PAS, Terumo BCT. Ltd., Lakewood, Colorado,
USA) was added before centrifugation to separate the
platelet from the white blood cells. These final products
were LPPC-PAS or so-called LPPC and the samples
from the final products were collected from integrating
segments without compromising the closed system of
the product. The specified sample sizes were employed
for both donors and LPPC for this current pilot study.
We included only 20 LPPCs produced from 80 donors
in each group because some whole blood donations
may not qualify for platelet production, for example, if
the collection time exceeds 12 minutes or if there are
positive infectious markers. Twenty LPPC of each group
(O, A and B) were utilized in this study. ABO antibody
titers were determined by the conventional tube test as
described in Association for the Advancement of Blood
& Biotherapies (AABB) technical manual®. The standard
A1 cells and B cells from the National Blood Centre, Thai
Red Cross Society (The National Blood Centre, Thai
Red Cross Society, Bangkok, Thailand) were used in
this study. The endpoint of the reaction was 1+. The
hemolytic-inducing activity or hemolysin of serum from
each donor was tested by incubation of fresh serum
with standard A1 cells or B cells at 37 degrees Celsius

and observed for hemolysis''. For statistical analysis,
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descriptive statistics were used for demographic data
analysis and Mann Whitney non-parametric test were
used for the comparison of ABO antibody titers and
hemolysins, while the Chi-Square test was used for
comparison of ABO antibody titer between the blood
donors and LPPC.

Results

There were 198 males and 102 females, with an
average age of 39.44 years ranged from 18 to 66 years.
The mean ages in groups O, A, and B participants were
40.02+11.59, 38.18+11.24, and 40.13+12.06 years, respec-
tively. The difference in mean age of participants had
no statistical significance among donors of the O, A,
and B blood groups (groups O and A; p = 0.947, group
O and B; p = 0.239, and groups A and B; p = 0.258).

The distribution of ABO antibody titers in blood
donors reacting at RT and AHG phases were shown
in Figure 1. The anti-A titers of group O at RT and
AHG phases were statistically different from those in
group B (RT p = 0.046 in Figure 1A, AHG p = 0.000
in Figure 1B). However, anti-B titer of group O was
statistically different from group A only at the AHG
phase (p = 0.000 in Figure 1D) but not at the RT phase
(p = 0.241 in Figure 1C). The highest RT and AHG
anti-A titers were 1,024 in group O and 2,048 in group
B donors, respectively. While the highest RT and AHG
anti-B titers were 2,048 in group A and 2,048 in group
O, respectively. Comparison of anti-A and anti-B titers
at both RT and AHG phases of the donors group O, A,
and B were demonstrated in Table 1. In group A and
B donors, the median of RT antibody titers was higher
than AHG antibody titers (128 vs. 32, RT vs. AHG for
group A, 32 vs. 16, RT vs. AHG for group B). Only two
group A donors had AHG anti-B higher than RT anti-B
titer and six group B donors had AHG anti-A higher
than RT anti-A titer. However, the finding of group O
donor was completely different. A significant number
of group O donors had AHG titer higher than RT (64 vs.
128: RT vs. AHG). Forty five of group O donors had AHG
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Figure 1 Distribution of ABO antibody titers in groups O, A, and B donors; (1A): RT anti-A in blood group B vs.
O, (1B): AHG anti-A in blood group B vs. O, (1C): RT anti-B in blood group A vs. O, (1D): AHG anti-B in blood

group A vs. O

Table 1 Comparison of ABO antibody titers between groups O, A, and B (n = 100 for each blood group donor)

Antibody Min-Max Median (IQR) Min-Max Median (IQR) p-value
Group O Group A
RT anti-B 8-2,048 64 (32-128) 8-1,024 128 (32-256) 0.241
AHG anti-B 4-1,024 128 (32-256) 4-2,048 32 (16-128) 0.000
Group O Group B
RT anti-A 8-1,024 64 (32-128) 4-512 32 (16-128) 0.046
AHG anti-A 4-1,024 128 (16-256) 4-2,048 16 (8-64) 0.000

RT = room temperature; AHG = anti-human globulin; IOR = interquartile range
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anti-B titer higher than RT anti-B titer while 37 group
O donors had AHG anti-A titer higher than RT anti-A
titer. Groups A and B had a good correlation between
RT and AHG antibody titers (r = 0.863 for group A,
r = 0.720 for group B) but there was a weak correlation
between ABO antibody titers at RT and AHG phase for
group O (r = 0.316 anti-B, r = 0.348 anti-A).

The frequency of blood donors in group O with
anti-A and anti-B titers lower than 256, 128, 64, and
32 was 48%, 22%, 10% and 3%, respectively, as shown
in Table 2. The ABO antibody titers at both RT and
AHG phase in LPPC ranged from 4 to 266. They were
demonstrated and compared in Table 3. The ABO
antibody titers more than 64 were observed in 4 group
O LPPCs, including 3 donors with a titer of 128 and 1
donor with a titer of 256 and in 1 group A LPPC (RT

anti-B =128). Overall, the group A, B, and O LPPCs
with ABO antibody titers more than 64 were observed
in 5 LPPCs from a total of 60 LPPCs (8.33%). Table 4
summarized the distribution of ABO antibody titers in
the tested LPPC products.

The hemolysin test was positive in 98 from 100 group
O donor serum. The two negative hemolysin group O
donors were both female (aged 53 and 51 years). The
first case had RT and AHG anti-A titers at 8 and 16,
respectively, while those of anti-B titers were 16 and
16, respectively. The second case had RT and AHG
anti-A titers at 16 and 16, respectively, whereas those
of anti-B titers were 64 and 64, respectively. Among
group A and B donors, hemolysins were positive in 83%
and 69%, respectively. Comparison of ABO antibody

titers and hemolysins was shown in Table 5.

Table 2 Frequency of the low titer anti-A and anti-B in blood donor group O (n = 100)

Antibody Titer < 256 (%) Titer < 128 (%) Titer < 64 (%) Titer < 32 (%)
RT anti-A 83 63 43 22
RT anti-B 82 57 28 7
AHG anti-A 64 46 35 26
AHG anti-B 67 46 26 10
RT and AHG anti-A 60 43 29 16
RT and AHG anti-B 62 37 14 4
RT and AHG anti-A and anti-B 48 22 10 3

RT = room temperature; AHG = anti-human globulin; IQR = interquartile range

Table 3 ABO antibody titers in LPPCs

Antibody titer

Antibody Blood group
Min-Max Median (IQR) p-value
RT anti-A 0 8-64 32 (16-64)
0.006
B 4-64 16 (12-24)
AHG anti-A 0 16-128 32 (32-64)
0.000
B 4-32 12 (6-16)
RT anti-B 0 8-128 32 (16-48)
0.964
A 8-128 32 (16-48)
AHG anti-B 0 16-256 32 (16-64)
0.019
A 8-64 16 (8-24)

RT = room temperature; AHG = anti-human globulin; IQR = interquartile range
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Table 4 Frequency of LPPCs group O, A, and B at different ABO antibody phases and titers

Group O (n = 20)

Group O (n = 20)

Group B (n = 20) Group A (n = 20)

et Anti-A RT Anti-A AHG  Anti-B RT Anti-B AHG  Anti-A RT Anti-A AHG  Anti-B RT Anti-B AHG
4 0 0 0 0 1 5 0 0
8 3 0 1 4 5 2 9
16 4 4 6 7 10 8 4 6
32 6 8 8 4 4 2 9 2
64 7 5 4 7 1 0 4 3
128 0 3 1 1 0 0 1 0
256 0 0 0 1 0 0 0 0
RT = room temperature; AHG = anti-human globulin
Table 5 Comparison of ABO antibody titers and hemolysins in donor groups A and B
Group Antibody reaction Hemolysin positive Hemolysin negative p-value
phase median (IQR) median (IQR)
A RT anti-B 128 (64-256) 32 (16-64) 0.007
AHG anti-B 64 (32-128) 8 (8-32) 0.022
B RT anti-A 64 (32-128) 16 (8-32) 0.000
AHG anti-A 16 (16-64) 8 (4-16) 0.082

RT = room temperature; AHG = anti-human globulin; IOR = interquartile range

Discussion

We studied RT and AHG anti-A and anti-B titers, and
hemolysins in individual donor and ABO antibodies in
pooled leukocyte-poor platelet concentrates that were
produced from these donors. The ABO antibody titers
in blood donors varied from 4-2,048. The hemolysins
were positive in 98% of group O donors, 83% of group
A and 69% of group B donors. ABO antibody titers in
LPPCs were significantly lower than that in blood donors.

Mavichak W et al”® studied the room temperature
reacting antibodies in 100 group O blood donors and
they found that the anti-B was higher than the anti-A
which was consistent with our finding (Table 1). The
maximum titer of RT anti-A in our study was only one-
fold higher than Mavichak et al study (1,024 vs. 512)".
However, we found that most of our median titers of
donors group O, A and B revealed one titer lower than
the results from Onpuns S, et al. except for RT anti-B
in group A. The median titers of anti-A and anti-B in

group O in our study and Onpuns study was higher

than the titer in group A or B*. Mavichak et al reported
only RT titer anti-A and anti-B < 64 in 84% and 73%
of group O donors, respectively”’, which is a higher
number than our study (43% of RT titer anti-A and
28% RT titer anti-B). The study conducted by Park ES,
et al. in Korea revealed lower titers for both RT and AHG
anti-A and anti-B compared to ours. In Park ES, et al.’s
study, the median titer ranged from 8 to 32, whereas in
our study, the median titer ranged from 16 to 128. The
difference in antibody titer among these works may be
a result of the different ethnicity and population that
was included in the studies™. In the present study,
group O exhibited significantly higher reactivity of ABO
antibodies at both RT and AHG compared to group B.
The highest ABO antibody titer (2,048) was observed in
group O (AHG anti-B), group A (RT anti-B) and group
B (AHG anti-A). The incidence of low-titer group O
(< 128) was observed in 22% and if we looked for an

ABO titer less than 64, this was presented in 10%. The

latter frequency was fairly similar to the findings in

J Hematol Transfus Med Vol 34 No. 2 April-June 2024



88 Duangtida Promlee, et al.

the United States by Zielinski M, et al. and Seheult J,
et al. that reported the frequencies of group O low-titer
donors (< 100) as 8% and 10%, respectively™".

There were limited studies about hemolysins in blood
donors. Khampanon, et al.” studied 300 group O blood
donors and found that only 69% of them had positive
hemolysins. Moreover, 34% of them were hemolysin
positive of both anti-A and anti-B. Interestingly, in our
study, 98% of our group O donor had hemolysin positive
which was much more than Khampanon finding. For
group A and B donors, the hemolysin was positive in
83% and 69%, respectively. When correlating the result
of hemolysins with the ABO antibody titers, it was dis-
covered that the negative hemolysins group had lower
ABO titers than the positive group. This was agreed
with the finding from Bastos EP, et al'"". Therefore, the
idea of association between hemolytic-inducing ability
of antibodies and the high antibody titers is confirmed.
Nevertheless, we detected positive hemolysin in donors
from groups A and B, even with RT titers as low as 8
and AHG titers as low as 4. Consequently, it is inferred
that there are additional factors influencing hemolysis
beyond ABO titers. Since the positive hemolysin test may
cause hemolysis, it should be included in the high-titer
group regardless of the antibody level. So, we suggest
that for safe ABO minor incompatible blood transfusion,
hemolysin test should be performed. In addition, the
fact that hemolysin positive might not be relevant the
intensity of antibody titer supports the idea that the
hemolysin test may be useful to identify the suitable
group O whole blood.

There is no consensus about the ABO antibody
titer that was safe for transfusion of ABO incompatible
platelets. However, there were some reports about
hemolysis after transfusion of ABO incompatible pooled
platelets. One of those had investigated the antibody
titer and revealed the very high anti-A at 37°C in both
donor (4,096) and platelet product (2,048)"°. The other
reports of acute hemolysis in recipients who received

single donor platelets with anti-A and anti-B titer of
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128°. So, the blood center must be very careful when
allowing the transfusion of ABO incompatible platelets.
For this choice of platelet transfusion, the situation
must be reasonably urgent and the products should
be tested to safeguard against over-hemolysis. In our
LPPC production process, such a small number of pooled
platelets that had ABO antibodies titer exceeding 128
were obtained. Group O LPPC has higher anti-A, and
anti-B titers than groups A and B. There was no available
data to compare ABO antibody titer in LPPC because
even regular LPPC (without PAS) was considered safe
for transfusion to ABO incompatible recipient. However,
we still recommended that the group O LPPC may be
tested for target ABO antibodies titer to ensure the

safety of platelet transfusion.

Conclusion

ABO antibodies in blood donors varied from 4 to
2,048 in our study. There was no consensus definition
for low-titer of whole blood and platelets. However,
to provide safe blood for transfusion, the blood center
needs to be very careful about how to determine the low
ABO titer and decides about the safest practice which
is feasible for our donors and our platelet products. In
addition, hemolysin test may be useful for identifying
the suitable group O whole blood as a universal group
O low-titer for every ABO recipient. In our study, the
qualified group O low titer may be as low as 2%. For
platelet transfusion, adding PAS to LPPC results in a
lower ABO antibodies titer, however, 20% of LPPC group
O in PAS still had ABO antibodies exceeding 128. We
recommend testing at least for the target ABO titer for
group O platelets which will be used for ABO-incom-
patible recipients to avoid hemolysis. However, both of
our suggestions for the purpose of possible hemolysis
risk reduction in testing hemolysin for suitable LTOWB
and antibody titer for group O LPPC derived from only
in vitro study. The consequence in recipients has
not been monitored. Therefore, to prove whether our
recommendations are worth to follow, the future in vivo

study should be investigated.
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