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Development of Cryopreserved Red Blood Cell Panels for
Verifying ABO and D Blood Grouping Reagents

Sungwook Song', Jonghyeon Choi', Sinyoung Kim', Hyun Ok Kim',
Hyekyoung Min®, Jaeok Kim?, Won Shin®

Department of Laboratory Medicine, Yonsei University College of Medicine',
Biological In Vitro Diagnostics Division Team, Korea Food and Drug Administrazionz, Seoul, Korea

Background: ABO blood grouping reagent verification is essential to ascertain safe blood transfusions. However,
the research use of donated blood products has been hampered in Korea by the blood transfusion law and
management policies. In this study, we developed cryopreserved red blood cell (RBC) panels utilizing the high
glycerol method to verify the ABO and D blood grouping reagents. In addition, we evaluated the stability of
ABO and D antigenicity.

Methods: Fresh blood was frozen by the high glycerol method, aliquoted and cryopreserved in 2 mL cryotubes.
Twenty-four vials of bloods with types A (n=5), B (n=5), AB (n=4) and O (n=10) for ABO RBC panels, and
eleven vials of blood types D positive (n=5), D negative (n=5) and D weak (n=1) for D RBC panels were
established. Potency, avidity and specificity tests were carried out with four different commercial ABO and
D blood grouping reagents.

Results: The potency of cryopreserved RBCs after thawing showed no statistical difference compared with
pre-freezing RBCs. Avidity time measurements were 5 seconds in ABO blood and 20 seconds in D positive
blood. Specificity test uniformly showed 100% specificity. When thawed RBCs were stored at 4°C for 7 days,
the potency test measured at intervals of 2 days showed no variation.

Conclusion: Cryopreserved RBC panels produced by the high glycerol method showed excellent results in
stability test with reagents produced by manufacturers in Korea. Therefore, these panels can be utilized as a
reliable method of verifying blood grouping reagents. (Korean J Blood Transfus 2009;20:46-54)

Key words: Blood grouping reagent, High glycerol method, Cryopreserved red blood cell
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Table 1. Titers of anti-A rteagents with 2% saline suspended

Pre-freezing (N=9)
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fresh and post-thawing red cells

Post-thawing (N=9)

Manufacturers P-value*
Median (Range) Median (Range)
A 1,024 (512~2,048) 1,024 (1,024 ~2,048) 1.0
B 1,024 (512~1,024) 1,024 (512~1,024) 0.5
C 512 (512~1,024) 1,024 (512~1,024) 0.75
D 1,024 (1,024 ~2,048) 1,024 (1,024 ~2,048) 0.5

*P-value of more than 0.05 was not considered as statistically significant difference by Wilcoxon signed rank test.

Table 2. Titers of anti-B reagents with 2% saline suspended fresh and post-thawing red cells

Pre-freezing (N=9)

Post-thawing (N=9)

Manufacturers P-value*
Median (Range) Median (Range)
A 2,048 (1,024 ~2,048) 2,048 (1,024 ~2,048) 1.0
B 512 (512~1,024) 512 (512~1,024) 1.0
C 1,024 (512~1,024) 1,024 (512~1,024) 0.5
D 2,048 (1,024 ~4,096) 2,048 (1,024 ~2,048) 0.5

*See Table 1.
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Table 3. Titers of anti-D reagents with 2% saline suspended fresh and post-thawing red cells

Pre-freezing (N=5) Post-thawing (N=5)
Manufacturers P-value*
Median (Range) Median (Range)
A 256 (128 ~256) 256 (128) 0.5
B 128 (64 ~256) 128 (64 ~256) 0.5
C 128 (128) 128 (128 ~256) 1.0
D 64 (128) 128 (128) 0.06

*See Table 1.

Table 4. Avidity time of thawing RBCs by the slide test

Manufacturers
Reagent Thawing RBCs
A B C D
Anti-A A (N=5) 4.612.6 3.2+1.8 6.5+3.2 5.6+1.5
AB (N=4) 5.5+1.7 2.8+1.2 7.342.1 5.6x1.4
Anti-B B (N=5) 6.9+2.8 3.141.1 53114 5.5¢1.5
AB (N=4) 7.9+2.8 3.242.0 6.3£1.6 6.1+x1.3
Anti-D D positive (N=5) 8.0 5.844.8 9.6£3.5 23.6+2.4

Avidity time (seconds) was expressed as a meanztstandard deviation value.
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Cryopreserved RBC Panels for ABO and D Blood Grouping Reagents
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Fig. 1. The antigenicity variations of frozen RBCs
between pre-freezing and post-thawing during 7 days.

(A) A antigen, (B) B antigen, (C) D antigen.

=
'rr'_l_‘?_‘

O

)
o
ofo
ol
ol
ol
oL
to S W o rir
hn)
O

kgt ok
MN 12 12

2 Fﬂ ofl
o =
TS
o Mt o

ox, o
fo ot fob afo
>
&4 2
Y

of
12

)
o

.iﬂjfm&
rd Ho

offl
i
o
et
qyo
i .
Y
BN
_OL
fe fuoefe
ol
oE I

Koo dlo w2
d

by
o
¥
I

o
1

i
k)
X,
i
o

ol-&sto] A= E4
Al FQ 45
ol $72 A5-2] ABO

H K
fo

fid
N
il

e
ox
ofo
>
€ r

ogt
10
2
lo

O:

oft T oft el
rN I
o
Ao,
o4
ook [l
ox M

Y,

51

— e X

gl

=
=
s

Brhstgint. 4T EEE

o] 79| W3} glo] A=

—

O poh 30 W Q

Borfo N2 12 2



g3 A - Al208 AlLE

Agow, &lE F 7U7 A3yt A W3
7 Aol AR SR & A7t 7Tt BEEA|
okokt}. olzigt Ay ZAytz JNy g AF
o] F4 & AT AEF ETF AR VES
g g ok 2y B Aol A
7+ SHAIZ 109 o] e A7 7 Rilo]] w2
G4 WHIE HrtskA| L3k ol & fls&l Ut
Al Aol Ao 7& Atk a3y e
SYUAEE S o] 83 T2 AIT A=l A3t
B ATE Fol|, 2197 BB S o) AT
A7t ol 3 HEZ b HoldrE B
=

qa7e) ek FEshgiehs HuE ek
aelme B oolTelq Fug e A= Y
A PG Aote] FAHel G DT 3717
Bl wEE AR A 9 Aeletn
Aeregle. 2 AFE FEol o] opd, Yoy
Y B9 Aok FAU G APTE Axeh
Aol BHolmz HUT 35Eol A Frhe

aH2 ekgkeh

2 Aol Feigt T2 T Al=HE A
354 #7117k ABO ¥ D U o] fAE & ot
A APT FEES AT F Ug er A
Zhew o] g A ubEoldl HEF FFES TAY
#HGE Aot 4 BelE A% ZFEFoEH
U] Aol A gt oz Agd F s A
olch. rEak I FHY FHA& Aoke] F4 e

3k

FAUE e Fesich aet BARE
A3 By Fitol T Fojely Al 7o
ofal olel Aelth webd B QlTel it
BE FeASYE ol S3tel WY BYE Ao
o FAWG HYT EFFS A=3}7, ABO
9 D e 52 AF IS Frhetazt o

il AH F54ET A9 K, BI 57K,
D ¥4 570, D 54
o

i)
& A% 4% o §3to] & 7k, 4 =

Sold WakE FHsklt

A AT BAH Zol7h gslov, 23
o Aol AE 57 AFol F ABO B
vlsl, D by e 20 visl 2 Aol 2
S % qlgieh. Eq ol W7k Aol
00%¢] S5 A%E lgleh. 59 o
WA Bt 29 74
bzl d 7kl 74

i)
o
i

Hor o
3
Lz
O:

rir (o

fy

R

i

N

N,
g n
N

§2 oo offt (1 X
Y S o

&
off

2 [[IIJ —VL P>
uld
A
X
i
L
fo
o
oo
ol
£

)
o,
U ofo ek
w H
2 10 k4
N
5
rlo
ol
o =

©

B
>
ofo

:;_1‘

o MN
i a2
fo
2

Mo ek ok o9k off
Ao + il
&£
:

o,

AT

fo uet & o
)
OH o2t E'
o
it o
> i
%0, X
o dm 2y
S

32
+

3

Mo
Ok

1. Directive 98/79/EC of The European Parlia-



ment and of the Council of 27 october 1988,
Official Journal of the European Communities
1988;1.331/1-L331/37

. Commission decision of 7 May 2002 on com-
mon technical specifications for in vitro-
diagnostic medical devices. Official Journal of
the European Communities 2002;L131/17-
L131/30

. United States Department of Health and
Human Services. Code of federal regulations,
title 21 part 660: Additional standars for
diagnostic substances for laboratory test.
https:/ /www.accessdata.fda.gov/scripts/cdrh
/cfdocs/ cfCFR/CFRSearch.cfm?CFRPart=660.
[Online] (last visited 31 March 2009)

. Smith AU. Prevention of hemolysis during
freezing and thawing of red blood -cells.
Lancet 1950;2:910-1

. Lelkens C, Noorman F, Koning ]G, Truijens-de
Lange R, Stekkinger PS, Bakker JC, et al
Stability after thawing of RBCs frozen with the
high- and low-glycerol method. Transfusion
2003,43:157-64

. Huntsman RG, Hurn BAL, Lehmann H.
Storage of red cells for blood-grouping after
freezing in liquid nitrogen. Br Med ] 1960;
2:118

. Valeri CR, Pivacek LE, Gray AD, Cassidy GP,
Leavy ME, Dennis RC, et al. The safety and
therapeutic effectiveness of human red cells
stored at -80 degrees C for as long as 21 years.
Transfusion 1989;29:429-37

. Valeri CR, Srey R, Tilahun D, Ragno G. The
in vitro quality of red blood cells frozen with
40 percent (wt/vol) glycerol at -80 degrees C
for 14 years, deglycerolized with the Hae-
monetics ACP 215, and stored at 4 degrees C
in additive solution-1 or additive solution-3
for up to 3 weeks. Transfusion 2004;44:990-5
. Bandarenko N, Cancelas ], Snyder EL, Hay

Cryopreserved RBC Panels for ABO and D Blood Grouping Reagents

10.

11.

12.

13.

14.

15.

16.

17.

18.

SN, Rugg N, Corda T, et al. Successful in vivo
recovery and extended storage of additive
(AS)-5 red blood
deglycerolization and resuspension in AS-3 for
15 days with an automated closed system.
Transfusion 2007;47:680-6

Choi KH, Rhu JH, Park HR, Kim HO. The
preparation of frozen red blood cells and a

solution cells after

procedure for deglycerolizing frozen RBCs
using COBE 2991 blood cell processor. Korean
] Blood Transfus 2001;12:189-96
Cryopreservation of human red blood cells.
Deglycerolization of frozen red blood cells
New York Blood Center SOP manual. 2000
Scott KL, Lecak ], Acker JP. Biopreservation of
red blood cells: past, present, and future.
Transfus Med Rev 2005;19:127-42

Roback JD. Technical 16th ed.
Bethesda: American Association of Blood
Banks, 2008:283-9

Han KS, Kwon SW, Han BY, Kim SI, Oh YC,
Choi BR, et al
transfusion survial of frozen-deglycerolized
red blood cells. Korean ] Blood Transfus 1992;
3:1-7

Han KS, Kang HJ, Han BY, Kim SI, Oh YC,
Choi BR, et al
deglycerolized red blood cells (I). Korean ]
Blood Transfus 1991;2:43-9

Han TH, Paik IK. The preparation of frozen
red blood cells and deglycerolization of frozen
RBCs with Haemonetics V50 plus. Korean ]
Blood Transfus 2002;13:149-55

Song AS, Kim YK, Oh YC, Cho MJ]. A
comparative study on the ATP and 2,3-DPG
levels in stored blood after rejuvenation.
Korean ] Hematol 1987;22:205-9

Han TH, Paik IK. The cryopreservation and

manual.

Preparation and post-

Preparation of frozen-

thawing of red blood cells using 25% hydro-
xyethyl starch. Korean ] Lab Med 2004;24:



g3 A - Al208 AlLE

314-9

20. Valeri CR, Ragno G, Pivacek LE, Cassidy GP,

19. Seo JW, Han KS. Comparison of cryopre-
servation methods of rare red blood cells used
for antibody identification tests. Korean ]

Blood Transfus 2008;19:120-31

Srey R, Hansson-Wicher M, et al. An ex-
periment with glycerol-frozen red blood cells
stored at -80°C for up to 37 years. Vox Sang
2000;79:168-74




