CHERRIEtAARCIStSIX] H 267 H| 22 2006 W 2K - $Eolst B
Korean J Lab Med 2006;26:107-13

ABO #7479 dA] g% ABO =¢*19 92

Ao ORI - WA - FOJE: - SRR - ASE - ABD - AEE -

N
?
1

s
z

Resolution of ABO Discrepancies by ABO Genotyping
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Myung-Geun Shin, M.D.}, Jong-Hee Shin, M.D.!, Soon-Pal Suh, M.D.!, and Dong Wook Ryang, M.D.!

Department of Laboratory Medicine, Chonnam National University Medical School', Gwangju; Gwangju-Chonnam Red Cross Blood Center?,
Gwangju; Department of Laboratory Medicine, Colleage of Medicine, Seonam University Medical SchooP, Namwon, Korea

Background : Before a blood transfusion, both red cell and serum typing need to be matched for
ABO tests on the donor and patient (recipient). When a mismatch exists in the tests, additional ABO
genotyping and serological tests are required for the resolution of the discrepancy. We performed
ABO genotyping on a series of blood donors and patients with ABO discrepancies to assist in resolv-
ing their blood groups.

Methods : We examined 46 samples with ABO discrepancies from a random pool of donors recruit-
ed at Gwangju-Chonnam Red Cross Blood Center and from patients at Chonnam National Univer-
sity Hospital between May 2004 and July 2005. ABO genotyping was performed on all samples with
an allele specific polymerase chain reaction for differentiation of A, B, O, cis-AB, A= (784 G>A), and B
(547 G>A) alleles; routine serologic tests were also performed. Exon 6 and 7 of ABO gene from five
samples were sequenced.

Results : The genotypes of 18 donors/patients with weakened A or B antigen expressions consist-
ed of 4 cases of ¢is-AB/O (3 ABs, 1 AB); 5 cases of cis-AB/A (5 AB «a); 2 cases of A/O (10, 1
Anax); 1 case of B/O (1 Boo»); 4 cases of AB(1AB, 1 AB.«e 2 ABs); and 2 cases of A«/B (2 A.B).
On the other hand, the genotypes of 28 samples with unexpected serum reactions included 18 cases
of A/O(16 A, 2 A); 7 cases of A/A (5 A, 1 AB.a, 1 AB,); and 3 cases of O/O (1 O, 2B,).

Conclusions : ABO genotyping is useful for differentiating the ABO discrepancies that were difficult
to resolve by serological tests. The most frequent unusual red cell reactions were weak A and B anti-
gen expressions, which were resulted from the ABO subgroup alleles including cis-AB allele, where-
as the most frequent unusual serum reactions were caused by decreased anti-B titers. (Korean J
Lab Med 2006; 26:107-13)
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Zf{}i/\"ifﬂﬂim(allele specific-polymerase chain reaction,
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F5 - A AAAE el ERYgAEEA 710 PK-7200
3t microplate 2.2 7
Abelcth d@48 A= 3-A (Bioscot, Livingston, UK), 38}-
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(Olympus Co., Tokyo, Japan)< ©]&

20 010

T H - 0[RIE - 4Ry 9 72

I WRSAIZIAL SO R A +/- 1+, 24, 3+ B 4+ 5=
SR HEE 71FIANL U2 SRl AFHA god
r3og WEAS g]lstel EFAI0F SH FTE Qd’é}?i
YA AL B OF 2 At B 5% Fiele 24 v
SAA 27 FUR VIEe R AAsh d ‘%‘
AT A 71t I sl 2 Ald Y

oéL'
9{_:
X

=2
e, # Aol AR B WY cis-AB P9
3% B39 anti-B7} AR 79 v 7FLE st
ABsE, =T ABYol BFIUL Ave 7NN F-AA
o] 2+0]8te] b4 A& Holrd Aol anti-A7} EAG A
Soll, 77 AAA F-BAI ko] glor] FHF A
A BY ol 1+ olske] o £ B By, Bu, Ba 501 9
AT P S Qe S

ABO &A= @7l @4l AdAe]

[<} R
s ok 7% gelagon, uggHom o

AX= AABBY 71Z[7]0] W) 2+ o3, AT ]
o vl Aoz okt ukE-S Hel A7t JOBR 1+ o]3}

9]= A™, 183 547 G>
22 s

>
FE

]7]_ 0]‘— OX%Z]‘ 10]1_. BvarE]_—L

2) ABO /&g ZAH
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EDTA Agdo] 83 Ad 2 mLAA Wizard Genomic
DNA Purification Kit (Promega, Madison, W1, USA)E o]&
3led alaks Felaiith AS-PCR £ S[5]0] Hudh W §

>stA 379 Al AIEA A-S AE3A 2 sle] ARl
A/A, A/O, B/B. B/O, O/0, A/B, cis-AB/O, cis-AB/A, cis-
AB/B®] ABO A%< A4sIdon, ¢ 7o Aldas F7hst
o] 547 G>A7} & B™ allele, 784 G>A7} Y= A™ alleleE &
Al A 4 Y ATEAIE ARESLe] o] F g=elell ARt B E
allle 55 AMSIATE PCR2 410l 98 hot start o2 Al
8519tk ©]E $13ll genomic DNA 300 ng, dNTP 200 uM, 1
23 2tz APEA| 0.1 pMol 3 whEAS 94 CollA 57
22]gt & Taq polymerase (DyNAzyme II, Espoo, Finland) 2
unitE 718k, 94°C 30%, 64°C 30%, 72C 184 303 %35}
3, vpA el 72Coll A 1027 FA18 & AAAATE PCR ¥he
AHEL 05 ug/mLe ethidium bromideE -3t 1.8% 0}7}E
O Z2ANA 100 VR 4087 A719%538 & PCR BFAMES &
oto 2 Fol&ith PCRE MJ Research PTC-100 thermocy—
cler (MJ Research Inc, Watertown, MA, USA)E o] £33 th
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&3} 2 Exon 63 79] thak ARS8 ABOe6F (5 GCTGA
GTGGAGTTTCCAGGT3') ¢+ ABOe7R (5’ AACAGGACGG
ACAAAGGAAA3) AREA] o)l 23] exon 6 2 7S =
@19 long PCRE AldJ3led 2080 bpe] SHES AUk 5
25 2080 bpe PCR AH=L Qiaquick gel extraction kit (Qia-
gen, Hilden, Germany)& ARl AHAMNE A9t o
71MGEAS 18 ARl ABOe6R (5'CCACCCCACTCT
GTCTTGAA3), ABOe’F (5 TCTGCTGCTCTAAGCCTT
CC3"), ABOe7SF1 (5 TCCTCAGCGAGGTGGATTACS")
18]3 ABOe7SF2 (5 ACGAAGAGAGCCACCTGAA3 )&
AREBIGTE A7IMERA e F% ANTP7E E0l9l+ Big
dye Terminator cycle sequencing kit (Perkin Elmer/Applied
Bio-systems, Foster City, CA, USA)S A&t AgAti=
PCR ZZ3l & ABI PRISM 310 Genetic Analyser (Perkin
Elmer/Applied Biosystems, Foster City, CA, USA)Z 47]A
a2 AFEAIT. ABO 299 £ SEQUENCHER
(Gene Codes Corp, Ann Arbor, ML, USA) softwareE AME-
3lo] 3EE AI01 allele9} M2 A)5te] #=3k%ch

(3) Yoy
ABO allele®] 9

mhc/xslcgi fcgi?emd = bgmut/systems__info&system =abool
SE250] )& Yamamoto?] HHHS wlgich

L hitp://www.nchinlm.nih.gov/projects/

Table 1. Phenotypes and genotypes of 46 samples in this
study
Phenotype Genotype No. of cases
A AO 16
A/A 5
An A/O 2
Anor A/O 1
Brorx B/O 1
B (0)0] 2
AiBxora AA 1
A/B 1
cis-AB/A 5
AiBs AB 2
AB« AA 1
AB A/B 1
cis-AB/O 1
A:Bs cis-AB/O 3
A.B A=/B 2
0 A/O 1
(0/0] 1
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HYTZ g10lo] sl ABO 2YAE Yl 18dE #48
o] cis-AB/O 4¢](F83 A.B; 39, A,B 1)), cis-AB/A 59
(AByora 5¢l), A/0 261(0 16, Am o« 191), B/O 191(By or x
19), A/B 491(A:B 19, ABy o o 19, AiBs 29)), I3
A"/B 2@11(A B 29) 3tk

Cis-ABEZ 94 %=, BF & ‘goﬂ anti-BE Euksly 990
th 101 ZAAE 382 08, 932 anti-A7} AEFoE ¢
Folgledl, A A/O Aolgolgith 119 A
g2 F-A Ak} 3-AB Aol AP} Hnj7oR 2
Aok S3o] HFH And At JAEE ot AY, 8HF
A%, F48L AS-PCRel 23] A/097, AHG71MLd 23]
A102/0023tk. 129 AA= 712 AAllA 8332 0%, 8%
L Byl oY EFFAAA g-AB Al 1+9] S0
Ao FFAHCE By o 2 BASAL, FHPS B/O°IUT 13
AT dae] AT T8 8 s 474 AASAE
7S ABY, HFL BYPoIglcl, §43S AS-PCRY
s A/B. %‘@%ﬂ*ﬁ%ﬂoﬂ o8 A204/B1013th. 15¥1 AAE
1S AR, 8HF> ABFOINY, %S AS-PCRY
& A/BJIL, AHE7I-G sl A102/B101%TE 168 ZA)
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Table 2. Causes of unexpected red cell reactions and serum
reactions of 46 samples in this study

Reactions Genotype  Phenotype No. of cases
Unexpected red cell cis-AB/O A:Bs 3
reactions AB 1
cis-AB/A AiBxora 5
A0 0 1
Anorx 1
B/O Brorx 1
AB AB 1
AiBxora 1
AiBs 2
A“/B A.B 2
Unexpected serum A0 A 16
reactions At 2
A/A A 5
AiBxora 1
AB. 1
(00 0 1
Bw 2
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Table 3. Genotyping, phenotyping, and the detailed serological results observed in the representative samples with ABO dis-
crepancies

Serial Genotype Cell typing Serum typing
Phenotype
No. AS-PCR Sequencing anti-A anti-B anti-A anti-AB anti-H Acells B cells
1 cis-AB/O > AxBs 4+ 2+ 0 4+ +/- 0 +/-
4 cis-AB/O - AB 4+ 3+ 0 4+ 4+ 0 3+
5 cis-AB/A - ABioa 44 0 4+ 44 0 0 1+
10 A0 - 0 0 0 0 0 4+ 1+ 2+
11 A0 A102/002 Avnors mf' 0 0 mf' 4+ 0 4+
12 B/O - Brox 0 0 0 1+ - 3+ 0
13 A/B A204/B101 AB 4+ 4+ 0 4+ 0 24 0
15 A/B A102/B101 ABs 4+ 1+ 3+ 4+ 0 0 0
16 A=/B A=/B101 AB 1+ 4+ 0 4+ 0 2+ 0
18 A0 - As 4+ 0 4+ - * 0 1+
33 A0 - As 4+ 0 o - * 0 0
42 AB - ABos 44 0 4+ 4+ 0 0 mf'
43 A/A A102/A102 AiBw 4+ 0 - - - 0 0
44 o/0 - 0 0 0 - - - 3+ 1+
45 (00 - B 0 0 0 0 3+ 44 0

*not tested:; Tmicroscopic mixed field agglutination.

2 Y= 2ol I #

S A3l 23t 280 frdFe] A/O 184 (XEF A 16 ABO HY2 133 GHFUANE FAlo AAlste] F 4
o, Aue 2¢l), A/A Tel(Ar 59, ABx o o 161, AiBy 190), AL Azt AR o FAE S AT § AR BUA S 5l
0/0 34(0 14, By, 29) Atk £ 1 99L Fslalel itk ABO BYUAE 71¢4 99, g

18W A= Aol W 9719 anti-BE 2 Aol & 2 9 2 FHS Al s BT £ sled, ol T AT
AL A/09°0H o)9} FU3 £AL Bl AAE £ 164E 8 o Bk AR el Aol ket FUHIAIE T A
HE 4919 57%E AA B Utk 339 A e HAAFHEA o] 789 F Utk ABO EYA] Fol4, pAESE, SR
ZI78E AE @3S ABY. A3 A/0013=H. 8% 7FAG FEEA EA, Aol BAAA Fo| £3] Hahd Al
Z Zohl/9Rue 54/27 g/dL (FA: 6-83/3-55 g/dL), AT o gl dEAQ] AlEolth B AT o|HF e
IgGE 328 mg/dL (700-1,600 mg/dL), IgAE 39.2 mg/dL 3] 99l FHo] 7153 A= ABO FAAAIE AR gt
(70-400 mg/dL), IgM& 205 mg/dL (40-230 mg/dL)E & 7] wiel B AtidelM A=A T 9717 Tt &
T A 429 AAE dA AR 1S A, 83 Ao Z dAE ABO EYX ZAAE ABO FH3AAE 59l
P2 vl$ 4t anti-BE 7P FHHEE ABy o 0 O E HAF} A3 Flo] ol FARIE AAE AL FFHOE EA5I90
A, RS A/B B FH/IERS 57/37 g/dL, 1gG bz 93l AEE &&ap7lde A ¥ Aotk
£ 755 mg/dL, IgAE 844 mg/dL, IgM< 59.7 mg/dLE A 2 A= ABO frAZHARE 93] 2 AS-PCRYo| &
A2 EAIZL 9otk 43W AAE AU 3R 8 £E%lom AR A= ABO F47k) exon 63 79 AHA7]
THE AZ, BHY LS ABE THHCE AB.E I H MEEAol EEEA ol Wl o% ABO 432 ¥
482 AS-PCRol 93l A/A, AHE7IMEL A102/A102% oA who R AT & QY 59 ABO FAFS Al
o} 3ixpe] g3 Fohal/gRne 66/38 g/dL, 1gGE 1,130 mg/ BR8 £ glo] f-261t) 5 AAS} 429 AAE ez o
dL, IgA¥ 352 mg/dL, IgM-& 308 mg/dL % AAELach BEE Y ABroa S 2T FAGAALAAM 242 cis-

Ml AAE Adres 98 WdE oigE ookz d792 0 AB/ASH A/BE E7E3eH, 104 A9 448 AAl= 239

¥, W45 anti-B7l ABHOR 71408 08, $AFS 0/00 o anti-Al} anti-B7} RS 9718 B0 0902 BRI
oAtk o] By FT/BREL 60/33 g/dLoldth 45N A ul, $RRAAIA 22 A/0% 0/00.2 BRFe] BRTA 7
AL GeZeael 19Y Hol? @79 03, BYFS B AR A8 o] o A2 2T & At w124
o% EYsd] B2 B, #48L 0/0010T: 84 F QAL HHHO] Buu, 45W AAE B.E AA1F B ojgoz

/AR 74/52 g/dL, 1gGE 682 mg/dL, IgAE 245 TR AP AN 22 B/0st 0/09] Aol AdE
mg/dL, IgM2 536 mg/dLo2 1gG9} IgA7}F o7t Zastgirt. Hol 7h8d ¢ ek 3L THIZAE SEA B3RS 5 Sl



97A 9] cis-AB @AY S B3 /AR §lole £ Ao AME-
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&Rk B o] AL AS-PCR¥F ABO 447+ exon 6
3} 79 HHGNMGEAY o RE= A B, O, cis-AB, A™ (784
G>A), B™ (547 G>A) allle 59 ZAE & 4 1otk Aoy
1el, AByora 19, ABs 20 SAMAE G ollS fidée
E0| aleleE AAFE 442 Wo7} exon 63 7 EA)3IA] o
£ A9 ABO f470]99] EAlehs 4= 5ol allded 11
g e Tk

2 @704 ABO 2UA9 275 4 BASY BE o)
A AU B ofel o3 Rolglit, o] F cis-ABHo] 71 £3

t} Cis-ABYS AR 7R 4714 allele (cis-AB01, cis-ABO2, cis-
ABO03, cis~AB04)7} gl em[12-16], o] & d=97 el
X ByE AL cis-ABOI allele€ld], 35 2 AEA AL cis-
ABOI alleleE 72 Alghe] ¥IE 7} 00354% 2 QERBT} oF 30u)
=1 AAA B1E 7P B2 W] xYolti13]. Cis-AB

< FEAR Zhel] AFAAQ S HolUER 2121Ee] 5
o A5 FHeIE sk, EHY A EFY P &
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AA7}F A Y, $8A] ABY o]9]9] doS Mesjof &
7A97F S, SulEE fAA gE B 2d¥e Zete
QA 540] ok Co-ABRS] £HE AUFATH B4
FEYE ABE S 88, A1 29y we g
AsBsE ] 79 cis-ABs E2 038, AB 79E cis-AsBs,
cis-AsB, 08 & BEE, AiB:9 Z$E cis-AB, cis-AsBs,
0 32 A%E 77

42
WA cis-AB: &9 AT 13/1Y uf AASrES Wk
GA ABFOE ERE £l ABF FFP, PC, A& ¢
g ot ST AL A 1%5]X] GL3°) {= UM A
t{17]. ol&
oA vk ABHO &
A2S ARSI Sl
SHA, cis-ABOl allele= 718202 A,B;S Wsh=d], =ut
© ARl mek I %830l DA cis-AB/OT AsBsE,
cis-AB/At A1Bs, cis-AB/B+ A.B¥olt), Lo Hile 9
Sl cis-AB/BE A &3} cis-AB/O= AsBs8, ABE, AB:; 8
2 ABEOZ, cis-AB/Av AiBs, ABy or o AintBs, GHF-olA
= A¥AA Ag HItH18]. tIFF A transferase$t B trans-
ferase®] 73Rl oJ3) olHg @S AT £ dom, A
o] ThE A|%¥7He] abol, HEFE/dF TEFE4 9 Aol AAATH
Zpol7k 1 ARE 9 shvhE FgEh & A 4W AA A
FAYL cis-AB/O0| AT HFH AL A &-B A]2fol] 3+,]
# HolwA HelME BY I 3+ AL 3=
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EF A& °]C}i Eﬂ ol& AiBsY A:B
2 4A ol 7hF

dlo] ABO 48 AL <E 7‘1 ‘9}71 T o E AET
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£ WHSE OE gs] oY o8 FRard f55
gtk @, FYE ABO U9 99 4TS AL cis-
ABZS T3 o}l BYL B3F AAS antiB7h 42 ©

Z A
B ATE 95t} Sasel 240 AddSLEe 7154 15
PN, 2L, A, PR, FR A, TeT PR

B : ABO EEAE BARt Adels) A, @7
W5t 948 A3k Aok Bk F AAPYS) At 2
Aol 27449 QRAAAAL B ohlet ABO FARAMH

= % Sl olo] ARES AF -
g w7

g

i 1 20043 5YRE 20053 797 AduigtwE Y A
ARIEE T2 3F - A NG oA ABO EUA
=] ABO §H3AAE AldetAd 464AE tdoRE sith
A3 ArlE BF AP wskon], ABO SAFAANE
A, B, O, cis-AB, A™ (781 G>A), I83 B* (547 G>A)
allele® A2 F e WHFAATITHEAAN TS (Alle-
le-Specific PCR)®l| 9Jall AAJSIH, 57A= ABO 3449
exon 63 7 AHA7|MEEAS AASHAT

Z: AY72 Y0lo) 9 18¢)E FAF 0| cis-AB/O 44
(8383 A,B; 3¢, AsB 1¢), cis-AB/A 591(ABy o a), A/O
290(0 16, Ao 191), B/O1 (Buaox 16), A/B 4¢)(AB
1el, AiByora 19, AiBs 24l), I8 A™/B 2¢(AB 291) S
o 38, F3S A9l 93l 28¢)= FAH] A/0 1841 (XHY
Ay 169, Ape 290), A/A To(A; 500, AiBy o o 161, AB, 10),
0/0 34(0 19, By 29) Atk

ZE ! ABO A3 A 84 Mo R e off
S A& st F8EsiE, FEE ABO BYAY] A
HYLZE A0 BE (js-ABHS T e ofgo] By, ¥

ol anti-B7} 4 ¥ o7} wgith

AN rlo
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