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Table 1 Information of the affected infant and his mother from the private obstetrician-

gynecologist and the previous doctor

. Blood Direct antiglobulin Irregular antibodies History of
Subject . pregnancy and
groups test screening deli
elivery
Anti-IgG: 3+
Infant O, RhD + Anti-C3b, C3d: 0 N.T
Negative Gravida: 6
Mother O. RhD+ NT (11th week of pregnancy) Para: 6
Hospitalization
32 Jl Exchange transfusion
28
24 =®=T.Bil (mg/dL) = Hb (gdL)
20
16
12
8
4
0 Phototherapy =
3 - 5 6 7 8 10 11 12 13 14 15
Days after delivery

Fig. 1 Progress of the affected infant after exchange transfusion

IVGG: Intravenous injection gamma globulin
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£5% AB % FFP-LR240 % 2 48°C 750m] #8L L, 2l
1L 500m. & Az, ZSRERITLAG O MR EE <1 T
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Table 2 Testing results of the affected infant and his parents at the Japanese Red Cross Tohoku

Block Blood Center

1) Serological Tests

Subject Blood groups Identification of antibodies in plasma

IgG subclass of the anti-Kg antibody
(FCM Analysis)

Anti-Kg antibody (also detected in

Infant O.RhD+, Kg+ the erythrocyte eluate) IgGl
Father O, RhD +, Kg + Negative N.T
Mother O, RhD +, Kg — Anti-Kg antibody (Titer? 1:1,024) IgGl
2) Genetic analysis of the 3rd exon of the RHAG gene®
Subject Phenotype Results?
Infant Kg+ Heterozygous for RHAG*01 and RHAG*01. — 03
Father Kg+ Heterozygous for RHAG*01 and RHAG*01. — 03
Mother Kg - Homozygous for RHAG*01
3) FCM phagocytosis assay

Materials Titer? Phagocytosis (%)?
Maternal serum (anti-Kg), Kg-positive red cells 1:1,024 97.0
Positive control (anti-D), Kg-positive red cells 1:256 88.1

a) Saline-indirect antiglobulin test.
b) Direct sequencing.

¢) RHAG*01 (DSLK +, Kg — ) is the wild type, and c.490A >C (p.Lys164Gln) mutation in 3rd exon of the RHAG
gene results in the RHAG*01. — 03 (DSLK —, Kg+) variant.
d) Phagocytosis of 40% or less has low clinical significance, while phagocytosis of 60% or more has high clinical

significance.
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Fig. 2 Genealogy of the affected infant
The father, the affected infant, and his three siblings (II-1, II-3, II-5) were positive for Kg antigen
and heterozygous for RHAG*01 and RHAG*01. —03. The top row shows the individual's ABO
blood type and the bottom row shows the individual's Kg antigen. HDN, hemolytic disease of the

newborn; P, proband

JE 1% AT 2 EHEPUFI R 3 2 PrRIT RN L 7
HDN $3$E L TB Y, TREF S DEHRE ST 5,

Kg Pt 1989 412 HDN O J5A & 72 o 72 BAH R
ELTHOTHEINALY. 20k, KegdtJEid Rh
BAHBE & 118 (Rh associated glycoprotein : RhAG) |
IZHIMLTEBY, RHAG #ZTTF Y ¥ 3D c490A
>CIZX 5 pLlysl64Gln @7 I/ BEEhs Kg PrEIEH
DIRHTH % Z & HhHus Sh7z”. 2o Kg Buslisn§
%P0 Kg 2 X % HDN JEflid @212 2 Bl At ST
BY, WHEL LRI E > 2 BB T - 72100,

AAEBICTIE, FEE L BRI & R B LT Kg
BHEE SN2 L2, BRANBERIT L8 H R
PLKg ok 0, EREFEE A HDN FE L& 2
Lz F7, MEFIOP Kg 1, Pufifii 1,024 5, &
AHRI70% LEETH LI 00, FEFICHIKRNE
BEFOZLIIIREI N,

HDN (2B 5§ % IgGHEDH 77 7 21213 1gGl
LIgG3 Y, MHFIE~r e 7 7 —VICXAEM%ET]
SR, RIS IgGL I pimEtEICEATE DY,
IgG3IZH~HDN O FSEFLZFH 53 5 #0585 HDN
O FHEPEIIEOR 8 % @ T 2 ik E, Ok 1gG
koY 727 5 A, GNikolaimEiEl], @O ER
IMER E DX S PR DAL & 5%, GO IR
MR OR), 2HF535%. REFOP Kg 1 1gGl
TH Y, PUMIA 1,024 15 & w5, Kg PURDHFIET %
RhAG IZBER M2 5L TB 0", pEARImER & $T
Kg & OPUEHUARIS b FIINCA U T 72D S 5.

W, A oo MER A A RIS ICRS 517 2 & A
53, AREFNITEAED HDN 235 L2 &2 SR,
F 7, AIEFNLEE ORI & AT B T-BI

DIEZE R LTV 5. ABRSY OH T, BT Kg Hrfdi -
1,024 5, IgG 727 5 A : 1gGl +1gG3 A (1gG1 -
IgG3=1: 1), ZeHuimiii i T T-Bil (4% 55 W #%) -
142mg/dl TdH % D3 LAFERITIX, Pt Kg HUiAmi
1,024 15, IgG ¥ 727 5 A : 1gG1 Hish, A& i i 2
T-Bil(ZE# 3 H) :293mg/dl Th o 7. KEEGNL, BT
Kg 73 1gGl B> WA #% 3 HEB L TWnwi-Z L 2%E
Mmo#EfTEEL, TBilEHE o7z EZ NI

2 2 B oOPL Kg 12 & 5 HDN FERIY i, 3123
NH®D Kg Btk #5508 T %55, RIEFITIE 4 AH
D Kg BtEE 2380 & 70 - 72, Kg Btk BIEFE N 3
S A RFICERR Y 22 R 70 A8 L7222, R
OYUREA R R IgG PURDT 727 5 A DG-53% 2
SNz IR X > THL D 2§ 5 5E1E, 2
[ H A% b 2\ 2%, 3 [0 H DU TRI O TS 2 5 D
55V, FIEF OB S A 3 ANH O Kg Bk TR
THt Kg % PEAE U, AHEBIIFIRIG O K BEIS A1 & -
TEIMZEE E N8t Kg A HDN IG5 L2 8E 2
Sz, T2, SAHFEFCTICKg zEELTwize L
T, IgGCH 77 7 AN 1gG2 R IgG4 THNIXEE L
WIMIZE D 2w,

IEUR A PE (A ) RS0 o J5 R 2 BEVE RS A535 5.
Z OB AR B ER AR A I IC o e Y.
RN OABINGUEA 7 ) —= 0 DB HETD,
SRR LA E R CHER BN i b T 2 56 0 V)
ZOMEEIL 044% L OWE D H B, S, BITHERE
WZHITEH T 5 ORET-3512 ABO i 8 AR, @REBT
ﬁ)ﬁ?}]ﬁﬂfﬁﬁﬂ#ﬁﬁsx 7)== 7B GBREDAT
Bk, Zf7zm i, RGNS iR L L 2z RS
W~léHDN%ﬁoh.éh@@ﬁ?ﬁ%ﬁDKT



H ARG RGE 8718 4375 20254F

Fatk, ABHPUEA 2 ) —= v 7B TH o720 HN
PR DRI ARMER ISR AE L 72w RetE b B £ 2

BIRRBERC X 2 ABPUAR 7 ) —= v T2 fT o 72
VEETH o7z D EO#ERD SEBEEREIC T 2
koG- 2% b7z, Lo L, ABHIBUHBRA R
MERICEBESEAE TN TS 2 i3 7% <,
FEBUEZ X9 B BB L v, BoO~31i2Y
TI3 % % HDN AER]TIE, HAREIN Bzt L 7z [FEbT
RoW3p, EHEPUFISN 2 HRISER T2 2 & b
ERY 5. FICHEEBERLE 2 7)) — = ¥ ZRIMERA
PO 2 7R & e\ ity, ARBEEHURIZ 03 5 PUA R A
T B RETEA R WY,

VI. #& &

P Kg & & 9 AESHEEPUEISER$ 5 Prikid Be s
DA TOREIIHEETH 255, AEFD X 512, ABO
AR ERAHAPURIC L 2 HDN S E S5 b
HBIR2S DAT Bt Tdh 2 %6, PRI 3 2 PR
DG EEET 5.

EHHO COLBIR « FHEIE—, JILEET © A 2 855 - 5%
LW HAR 50 H TH 2. A Lo NS A AR -5
HORMTIERL, FHELHFOLDTHS.

BHEE B Kg OFERFIORRMAE T - CHG 72 HAR T
ok L A R L MR SRR, $i Kg @€ 2 7 1 — F Viifk
I BT L THC 2 HAR TR 70 v 7 it > 5 —o
BRI L T R F 7, B BRI &
ORMI I LTI 72 5 T i b B R A BN R 0 5k
SRS L P E

X ®

D) mpHAEA, RF 7, B A, i SETAS 4 B,
rpAbEEAERL, R, 2018, 598—600.

2) EWEEHE, IR, REN—, Al ARSI
AR A AR, H AN IR MRS, 6 1 437—440,
1992.

3) LG, FHEE © Rh RN X 2 A4 v ik
PO 9 Bl HAPEIRARL - Br A I &5, 1 - 65—
70, 1991.

4) MEAR, BIREHE, BT BAR N7
5Nz DI 2 Bl H AN 2HEES, 22 @ 161—165,
1976.

5) Tanaka M, Abe T, Minamitani T, et al: The Kg-antigen,
RhAG with a Lys164GIn mutation, gives rise to haemo-
lytic disease of the newborn. Br J Haematol, 191: 920—
926, 2020.

6)

7

~

8

=

9

=

10

=

11)

12)

13)

14)

15)

16)

17)

18)

19)

549

Tanaka M, Horikawa T, Kusumi T, et al: Anti-Kg anti-
bodies induce monocyte phagocytosis of the red blood
cells. Transfusion, 61: 3050—3051, 2021.

Ito S, Hishinuma T, Ogiyama Y, et al: Evaluation of
erythrocyte autoantibodies with flow cytometric
phagocytosis assay. Int ] Blood Transfus Inmunohema-
tol, 8: 1—7, 2018.

PHERIE— - HERE BRI X 2 ABABUAD G & 20
BRIRIY 3%, Ak & B, 48 : 597—603, 2020.

Klein HG, Anstee DJ: Haemolytic disease of the fetus
and the newborn, Mollison’s blood transfusion in clinical
medicine, 11th ed, Blackwell Publishing, Oxford, 2005,
496—545.

Ichikawa Y, Sato C, McCreary ], et al: Kg, a new low-
frequency red cell antigen responsible for hemolytic dis-
ease of the newborn. Vox Sang, 56: 98—100, 1989.

Kubo S, Takahashi J, Yoshizawa H, et al: Male newborn
with anti-Kg antibody-induced hemolytic disease of the
newborn. Pediatr Int, 51: 582—584, 2009.

Klein HG, Anstee DJ: Immunology of red cells, Mollison’s
blood transfusion in clinical medicine, 11th ed, Blackwell
Publishing, Oxford, 2005, 48—113.

Hashira S, Okitsu-Negishi S, Yoshino K: Placental trans-
fer of IgG subclasses in a Japanese population. Pediatr
Int, 42: 337—342, 2000.

Lambin P, Debbia M, Puillandre P, et al: IgG1 and 1gG3
anti-D in maternal serum and on the RBCs of infants suf-
fering from HDN: relationship with the severity of the
disease. Transfusion, 42: 1537—1546, 2002.
Vengelen-Tyler V: The serological investigation of
hemolytic disease of the newborn caused by antibodies
other than anti-D, In: Garratty G, eds, Hemolytic disease
of the newborn, American Association of Blood Banks,
Arlington, Virginia, 1984, 145—167.

Daniels G, Green C: Expression of red cell surface anti-
gens during erythropoiesis. Vox Sang, 78 149—153, 2000.
Speer CP, Wieland M, Ulbrich R, et al: Phagocytic activi-
ties in neonatal monocytes. Eur J Pediatr, 145: 418—421,
1986.

Bowman JM, Pollock JM, Penston LE: Fetomaternal
transplacental hemorrhage during pregnancy and after
delivery. Vox Sang, 51: 117—121, 1986.

FH# O BEE, SRR, b AERR OB
WEAEALIZ DV T OMGET. INFLERm NFFA MRS, 12
10—14, 2021.



550 Japanese Journal of Transfusion and Cell Therapy, Vol. 71. No. 3, 2025

A CASE OF HEMOLYTIC DISEASE OF THE NEWBORN DUE TO ANTI-KG
REQUIRING EXCHANGE TRANSFUSION

Tetsuya Sasaki", Shoichi Ito”, Yoshiko Ogiyama®, Yukako Inoue", Kenji Goto", Shun Sakaguchi”,
Shigekuni Tsuchiya", Yukiko Toya", Genichiro Sotodate”, Atsushi Matsumoto”,

Junko Takadate" and Tohru Fujiwara®

"Iwate Medical University Hospital Central Laboratory Department

“Japanese Red Cross Tohoku Block Blood Center

“Department of Pediatrics, Iwate Prefectural Miyako Hospital

"Department of Pediatrics, School of Medicine, Iwate Medical University

*Department of Laboratory Medicine and Infectious Diseases, School of Medicine, Iwate Medical University

Abstract:

Antibodies against Kg-antigen, a low-frequency antigen, are known to cause hemolytic disease of the newborn
(HDN), although few reports of this have appeared. Here, we report a case of HDN caused by anti-Kg, namely antibod-
ies against this low-frequency antigen. The case patients was a 3-day-old boy with progressive jaundice after birth.
He was transferred as an emergency to our hospital from the previous hospital for exchange blood transfusion. The
patient was O-type RhD +, negative for irregular antibody test, positive for direct antiglobulin test (DAT), and nega-
tive for irregular antibodies test using erythrocyte elution. The cause of his HDN was presumed to be antibodies
against low-frequency antigens, and after preparing compatible blood, an exchange transfusion was performed. De-
tailed examination of the patient and his parents by the Tohoku Block Blood Center resulted in the identification of
anti-Kg in the mother’s and the patient’s plasma. In cases like this, where HDN due to ABO incompatibility or major
irregular antibodies is ruled out but the patient's DAT is positive, the involvement of antibodies against low-

frequency antigens should be considered.

Keywords:
Hemolytic disease of the newborn, Low-frequency antigen, Anti-Kg, Exchange blood transfusion
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