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Dear Editor,

P antigens, including P, P1, and Pk, are carbohydrate antigens. 

More than 99.9% of the population worldwide has the P1 (P+ 

P1+Pk+) or P2 (P+P1-Pk+) phenotype; however, rarely, an indi-

vidual may not express P antigens at all. In Europeans, the fre-

quency of the p phenotype is approximately 5.8 in 1,000,000 

[1]. However, its frequency in Asians remains difficult to predict 

because very few cases have been reported in the Japanese, 

Chinese, and Taiwanese populations [2-6]. Individuals with this 

phenotype can develop naturally occurring anti-PP1Pk antibod-

ies, which are clinically relevant and cause hemolytic transfu-

sion reactions or hemolytic diseases of the fetus and newborn 

[7]. We report the first case with anti-PP1Pk antibodies in Ko-

rea.

In June 2018, a 66-year-old Korean woman was referred to 

Samsung Medical Center, Seoul, Korea, for a mass-like lesion 

found in the gallbladder through abdominal ultrasonography. 

Gallbladder malignancy was suspected in the magnetic reso-

nance imaging result. Surgical management of malignancy was 

scheduled in July 2018, and screening studies were carried out. 

Her blood type was group A, D-positive. She had no known his-

tory of transfusion. However, antibody screening and identifica-

tion tests using column agglutination (Bio-Rad, Cressier, Swit-

zerland) showed panagglutination of uniform strength (3+) at 

37°C Coombs phase and 4°C enzyme (papain) phase. Negative 

reactions to autologous red blood cells (RBCs) were observed, 

indicating the presence of alloantibodies to high-frequency anti-

gens. The specimen obtained from the patient was sent to the 
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central laboratory of the Swiss Red Cross (Bern, Switzerland) to 

identify alloantibodies to high-frequency antigens. The patient 

tested negative for P, P1, and Pk antigens, and anti-PP1Pk anti-

bodies were observed. Autologous blood, blood from siblings 

lacking the rare-blood-group antigen, or allogenic blood (fresh 

or cryopreserved) from rare donor programs were considered 

for the patient’s blood management. However, neither cryopre-

served blood nor suitable blood donors were available. There-

fore, the transfusion team at our hospital recommended the 

surgical team to postpone the surgery to prepare autologous 

blood via preoperative autologous deposit. However, our medi-

cal team chose an acute normovolemic hemodilution (ANH) 

without changing the surgery schedule. This procedure is sim-

ple and inexpensive and has the advantage that fresh autolo-

gous blood is readily available [8]. The patient’s preoperative Hb 

and Hct levels were 129 g/L and 39.8%, respectively. Her esti-

mated blood volume was calculated as 4,156 mL, using Nadler’s 

equation [9]. Since our target Hct level was 33%, 800 mL of 

blood was drawn in one step through a radial arterial catheter 

into two 400-mL blood bags containing citrate-phosphate-dex-

trose-A solution after anesthetic induction. An equal volume of 

6% hydroxyethyl starch solution was infused simultaneously 

through a separate intravenous line during the procedure. The 

patient underwent radical cholecystectomy and liver wedge re-

section with lymph node dissection, and two units of autologous 

blood were re-infused back to the patient during surgery. She 

was discharged 48 hours later with Hb level of 123 g/L.

A family study was performed with P1 phenotyping using anti-

P1 serum (Ortho Clinical Diagnostics, Raritan, NJ, USA), by cross-

matching with the patient’s plasma containing anti-PP1Pk anti-

bodies, and sequencing of the A4GALT gene [2]. This study was 

approved by the Institutional Review Board of Samsung Medical 

Center, Seoul, Korea (SMC 2018-08-098). In P1 phenotyping, 

the patient and her brother were negative, her sister was 2+, 

and her husband and two sons were 4+. In crossmatching be-

tween serum of the proband and RBCs of each family member, 

only her brother was negative. However, we could not exclude 

the effects of ABO blood group antibodies on crossmatching. 

The patient and her brother were homozygous for c.1029dupC, 

indicating a rare p phenotype. The test results for the patient 

and her family members are shown in Fig. 1.

Representative cases with anti-PP1Pk antibodies, the p phe-

notype, and A4GALT mutation are described in Table 1. Muta-

tion of the A4GALT gene results in changes in the protein prod-

uct, inducing the rare p phenotype, regardless of the status of 

the B3GALNT1 gene. A single-base pair duplication (c.1029dupC) 

Fig. 1. Family study results of the anti-PP1Pk family. (A) P1 phenotype pedigree based on standard serologic method. The proband is indi-
cated by an arrow. (B) Sequencing results were determined on the basis of the combined data from PCR and sequencing of A4GALT gene. 
The affected individuals (II-1, II-4) were homozygous for c.1029dupC. The carrier individual (II-3) was heterozygous for c.1029dupC but 
also carried another allele with a combined normal.
Abbreviation: dup, duplication.
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Table 1. Representative published cases with anti-PP1Pk, p-phenotype, and A4GALT mutation confirmed by genotyping

Cases (N) Ethnicity (N) Description Nucleotide change Amino acid change Reference

40 Swedish (29) N/A c.548T>A (27) p.Met183Lys (27) Hellberg, et al. [1]

c.560G>A (2) p.Gly187Asp (2)

Israeli (3) c.657delG (3) p.Phe220fs (3)

Italian (2) c.241_243del (3) p.Phe81del (3)

English (1)

Pole (1) c.290C>T, c.769delG (1) p.Ser97Leu, p.Val257fs (1)

Norwegian (1) c.733_734insG (1) p.Ile245fs (1)

Japanese (1) c.1029dupC (1) p.Thr344fs (1)

  3 Japanese N/A c.241_243del (1) p.Phe81del (1) Koda, et al. [2]

c.1029dupC (2) p.Thr344fs (2)

20 Israeli (2) N/A c.68dup (2) p.Phe24fs (2) Hellberg, et al. [3]

Italian (3) c.241_243del (2) p.Phe81del (2)

c.287G>A (1) p.Cys96Tyr (1)

Asian (1) c.418_428delins, c.1029dupC (1) p.Gln140fs, p.Thr344fs (1)

Brazilian (1) c.473G>A (1) p.Trp158* (1)

Unknown (1) c.504dupC (1) p.Tyr169fs (1)

Swedish (1) c.548T>A (1) p.Met183Lys (1)

French (2) c.656C>T (1) p.Ala219Val (1)

c.656C>T, c.997del (1) p.Ala219Val, p.Leu333fs (1)

Israeli (2) c.657delG (2) p.Phe220fs (2)

Unknown (1) c.751C>T, c.903delC (1) p.Pro251Ser, p.Glu302fs (1)

Unknown (5) c.752C>T (5) p.Pro251Leu (5)

Unknown (1) c.972_997del (1) p.Arg325fs (1)

  1 Chinese Blood donor c.301delG p.Ala101fs Yan, et al. [4]

  2 Taiwanese Blood donor c.418_428delins p.Gln140fs Wang, et al. [5]

  1 Chinese Repeated spontaneous abortion c.345delA p.Leu117fs Li, et al. [6]

  2 Korean GB cancer (proband), brother c.1029dupC p.Thr344fs Present case

Abbreviations: N/A, not applicable; GB, gallbladder.

was first reported in a Japanese individual [2]; this one-base 

pair duplication causes a reading frame shift and loss of the 

stop codon, resulting in a gene product with an additional 92 

amino acids. We found the c.1029dupC mutation in the pro-

band and her brother.

Anti-PP1Pk antibodies can be produced in individuals with 

the p phenotype without exposure to P antigens through trans-

fusion or pregnancy. Anti-PP1Pk antibody positivity in patients 

without a history of P antigen exposure have been reported [4, 

5]. Our patient had delivered two children fathered by her non-

p phenotype husband (P1 antigen positivity was confirmed by 

P1 phenotyping), but she had no history of transfusion. Her bro-

ther also had no history of transfusion but showed anti-PP1Pk 

antibody positivity.

Our report on the first case of anti-PP1Pk antibody positivity 

in the Korean population demonstrates that autologous transfu-

sion via ANH is a good alternative to allogenic transfusion in pa-

tients alloimmunized to high-frequency antigens. Further inves-

tigations are needed on the effect of ANH on hemostasis and on 

applying ANH to a broader spectrum of patients, such as those 

on dialysis.
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