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Clinical History 1

• A pregnant Caucasian woman 

(39 years old, gravida 2, para 1) 

with no transfusion history hospitalized 

because of the Mirror Syndrome with edema, 

ascites, massive fetal hydrops and 

polyhydramnios



Clinical History 2



Clinical History 2

• Progressive HELLP syndrome of the mother 

• Delivery of the child by a Cesarean section 

in the 25 week of gestation 

• Child´s weight: 1,070 g 

• Critical condition with the APGAR score of 1/3/5

• Severe anemia (3.1 g/dl) 

• Immediate transfusion and intensive care unit 

• Child´s death 9 days after delivery



Serologic History 

• Child´s red blood cells (RBCs): 

Blood group A, rr 

Direct antiglobulin test positive (IgG 3+)

• Mother´s blood group: A, rr

• Mother´s plasma:

Antibody screening test negative

Several antibody identification panels 

negative



Standard Panel
Untreated and papain treated RBCs in 

indirect antiglobulin test; gel technique
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Special Panel with rare RBCs 1
Untreated RBCs in indirect antiglobulin test; gel technique
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Special Panel with rare RBCs 2
Untreated RBCs in indirect antiglobulin test; gel technique
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Special Panel with rare RBCs 3
Untreated RBCs in indirect antiglobulin test; gel technique



Serological Results 1

→ Probably antibody to a low prevalence

antigen

Antibodies to following low prevalence antigens 

ruled out: 

Wra, Dia, Wu, Rba, Lu14, Kpa, Jsa, K17, K25, 

V, VS, Crawford, JAL, JAHK, PARG, Ew, Cx, Cw, 

DAK, FPTT, BARC, Tar, Goa, Knb, Vil, Cob, Ytb, 

LWb, Lsa, Ula, Tcb, Sc2, Sc4, Vw, Mg, Mia, Hut, 

Mur, Hil, Miny, He, Dantu, Mta, Sta, Mit, Vr 



Serological Results 2

Serological Family Studies

• Mother´s plasma reactive (2+ in indirect antiglobilin 

test/gel) with the RBCs (all ABO compatible) of: 

the child´s father

the father’s mother

the child’s 3 years old brother

• Titer 16 in indirect antiglobulin test in gel

• Reaction slightly enhanced (titer 32) when the RBCs 

papain treated 

• Reaction negative when the RBCs DTT (200 mmol) 

treated



Interim Antibody Identification 

Possible Answers and Next Steps

• The severity of the hemolytic disease of the 

newborn and the serological results indicated  

it might be an antibody to low prevalence 

antigen of the Kell blood group system

• Next step: 

Sequencing of all exons of the KEL gene

of the child’s father using 454-sequencing 

technology 

.



Genotyping Results

Exon 8 revealed C>T heterozygosity at position 877 

The 877C>T mutation is predicted to cause a single amino acid change 

(Arg293Trp) in the Kell protein and defined a new low prevalence Kell 

antigen named KEAL (KEL39) (KEL*02.39) recognized by the ISBT 2016



Genotyping Results

• Next step: 

Establishing a PCR-SSP method for genotyping 

of the 877C>T mutation



Genotyping Results

• Next step: 

Genotyping of the available family members 

for KEAL (KEL39)



Genotyping Results

A. Pedigree of the family with the KEAL antigen. 

The child’s mother (AL1) represented the anti-KEAL index individual. 

B. Results of PCR-SSP analysis of the KEL 877C>T mutation. 

In accordance with serology AL2, AL3 and AL4 were positive (heterozygous) for the 

877T allele (amplicon size: 118 bp), whereas, AL1 was negative.



Further Investigations

• Homozygosity for KEL 877C>T mutation is 

the genetic background for the rare KHUL (KEL37) 

negative phenotype

• Further heterozygous KHUL positive RBCs were 

positive with plasma of the mother

• KEAL (KEL39) is antithetical to KHUL (KEL37)



RBC lipid bilayer

outside

inside

NH2

48

67

K18+/- Arg/Trp or Gln 130

K14/K24   Arg/Pro 180

K/k   Met or Arg or Ser/Thr 193

VONG-/+   Arg/Trp 248
VLAN-/+   Arg/Gln 248

RAZ+/- Arg/Trp 249

KASH+/- Tyr/Cys 253

KELP+/- Leu/Phe 260

Kpa/b/c Trp/Arg/Gln 281

KYO-/+   Arg/Gln 292
KHUL/KEAL   Arg/Trp 293

K11/K17   Val/Ala 302

KTIM+/- Asp/Asn 305

K22+/- Ala/Val 322

K13+/- Leu/Pro 329

K23-/+   Gln/Arg 382
406 Arg/Gln   TOU+/-

424 Ala/Val   KUCI+/-
424 Arg/Leu   KANT+/-

464 Thr/Ile   KETI+/-

492 Arg/Gln   K19+/-
494 Glu/Val   UI(a-)/UI(a+)

548 His/Arg   K12+/-

597 Pro/Leu   Jsa/b

623 Arg/Lys   KALT+/-

675 Arg/Gln   KELP+/-

732 COOH

(according to: Reid ME, Lomas-Francis C, Olsson ML. The Blood Group Antigen Factsbook. 3rd edition, 2012)

KEL Protein



Lessons Learned by the Case

• KEAL a low prevalence Kell antigen, 

which is characterized by a 877C>T mutation 

in exon 8 of the KEL gene and a predicted 

Arg293Trp substitution in the Kell protein 

caused a severe hemolytic disease (HDN) 

of the newborn

• Antibodies to Kell antigens are known to be 

highly clinically significant in pregnancy

• KEAL (KEL39) is antithetical to the high 

prevalence KHUL antigen (KEL37)
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