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10. The Kidd blood group

The Kidd (JK) glycoprotein is the red blood cell (RBC) urea transporter. Situated in the membrane it rapidly 
transports urea into and out of RBCs, maintaining the osmotic stability and shape of the RBC in the process. The 
Kidd glycoprotein is also expressed in the kidney, where it enables the kidney to build up a high concentration of 
urea which is needed for the kidney to produce concentrated urine.

People who do not produce the Kidd glycoprotein tend not to be able to maximally concentrate urine, but 
despite this, they are healthy and their RBCs have a normal shape and lifespan.

Antibodies that target Kidd antigens are a significant cause of delayed hemolytic transfusion reactions. Anti-
Kidd antibodies are also a cause of hemolytic disease of the newborn (HDN), the severity of the disease varies 
but tends to be mild in nature.

At a glance
Antigens of the Kidd blood group.

Number of antigens 3: Jk1 (Jka), Jk2 (Jkb) and Jk3

Antigen specificity Protein
Amino acid sequence determines the specificity of Kidd antigens

Antigen-carrying 
molecules

Glycoprotein that transports urea
The Kidd protein is a transmembrane, multi-pass protein that transports urea across the RBC membrane.

Molecular basis The SLC14A1 gene encodes the Kidd glycoprotein. 
Located on chromosome 18 (18q11-q12), contains 11 exons that span more than 30 kbp of DNA. The 
SLC14A1 gene has two major codominant alleles, Jka and Jkb, which result from a SNP (838G→A), and the 
corresponding Jka and Jkb antigens differ by a single amino acid (D280N).

Frequency of Kidd 
antigens

Jka: 77% Caucasians, 92% Blacks, and 73% Asians
Jkb: 74% Caucasians, 49% Blacks, and 76% Asians
Jk3: 100% in most populations, >99% in Polynesians (1)

Frequency of Kidd 
phenotypes

Jk(a+b+): 50% Caucasians, 41% Blacks, 49% Asians 
Jk(a+b-): 26% Caucasians, 51% Blacks, 23% Asians
Jk(a-b+): 23% Caucasians, 8% Blacks, 27% Asians
JK(a-b-): Rare in most populations, found in 0.9% Polynesians (1)

Antibodies produced against Kidd antigens.

Antibody type IgG and IgM
IgG is more common

Antibody reactivity Capable of hemolysis
Can bind complement



continued from previous page.

Transfusion reaction Yes—common cause of delayed hemolytic transfusion reactions.
Anti-Jka and anti-Jkb are dangerous antibodies because they can be difficult to detect in routine blood cross-
matches. They are a common cause of delayed hemolytic transfusion reactions. Anti-Jk3 is rare and can 
cause immediate and delayed hemolytic transfusion reactions.

Hemolytic disease of 
the newborn

Yes—typically mild disease.
Anti-Jka has been implicated in at least one severe case of HDN, but most cases of HDN caused by the anti-
Kidd antibodies are mild in nature.

Background information

History
In 1951, a patient called Mrs. Kidd was found to have produced antibodies targeted against a then unknown red 
cell antigen during her pregnancy. The marker was present on the RBCs of her fetus, and the maternal antibodies 
targeted against it caused fatal hemolytic disease in her newborn child.

The protein was given the name Jka and was the first antigen to be discovered in the Kidd blood group system. 
Since this time, two other antigens, Jkb and Jk3, have been found.

In 1959, the first example of the null phenotype, i.e., Jk(a-b-), was found in a woman who had become jaundiced 
after a blood transfusion. Her serum was found to contain an antibody that recognized both Jka and Jkb. This 
antibody was subsequently named anti-Jk3.

Nomenclature
• Number of Kidd antigens: 3
• ISBT symbol: JK
• ISBT number: 009
• Gene symbol: SLC14A1
• Gene name: Solute carrier family 14, member 1

Basic biochemistry

Phenotypes
There are three common Kidd phenotypes: JK(a+b-), JK(a-b+), and JK(a+b+).

The Jk-null phenotype, JK(a-b-), is rare in most populations. Individuals with this blood type are often detected 
after they have been immunized to Kidd antigens during a previous blood transfusion or pregnancy. After 
immunization, JK(a-b-) individuals form anti-Jk3, which can cause HDN in subsequent pregnancies and 
hemolyse donor blood that contains Jka and/or Jkb antigens during a subsequent blood transfusion.

Expression of Kidd antigens
The expression of the Kidd antigens is limited to RBCs and the kidney (in the vasa recta).

Function of Kidd protein
The Kidd protein is a major urea transporter in RBCs. It rapidly transports urea into and out of RBCs and in the 
process helps to maintain osmotic stability. The urea transport across Kidd null RBC membranes is ~1000 times 
slower than across normal RBC membranes (2, 3).
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The transport of urea by the Kidd glycoprotein in the kidney enables the kidney medulla to maintain a high 
concentration of urea, which in turn enables the kidney to produce concentrated urine.

However, the absence of the Kidd glycoprotein is not associated with disease. The RBCs in Kidd null individuals 
have a normal shape and lifespan (3). Individuals with the Jk(a-b-) phenotype are unable to maximally 
concentrate urine, but it does not cause any other health problems (4).

Clinical significance of Kidd antibodies
The Kidd antibodies are often difficult to detect, making them hazardous in transfusion medicine, where they are 
suspected to be a common cause of delayed hemolytic transfusion reactions (DHTRs) (5).

Transfusion reactions
Anti-Jka can cause severe and fatal hemolytic transfusion reactions (6) but is more commonly associated with 
less severe DHTRs. It has been estimated that over one-third of DHTRs are caused by anti-Jka (7, 8). Case 
studies have also pointed to anti-Jkb as being responsible for severe DHTR (9, 10). Anti-Jk3 has also been 
responsible for causing severe hemolytic transfusion reactions, both immediate and delayed (5).

Hemolytic disease of the newborn
During pregnancy, fetal Kidd antigens are capable of causing alloimmunization of the mother (11). But in 
contrast to the hemolytic activity of Kidd antibodies in incompatible blood transfusions, anti-Jka and anti-Jkb 

are only rarely responsible for severe HDN (12). Likewise, anti-Jk3 is a rare cause of HDN, but the first 
documented case in Mrs. Kidd's newborn was fatal.

Molecular information

Gene
The SLC14A1 gene (Solute carrier family 14, member 1) is a member of the urea-transporter gene family and is 
located on chromosome 18 (18q12-q21). The gene is organized in 11 exons distributed across than 30kb of DNA. 
The first three exons and part of the fourth are not translated; exons 4-11 encode the mature Kidd protein.

The Jka and Jkb antigens are the products of two alleles that are inherited in a co-dominant fashion. The Jka/Jkb 

polymorphism results from a 838G→A transition, resulting in an D280N substitution (13). Based on this, several 
investigators have suggested different methods for JK genotyping (13–15).

The Jk(a-b-) phenotype is generally inherited as a recessive trait—a number of different mutations have been 
found to be responsible 16). In the Polynesian population where the null phenotype is less rare, a splice site 
mutation causes loss of exon 6 from mRNA transcripts and it is unlikely that the truncated Kidd protein 
produced is transported to the RBC membrane (17). A similar situation holds true in the Finnish population in 
which another genetic explanation causes the same phenotype (17, 18).

View the sequences of Kidd alleles at the
dbRBC Sequence Alignment Viewer

Protein
The Kidd protein urea transporter is an integral protein of the RBC membrane. It is a transmembrane protein 
containing 389 amino acid residues. The protein is predicted to span the membrane 10 times with both the N 
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terminus and C terminus being intracellular. This membrane topology is shared by the anion exchanger that 
bears the Diego blood group antigens.

The Kidd protein consists of two hydrophobic domains that each span the membrane five times, and they are 
linked by a large glycosylated extracellular loop. The Asn211 on this third loop carries 1% of ABO antigens 
found on the RBC. The Jka/Jkb polymorphism is found on the neighboring fourth extracellular loop (19).

References
1. Reid ME and Lomas-Francis C. The Blood Group Antigen Facts Book. Second ed. 2004, New York: Elsevier 

Academic Press.
2. Frohlich O, Macey R I, Edwards-Moulds J J.et al. Urea transport deficiency in Jk(a-b-) erythrocytes. Am J 

Physiol. 1991;260(4 Pt 1):C778–83. PubMed PMID: 1902060.
3. Mohandas J, Narla A. Blood group antigens in health and disease. Curr Opin Hematol. 2005;12:135–40. 

PubMed PMID: 15725904.
4. Sands J M, Gargus J J, Frohlich O, Gunn R B, Kokko J P. Urinary concentrating ability in patients with Jk(a-

b-) blood type who lack carrier-mediated urea transport. J Am Soc Nephrol. 1992;2:1689–96. PubMed 
PMID: 1498276.

5. Daniels, G., Human Blood Groups. 2nd ed. 2002: Blackwell Scientific, Oxford, UK.
6. Daniels, G., Human Blood Groups. 1st ed. 1995: Blackwell Scientific, Oxford, UK.
7. Pineda A A, Taswell H F, Brzica S M. Transfusion reaction. An immunologic hazard of blood transfusion. 

Transfusion. 1978;18:1–7. PubMed PMID: 415392.
8. Ness P M, Shirey R S, Thoman S K, Buck S A. The differentiation of delayed serologic and delayed hemolytic 

transfusion reactions: incidence, long-term serologic findings, and clinical significance. Transfusion. 
1990;30:688–93. PubMed PMID: 2219254.

9. Morgan P, Wheeler C B, Bossom E L. Delayed transfusion reaction attributed to anti-Jkb. Transfusion. 
1967;7:307–8. PubMed PMID: 6031075.

10. Holland P V, Wallerstein R O. Delayed hemolytic transfusion reaction with acute renal failure. JAMA. 
1968;204:1007–8. PubMed PMID: 5694777.

11. Geifman-Holtzman O, Wojtowycz M, Kosmas E, Artal R. Female alloimmunization with antibodies known 
to cause hemolytic disease. Obstet Gynecol. 1997;89:272–5. PubMed PMID: 9015034.

12. Matson G A, Swanson J, Tobin J D. Severe hemolytic disease of the newborn caused by anti-Jka. Vox Sang. 
1959;4:144–7. PubMed PMID: 13669426.

13. Olives B, Merriman M, Bailly P, Barnett A, Todd J, Cartron J P, Merriman T. The molecular basis of the Kidd 
blood group polymorphism and its lack of association with type 1 diabetes susceptibility. Hum Mol Genet. 
1997;Jul;6(7):1017–20. PubMed PMID: 9215669.

14. Irshaid N M, Thuresson B, Olsson M L.Genomic typing of the Kidd blood group locus by a single-tube 
allele-specific primer PCR technique. Br J Haematol. 1998 ;Sep;102(4):1010–4. PubMed PMID: 9734652.

15. Araujo F, Pereira C, Monteiro F, Henriques I, Meireles E, Lacerda P, Aleixo A, Rodrigues M J, Cunha-
Ribeiro R M, Araujo F. Blood group antigen profile predicted by molecular biology-use of real-time 
polymerase chain reaction to genotype important KEL, JK,RHD, and RHCE alleles. Immunohematol. 
2002;18(3):59–64. PubMed PMID: 15373552.

16. Irshaid N M, Eicher N I, Hustinx H, Poole J, Olsson M L. Novel alleles at the JK blood group locus explain 
the absence of the erythrocyte urea transporter in European families. Br J Haematol. 2002;116:445–53. 
PubMed PMID: 11841450.

17. Irshaid N M, Henry S M, Olsson M L. Genomic characterization of the kidd blood group gene:different 
molecular basis of the Jk(a-b-) phenotype in Polynesians and Finns. Transfusion. 2000;Jan;40(1):69–74. 
PubMed PMID: 10644814.

4 Blood Groups and Red Cell Antigens

https://www.ncbi.nlm.nih.gov/pubmed/1902060
https://www.ncbi.nlm.nih.gov/pubmed/15725904
https://www.ncbi.nlm.nih.gov/pubmed/1498276
https://www.ncbi.nlm.nih.gov/pubmed/415392
https://www.ncbi.nlm.nih.gov/pubmed/2219254
https://www.ncbi.nlm.nih.gov/pubmed/6031075
https://www.ncbi.nlm.nih.gov/pubmed/5694777
https://www.ncbi.nlm.nih.gov/pubmed/9015034
https://www.ncbi.nlm.nih.gov/pubmed/13669426
https://www.ncbi.nlm.nih.gov/pubmed/9215669
https://www.ncbi.nlm.nih.gov/pubmed/9734652
https://www.ncbi.nlm.nih.gov/pubmed/15373552
https://www.ncbi.nlm.nih.gov/pubmed/11841450
https://www.ncbi.nlm.nih.gov/pubmed/10644814


18. Sidoux-Walter F, Lucien N, Nissinen R, Sistonen P, Henry S, Moulds J, Cartron J P, Bailly P. Molecular 
heterogeneity of the Jk(null) phenotype: expression analysis of the Jk(S291P) mutation found in Finns. 
Blood. 2000;Aug 15;96(4):1566–73. PubMed PMID: 10942407.

19. Lucien N, Sidoux-Walter F, Roudier N, Ripoche P, Huet M, Trinh-Trang-Tan M M, Cartron J P, Bailly P. 
Antigenic and functional properties of the human red blood cell urea transporter hUT-B1. J Biol Chem. 
2002;277:34101–8. PubMed PMID: 12093813.

The Kidd blood group 5

https://www.ncbi.nlm.nih.gov/pubmed/10942407
https://www.ncbi.nlm.nih.gov/pubmed/12093813

	At a glance
	Background information
	Basic biochemistry
	Clinical significance of Kidd antibodies
	Molecular information
	References

