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A B S T R A C T

Anti-Kpa is an irregular antibody of clinical significance directed against the red blood cell anti-

gen Kpa of the Kell system. It is rare in the general population and, therefore, uncommon as a

cause of transfusion or hemolytic complications. It has been documented in isolated cases,

mainly in the context of alloimmunization after transfusion exposure or during pregnancy; its

incidence in clinical practice is limited and can be difficult to detect in routine pre-transfusion

testing, which could lead to failure to identify the antibody prior to transfusion.

The production of Anti-Kpa antibodies is less common than antibodies against other Kell

system antigens, such as anti-K. However, when generated, these antibodies can mediate

hemolytic reactions in patients receiving incompatible blood and can cause hemolytic dis-

ease in the fetus since in addition to immune destruction of red blood cells, Kell system

antibodies such as Anti-Kpa can cause suppression of fetal erythropoiesis, resulting in

severe anemia.
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Introduction

Erythrocyte alloimmunization is a complex immunological
process that occurs in patients who have been exposed to for-
eign erythrocyte antigens, either through blood transfusions
or gestation, and who develop irregular antibodies against
these antigens [1]. This phenomenon is particularly relevant
in patients who require repeated transfusions, such as those
with chronic anemia, as the presence of clinically significant
antibodies can complicate transfusion management and
increase the risk of hemolytic reactions [1].
The Anti-Kpa antibody is a rare specificity within the Kell
blood group system. Due to its low prevalence in the general
population, it is an infrequent cause of hemolytic transfusion
reactions or hemolytic complications [2]. This antibody,
directed against the Kpa antigen, has been documented in iso-
lated cases, mainly in the context of alloimmunization fol-
lowing transfusion exposure or during pregnancy, but its
incidence in clinical practice is limited [2].

The aim of this review is to provide comprehensive and
up-to-date information on the Anti-Kpa antibody and its rele-
vance in transfusion medicine.

Relevant characteristics of the Kpa antigen

The Kpa antigen is part of the Kell blood group system (ISBT
006). This system comprises 38 antigens carried by a 732-
amino acid transmembrane glycoprotein known as CD238.
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The nomenclature derives from ‘Kelleher’, the first producer
of an anti-K antibody, and ‘p’ for ‘Penney,’ the name of the
first patient identified as an Anti-Kpa producer [3]. This anti-
gen, first discovered in 1957, has gained notoriety due to its
rarity and its involvement in transfusion reactions and hemo-
lytic disease of the fetus and newborn (HDFN) [3].

The Kpa antigen, referred to by the International Society of
Blood Transfusion (ISBT) as KEL3, is an allelic variant of the
protein encoded by the KEL gene, located on chromosome
7q32-q36 [3]. This gene gives rise to the Kell glycoprotein, a
metalloenzyme expressed in the erythrocyte membrane that
performs several functions such as regulation of cell growth
and interaction with other membrane proteins [3].

The variation in Kpa is due to a polymorphism in the KEL
gene, which generates an amino acid difference in the result-
ing protein [3]. This makes Kpa a low frequency antigen in
most populations, with an estimated prevalence of <2 % in
Caucasians and virtually absent in other ethnic groups. Con-
versely, its antithetical partner, the Kpb antigen (KEL4), is a
high-frequency antigen, appearing in >99 % of individuals [3].

Table 1 illustrates the phenotypes of the Kell system, fre-
quency in European and African populations and the reported
clinical significance:

Information on the frequencies of KEL:3,4 phenotypes in
patients with hemoglobinopathies and blood donors in South
America is scarce due to the rarity of these specific variants in
the general population and the limited specific genetic
research in this region [3,4]. Thus, genetic studies focused on
local populations, especially in polytransfused patients and
blood donors, is necessary [3,4].

Relevant characteristics of anti-Kpa

The low frequency of the Kpa antigen reduces the likelihood of
sensitization in the general population [4]. However, when it
does occur, the formation of anti-Kpa antibodies can have
serious clinical implications [4]. Sensitization to Kpa occurs
primarily through blood transfusions or, less frequently,
Table 1 – Kell system phenotypes, reported frequencies in Euro

Phenotype (ISBT Nomenclature) Antigen Reported Freque

K:�1,2 k (006,002) 91 % European and

K:1,2 K (006,001)
k (006,002)

9 % European and

K:1,�2 K (006,001) 0.2 % European an

Kp(a + b-)
(K:�3,4)

Kpᵃ (006,003) 0.1 % European an

Kp(a-b+)
(K:3,�4)

Kpᵇ (006,004) 97.9 % European an

Kp(a + b+) (K:3,4) Kpᵃ (006,003)
Kpᵇ (006,004)

2 % European and

Js(a + b-)
(K:�5,6)

Jsᵃ (006,005) 0.01 % European; 2

Js(a-b+)
(K:5,�6)

Jsᵇ (006,006 81 % African

Js(a + b+) (K:5,6) Jsᵃ (006,005)
Jsᵇ (006,006)

19 % African
during pregnancy when a Kpa-negative mother is exposed to
Kpa-positive fetal red blood cells [4].

The production of anti-Kpa is less common than that of
other Kell system antibodies, such as anti-K. The latter is
known to suppress erythropoiesis by an immunologic
mechanism that affects both the production of erythroid
progenitors in the bone marrow and the survival of mature
erythrocytes in the circulation [4]. Anti-K can bind to ery-
throid progenitor cells expressing the Kell antigen in the
bone marrow and trigger mechanisms such as macro-
phage-mediated phagocytosis or functional interference
where antibodies block signals essential for the prolifera-
tion and maturation of these cells, directly affecting eryth-
ropoiesis [4].

Alloimmunization against the Kpa antigen is extremely
rare, even in polytransfused patients, such as those with
hemoglobinopathies [5]. Anti-Kpa can mediate hemolytic
reactions in patients receiving incompatible blood by causing
extravascular hemolysis through opsonization of erythro-
cytes leading to destruction in the reticuloendothelial system
primarily in the spleen and liver [5]. Fortunately, due to the
low prevalence of Kpa, the risk of developing such antibodies
and having a transfusion reaction is relatively low compared
to other blood systems [5].

Anti-Kpa can be difficult to detect in routine pre-transfu-
sion testing, which could lead to failure to identify the anti-
body prior to transfusion [5]. In addition to immune
destruction of red blood cells, anti-Kpa can possibly cause
suppression of fetal erythropoiesis with consequent severe
anemia as reported by Tuson et al. where the first case of
probable erythropoiesis suppression attributable to anti-Kpa

is described in a twin pregnancy where only one of the twins
was affected [6].

Anti-Kpa is an immunoglobulin G (IgG), predominantly of
the IgG1 subtype. While naturally occurring antibodies are
extremely rare, they have been reported in a 12-month-old
infant with recurrent infections as a cross-reaction to bacte-
rial capsule antigens [7].
pean and African populations and their clinical significance.

ncy Clinical Significance

African Populations Themost common phenotype; anti-K anti-
bodies (006,001) can cause severe reac-
tions.

African Populations Compatible with most transfusions; risk
with anti-K antibodies.

d African Populations Rare phenotype; can cause significant
incompatibility due to the absence of k

d African Populations Very rare phenotype; anti-Kpᵇ antibodies
(006,004) may be clinically significant.

d African Populations Common phenotype; anti-Kpᵃ antibodies
are important in transfusion medicine.

African Populations Compatible with most transfusions.

0 % African Very rare in Europe; common in populations
of African descent. Anti-Jsᵇ (006,006) anti-
bodies are relevant.

Anti-Jsᵃ antibodies may cause hemolytic
reactions, especially in Africans.

Compatible with some donors, but there
may be incompatibility in specific cases.
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Case reports related to hemolytic disease of the fetus due to
anti-Kpa

Alloimmunization against the Kpa antigen is extremely rare;
the medical literature documents very few cases of perinatal
anemia or miscarriages associated with anti-Kpa antibodies [3
−5]. Most studies and reports focus on antibodies against
other Kell system antigens, such as K1 (KEL1), due to their
higher prevalence [3−5].

The 2013 report by Rossi et al. documents a case of HDFN
caused by the anti-Kpa antibody [8]. In this case, a pregnant
woman developed anti-Kpa antibodies resulting in severe
fetal anemia. The diagnosis was confirmed by serologic test-
ing and prenatal imaging studies that revealed signs of
hydrops fetalis, a severe complication in HDFN. This antibody
was initially identified as part of an investigation for parvovi-
rus B19-induced fetal anemia. Clinical management included
multiple intrauterine transfusions to correct the fetal anemia,
which allowed the pregnancy to be prolonged to a point
where delivery was viable. The newborn, although affected by
anemia, was stabilized after birth, but required additional
monitoring and treatment. This case underscores the impor-
tance of early detection and proper management of alloim-
munization by antibodies such as anti-Kpa, because of the
possibility of serious consequences if not treated early [9].
However, the paucity of specific reports makes it difficult to
accurately assess the frequency and severity [9].

Erythrocyte phenotyping and transfusion impact

Extended erythrocyte phenotyping facilitates the identification of
anti-Kpa in patients requiring transfusion. This is particularly criti-
cal for polytransfused patients and women of childbearing age,
as alloimmunization within the Kell system can significantly
impact future pregnancies [10]. In the laboratory, identification of
an anti-Kpa antibody is carried out through serological testing,
using techniques such as the indirect antiglobulin test (IAT) [10].
In cases where serological analysis is inconclusive, genetic testing
may be useful to detect polymorphisms in the KEL gene [10].

In transfusion situations, it is suggested to administer Kpa-
negative red blood cell units to alloimmunized patients,
although some studies suggest that serologically compatible
units may also be adequate, given the low relative risk of severe
hemolysis [11]. However, in scenarios such as hemolytic disease
of the newborn, anti-Kpa may generate fetal anemia, although
to a lesser degree than other Kell system incompatibilities [11].

For patients requiring transfusions, the general recom-
mendation is to use blood units that are compatible by cross-
matching at 37 °C in the antiglobulin phase without the need
to routinely select Kpa-negative units due to the low preva-
lence of the antigen in the population [12]. However, in situa-
tions where anti-Kpa has been identified, for example in
HDFN and sickle cell disease, it is essential to ensure strict
compatibility to prevent severe complications [12].
Conclusions

Appropriate management of patients with anti-Kpa antibodies
requires an individualized approach, with special attention to
the compatibility of transfused units and erythrocyte pheno-
typing. Alloimmunization, although rare, underlines the need
to implement preventive strategies and accurate diagnosis to
avoid hemolytic complications both in transfusions and in
the perinatal context. This type of finding, although infre-
quent, highlights the relevance of detecting irregular antibod-
ies in pregnant women, as well as the need to perform
specific compatibility tests prior to transfusions to ensure the
safety of both the mother and the fetus.

It is also important to perform genetic studies focused on local
populations, especially in polytransfused patients and blood
donors, since information on the specific variants and the fre-
quency of alloimmunization and transfusion and gestational
hemolysis due to these antibodies is scarce in the Americas.
Data availability

The data used to support this study’s findings are included
within the article.
Conflicts of interest

The author declares no conflicts of interest.
Editor

Eduardo Rego
r e f e r enc e s
1. Tormey CA, Hendrickson JE. Transfusion-related red blood cell
alloantibodies: induction and consequences. Blood. 2019;133
(17):1821–30. Apr 25.

2. Peng S, Meunier D. Kell system: anti-Kp a [Internet]. Ottawa:
Canadian Blood Services; 2019. October 9Available from
https://profedu.blood.ca/en/transfusion/best-practices/sero-
logical-best-practices/kell-system-anti-kpa.

3. Reid M, Lomas Francis C and Olsson M. The blood group anti-
gens facts book. Section II: the blood group and antigen sys-
tems; kell’s blood group system. p 297, 3rd ed. San Diego:
Elsevier Science & Technology; 2012. p. 297–346.

4. Daniels G, ed. Human blood groups, 3rd ed., Human blood
groups, 286, Oxford: Wiley-Blackwell; 2013. p. 286.

5. Melland C, Palk M. Other blood group and antigen systems. In:
Cohn CS, Delaney M, Johnson ST, Katz LM, Schwartz J, eds.
Technical manual, 21st ed., Bethesda, MD: AABB; 2023:379–81.

6. Tuson M, Hue-Roye K, Koval K, Imlay S, Desai R, Garg G,
Kazem E, Stockman D, Hamilton J, Reid ME. Possible suppres-
sion of fetal erythropoiesis by the Kell blood group anti-Kp(a).
Immunohematology. 2011;27(2):58–60. PMID22356520.

7. Kandasamy D, Shastry S, Chenna D, Prethika PA, Vaidya A,
Rajendran V. Naturally occurring anti-kpa in an infant with
recurrent bacterial infection: a case report and review of the
literature. Vox Sang. 2022;117(1):133–5. https://doi.org/10.1111/
vox.13122. JanEpub 2021 Jun 8. PMID: 34105168.

8. Rossi KQ, Scrape S, Lang C, O’Shaughnessy R. Severe hemo-
lytic disease of the fetus due to anti-kpa antibodies. Int J Blood
Transfus and Immunohaem. 2013;3:19–22.

http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0001
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0001
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0001
https://profedu.blood.ca/en/transfusion/best-practices/serological-best-practices/kell-system-anti-kpa
https://profedu.blood.ca/en/transfusion/best-practices/serological-best-practices/kell-system-anti-kpa
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0003
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0003
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0003
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0003
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0004
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0004
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0005
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0005
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0005
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0006
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0006
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0006
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0006
https://doi.org/10.1111/vox.13122
https://doi.org/10.1111/vox.13122
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0008
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0008
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0008
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0008


4 hematol transfus cell ther. 2026;48(2):106269
9. Koshy R, Patel B, Harrison JS. Anti-kpᵃ-induced severe delayed
hemolytic transfusion reaction. Immunohematology. 2009;25
(2):44–7.

10. Pina Moreno J, Ortega Abad V, P�erez Corral A, García-Tiz�on
Larroca S. Maternal mirror syndrome with fetal hydrops due
to isoimmunization by anti-KPa antibodies: a case report and
narrative literature review. Clin Case Rep. 2022;10(2):e05484.
https://doi.org/10.1002/ccr3.5484. Feb 16PMID: 35223025;
PMCID: PMC8850394.

11. de Winter DP, Kaminski A, Tjoa ML, Oepkes D. Hemolytic dis-
ease of the fetus and newborn: systematic literature review of
the antenatal landscape. BMC Pregnancy Childbirth. 2023;23
(1):12.. https://doi.org/10.1186/s12884-022-05329-z. Jan 7PMID:
36611144; PMCID: PMC9824959.

12. Mattaloni SM, Arnoni C, C�espedes R, Nonaka C, Trucco
Boggione C, Luj�an Brajovich ME, Trejo A, Zani N, Biondi CS,
Castilho L, Cotorruelo CM. Clinical significance of an allo-
antibody against Kell Blood Group glycoprotein. Transfus
Med Hemother. 2017;44(1):53–7. https://doi.org/10.1159/
000448381. JanEpub 2016 Nov 2. PMID: 28275334; PMCID:
PMC5318919.

http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0009
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0009
http://refhub.elsevier.com/S2531-1379(26)00016-7/sbref0009
https://doi.org/10.1002/ccr3.5484
https://doi.org/10.1186/s12884-022-05329-z
https://doi.org/10.1159/000448381
https://doi.org/10.1159/000448381

	Anti-Kpa antibody: Getting to know a strange and dangerous specificity
	Introduction
	Relevant characteristics of the Kpa antigen
	Relevant characteristics of anti-Kpa
	Case reports related to hemolytic disease of the fetus due to anti-Kpa
	Erythrocyte phenotyping and transfusion impact

	Conclusions
	Data availability
	Conflicts of interest
	References


