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Introduction

The Kell system (ISBT 006) is one of the most important blood 
groups in transfusion and obstetric medicine. It is highly immuno-
genic, and Kell antibodies are considered clinically significant. The 
Kell blood group system comprises 35 antigens, of which K/k 
(KEL1/KEL2), Kpa/Kpb (KEL3/KEL4), and Jsa/Jsb (KEL6/KEL7) 
are the most important. The expression of Kell antigens is deter-
mined by different alleles of the KEL gene which is organized into 
19 exons. Single nucleotide polymorphisms are the most common 
cause of different Kell phenotypes. Kell antigens are expressed on 
the type II Kell glycoprotein which spans the red blood cell (RBC) 
membrane once and is linked through a single disulfide bond to 
the XK protein, an integral membrane polypeptide that expresses 
the Kx blood group antigen (XK1). The absence of XK protein 
leads to the Mc Leod syndrome that is characterized by neuromus-
cular abnormalities, mild hemolysis, and RBCs acanthocytosis with 
a greatly reduced amount of the Kell protein and all of its antigens 
(Mc Leod phenotype) [1, 2].

Nucleotide changes that occur in the KEL gene may give raise to 
silent alleles (K0 alleles) responsible for the lack of Kell antigen ex-
pression, the so-called Kell null phenotype (K0 phenotype). Cur-
rently, at least 37 different K0 alleles in a scarce number of individ-
uals have been recognized to abolish Kell antigen expression when 
carried in homozygosity or compound heterozygosity. In addition, 
several nucleotide changes affecting the KEL gene lead to depressed 
or weak Kell antigens, which is termed Kmod phenotype [3–5].

Lack of Kell glycoprotein in K0 individuals does not result in a 
recognizable illness; however, they can produce anti-Ku (anti-
KEL5), an antibody against many epitopes in the whole polypep-
tide, after transfusion and/or pregnancy. Since sensitized K0 pa-
tients are rare, little is known about anti-Ku clinical relevance and 
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Summary
Background: Kell null (K0) individuals can produce anti-Ku, 
an antibody against many epitopes in the Kell glycopro-
tein, after transfusion and/or pregnancy. Since sensitized 
K0 patients are rare, little is known about anti-Ku clinical 
relevance and in particular about its association to hemo-
lytic disease of the fetus and newborn. Case Report: This 
work describes a case of neonatal hyperbilirubinemia due 
to immune-mediated erythrocyte destruction by an alloan-
tibody directed against the Kell glycoprotein. Serologic 
and molecular approaches identified an anti-Ku alloanti-
body in maternal serum. A homozygous IVS3 + 1g>a point 
mutation (KEL*02N.06 allele) was found to be responsible 
for the lack of Kell antigen expression in the mother’s red 
blood cell and subsequent alloimmunization after a previ-
ous pregnancy. Even though in most cases Kell antibodies 
are clinically severe and may cause suppression of eryth-
ropoiesis, in our case the newborn had a moderate anemia 
and hyperbilirubinemia that was successfully treated with 
phototherapy without requiring exchange transfusion. 
 Serological and molecular studies performed in the 
proband’s family members allowed us to provide them 
with proper counseling regarding alloimmunization after 
transfusion and/or pregnancy. Conclusions: This case en-
larges the understanding of the clinical significance of 
 alloantibodies against Kell blood group antigens.
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in particular on its association to hemolytic disease of the fetus and 
newborn (HDFN). While some authors found anti-Ku to be associ-
ated to severe perinatal anemia, others found no clinical evidence 
of affected infants [6–11]. On the other hand, anti-Ku-like anti-
body has been described in individuals whose RBCs are classified 
as Kmod [12]. In the following case report, we describe the clinical 
relevance of an anti-Ku found in a K0 puerpera.

Case Report

A 21-year-old, gravida 2, para 1, Argentinean, blood group A RhD-positive 
woman was admitted to hospital in labor, at 40 weeks of an unmonitored gesta-
tion. The woman did not refer previous abortions nor transfusions and deliv-
ered an blood group A RhD-positive baby, who weighed 3,320 kg, had marked 
hyperbilirubinemia (total bilirubin 6.32 mg/dl) and a positive (4+) direct anti-
globulin test (DAT). The neonate was immediately treated with phototherapy. 
Total bilirubin values increased progressively. No compatible RBCs with mater-
nal serum were found for exchange transfusion. Washed maternal RBCs were 
prepared but not used as total bilirubin began to decrease gradually on day 3. 
Table 1 summarizes the evolution and laboratory findings of the newborn dur-
ing hospitalization.

A peripheral blood sample of the proband was sent to our reference labora-
tory because of the presence of an IgG RBC alloantibody that reacted (3+) with 
all panel RBCs in the anti-human globulin phase in low-ionic-strength solution 
and with papain-modified RBCs. Maternal serum was nonreactive when tested 
either with dithiothreitol-treated or EDTA/glycine-acid-treated RBCs. The titer 
of the antibody against her husband’s ABO-compatible RBCs was 128. Ex-
tended erythrocyte typing was performed using tube technique [13], and the 
following phenotype was identified: C+ c+ E– e+; M+ N– S– s+; Fy(a+ b+); 
Jk(a+ b–); Lu(a– b+); Le(a– b+); K– k–; Kp(a– b–); Js(a– b–). The patient’s 
RBCs typed negative for all Kell blood group antigens studied. DAT and auto-
control were negative by both the conventional tube method and gel test. Alto-
gether these results suggested a potential K0 phenotype with the presence of an 

anti-Ku alloantibody. Occasionally, it is difficult to distinguish by serology be-
tween a K0 and a Kmod phenotype. The detection of Kell antigens highly de-
pends on the avidity of reagents being used; therefore, sometimes it is challeng-
ing to establish the boundaries between a weakly positive agglutination and a 
negative one. Considering this, the possibility of a Kmod phenotype with an anti-
Ku like antibody could not be disregarded until molecular investigations are 
carried out.

KEL genotyping was performed in maternal genomic DNA by polymerase 
chain reaction (PCR) restriction fragment length polymorphism strategies [14] 
and showed KEL*02/02, KEL*04/04 and KEL*07/07 genotypes. Because of the 
discrepancy between serologic and molecular findings, each of the 19 exons of 
KEL gene and intron-exon boundaries were sequenced using the Sanger dide-
oxy method [15]. Chromatograms showed a homozygous substitution of a gua-
nine to an adenine at the first nucleotide of Intron 3 (IVS3 + 1g>a) changing the 
conserved gt sequence at the 5ʹ splice site to at. This event causes aberrant RNA 
splicing, altering the reading frame and introducing a premature stop codon 
that prevents expression of Kell glycoprotein on the RBC membrane [16]. Se-
quencing data provided by the Exome Aggregation Consortium [17], obtained 
from 60,706 unrelated individuals of diverse ethnicity showed that the IVS3 + 
1g>a mutation (dbSNP accession: rs369569464) [18] has a frequency of 8.29 × 
10–5 and was found in European (non-Finnish), European (Finnish), Latino 
and South Asian populations. The IVS3 + 1a variant, termed KEL*02N.06 allele 
by the International Society of Blood Transfusion [3], is one of the most fre-
quent genetic bases for the extremely rare K0 phenotype [19]. Molecular analy-
sis confirmed that the proband had the K0 phenotype, and it is highly suggested 
that specificity of the alloantibody found in patient’s serum was effectively an 
anti-Ku.

Proband’s family members were investigated by serological and molecular 
methods in order to provide them with proper counseling regarding allo-
immunization after transfusion and/or pregnancy. A PCR with sequence- 
specific primer (SSP) strategy was developed to detect the mutation found in 
the proband. Two separate PCRs were performed using a forward primer 
(ATCTTTCACCTCTTGGTTCCTCCC) complementary to a consensus se-
quence of the KEL gene paired with reverse primers containing at their 3ʹ ends 
(position IVS3 + 1) the polymorphic nucleotides C (GGGGGTCTGG-
GATCTTGCTTAC) to anneal with G in the KEL wild type allele or T 

Table 1. Evolution and laboratory findings of the newborn during hospitalization

Day 1 Day 2 Day 3 Day 4 Day 5

Total bilirubin, mg/dl 6.32
7.80

9.84
20.5
21.16

22.45
23.54
18.00
13.40
13.10

9.9 9.8

Direct bilirubin, mg/dl ND ND 1.88
2.55

ND ND

Hematocrit, % 59 47 46
42
39

36 34

Hemoglobin, g/dl 17.0 14.7 12.2 11.3 11.0

Reticulocytes, % ND ND 4.9 ND ND

Cardiological evaluation hemodynamically  
stable

hemodynamically  
stable

hemodynamically  
stable

hemodynamically  
stable

hemodynamically  
stable

Neurological evaluation reactive to stimuli reactive to stimuli reactive to stimuli reactive to stimuli reactive to stimuli

Treatment phototherapy phototherapy phototherapy phototherapy –

ND = Not determined.
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(GGGGGTCTGGGATCTTGCTTAT) to anneal with A in the KEL*02N.06 al-
lele, in each reaction. To establish optimal PCR conditions, DNA samples from 
the patient (genotype KEL*02N.06/KEL*02N.06) and a normal individual (gen-
otype KEL*01/KEL*02) were used. Amplifications were performed with ap-
proximately 0.5 μg of genomic DNA in a final volume of 10 μl containing 0.4 

μmol/l of each primer (except for primers used for internal positive controls 
that were at 0,04 μmol/l), 0.2 mmol/l of each dNTP, 2 mmol/l MgCl2 and 1 U of 
Taq DNA polymerase in appropriate buffer. PCRs started with one cycle of de-
naturation at 94 ° C for 5 min and were ended with one cycle of 10 min at 72 ° C 
to complete extension. Cycling parameters were 30 cycles of 40 s at 94 ° C, 40 s 

Fig. 1. Serological 
and molecular analysis 
in proband’s family 
members. A Pedigree 
showing Kell antigens 
phenotyping and 
KEL*02N.06 genotyp-
ing results. B Gel elec-
trophoresis showing 
 allele-specific PCR re-
sults for the detection 
of the IVS3+1g>a point 
mutation (KEL*02N.06 
allele). Arrow indicates 
the proband. Asterisk 
indicates the newborn 
affected by HDFN.
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at 67 ° C for annealing, and 40 s at 72 ° C for extension. In all PCR reactions a 
pair of primers that amplify a consensus sequence of the human growth hor-
mone gene was used as internal positive control. PCR products (435 bp for in-
ternal positive control and 192 bp for specific products) were analyzed by elec-
trophoresis on 2% agarose gels. This strategy allows the detection of the 
KEL*02N.06 allele in double or single dose. Serological and PCR-SSP results 
(fig.  1) demonstrated that seven family members (mother, father, 2 sisters, 1 
brother and 2 sons) express k, Kpb and Jsb antigens and carry a single dose of 
the KEL*02N.06 allele.

Discussion

Molecular studies performed in the proband’s sample allowed 
the identification of the allele responsible for a K0 phenotype 
(KEL*02N.06) in homozygosity and support the conclusion that 
the specificity of the alloantibody found in the mother was 
anti-Ku.

Antibodies to antigens in the Kell blood group system are usu-
ally IgG and may be involved in hemolytic transfusion reactions 
and HDFN [1, 2, 4]. Some specificities, like anti-K and anti-Kpa, 
have been associated not only to IgG-mediated destruction of ma-
ture RBCs but also to suppression of erythropoiesis by promoting 
the immune destruction of erythroid early progenitor cells by mac-
rophages in the fetal liver [20, 21]. As regards anti-Ku, little is 
known about its clinical significance due to the fact that sensitized 
K0 individuals are rare. While some authors described anti-Ku to 
produce hemolytic transfusion reactions and HDFN, the lack of 
hemolysis attributed to this specificity has been observed by others 
[6–11]. In our case, the laboratory findings and clinical course of 
the newborn were consistent with immune-mediated RBC destruc-
tion. The hyperbilirubinemia found in the newborn increased pro-
gressively reaching a peak on the 3rd day of life while, concomi-
tantly, hematocrit and hemoglobin values decreased, showing 
moderate anemia. Taking into account that mother and baby were 
ABO-identical, the raise in bilirubin values cannot be attributed to 
ABO incompatibility but to the action of the anti-Ku alloantibody, 
which in turn depends on the IgG subclass involved. It is well 
known that IgG1 and IgG3 interact efficiently with most Fcγ recep-
tors on phagocytic cells while IgG2 and IgG4 show reduced affinity 
to most of them [22]. Consequently, the rate of clearance of sensi-
tized erythrocytes from circulation depends on the IgG subclass of 
the antibody bound to the RBC membrane. Unfortunately, IgG 
subclass determination could not be performed, however, clinical 
and laboratory findings suggest that in our case the hyperbiliru-
binemia and anemia of the newborn was caused by the immune 
destruction of RBCs due to IgG1 and/or IgG3 anti-Ku alloantibody. 
To note, hematocrit and hemoglobin level at birth were normal, 
and reticulocyte count on day 3 reflected RBC production in re-

sponse to anemia. These observations suggest that maternal anti-
Ku did not cause a suppressive effect of fetal erythropoiesis during 
pregnancy, as described for other specificities within the Kell blood 
group system [20, 21]. Otherwise, parameters associated to RBC 
production would have been markedly diminished in the 
newborn.

The baby was briefly treated with phototherapy and discharged 
home on day 5 in good condition. The anemia of the baby resolved 
after 4 months without requiring blood transfusion, and hemo-
globin remained within the normal range. At 1 year of age, neuro-
logical evaluation of the baby was normal, showing no damage 
caused by hyperbilirubinemia.

We further studied proband’s family members so as to provide 
them with proper counseling regarding transfusion and possible 
alloimmunization events. Although ABO-compatible with the 
proband, no KEL*02N.06 homozygous individuals lacking Kell an-
tigen expression were found. These findings show that household 
members are not compatible donors regarding the Kell system. As 
a result, autotransfusion programs should be implemented in the 
patient in case of need. Otherwise, a high-risk transfusion protocol 
indicated only for extreme situations must be followed. Serological 
and molecular findings enabled us to inform the patient’s family 
members studied, mainly her two sisters, that they are not at risk of 
developing an anti-Ku.

In summary, our case provides valuable information on sero-
logical, molecular, and clinical findings regarding HDFN associ-
ated to an anti-Ku alloantibody produced by a K0 pregnant woman. 
Even though the antibody was directed against the Kell blood 
group system, the newborn was successfully treated with photo-
therapy, and no exchange transfusion was needed. Integrated phe-
notype and genotype studies allowed precise medical recommen-
dations for the proband and her family group.
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