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ABSTRACT
Hemolytic Transfusion Reactions (HTR) caused by antibodies against the high-prevalence Coa antigen has rarely 

been reported, and Coa-negative Red Blood Cells (RBC) units are rare.

A 74-year-old woman was admitted with gastro-intestinal bleeding and sepsis. She developed an alloantibody of 

unknown specificity after her first transfusion. After a third, urgent transfusion with a Coa incompatible RBC unit, 

she reacted with dyspnea, hypertension, cerebral impairment and ultimately cardiac arrest. Hemolysis was 

demonstrated, an anti-Coa was detected in her serum, and post transfusion investigations identified the implicated 

RBC unit as Co (a+b-). In the following weeks, the patient’s persistent need for RBC transfusions was met by 

fresh Coa-negative blood enabled by our recently implemented routine genotyping of blood 

donors. Genotyping of the patient’s blood group antigens was an important diagnostic tool in the 

identification of the antibody, and large-scale genotyping of blood donors proved to be of great value to 

procure Coa negative blood. Keyword: Colton-a; Alloantibody; Genotyping; Acute hemolytic transfusion reaction

INTRODUCTION
The Colton (co) blood group antigens are located on 
aquaporin-1, a water channel protein regulating water 
homeostasis in erythrocytes and kidney tubules [1]. The high-
prevalence antigen Coa is present in 99.8% of Caucasians, while 
the antithetical antigen Cob is reported in 8.5% and most 
frequently caused by a single-nucleotide polymorphism 
introducing an alanine to valine substitution [2-4].

Anti-Coa antibodies were first described by Heisto, et al. in 1967 
[5]. They are most commonly of IgG isotype and formed after 
exposure of a Coa negative individual to antigen-positive blood 
by transfusion or pregnancy [2, 4]. Antibodies against Coa have 
been described to cause severe Hemolytic Disease of the Fetus 
and Newborn (HDFN), but publications of Hemolytic 
Transfusion Reactions (HTR) are rare [6-9]. Here, we report a 
case of severe acute HTR associated with development of an anti-

Coa antibody and the subsequent attempts to provide Co (a-) 
blood products to the patient.

CASE PRESENTATION
A 74-year-old Caucasian woman with a prior medical history of 
hysterectomy, ovariectomy and breast cancer and currently 
undergoing tamoxifen treatment for invasive ductal carcinoma 
was admitted to the hospital with abdominal pain (Figure 1). 
She was diagnosed with acute diverticulitis and treated with 
intravenous antibiotics but progressed with intestinal necrosis 
and perforation after 11 days. A subtotal colectomy and 
resection of the small intestines were performed. Postoperatively, 
she was transferred to the Intensive Care Unit (ICU) with septic 
shock. Escherichia coli and Enterococcus faecium were 
identified in ascitic fluid, and E. faecium was also detected 
in blood culture. She received ventilatory support and 
broad-spectrum   antibiotics   with  clinical  improvement  and
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Despite transfusion, hemoglobin declined from 4.6 mmol/L (7.4 
g/dL) to 3.8 mmol/L (6.1 g/dL) with no clinical evidence of 
bleeding. Blood samples collected shortly after the transfusion 
showed a positive DAT with 1+ for C3d, but no reaction for 
Immunoglobulin G (IgG). Initial antibody identification showed 
reactions of 1+ to 3+ with 10 of 11 of the panel cells by IAT with 
Polyethylene Glycol (PEG), and reactions decreased with papain 
and Dithiothreitol (DTT) treatment (saline without PEG). 
Additional blood samples collected during the next two days 
reacted with all RBCs in an unspecific pattern (Figure 2). 
Supplementary RBC phenotyping was challenged by prior blood 
transfusions. However, blood group genotyping using RBC-
FluoGene   verify   Extend (Inno-Train,   Kronberg,   Germany)
revealed the infrequent CO*O2 genotype of the patient 
corresponding to a Co (a-b+) phenotype. Re-evaluation of the 
antibody panel indicated an initial dosage effect arising from 
heterozygosity in the Colton blood group, which were partly 
concealed by the anti-K antibody and disappeared after the 
second RBC transfusion. The presence of anti-Coa was proven 
by compatibility with K-, Co (a-) RBCs from two donors, and 
non-compatibility with K-Co (a+b-) RBCs from 3 donors (by 
IAT).

A) Antibody screening on two initial pretransfusion samples was 
negative. An anti-K antibody was detected at day +17 after 
admission using an antibody identification panel including cells 
from 11 selected individuals produced according to 
international guidelines. However, identification of the anti-Coa 
antibody at day +25 was challenged by the lack of Coa negative 
cells in the donor panel, despite an initial a dosage effect with 
the heterozygote cells of 7 and 9. Two K-Co (a+ b-) RBC units 
were given on day +19 and +25 (after blood sampling) and 
clearly boosted the anti-Coa antibody response.

Antibody identification was performed with a gel column 
agglutination technique at 37°C with polyethylene Glycol- PEG 
(BioVue, Ortho Clinical Diagnostics, Illkirch-Graffenstaden, 
France) or without PEG (Biorad, Svenska Labex AB, 
Helsingborg, Sweden, marked with*) using the following 
conditions: IAT (anti-IgG) with untreated RBCs, saline 
technique with DTT treated RBCs, saline technique and IAT 
(anti-IgG) with papain-treated RBCs, and IAT (anti-IgG) with 
trypsin-treated RBCs.

B) Serological phenotyping and genotyping of red blood cell 
antigens of the patient. Phenotyping was performed on day +17 
(simultaneously with identification of anti-K antibody and 
before any transfusions) and day +25 after admission (at time of 
identification of an additional unknown antibody after one RBC 
transfusion). MF: Mixed Field reaction.
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normalization of infectious parameters, but increasing signs of 
anemia.

Her transfusion history was limited to a single RBC unit 13 years 
earlier. Initial testing identified her as blood group B RhD+ with 
negative antibody screen tests before and two days after surgery. 
Despite the absence of transfusion, a weak anti-K antibody was 
detected by panel antibody investigation Indirect Antiglobulin 
Test (IAT technique) six days post-operative. Accordingly, the 
patient’s own RBCs were identified as K-negative by serological 
phenotyping (Bio-Rad gel column agglutination system). Direct 
Antiglobulin Test (DAT) was negative, and the patient received a 
single compatible K-negative RBC unit.

Fourteen days after this transfusion, following reassignment to 
the gastrointestinal ward, an additional alloantibody of unknown 
specificity developed. A second K-negative RBC unit with full 
serological compatibility (IAT) was administered, but for the 
following two days no compatible units could be identified 
despite intensive efforts. Meanwhile, the patient’s hemoglobin 
level decreased, and atrial flutter arose. A third transfusion with 
the best compatible K-negative RBC unit was given despite a 
serological crossmatch of +1 (IAT). After infusion of 
approximately half of the product, the patient developed dyspnea, 
desaturation (80%), hypertension (BP 200/100), chills, and 
cerebral impairment. She was treated with 40 mg furosemide 
intravenously and continuous positive airway pressure on 
suspicion of pulmonary edema with all symptoms resolving. An 
investigation for hemolytic transfusion reaction was started. Four 
hours after the transfusion, the patient was found unresponsive 
with tachypnea (RR 24), desaturation (86%with 14 L oxygen) and 
hypotension (BP 59/34), shortly afterwards developing cardiac 
arrest. She received cardiopulmonary resuscitation, was converted 
back to normal sinus rhythm and readmitted to the ICU. Her 
clinical condition deteriorated with septic shock from multiple 
intraabdominal abscesses and disseminated intravascular 
coagulation.
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Figure 1: Timeline of case measurements of hemoglobin, 
reticulocytes, haptoglobin, bilirubin and LDH from time of 
admission to discharge from the hospital.

Arrows mark RBC-transfusions (  : compatible blood,  : 
incompatible blood). The grey dotted line shows normal range 
of each parameter. The patient received weekly administration 
with erythropoietin from day +36 to +70 and additional iron 
isomaltoside on day +33, +36 and +56. CB: Clinical 
Biochemistry; POC: Point-of-Care.

Figure 2: Antibody panel investigation, phenotyping and 
genotyping.



with development of an anti-K alloantibody, possibly caused 
by the sepsis with E. faecium, this anti-K antibody had no 
role in the transfusion reaction as all transfused RBC units 
were K-negative [12,13].

This clinical case illustrates that genotyping of red blood group 
antigens can be an important diagnostic tool in the 
identification of rare alloantigens. Our serological analyses were 
challenged by the lack of antigen negative cells and the 
coinciding presence of an anti-K, partly masking the reactions of 
Co (a+b+) heterozygous cells in the panel. Patient genotyping,
however, revealed the CO*O2 genotype corresponding to the 
Co(a-b+) phenotype, which provided crucial information 
to guide the identification of an anti-Coa antibody by testing 
of patient serum with Co(a-) and Co(a+) RBCs [14].

This case also demonstrates the importance of a large pool of 
well-typed blood donors in the procurement of compatible 
blood in cases of rare alloantibodies. The patient required 
multiple RBC transfusions for two weeks after the identification 
of the anti-Coa. We managed to collect all the necessary Coa-
negative units locally, even though the frequency of Co (a-b+) 
donors was only 0.21% in our population (in line with previous 
reports) [2, 3].

Serum was incubated with 5 × 105/ml RBC with well-known 
Coa genotype (and negative for other present alloantibodies). 
After washing, the RBCs were incubated with anti-human 
Immunoglobulin G-Poly Ethyl (IgG-PE), washed again and 
analyzed on a Canto II flow cytometer. The Mixed Field 
interaction (MFI) values indicate the amount of anti-Coa 
antibody binding to the specific RBCs. 

A) Positive control with a commercial anti-Coa 
antibody (Imumed) showing increased binding of anti-Coa 
antibody to RBC expressing the Coa-antigen.

B)  Case patient showing only limited reactions with 
RBCs from Co (a+b+) heterozygote donors.
C)  MFI values from the case patient and 4 additional 
patients with anti-Coa antibodies showing a general dose-
dependent binding of anti-Coa antibodies to RBC according 
to the donors’ Colton genotype.
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Figure 3: Anti-Coa alloantibody binding to RBCs by flow 
cytometry.
Note:     - Co(a-b+),      - Co(a+b+),       - Co(a+b-).
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Reevaluation revealed that the patients had initially 
beentransfused with 2 RBC units from K-, Co (a+b-) donors. 
The third RBC unit causing the transfusion reaction was also 
later identified as K-, Co (a+b-). Four days later, DAT was positive 
with 1+ for both IgG and C3d. In the meantime, the 
patient had received additionally four K-,Co (a+b-) 
incompatible RBC units, and results from clinical biochemistry 
analyses showed signs of severe hemolysis (Figure 1). Based 
on these findings, acute Hemolytic Transfusion Reactions 
(HTR) was diagnosed.

Simultaneously, a search for K-, Co (a-) blood donors of 
blood group B or O was initiated. In our institution, 
approximately 14,000 (25%) of the active blood donors had 
been routinely genotyped with a Kompetitive Allele-Specific 
Polymerase (KASP) assay targeting 16 blood group systems, 
including Coa identified by Single Nucleotide Polymorphisms 
(SNP) rs2836269210. Of the genotyped donors, 0.21% were 
Co (a-b+), while 8.90% were Co (a+b+) and 90.88% were Co 
(a+b-), corresponding to allele frequencies of 0.9533 (a-allele) 
and 0.0467 (b-allele). This timely effort allowed us to procure 
crucial K-, Co (a-b+) compatible products within three days, 
and in total RBC units from five available, compatible 
donors were given. Furthermore, while international request 
for K-, Co(a-b+) units were made, 10 available RBC units 
from K-negative and Co(a+b+) heterozygote donors were 
tested by serological cross matching and surprisingly 
found fully compatible with the patient and stored in case of 
emergency.

Transfusion with K-, Co (a-b+) RBC products resulted in gradual 
normalization of hemolysis parameters within the 
following three weeks. At the same time patient blood 
management was initiated parallel to blood transfusion by 
administration of vitamin B12, folate, erythropoietin and iron 
isomaltoside based on laboratory results, in order to support 
the patient’s own erythrocyte production.

The patient remained at the ICU for more than a month and 
was finally discharged from the hospital 2.5 months after her 
initial admission.

RESULTS AND DISCUSSION
We report a severe acute HTR caused by anti-Coa 
antibodies, which occurred after transfusion with three Co (a+b-) 
RBC units and was suspected to cause cardiac arrest of 
the patient. Antibodies to Coa have in few prior cases been 
implicated in transfusion reactions ranging from mild 
delayed hemolytic reactions to acute hemolysis and life-
threatening cases of HDFN [6-11]. In our case, the diagnosis 
of acute HTR was based on hemolysis immediately after 
transfusion combined with an incompatible crossmatch. The 
conclusion was strengthened by the subsequent 
demonstration of circulating anti-Coa antibodies, the 
identification of the incompatible RBC as being Co (a+b-), 
and the lack of hemolysis after transfusions with Coa  negative 
RBC units. Although the patient initially presented
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CONCLUSION
In conclusion, we report a severe acute HTR in a patient with 
the rare anti-Coa alloantibody. Genotyping of the patient 
aided in the identification of the antibody. Furthermore, 
this case illustrates how large-scale genotyping of blood 
donors can be crucial in procurement of antigen-negative 
RBC units to patients with antibodies against frequent 
antigens and in urgent need for transfusions. In the 
aftermath of this event, our genotyping of blood donors 
has led to the establishment of a local inventory of frozen 
RBCs of several rare phenotypes from our blood donors in case 
of future needs.
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Interestingly, full compatibility was shown between patient 
serum and ten different Co (a+b+) heterozygous donors by IAT 
technique. To investigate this further, we tested serum from 
5 patients with anti-Coa antibodies against RBCs with 
different Colton genotypes by flow cytometry and found a 
general dose dependent response (Figure 3). Similar data 
has not been presented previously. These data suggest that 
in some cases, transfusions with heterozygous donors could 
be used in urgent situations with anti-Coa antibodies, when 
transfusions cannot await procurement of antigen-negative 
blood.
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