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ABO group testing is critical for allogeneic stem cell trans-
plantation because mismatches can cause both transfusion 
and engraftment challenges. Even with ABO-matched donor-
recipient pairs, ABO group determination may provide valuable 
insight into allograft status. Herein, we report a case of a 76-year-
old female patient with myeloid neoplasm who underwent 
ABO-matched stem cell transplantation and in whom mixed-
field ABO antigen expression during routine follow-up testing 
post-transplantation was the first sign of a change in transplant 
graft status; the mixed-field findings pre-dated changes in 
formal chimerism testing. This case underscores the potential 
of mixed-field ABO typing as an early indicator of disease 
recurrence in ABO-matched stem cell transplants and suggests 
that, in such cases, more sensitive forms of chimerism testing 
and/or closer monitoring for disease recurrence, particularly 
in the clinical setting of myeloid neoplasms, may be warranted. 
Immunohematology 2024;40:89–92. DOI: 10.2478/
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ABO group testing in allogeneic stem cell transplantation 
is essential, since ABO mismatches can lead to challenges from 
both a transfusion support and cell engraftment standpoint. 
Notably, even in cases where there is no ABO mismatch between 
donor and recipient, determining the ABO group can potentially 
provide unique insight into the status of an allograft. Transplant 
recipients who are engrafting with donor cells (or losing their 
donor grafts) may demonstrate subtle but distinct changes in 
ABO expression through front and back typing results.

Herein, we report a case of a 76-year-old female patient 
who underwent an ABO-matched stem cell transplantation 
from a male donor for myeloid neoplasm. The most notable 
feature of this case is that mixed-field expression in ABO front 
typing during routine pre-transfusion compatibility testing 
several months after the transplantation was the first clinical 
sign of a change in transplant status. Formal chimerism testing 

was performed on the patient using a somewhat insensitive 
assay examining only the presence or absence of X and Y 
chromosomes in the recipient.

Our group showed, through sensitive neoplastic molecular 
disease testing performed on current and retained specimens, 
that the appearance of mixed-field phenomena in ABO front 
typing clearly correlated with disease recurrence at the 
molecular level. The findings in this case also have broader 
implications, suggesting that the pursuit of more sensitive 
chimerism testing and/or evaluation for disease recurrence 
may be warranted when mixed-field reactivity or other ABO 
abnormalities are identified, even in the context of ABO-
matched transplants, particularly for individuals with myeloid 
neoplasms.

Case Report

A 76-year-old woman with a medical history notable for 
cardiomyopathy, hypertension, and non-sustained ventricular 
tachycardia was admitted to the hospital with abdominal 
pain. She was diagnosed with diverticulitis and received 
treatment. During the admission, she was also investigated for 
anemia and leukopenia, which ultimately led to a diagnosis of 
myeloid neoplasm—specifically, myeloproliferative neoplasm, 
unclassifiable (MDS/MPN-U). She underwent chemotherapy 
followed by assessment for hematopoietic progenitor cell 
(HPC) transplantation.

The pre-transplantation bone marrow evaluation using 
next-generation sequencing (NGS) showed a DNMT3A 
nonsense variant (C861*) at 11 percent variant allele frequency 
(VAF). Karyotype analysis assay reported 6 of 15 cells with 
11q deletion and a derivative chromosome 2.

After the myeloablation, she underwent allogeneic HPC 
transplantation from a male donor, and both the patient 
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and the donor had group A, D+ blood types. Although our 
center routinely gives blood that is compatible with both 
the recipient and the donor, in this case, no change in ABO 
group was expected, since the donor and recipient were ABO 
identical. The chimerism of the sex-mismatched transplant 
was followed using fluorescence in situ hybridization (FISH) 
for sex chromosomes (XY-FISH), since the donor was sex-
mismatched. The initial FISH performed within 1 month of the 
transplantation showed that 98 percent of the 200 interphase 
cells scored had a male (i.e., donor) signal pattern, indicating 
successful engraftment. FISH, using dual color probes for the 
CDKN2C gene and the KMT2A gene, had the normal pattern of 
two fusion signals. Repeated FISH testing 4 months after the 
transplantation showed similar results with 100 percent donor 
myeloid cells. ABO and D typing and an antibody detection 
test were again performed, and the patient was typed as group 
A, D+ as expected.

Six months after the transplantation (Fig. 1), the patient’s 
XY-FISH revealed a drop in her chimerism to 78 percent in 
male donor cells, although the myeloid cells were still 100 
percent donor. Additionally, 21 percent of the cells had an 
abnormal pattern of one fusion signal with the KMT2A probe 
consistent with deletion of 11q. The NGS done concurrently 
had DNMT3A C861* present at 20 percent VAF.

Interestingly, new ABO typing results from a sample sent 
1 week after the FISH showed mixed-field agglutination for A 

on front typing. There were no recent red blood cell (RBC) or 
platelet transfusions, and both the recipient and the donor were 
originally group A, D+, as stated earlier. The antibody detection 
test was negative, and the last transfusion was 6 months 
previously. The case was brought to the medical director’s 
attention to assess and resolve the discrepancy. Examination 

of records and discussion with other team members led to the 
conclusion that mixed-field reactivity was likely an early sign 
of disease recurrence.

In light of these new findings, the 4-month FISH sample 
was analyzed with a second look, and the DNMT3A C861* 
variant was present below the reportable level of the assay. The 
variant was present in 9 of 420 sequencing reads (2% VAF) but 
was not officially reported because of the low read count and 
strand bias.

Chimerism testing was repeated in 3 months, which still 
revealed 100 percent male myeloid cells. The NGS showed 
DNMT3A C861* variant at 35 percent VAF, new NRAS G13V 
variant at 15 percent, new PTPN11 S502A variant at 12 percent, 
and new KRAS Q61P variant at 3 percent. ABO front typing 
results remained consistently as mixed field. The patient died 
a few weeks later because of multiple complications of MDS 
aggressively turning into acute myeloid leukemia (AML).

Discussion

Chimerism testing for HPC transplantation shows 
variability across multiple platforms including methods 
such as short tandem repeat testing, FISH, NGS, and 
quantitative polymerase chain reaction.1 NGS is one of the 
most sensitive testing modalities used by our institution in 
the post-transplantation period. In our case, the DNMT3A 
C861* mutation was not detectable at a reportable level until 
6 months after the transplantation, which correlated with 
the timing of the ABO discrepancy. More importantly, the 
mixed-field reactivity in ABO front typing preceded FISH 
chimerism analysis in predicting disease recurrence, pointing 
out a disadvantage of FISH testing over its advantages, such as 
short turnaround time.

The differential diagnosis of mixed-field reactivity and 
front/back ABO typing discrepancies includes recent out- 
of-group transfusion, stem cell transplantation, A subgroup, 
fetomaternal hemorrhage, chimerism, hematologic malig-
nancies, solid tumors, or immune disorders.2,3 In cases of 
myeloid malignancy, it is not uncommon to see mixed-field 
reactivity due to disappearing antigens.4–17 More specifically, 
disappearance of A with preservation or loss of H via different 
mechanisms has been documented in the literature.18–22 If A- 
and B-transferase enzymes are affected, H  remains intact, 
but if fucosyl transferase is affected, then H production will 
decrease as well.20,23 In fact, loss of ABO antigens has been 
suggested to prompt a search for hematologic malignancy in 
the presence of underlying myelodysplasia.22 In contrast, RBCs 
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Fig. 1 Timeline of fluorescence in situ hybridization (FISH) and 
ABO/D typing results
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Mixed-field ABO typing predicting disease recurrence

in patients with solid tumors express normal amounts of ABO 
antigens, and testing reactivity is lost because of neutralization 
of testing reagents by the soluble A and/or B antigens secreted 
by the tumor.20 Other mechanisms involved in antigen loss 
include loss of heterozygosity or DNA methylation.24–28

Bianco et al.5 demonstrated by flow cytometry that, of 29 
patients with AML and weakened A expression, 5 patients had 
lost H, 8 patients had intact H, and 3 patients had lost both H 
and A. Yoshida et al.23 describe a case in which a patient had 
decreased expression of B  with normal levels of H, suggesting 
that the mechanism of this patient’s mixed-field reactivity was 
due to the blockage of conversion from H to B.23 While there 
is a patient reported with RUNX1 mutation possibly causing 
weakening of A expression,29 a case series of six patients with 
AML and RUNX1 and/or GATA2 mutations did not seem to 
be associated with antigen expression.4 Case studies mention 
that ABO discrepancies often resolve when the underlying 
disease is in remission.10,11,17

Some of the confounding factors in the investigation of the 
mixed-field reactivity in our patient included ABO subgroups 
and chimerism. A case study described a 70-year-old patient 
with no transfusion history whose RBCs typed as mixed field 
with reagent anti-A in her front typing while her back typing 
showed the presence of anti-B.30 The patient was shown to 
have a genotype with ABO*A2.01/O.01.0. The majority of her 
RBCs were group O, while some RBCs showed chimerism with 
some A2 component that likely belonged to a twin brother who 
died after birth. A similar case of a 24-year-old male individual 
also revealed chimerism in his RBCs with 52 percent group 
B RBCs and 48 percent group AB RBCs.31 Subgroups and 
chimerism are possible causes for mixed-field reactivity that 
are not associated with any specific diseases, and these cases 
illustrate possible confounding factors in our patient. However, 
there is no evidence of A subgroup or ABO chimerism in our 
patient, supporting the association between the mixed-field 
reactivity and disease recurrence.

In cases of stem cell transplantation like our patient, most 
ABO discrepancies are due to ABO-mismatched transplants. 
For example, a post-transplantation juvenile patient with 
myelomonocytic leukemia that showed 100 percent engraft-
ment with conversion from group O to group AB later 
developed anti-A2.32 This case did not have a longer follow-up, 
but the authors argued that this ABO grouping mismatch could 
represent disease recurrence, similar to previous literature 
describing ABO-mismatched stem cell transplantation cases. 
To our knowledge, our case is the first to describe new mixed-

field reactivity in ABO-identical stem cell transplantation that 
represented a sign of disease recurrence.

In light of the literature and cases discussed earlier, one 
could argue that failure of engraftment in our patient resulted 
in deactivation of ABO-related enzymes and loss of A, likely 
in RBCs of the donor. It is important to note that this is a 
report of a single specific stem cell transplantation case, and 
more comprehensive data are needed to draw generalizable 
conclusions. However, the clear correlation between the mixed-
field A front typing and the timing of disease occurrence in 
our case suggests strongly that ABO discrepancies can be an 
early sign of recurrence, even in the ABO-identical stem cell 
transplantation setting.

Conclusion

Mixed-field ABO front typing can be an early indicator of 
recurrent disease in ABO-matched stem cell transplants for 
patients with MDS.
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