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ABO blood group system is the most important blood group system in transfusion and
transplantation medicine. Diffuse large B-cell lymphoma (DLBCL) is the most common
type of non-Hodgkin lymphomas (NHLs) worldwide. There have been some studies
that lymphoma could affect ABO blood group system and thus affect blood transfusion
strategy. However, the mechanisms lymphoma affecting ABO blood group system have
not been fully elucidated so far. Here, we report a case of a patient who was a 72-
year-old Chinese man came to our hospital for medical advice because of cervical
lymphadenophathy. The patient was subsequently diagnosed with diffuse large B-cell
lymphoma by lymph-node biopsy. His ABO blood group was initially typed as B on
November 7, 2020. He was transfusing B type leukocyte poor RBCs (LPR) before we
found the patient’s ABO blood group discrepancy on December 2, 2020 by forward
and reverse typing methods, which the discrepancy was verified by genotyping. The
patient began to transfuse O type washed RBCs (WRBC) since then. Compared to
transfuse B type leukocyte poor RBCs (LPR), the efficiency of transfusing O type washed
RBCs (WRBC) was better. Although hemoglobin level did not greatly improve, indirect
bilirubin level evidently decreased. Furthermore, we found B-cell lymphoma affected
blood transfusion strategy by producing IgM anti-B antibody in this case. Clinicians
should need to be aware of the effect of B-cell lymphoma on blood transfusion strategy.
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INTRODUCTION

The ABO blood group system is the first blood group system discovered in humans and the most
important blood group system in transfusion and transplantation medicine (1–4). The distribution
and diversity of ABO blood group were crucial for determining novel ABO blood group and
offering useful information in blood transfusion. Non-Hodgkin lymphomas (NHLs) are malignant
disorders originating in immune cells and manifest predominantly as lymphadenopathy or solid
tumors. According to the latest World Health Organization classification, NHLs are classified into
more than 50 different subtypes (5). Diffuse large B-cell lymphoma (DLBCL) is the most common
type of NHLs worldwide, representing approximately 30–40% of all cases in different geographic
regions (6, 7). About 50–70% of cases of DLBCL express surface or cytoplasmic immunoglobulin,
most often IgM followed by IgG and IgA (8). Erythrocyte autoantibodies are an uncommon
complication of NHLs. A study showed that lymphoma could produce anti-B1 cold agglutinin,
resulting in discrepancy of forward and reverse typing (9). But the deeper relationships between
ABO blood group typing and lymphoma have not been elucidated. Here, we report a case of
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B-cell lymphoma producing IgM anti-B antibody. In addition,
we found a rare O07 allele and the efficiency of transfusing O
type washed RBCs (WRBC) for the patient was better compared
with transfusing B type leukocyte poor RBCs (LPR). A timeline
of the patient’s medical history and course of care is depicted
in Figure 1. This case report was prepared following the CARE
Guidelines (10).

CASE PRESENTATION

A 72-year-old Chinese man came to our hospital for medical
advice because of cervical lymphadenophathy on May 15,
2019. The patient had reported no significant past illness and
had no history of blood transfusion. He was firstly admitted
to our hospital on May 23, 2019 and was subsequently
diagnosed with diffuse large B-cell lymphoma by lymph-node
biopsy on October 21, 2019. The patient had tried a range
of treatment regimens to unsatisfactory effect before being
diagnosed with diffuse large B-cell lymphoma. He had been
receiving a total of four RCHOP [addition of rituximab (R)
to CHOP (cyclophosphamide, doxorubicin, vincristine, and
prednisone)] immuno-chemotherapy since the diagnosis of
diffuse large B-cell lymphoma. Unfortunately, the therapeutic
result was not good. Other immuno-chemotherapy regimen
RICE (rituximab, ifosfamide, carboplatin, etoposide) began to
be implemented without success. The abdominal mass still
increased, and anemia persisted. Thus, the need of blood
transfusion was increased. The first time to detect the ABO
blood group was on November 7, 2020, and his ABO blood
group was initially typed as B. He was transfused the B type
leukocyte poor RBCs (LPR) was on November 19, 2020 for
the first time. The efficiency of blood transfusion seemed not
be good (Figure 1). It was surprised that ABO blood group
discrepancy of the patient was found on December 2, 2020
by forward and reverse typing methods (Table 1). Thus, the
patient was referred for ABO genotyping and he began to
transfuse O type washed RBCs (WRBC) on December 3, 2020.
Blood samples from family members of the proband were also
obtained and analyzed for the pedigree investigation. Compared
to transfuse B type leukocyte poor RBCs (LPR), the efficiency of
transfusing O type washed RBCs (WRBC) was better. Although
hemoglobin level did not greatly improve, indirect bilirubin
level evidently decreased (Figure 1). Furthermore, the patient
told us his anemia symptoms had improved a lot when he
was transfused O type washed RBCs (WRBC). It was worthy
of noting that we could not eliminate interference of disease
progression and therapy on transfusion efficiency comparison,
and we could not guarantee the standardization of transfusion
values. But we believed O type WRBC transfusion was safer
for the patient.

The RBCs of the proband were strongly agglutinated with
4 + reaction with anti-B and anti-H at room temperature
(RT) in the forward typing, and the RBCs of the proband had
no agglutination with anti-A. But the serum of the proband
demonstrated 2 + agglutination with A cells, weak agglutination
with A1 cells, 1 + agglutination with B cells at RT in the reverse

typing. No evidence of reactivity was found between the patient’s
RBCs and his serum at RT. Furthermore, no evidence of reactivity
was also found between O cells and the proband’s serum at RT
(Table 1). The results of the forward and reverse typing at 4◦C
and 37◦C were also showed in Table 1. And it was strange that
the serum of the proband agglutinated both A and B cells in
reverse typing test. The cell group was confirmed by the use
of grouping sera from several sources, which indicated that the
discrepancy was not due to an irregular erythrocyte antigen but
to the presence of an atypical agglutinin in the serum.

No evidence of reactivity was also found between O cells and
the proband’s serum at 4◦C (Table 1). Therefore, the interference
of specific cold agglutinins on determining ABO blood group
could be excluded. From the results, we could determine the
agglutination of the proband’s serum and B cells was true,
but we did not exactly know the specific antibody was anti-
A,B or anti-B. Supplementary Table 1 showed the serum was
only detected 2 + agglutination with standard B cells but not
standard human A cells at RT for 15 min in the absorption-
elution test. Thus, the specific antibody was anti-B. Furthermore,
dithiothreitol treatment abolished all agglutinin activity of the
serum, suggesting that the antibody was IgM, not IgG (data non-
shown). However, the mechanism through which the IgM anti-B
antibody was produced was still unclear.

Pedigree blood investigation showed the proband’s son,
daughter and three grandsons were all typical O phenotype
(Figure 2). Compared with the published O consensus sequence
(O101), the proband’s sample was heterozygous for an A > G
exchange at position 297, a T > A exchange at position 646, a
G > A exchange at position 681, a C > T exchange at position 721,
a C > T exchange at position 771 and a G > A at position 829.
These nucleotide exchanges resulted in a Thr to Pro substitution
at codon 88 in the ABO protein. The ABO genotypes of the
proband and his family members were listed in Supplementary
Table 2. Exon 6 and 7 cloning sequencing confirmed that c.721
C > T was associated with an O07 allele (Figure 3). O07 maybe
play a vital role in B-cell lymphoma affecting the proband’s
ABO blood group.

DISCUSSION

In this report, ABO blood typing results of the proband showed
discrepancy between forward and reverse typing. The causes of
discrepancy are usually classified into two categories: technical
discrepancy and clinical discrepancy. Technical discrepancy
includes the following: mixing of blood samples; non-calibrated
centrifuges; clerical errors; cells suspension either too light or too
heavy; missed identification of blood specimen (11). Technical
errors could be excluded after our repeated confirmation in
this study. Clinical discrepancies are classified into the following
types: Group I discrepancy: weak reacting or missing antibodies;
Group II discrepancy: weak reacting or missing antigens;
Group III discrepancy: protein/plasma abnormality leading
to rouleaux formation; Group IV discrepancy: miscellaneous
problems antibodies (11). In this report, the cause of discrepancy
may be Group IV.
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FIGURE 1 | A timeline of the patient’s medical history and course of care. Hb, hemoglobin; LPR, leukocyte poor red blood cell; WRBC, washed red blood cell.

The patient’s ABO blood group was initially typed as B on
November 7, 2020, but it was very strange that serum of the
proband agglutinated both A and B cells in reverse typing
on December 2, 2020. To resolve the ABO discrepancy, we
performed a series of tests described above. Autoantibodies
against red blood cells (RBCs) optimally but not exclusively
reacting in the cold (0◦C) are termed cold agglutinins (CAs).

To the best of our knowledge, common cold agglutinins were
multispecific antibodies targeted to carbohydrate antigen. CAs
aimed at the 3 major groups of Ii, Pr/Sa, and Sia-l1, -b1, -lb1,2
antigens have been identified (12). No evidence of reactivity
was also found between O cells and the proband’s serum
at 4◦C, RT and 37◦C in this case (Table 1). Accordingly,
we could determine the agglutination of the proband’s serum
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TABLE 1 | Serological results of the proband at different temperatures.

Temperature Forward typing Reverse typing

Anti-A Anti-B Anti-D Anti-A,B Anti-H Ac Bc Oc A1c Auto

4◦C 0 4+ 4+ / / 1+ 2+ 0 1+ 0

RT 0 4+ 4+ / 4+ 2+ 1+ 0 w 0

37◦C 0 4+ 4+ / / 1+ 1+ 0 w 0

W, weak reaction; c, cells; /, no detect. The agglutination score ranges from 0 to 4+.

FIGURE 2 | Pedigree of the ABO phenotype and genotype of the proband
and family members. The ABO phenotype is in bold (above), whereas the
genotype is in plain text (below). � Male;© Female;•� Carriers with O07
allele; � Samples not acquired;↗ The proband.

and B cells was true, but we did not exactly know the
specific antibody was anti-A,B or anti-B. Absorption-elution
test results showed that the specific antibody was anti-B.
Furthermore, dithiothreitol treatment test results suggested that
the antibody was IgM, not IgG. Compared to transfuse B
type leukocyte poor RBCs (LPR), the efficiency of transfusing
O type washed RBCs (WRBC) was better. It was worthy of
noting that we could not eliminate interference of disease
progression and therapy on transfusion efficiency comparison,

and we could not guarantee the standardization of transfusion
values. But we believed O type WRBC transfusion was safer
for the patient.

Pedigree blood investigation showed the proband’s son,
daughter and grandsons were all typical O phenotype. Direct
DNA sequencing results showed the proband possessed the O07
allele. His son, daughter and his three grandsons were also found
to possess the O07 allele. O07 was a rare allele, which was
first identified in 2009 in Chinese Han population (13). The
serological results of O07 have not been reported so far. New
allele could influence glycosyltransferase activity, thus interfere
the ABO antigen expressions (14–16), and further influenced the
production of antibodies. For this reason, we speculated O07
allele maybe play a vital role in B-cell lymphoma affecting blood
transfusion strategy, but no evidences existed so far. It was worth
noting that B-cell lymphoma therapy and ABO gene methylation
maybe produce the anti-B antibody, but this assumption could
not be proved in this report.

NHLs are a heterogeneous group of malignancies derived
from the immune system cells. About 85–90% of NHLs are
originated from B cells, whereas the remaining lymphomas are
derived from T cells or NK cells (17). Diffuse large B-cell
lymphoma (DLBCL) is the most common and aggressive type
of B-cell lymphoma, accounting for 30–35% of non-Hodgkin
lymphomas (18). Owing to the advances of molecular medicine
in the past years, opportunities for targeted therapy with
novel molecules were revealed, and an improved survival in
patients with DLBCL was observed (19). The advantages of

FIGURE 3 | The results of gene sequence of the family in exon 6 and 7. (A) Gene sequence of the proband. (B) Gene sequence of his daughter and son. (C) Gene
sequence of his grandson 1. (D) Gene sequence of his grandson 3.
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immuno-chemotherapy have been verified in a whole series of
lymphoma subtypes. Rituximab emerged as the first monoclonal
(mAb) antibody to target the CD20 molecule (anti-CD20)
have been the standard of care in the induction treatment of
DLBCL (20). Furthermore, the therapeutic effect of R-CHOP
treatment regimen was better than CHOP (21). Nevertheless, the
therapeutic effect of R-CHOP treatment regimen was not good in
this report, it maybe rituximab resistance.

As we well known, the immune system of non-Hodgkin
lymphomas is abnormal, most B-cell and T-cell NHLs show
clonal rearrangement of their immunoglobulin (IG) and T-cell
receptor (TCR) genes, respectively (22). Furthermore, a study
showed that lymphoma could produce anti-B1 cold agglutinin,
resulting in discrepancy of forward and reverse typing (9).
In this report, B-cell lymphoma maybe produce IgM anti-B
antibody and could interfere the blood transfusion strategy,
which suggested clinicians to be careful when the patients were
diagnosed with B-cell lymphoma.
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