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Abstract
Twin hematopoietic chimera in humans is a phenomenon 
that was discovered accidentally and the prevalence of 
which remains unclear. The resolution of chimera cases re-
quires studying family medical records, data analysis, and 
investigations of hematopoietic cells and cells from other 
tissues. The interactions among ABO, Lewis, and secretor 
histo-blood group systems are explored to resolve cases of 
hematopoietic chimera. Here we report a rare case of hema-
topoietic chimera where twins present a mixed field reac-
tion in the ABO, Rh, and Kidd red blood cell phenotyping. 
Using red blood cells separated from the mixed field as well 
as molecular approaches and investigations of family mem-
bers, we identify inconsistent genotypes with the Mende-
lian inheritance pattern when comparing the peripheral 
blood with the buccal epithelium of the male twin and his 
twin sister. Analysis of the ABO, Lewis, and secretor pheno-
types, and genomic DNA from buccal epithelium showed 
the genotypes ABO*A1.01/ABO*B.01 and FUT2*01N.02/ 
FUT2*01N.02 in the male twin and the genotypes 
ABO*O.01.01/ABO*O.01.02 and FUT2*01/FUT2*01 in the fe-

male twin. The results of the HLA-DRB1 genotyping showed 
inconsistency between the male and his twin sister. We con-
clude that the serological analyses combined with molecu-
lar approaches used in this study are good tools to resolve 
cases of hematopoietic chimera. © 2019 S. Karger AG, Basel

Introduction

Hematopoietic chimerism is characterized by the pres-
ence of two populations of genetically distinct cells in the 
same individual, originating from different zygotes [1]. 
Twin hematopoietic chimerism is rarely described and 
sometimes presents a mixed field (MF) reaction in sero-
logical blood typing if the twins differ by distinct red blood 
cell (RBC) antigens from different blood group systems [2].

When hematopoietic chimerism occurs, it might allow 
an incorrect interpretation of the blood group pheno-
types in blood donors, especially when the chimeric cells 
are present in small proportions. Besides, the presence of 
small quantities of genomic DNA containing one specific 
ABO allele coexisting with other ABO alleles might not be 
detected [3, 4]. Consequently, it increases the risk of a he-
molytic reaction in recipients depending on the volume 
of chimeric incompatible RBCs transfused [2, 5].
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Many reports describing hematopoietic chimerism in 
twins have been published. In one of them, Lee et al. [6] 
describe a case where the twins, one male and the other fe-
male, were classified as a B3 subgroup at birth. Subsequent 
serological analysis showed that they were from the B phe-
notype but presenting MF reaction in the forward pheno-
typing. Molecular analysis revealed the presence of three 
ABO alleles (ABO*B.01, ABO*O.01.01, and ABO*O.01.02) 
in both twins. In the other report, Sharpe et al. [7] intro-
duced a case presenting MF reaction in the ABO, RhD, and 
RhE phenotyping. They evaluated the FUT2 gene to define 
the secretor phenotype since the case presented a small 
proportion of A RBCs that reacted weakly with anti-A an-
tisera. Yang et al. [4] reported a case showing MF reaction 
with anti-A but presenting anti-B antibody in the reverse 
phenotyping. Exploring a careful review of a sequence elec-
tropherogram, they were able to identify three ABO alleles 
(ABO*O.01.01, ABO*O.01.02, and ABO*A1.02).

These studies, among others [8–10], demonstrate that 
the resolution of hematopoietic chimerism between twins 
is complex and should combine serological and molecular 
investigations of genes, such as ABO and FUT2, as well as 
studies in tissues other than hematopoietic, and in other 
family members. The aim of this study was to resolve a case 
of hematopoietic chimerism where dizygotic twins pre-
sented an MF reaction in the forward ABO phenotyping.

Materials and Methods

Case Description
A male blood donor (M13.1) and his twin sister (M13.2) both 

presenting an MF reaction in the ABO forward phenotyping, with 
the absence of plasma regular anti-A and anti-B antibodies, were 

referred to our laboratory for serological and molecular investiga-
tion. Both M13.1 and M13.2, with no history of previous immuno-
logical abnormalities, presented a proportion of nonagglutinated 
RBCs apparently higher than agglutinated RBCs by anti-A, anti-B, 
and anti-A,B antisera in the gel column (Fig. 1a). MF was also ob-
served for some Rh antigens (C, E) as well as for Kidd (Jka) but not 
for Lewis systems using commercial gel columns (DiaMed Latin 
America, Brazil). The other family members (father, mother, and 
non-twin sister) were also studied (Fig. 1c; Table 1). Extended se-
rological and molecular investigations were performed only for 
ABO and secretor phenotypes.

Serological Investigation
The ABO forward and reverse phenotyping was carried out in 

tubes and gel columns (DiaMed Latin America) with the following 
commercial antibodies: anti-A (clones: LC A5, 9113D10, and LM 
297/628 [LA-2]), anti-B (clones: LC G1/2, 9621A8, and LM 306/686 
[LB-2]), and anti-A,B (clones: LC Birna-1, ES-4, ES131 [ES15], and 
9113D10 + 152D12). Commercial anti-A1 (Dolichos biflorus) and 
anti-H (Ulex europaeus) were also used.

The secretor and nonsecretor phenotypes were determined 
from saliva with the same antibodies mentioned above. Lewis phe-
notypes of RBCs and saliva were performed in tubes with the anti-
Lea (clone: LEA2 e3643B9) and anti-Leb (clone: LEB2 GX336) 
commercial antisera (Lorne Laboratories, USA; Fresenius-Kabi, 
Brazil).

The MF RBCs were separated as suggested by Svensson et al. 
[8] with adaptation, using a pipette, gel column neutral cards, 
tubes, and commercial ABO antibodies. Firstly, the agglutinated 
RBCs were removed and then treated with 0.2 M dithiothreitol 
(DTT) and phenotyped. Secondly, the nonagglutinated RBCs 
were transferred to tubes, washed in saline solution, and pheno-
typed. The RBCs from both twins were not pooled and the phe-
notyping procedures were carried out in separate gel columns 
(Fig. 1a, b).

Molecular Genotyping of ABO and FUT2 Genes
Genomic DNA from all individuals was extracted from periph-

eral blood using commercial kits (QIAamp DNA Blood Mini Kit, 

Fig. 1. a Mixed field (MF) for ABO and Rh 
in both the male blood donor and his twin 
sister. b ABO and Rh phenotypes after cell 
separation from the MF, demonstrating 
that the male blood donor has an AB phe-
notype and his twin sister has an O pheno-
type. c ABO and Rh phenotypes from both 
parents.
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QIAGEN, Hilden, Germany). Genomic DNA from the buccal ep-
ithelium (oral swab) was extracted with a phenol-chloroform 
method [9].

We developed a conventional PCR protocol using six primers 
(M5-ABOex6-F: 5′-AGCTGAGTGGAGTTTCCAGGT-3′; M6-
ABOex6-R: 5′-GAAGGAGCTGGGTTTTACCG-3′; M5-ABOex7 
-F: 5′-AGGACTCGCTCAGGACAGG-3′; M8-ABOex7-R: 5′- 
CTTGTTCAGGTGGCTCTCGT-3′; M7-ABOex7-F: 5′-CTTCCT-
CAGCGAGGTGGATT-3′; M4-ABOex7-R: 5′-GGACGGACA-
AAGGAAACAGA-3′) to evaluate exons 6 and 7 of the ABO gene 
by sequencing. The primers M5-ABOex6-F and M6-ABOex6-R 
were also used to identify the main polymorphism of the O alleles 
(261delG) by PCR-RFLP [10].

Four primers (F1-FUT2ex2-F: 5′-CCTGTGCACATAGGCA-
AGTATG-3′; F2-FUT2ex2-R: 5′-CACCCCCTTCCACACTT-
TTG-3′; F3-FUT2ex2-F: 5′-AACGACTGGATGGAGGAGGA-3′; 
F4-FUT2ex2-R: 5′-CAGGCCACTGTTCACTGAGATT-3′) were 
used to evaluate exon 2 of the FUT2 gene by sequencing. Primers 
F1-FUT2ex2-F and F2-FUT2ex2-R were also used to identify the 
main polymorphism of the FUT2 gene (428G>A, rs601338) by 
PCR-RFLP [11].

The PCR conditions were: initial denaturation (94   ° C for 3 
min), 35 cycles of denaturation (94  ° C, 45 s) and annealing/exten-
sion (61  ° C, 30 s; 72  ° C, 90 s), final extension (72  ° C, 10 min), using 
recombinant Taq DNA polymerase (Invitrogen, Brazil). The am-
plified fragments were purified with a commercial GenElute PCR 
Clean-Up Kit (Sigma-Aldrich Brazil). The sequencing analysis was 
performed using commercial kits (BigDye Terminator, Applied 
Biosystems, Foster City, CA, USA) on an ABI PRISM 3500 Ge-
netic Analyzer (Applied Biosystems). The ABO and FUT2 se-
quences obtained were aligned with the NCBI reference sequence 
for ABO*01.01 (NG_006669.1) and FUT2*01 (NG_007511.1) us-
ing the BioEdit software [12].

The terminology used throughout this report follows the Inter-
national Society of Blood Transfusion (ISBT; www.isbtweb.org). 
The SNPs c.261delG and c.297G>A from exon 6 and the SNPs 
c.526C>G, c.646T>A, c.657C>T, c.681G>A, c.703G>A, c.771C>T, 
c.796C>A, c.803G>C, c.829G>A, and c.930G>A at exon 7 were 
eligible to differentiate the A, B, and O alleles.

HLA-DRB1 Genotyping
HLA-DRB1 genotyping was carried out by PCR-rSSO with an 

rSSO Luminex genotyping kit (One Lambda, Canoga Park, CA, 
USA) with low/medium resolution. The hybridization was checked 
by flow cytometry (LABScanTM100 flow analyzer; One Lambda), 
and the data were interpreted by HLA 2.0 Fusion Research soft-
ware (One Lambda).

Results

The results of the serological analyses are shown in Ta-
ble 1. The MF reaction in both M13.1 and M13.2 for ABO 
and Rh phenotypes shows apparently more quantities of 
nonagglutinated than agglutinated RBCs with anti-A, an-
ti-B, anti-A, B, and anti-C. The opposite was observed for 
anti-E (Fig. 1a). The MF reaction was not observed in the 
RBC Lewis phenotyping. M13.1 and M13.2 were pheno-
typed as Le(a+b–) and Le(a–b+), respectively. Analysis of 
the saliva of M13.1 showed only Lea antigens but M13.2 
secreted H, Lea, and Leb (Table 1). After the separation 
of RBCs, no MF in ABO and Rh phenotyping was ob-
served for both M13.1 and M13.2 (Fig. 1b).

Molecular analysis by PCR-RFLP and sequencing us-
ing genomic DNA extracted from peripheral blood sug-
gested the presence of more than two alleles for ABO 
(Fig. 2) and FUT2 genes, in both M13.1 and M13.2. The 
analyses of the genomic DNA from oral swabs showed 
that M13.1 has AB and nonsecretor phenotypes, and 
M13.2 has O and secretor phenotypes. These data from 
ABO genotyping for M13.1 and M13.2 are in accordance 
with those obtained from parental genotypes. The data 
from FUT2 genotyping agree with the Lewis RBC pheno-
typing and the secreted antigens in saliva (Fig. 3).

Extended molecular investigations by sequencing in 
the genomic DNA from peripheral blood for the ABO and 
FUT2 genes from both M13.1 and M13.2 suggested the 
presence of four ABO alleles and more than two FUT2 al-
leles. The sequencing of exon 6 of the genomic DNA from 
peripheral blood showed the sequence GGTGACC and 
GGTACC (heterozygosis), suggesting the presence of one 
A and one B allele as well as one O allele carrying the de-
letion of a G nucleotide at position 261.

The same analysis from the buccal genomic DNA 
showed the sequence GGTGACC (homozygosis), which 
is compatible with one A and one B allele in M13.1. The 
sequence GGTACC appears in M13.2, which is compat-
ible with the homozygosis for O allele. The analysis of the 
additional mutations at exon 7 reinforces the presence of 

Table 1. Serological data of the male blood donor (M13.1.), his twin sister (M13.2), and other family members

Cases ABO Lectins ABH/Lewis Lewis Rh Kidd Phenotyping after 
RBC separation of 
the MFforward reverse anti-A1 anti-H saliva C c E e Jka Jkb

A B AB A1 B

M13.1 (blood donor) MF MF MF 0 0 MF 2 Lea Le(a+b–) MF 4 MF 4 MF 4 AB; Ccee; Jk(a+b+)
M13.2 (twin sister) MF MF MF 0 0 MF 2 H, Lea, Leb Le(a–b+) MF 4 MF 4 MF 4 O; ccEe; Jk(a–b+)
M13.3 (father) 0 4 4 4 0 0 2 NT Le(a–b+) 0 4 0 4 4 4 –
M13.4 (mother) 4 0 4 0 4 3 1 NT Le(a–b+) 4 4 4 4 0 4 –
M13.5 (non-twin sister) 4 4 4 0 0 3 1 NT Le(a+b–) 4 4 0 4 4 4 –

MF, mixed field; NT, not tested.
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A, B, and O alleles at the genomic DNA from peripheral 
blood from M13.1 and M13.2. On the other hand, the 
analysis of the oral swab genomic DNA showed the pres-
ence of one A (ABO*A1.01) and one B (ABO*B.01) allele 
in M13.1 and O alleles (ABO*O.01.01 and ABO*O.01.02) 
in M13.2 (Fig. 2).

We were unable to define the HLA-DRB1 alleles for 
M13.1 and M13.2 from DNA extracted from peripheral 
blood due to ambiguities. On the other hand, the HLA-
DRB1 genotyping showed a consistent inheritance pat-
tern to M13.1 and M13.2 and their genitors when analyz-
ing the oral swab genomic DNA (Fig. 3).

Discussion

In this study, we described a case of twin hematopoi-
etic chimerism characterized by an MF reaction in the 
forward ABO phenotyping in a male blood donor and his 
twin sister. To verify the hematopoietic chimerism, we 
performed an extended serological investigation using 
RBCs, saliva, and oral swab (ABO, Lewis, secretor), as 
well as a molecular analysis of ABO, FUT2, and HLA-
DRB1 genes, using genomic DNA from hematopoietic 
tissue (peripheral blood) and nonhematopoietic tissue 
(oral swab) from the male blood donor, his twin sister, 
and other family members. To the best of our knowledge, 
this is the first case of hematopoietic chimera in a male 
blood donor reported in Brazil.

Although no quantitative analysis of RBCs has been 
performed by flow cytometry, it was possible to notice 
that both the male blood donor and his twin sister present 
more O RBCs than AB RBCs in the gel column. This ob-
servation suggests that he received more grafted cells 
from his sister than she received from him. An unbal-
anced placental vascular anastomosis, the diameter and 
the location of the vessels, as well as the blood pressure 
could modify the flow of cells, allowing twin chimeras to 
present unequal proportions of hematopoietic cells and, 
consequently, RBCs carrying different ABO phenotypes 
[13–17]. Moreover, the early exchange of cells could con-
tribute to immune tolerance in M13.2, allowing the ab-
sence of anti-A and anti-B regular antibodies in her blood 
plasma. These data are in accordance with those reported 
by Hosoi et al. [15], who proposed that the longer the pe-
riod of anastomosis between twin embryos, a greater pro-
portion of hematopoietic cells could transfer from one to 
another twin.

Since the results of RBCs Lewis phenotyping from 
M13.1 and M13.2 were concordant with secreted ABO 
and Lewis antigens as well with the FUT2 genotyping, we 
can infer that the occurrence of a hematopoietic chimera 
does not modify the expression of these antigens in non-
hematopoietic tissues [16, 17]. In fact, the expression of 
ABO and Lewis antigens in nonhematopoietic tissue is 
under control of independent genes that are not expressed 
in the hematopoietic tissue [18, 19]. For instance, Lewis 
antigens expressed in small intestine, pancreas, liver, and 

Fig. 2. The data from direct sequencing reveal small peaks in all nucleotide positions (arrows), suggesting het-
erozygosis in the main ABO alleles A1, B, O.01.01, and O.01.02 in the DNA from peripheral blood. The sequenc-
ing from the DNA from oral swabs demonstrates the presence of one A allele and one B allele in M13.1 and two 
O alleles in M13.2. The nomenclature R, M, S, Y, and W according to the IUPAC (International Union of Pure 
and Applied Chemistry) was used for double nucleotides (heterozygosis).
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kidney under the control of FUT2 and FUT3 genes are 
extrinsic to RBCs, but they are acquired from blood plas-
ma characterizing the classical Lewis phenotypes [18].

Aiming to define this hematopoietic chimerism, we 
extended the serological investigation analyzing the MF 
RBCs separated from the gel column. This procedure al-
lowed us to identify the phenotypes of both cell popula-
tions not just for ABO but also for other blood group phe-
notypes such as RhC, RhE, and Jka (Fig.  1b; Table 1). 
Therefore, the results obtained from this procedure com-
bined with those obtained from the analysis of saliva 
prompted us to suggest that M13.1 has the AB phenotype 
and M13.2 has the O phenotype. Our interpretation is in 
agreement with data reported by Nicholas et al. [16], who 
explored RBC and saliva phenotyping of a similar case.

The presence of more than two alleles is inconsistent 
with the autosomal Mendelian inheritance pattern ac-
cepted for ABO and FUT2 genotypes [17, 20]. This same 
analysis applied to genomic DNA from the father and the 
mother showed the presence of two ABO and FUT2 al-
leles in each one. Although the FUT2 gene encodes for a 
functional fucosyltransferase able to generate H antigens 
in nonhematopoietic tissues and exocrine secretions, it 
has independent segregation from the ABO gene due to 
the distinct chromosome location [21, 22]. Consequently, 
it might express H antigens in nonhematopoietic tissues, 
which can be converted to A and or B antigens, indepen-
dent of those observed on RBC surfaces [17, 19].

The analyses of the genomic DNA from oral swabs in-
dicate that M13.1 has the AB genotype and nonsecretor 
phenotype (ABO*A1.01/ABO*B.01; FUT2*01N.02/FUT2
*01N.02) and M13.2 has the O genotype and secretor  
phenotype (ABO*O.01.01/ABO*O.01.02; FUT2*01 
[c.375A>G; 1009A>G]/FUT2*01 [c.357C>T]). This in-
terpretation was taken from the combined results from 
serological and molecular analysis of their father and 
mother.

The comparative analysis of the genomic DNA from 
peripheral blood and the buccal genomic DNA from 
M13.1 and M13.2 suggest the presence of hematopoietic 
chimerism in both. This proposition is supported by the 
consistent results obtained from the HLA-DRB1 genotyp-
ing in the DNA extracted from buccal epithelium from 
M13.1, M13.2, and their parents, which are in accordance 
with Mendelian inheritance. Additionally, the ambigui-
ties verified in the DNA from peripheral blood from the 
male and his twin sister suggest the presence of more than 
two HLA-DRB1 alleles in their genome. These data sup-
port the potential occurrence of hematopoietic chime-
rism in this case.

This study presents some limitations. Firstly, flow cy-
tometry was not used to quantify the AB and O RBCs. 
Secondly, analysis by direct sequencing might be difficult 
to interpret, especially in situations where the amplifica-
tion of the major allele can be overlooked. In fact, the 
careful analysis of the electropherogram showed low 

Fig. 3. Heredogram showing the phenotypes (ABO and Lewis) and genotypes (ABO, FUT2, and HLA) identified 
in all family members.
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peaks in the SNPs in positions 526, 657, 703, 796, 803, and 
930 for ABO*B.01 allele as well as in the SNPs in the posi-
tions 646, 681, 771, and 829 for the ABO*O.01.02 allele  
[4, 6].

Finally, the differences observed between the ABO and 
FUT2 genotypes from genomic DNA (peripheral blood 
and oral swab) combined with analysis of family data, se-
rological analysis, and with an alternative MF RBC sepa-
ration method suggest that this case presents a chimerism 
restricted to the hematopoietic tissue. In conclusion, the 
male blood donor has AB RBCs and his twin sister has an 
O RBC phenotype.
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