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Abstract

Anti-f alloantibody is produced by exposure to the f (ce) antigen on red blood cells (RBCs), which is a compound
antigen of the Rhesus (Rh) blood group, expressed when both c and e antigens are present in the same haplotype
(in cis). Although anti-f alloantibody was first discovered in 1953 and it has rarely been detected, the results of its
detection were not reported as images in previous studies. We report a case of anti-f alloantibody in a Japanese
male patient without a history of blood transfusion, whose anti-f alloantibody was successfully identified using a gel
microcolumn assay (GMA). Furthermore, we reviewed the transfusion records between January 2002 and
December 2010 and found that a total of 799 (1.1%) among 73,636 blood specimens were positive for irregular RBC
antibody, of which anti-f alloantibody was only observed in one patient. The present case report focuses on the
usefulness of GMA to preserve the results of detecting alloantibodies as images.
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Introduction
The Rhesus (Rh) system is one of the most immunogenic and

polymorphic human blood group systems. The RHCE gene encodes
both C/c and E/e antigens on a single protein. The f (ce) antigen is a
compound antigen of the Rh blood group and expressed on red blood
cells (RBCs) when both c and e alleles of the RHCE gene are in the cis
position on the Rh chromosome (in cis), e.g., DCcee (R1r) and ccee
(rr), but not in trans, e.g., DCcEe (R1R2). Alloantibodies directed at cis
product antigens have been encountered infrequently [1]. Anti-f
alloantibody was first discovered in a multiply transfused 30-year-old
Caucasian male who suffered from hemophilia in 1953 [2]. In general,
alloantibodies in the Rh blood group can cause destruction of
transfused RBCs and hemolytic disease of the newborn (HDN) [3].
Anti-f alloantibody has been implicated as the cause of HDN [4,5] and
delayed hemolytic transfusion reaction [6]. In addition, an in vivo RBC
survival test of a patient with anti-f antibody demonstrated the
accelerated destruction of f antigen-positive RBCs [7]. Cases with anti-
f alloantibody have rarely been reported in the gel column era [8], and
the results of its detection were not reported as images in previous
studies.

A gel microcolumn assay (GMA) is a modified serological technique
and its principle is based on the use of gel to trap agglutinates. It offers
advantages in terms of result stability, versatility, and the potential for
automation [9]. It is noteworthy that the reactions are stable and allow
for a secondary review of results for up to 24 hours after testing has
been completed [9]. In this paper, we report a rare case of anti-f
alloantibody in a Japanese male patient without a history of blood
transfusion, whose anti-f alloantibody was successfully identified using
GMA, and its detection was reported as color images.

Case Report
A 40-year-old Japanese male suffering from mitral regurgitation was

hospitalized for mitral valveplasty, and he had denied previous blood
transfusions. For pre-operative examination, blood samples were
presented to the transfusion service in the hospital. The standard
hemagglutination method was used employing ID-Micro Typing
System Gel Cards® (Bio-Rad Laboratories, Tokyo, Japan). The blood
type of the patient was reported to be B, D+C-E+c+e- (R2R2), K-, Le(a-
b+), Fy(a+b-), Jk(a-b+), M+N+S-s+, and Di(a-). However, the patient’s
plasma showed pan-reactivity on reverse blood grouping by GMA,
resulting in an ABO discrepancy (data not shown). An indirect
antiglobulin test (IAT) with the two-stage papain method was
performed using a three-cell panel (ID-DiaScreen) and an 11-cell
panel (ID-DiaPanel, each Bio-Rad Laboratories), showing reactivity
with an anti-f antibody (Figure 1). To further investigate the patient’s
plasma reactivity, adsorption/elution studies were carried out on RBCs
with ccee (rr), DCCee (R1R1), and DCcEe (R1R2) phenotypes.
Adsorption of antibody in the patient’s plasma was only observed in
the case of the ccee (rr) phenotype (Figure 2A), and the eluates of the
adsorption study showed strong (3+) agglutinates with the ccee (rr)
phenotype and weaker agglutinates with the Ccee (r'r) or ccEe (rr'')
phenotype (Figure 2B), suggesting the presence of anti-f alloantibody.
Next, a comparative titration study of the patient’s plasma was
performed by a low ionic strength saline (LISS)-IAT, revealing that
agglutinates before 2-mercaptoethanol (2-ME) treatment showed 8
titer (Figure 3A), whereas those after 2-ME treatment showed 2 titer
(Figure 3B), suggesting that the patient’s anti-f alloantibody was a
mixture of IgM and IgG. Finally, blood samples of the patient were
referred to the Tokyo Red Cross Blood Center (Dr. Makoto Uchikawa),
being confirmed to show antibody specificity as an anti-f antibody. The
patient had no history of previous blood transfusion, suggesting a
naturally acquired anti-f alloantibody.
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Figure 1: Identification of an alloantibody of the patient’s plasma. An indirect antiglobulin test (IAT) with the two-stage papain method was
performed using a three-cell panel (a) and 3 of 11-cell panel (b), showing reactivity with an anti-f antibody.

Figure 2: Adsorption/elution studies with the two-stage papain-IAT. (A) Adsorption studies were performed on RBCs with ccee (rr),
DCCee (R1R1), and DCcEe (R1R2) phenotypes, and then the reactivity with RBCs with DCCee (R1R1), DccEE (R2R2), and ccee
(rr) phenotypes was investigated. (B) The eluates of the adsorption studies were applied to GMA, and the reactivity with RBCs with
DCCee (R1R1), DccEE (R2R2), DCcEe (R1R2), Ccee (r'r), ccEe (r''r), and ccee (rr) phenotypes is shown.
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Figure 3: Comparative titration studies with a low ionic strength saline (LISS)-IAT. The patient’s plasma was applied to GMA before (A) and
after (B) treatment with 2-ME, showing an anti-f antibody in the patient as a mixture of IgM and IgG.

Since anti-f alloantibody has been implicated as the cause of a
delayed hemolytic transfusion reaction [6], patients with anti-f
alloantibody require compatible blood units, being safely transfused
with units of blood lacking both c and e antigens. The patient received
mitral valveplasty with 800 mL of pre-operative autologous blood
donation (PABD) and 100 mL of salvage blood in the operation.
Although 1,000 mL of ce antigen-negative allogeneic blood units was
reserved, the operation was completed without the need to use
allogeneic blood.

Discussion
To elucidate the incidence of anti-f alloantibody, we reviewed the

database of transfused patients in the hospital between January 2002
and December 2010, and found that a total of 73,636 blood specimens
were screened for irregular RBC antibodies, of which 799 (1.1%) were
positive for irregular antibodies in 774 patients. In this study, an
antibody being identified from the same patient during the study
period was counted as one. When one (or more) different antibody
was additionally detected during the study period, they were counted
as two (or more). The number and rate (%) of the identified irregular
RBC antibodies were as follows: anti-E 253 (31.7), anti-Lea 217 (27.2),
anti-M 49 (6.1), anti-E+c 42 (5.3), anti-Cw 28 (3.5), anti-C+e 24 (3.0),
anti-D 20 (2.5), anti-Lea+Leb 16 (2.0), anti-Fyb 17 (2.1), anti-P1 15
(1.9), anti-Dia 14 (1.8), anti-C 14 (1.8), anti-Leb 13 (1.6), anti-c 11
(1.4), anti-Jka 11 (1.4), anti-S 9 (1.1), anti-e 8 (1.0), anti-Jra 4 (0.5),
anti-K 3 (0.4), anti-Bga 3 (0.4), anti-Jkb 2 (0.3), anti-Fya 2 (0.3), anti-E
+Lea 2 (0.3), anti-E+Jka 2 (0.3), anti-E+Jkb 2 (0.3), anti-E+Fyb 2 (0.3),
anti-D+C 2 (0.3), anti-C+E 2 (0.3), ‘anti-f 1 (0.1)’, anti-N 1 (0.1), anti-
LW 1 (0.1), anti-Lua 1 (0.1), anti-Xga 1 (0.1), anti-S+P1 1 (0.1), anti-Lea

+P1 1 (0.1), anti-Jkb+Dia 1 (0.1), anti-E+P1 1 (0.1), anti-E+Leb 1 (0.1),
and anti-E+S+Fyb 1 (0.1). Among the irregular RBC antibodies

identified during the study period, anti-f alloantibody was detected in
only one patient who was presented in this paper. The rate of irregular
RBC antibodies in our institution was consistent with that of a recent
nationwide surveillance in Japan [10], where anti-f alloantibody was
not reported. The prevalence and specificity of irregular RBC
antibodies may vary among different geographic areas and races, being
reported from 0.49 to 2.4% in hospitalized patients [11-16]. These
studies also reported no case with anti-f alloantibody.

GMA has been used for ABO and Rh typing, the direct antiglobulin
test (DAT), detecting alloantibodies, RBC phenotyping, and other
applications. Although the role of GMA for DAT is controversial,
GMA has been more sensitive than the conventional tube test (CTT)
for detecting potentially significant antibodies coating RBCs in vivo
[17]. Compared to CTT, an operator-dependent assay, GMA is less
susceptible to handling errors, generates clear, more objective results,
and may perform comparably to the CTT in titrating alloantibodies to
Rh and Kell antigens [18]. In this study, we used ID-Micro Typing
System Gel Cards® for detecting anti-f alloantibody in the patient,
demonstrating detection as color images. Limitations of the present
study are that it was a single case study and a single institutional
investigation for detecting irregular RBC antibodies in hospitalized
patients. Further studies are needed to establish the usefulness of GMA
for preserving the results of detecting alloantibodies as images. To our
knowledge, this study is the first to report the detection of anti-f
antibody as color images.

Conclusion
We reported a rare case of anti-f alloantibody in a Japanese male

patient without a history of blood transfusion, whose anti-f
alloantibody was successfully identified by GMA. GMA may be useful
for preserving the results of detecting alloantibodies as images.
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