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CASE REPORT
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SUMMARY

Background: The f(ce) antigen is a compound Rh antigen expressed with both c- and e-antigens coded in same
haplotype. Detection of anti-f(ce) has rarely been reported due to both its rarity and difficulty to analyze. Here, we
report anti-f(ce) detected during cross-matching, which was confirmed by two further tests.

Methods: A 66-year-old male who had never received a transfusion, was diagnosed with an abscess of the hip joint
bursa in a previous institution. During therapy about 50 - 60 days ago, he received a total of 4 units of packed red
blood cells (pRBC). Soon, he was transferred to our institution for an operation, and a post-operation pRBC
transfusion was ordered. An initial antibody screening test (AST) using 2 cell-lines showed all negative results, but
a subsequent cross-matching test showed incompatibility to 2 of 7 donor RBCs. Thus, an additional AST using 3
cell-lines and a further identification test revealed anti-f(ce) without any coexistent antibody. To reconfirm this
antibody, “Rh CcEe subgroup profiling of incompatible donor RBCs'" and ”Re-AST using the patient’s plasma af-
ter adsorption to incompatible pRBC” were planned.

Results: First, among all 18 cross-matched units of pRBCs, 16 units were compatible with the patient’s serum, but
2 units were not. These incompatible units showed CcDe and cDEe phenotypes, respectively, suggesting that they
might contain c- and e-antigen genes in cis. Second, Re-AST using the remnant plasma after adsorption to 1
(CcDe) of the above 2 incompatible units persistently showed anti-f(ce) in “3+”. However, a modified test adding 1
more adsorption step that took 7 hours at 37°C following the above typical method showed the same result but
with a decreased strength “=£”.

Conclusions: All pRBCs showed suitable Rh phenotypes to their cross-matched results, supporting that f(ce) anti-
gen exists only when c- and e-antigens are coded in same haplotype. Adsorption of anti-f(ce), which consists of
mainly IgG, seems to require a longer incubation time compared to the typical method. Further studies for the af-
finity and avidity of anti-f(ce) and optimal conditions to maximize these features are needed.

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2026.260225)
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which binds to the above cis product, has rarely been
detected for the following reasons. First, prevalence of
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the f(ce) antigen is ranked “Common” [4] and the pop-
ulation that could be alloimmunized is inversely small.
Second, this antibody usually coexists with either anti-c
or -e, which could mask its presence [2,3]. Third, most
antibody screening panels do not emphasize this unex-
pected antibody, and further antibody identification test-
ing is needed. For these reasons, there have been only a
few reports that mention anti-f(ce). Even those reports
mostly did not mention purely identified anti-f(ce), as
most cases accompany other alloantibodies. Detection
of the anti-f(ce) antibody may be a significant chal-
lenge, as it seems to cause hemolytic disease and trans-
fusion reaction [5-7]. With this potential harm, accumu-
lation of strategies to anticipate and identify this rare
antibody are needed. Recently, we experienced an anti-
f(ce) result during a routine antibody screening test
(AST) that incidentally was detected during the follow-
ing cross-matching. Hence, we report a case to share
both the situation that brought the anti-f(ce) to our at-
tention and our approaches to reveal the anti-f(ce).

CASE PRESENTATION

About 60 days prior to presentation, a 66-year-old male
who had never received a transfusion, was diagnosed
with an abscess of the hip joint bursa in a regional hos-
pital. During therapy, he received 2 units of packed red
blood cells (pRBC) about 60 days prior and additional 2
units of pRBC about 50 days prior (total 4 units). More
recently, he was transferred to our institution for an
operation, and his initial hemoglobin concentration (Hb)
was 16.4 g/dL.

However, after the operation, his Hb had decreased to
10.6 g/dL, and a pRBC transfusion was prescribed. His
ABO & Rh (D) type was “AB(+)” and an antibody
screening test (AST) using 0.8% Selectogen® (Ortho
Clinical Diagnostics™) gave all negative results to 2
reagent red blood cells (RBC) (Table 1A). However, a
subsequent cross-matching test showed incompatibility
to 2 pRBCs (of 7 pRBCs). At first, with suspicion for
anti-Di®, which was not included in the AST panel, an
additional AST using 2 Surgiscreen® (Ortho Clinical
Diagnostics™) lots was performed. These lots pre-
sumed either anti-f(ce) or anti-K, rather than anti-Di®
(Table 1B, C). A sequential antibody identification test
(ID) using 0.8% Resolve® panel C system (Ortho Clini-
cal Diagnostics™) was performed. This ID identified
pure anti-f(ce) in 3+, without any coexistent antibody
(Table 1D). Moreover, an additional ID using ID-Dia-
Panel® (BIORAD) showed positive results only to re-
agent RBCs that expressed both c- and e-antigens, sug-
gesting the presence of the compound antigen “f(ce)”
(Table 1E). To reconfirm this antibody, we designed
two methods. The first method was “Rh CcEe subgroup
profiling of incompatible pRBCs”. As the f(ce) antigen
might be expressed only when both c- and e-antigens
coexist, we anticipated that all pRBCs that showed posi-
tive results in the cross-match expressed both antigens.

Mostly, the result from this patient was CDe, which
might not express the f(ce) antigen and could produce
an anti-f(ce) alloantibody. Among 18 cross-matched
pRBC units, 16 were compatible and 2 (No. 6 and 7)
were not. These 2 incompatible units showed CcDe and
cDEe phenotypes, respectively, suggesting that these
might contain c- and e-antigen genes in cis (Figure 1A).
The second method was “Re-AST using the patient’s
plasma after adsorption to incompatible pRBC”. As the
patient’s plasma after adsorption to incompatible pRBC
might not have anti-f(ce), we anticipated that this plas-
ma would show a negative result with any AST panel,
contrary to the previous results. In the initial adsorption
(to the incompatible unit, No. 6) attempt, composed of 3
cycles (each cycle for 30 minutes at 37°C), AST using
Surgiscreen® (Ortho Clinical Diagnostics™) resulted in
persistent anti-f(ce) in cell #3 (Figure 1B-a). However,
an additional adsorption attempt (to the same unit) com-
posed of 3 cycles (each cycle for 30 minutes at 37°C)
followed by 1 cycle (for 7 hours at 37°C), AST using
the same reagent cells showed a decreased trace result
(Figure 1B-c). On the other hand, the plasma after ad-
sorption to compatible pRBC (No. 18) as a positive-
control showed persistent anti-f(ce) in both initial and
additional attempts (Figure 1B-b and -d). We decided to
transfuse pRBCs, which are compatible in the cross-
match and lack the c-antigen. Within 3 days from the
operation, the patient received a total of 7 pRBC units
without any adverse reaction. His Hb increased and re-
mained stable over the next several days. His final Hb
was 10.2 g/dL, and he was discharged without need for
a transfusion.

DISCUSSION

Since the amino acid residues that determine either C/c-
or E/e-polymorphisms are close to each other, several
compound antigens contributing to a single epitope
could be developed. The f(ce) antigen is not only the
first compound antigen, but also the sixth Rh antigen
following D, C, E, c, e, in alphabetical order corre-
sponding to their discovery. As mentioned in the intro-
duction, the f(ce) antigen is believed to be expressed
when both c- and e-antigens are coded in the same hap-
lotype (in cis position). Although the f(ce) antigen has
been found accompanied with only D and c¢ antigens
(cD-) [8-10], we could not find a detailed reference con-
cerning this manifestation. From an alternate perspec-
tive, the anti-f(ce) antibody should be produced in indi-
viduals whose Rh haplotype contains neither cDe nor
cde. Indeed, 3 previous case reports in South Korea in-
cluded patients whose Rh phenotypes were CcDEe
[10,11] and Cde [12]. In former cases of CcDEe, C and
e would be rearranged in cis, and vice versa. Some-
times, contrary to expectation, this antibody may not re-
act to RBC, which presumably have the f(ce) antigen.
Jones [3] reported 3 negative reactions to RBCs of
which probable genotypes were CDe/cde. Nah [11] re-
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Figure 1A)
Packed Cross-match results
RBC .
No. phenotype Step 1: Step 2: Step 3:
LISS in RT 37°C AHG
1 CcDEe 0 0 0
2 CcDEe 0 0 0
3 CDe 0 0 0
4 CDe 0 0 0
5 CDe 0 0 0
6 CcDe 0 3+ 3+
7 cDEe 0 3+ 3+
8 <DE 0 0 0
9 CDe 0 0 0
10 CDe 0 0 0
1 CcDEe 0 0 0
12 CcDEe 0 0 0
13 CcDEe 0 0 0
14 CcDEe 0 0 0
15 CDe 0 0 0
16 CcDEe 0 0 0
17 CDe 0 0 0
18 CDe 0 0 0

Figure 1B-a) Figure 1B-b)
- I( X fj
- faey \.
v v -

Figure 1B-c) Figure 1B-d)

Figure 1. The results of cross-match and adsorption tests.

ported similar findings to the RBCs of which Rh phe-
notypes were CcDe and Ccde, respectively. These re-
sults are confusing and might be due to factors from
either the f(ce) antigen on RBC used in the test or anti-
f(ce) from patients. Jator [8] mentioned the f(ce) antigen
to show reduced expression and qualitative differences
of anti-f(ce) antibodies according to individual Rh ge-
notype. Our case presents anti-f(ce) from a patient
whose Rh phenotype is CDe. The reason for alloimmu-
nization is uncertain, but previous pRBC transfusion is
considered the cause. Interestingly, compared to other
case reports that suggest further adsorption to remove
coexistent antibodies (e.g., anti-c or -¢) [3], our case re-
vealed purely identified anti-f(ce) even without a posi-
tive autocontrol derived from previous transfused allo-
RBCs. We might have missed this antibody if we had
not chosen pRBCs that express the f(ce) antigen during
cross-matching. In the initial AST using only 2 reagent
RBCs lacking the f(ce) antigen, the result was negative
such that sequential ID was not needed. But, the posi-
tive results during cross-matching inspired us to inves-
tigate further. Thus, additional ASTs using 3 reagent
RBCs including the f(ce) antigen suggested a different
result, and sequential IDs from 2 manufacturers finally
revealed anti-f(ce). The detection of anti-f(ce) even
without other coexistent alloantibodies has been ex-
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tremely rare; thus, we attempted to reconfirm this result
using 2 methods. First, as introduced in Nah’s report
[11], we performed cross-matching with a number of
PRBCs consisting of various Rh phenotypes. There was
no exception in their Rh phenotypes, as all pRBCs
showed suitable Rh phenotypes to their cross-matching
results. Moreover, during cross-matching, 2 incompati-
ble pRBCs (No. 6 and 7) showed positive results in step
#2 (37°C phase) and step #3 (anti-human globulin
phase), suggesting that this anti-f(ce) might be IgG rath-
er than IgM. Unfortunately, we could not perform a fur-
ther titration test as conducted in Nakamura’s report
[13] due to the shortage of specimen. Second, as intro-
duced in the Youk [12] and Nakamura [13] reports, we
performed adsorption to pRBCs of which Rh pheno-
types were already known. The residual plasma after
initial adsorption to the incompatible unit (No. 6) need-
ed a longer adsorption time to thoroughly eliminate an-
ti-f(ce). We assumed that the amount of anti-f(ce) in
plasma overwhelmed the number of epitopes on target
RBCs, but the actual reason remains uncertain. Further
studies for the affinity and avidity of anti-f(ce) and opti-
mal conditions to maximize these features are needed.
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CONCLUSION

In conclusion, there are many factors that should be
considered in a positive cross-matching result. One of
those is an unexpected antibody of which the target is
not included in ordinary AST panels. Anti-f(ce) is no
exception, as it is not only rare itself, but also usually
coexists with other alloantibodies that can mask it. In a
similar situation, broader AST panels should be consid-
ered to identify this antibody, which is potentially harm-
ful. Additionally, further processes to reconfirm this an-
tibody would be of help to blood banks worldwide.
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