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On Our Cover
“The Hill of Monmartre with Stone Quarry” (Autumn 1886), Vincent Van Gogh
Montmartre, a district of Paris named for its landmark hill, or butte, was
popular with 19th century artists. In this work, Van Gogh’s choice of a sparse
landscape on the city’s outskirts and his use of drab tones convey his brooding
loneliness. The darkened foreground, sprawling fences, and prominence of
the quarry as an obstacle separating the small figures heighten the sense of
isolation. Not all barriers insulating us are harmful, of course. In this issue,
both natural and iatrogenic impediments to maternal Rh sensitization and
hemolytic disease of the fetus and newborn are discussed.
——David Moolten, MD

Report

The significance of a positive DAT in
thalassemia patients
S.A. Arinsburg, D.L. Skerrett, D. Kleinert, P.J. Giardina, and M.M. Cushing

The DAT is performed for the detection of antibody or complement
on the surface of RBCs. Our institution previously performed DATs
on all chronically transfused thalassemia patients before each
transfusion episode to detect early alloimmunization. The medical
records of all thalassemia patients treated at our institution from
2004 to 2007 were reviewed to determine the significance of the
high rate of positive DATs (52.5% of 80 patients). The majority
of IgG-reactive DATs were associated with a nonreactive eluate
(65.4% of 286 eluates performed). A positive DAT was significantly associated with splenectomy (χ2 = 15.4; p < 0.001), elevated IgG
levels (χ2 = 26.8; p < 0.001), HCV (χ2 = 20.7; p < 0.001), and warm
autoantibody (χ2 = 5.87; p = 0.03). Multivariate analysis revealed
that only HCV (OR, 5.0; p = 0.037) and elevated IgG levels (OR,
9.0; p = 0.001) were independently associated with a positive DAT.
Alloimmunized thalassemic patients were more likely to have a
positive DAT than nonalloimmunized patients, but this association was not significant (OR, 2.2; p = 0.11). A positive DAT did not
correlate with decreased response to transfusion, RBC survival,
hemolysis, or increased transfusion requirements. Only two cases
of early alloimmunization were detected by DAT among 288 DATpositive samples studied during 4 years. This study demonstrated
that the routine performance of DATs on pretransfusion specimens
in thalassemic patients has limited clinical utility, and the elimination of this test will improve turnaround time and decrease costs.
Immunohematology 2010;26:87–91.
Key Words: DAT, thalassemia, RBC transfusions, alloantibodies,
autoantibodies
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The DAT detects antibody, most commonly IgG,
or complement on the surface of the RBC. Characterization of RBC-bound IgG includes identifying
eluate reactivity and specificities. Eluates prepared from
the RBCs of patients with autoantibodies (e.g., warm autoimmune hemolytic anemias or autoantibodies induced
by certain drugs) can be panagglutinins, reacting with all
RBCs. Eluates prepared from the RBCs of patients with
serologic or hemolytic transfusion reactions contain IgG
alloantibody(ies) with specificity for an RBC antigen. Occasionally, an IgG eluate is not reactive with reagent RBCs.
This is thought to be caused by an IgG antibody that is specific for an antigen that is not part of the RBC membrane,
an antibody concentration that is too weak to be detected,
or an elution method that does not remove the antibody or
alters the antibody. It has also been shown that a certain
number of IgG molecules normally attach to the erythrocyte
surface in a nonimmunologic fashion. The degree of attachment has been observed to have a direct relationship with
the concentration of plasma IgG, and at high levels can lead
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to a positive DAT. This nonimmunologic attachment phenomenon does not tend to cause decreased in vivo survival.1
Studies have also shown that high serum IgG levels are not
always associated with a positive DAT; therefore, factors in
addition to an elevated serum IgG level must contribute to
a positive DAT and nonreactive eluate.2 A positive DAT has
also been linked with RBC senescence.
Abnormalities in the immune system of children with
β-thalassemia major have been previously documented,
including an expansion of circulating B cells and a modest polyclonal gammopathy in both splenectomized and
nonsplenectomized patients.3 Immunologic abnormalities
in this patient population are thought to be caused by the
combined effect of chronic overstimulation of the immune
system attributable to allogeneic transfusions, iron overload, and splenectomy.4 However, high immunoglobulin
levels have been found in younger, not yet transfused patients with little iron storage,5 indicating that the disease
itself, and not just treatment-related sequelae, may play a
part in the abnormal IgG levels.
Until 2007, a DAT was routinely performed on pretransfusion samples from β-thalassemic patients in our
institution with intent to detect early alloimmunization.
During a previous quality assurance review, we found only
two cases of early alloimmunization detected by this means.
Two of 288 positive DATs in thalassemic patients during 4
years reviewed had a new alloantibody in the eluate that was
not present in the serum. However, we found that greater
than half of our regularly transfused β-thalassemic patients
had a positive DAT, a much higher rate than other hospitalized patients. Approximately 1 to 15 percent of hospital patients and 0.01 to 0.1 percent of blood donors have a positive
DAT.6 The cause, clinical significance, and serologic characteristics of the positive DAT by routine laboratory methods in
thalassemic patients have not been described. We performed
this retrospective review of positive DATs in our thalassemic
patients to determine whether a positive DAT in this population is significant for transfusion therapy and to determine
whether DAT surveillance is of value in screening chronically transfused subjects for alloimmunization. We hypothesized that the positive DAT is attributable to multiple factors,
including elevated IgG levels, and in the majority of cases is
unlikely to be associated with immunization otherwise undetectable by routine transfusion testing. Other areas of inquiry
included the clinical significance of a nonreactive eluate for
future transfusions and the effect on RBC survival.
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Materials and Methods
Patient Data
The medical records of 80 β-thalassemia patients
chronically transfused between 2004 and 2007 were reviewed. These patients collectively had 5696 transfusions
and 288 positive DATs during this period at Weill Cornell
Medical Center. Clinical data reviewed included patient
age, sex, splenectomy status, IgG level, hepatitis C status,
and other clinical history. Antibody screening and identification results, DAT and eluate results (including polyspecific or IgG/C3bC3d), the number of units transfused, and
the interval between transfusions were also analyzed. All
available laboratory evidence of hemolysis was reviewed,
including hemoglobin, hematocrit, haptoglobin, lactate
dehydrogenase, and bilirubin levels. Transfusion response
was assessed using pretransfusion hemoglobin levels at the
subsequent visit. Approval to conduct the study was obtained from the Weill Cornell Medical College Institutional
Review Board.
Immunohematology Testing
ABO grouping, D typing, and alloantibody screening
were performed by standard semiautomated gel technology (Provue Version 3.14B, Provue/Tecan; Ortho Clinical
Diagnostics, Rochester, NY). Alloantibody identification on
serum and eluates was performed using standard gel methods (Ortho Clinical Diagnostics and Immucor cell panels;
Immucor, Norcross, GA). DATs were performed using IgG
heavy chain–specific, rabbit-derived antibody and murine
monoclonal C3bC3d. Acid elution was performed using
low-pH glycine buffer.
Immunochemistry Testing
Serum IgG concentrations were quantified using nephelometric methods (Beckman Immage; Beckman Coulter,
Inc., Brea, CA). The IgG reference range is 1.8 to 3.3 g/dL,
and all values greater than 3.3 g/dL were considered elevated.
Screening for hepatitis C status was performed using
an enzyme immunoassay (Vitros ECi-Q Immunodiagnostic
System; Ortho Clinical Diagnostics). Confirmatory testing
was performed using an in vitro qualitative enzyme immunoblot assay (Chiron RIBA HCV Strip Immunoblot Assay;
Novartis Vaccines and Diagnostics, Inc., Emeryville, CA).
All reactive enzyme immunoassays were confirmed positive
by immunoblot.
Statistical Analysis
Categorical variables were assessed by cross tabulation
and tested for significance with χ2 or Fisher’s exact test. A
probability value of less than or equal to 0.05 was considered
significant. Continuous variables were reported as means with
standard deviations and were tested for significance with the t
test. Variables with a two-tailed significance value of p ≤ 0.05
were included in logistic regression models to explore multivariable significance. Statistical testing was performed using
Stata version 10.1 (StataCorp, College Station, TX).
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Results
Clinical Patient Characteristics
A total of 80 β-thalassemia patients regularly transfused
from 2004 to 2007 were identified. Fifty-nine patients were
diagnosed with β-thalassemia major and 21 patients were
diagnosed with β-thalassemia intermedia (1 of whom was
diagnosed as sickle cell and β-thalassemia intermedia). The
majority (53 of 80) of these patients were only treated at
our institution for thalassemia for the entirety of the study
period. Patient characteristics including diagnosis, age, sex,
and race are listed in Table 1. Overall, 68.8 percent (55 of
80) of the patients were splenectomized and 61.3 percent
(49 of 80) had an elevated immunoglobulin level (Table 2).
All 80 patients were tested for hepatitis C; 36 were positive (45.0%). The mean number of transfusions per patient
treated exclusively at this institution during this interval
was 80.0 (range, 3–202; Table 3).
Table 1. Patient demographic information and relationship to DAT
Variable

Positive DAT
(n=42)

Negative DAT
(n=38)

χ2

p value*

14 (33.3%)

7 (10.5%)

2.29

0.13

28 (66.7%)

31 (81.6%)

32.9 ± 12.7
5–56

20.7 ± 12.1
2–50

t test
4.39

0

21 (50%)
21 (50%)

24 (63.2%)
14 (36.8%)

1.4

NS

6 (14.3%)
36 (85.7%)

16 (42.1%)
22 (57.9%)

OR
4.4

0.006

Diagnosis
β-thalassemia
intermedia
β-thalassemia
major
Age (years)
mean
range
Sex
Female
Male
Race
Asian
Caucasian

*χ2 or Fisher’s exact test used unless otherwise specified.

Table 2. Chi-square analysis of clinical variables associated with a
positive DAT
Positive DAT
n (%)

Negative DAT
n (%)

Splenectomy status
Spleen absent
Spleen present

37 (88.1)
5 (11.9)

HCV status
HCV positive
HCV negative

29 (69.0)
13 (31.0)

Gamma globulin
Elevated IgG level

Variable

IgG within
reference range

χ2

p value

18 (47.4)
20 (52.6)

15.4

<0.001

7 (15.8)
31 (81.6)

20.7

<0.001

37 (88.1)

12 (31.6)

26.8

<0.001

5 (11.9)

26 (68.4)

IMMUNOHEMATOLOGY, Volume 26, Number 3, 2010

DAT in thalassemia patients

Table 3. Chi-square analysis of transfusion and laboratory variables
associated with a positive DAT
Variable
Alloimmunization
Alloimmunized
Not immunized

Positive
DAT

Negative DAT

χ2

p value*

17 (40.5%)
25 (59.5%)

9 (23.7%)
29 (76.3%)

2.56

0.11

Warm autoantibody
Present
Absent

6 (14.3%)
36 (85.7%)

0 (0%)
38 (100%)

5.87

0.027

Total number of
transfusions/patient†
mean
range

86.0 ± 48.4
8–202

72.1 ± 51.9
3–168

t test
1.24

NS

*χ2 or Fisher’s exact test used unless otherwise specified.
†
Data includes only patients exclusively transfused at our institution.

Laboratory Patient Characteristics
In addition to type and screen, a DAT (and eluate as
required) was performed before each transfusion according
to our institution’s standard operating procedure. Fortytwo patients had a positive DAT on at least one occasion,
and 38 patients had no history of a positive DAT during
the study period. The majority, 96.2 percent, of the positive DATs were positive owing to IgG (277 of 288) only, 0.7
percent to complement (2 of 288) only, and 3.1 percent to
both IgG and complement (9 of 288). Of the 286 eluates
performed, 65.4 percent (187 of 286) were associated with
a nonreactive eluate, 29.7 percent (85 of 286) with a panagglutinin, 2.1 percent (6 of 286) with nonspecific reactivity, and 2.8 percent (8 of 286) with an alloantibody. The 85
DATs with a panagglutinin were from the same 6 patients
with a warm autoantibody.
Alloimmunization and Autoimmunization Rates
The overall rate of alloimmunization was 32.5 percent
(26 of 80) in this patient population. More than one alloantibody was detected in 69.2 percent (18 of 26) of immunized patients. Table 4 presents the specificities of clinically
significant alloantibodies by blood group antigens. Only 2
cases of early alloimmunization to E and Jka were detected
by a positive DAT only (negative serum antibody screen).
Warm autoantibodies were detected in 7.5 percent (6 of 80)
of all patients. Only 5 percent (4 of 80) of all patients were
found to have both an alloantibody and an autoantibody.
Clinical and Demographic Factors Associated With
a Positive DAT
The DAT-positive and DAT-negative groups were similar with respect to sex. The DAT-positive patients were significantly older than the DAT-negative patients (32.9 ± 12.7
versus 20.7 ± 12.1 years; t test = 4.39; p = 0). There was
a significant association between race, Caucasian versus
Asian, and positive DAT (OR, 4.4; 95% CI, 1.52–12.46; p
= 0.006). However, this difference was determined to be
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Table 4. Alloantibody specificities of DAT-positive and DAT-negative
patients
No. of patients with alloantibodies
Antibody
specificity
D
E
e
C
c
K
Jka
Jkb
Fya
Fyb
M

DAT-positive

DAT-negative

Total

0
8
1
1
1
10
1
1
1
1
1

1
5
0
2
2
3
2
0
0
0
0

1
13
1
3
3
13
3
1
1
1
1

3
2
1
3
1
2
1
1

0
1
0
0
0
0
0
0

3
3
1
3
1
2
1
1

Low incidence
Bga
Kpa
Cw
V
VS
Jsa
Cob
DAK

attributable to HCV status and age by logistic regression
modeling. Although thalassemia intermedia patients were
more likely to have a positive DAT (OR, 2.2) this was not
statistically significant (p = 0.13).
A positive DAT was associated with splenectomy (p <
0.001), elevated IgG levels (p < 0.001), HCV (p < 0.001),
and warm autoantibody (p = 0.03) in univariate testing
(Tables 2 and 3). When adjusted for the effect of age, race,
immunoglobulin level, and splenectomy status in logistic
regression stepwise modeling, HCV was significantly associated with a positive DAT (OR, 5.0; p = 0.037). When
adjusted for the effect of age, race, HCV, and splenectomy
status in logistic regression stepwise modeling, an elevated
IgG level was also significantly associated with a positive
DAT (OR, 9.0; p = 0.001).
The transfusion response was similar in the DATpositive and DAT-negative groups as determined by review
of pretransfusion values at each visit. There was no clinical
or laboratory evidence of hemolysis in any of the patients
with a positive DAT (data not shown). Similarly, the total
number of transfusions received at our institution between
the two groups was not significantly different, suggesting
there was no increased transfusion requirement among
DAT-positive patients as a result of either hemolysis or
other clinical factors (Table 3).
Laboratory Factors Associated With a Positive DAT
Seventeen of the 42 patients (40.5%) with a history of
a positive DAT were alloimmunized, and 9 of the 38 patients
(23.7%) with no history of a positive DAT were alloimmunized.
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Alloimmunized thalassemic patients were more likely to
have a positive DAT than nonalloimmunized patients (OR,
2.2); however, this was not statistically significant (p = 0.11).
All of the patients with a warm autoantibody had a positive
DAT (p = 0.03). Blood group B patients were 2.6 times less
likely to have a positive DAT compared with other blood
groups (χ2, 3.28; p = 0.07). (Table 5)
Table 5. Frequency of ABO groups
DAT group

A

B*

AB

O

DAT+
DAT–

13
9

7
13

2
1

20
15

*χ2 = 3.28; p = 0.07.

Discussion
The DAT may be used as a sensitive method to detect a
hemolytic transfusion reaction, hemolytic disease of the fetus and newborn, or early alloimmunization, or to diagnose
autoimmune hemolytic anemia. In this patient population,
the high rate of positive DATs could not be explained by
any of these alloimmune phenomena, because the majority (65.4%) of IgG-reactive DATs had a nonreactive eluate.
Clinical and laboratory factors were analyzed to see whether a relationship existed between a positive DAT and age,
race, transfusion frequency, blood group, hepatitis C, splenectomy status, IgG level, blood group, and alloimmunization or autoimmunization status. The following variables
were significantly associated with a positive DAT: older
age, Caucasian race, elevated gamma globulin levels, presence of anti-HCV antibody, splenectomy, and presence of
a warm autoantibody. Because HCV and a splenectomized
state are known to cause elevated IgG levels and older patients were more likely to be HCV positive, a multivariate
analysis was performed to determine whether age, race,
HCV, splenectomy, and IgG level were independent risk factors for a positive DAT. This analysis revealed that the only
true independent risk factors were an increase in IgG levels and HCV positivity. The association between increased
age and positive DAT may be attributable to the increased
likelihood of HCV positivity in these patients as many were
multiply transfused before the institution of HCV serologic
testing of blood donors in 1992. The possible association
with a positive DAT and Caucasian race appears to be related to the fact that the non-Caucasian patients were younger
(median, 16 years of age versus median, 35 years of age)
and therefore less likely to be HCV positive. Patients with
blood group B were less likely to have a positive DAT, and
patients alloimmunized to RBC antigens were more likely
to have a positive DAT, but these associations were not statistically significant.
Laboratory and clinical data were reviewed to determine
whether there was any clinical significance of a positive DAT
with a nonreactive eluate. However, transfusion increments
were normal, and no evidence of hemolysis or transfusion
reaction was noted in the DAT-positive patients. Only 2 of
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288 positive DATs during the period studied revealed a new
alloantibody that was not detected in serum.
It was noted during our study that the rate of alloimmunization in our β-thalassemia patients (32.5%) was at the
higher end of the spectrum of those previously reported;
alloimmunization rates described previously range from 3
to 37 percent.7–10 This variability can be explained by differences in RBC antigen matching methods across previous
studies. Some institutions match for DCcEeK in their sickle
cell and thalassemia patients. We currently match only for
ABO and D. Furthermore, we use a more sensitive method
of antibody detection than that used in many of the older
studies (gel versus tube methodology).7–10
It is known that β-thalassemia patients have high levels of serum IgG, even in patients not yet transfused. Splenectomized thalassemia patients have even higher levels of
IgG.5 Multiple studies in general patient populations have
shown that increased serum IgG levels are associated with a
positive DAT and a nonreactive eluate, as seen in our study
in thalassemic patients.1,2,11,12 In a very small study, Garratty6 previously reported increased IgG bound to RBCs in
thalassemic patients. He found increased numbers of IgG
molecules bound to RBCs by the complement fixation antiglobulin consumption assay in 6 of 9 patients with thalassemia syndromes. There is debate, however, as to whether this
bound antibody is caused by cytophilic IgG or autoantibody.
The aging of a circulating RBC is associated with a 20
to 30 percent reduction in sialic acid within the RBC membrane. It has been suggested that the cells of the reticuloendothelial system recognize a determinant on the aging RBCs
produced after sialic acid removal.6 Evidence also suggests
that RBC-bound IgG may be responsible for the removal of
senescent human RBCs. Thus, it has been theorized that loss
of sialic acid creates a “senescent cell antigen” that binds to
an autologous IgG antibody specific for that antigen.13 Once
IgG is bound, the senescent cells are quickly phagocytosed
by macrophages and removed from circulation.6 The site
and molecular changes of the senescent antigen have not
been definitively described.
Kahane et al.14 found that sialic acid residues on the RBC
surface RBC of thalassemic RBCs are distributed in an uneven
manner and are less abundant than those present on normal
RBC surfaces. It follows that thalassemic RBCs would also have
an exposure similar to that of the senescent cell antigen and IgG
could bind to these sites on thalassemic RBCs. In this case the
antigen would not be caused by senescence, but perhaps be attributable to defective membrane biogenesis or an enhanced
rate of removal of sialic acid from the thalassemic membrane. An
autologous antibody may also bind to these sialic acid–depleted
membranes, signaling to macrophages that such cells should be
removed from circulation.15 Similarly, low levels of sialic acid in
RBC membranes have been reported in patients with sickle cell
anemia.
Therefore, it is not surprising that we would find such
a high prevalence of positive DATs with IgG bound and
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nonreactive eluates in this patient population. The question that still remains to be answered is the following: if
all thalassemic RBCs have reduced sialic acid, why do only
half of our patients with thalassemia have antibody bound
to their RBCs? The answer to this question may be found
in the complexity and diversity of the immune system, as
well as in the clinical and molecular heterogeneity of thalassemia. Epigenetic and genetic factors most likely play a
role in RBC autoimmunization as they do in the regulation
of RBC alloimmunization. In addition, the frequency with
which a patient is transfused and the percentage of autologous RBCs in a patient’s circulation may affect the occurrence of a positive DAT. From data gathered in our study,
however, this last explanation cannot be the sole reason for
a positive DAT, as the most frequently transfused patients
were not more likely to have a positive DAT. It does seem
that either underlying genetic or epigenetic factors have a
role in the positive DAT autoimmunization phenomena, as
the occurrence of a positive DAT differed by race and blood
group.
It was not unexpected that elevated levels of IgG in thalassemia patients would lead to a positive DAT with a nonspecific eluate. However, it was unexpected that patients
with hepatitis C would have a positive DAT independent
of their IgG level. This is most likely related to the autoreactive manifestations associated with HCV infection, such
as autoantibody production, cryoglobulinemia, and thyroid disorders. It may be that autoantibodies or antibodies
cross-reactive with common RBC antigens are transiently
present and account for the temporary positive DATs in
these patients. This requires further investigation.
Performing routine DATs on pretransfusion specimens
in thalassemic patients has limited clinical utility. The positive DAT reflects the pathophysiology of this disease in the
majority of patients and does not predict decreased RBC
survival. Although eliminating this testing may miss a new,
low-titer alloantibody, this occurrence would be very rare,
and the antibody probably clinically insignificant, as current antibody screening methods are quite sensitive. Eliminating the pretransfusion DAT in this patient population
will improve turnaround time and decrease costs for the
patient and health-care system.
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Laboratory methods for Rh
immunoprophylaxis: a review
S.G. Sandler and S. Sathiyamoorthy
The recommended dose of Rh immune globulin for postpartum
Rh immunoprophylaxis is based on an estimation of the volume
of the fetomaternal hemorrhage, if any, measured as the percent
of fetal RBCs in a sample of the D– mother’s blood. Laboratory
methods for distinguishing fetal from maternal RBCs have been
based on their different blood types (D+ versus D–) or predominant hemoglobin content (hemoglobin F versus hemoglobin A).
We conducted a review of the medical literature describing laboratory methods for detecting and quantifying fetal RBCs in maternal blood samples. We also used data collected for the College
of American Pathologists Fetal RBC Detection Surveys to determine which laboratory methods are used currently in hospitals
in the United States. The rosette screen is used widely for identifying D– mothers who may require additional doses of Rh immune globulin for postpartum immunoprophylaxis. As the
rosette screen targets the D antigen, it is not suitable for detecting
a fetomaternal hemorrhage in D+ mothers or when the D type of
the fetus or newborn is D– or unknown. The acid-elution (KleihauerBetke) assay is a sensitive laboratory method for quantifying
a fetomaternal hemorrhage, but it is tedious, often inaccurate,
and difficult to reproduce. Flow cytometry, using anti-D or antihemoglobin F reagents, offers a more precise quantification of fetal RBCs in maternal blood. However, flow cytometry services for
this function are available in relatively few hospital laboratories
in the United States because of logistic and fiscal impediments.
Immunohematology 2010;26:92–103.
Key Words: Rh immunoprophylaxis, Rh immune globulin,
rosette screen, Kleihauer-Betke assay, flow cytometry, fetomaternal
hemorrhage, hemolytic disease of the newborn

I

n the United States, standard practice for determining
the postpartum dose of Rh immune globulin (RhIG) begins with a laboratory measurement of the percent of
fetal RBCs in a sample of maternal blood followed by a calculation of the estimated volume of the fetomaternal hemorrhage (FMH) (mL of RBCs).1–6 Most hospital laboratories
perform an initial qualitative assay for fetal RBCs in the
mother’s blood using the rosette screen for D+ fetal RBCs.7
If the rosette screen is positive, most laboratories perform a
quantitative measurement of the percent of fetal RBCs in a
sample of the mother’s blood using the Kleihauer-Betke (KB) acid-elution assay.7 Evaluations of the various versions
of the K-B acid-elution assay consistently conclude that the
assay is imprecise and lacks reproducibility for quantifying
fetal RBCs in maternal blood.5,8,9 Flow cytometry (FC) offers
a more precise and reproducible methodology for quantifying fetal RBCs in a sample of maternal blood, but logistical
and fiscal factors have impeded widespread implementation of FC assays for this purpose in hospitals in the United

92

States.4,10 Recognizing the technical limitations of the sequential rosette screen and K-B acid-elution assay, the editors of the AABB Technical Manual recommend routinely
adding one additional vial of RhIG to the number calculated using the standard formula for determining the postpartum dose of RhIG (one vial of 300 µg of anti-D per 15 mL
of RBC FMH).5 Ramsey, writing for the College of American Pathologists (CAP) Transfusion Medicine Resource
Committee, analyzed the results submitted by nearly 1600
laboratories that participated in the CAP Proficiency Testing survey for Fetal RBC Detection to determine the methods used to calculate the dose of RhIG.3 He reported that in
three of the four calculation exercises in this survey, 20 to
30 percent of participating laboratories underestimated the
necessary dose of RhIG.3 Ramsey concluded that laboratories performing quantification of FMHs should review their
procedures and training for calculating RhIG dosage.3
The following review supplements Ramsey’s analysis of
methods for calculating the dose of RhIG and provides an
updated review of laboratory methods for quantifying the
number of fetal RBCs in a sample of maternal blood. For this
review, we focused on those laboratory methods reported
by 1911 laboratories participating in the CAP’s 2009 HBF01 Fetal RBC Detection Survey.7 We confirmed the availability of commercially marketed test kits that have been
cleared by the US Food and Drug Administration (FDA) for
clinical use in the United States by a search of Internet Web
sites. There is no standard format for comparing the performance of different laboratory assays for detecting and
quantifying fetal RBCs. For any given volume of an FMH,
the percent of fetal RBCs in a sample of maternal blood will
vary in proportion to the mother’s RBC volume. For purposes of this review, we selected the detection of 0.6 percent fetal RBCs in a sample of maternal blood to represent
an assay’s ability to detect a 30-mL FMH, as proposed by
Bayliss and colleagues8 and by Sebring and Polesky.9 This
degree of sensitivity is critical, because standard practice in
the United States is to calculate the dose of RhIG based on
the premise that one 300-µg vial of RhIG will suppress D alloimmunization by an FMH of 30 mL (or 15 mL of RBCs).1–6
Failure to detect a 30-mL FMH could result in inadequate
dosing of RhIG.3
Laboratory Methods of Historical Interest
Microscopic Weak D Test
If a microscopic weak D test (formerly known as the Du
test) is performed on a sample of blood from a D– mother after
IMMUNOHEMATOLOGY, Volume 26, Number 3, 2010
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a large FMH (>30 mL), the presence of D+ fetal RBCs may
be inferred by observing mixed-field agglutination.10 Based
on this observation, the microscopic weak D test was used
historically by many laboratories as a screen for an FMH.
As recently as 1980, the majority of laboratories participating in CAP’s Immunohematology Survey reported using the
microscopic weak D test as a screen for an FMH.11 Using
this test as a screen, 12.2 percent of nearly 2000 laboratories obtained a false-negative result on a proficiency sample
that contained approximately 0.6 percent D+ RBCs.11 In an
evaluation by Riley and colleagues,12 the microscopic weak
D test failed to detect 25 percent of simulated FMHs prepared as admixtures of 0.5 percent D+ cord RBCs in D–
adult RBCs. In an evaluation by Sebring,13 the microscopic
weak D test did not reliably detect a simulated 30-mL FMH
in an admixture of D+ and D– RBCs. Nance and Garratty14
and Wenz and Apuzzo15 attempted to improve the sensitivity by adding polyethylene glycol (PEG) to the serologic
reactants. In a direct comparison, Bayliss and colleagues8
found that the addition of PEG did not offer a significant
advantage over the conventional microscopic weak D test.
More-sensitive laboratory assays are currently available to screen for an FMH. The microscopic weak D test is
no longer recommended as a screen for an FMH.16–18
Enzyme-Linked Antiglobulin Test (ELAT)
In 1982, Ness19 and Riley and colleagues12 described an
enzyme-linked antiglobulin test (ELAT) that targeted D+
RBCs and was reported to be capable of detecting a simulated 12.5-mL FMH, based on testing for D+ cord RBCs admixed with D– RBCs. Ness and colleagues20 also reported
the results of using their ELAT to quantify FMHs in 789
consecutive D– postpartum mothers who had delivered D+
newborns. There were 117 (14.8%) samples from mothers
who had a detectable FMH, including 8 (1%) who had an
FMH greater than 30 mL and required more than one vial
of RhIG. They reviewed each case for high-risk features
that might predict an FMH and concluded that there were
neither maternal nor newborn characteristics that reliably
predicted an FMH. Greenwalt and colleagues21 developed a
modified ELAT for quantifying D+ RBCs in the circulations
of D– mothers. By stabilizing RBCs using 0.05 percent glutaraldehyde, they decreased in vitro hemolysis, which had
been troublesome in other assays.22,23 They reported that
their ELAT was capable of detecting as small a volume as
2 mL of D+ cord RBCs admixed in 1600 mL of D– adult
RBCs.21
In a personal communication, Dr. Paul Ness informed
the authors of this review that “. . . although the ELAT for
FMH provided accurate clinical information that enabled
the laboratory to both screen for FMH and quantify the
unusually large FMH that was detected, standardized tests
were not developed and licensed by the FDA. In the absence
of a standardized licensed test, we discontinued the routine
use of the test in our laboratory and believe that it is not
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being performed in other laboratories for similar reasons”
(personal communication, Paul Ness, August 2010).
Qualitative Screens for Fetal RBCs in Maternal
Blood
Rosette Screen for D+ RBCs
In 1982, Sebring and Polesky9 described a modified microscopic weak D test in which ficin-treated indicator RBCs
enhanced the detection of D+ fetal RBCs by forming aggregates (rosettes). Sebring and Polesky’s rosette screen was
adapted from a generic model described by Helderweirt and
Sokal,24 who used “incomplete antibodies” to blood group
antigens to identify minor populations of RBCs admixed in
major populations. In Sebring and Polesky’s rosette screen,
a sample of maternal D– RBCs was examined microscopically after adding reagent anti-D and ficin-treated R2R2
indicator RBCs. If D+ RBCs were present, the D+ ficin-treated indicator RBCs formed aggregates (rosettes) around the
anti-D–coated fetal RBCs (Fig. 1). Sebring and Polesky9

Fig. 1. The rosette screen. One drop of the manufacturer’s reagentreduced, alkylated, and buffered IgG anti-D in bovine albumin (Fetal
Bleed Screening Test, Immucor/Gamma) was added to one drop
of a 3% suspension of Immucor’s positive control RBCs (0.6%
group O D+ RBCs in 99.4% of group O D– RBCs) and incubated
at 37ºC for 15 minutes. After washing the RBCs four times and
decanting the supernatant, one drop of indicator RBCs (0.5% suspension of ficin-treated group O R2R2 RBCs) was added. The contents were mixed gently and the tube centrifuged to form an RBC
button. The RBCs were resuspended and examined for aggregates
(rosettes) microscopically at low power (100×). The presence of
aggregates of RBCs in the low-power field represents a positive
result, interpreted to indicate that D+ fetal RBCs are present in the
maternal blood.

reported that 100 percent of 20 technologists participating
in a study of the rosette screen identified a 0.6 percent admixture of D+ cord RBCs in D+ adult RBCs, corresponding
to a 30-mL FMH. In contrast, only 17 of 20 (85%) technologists detected the 0.6 percent admixture using the microscopic weak D test.9 Sebring and Polesky25 subsequently
published a letter to the editor of Transfusion alerting readers
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that the rosette screen was not sufficiently sensitive to detect a 30-mL FMH if the Rh phenotype of the cord RBCs
was a weak D. The rosette screen was quickly recognized to
be more accurate and reliable than the microscopic weak D
test for detecting a significant FMH in a D– mother.26 Commercially marketed kits are available in the United States
(Fetal Bleed Screening Test; Immucor/Gamma, Norcross,
GA). Another widely used kit (Fetalscreen; Ortho-Clinical
Diagnostics, Raritan, NJ) was recalled from the market in
January 2005 and is no longer available. In April 2009,
the FDA cleared FetalScreen II/Fetal Maternal Hemorrhage Screening Test (Alba Bioscience, Edinburgh, UK).
FetalScreen II kits are currently marketed in the United
States by Ortho-Clinical Diagnostics, Raritan, New Jersey.
The rosette screen will detect an FMH as small as 10 mL
of D+ whole blood.4,5 Of 1911 participants in the CAP 2009
HBF-01 Fetal RBC Detection Survey who reported results
for qualitative screening for FMH, 1907 (99.8%) used the
Fetal Bleed Screening Test (Immucor/Gamma) kit.7
A positive rosette screen result provides (only) qualitative evidence of a large-volume FMH that may require additional doses of RhIG. Retesting the mother’s blood sample
using a quantitative method is necessary to determine the
percentage of D+ fetal RBCs in the maternal blood sample,
which is the basis for estimating the volume of the FMH.
Because the targeted analyte is the blood group antigen D,
not hemoglobin F (HbF), the rosette screen is not a suitable
assay for detecting FMHs in all women. Using a standard
table of blood group genotype frequencies,27 we calculated
that approximately 40 percent of pregnant Caucasian D–
mothers will be carrying a D– fetus. Therefore, by its design—targeting D+ RBCs in D– mothers’ blood—the rosette
screen will not detect approximately 40 percent of significant FMHs in D– mothers, if the rosette screen is (mis)applied to screen for an FMH in a D– mother. Also, the rosette
screen cannot be used in D+ mothers to test for an FMH,
because maternal D+ RBCs will be agglutinated.
Gel Agglutination Cards
Salama and colleagues28 and David and colleagues29
adapted a brand of gel agglutination cards (DiaMed, Cressier sur Morat, Switzerland), which are marketed in Europe
but not in the United States, to detect D+ fetal RBCs in D–
maternal blood samples. They evaluated the card assay’s
performance by adding monoclonal IgG anti-D to admixtures of D+ and D– RBCs (0.05–0.5% D+ RBCs) and testing for agglutination using DiaMed anti-IgG gel cards. The
results were compared with those for detecting fetal RBCs
by a standard acid-elution staining method for HbF. The
authors reported that their gel agglutination card assay had
comparable sensitivity with the acid-elution staining assay
and detected all admixtures of D+ RBCs that were greater
than 0.2 percent.28,29 Ben-Haroush and colleagues30 analyzed blood samples from 118 D– postpartum women for
fetal RBCs by both gel agglutination and flow cytometry
(anti-HbF), and reported that the gel agglutination test
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failed to detect FMHs reliably in the range of 0.1 to 10.0
mL. Subsequently, Agaylan and colleagues31 described a
particle gel immunoassay using superparamagnetic particles coated with monoclonal anti-D. The antibody-coated
particles were isolated by a magnetic particle concentrator
and placed in the reaction chamber of a DiaMed gel card for
centrifugation and reading. They reported that this version
of the gel agglutination card assay was capable of detecting
as few as 0.3 percent of D+ RBCs admixed in D– RBCs.31
Although a version of the gel agglutination card assay is marketed as a screen for FMH (ID-FMH Screening
Test, DiaMed), there are few data evaluating its use for this
function. None of the 1911 laboratories submitting results
in CAP’s 2009 HBF-01 Fetal RBC Detection Survey Participant Report indicated using a gel agglutination card assay
to screen for FMH.7 However, CAP participants are primarily located in the United States, and, therefore, statistics
from this survey do not reflect use elsewhere. Both versions
of the gel agglutination assay use a commercially marketed
gel card, offering the option of a simple, convenient, and
standardized alternative to the rosette method for screening for an FMH. However, these gel agglutination cards are
not commercially marketed or cleared by the FDA for clinical use in the United States. Further comparative testing is
required before their role as an initial screen for FMHs can
be determined.
Quantitative Methods for Measuring Fetal RBCs in
Maternal Blood Samples
K-B Acid-Elution Assay
In 1957, Kleihauer, Braun, and Betke32 described an
acid-elution and staining assay for quantifying small populations of fetal RBCs in postpartum samples of maternal
blood. Their assay was based on a prior observation by Korber,33 who reported that HbF was more resistant to alkali
denaturation than HbA. Kleihauer, Braun, and Betke32
applied Korber’s observation to distinguish fetal HbFcontaining RBCs on maternal peripheral blood smears
after a temperature-controlled elution of HbA using citric
acid. HbF was not eluted from fetal RBCs, which stained
dark red by hematoxylin and eosin. In contrast, citric acid
readily eluted HbA from adult RBCs, which stained minimally (pink “ghosts”) by hematoxylin and eosin. Kleihauer,
Braun, and Betke’s original 1957 publication is the one cited
by most investigators and reviewers when referencing the
origin of the K-B acid-elution assay. However, this article in
the German language consists of only a brief two-paragraph
note containing black-and-white photographs of stained
blood smears, a minimal description of the technical procedure, and no data of results.32 In 1958, Betke and Kleihauer34 published a detailed technical report, and in 1960,
Kleihauer and Betke35 updated the technical procedure of
the original KBB assay, which is now popularly known as
the K-B acid-elution assay.36 In brief, the K-B acid-elution
assay for differential staining of adult and fetal RBCs is performed by fixing thin peripheral blood smears in 80 percent
IMMUNOHEMATOLOGY, Volume 26, Number 3, 2010
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ethanol, immersing the slides in citric acid–sodium phosphate buffer (which elutes all hemoglobins except HbF),
and staining the dried smears using hematoxylin and eosin (Fig. 2). The percentage of darkly stained fetal RBCs
among the lightly stained adult RBCs is determined by microscopic examination. In 1962, Shepard and colleagues37
applied the K-B acid-elution assay to study the distribution
of HbF in fetal RBCs, as well as in RBCs from adults with
sickle cell anemia, thalassemia, aplastic anemia, and hereditary persistence of HbF. The descriptions by Shepard
and colleagues37 are among the earliest of “F cells” (adult
RBCs containing HbF), although the term “F cell” was not
introduced until 13 years later by Boyer and colleagues.38
Shepard and colleagues also confirmed prior observations
that the proportion of HbA and HbF in newborns’ RBCs
varies widely and that the percentage of HbF in newborns’
RBCs correlates better with the gestational age than with
birth weight.39,40 Clayton and colleagues41–44 evaluated the
optimal technical conditions for performing the K-B acidelution assay. They observed that the citric acid–phosphate
buffer must be prepared at precisely pH 3.2 for optimal elution, which was performed after adding methylene blue to
the citric acid–phosphate buffer at 50ºC and cooling it to

Fig. 2. The Kleihauer-Betke acid-elution assay. The peripheral
blood smear was prepared to simulate an FMH by mixing two drops
of EDTA-anticoagulated positive control adult whole blood (prepared by mixing 1 part cord blood and 50 parts normal adult blood)
and three drops of 0.85% sodium chloride. The estimated cord
RBC to adult RBC ratio was 3.6 percent. After air-drying, the slide
was placed in 80% reagent alcohol (Simmler, Inc.) for 5 minutes
at room temperature. After rinsing in distilled water, the slide was
placed in 0.081 M citrate buffer (Fetal Cell Buffer, Simmler, Inc.)
for 10 minutes at room temperature. The slide was immediately
placed in Erythrocin-B, fast green (Fetal Cell Stain, Simmler, Inc.)
for 3 minutes. The slide was rinsed thoroughly in distilled water and
examined under a microscope (200×). Fetal RBCs stained dark
reddish-pink in contrast to adult RBCs, which appear light pink
(“ghosts”).
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37ºC for a 15-minute elution. Using this modification, Clayton et al.41 reported accurate detection of cord RBCs in dilutions as high as 1:100,000 in adult RBCs, which calculates
to an FMH of approximately 0.5 mL or one drop of fetal
blood in the entire maternal circulation.
Modified K-B Acid-Elution Assay: Commercially
Marketed Reagents and Kits
Commercially marketed kits of reagents are available
in the United States for performing the K-B acid-elution
assay using the original 37ºC elution (Fetal-Hemoglobin–
Differential Stain Kit Modified Kleihauer Technique, Eng
Scientific, Inc., Clifton, NJ; Fetal Hemoglobin Kit, SigmaAldrich, St. Louis, MO). Also, kits are available that substitute the original 37ºC elution for a more convenient room
temperature elution (Fetal Cell Stain Kit, Simmler, Inc.,
High Ridge, MO; Fetal Hemoglobin–Differential Staining
Kit/Room Temperature Procedure, Eng Scientific, Inc.: Fetal Hemoglobin/For the Identification of Fetal Erythrocytes
in the Presence of Adult Red Cells, Sure-Tech Diagnostic
Associates, St. Louis, MO). Of 1010 laboratories which participated in CAP’s 2009 HBF-01 Fetal RBC Detection Survey and reported results for the K-B acid-elution assay, 976
(96.6%) used one of these commercially marketed kits, and
34 (3.4%) reported using an in-house acid-elution assay.7
Modified K-B Acid-Elution Assay: Automated
Detection
A significant limitation of the K-B acid-elution assay is
the imprecision of only one observer’s subjective interpretation of the different shades of color of stained RBCs, as well
as the relatively small number of RBCs that can be counted
manually by even the most dedicated technologist. The consequence is a wide variation in results reported by different observers of the same blood smears.5 To address this
issue, Cupp and colleagues,45 Medearis and colleagues,46
Ravkin and Temov,47 and Pelikan and colleagues48,49 proposed automated laboratory systems designed to increase
the number of RBCs scanned and improve the objectivity of end point determinations. The Pelikan automated
computer-assisted microscopy system consisted of an automated scanning stage, microsetting motor controls, and
bright-field analysis using green and red absorption filters.
The system counted the percentage of fetal RBCs in 1517
low-power fields (10× microscope objective) with superior
precision compared with the results reported by investigators scanning 400 high-power fields (40× microscope
objective). Pelikan and colleagues48 compared results for
admixtures of fetal and adult RBCs and reported superior
determination of fetal RBCs in the range from 0.0001 to
0.001 percent compared with the standard manual K-B acidelution method, but comparable results in the range of 0.01
to 1.0 percent.
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Modified K-B Acid-Elution Assay: Standardizing
Enumeration
Several modifications of the K-B acid-elution assay
have been proposed to standardize or otherwise improve
counting the relatively few darkly stained fetal RBCs among
the relatively large number of lightly stained adult RBCs.
Woodrow and Finn50 proposed standardizing the number
of fetal RBCs counted by designating a specified number
of low-power fields to be examined. Finn and colleagues51
standardized the number of differentially stained RBCs
counted on the blood smear in a defined time, and Jones52
proposed standardizing the volume (2 mL) for preparing
the blood smear using a mechanical spreader. Howarth and
colleagues53 reported that performing acid elution on only
half of the blood smear improved the count of RBCs on the
blood smear.
Alternative Elution Assay (Elute HbF, not HbA)
Kabat54 described an alternative elution and staining
method based on Itano’s prior observation that HbA is less
soluble in concentrated salt solutions compared with HbF.55
After a peripheral blood smear has been eluted in concentrated potassium phosphate buffer, adult RBCs containing
HbA stain bright red, whereas fetal RBCs appear as clear
ghosts (i.e., the reverse of the K-B acid-elution assay). Kabat54 used this elution assay to study the concentrations of
HbA and HbF in fetal RBCs during the switch in synthesis
of hemoglobins in human development. We are not aware
that this assay has been applied in clinical laboratories for
the detection of fetal RBCs in maternal blood.
Modified K-B Acid-Elution Assay: Limitations
Nearly all investigators evaluating the various versions
of K-B acid-elution assays report a wide range of interobserver variation, as well as poor reproducibility of results.5,8,9 Also, although most infants cease to produce high
levels of HbF by 6 months of age, healthy-appearing adults,
as well as adults with certain inherited hemoglobinopathies
or acquired diseases of hematopoiesis, produce RBCs containing varying percentages of HbA and HbA2 and a small
subset of RBCs containing HbF (F cells).3,56–59 The percent
age of F cells in adults is genetically determined, and considerable variation has been observed.58 In most adults, HbF
represents less than 0.6 percent of the total Hb.57 Most normal adults (85%) have 0.3 to 4.4 percent F cells.57 Women
have higher percentages of F cells than age-matched men,
raising the possibility that there is an X-linked factor in the
control of Hb synthesis.59 Probably, the most problematic
F cells for purposes of calculating the dose of RhIG after a
D– mother delivers a D+ newborn are those F cells that increase during pregnancy.60–66 In approximately 25 percent
of pregnant women, HbF starts to increase after 8 weeks’
gestation and may reach 7 percent by 32 weeks.65,66
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Flow Cytometry
Anti-D Method
In an effort to move beyond the limitations of the rosette
screen and K-B acid-elution assays, investigators have proposed several applications of FC technology as an alternative to quantifying fetal RBCs in maternal blood. Initial FC
assays targeted the D antigen on fetal RBCs, distinguishing
D+ fetal RBCs from D– maternal RBCs using polyclonal or
monoclonal anti-D reagents.46,67–74 Nance and colleagues67
compared the results of testing mixtures of D+ cord RBCs
and D– adult RBCs by the rosette screen, K-B acid elution
assay, and an FC (anti-D) assay. They reported that results
by FC (anti-D) were more accurate, reproducible, and sensitive.67 They also tested postpartum blood samples from 56
D– women by the K-B acid-elution assay and FC (anti-D)
assay. They observed that when significant FMHs did occur
(greater than or equal to 0.6% of fetal RBCs), FC (anti-D)
results were consistently lower than those measured by the
K-B acid-elution assay. Well-controlled FC (anti-D) assays
are capable of detecting 0.1 percent of D+ RBCs admixed in
D– RBCs.4 An FC (anti-D) reagent (Quant-Rho FITC antiD, Alba Bioscience Limited, Edinburgh, UK) has been FDA
cleared [510 (k)] for clinical use in the United States (Quotient Biodiagnostics, Newtown, PA). Figures 3A and 3B illustrate how monoclonal anti-D reagents can be applied to
detect FMHs by FC. Figure 3A is a histogram illustrating
the result of testing a blood sample prepared to simulate an
FMH by mixing 1.5 percent of cord RBCs in adult RBCs and
testing using Quanta-Rho FITC. Figure 3B is a histogram
illustrating the result of testing the same mixture of cord
and adult RBCs and testing using Chemicon’s monoclonal
anti-D (Millipore, Billerica, MA).
Fig. 3. (A) Histogram
illustrating application of
FC to quantify simulated
FMHs using a mixture of
1.5% D+ cord RBCs in
D– adult RBCs (Fetaltrol, Trillium Diagnostics)
stained using monoclonal
anti-D (Quant-Rho FITC).
Adult RBCs (left) are
separated from cord RBCs
(right). (B) Illustrates the
same mixture of 1.5 D+
cord RBCs in D– RBCs
stained with monoclonal
anti-D (Chemicon anti-D,
Millipore, Billerica, MA).

A

B
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Anti-HbF Method
FC assays that target D+ fetal RBCs are a logical and
sensitive strategy for identifying D– postpartum mothers who may require additional doses of RhIG. However,
assays that target the D antigen cannot be applied to detection of FMHs in D+ mothers or in cases in which the D
type of the fetus is D– or not known. For these reasons, FC
assays have been developed that target fetal HbF, thereby
combining the broader clinical applicability of a test for
HbF-containing RBCs with the increased sensitivity of an
FC assay.75–85 Davis and colleagues75 developed a rapid FC
assay for routine clinical use for detecting FMHs using a
fluorescein isocyanate-conjugated hybridoma anti-HbF.
The authors were able to process five maternal blood samples and controls in less than 1 hour using this method. The
assay had good correlation with the K-B acid-elution assay
(r2 = 0.86) and superior precision with a CV of less than
15 percent for blood samples with greater than 0.1 percent
fetal RBCs. Their analysis of 150 blood samples from nonpregnant adults, including persons with increased F cells
as a result of hemoglobinopathies and hereditary persistence of HbF, gave a mean value of 0.02 percent of fetal
RBCs. Autofluorescent leukocytes, often a problem with
other FC methods, were excluded by gating. Davis and colleagues75 evaluated their assay using mixtures of cord and adult
RBCs and concluded that their FC (anti-HbF) assay was practical, more precise, and technically superior to the K-B acidelution assay. This method required several washing steps,
but was subsequently modified to eliminate the timeconsuming washes.80 Reagents for this assay are marketed
in Europe (QuikQuant, Trillium Diagnostics, Brewster, ME),
but not in the United States. Radel and colleagues86 developed an FC (anti-HbF) method that also included an FC
determination of the D type of RBCs using a monoclonal

anti-D. This combination method for detecting HbFcontaining RBCs and determining the D type expands on
the fixation-permeation FC (anti-HbF) method and FC
quantification of an FMH in a single assay. Chen and colleagues87 described an FC (anti-HbF) reference method to
quantify F cells in pertinent disease states. Although this
method is intended to quantify adult F cells, not fetal RBCs,
its technical precision may offer an improved approach to
distinguishing fetal RBCs from F cells in postpartum women whose dosing for RhIG is complicated by disease-related
increased F cells. The authors are aware of only one FDAcleared, commercially marketed FC (anti-HbF) reagent kit
(Fetal Hemoglobin Kit, Caltag Laboratories, Burlingame,
CA) (Fig. 4).
There is no consensus among proponents of FC
assays concerning the relative advantages and disadvantages of using anti-D versus anti-HbF reagents for quantifying an FMH in a D– mother. Regarding ease of use, the
availability of fluorochrome-conjugated anti-D reagents
overcomes the time-consuming aspects of early two-step
methods for reacting RBCs with polyclonal anti-D,
followed by fluorochrome-conjugated anti-IgG.88 On the
other hand, anti-HbF reagents require RBCs to be fixed
and permeabilized to permit interaction with intracellular
HbF before staining, a more time-consuming process than
reacting anti-D reagents with D on the surface of the RBC
membrane. All reports of FC (anti-D) and FC (anti-HbF)
methods that we identified using PubMed and reviewed
for this article claim improved sensitivity compared with
the K-B acid-elution method. However, we were not able
to identify a study that directly compared the sensitivities
of the FC (anti-D), FC (anti-HbF), and K-B acid-elution
assays. Davis and colleagues75 reported that their FC (antiHbF) method had a satisfactory linear correlation with the

Fig. 4. (A) Histogram illustrating the application of FC to quantify a simulated FMH using monoclonal anti-HbF (Fetal Hemoglobin Kit, Caltag
Laboratories) and adult RBCs (negative control without admixture of adult RBCs with cord RBCs; Fetalrol, Trillium Diagnostics). Adult RBCs
(left) are detected, as is the normal content of adult F cells (miDle region), but no cord RBCs are visualized (right region). (B) This sample
was prepared to simulate the minimally detectable FMH (0.21% cord RBCs), in which fetal RBCs (right region) are readily distinguished from
adult F cells (miDle region). (C) This sample was prepared to simulate a significant FMH (1.50% cord RBCs).
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K-B acid-elution assay in the range of 0 to 1.6 percent. They
noted that, as with the K-B acid-elution assay, a greater
number of F cells can contribute to an apparent increase
in the number of fetal RBCs using their FC (anti-HbF) assay, although still yielding values of less than 0.1 percent fetal RBCs and not contributing to a clinically significant level
of false-positive results. Thus, a major advantage of the FC
(anti-HbF) method—provided it is adequately controlled—
is that F cells can be distinguished and omitted in the final
fetal RBC frequency measurement.88 An FDA-cleared control product is available in the United States (Fetaltrol, Trillium Diagnostics) for documenting and monitoring the performance of test methods used to determine fetal RBCs in
maternal blood samples. This product consists of three assayed mixtures of D– adult RBCs and D+ cord RBCs in the
ranges of 0 to 0.02 percent (negative), 0.1 to 0.3 percent
(low positive), and 0.79 to 1.60 percent (high positive) cord
RBCs. Kennedy and colleagues89 conducted a retrospective
audit of test results on blood samples from 14 women with
suspected FMHs. The samples had been tested routinely by
K-B acid-elution assay, as well as by FC using conjugated
FITC anti-D monoclonal Ig and by directly conjugated PE
anti-HbF. They observed that the K-B acid-elution assay
potentially overestimated FMHs in comparison to FC, and
that FC (anti-HbF) labeling potentially underestimated the
volume of massive FMHs compared with FC (anti-D). They
followed up with a study of simulated FMHs consisting of
mixtures of D+ cord RBCs in adult D– RBCs. In this study,
FC (anti-HbF) underestimated the percentage of cord RBCs
compared with FC (anti-D), but only in the subset of samples containing at least 1 percent cord RBCs.89 There was
no significant difference in results for samples containing
0.06 percent or less fetal RBCs. Dziegiel and colleagues90
had a fortuitous opportunity to address the concern raised
by Kennedy and colleagues,89 i.e., that the FC (anti-HbF)
method underestimates large FMHs, when they applied
their FC (anti-HbF) assay to blood samples from a postpartum woman with an estimated 314-mL FMH. In that study,
Dziegiel and colleagues found close agreement of their
measurement of fetal RBCs using FC (anti-HbF) and using
FC with anti-Fya, anti-s, and anti-Jkb to separate fetal and
maternal RBC populations. They concluded that there was
no systematic deviation of measurements by FC (anti-HbF)
compared with their reference blood group method.91
Discussion
According to the Participant Summary for CAP’s 2009
HBF-01 Fetal RBC Detection, only 44 of 1054 (4.2%) participating laboratories reporting results for quantifying fetal RBCs
used FC and 1010 (95.8%) used the K-B acid-elution assay.7 All
44 laboratories reporting FC results used anti-HbF reagents.7
Most participant laboratories (99.8%) used the commercially
marketed rosette screen (Fetal Bleed Screening Test, Immucor/Gamma) as their initial qualitative screen. Most laboratories using the K-B acid-elution assay (96.6%) reported using
one of the commercially marketed kits.7
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Despite multiple evaluations reporting false-positive
results associated with the rosette screen, this assay remains
the most widely used in the United States for initial screening for an FMH. The rosette screen is sensitive, convenient,
and relatively quick, taking approximately 15 minutes to
prepare and interpret a maternal blood sample. Blood bank
technologists are accustomed to evaluating the end point of
microscopic mixed-field agglutination. There are multiple
options for selecting an FDA-cleared commercially marketed kit for reagent kits for quantifying fetal RBCs using
modified K-B acid-elution assays. The conclusions of all
published evaluations that we reviewed, as well as the opinions of our laboratory’s technologists who perform the K-B
acid-elution assay, are that the assay has significant technical limitations. Nevertheless, the K-B acid-elution assay
remains the standard quantitative assay of fetal RBCs in the
United States.
Despite the evidence that FC can offer improved accuracy and reproducibility of results for quantifying FMHs,
few hospitals in the United States use FC assays for routine
management of postpartum Rh immunoprophylaxis. The
primary reason in our own hospital and, we believe, in most
others is the requirement for availability of FC services
around the clock to ensure that all postpartum D– mothers receive a laboratory-based determination for the dose
of RhIG before they are discharged from the hospital. Although clinical, accreditation, and regulatory requirements
allow hospitals to administer RhIG as late as 72 hours after delivery, many patients are discharged on short notice
and well before 72 hours after delivery. Even if a hospital
has FC services for other clinical applications, few hospitals have technically proficient personnel support for
round-the-clock FC services. In contrast, the relatively lowtechnology requirements for quantifying fetal RBCs by the
K-B acid-elution assay generate a numerical result (albeit
questionably accurate). Thus, the K-B acid-elution assay
has remained the standard of practice for quantifying FMHs
in the United States for more than five decades. To accommodate the recognized imprecision of the K-B acid-elution
assay, a standard of practice has evolved to routinely add
one additional vial of RhIG to the calculated dose.3–5 This
formula for calculating the dose of RhIG—including the addition of the compensatory extra vial—is incorporated in
the RhIG Dose Calculator, which is recommended by CAP’s
Transfusion Medicine Resources Committee and posted on
the CAP Web site (www.cap.org: CAP Home / Committees
and Leadership / Transfusion Medicine Resource Committee / Transfusion Medicine Topic Center / RhIG Dose
Calculator; accessed August 18, 2010). D– women with
diseases known to be associated with an increased percentage of F cells (sickle cell anemia, thalassemia, hereditary
persistence of HbF, and certain other diseases of hematopoiesis) require special management for postpartum Rh
immunoprophylaxis. The detection of D+ fetal RBCs by the
rosette screen is not compromised by the presence of an
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increased number of maternal D– F cells. However, many
technologists have difficulty separating disease-related F
cells and fetal RBCs by the K-B acid-elution assay. For those
D– postpartum women with increased F cells, FC assays using either anti-D or anti-HbF offer a more precise method
for determining the dose of RhIG (Fig. 3).92–95 Some, but
not most, hospitals managing deliveries and postpartum
Rh immunoprophylaxis for women with sickle cell disease
and other diagnoses known to be associated with increased
numbers of F cells may have FC services readily available.
The question arises, “What laboratory methods are available to ensure an adequate dose of RhIG for those women
with an increased percentage of F cells?” An estimated 0.3
to 1.0 percent of all obstetrical deliveries result in an FMH
greater than 30 mL and require more than one vial of RhIG
for adequate Rh immunoprophylaxis.4,20,96 However, the
likelihood that a D– mother receiving only one vial of RhIG
will become alloimmunized to D and form anti-D is only 0.07
percent of all D– women who receive RhIG.97 Thus, despite
technical limitations, the risk of failure of Rh immunoprophylaxis (alloimmunization) is very low. Nevertheless, the
possibility of an FMH in a woman with increased F cells
requiring additional doses of RhIG should be addressed.
Recognizing that an inadequate dose of RhIG is likely to be

completely adsorbed by D+ fetal RBCs in the maternal circulation, Bowman97 notes that after administration of an
adequate dose of RhIG, passive anti-D should be present in
the maternal circulation. Following this rationale, some physicians advocate measuring anti-D titers after administration
of RhIG to assess the need for additional doses of RhIG.98,99
Mollison and colleagues100 consider this practice “unsound in
principle,” as even when the D antigen concentration is low,
not all anti-D is bound to RBCs. This opinion is maintained
by Klein and Anstee,101 who revised and edited the most recent edition of Mollison’s textbook. Ness and Salamon102
studied anti-D titers in 30 recipients of RhIG and found no
correlation between the titers and the volume calculated
for FMHs. Measuring anti-D after an intramuscular dose of
RhIG is an unreliable indicator of the adequacy of the dose
of RhIG, and the practice is discouraged.4 The most specific
assay for determining the adequacy of the dose of RhIG in a
D– postpartum mother is one that reflects clearance of fetal
D+ RBCs from the mother’s circulation. Mollison and colleagues100 recommend testing for clearance of D+ fetal RBCs
using the rosette screen. Because the rosette screen is specific
for D and is sufficiently sensitive to detect an FMH of 10 mL,
we recommend this method for determining adequacy of the
dose of RhIG when FC (anti-D or anti-HbF) is not available.
In summary, FC for quantifying
FMHs and determining the dose
of RhIG remains an underutilized
technology in hospitals in the United States. During the four decades
since Herzenberg and others103 advocated using fluorescent-activated
cell-sorting technology for laboratory
diagnosis, our colleagues in hematopathology have used FC to improve
the precision of diagnoses for a wide
range of hematologic diagnoses. A
recent editorial in the American
Journal of Clinical Pathology, “Beyond Gating: Capturing the Power
of Flow Cytometry,” illustrates how
effectively other disciplines have
captured the promise of this technology.104 The present review reveals
that those of us who are concerned
with the laboratory basis of Rh immunoprophylaxis have not yet taken
full advantage of the opportunities
that FC offers. Analyzers with flow
capabilities, reagent antibodies, and
control reagents for FC are becoming increasingly available in
Fig. 5. Screen shot of a hematology analyzer (Cell-Dyne Sapphire, Abbott Laboratories, Abbott Park, IL) illustrating the application of FC using monoclonal anti-HbF (QuikQuant, Trillium
the United States, making roundDiagnostics) to quantify a simulated FMH of 1.75 percent cord RBCs in adult RBCs (Fetaltrol,
the-clock service more accessible
Trillium Diagnostics). The FL1 axis is the anti-HbF fluorescence signal, and the cord RBCs are
(Fig. 5). We encourage industry to
highlighted by circles. Adult RBCs with lower fluorescence are clearly separated from cord
RBCs with higher fluorescence. This example illustrates how a basic hematology analyzer can be
develop and market FDA-cleared
adapted to quantify FMHs in a hospital clinical laboratory.
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reagents for FC applications for quantifying fetal RBCs
for Rh immunoprophylaxis. We encourage directors of
hospital and reference laboratories to look positively to the
opportunities of FC for quantifying FMHs.
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Allogeneic adsorptions: a comparison of
the traditional method with a modified PEG
adsorption method
M.E. Etem, B. Laird-Fryer, M.P. Holub, J.J. Hedl, D.B. Symington, and D. Figueroa
The purpose of this study is to demonstrate the benefits of
enhancing adsorptions with PEG. Allogeneic adsorptions were
performed on 20 patient samples containing warm reactive
autoantibodies with two volumes of adsorbing RBCs; results
using unenhanced adsorptions were compared with those using
PEG-enhanced adsorptions and with using untreated adsorbing
RBCs and ficin-treated adsorbing RBCs. Two volumes of adsorbing RBCs, one volume of serum, and one volume of PEG were
used. The number of adsorptions, average time saved, and presence or absence of underlying alloantibodies were compared for
the two methods and types of adsorbing RBCs. Modified PEGenhanced adsorptions resulted in a 69 percent decrease in adsorbing time. PEG adsorptions removed all autoantibodies and
detected 18 of 19 underlying alloantibodies. The unenhanced
method did not remove autoantibodies in two samples and
identified only 15 of 19 underlying alloantibodies. As expected,
reductions in the number of adsorptions and adsorbing time
were observed. The modified-PEG adsorption is an improved
method that may replace the current unenhanced method.
Immunohematology 2010;26:104–108.
Key Words: PEG, adsorption, warm reactive autoantibodies,
allogeneic adsorptions

P

atients with warm-reacting autoantibodies who demonstrate immune hemolysis are generally symptomatic with critically low hemoglobin levels, requiring
urgent transfusion to treat their clinical symptoms. The
evaluation of these patients’ samples requires adsorption
procedures, which are labor-intensive and time-consuming.
PEG is added to the adsorption mixture to decrease the
number of adsorptions performed, shorten the length of the
adsorbing procedure, and facilitate complete removal of the
autoantibody.1 PEG is a water-soluble polymer that enhances antibody interaction by excluding water molecules during antigen and antibody interactions, allowing for a closer
proximity of antibodies to antigens.2 PEG can be an irritant
in routine testing because it enhances reactivity of autoantibodies. However, in the adsorption procedure, it is helpful by because it enhances the adsorption of autoantibody
onto the adsorbing RBCs.3 The purpose of this study is to
investigate whether double-volume allogeneic adsorptions
performed with either untreated or enzyme-treated (ficin)
allogeneic adsorbing RBCs using PEG as an enhancement
are more efficient and more effective in removing autoantibody, while leaving alloantibody in the absorbed serum,
than adsorptions performed without PEG.
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Previous PEG adsorption studies used a testing ratio of
one volume of serum, one volume of adsorbing RBCs, and
one volume of PEG. The 1:1:1 (serum to RBCs to PEG) ratio
has led to questionable underlying alloantibody recovery
and the inability to completely remove the autoantibody in
some cases. Although the PEG adsorption method requires
less time than the established reference method, time saved
must be optimized while maintaining the integrity of the
test and the ability to identify clinically significant alloantibodies.
Prior studies performed using untreated, ZZAP, or
ficin-treated adsorbing RBCs with PEG enhancement show
promising results. Leger and Garratty4 studied 39 samples
in which all alloantibodies after PEG adsorption exhibited
reactivity greater than or equal to that observed in the ZZAP
method. The alloantibodies recovered in their study included antibodies from all of the major blood groups. Barron
and Brown3 had mixed results with respect to alloantibody
recovery. In their study, three alloantibodies were identified in the enzyme methods that were not identified in the
PEG method; however, one antibody was found in the PEG
method that was not found in the enzyme method. The authors also found that five of the antibodies reacted more
strongly after PEG adsorptions, although it seems very
weak alloantibodies may have been lost with the PEG method. Judd and Dake5 found 7 of 12 samples had decreased
alloantibody reactivity, notably attributed to immunoglobulin precipitation observed when using PEG. The authors
of both of these studies commented that their observations
were inconsistent with other studies.
Alloantibody recovery can only be measured if the autoantibody is completely removed. Liew and Duncan1 reported complete autoantibody removal in all six samples
tested. In their study of 16 samples, Cheng et al.6 reported
3 samples in which the adsorptions did not remove all autoantibody with the unenhanced method, whereas all autoantibodies were removed with the PEG-enhanced method.
Both methods in the Cheng study used untreated adsorbing
RBCs.6 Judd and Dake5 reported four samples with the PEG
method and five with the ZZAP method in which the autoantibody was not completely removed. The present study
has been designed considering the success and failures of
other studies.
One advantage of the PEG-enhanced adsorption is the
time saved in performing the enhanced adsorption
IMMUNOHEMATOLOGY, Volume 26, Number 3, 2010
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procedure compared with the unenhanced adsorption procedure.Patientsexhibitingautoimmunehemolyticanemiacanhave
severely low hematocrits and exhibit life-threatening symptoms
as a result of anemia. Decreasing the time required to perform the adsorption procedure will expedite the treatment
of these patients. Leger and Garratty4 saved 16.75 hours in
their study of 39 patients. Barron and Brown3 found that
the PEG method averaged 30 minutes to perform, whereas
the unenhanced method averaged 161.5 minutes. Cheng et
al.6 reported a 40 percent decrease in the number of adsorptions performed and an 85 percent decrease in the time
needed to perform the adsorptions in a study of 16 samples
using untreated adsorbing RBCs with PEG enhancement.
Using double-volume adsorptions may save even more
time.
Materials and Methods
Twenty patient serum or plasma samples containing
warm-reactive autoantibodies were provided by a local
reference laboratory. With each patient, the same type of
sample (serum or plasma) was consistent for all work on
each given patient. Henceforth, these samples are all referred to as serum samples. Patient samples were preferentially selected for the study to include as many underlying
alloantibody specificities as possible. Eight samples with no
underlying alloantibodies were included in the study as the
negative control group. Because some patients have PEGdependent autoantibodies, a LISS detection method was
initially used in an effort to identify and exclude the patients
with PEG-dependent autoantibodies from the study. If the
patient had a current or past RBC phenotype determined,
a report accompanied the sample to aid only in the selection of the adsorbing RBCs and alloantibody identification.
All identifying information was removed from the samples
except for the patient’s historic phenotype.
The strength of the autoantibody reactivity was determined by performing an antibody detection test with LISS
(NHANCE, Immucor, Norcross, GA) enhancement.7 Reactivity strength (as with all testing performed) was graded
using the 0 to 4+ scale, as described in the current edition
of the AABB Technical Manual.7
The PEG, ficin, and Glycine soja reagents were
prepared using standard methods by the participating Immunohematology Reference Laboratory (Blood Systems
Laboratories, Tempe, AZ). PEG (Sigma, St. Louis, MO)
and ficin (Sigma, St. Louis, MO) were prepared from powder, and G. soja (Fearn, Mequon, WI) was prepared from
soja seeds. Adsorbing RBCs were prepared as untreated
(washed) and ficin-treated.7
Unenhanced Adsorption
Two volumes of adsorbing RBCs (untreated or ficintreated) combined with one volume of patient serum were
incubated for 30 minutes at 37°C (inverted to mix 2–3 times
throughout the incubation). At the end of 30 minutes, each

IMMUNOHEMATOLOGY, Volume 26, Number 3, 2010

adsorption tube was centrifuged for 10 minutes at 3500
rpm, and the serum was harvested. After the adsorption
procedures, the absorbed sera were tested using LISS antiglobulin technique against phenotypically similar RBCs or
the adsorbing RBCs to determine when autoantibody was
completely removed, after which alloantibody detection
and identification were performed.
Modified PEG-Enhanced Adsorption
Two volumes of adsorbing RBCs (untreated or ficintreated) combined with one volume of patient serum and
one volume of PEG were incubated for 10 minutes at 37°C
(inverted once during the incubation to mix the contents
of the tube). The adsorption tube was then centrifuged for
10 minutes at 3500 rpm, and the serum-PEG mixture was
harvested. Four drops of the harvested serum-PEG mixture
were then tested with one drop of phenotypically similar
RBCs or with the adsorbing RBC, incubated at 37°C for 10
minutes, washed four times with saline, and then analyzed
with anti-IgG reagent. Negative reactions were verified with
IgG-coated RBCs. Four drops of the serum-PEG mixture
were used to account for the dilution caused by adding PEG
to the adsorption mixture.
Following the reference laboratory protocol, a maximum of four double-volume adsorptions were allowed to
completely remove the autoantibody. If the autoantibody
was not completely removed with four double-volume adsorptions, then alloantibody identification was not performed. When more than four double-volume adsorptions
are performed, a dilutional effect may result (residual
saline in the adsorbing RBCs that cannot be completely
removed, which increases with each subsequent adsorption), and antibody detection results could be invalid.7 The
serum-PEG mixtures were analyzed the day of preparation
because of immunoglobulin precipitation that has been observed on storage.8 Interpretation of allogeneic adsorptions
are limited as the procedure will remove antibodies to highfrequency antigens present on the adsorbing RBCs.
Time saved by performing fewer and shorter adsorptions was averaged for all samples tested with each method.
Time required for each adsorption was determined by adding the adsorption time (30 minutes no enhancement and
10 minutes modified PEG-enhanced) to the time required
to harvest the adsorbed serum (10 minutes).
Results
All of the modified PEG-enhanced adsorptions completely
removed the autoantibodies, allowing for alloantibody detection and identification. In comparison, autoantibody
was not completely removed after four double-volume,
unenhanced adsorptions in two samples. One untreated,
unenhanced adsorption did not completely remove the
autoantibody, whereas the ficin-treated cells without enhancement did completely remove the autoantibody in this
sample.
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A total of 19 alloantibodies were identified after adsorption (Table 1). Fifteen alloantibodies (79%) were detected in
the unenhanced method, and 18 alloantibodies (95%) were
detected with the modified PEG-enhanced method. Three
of the alloantibodies demonstrated stronger reactivity after
modified PEG-enhanced adsorptions. The antibodies identified with the modified PEG-enhanced adsorptions and not
with the unenhanced adsorptions all belong to the Rh blood
group system (two each of anti-C and anti-E; Table 2). The
antibody identified by unenhanced adsorption but not with
the modified PEG-enhanced method was anti-e. An anti-C
was identified with modified PEG-enhanced adsorptions,
with ficin-treated adsorbing RBCs only. Not all samples included in the study contained alloantibodies to differentiate
true alloantibody activity from method-sensitive autoantibody activity that can confuse the final interpretation.
Using PEG as an enhancement medium conserved time
in the adsorption procedure. Unenhanced adsorptions require 40 minutes, whereas modified PEG-enhanced adsorptions require only 20 minutes. Unenhanced adsorptions
averaged 85 minutes, whereas modified PEG-enhanced
adsorptions averaged 27 minutes. The enhanced method

Table 2. Alloantibodies not detected with one of the methods

Table 1. Alloantibodies identified

saved an average of 57 minutes per sample when comparing
the total time to perform both methods. The unenhanced
method required a total of 54 hours, whereas the modified
PEG-enhanced method required 17 hours, saving 37 hours
with enhancement. Enhanced adsorptions with untreated
adsorbing RBCs alone saved 19.3 hours in addition to the
time saved by omitting ficin treatment of the adsorbing
RBCs.
For all patient samples tested, a 2 × 2 analysis of variance was calculated. The fixed factors were type of adsorbing RBCs (ficin-treated vs. untreated), and adsorption
method (modified PEG-enhanced vs. unenhanced). The
two dependent variables were number of adsorptions and
time required to remove autoantibodies, and these were
analyzed separately (Table 3).

Specimen
number*

Underlying
antibody
identified
anti-

Unenhanced
adsorption
# of
adsorptions

Reaction
strength

Modified PEGenhanced
adsorption
# of
adsorptions

Reaction
strength

2

e
C

2

2+
Not
detected

1

3+
1+†

4

E
S

2

1–2+
3+

1

1–2+
3+

6

E
Jkb
S

2

3+
1+
W+

1

3+
2+
W+

7

E

2

3+

1

3+

9

K

2

2+

1

2+

10

E
S
K

2

1+
W+
2–3+

2

1+
W+
3+

13

E

2

Not
detected

1

1+

14

K
e

3

2+
1+

4

2+
Not
detected

15

C

1

1+

2

2+

16

K

2

1+

2

1+

18

C

2

Not
detected

1

1+

19

E

3

Not
detected

1

W+

*Eight samples with no underlying alloantibodies identified.
†
Identified with serum adsorbed with ficin-treated adsorbing RBCs.
For all other antibodies, results were equivalent for ficin-treated and
untreated adsorbing RBCs.
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Specimen
number

Underlying
antibody
identified
anti-

Unenhanced
adsorption
method
Strength
of
reactivity

#Ads

Modified PEGenhanced
adsorption method
Strength
of
reactivity

#Ads

2

e
C*

2+
Not
detected

2

3+
1+

1

13

E

Not
detected

2

1+

1

14

K
e

2+
1+

3

2+
Not
detected

4

18

C

Not
detected

2

1+

1

19

E

Not
detected

2–4

W+

1

*Detected with modified PEG-enhanced adsorptions performed
with ficin-treated adsorbing RBCs only. In all other specimens,
the unenhanced method required two adsorptions and the PEGenhanced method required only one adsorption, and the antibodies
reacted stronger than those antibodies missed in these specimens.

Table 3. Mean number of adsorptions and time to perform adsorptions by experimental condition
Mean
time per
adsorption
(min)*

Estimated
total time for
20 samples
(hours)

Modified PEG-enhanced method
Ficin-treated (n =19)
1.33 (0.21)
Untreated (n = 20)
1.34 (0.22)
Average PEG
1.35 (0.15)
enhanced

27.27 (4.96)
26.67 (4.74)
26.97 (3.43)

8.99

Unenhanced method
Ficin-treated (n =19)
Untreated (n = 20)
Average unenhanced
method

85.00 (5.81)
84.44 (5.47)
84.72 (3.99)

28.24

Conditions

Number of
adsorptions*

2.12 (0.26)
2.11 (0.24)
2.12 (0.18)

*Standard deviation in parentheses.
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Allogeneic adsorptions with ficin-treated RBCs versus
untreated RBCs by an unenhanced method resulted in no
significant differences for number of required adsorptions
(F [1, 74] = 0.32; p = 0.57) and time required to remove
autoantibodies (F [1, 73] = 0.20; p = 0.66). In contrast, the
modified PEG-enhanced adsorption method resulted in significantly fewer adsorptions (mean = 1.31, SD = 0.73) than
the unenhanced method (mean = 2.12, SD = 0.44; F [1,
74] = 36.22; p = 0.000), and the modified PEG-enhanced
method required less time in minutes on average (mean =
26.97, SD = 3.43) than the unenhanced method (mean =
84.72, SD = 3.99), a significant mean difference (F [1, 73]
= 324.78; p = 0.000). The interaction between type of adsorbing RBCs and adsorption method was not statistically
significant, and did not support the hypothesis that combining two enhancements (ficin-treated RBCs and PEG)
would lead to better results. Ficin treating the adsorbing
RBCs only made adsorbing cell selection easier.
The total samples tested included those with underlying alloantibodies identified (n = 12) and those with no alloantibodies detected (n = 8). To study those with identified
alloantibodies separately, similar analyses were performed.
The same pattern of findings in the subsample was noted.
The mean number of adsorptions was significantly lower
for the PEG-enhanced method (mean = 1.35, SD = 0.15)
compared with the unenhanced method (mean = 2.12, SD =
0.18; F [1,36] = 5.77; p = 0.002), and the average time was
less for the PEG-enhanced method (mean = 26.97, SD =
3.43) than with the unenhanced method (mean = 84.72, SD
= 3.99; F [1,36] = 120.58; p = 0.000). The comparisons of
types of adsorbing RBCs (ficin-treated and untreated) were
not significant.
Discussion
For the purpose of this study, all methods used two volumes of RBCs with one volume of serum and one volume
of PEG (2:1:1) to encourage complete autoantibody adsorption and to allow subsequent testing of the absorbed serum.
This ratio provides more available antigen sites to bind with
the autoantibody. Additionally, the use of untreated versus
ficin-treated adsorbing RBCs was evaluated with and without PEG-enhanced adsorptions.
The modified PEG-enhanced procedure improved allogeneic adsorption procedures by increasing autoantibody
adsorption, decreasing the number of adsorptions performed, and subsequently allowing detection of underlying alloantibodies with stronger post enhanced adsorption
alloantibody reactivity. Using two volumes of adsorbing
RBCs in combination with the PEG enhancement was comparable only to the Liew and Duncan1 method by completely
removing the autoantibody, allowing antibody detection in
all cases.
Previous work regarding enhanced adsorptions is difficult to compare with this study because of the variability
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of methods and individual technique observed between the
studies. The range of variables includes incubation time,
untreated RBCs, chemicals used for treatment of adsorbing
RBCs (ficin, papain, ZZAP), and the proportions of testing
materials (1:1:1 as opposed to 2:1:1 in the current study).
In this study, contrary to that of Barron and Brown,3 weak
alloantibodies were recovered with PEG adsorptions. The
results of this study agree with previous works by Leger and
Garraty4 and Cheng et al.,6 but with even increased effectiveness in antibody removal with the utilization of two volumes of adsorbing RBCs. All PEG-adsorbed samples were
tested for alloantibodies because the autoantibodies were
removed. This is an improvement from the Judd and Dake5
model.
Antibody detection was possible and the antibody reactivity was stronger in the modified PEG-enhanced method. The four antibodies not detected by the unenhanced
method and the one antibody not detected by the modified
PEG-enhanced method appear as more weakly reacting
antibodies among those detected. Perhaps this is explained
by the difference in the number of adsorptions required between the two methods for these samples. The variability
between the modified PEG-enhanced and unenhanced adsorptions in regard to antibody detection may be attributable in part to the fact that PEG is often more sensitive in
antibody detection than LISS.
Patients with warm autoantibodies have a mean alloimmunization rate of 32 percent.9 Maley et al.9 showed an average underlying alloantibody rate of 30 to 40 percent, and
their population exhibited 12 percent containing multiple
alloantibodies. The 20 samples for our study were preferentially selected to include as many alloantibodies as possible
in the project timeline. Thus, had the samples all been randomly selected, one would have expected fewer samples to
have had underlying alloantibodies. This was not meant to
be a true representation of the number of patients exhibiting warm autoantibodies with underlying alloantibodies.
Neither a moderate enhancement nor a synergistic effect was observed when using the two enhancement methods together (ficin-treated RBCs and PEG).
In conclusion, modified PEG-enhanced adsorptions
maintained their sensitivity for antibody detection and
identification while at the same time reducing the number
of adsorptions and the time required to perform the adsorptions, not to mention the added benefit of reagent and
labor cost savings. Although the two methods were not statistically different in regard to antibody detection, the clinical difference is potentially quite large in that the modified
PEG-enhanced method allowed the detection and identification of four additional antibodies known to be clinically
significant. Using the modified PEG-enhanced method
to perform allogeneic adsorptions with two volumes of
RBCs will expedite the availability of appropriate blood for
patients presenting with warm reactive autoantibodies.
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The Cromer blood group system: a review
J.R. Storry, M.E. Reid, and M.H. Yazer
The antigens of the Cromer blood group
system reside on decay-accelerating factor (DAF), a protein belonging to the
regulators of complement activation
family. The blood group system consists
of 12 high-prevalence and three lowprevalence antigens. The molecular basis for the antigens is known, and with
the exception of IFC, each antigen is the
product of a single nucleotide change in
the DAF gene and has been localized to
one of the four complement control protein (CCP) domains on the DAF protein.
The RBCs of people with the Cromer
null phenotype, Inab, lack DAF but do
not appear to demonstrate increased
susceptibility to hemolysis. Antibodies
to Cromer antigens are rarely encountered, although there is evidence that
the antibodies may cause accelerated
destruction of transfused RBCs. There is
no risk of HDN associated with Cromer
system antibodies because the placenta
is a rich source of fetally derived DAF,
which is thought to adsorb the antibodies
Immunohematology 2010;26:109–117.

Table 1. Summary of the Cromer antigens and the associated amino acid residues*

ISBT No.

Critical
amino
acid

Amino acid
specifying
negative
phenotype

Cra

CROM1

Ala227

Pro227

Tca

CROM2

Arg52

Dra

CROM5

Ser199

Leu199

Esa

CROM6

Ile80

Asn80

IFC

CROM7

WESb

CROM9

Leu82

UMC

CROM10

Thr250

Met250

GUTI

CROM11

Arg240

His240

Highprevalence
antigen

SERF

CROM12

Pro216

Leu216

ZENA

CROM13

His242

Gln242

CROV

CROM14

Glu156

Lys156

CRAM

CROM15

Gln247

Arg247

he Cromer blood group antigens are carried on decay-accelerating factor (DAF, CD55), a member of a
family of proteins known as the regulators of complement activation. In 1965, an antibody in the serum of
a Black prenatal patient, Mrs. Cromer, which reacted with
all RBCs except her own and those of two siblings, was reported.1 RBCs from Mrs. Cromer were Go(a+), and initially
her antibody was named anti-Gob because it was thought
to detect the high-prevalence antigen antithetical to Goa
(Goa was only years later discovered to result from a partial D rearrangement categorized as DIVa). In 1975, Stroup
and McCreary2 reported four additional examples of the
antibody and renamed it anti-Cra after the propositae. In
1982, Daniels et al.3 described an antibody in the serum of
a Japanese man (Inab) that was reactive with all RBCs, including those of his mother, father, and brother. Inab RBCs
were shown to be the null phenotype of the Cromer system. Subsequently, other examples of antibodies to highprevalence antigens were linked to Cromer by failure of
the antibody to react with Inab RBCs, sensitivity of the antigen to α-chymotrypsin treatment of RBCs, and specific
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ISBT
No.

Critical amino
acid

Tcb
Tcc

CROM3
CROM4

Leu52
Pro52

WESa

CROM8

Arg82

*Reprinted with permission from John Wiley and Sons.4

Key Words: Cromer, DAF, decay-accelerating factor, blood
group, Inab, RBC

T

Antithetical
low-prevalence
antigen

inhibition of the antibody by concentrated plasma or urine
from an antigen-positive person. To date, 12 high-prevalence antigens and 3 low-prevalence antigens have been described in the Cromer system (Table 1).4 Transfusion data
regarding the clinical significance of antibodies to Cromer
antigens are mixed; however, no cases of hemolytic disease
of the fetus and newborn (HDFN) have been described.
These clinical details are discussed later in more detail.
Cromer Blood Group Antigens Are Carried on DAF
In 1987, a human cell-surface glycoprotein with an
approximate Mr of 70 kDa, found on RBCs, WBCs, and
platelets, was characterized and shown to carry the Cromer
antigens.5 Telen et al.6 and Parsons et al.7 showed independently that this glycoprotein was DAF and that people
with the Inab phenotype lacked DAF on their RBCs. DAF is
linked to the cell membrane by a glycosylphosphatidylinositol (GPI) anchor and is expressed on all hematopoietic cells
and on the vascular endothelium where it protects against
complement-mediated attack.8 It is also widely expressed
on epithelium in the gastrointestinal (GI), genitourinary,
and central nervous systems. A soluble form is present in
plasma and body fluids.9
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The gene encoding DAF was mapped to chromosome
1. The organization
DAF gene. ATG in exon 1 is the initiator codon, the A of which is nt-54. The mature protein on
1Figure
in
1987.is10
Itof thebywas
cloned
sequenced
in ofthe
same
year:
the RBC membrane
encoded
DAF from
within exon 2 and
(+1). Roman
numerals indicate the region
the gene
that encodes
the
complement control protein (CCP) domains of the protein. The S/T region refers to the exons that encode a serine/threonine rich
region. 3' UTR
is the 3' untranslated
Reprinted with
DAF
encodes
a region.
protein
ofpermission.
381 amino acids that includes
a 34-residue signal peptide.11,12 The mature protein is ar73

7

The American Association of Immunologists, Inc.
Fig. 1. The organization of theCopyright
DAF 1990.
gene.
ATG in exon 1 is the initiation codon, the A of which is nucleotide 1.8 Roman numerals indicate
the region of the gene that encodes the complement control protein
(CCP) domains of the protein. The S/T region refers to the exons
that encode a serine/threonine-rich region. 3′ UTR is the 3′ untranslated region. Reprinted with permission from the Journal of Immunol1
ogy.13 Copyright 1990. The American Association of Immunologists,
Inc.

ranged into four complement control protein (CCP) domains, each of approximately 60 amino acids, followed by
a 70-amino acid region that is rich in serine and threonine
residues.8 In this review, for the numbering of nucleotides
and amino acids in DAF, nucleotide A of the initiation
methionine codon is designated as nucleotide 1 and the
first amino acid (methionine) of the mature protein is designated as residue 1 (Fig. 1). These numbers may differ from
those in the original reports.
Before DAF was identified as the carrier protein for
Cromer blood group antigens, traditional methods of establishing exclusion of new Cromer antigens from existing
blood groups were used. These methods include comprehensive family studies and serologic characterization of the
antibodies. Consanguinity has been shown in four families
in which the propositus lacks a high-prevalence Cromer
blood group antigen.14–17 DNA sequencing now provides a
rapid method of identifying the genetic basis of the antigens. Furthermore, two elegant sets of experiments, one
using the monoclonal antibody immobilization of erythrocytes assay (MAIEA)18 and the other using a series of
DAF deletion mutant proteins expressed in Chinese hamster ovary (CHO) cell lines, permitted epitope mapping of
the antigens to one of the four CCPs on DAF (Fig. 2).20–22
These experiments are important because although DNA
sequencing can be used to identify a missense nucleotide
change in DAF, proving that the change is responsible for
the presence or absence of an antigen is difficult when there
are only one or two examples of the phenotype to test. The
MAIEA confirmed that Cromer antigens are on DAF, and
the use of well-characterized monoclonal anti-DAF in combination with human polyclonal antibodies to different
Cromer antigens permitted spatial mapping. Western blotting experiments using CHO cell lines that expressed all or
part of the DAF protein were tested with specific antibodies to Cromer antigens and the DAF protein. The results of
these assays correlated with the DNA sequence predictions.
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Fig. 2. Schematic diagram of the glycosylphosphatidylinositol-linked
DAF protein demonstrating its four complement control protein
(CCP) regions and the location of the Cromer antigens along with
their amino acid mutations. Reprinted with permission from John
Wiley and Sons.19

Characteristics of the Antigens and Antibodies
Cra
The first example of anti-Cra was described in 1965 in
the serum of a Black woman.1 The antibody reacted with
the RBCs of all random donors and with those of more than
4000 Black donors but not with the proposita’s own RBCs or
those of two of her siblings. With the exception of one example found in the serum of a Spanish American woman,23 all
examples of anti-Cra have been found in Black individuals.24
Although anti-Cra may be stimulated by pregnancy,25 there
have been no cases of HDFN attributable to the antibody
(see later discussion). The molecular basis of the Cr(a–)
phenotype is a nucleotide change, 679G>C in exon 6, which
is predicted to encode an amino acid substitution of Ala227Pro in the CCP4 of DAF.22 No low-prevalence antigen
has been identified as being associated with this change.
Tca, Tcb, Tcc
Tca, a high-prevalence antigen, was first reported in
1980.26 The antibody was found in the serum of two Black
women (GT and DLC), and the new antigen defined by the
GT and DLC sera was named Tca after the two propositae.
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Neither patient had been transfused. Presumably, their antibodies had been stimulated by pregnancy, although there
was no evidence of HDFN. The DLC antibody was distinct
from all other antibodies to known high-prevalence antigens. Tests with a panel of RBCs that lacked an unidentified
high-prevalence antigen revealed compatibility with the
RBCs from GT. Cross-testing confirmed that the antibodies
were mutually compatible. Studies on 28 members of DLC’s
family revealed two additional Tc(a–) people, neither of
whom had produced anti-Tca.14 Previously, Stroup and McCreary2 had found that the RBCs from one of their Cr(a–)
patients, AJ, reacted very weakly with the GT serum, and
a possible relationship between the two antigens was proposed. The RBCs of Inab were compatible with the “new”
antibody; however, the Inab serum was reactive with RBCs
from both AJ and DLC. The low-prevalence antigen Tcb
was identified when the Tc(a–) RBCs of WM reacted with
one of four sera containing anti-Goa.27 After adsorption of
the anti-Goa, the serum reacted with 6 of 103 RBC samples
from randomly selected Black individuals. Additionally,
the RBCs of 11 Tc(a–) individuals were agglutinated by the
absorbed serum. Thus, it was concluded that the new antibody detected an antigen, Tcb, which was antithetical to Tca.
The occurence of Tcb in a random Black population was calculated to be 5 percent.28 No Tc(b+) Caucasians have been
found. The Tc(a–) phenotype also has been described in
Caucasians.29 An antibody was detected in the serum of an
18-year-old woman (DWL) who had been transfused with
four units of RBCs during her second pregnancy. Her RBCs
typed as Tc(a–b–), and the antibody was compatible with
Tc(a–b+) RBCs. A family study showed that the proposita’s parents and three of four siblings were incompatible,
but the RBCs of DWL’s serologically compatible sister also
typed Tc(a–b–) and were nonreactive with the antibody.
The low-prevalence antigen was named Tcc and is the antithetical antigen of Tca. Six months later, DWL’s serum was
reactive with Tc(a+b–) and Tc(a–b+) RBCs but not with her
own RBCs or those from her Tc(a–b–c+) sister. Subsequent
testing showed that the antibody was compatible with RBCs
of the Inab phenotype. It was proposed that the antibody
was an inseparable anti-TcaTcb.29 The molecular basis of the
Tca/Tcb antigens was defined by direct sequence analysis as
a single nucleotide change, 155G>T, that is predicted to encode Arg52Leu in the CCP1 of DAF.22 Another nucleotide
change at the same position (155G>C) was found in a Tc(a–
b–c+) sample, which is predicted to encode a change of Arg52Pro.20

multiparous and had been transfused. The RBCs of both
MD and her sister had weakened expression of Cra and
Tca antigens and were only weakly incompatible with the
Inab serum and that of Owens (see IFC).15 The antibody
was shown to be distinct from anti-Cra and anti-Tca and
was named anti-Dra, after MD. Two other examples of antiDra in unrelated individuals of Uzbekistani Jewish descent
were described.30,31 Family studies performed on the second
reported example revealed three Dr(a–) individuals, two
sons and a daughter, none of whom had anti-Dra in their
serum. Weakened expression of Cra and Tca antigens (and
subsequently of other high-prevalence Cromer antigens)
was also observed in these individuals. A 38-year-old Russian woman (KZ), who presented with a chronic intestinal
disorder, was originally reported as an example of the Inab
phenotype, but subsequent studies showed that her Dr(a–)
RBCs were weakly reactive with anti-Tca and anti-IFC.32,33
Although KZ’s siblings were not available for testing, samples from her parents were tested. RBCs from both parents
were positive for IFC; however, the reactivity was weaker
than that of control RBCs, consistent with an underlying
heterozygous genotype which included the silencing/variant allele. The Dr(a–) phenotype has been also described in
the Japanese population. Daniels et al.34 reported anti-Dra
in the serum of a female blood donor who had two children
but no history of transfusion. The donor’s RBCs reacted
weakly with anti-Cra, anti-Tca, anti-WESb, anti-UMC, and
six of nine monoclonal anti-DAFs but did not react with
anti-Dra. Another Japanese Dr(a–) proband, a blood donor,
was reported by Uchikawa et al.35 The donor’s RBCs were
only weakly agglutinated by five monoclonal anti-DAFs and
with the original anti-IFC, but not by anti-Dra. The molecular basis is the same for Israelis and Japanese. A single nucleotide change of 596C>T produces Ser199Leu.33,34,36 The
nucleotide change creates an alternative splice site that is
used preferentially but not exclusively. However, the missplicing results in a 44–base pair (bp) deletion in the coding
sequence that alters the open reading frame and results in
a premature stop codon. The small amount of full-length
DAF that is translated carries the 199Leu residue, and RBCs
type as Dr(a–). The Cromer antigens on Dr(a–) RBCs are
very weak and may not be detected by hemagglutination.
In tests with monoclonal antibodies, Dr(a–) RBCs express
only 40 percent DAF when compared with normal RBCs.36
The Dra antigen is the receptor for fimbriae from 075X-positive Escherichia coli, an organism that is associated with
urinary tract infection, cystitis, and protracted diarrhea.37

Dra

Esa

Another antibody to an apparent Cromer-related highprevalence antigen was reported in 1984.15 Before surgery,
an antibody to a high-prevalence antigen was identified in
the serum of MD, an Israeli woman of Bukharan origin. In
family studies, MD’s serum was compatible with the RBCs
from her sister, whose serum also contained an antibody
that demonstrated identical specificity. Both women were
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The original antibody found in the serum of a woman
of Mexican descent was detected in routine compatibility
testing and was reactive with all random RBCs tested.16
The RBCs of two of three siblings, as well as RBCs of the
Inab phenotype, were compatible with the antibody. The
woman’s parents were first cousins. The second example
was identified in an African American man who was being
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treated for Alzheimer’s disease, diabetes, and anemia. He
had no history of transfusion and no siblings were available.38 The molecular basis of the Es(a–) phenotype was
determined to be a single nucleotide change of 239T>A,
which predicts a change of Ile80Asn in CCP1 of DAF.20
IFC (The Inab or Crnull Phenotype)
The Inab phenotype is the null phenotype of the Cromer
blood group system, and the RBCs of people with this rare
phenotype are DAF-deficient.3 The sera of several of these
individuals with the Inab phenotype contained an antibody
that was reactive with all random RBCs tested, including
RBCs lacking the high-prevalence Cromer antigens. The
antibody was named anti-IFC, and RBCs of the Inab phenotype are IFC negative.17
To date, this rare phenotype has been identified in nine
people: five Japanese,3,34,39–41 one Jewish American,42 an
Italian American woman and her brother,43 and an African
American34 (Table 2). It is likely that another African AmerTable 2. Description of reported patients with the Inab phenotype*
Reference

Transient

Nucleotide
change

Yes

None

No
Yes
No
Yes
No

508C>T
Unknown
263C>A
None
261G>A

Yes

GERD,
food intolerances
None
None
Unknown
None
Capillary
angioma
PLE

No

Unknown

Unknown
Yes

None
None

No
No

263C>A
Unknown

No

None

No

Unknown

Yes

Crohn’s
disease
PLE

No

Unknown

No

261G>A

Ethnicity

anti-IFC

48

Caucasian

Yes

38
47
37
46
31

Japanese
Swedish
Japanese
Kenyan
Japanese

Yes
Yes
Yes
Yes
Yes

39

AfricanAmerican
Japanese
ItalianAmerican
ItalianAmerican
American

3

Japanese

36
40

GI
abnormalities

Yes

*Reprinted with permission from John Wiley and Sons.4
GERD = gastroesophageal reflux disease; GI = gastrointestinal;
PLE = protein-losing enteropathy.

ican male was also of the Inab phenotype; however, his
RBCs were never tested.44 The first two probands with the
Inab phenotype, a Japanese man and a Jewish American
man, were both diagnosed with disorders of their GI tracts,
and it was unclear whether the “null” status was an acquired
phenomenon associated with their disease or an inherited
characteristic.3,42 However, the parents of the propositus
were first cousins, suggesting that the Inab phenotype arose
from the inheritance of a rare recessive gene. The Japanese
patient, Osad-II,34 was diagnosed with a capillary angioma
of the small intestine.34 Similarly, the aforementioned African
American boy had a diagnosis of protein-losing enteropathy,44
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as did the African American patient.34 However, no history
of intestinal disease was reported in the 86-year-old Italian
American,43 who had been admitted to the hospital with a
fractured hip, or for one of the remaining two Japanese individuals.41
DAF is important in protecting cells from complement
attack; thus it was surprising to find that IFC-negative and
Dr(a–) RBCs that either lack DAF completely or have reduced DAF do not show a marked susceptibility to lysis in
vitro.45,46 The relative stability of the RBCs in these people
contrasts sharply with the state of RBCs in persons experiencing paroxysmal nocturnal hemoglobinuria (PNH). PNH
III RBCs have a gross deficiency of all GPI-linked glycoproteins, of which DAF is just one.47 As DAF is expressed on GI
tissue,48 it is enticing to speculate that a link exists between
these patients with the Inab phenotype and their assorted
GI disorders, although the association of DAF deficiency
and chronic disease of the intestine remains unproved.
The molecular basis of the Inab phenotype has been
determined in the five Japanese probands (Table 2). In
two people, a nucleotide change of 261G>A is predicted to
change Trp87 to a stop codon.33,34 In two other Japanese
Inab people, a nucleotide change of 263C>A introduces a
cryptic splice site in exon 2.39,40 Use of this splice site results in a 26-bp deletion and alters the open reading frame.
As a consequence, Ser88 is changed to a stop codon. In all
cases, there is no DAF protein in the membrane. A third
single-nucleotide polymorphism (SNP) found in another
Japanese individual with the Inab phenotype, 508C>T, is
predicted to introduce a stop codon in the third CCP domain (Arg170Stop) and is likely another silencing change,
but in the lone report of this single nucleotide change, the
level of DAF on the propositus’s RBCs was not assayed.41
There have been several reports of individuals with a
transient Inab phenotype (Table 2). The first instance was
in a 54-year-old man from Kenya with a history of HbS trait
and α-thalassemia.49 He was admitted to the hospital with
abdominal pain from an enlarged spleen with infarcts that
eventually required its removal. On admission, the patient
had an IgG antibody against a high-prevalence antigen that
behaved like an antibody in the Cromer system, namely
anti-IFC. His RBCs lacked CD55 and, thus, all the Cromer
antigens for which he was tested (Cra, Tca, Dra, WESb, UMC,
IFC), although expression of CD59 was normal, indicating
that he did not have PNH. Interestingly, this patient had
been a frequent blood donor up until the time of his illness,
and no unexpected antibodies had ever been detected in his
serum. He also did not give a history of any other GI problems, other than his acute splenomegaly, nor had he been
transfused. He had a consensus DAF gene. By 17 months after splenomegaly, the anti-IFC was extremely weak and the
high-prevalence Cromer antigens had begun to reappear on
his RBCs, along with CD55. The authors point out that a
causal link between the patient’s disease and the transient
Inab phenotype is speculative.
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The second example of a patient with a transient Inab
phenotype was a 78-year-old woman with a history of three
pregnancies and chronic lymphoblastic leukemia (CLL) that
appeared to be transforming into the acute variety.50 She
too initially had anti-IFC in her serum, and her RBCs did
not express Cra, Dra, Tca, or IFC. During the next 3 months,
her antibody disappeared and her RBCs began to express
Cromer RBCs. It is enticing to speculate that the disappearance of this patient’s anti-IFC was related to chemotherapy
that she might have received for her acute leukemia, but the
authors did not detail the extent and nature of her treatment, nor did they mention whether she had any GI abnormalities. Also, DAF gene sequencing was not reported.
The third patient with a transient Inab phenotype was
a very young boy with multiple medical problems including congenital cytomegalovirus (CMV), which led to blindness and deafness.4 He was also at the 0 percentile for
both height and weight, and had severe GI reflux disease
and some food intolerances. When he was 1 year old, an
ABO discrepancy was noted and he had an antibody to a
high-prevalence antigen that reacted at the immediate spin
phase as well as at IAT. This antibody also behaved like an
antibody in the Cromer system in terms of its reactivity with
chemically treated RBCs and its failure to agglutinate Dr(a–),
IFC–, and PNH III RBCs. Furthermore his RBCs did not
express Dra, IFC, or CD55; Yta and Emm were present on his
RBCs, thus excluding PNH. Although this antibody did not
weakly agglutinate the Dr(a–) RBCs, it was considered to
be anti-IFC. Exons 2 through 6 of DAF were consensus. He
had not been transfused before these serologic investigations. Approximately 6 months later the anti-IFC was virtually undetectable, and Dra, IFC, and CD55 were beginning
to be expressed on his RBCs.
WESa, WESb
In 1987, a low-prevalence antigen, WES, was described
in the Finnish population, with an occurrence of 0.6 percent.51 The antibody was first detected during routine compatibility testing using serum from a 77-year-old woman.
Subsequently, many more examples of the antibody were
identified when WES+ RBCs were used to screen donor
plasma samples. Family studies showed WES to be inherited as an autosomal dominant characteristic. Two further
examples of WES+ RBCs were found in 392 samples from
Black American blood donors, and five WES+ donors were
found in a population of 245 Black North London donors.
In a study of 3072 American donors drawn in eight different blood centers across the United States, 7 of 1460 Black
donors and 2 of 1612 White donors were WES+, giving an
occurrence of 0.48 percent and 0.12 percent, respectively.52
Daniels et al. 53 described an antibody to a highprevalence antigen produced by a Black WES+ prenatal
patient (Wash). At delivery, the infant’s RBCs had a weakly
positive DAT result and the antibody could be eluted, but
there was no evidence of clinical HDFN. The antibody failed
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to react with a presumed WES+ homozygote of Finnish
origin (Hel). Both the proposita’s RBCs and those of Hel
were positive for Cra, Tca, Dra, and other Cromer-related
antigens. The Wash serum reacted with RBCs lacking highprevalence Cromer-related antigens but showed weak reactivity only with Dr(a–) RBCs and was nonreactive with
RBCs of the Inab phenotype. Additionally, the serum failed
to react with α-chymotrypsin–treated or pronase-treated
RBCs. It was proposed that the antigen recognized by the
Wash serum was antithetical to WES. The low-prevalence
antigen WES was renamed WESa and the high-prevalence
antigen was named WESb. Molecular characterization of
WESa and WESb showed that the antigens are encoded
by a single nucleotide difference in codon 48. A change
of 245T>G of the wild-type DAF results in the loss of the
WESb antigen and expression of WESa. At the protein level,
this is predicted to encode a change of Leu82Arg on CCP1 of
DAF. Tests with anti-WESb showed that Es(a–) RBCs react
less strongly than Es(a+) RBCs; additionally, WES(a+b–)
RBCs react very weakly with anti-Esa, reactivity only being
demonstrable by adsorption or elution tests.31 Because the
amino acid responsible for the Esa antigen is Ile46, just two
residues away, this finding is not surprising.20
UMC
UMC, another high-prevalence antigen of the Cromer
blood group system, was reported in 1989.54 The only example of anti-UMC described was found in the serum of a
Japanese blood donor. Although untransfused, the proposita had three children. The antibody reacted with all panel
RBCs tested, including RBCs lacking known highprevalence Cromer antigens, although the RBCs of one sibling were compatible, as were the RBCs of a patient with
PNH and those of the Inab phenotype. Testing of 45,610
Japanese blood donors did not reveal another UMC– individual. The molecular basis of the UMC– phenotype was
shown to be another single nucleotide change of 749C>T,
which is predicted to encode Thr250Met on CCP4 of DAF.20
GUTI
An antibody (anti-GUTI) in the serum of a Canadian
blood donor of Chilean descent was strongly reactive with a
panel of RBCs of common phenotype.55 Tests after different
protease treatments showed the antibody reactivity was ablated after treatment of test RBCs with α-chymotrypsin or
pronase. Treatment with papain, trypsin, or 200 mM DTT
did not affect reactivity. Subsequent tests with RBCs known
to lack high-prevalence antigens in the Cromer system and
with PNH III RBCs showed that the plasma contained an
antibody to a novel antigen in the Cromer blood group system. Molecular analysis of the donor’s blood identified a
nucleotide change, 719G>A, in DAF that corresponded to
an amino acid change of Arg240His in CCP4 of DAF.55 Immunoblotting analysis using anti-GUTI with DAF deletion
mutants confirmed the location of the antigen on CCP4.
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The donor’s parents and two daughters were shown by
PCR-RFLP analysis to be heterozygous for the nucleotide
change. One sister was homozygous for normal DAF. Another sister was homozygous for the 719A change and her
RBCs were compatible with anti-GUTI. Screening of more
than 1000 North American blood donors did not reveal
any additional GUTI-negative RBCs. PCR-RFLP analysis of DNA samples from 114 Native Chileans showed that
the polymorphism was present with an occurrence of 5.3
percent.55

antibody in the Cromer system, and her Cromer RBC phenotype was unremarkable. The genetic investigation of this
proposita revealed a nucleotide change in exon 3, 466G>A
(Glu156Lys, in the second CCP of the DAF protein), and
similar to the ZENA proposita, her serum agglutinated
RBCs from some first-degree relatives who were shown to
be heterozygous for this nucleotide change. As with the
population screening for ZENA, no further CROV-negative
alleles were found when 100 Croatian DNA samples were
tested.19

SERF
The first example of anti-SERF was detected in a pregnant Thai patient.56 Her IgG antibody was suspected to be
against a high-prevalence antigen in the Cromer system
because it demonstrated the typical reactivity pattern with
chemically treated RBCs, did not react with IFC– or Dr(a–)
RBCs, and only reacted weakly against RBCs in which the
Cromer antigens were transiently suppressed. The antibody
was confirmed to target DAF using monoclonal antibodies
in the MAIEA. A single nucleotide change in exon 5 of DAF,
647C>T, causes a Pro216Leu amino acid substitution in
the third CCP. These authors56 found the frequency of the
SERF-negative allele to be 1 percent in a sample of 100 Thai
individuals, and this frequency was subsequently confirmed
in a large screening study of 1041 Thai blood donors.57

CRAM
The first example of anti-CRAM was identified in a Somali woman who was in her eighth week of gestation of her
third pregnancy.19 She had not been transfused. Her IgG antibody to a high-prevalence antigen demonstrated the typical Cromer pattern of reactivity to chemically treated RBCs,
did not react with IFC– RBCs, and reacted only weakly
with Dr(a–) RBCs and those with a transient suppression
of Cromer system antigens. Her Cromer phenotype was
pedestrian. Monoclonal antibodies specific to the first CCP
of the DAF protein caused RBC agglutination, although another monoclonal antibody to CCP 3 or 4 did not cause agglutination, thereby revealing the location of the amino acid
change, Gln247Arg in the fourth CCP, caused by a 740A>G
nucleotide change in exon 6 of DAF. The authors indicted
that it was not possible for them to perform screening of
Somali individuals—thus, the frequency of this allele in
this population is not known—and cautioned that although
some Cromer alleles are prevalent in certain populations, it
is premature to link an allele to the ethnicity of a proband.19

ZENA
The first and only example of anti-ZENA was discovered in a pregnant Syrian-Turkish woman whose IgG antibody to a high-prevalence antigen did not react with
IFC– and Dr(a–) RBCs.19 The reaction of this antibody with
chemically treated RBCs was consistent with an antibody
to a Cromer system antigen, although the patient’s Cromer
phenotype was unremarkable. A novel nucleotide change in
exon 6 of the DAF gene, 726T>G (His242Gln, in the fourth
CCP of the DAF protein), was discovered when the gene was
analyzed. The propositus’s serum reacted with the RBCs
from a variety of family members, all of whom were shown
to be heterozygous for this SNP. Consistent with other pregnancies complicated by anti-Cromer antibodies, her baby
was born without evidence of HDFN, and the baby’s DAT
was negative. No ZENA– individuals were found among the
150 Israeli blood donors that were screened.19
CROV
The antibody to this creatively named antigen (from
CROmer and CROatia + Vinkovci, the city from which the
proposita hailed) was found in the serum of a woman with
multiple medical and surgical problems.19 She had been
pregnant three times but had not been transfused. The antibody was an IgG antibody to a high-prevalence antigen that
failed to react with IFC– RBCs and produced only weak agglutination with Dr(a–) RBCs. The reactivity pattern of antiCROV with protease-modified RBCs was also suggestive of an
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Characteristics of Cromer Antigens
Cromer blood group antigens are sensitive to treatment
of RBCs with α-chymotrypsin or pronase, but they are not
affected by treatment with trypsin, papain, or ficin.31,58
Reducing agents such as 2-aminoethylisothiouronium bromide (AET), 2-ME, or DTT weaken the antigens but
generally do not disrupt them completely.31 This is somewhat surprising, as DAF is known to have a number of intrachain disulfide bonds and the protein is detectable by
immunoblotting techniques only under nonreducing conditions.4 Although DAF is a cell membrane–bound glycoprotein, small amounts are present in the plasma and other
body fluids of normal individuals.5,48 Hemagglutination inhibition studies have shown that antibodies to Cromer antigens may be inhibited by concentrated plasma and urine
from an antigen-positive person.31 In one study by Judd et
al.,59 a commercial preparation of human platelet concentrates for immunohematologic use was shown to adsorb
anti-Cra from four different sera. The authors warned of the
potential hazards of using such preparations, designed for
the removal of HLA antibodies, in the adsorption of potentially clinically significant antibodies.
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Clinical Significance of Cromer Antibodies
Because persons lacking the various high-prevalence
antigens of the Cromer blood group system are rare, there
are few suitable donors for patients who are sensitized.
In vivo and in vitro survival studies have been used to
determine the consequences of transfusing antigenpositive RBCs to sensitized patients. In vitro studies, such
as the mononuclear phagocyte assay (MPA) or the monocyte monolayer assay (MMA), suggested that these antibodies could be clinically significant.14,59–63 A number of in
vivo chromium 51 (51Cr) -labeled RBC survival studies with
Cr(a+) RBCs have been reported.23,44,59,62,64–66 With the exception of one case,66 increased destruction of incompatible
RBCs, albeit variable, was observed. However, Smith et al.23
reported the uneventful transfusion of a patient with antiCra with two units of Cr(a+) RBCs. Based on the results of
a 51Cr survival study in one patient, Ross and McCall64 proposed that incompatible blood could be transfused “without significant untoward effect.” In a case described by
Whitsett and Oxendine,66 normal survival of Cr(a+) RBCs
was observed in a patient with anti-Cra. The antibody was
reactive in an MMA and was IgG. Two incompatible units
were transfused successfully, as determined by the absence
of clinical signs of hemolysis. Kowalski et al.67 reported a
hemolytic transfusion reaction in a woman who was transfused with three units of crossmatch-compatible RBCs.
Seven days after transfusion, the patient’s hemoglobin had
dropped to 5.5 g/dL with no overt signs of bleeding. Anti-Tca
was identified in the posttransfusion serum, and an MMA
was strongly reactive. Anderson et al.65 observed decreased
RBC survival of incompatible RBCs in a patient with antiTca, and there was no increase in antibody titer. RBC survival at 16 days was normal.
Although the antigens of the Cromer blood group system are well developed on fetal RBCs near term, there have
been no cases of fetal demise directly attributed to these
antibodies. This might appear somewhat anomalous, as
Cromer antibodies are mostly IgG, predominantly of the
IgG1 subclass, and would be expected to cross the placenta.51,62,68 Elegant studies on human trophoblast cells by
Holmes et al.69 showed that there was an elevated concentration of DAF on cells at the immediate fetomaternal interface, and proposed that the elevated concentration of DAF
in the trophoblast is a protection mechanism of the fetus
against complement-mediated maternal attack. Support for
this hypothesis was demonstrated in a case of a postpartum
woman whose anti-Cra was elutable from the placenta itself
even though the antibody was not present in her plasma or
that of her newborn.70
That the placenta can become a “sink” for Cromer antibodies is supported by six different case reports: four women whose serum contained anti-Cra with titers that were
at least 64 in the first trimester and the patient with antiCRAM whose antibody titered to 128 in her second trimester19 demonstrated loss of reactivity of the antibody as the
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pregnancy progressed, in at least two cases to undetectable
levels at delivery. (Anti-CRAM was not detectable 1 month
before parturition; thus, it was probably not detectable at
the time the baby was born.19) Another woman, whose serum contained anti-Dra with a titer of 512 at 22 weeks, had
no detectable antibody at delivery. The DAT performed on
the cord RBCs of five of these babies was negative (in the lone
anti-CRAM case the neonatal DAT was not reported19), and
there was no evidence of HDFN in any of these cases.25,71,72
In three of the cases the antibody, including anti-CRAM,
was detected again in the serum of these women after delivery, again suggesting an adsorption mechanism rather than
the cessation of antibody production.19,71 Although no cases
of fetal demise have been directly attributed to Cromer antibodies, it is worthwhile to point out that in at least one
case, anti-Cra was detectable at a titer of 128 by week 15 and
had declined to a titer of 8 by week 20, which was 2 weeks
before fetal demise. The role of the antibody in the demise
is not known, and this patient’s next pregnancy was successfully carried to term despite the presence of anti-Cra at
a maximum titer of 64 at week 7.70 Interestingly, a patient
with an anti-Dra titer that ranged between 256 and 512 gave
birth to two babies who were not affected by HDFN despite
one baby’s having a positive DAT with anti-Dra recoverable
in the eluate.73 The titer of the anti-Dra in this woman did
not change appreciably during either pregnancy.
Conclusions
The Cromer blood group system consists of 2 pairs of
antithetical antigens (Tca/Tcb/Tcc and WESa/WESb) and
10 high-prevalence antigens on DAF that are characterized
serologically by their sensitivity to α-chymotrypsin and
pronase. With the exception of IFC, molecular analysis has
shown that each antigen is the result of a single nucleotide
change in DAF that affects a single amino acid in the resulting protein. In general, the different phenotypes demonstrate an ethnic bias that suggests a spontaneous mutation
in that population. The recent identification of four new
Cromer system antigens suggests that there are probably
other rare and exciting polymorphisms of DAF that await
discovery.
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Absence of hemolytic disease of fetus and
newborn despite maternal high-titer IgG anti-Ku
R.M. Kakaiya, A. Whaley, C. Howard-Menk, J. Rami, M. Papari, S. Campbell-Lee, and Z. Malecki
Anti-Ku seen in K0 (Kell-null) individuals has previously been
shown to cause severe hemolytic transfusion reactions. Maternal anti-Ku can cause none or moderate to severe hemolytic
disease of the fetus and newborn (HDFN). In two of four previously described HDFN cases, intrauterine transfusions were
required because of severe anemia. We report a case in which
maternal anti-Ku did not cause HDFN. Standard serologic
methods were used for RBC antibody screening and identification, adsorption and elution of RBC antibodies, and antigen
typing. A gravida 3, para 3 (G3P3) woman was first evaluated
in 2006 and was found to have an IgG RBC antibody that reacted against all panel RBCs in the anti-human globulin phase.
A panel of RBCs treated with DTT did not react with the antibody. The antibody failed to react with one example of K 0
RBCs. The patient’s RBCs typed negative for the following Kell
blood group antigens: KEL1, KEL2, KEL3, KEL4, KEL6, KEL7,
KEL11, KEL13, and KEL18. These results established the presence of anti-Ku in maternal serum. The newborn was group A,
D+ and required phototherapy for hyperbilirubinemia, but did
not require transfusion. The woman was seen again in January
2010 during the third trimester (G4P3). At this time, anti-Ku
titer was 256. She delivered a healthy group O, D+ baby boy
at 37 weeks’ gestation. Cord RBCs were 4+ for IgG by DAT.
An eluate reacted with all RBCs tested, but did not react when
tested against a panel of DTT-treated RBCs. K0 phenotype is
rare to begin with, and the maternal anti-Ku formation may require more than one pregnancy. Therefore, cases that can be
evaluated for anti-Ku–related HDFN are rare. Our case contributes to serologic and clinical aspects of such rare cases.
Immunohematology 2010;26:119–122.
Key Words: Kell blood group, anti-Ku, Kell-null, K0, hemolytic disease of fetus and newborn, maternal alloimmunization, newborn hyperbilirubinemia, autologous blood donation,
immunohematology

T

he Kell blood group system is polymorphic and is
known to contain both low- and high-prevalence
antigens. KEL1 (synonyms K, Kell), KEL3 (synonym Kpa), and KEL6 (synonym Jsa) are examples of lowprevalence antigens, and KEL2 (synonyms k, Cellano),
KEL4 (synonym Kpb), and KEL7 (synonym Jsb) are highprevalence antigens. An antithetical relationship between
some of the low- and high-prevalence antigens, for example,
KEL3 and KEL4, has been described. Kell system antibodies
directed toward the low- and high-prevalence antigens are
known to be clinically significant. Antibody against a highprevalence antigen KEL5 (synonym Ku) is made by individuals with K0 RBCs that lack all Kell antigens, i.e., are K0
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(Kell-null). Other examples of high-prevalence antigens
include KEL11, KEL12, KEL13, KEL14, KEL16, KEL18,
KEL19, KEL20, and KEL22. Kx antigen is phenotypically
related to the Kell blood group, but is coded by a gene located on the X chromosome. The Kell blood group system
was reviewed by Westhoff and Reid.1
For routine blood banking, commercial antibodies
directed toward KEL1, KEL2, and KEL3 are available for
patient and donor typing. Commercial panel RBCs characterized for these antigens and others, such as KEL4, KEL6,
and KEL7, are available for antibody detection and identification. Kell blood group antigens are inactivated by treatment of RBCs with 2-aminoethylisothiouronium (AET) or
DTT. This characteristic is valuable in the identification of
Kell antibodies.
Kell blood group antibodies are known to cause anemia
of the fetus and newborn (AFN). In one study of 311 KEL1alloimmunized pregnant women who had 459 pregnancies,
376 infants were not affected at birth but 20 were affected.2
The 376 unaffected infants were KEL1–except for rare cases
for which paternal or cord blood sample was not available
for investigation. Of the affected infants, 12 did not require
treatment although their RBCs were positive by the DAT;
4 needed exchange transfusion, phototherapy or both; 1
had moderately severe disease requiring multiple exchange
transfusions; and 3 had very severe disease requiring fetal
transfusions, or were hydropic or stillborn. In this report, 4
infants with severe fatal AFN were observed in the remote
past (1948–1954).2 These data show that most maternal
anti-KEL1 do not cause AFN.
As noted previously, some maternal anti-KEL1 can
cause AFN. Most frequently these antibodies cause fetal
anemia through suppression of fetal erythropoiesis. Hemolysis and erythropoiesis suppression together can cause severe anemia in the fetus and the newborn. Kell antigens are
present on erythroid, myeloid, and megakaryocytic precursors. As a result, maternal anti-KEL1 can cause severe fetal
anemia and also severe thrombocytopenia.
In the general population, absence of phenotypic expression of Kell antigens is rare, and this phenotype is
referred to as K0. Individuals with the K0 phenotype can
form antibodies that react with RBCs from all individuals
except those who are K0. Such antibodies are referred to as
anti-Ku (KEL5). Anti-Ku can cause hemolysis if patients
are transfused with incompatible RBCs.3 In fact, a fatal hemolytic transfusion reaction after transfusion of 34 units of
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incompatible RBCs has been described.4 In addition to the
hemolytic transfusion reaction, maternal anti-Ku has been
described as the cause of AFN in four patients.5–8 Additionally, lack of AFN from such antibodies has also been observed previously (personal communication from Marion
Reid, April 4, 2010). The first case of AFN from anti-Ku was
reported by Corcoran et al. in 1961.9 The details regarding
the degree or the severity of hemolysis and its effect on the
fetus or newborn were not included in the report. Absence
of AFN from maternal anti-Ku has been noted previously.10
Because the K0 phenotype is rare and women with this phenotype must be alloimmunized with perhaps more than
one pregnancy, finding such rare cases to study is difficult.
Therefore, in this report we describe our case in which maternal anti-Ku did not cause AFN.

local hospital. On routine workup on a sample from the labor and delivery floor, she was found to be group O, D+,
and on antibody screening, she was found to have an antibody that reacted with RBCs in the AHG phase. The baby’s
blood typed as group A, D+. Maternal sample testing was
completed at our laboratory, and the findings are shown in
Table 1. The titer of the maternal antibody was not determined.
The serologic findings in 2006 described previously
and in Table 1 demonstrated that the mother was K0 and
had anti-Ku in her serum. The baby was group A, D+ and
required phototherapy after birth, most likely owing to
maternal anti-A. However, the details about the baby were
not available. The mother indicated that this baby did not
require any transfusions during pregnancy or after delivery.
The mother also reported that the first two babies were
born in Ecuador and neither of them had required any phototherapy or transfusions.
This patient presented again in January 2010 at approximately 35 weeks of gestation with her fourth pregnancy (G4P3). A prenatal blood sample obtained at this
time was sent to our laboratory for workup. The maternal
sample typed as group O, D+. Serologic findings are shown
in Table 2.

Material and Methods
Testing for ABO, Rh, and Kell system antigens was performed with commercially available reagents (ABO, Rh,
KEL1, KEL2, and KEL3 typing sera were from ImmucorGamma Inc., Norcross, GA) by the tube method. In-house,
single-donor source anti-KEL4, anti-KEL6, anti-KEL7,
anti-KEL11, anti-KEL13, and anti-KEL18 were used to type
for respective Kell antigens. Antibody screening and identification methods used tube testing with commercially available reagent RBCs and reagents (LISS and Table 1. Serologic findings for maternal sample in 2006
PEG from ImmucorGamma). Maternal serum was
Interpretation/
tested against commercially available ficin-modified Procedure
Results
comment
RBCs in which serum and RBCs were incubated at Maternal serum studies
37°C for 15 minutes followed by testing with antiNonenhanced panel
Negative at IS and 37°C
Pan-reactive antibody
human globulin (AHG). Adsorption of anti-Ku was
Positive reactions (2+ to 4+)
with all panel RBCs at AHG
carried out by incubation of maternal serum with
KEL1+ and KEL1– RBCs at 37°C for 30 minutes and
LISS panel
Positive at IS, 1+ at 37°C,
Pan-reactive antibody with
the absorbed serum was subsequently tested by the
and 3+ to 4+ at AHG with all
stronger reactions at AHG
tube method. Titration of anti-Ku was performed by
panel RBCs
incubating serial saline dilutions of the serum with
Ficin enzyme panel
1+ at 37°C and 3+ at AHG Pan-reactive antibody at 37°C
with all RBCs
and at AHG
saline-suspended RBCs at 37°C for 60 minutes followed by testing with anti-human globulin. Titer
DTT-treated panel
No reactions at AHG with all
Findings suggest antibody
with LISS
six panel RBCs
specificity may reside in Kell
was assigned to the highest dilution which resulted
group system
in macroscopic reactions. Eluate from cord RBCs
Maternal serum adNo reactions at IS, 37°C, and
Adsorption with KEL1+
was prepared by using commercially available kit
sorbed with KEL1+
AHG
RBCs removed the antibody
RBCs tested in a
(Elu-Kit II, ImmucorGamma) according to manuLISS panel
facturer’s instructions. DTT treatment of RBCs was
Maternal serum
Negative reaction
Antibody does not react with
accomplished by adding one volume of a 50% RBC
tested against K0
K0 RBCs. Findings suggest
suspension to an equal volume of 0.01M DTT soluRBCs
presence of anti-Ku
tion; the mixture was then incubated at 37°C for 15 Maternal RBC studies
minutes. The excess DTT was removed by washing
RBC typing for Kell
KEL:–1,–2,–3,–4,–6,
Low- and highthe treated RBCs 4 times with saline.
group antigens
–7,–11,–13,–18
prevalence antigens absent;
Case Report and Results
A 35-year-old previously nontransfused woman
RBC typing for other D+,C+,E+,c+,e+; Fy(a–b+);
antigens
Jk(a–b+); M+,N–,S–,s+
from Ecuador, gravida 3, para 3 (G3P3), was first referred to our reference laboratory in February 2006.
At this time she had delivered her third baby at a AHG = anti-human globulin; IS = immediate spin.
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in-house antisera used for
typing except for KEL1,
KEL2, and KEL3
R1R2 phenotype
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Absense of hemolytic disease

A fetal ultrasound performed at 36 weeks and 1 day’s
gestation demonstrated the peak systolic velocity of 0.52
m/s on the middle cerebral artery Doppler, which is normal. A follow-up ultrasound to rule out hydrops fetalis or
fetal anemia was also performed 4 days later and showed
normal peak systolic velocity of 0.44 m/s. In addition, there
were no signs of hydrops fetalis.
Table 2. Maternal and cord blood sample serologic testing results
in 2010
Procedure

Results

Interpretation/
comment

Maternal serum testing
LISS panel

DTT-treated, ficintreated, and PEG
panels

Positive to 1+ at IS, +
to 1+ at 37°C, and 4+
at AHG with all panel
RBCs

A panreactive antibody
with stronger reactions
at AHG

Negative reactions
with all panel RBCs

Antibody not reactive
with DTT-treated
RBCs suggests Kell
group related antibody.
Kell antigens are
generally considered
resistant to ficin. So,
negative reactions with
ficin-treated RBCs
remain unexplained.
Antibody nonreactive
in PEG.

Titer against KEL1+
RBCs

256

Titer against KEL1–
RBCs

256

Maternal serum
tested against K0
RBCs

Negative reaction

High-titer antibody

Antibody does not
react with K0 RBCs.
Findings suggest presence of anti-Ku

Cord RBC testing
Blood group/D
typing

O, D+

Rh phenotype

C+,c+,E+,e+

R1R2 phenotype

DAT

4+ IgG

Positive DAT

DAT on
chloroquine-treated
RBCs

Positive

Unable to remove
bound antibody to
perform phenotyping
of Kell group antigens

Negative reactions

Absence of antibody in
the serum

Cord serum testing
Serum screening
with LISS and gel

Eluate from cord RBC testing
Eluate tested with
nonenhanced panel
RBCs
Eluate tested with
DTT-treated panel
RBCs

3+ at AHG with all
panel RBCs

Panreactive antibody

No reactions

Abolition of antibody reactivity with
DTT-treated RBCs
suggests Kell group
specificity

AHG = anti-human globulin; IS = immediate spin.
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The mother donated a unit of whole blood at 37 weeks
of gestation for her own use and also for her baby if needed
after the birth. The mother went into spontaneous labor the
day after the blood donation at 37 weeks of gestation and
delivered a normal healthy boy. At birth, the baby’s Hb level
was 22.7 g/dL, and the total bilirubin was 1.3 mg/dL. The
baby’s Hb levels on day 1 were 20.7 and 21.1 g/dL. On days
2 and 3, these values were 17.5 and 18.2 g/dL, respectively.
The baby’s total bilirubin values are shown in Table 3. The
highest total bilirubin, 15.4 mg/dL, was seen on day 3. It
should be noted that for term newborns, the upper 95th
percentile total bilirubin at 72 hours is 16.0 mg/dL.11 At this
point, the baby was briefly treated with phototherapy and
discharged home on day 5 in good condition.
A cord blood sample was tested in our laboratory, and
the baby was found to be group O, D+. Cord RBCs and serum testing results are shown in Table 2.
Table 3. Newborn’s total bilirubin levels
Time

Total bilirubin
(mg/dL)

1

Cord blood at 15:15
16:50
21:32

1.3
1.6
3.0

2

9:12
10:06

5.7
5.7

3

10:00
16:28
21:36

11.9
14.4
15.4

4

04:16
10:28
16:15

13.6
13.4
12.8

5

00:25
08:05

12.2
13.1

Day

Discussion
Anti-Ku is seen in individuals who are K0. Anti-Ku reacts with all RBCs except those that are K0. K0 RBCs do not
react with the antisera directed against other Kell system
antigens, such as KEL1, KEL2, KEL3, KEL4, etc. In our
case, maternal RBCs were tested for the presence of several
Kell antigens, namely KEL1, KEL2, KEL3, KEL4, KEL6,
KEL7, KEL11, KEL13, and KEL18, and all were found to
be lacking. Maternal serum in our case also showed reactions with all panel RBCs tested with LISS enhancement,
and these reactions were abolished when tested against a
DTT-treated panel. The maternal serum also did not react
against cells from a K0 individual. These findings support
the conclusion that the woman in our case was K0 and had
developed anti-Ku. A Ku-like antibody has been described in
individuals whose RBCs are classified as Kmod. RBCs with the
Kmod phenotype give weak reactions with antisera directed
against Kell antigens.12 In our case, maternal RBCs failed to
give any reactions with such antisera, supporting the conclusion that the woman in our case was K0 and not Kmod.
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We are aware of four published cases of anti-Ku–
mediated AFN.5–8. One of these reports is published in a
non-English journal, and we were unable to obtain the details of the case.5 The other three cases show severe AFN.
For instance, a case of AFN has been described in which
the newborn developed anemia with a Hb of 10.7 g/dL 10
hours after birth and the baby’s bilirubin was 18.1 mg/dL.6
The baby was given three exchange transfusions of KEL:
–1 blood. Further studies showed that the mother had the
phenotype K0 and the baby’s phenotype was KEL: –1,2,
–3,–4,–6, 7. The mother had high-titer anti-Ku. In two other
cases, intrauterine transfusions of RBCs were needed.7,8 In
one of the two cases, the fetus required regular intrauterine
transfusion to manage severe anemia with a Hb of 3 g/dL.7
In this case, the mother was also treated with recombinant
erythropoietin. A baby boy was delivered at 36 weeks of gestation with a Hb of 15.8 g/dL. After birth, the baby developed only mild hyperbilirubinemia. On the 15th day of life,
the infant’s Hct was 27.3%; both his reticulocyte count and
erythropoietin level were low. The infant was subsequently
treated with recombinant erythropoietin. In the second
case that required intrauterine RBC transfusions, a pregnant 30-year-old woman was first seen at 18 weeks of gestation and was found to have anti-Ku following one transfusion, one pregnancy, and two abortions.8 She was of the
K0 phenotype. The titer of the antibody ranged from 1024
to 4096 during the pregnancy. At the 26th week of gestation, the fetus was found to have hydrops fetalis and underwent emergency intrauterine transfusion with maternal
RBCs. By 35 weeks of gestation, while receiving recombinant erythropoietin, the mother donated four units of RBCs
for four additional fetal intrauterine exchange transfusions.
The baby was delivered by cesarean section, required phototherapy but did not need exchange transfusion.
As described previously, in our case, there was no clinical evidence for AFN even though the mother had IgG antiKu and the newborn cord RBCs had a positive DAT with
anti-IgG and an eluate that reacted with all RBCs tested but
not with DTT-treated RBCs. Maternal antibody titer in our
case was 256 and is less than in the previously reported case
described earlier. As our case illustrates, anti-Ku titer in itself may not be predictive of AFN (which is typical of Kell
antibodies). The fetus in our case had a carotid artery Doppler study that showed absence of anemia. At birth, cord
blood hemoglobin and bilirubin values were normal. A mild
elevation in total bilirubin was seen on the third day of life,
which was treated with phototherapy, and the newborn was
discharged in good condition on day 5. The lack of AFN in
our case could be attributable to an anti-Ku IgG subclass.
For instance, IgG2 and IgG3 subclass antibodies are not
transported across the placenta as readily as IgG1 and IgG4.
Our laboratory is not able to perform subclass determination of IgG antibody, and therefore such studies were not
performed. A monocyte monolayer assay to assess the clinical
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significance of maternal anti-Ku would have been helpful,
but these latter studies were not performed.
The lack of AFN with anti-Ku has been observed previously (personal communication from Marion Reid). Our
case contributes valuable information on serologic and
clinical findings about the lack of AFN from anti-Ku in view
of the fact that K0 individuals are rare, the opportunities to
study AFN from anti-Ku are rare, and the publication bias is
generally toward reporting those cases in which infants are
affected.
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The OK blood group system: a review
E.A. Smart and J.R. Storry
History
The very high-incidence RBC antigen Oka was first described by Morel and Hamilton1 in 1979, after the detection
of clinically significant antibodies in the serum of a Japanese woman (Mrs. S.Ko.G.) who had been admitted to the
hospital with severe gastrointestinal bleeding. On the basis of extensive serologic tests, it was shown that the antibody was distinct from other antibodies to high-incidence
or “public” antigens. The antibody was named anti-Oka and
the antigen Oka after the name of the patient who lacked
the antigen and developed the antibody. The patient had
a history of previous blood transfusions but had not been
pregnant. The patient and her family were from a small island in the Inland Sea off the coast of Honshu in Japan.
Family studies showed that Oka is inherited. The proband’s
parents were consanguineous (cousins), and two siblings
typed Ok(a–) and one sibling typed Ok(a+). Apart from the
two siblings, no other Ok(a–) individuals were found when
testing blood samples from more than 400 people living
on the same island. No Ok(a–) samples were found when
testing blood samples from a further 870 Japanese individuals, 1378 Mexican-Americans, 9053 Caucasians, 261
Asians, 911 Blacks, and 1570 blood donors of undesignated
ethnicity. Anti-Oka was not detected in the serum of Mrs.
S.Ko.G.’s compatible sister although she had five children,
two of whom tested Ok(a+).
The Ok(a–) phenotype is extremely rare. To date, it has
been identified in eight families in Japan.2 However, two
other variants have been identified: anti-Oka was identified in the plasma of a woman of Iranian background. Her
RBCs gave variable reactivity with a panel of anti-Oka, indicating that her phenotype was different from that of previously identified Ok(a–) individuals.3 Second, an antibody
in the plasma of a prenatal Hispanic woman reacted with
all RBCs except for three samples of Ok(a–) RBCs. However, her RBCs were reactive with all anti-Oka tested, again
indicating a variant phenotype.4 In both cases, molecular
analysis revealed point mutations in the gene that were
different from Oka (discussed in more detail later), and
both have been assigned provisional numbers by the ISBT
Working Party on Red Cell Immunogenetics and Blood
Group Terminology.
Nomenclature
There are three RBC antigens in the OK blood group system (ISBT 024), Oka (OK1), and the provisionally assigned
antigens OK2 and OK3. The antigens are located on CD147
encoded by the gene BSG on chromosome 19p13.3 (Tables
1 and 2).5,6.
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Table 1. The OK blood group system

ISBT No.

System
name

System
symbol

Gene
name

Chromosomal
location

CD number

OK

OK

BSG

19p13.3

CD147

024

Table 2. Blood group antigens within the OK system
Antigen number

OK1

OK2*

OK3*

Antigen name

Ok

OKGV

OKVM

a

*Provisionally assigned by the ISBT Working Party on Red Cell
Immunogenetics and Blood Group Terminology (2010 meeting
report in preparation).

Genetics and Inheritance
In the original family studies1 two siblings were Ok(a–),
and one was Ok(a+), showing that Ok is an inherited characteristic on the basis of the serologic tests. Further studies
by Williams et al.,7 reported in 1988, showed that the Ok determinant is controlled by a single gene OK and that the OK
locus is on chromosome 19, in the region 19pter-p13.2. Using the monoclonal antibody TRA-1-85, which they showed
was specific for the Ok-bearing glycoprotein, these authors
identified that Oka was carried not only on human RBCs but
also on leukocytes and on many immortalized human cell
lines of different tissue origin. Spring et al.6 later demonstrated that Oka antigen was carried on the M6 leukocyte
activation antigen (now known as basigin; other synonyms
EMMPRIN, CD147, TCSF) and identified the point mutation responsible for the Ok(a–) phenotype (see below).
Using immunohistochemical and Western blotting techniques, the Ok glycoprotein was identified on a wide range
of tissues.
Molecular Basis
The gene encoding basigin (BSG) consists of eight exons
and encodes a type I single-pass transmembrane glycoprotein of 269 amino acids. The leader sequence of 21 amino
acids is cleaved from the mature membrane-bound protein,
which consists of a glycosylated amino-terminal extracellular domain of 187 amino acids that is arranged into two
Ig-like subunits and a transmembrane/cytoplasmic domain
of 40 amino acids. Sequencing of cDNA extracted from three
Ok(a–) individuals showed a unique missense mutation 274
G>A in exon 3, which encodes a Glu92Lys substitution in
the amino-terminal Ig-like subunit of the glycoprotein.6 This
substitution was shown by transfection studies in murine
NS-0 cells to be solely responsible for the Ok(a–) phenotype.
A silent mutation in exon 4 (384T>C) was also identified.
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The OK:-2 phenotype described in 2003 was shown
to arise from a nucleotide substitution in exon 2 of BSG:
176G>T, which encoded the amino acid change Gly59Val.3
This mutation was found only in the proposita, together
with two additional silent single-nucleotide exchanges;
195C>T (Asp65) and 234G>C (Ser78). Interestingly, an additional silent transition, 327T>C (Ala108), was identified
in one of the control samples sequenced in this study. Crew
and her colleagues also determined the molecular basis of
the OK:-3 phenotype; sequence analysis of BSG revealed
another mutation very close by in exon 2, 178G>A, causing
a Val60Met change in basigin.4
Biochemistry
As mentioned above, the OK blood group antigens are
located on basigin (CD147), which is an immunoglobulin
superfamily glycoprotein having an apparent molecular
weight on SDS-PAGE of 35,000 to 68,000. It is widely distributed in human tissues and is present on leukocytes and
RBCs. Spring and colleagues used the monoclonal antibody
MA103 to immunopurify the OK glycoprotein.6 MA103
defines an epitope on the OK glycoprotein but reacts with
Ok(a–) RBCs. They found that the N-terminal 30 amino acids were identical to those of the M6 glycoprotein and went
on to confirm that M6 was the carrier protein for the Oka
antigen. M6 glycoprotein was also known as the M6 leukocyte activation antigen, basigin (BSG), or the extracellular
matrix metalloproteinase inducer, EMMPRIN.8
Extensive studies have been performed on the tissue
distribution and the role of CD147 in functions such as cell
adhesion and tumor invasion. Basigin induces the production of matrix metalloproteinases in normal fibroblasts as
well as in tumor cells. It also induces expression of vascular
endothelial growth factor and hyaluronan and thus stimulates angiogenesis in tumor tissue.9 Basigin has been shown
to regulate lymphocyte responsiveness, monocarboxylate
transporter expression, and spermatogenesis, and more recently research has revealed its role as a signaling receptor
for the extracellular cyclophilin family of proteins.10 It has
also been reported that basigin facilitates HIV-1 infection
by an interaction with the virus-associated cyclophilin A on
the target cell.11
Antibodies in the System
		
The first reported anti-Oka (Mrs. S.Ko.G.) was
detected in a patient who had a history of previous blood
transfusions, but no history of pregnancy. The anti-Oka was
determined to be an IgG antibody using the 0.01 M DTT
test (which differentiates between IgM and IgG antibodies) and was also shown to be monospecific. The titer was
128 using the antiglobulin technique, and the antibody was
reactive against both cord and adult RBCs. One other example of anti-Oka has been found in Japan.2
Both OK2 and OK3 antigens were identified by the
presence of an anti-Oka-like specificity in the plasma of
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both probands, although further examples have not been
described.
Despite the paucity of human polyclonal antibodies to
antigens on CD147, there are monoclonal antibodies that
detect the protein. The monoclonal anti-Oka TRA-1-185 is
an IgG1 monoclonal antibody that reacts by the antiglobulin test with all RBC samples tested except Ok(a–) RBCs.
TRA-1-185 was prepared using spleen cells from a mouse
immunized with a human teratocarcinoma cell line.
The monoclonal antibody MA10312 and a number of
other monoclonal antibodies2 have been produced; these
antibodies recognize an epitope on the OK glycoprotein and
react with CD147 but do not have Oka specificity.
Both human anti-Oka and the monoclonal antibody
TRA-1-85 react with RBCs that have been pretreated with
AET, chymotrypsin, neuraminidase, papain, pronase, and
trypsin.13
Examples of human Oka antibodies are rare. Three
novel monoclonal Oka antibodies have been generated that
may be useful reagents in the laboratory for typing patients’
RBCs and for screening donors to find the very rare Ok(a–)
blood.14
Clinical Significance
The first example of anti-Oka was clearly shown to be
of clinical significance. RBC survival studies showed that
when 10 mL of Ok(a+) whole blood labeled with 51Cr was injected into the patient, only 10 percent of the Ok(a+) RBCs
survived 3 hours later. The percentage of donor RBCs surviving was reduced to 2 percent at 6 hours.1 In addition, a
human macrophage assay gave values that correlated with
antibodies known to cause significant shortening of RBC
survival.
There have been no reports of anti-Oka causing hemolytic transfusion reactions or hemolytic disease of the fetus
and newborn, perhaps not surprising given the rarity of
the phenotype.
Summary
The OK blood group system is rarely encountered in
transfusion medicine because of the high incidence of its
three antigens and the sparse examples of the corresponding antibodies. The carrier protein basigin, however, is
widely distributed throughout the body and is functionally
very important as a signaling molecule in a variety of
normal and pathogenic processes.
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Masters (MSc) in Transfusion and Transplantation Sciences
at
The University of Bristol, England

Applications are invited from medical or science graduates for the Master of Science (MSc)
degree in Transfusion and Transplantation Sciences at the University of Bristol. The course
starts in October 2011 and will last for 1 year. A part-time option lasting 2 or 3 years is also
available. There may also be opportunities to continue studies for PhD or MD following the
MSc. The syllabus is organized jointly by The Bristol Institute for Transfusion Sciences and the
University of Bristol, Department of Pathology and Microbiology. It includes:
•
•
•
•
•

Scientific principles of transfusion and transplantation
Clinical applications of these principles
Practical techniques in transfusion and transplantation
Principles of study design and biostatistics
An original research project

Application can also be made for Diploma in Transfusion and Transplantation Science or a
Certificate in Transfusion and Transplantation Science.
The course is accredited by the Institute of Biomedical Sciences.
Further information can be obtained from the Web site:
http://www.blood.co.uk/ibgrl/MscHome.htm
For further details and application forms please contact:
Dr Patricia Denning-Kendall
University of Bristol, Paul O’Gorman Lifeline Centre, Department of Pathology and
Microbiology, Southmead Hospital, Westbury-on-Trym, Bristol BS10 5NB, England
Fax +44 1179 595 342, Telephone +44 1779 595 455, e-mail: p.a.denning-kendall@bristol.
ac.uk.
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Specialist in Blood Bank (SBB) Program
The Department of Transfusion Medicine, National Institutes of Health, is accepting applications for its 1-year Specialist
in Blood Bank Technology Program. Students are federal employees who work 32 hours/week. This program introduces
students to all areas of transfusion medicine, including reference serology, cell processing, HLA, and infectious disease
testing. Students also design and conduct a research project. NIH is an Equal Opportunity Organization. Application
deadline is December 31, 2010, for the July 2011 class. See www.cc.nih.gov/dtm > education for brochure and application.
For further information contact Karen M. Byrne at (301) 451-8645 or KByrne@mail.cc.nih.gov.
Guideline for Validation of Automated Systems for Immunohematological Testing
The Clinical and Laboratory Standards Institute (www.clsi.org) recently published the guideline “Validation of Automated
Systems for Immunohematological Testing Before Implementation; Approved Guideline” (I/LA33-A). This document
provides guidance to the end user and laboratory for validation of automated systems used in immunohematologic testing
before implementation. The link to this document is:
http://www.clsi.org/source/orders/Product_Display.cfm?section=Shop&task=3&CATEGORY=IL&PRODUCT_TYPE=SAL
ES&SKU=ILA33A&DESCRIPTION=&FindSpec=&CFTOKEN=19503848&continue=1&SEARCH_TYPE
The link to the press release is:
http://www.clsi.org/Content/NavigationMenu/NewsandEvents/PressReleases/Jan10_ILA33A_2.pdf
For information on an upcoming teleconference from CLSI-APHL titled:
New Guidance for Laboratories: Validating Automated Systems for Immunohematological Testing (588-608-10), contact
the Web site at www.aphl.org/clsi
For additional information, contact the Web site at www.clsi.org or Amanda Cushman Holm at 610-688-0100 ext. 129 or
aholm@clsi.org.

National Platelet Serology Reference Laboratory
Diagnostic testing for:
• Neonatal alloimmune thrombocytopenia (NAIT)
• Posttransfusion purpura (PTP)
• Refractoriness to platelet transfusion
• Heparin-induced thrombocytopenia (HIT)
• Alloimmune idiopathic thrombocytopenia purpura (AITP)
Medical consultation available
Test methods:
• GTI systems tests
— detection of glycoprotein-specific platelet antibodies
— detection of heparin-induced antibodies (PF4 ELISA)
• Platelet suspension immunofluorescence test (PSIFT)
• Solid phase red cell adherence (SPRCA) assay
• Monoclonal immobilization of platelet antigens (MAIPA)
• Molecular analysis for HPA-1a/1b
Platelet Serology Laboratory (215) 451-4205
Maryann Keashen-Schnell (215) 451-4041 office
mschnell@usa.redcross.org
Sandra Nance (215) 451-4362
snance@usa.redcross.org
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Our laboratory specializes in granulocyte antibody detection
and granulocyte antigen typing.
Indications for granulocyte serology testing include:
• Alloimmune neonatal neutropenia (ANN)
• Autoimmune neutropenia (AIN)
• Transfusion related acute lung injury (TRALI)
Methodologies employed:
• Granulocyte agglutination (GA)
• Granulocyte immunofluorescence by flow cytometry (GIF)
• Monoclonal antibody immobilization of neutrophil antigens
(MAINA)
TRALI investigations also include:
• HLA (PRA) Class I and Class II antibody detection
For further information contact:
Neutrophil Serology Laboratory (651) 291-6797

For further information, contact

American Red Cross Blood Services
Musser Blood Center
700 Spring Garden Street
Philadelphia, PA 19123-3594

National Neutrophil Serology Reference
Laboratory

Randy Schuller(651) 291-6758
schullerr@usa.redcross.org
American Red Cross Blood Services
Neutrophil Serology Laboratory
100 South Robert Street
St. Paul, MN 55107
CLIA licensed

CLIA licensed
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Monoclonal antibodies available at no charge
The New York Blood Center has developed a wide range of monoclonal antibodies (both murine and humanized) that are
useful for donor screening and for typing RBCs with a positive DAT. These include anti-A1, -M, -s, -U, -D, -Rh17, -K, -k,
-Kpa, -Jsb, -Fya, -Fy3, -Fy6, Wrb, -Xga, -CD99, -Dob, -H, -Ge2, -Ge3, -CD55 (both SCR2/3 and SCR4), -Oka, -I, and antiCD59. Most of the antibodies are murine IgG and require the use of anti-mouse IgG for detection (anti-K, k, and -Kpa).
Some are directly agglutinating (anti-A1, -M, -Wrb and -Rh17) and a few have been humanized into the IgM isoform (antiJsb). The antibodies are available at no charge to anyone who requests them. Please visit our Web site for a complete list of
available monoclonal antibodies and the procedure for obtaining them.
For additional information, contact: Gregory Halverson, New York Blood Center, 310 East 67th Street, New York, NY
10021; e-mail: ghalverson@nybloodcenter.org; phone: (212) 570-3026; fax: (212) 737-4935; or visit the web site at http://
www.nybloodcenter.org >research >immunochemistry >current list of monoclonal antibodies available.

Reference and Consultation Services
Antibody identification and problem resolution
HLA-A, B, C, and DR typing
HLA-disease association typing
Paternity testing/DNA
For information, contact
Mehdizadeh Kashi at (503) 280-0210, or write to:
Pacific Northwest Regional Blood Services
ATTENTION: Tissue Typing Laboratory
American Red Cross
3131 North Vancouver
Portland, OR 97227
CLIA licensed, ASHI accredited

National Reference Laboratory
for Blood Group Serology

IgA/Anti-IgA Testing
IgA and anti-IgA testing is available to do the
following:
• Identify IgA-deficient patients
• Investigate anaphylactic reactions
• Confirm IgA-deficient donors
Our ELISA for IgA detects protein to 0.05 mg/dL.
For additional information contact Cindy Flickinger at
(215) 451-4909, or e-mail: flickingerc@usa.redcross.org,
or write to:
American Red Cross Blood Services
Musser Blood Center
700 Spring Garden Street
Philadelphia, PA 19123-3594
ATTN: Cindy Flickinger
CLIA licensed

Donor IgA Screening

Immunohematology Reference Laboratory
AABB, ARC, New York State, and CLIA licensed
(215) 451-4901— 24-hr. phone number
(215) 451-2538— Fax
American Rare Donor Program
(215) 451-4900— 24-hr. phone number
(215) 451-2538— Fax
ardp@usa.redcross.org
Immunohematology
Journal of Blood Group Serology and Education

(215) 451-4902— Phone, business hours
(215) 451-2538— Fax
immuno@usa.redcross.org
Quality Control of Cryoprecipitated-AHF
(215) 451-4903— Phone, business hours
(215) 451-2538— Fax
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• Effective tool for screening large volumes of donors
• Gel diffusion test that has a 15-year proven track 		
record:
Approximately 90 percent of all donors 		
identified as IgA deficient by are confirmed by
the more sensitive testing methods
For additional information, call Kathy Kaherl at:
(860)678-2764, e-mail: kaherlk@usa.redcross.org
or write to:
Reference Laboratory
American Red Cross Biomedical Services
Connecticut Region
209 Farmington Ave.
Farmington, CT 06032
CLIA licensed
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Blood Group
Antigens &
Antibodies
A guide to clinical relevance
& technical tips
by Marion E. Reid & Christine Lomas-Francis
This compact “pocketbook” from the authors of the Blood
Group Antigen FactsBook is a must for anyone who is involved
in the laboratory or bedside care of patients with blood
group alloantibodies.
The book contains clinical and technical information about
the nearly 300 ISBT recognized blood group antigens and
their corresponding antibodies. The information is listed in
alphabetical order for ease of finding—even in the middle of
the night. Included in the book is information relating to:
• Clinical significance of antibodies in transfusion and HDN.
• Number of compatible donors that would be expected
to be found in testing 100 donors. Variations in different
ethnic groups are given.
• Characteristics of the antibodies and optimal technique(s)
for their detection.
• Technical tips to aid their identification.
• Whether the antibody has been found as an autoantibody.

Pocketbook Education Fund
The authors are using royalties generated from the sale of
this pocketbook for educational purposes to mentor people
in the joys of immunohematology as a career. They will
accomplish this in the following ways:
• Sponsor workshops, seminars, and lectures
• Sponsor students to attend a meeting
• Provide copies of the pocketbook
(See www.sbbpocketbook.com for details to apply for funds)
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Ordering Information
The book, which costs $25, can be
ordered in two ways:
• Order online from the publisher
at: www.sbbpocketbook.com
• Order from the authors, who
will sign the book. Send a check,
made payable to “New York Blood
Center” and indicate “Pocket
book” on the memo line, to:
Marion Reid
Laboratory of Immunochemistry
New York Blood Center
310 East 67th Street
New York, NY 10065
Please include the recipient’s
complete mailing address.
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Becoming a Specialist in Blood Banking (SBB)
What is a certified Specialist in Blood Banking (SBB)?
• Someone with educational and work experience qualifications who successfully passes the American Society for Clinical Pathology (ASCP)
board of registry (BOR) examination for the Specialist in Blood Banking.
• This person will have advanced knowledge, skills, and abilities in the field of transfusion medicine and blood banking.
Individuals who have an SBB certification serve in many areas of transfusion medicine:
• Serve as regulatory, technical, procedural and research advisors
• Perform and direct administrative functions
• Develop, validate, implement, and perform laboratory procedures
• Analyze quality issues preparing and implementing corrective actions to prevent and document issues
• Design and present educational programs
• Provide technical and scientific training in blood transfusion medicine
• Conduct research in transfusion medicine
Who are SBBs?
Supervisors of Transfusion Services
Supervisors of Reference Laboratories
Quality Assurance Officers		
Why be an SBB?
Professional growth

Managers of Blood Centers
Research Scientists		
Technical Representatives

Job placement		

LIS Coordinators
Consumer Safety Officers
Reference Lab Specialist

Job satisfaction		

Educators

Career advancement

How does one become an SBB?
• Attend a CAAHEP-accredited Specialist in Blood Bank Technology Program OR
• Sit for the examination based on criteria established by ASCP for education and experience
However: In recent years, a greater percentage of individuals who graduate from CAAHEP-accredited programs pass the SBB exam.
Conclusion:
The BEST route for obtaining an SBB certification is …
to attend a CAAHEP-accredited Specialist in Blood Bank Technology Program

Contact the following programs for more information:
			

Program
			

Contact Name

Phone Contact

Email Contact

Website

On site
or On line
Program

Walter Reed Army Medical Center

William Turcan

202-782-6210

William.Turcan@NA.AMEDD.ARMY.
MIL

www.militaryblood.dod.mil

On site

American Red Cross, Southern California Region

Michael Coover

909-859-7496

CooverM@usa.redcross.org

none

On site

ARC-Central OH Region

Joanne Kosanke

614-253-2740 x 2270

kosankej@usa.redcross.org

none

On site

Blood Center of Southeastern Wisconsin

Lynne LeMense

414-937-6403

Lynne.Lemense@bcw.edu

www.bcw.edu

On site

Community Blood Center/CTS Dayton, Ohio

Nancy Lang

937-461-3293

nlang@cbccts.org

http://www.cbccts.org/education/
sbb.htm

On line

Gulf Coast School of Blood Bank Technology

Clare Wong

713-791-6201

cwong@giveblood.org

www.giveblood.org/education/
distance/htm

On line

Hoxworth Blood Center, Univ. of Cincinnati

Susan Wilkinson

513-558-1275

susan.wilkinson@uc.edu

www.hoxworth.org

On site

Indiana Blood Center

Jayanna Slayten

317-916-5186

jslayten@indianablood.org

www.indianablood.org

On line

Johns Hopkins Hospital

Jan Light

410-955-6580

jlight5@jhmi.edu

http://pathology2.jhu/
department/divisions/trnafusion/
sbb.cfm

On site

Medical Center of Louisiana

Karen Kirkley

504-903-3954

kkirkl@lsuhsc.edu

none

On site

NIH Clinical Center Dept.. of Transfusion Medicine

Karen Byrne

301-496-8335

Kbyrne@mail.cc.nih.gov

www.cc.nih.gov/dtm

On site

Rush University

Veronica Lewis

312-942-2402

Veronica_Lewis@rush.edu

www.rushu.rush.edu/health/dept.
html

On line

Transfusion Medicine Center at Florida Blood
Services

Marjorie Doty

727-568-5433 x 1514

mdoty@fbsblood.org

www.fbsblood.org

On line

Univ. of Texas Health Science Center at San Antonio

Linda Myers

210-731-5526

lmyers@bloodntissue.org

www.uthscsa.edu

On site

Univ. of Texas Medical Branch at Galveston

Janet Vincent

409-772-3055

jvincent@utmb.edu

www.utmb.edu/sbb

On line

Univ. of Texas SW Medical Center

Barbara LairdFryer

214-648-1785

barbara.fryer@UTSouthwestern.edu

http://telecampus.utsystem.edu

On line

Additional Information can be found by visiting the following Web sites: www.ascp.org, www.caahep.org and www.aabb.org
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Instructions tofor
theAuthors
Authors
Instructions
I. GENERAL INSTRUCTIONS
Before submitting a manuscript, consult current issues of
Immunohematology for style. Double-space throughout the manuscript.
Number the pages consecutively in the upper right-hand corner, beginning
with the title page.
II. SCIENTIFIC ARTICLE, REVIEW, OR CASE REPORT WITH
LITERATURE REVIEW
A. Each component of the manuscript must start on a new page in the
following order:
1. Title page
2. Abstract
3. Text
4. Acknowledgments
5. References
6. Author information
7. Tables
8. Figures
B. Preparation of manuscript
1. Title page
a. Full title of manuscript with only first letter of first word capitalized
(bold title)
b. Initials and last name of each author (no degrees; all CAPS), e.g., M.T.
JONES, J.H. BROWN, AND S.R. SMITH
c. Running title of ≤40 characters, including spaces
d. Three to ten key words
2. Abstract
a. One paragraph, no longer than 300 words
b. Purpose, methods, findings, and conclusion of study
3. Key words
a. List under abstract
4. Text (serial pages): Most manuscripts can usually, but not necessarily,
be divided into sections (as described below). Survey results and
review papers may need individualized sections
a. Introduction
Purpose and rationale for study, including pertinent background
references
b. Case Report (if indicated by study)
Clinical and/or hematologic data and background serology/molecular
c. Materials and Methods
Selection and number of subjects, samples, items, etc. studied and
description of appropriate controls, procedures, methods, equipment,
reagents, etc. Equipment and reagents should be identified in
parentheses by model or lot and manufacturer’s name, city, and state.
Do not use patient’s names or hospital numbers.
d. Results
Presentation of concise and sequential results, referring to pertinent
tables and/or figures, if applicable
e. Discussion
Implication and limitations of the study, links to other studies; if
appropriate, link conclusions to purpose of study as stated in
introduction
5. Acknowledgments: Acknowledge those who have made substantial
contributions to the study, including secretarial assistance; list any grants.
6. References
a. In text, use superscript, Arabic numbers.
b. Number references consecutively in the order they occur in the text.
7. Tables
a. Head each with a brief title; capitalize the first letter of first word (e.g.,
Table 1. Results of . . .) use no punctuation at the end of the title.

b. Use short headings for each column needed and capitalize first letter
of first word. Omit vertical lines.
c. Place explanation in footnotes (sequence: *, †, ‡, §, ¶, **, ††).
8. Figures
a. Figures can be submitted either by e-mail or as photographs (5″ × 7″
glossy).
b. Place caption for a figure on a separate page (e.g. Fig. 1 Results of...),
ending with a period. If figure is submitted as a glossy, place first
author’s name and figure number on back of each glossy submitted.
c. When plotting points on a figure, use the following symbols if
possible: ● ● ▲ ▲ ■ ■.
9. Author information
a. List first name, middle initial, last name, highest degree, position held,
institution and department, and complete address (including ZIP
code) for all authors. List country when applicable.
III. EDUCATIONAL FORUM
A. All submitted manuscripts should be approximately 2000 to 2500
words with pertinent references. Submissions may include:
1. An immunohematologic case that illustrates a sound investigative
approach with clinical correlation, reflecting appropriate collaboration
to sharpen problem solving skills
2. Annotated conference proceedings
B. Preparation of manuscript
1. Title page
a. Capitalize first word of title.
b. Initials and last name of each author (no degrees; all CAPs)
2. Text
a. Case should be written as progressive disclosure and may include the
following headings, as appropriate
i. Clinical Case Presentation: Clinical information and differential
diagnosis
ii. Immunohematologic Evaluation and Results: Serology and
molecular testing
iii. Interpretation: Include interpretation of laboratory results,
correlating with clinical findings
iv. Recommended Therapy: Include both transfusion and
nontransfusion-based therapies
v. Discussion: Brief review of literature with unique features of this
case
vi. Reference: Limited to those directly pertinent
vii. Author information (see II.B.9.)
viii. Tables (see II.B.7.)
IV. LETTER TO THE EDITOR
A. Preparation
1. Heading (To the Editor)
2. Title (first word capitalized)
3. Text (written in letter [paragraph] format)
4. Author(s) (type flush right; for first author: name, degree, institution,
address [including city, state, Zip code and country]; for other authors:
name, degree, institution, city and state)
5. References (limited to ten)
6. Table or figure (limited to one)
Send all manuscripts by e-mail to immuno@usa.redcross.org
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