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Summary

Background: Transfusion emergencies and critical situa-
tions require specifically designed devices to simplify
and optimize the standard procedures. In addition,
matching antigens over and above ABO-Rh-K would be
beneficial. Methods: Routine blood samples were col-
lected in four immunohematology centers and tested
with the new MDmulticard Basic Extended Phenotype
for the simultaneous detection of the Duffy, Kidd, and Ss
antigens, according to the principle of the lateral flow.
Results were compared with those obtained using rou-
tine serology methods. Discrepancies were analyzed by
molecular techniques/genotyping. Results: 310 samples
were tested (167 donors; 75 patients; 28 subjects with
positive direct antiglobulin test (DAT); 15 newborns; 25
previously transfused patients). The 285 samples with
non-mixed-field reaction yielded 1,710 antigen results
with 8 discrepancies (0.47%) six of which in DAT-positive
subjects: three false-positive (Fy?) for MDmulticard, and
two false-positive (Fy?) plus three false-negative (FyP) for
the reference methods (MDmulticard PPA for donors/pa-
tients/newborns: 99.82%; negative percent agreement:
100%; sensitivity: 100%; specificity: 99.39%, positive pre-
dictive value: 99.75%; negative predictive value: 100%).
The MDmulticard detected mixed-field in 15 antigen re-
actions from 13 transfused patients, undetected by the
comparative method, with the opposite result in 8 anti-

gens (5 patients). Conclusion: The MDmulticard Basic
Extended Phenotype met the criteria prescribed for the
testing of donor, patient, DAT-positive, and newborn
samples in transfusion laboratory routine.

© 2018 S. Karger GmbH, Freiburg

Introduction

Traditional strategies for blood typing in routine clinical analy-
sis include techniques such as slide method, tube testing, micro-
plate technology, and column agglutination technique. Most of the
blood typing techniques are based on specific antibody-antigen re-
actions on the erythrocyte surface [1], and nearly all of them are
based on the formation of agglutinates [2]. However, there are
limitations associated with conventional methods, including the
availability of rare antisera as well as blood typing of recently trans-
fused patients and for those having a positive direct antiglobulin
test (DAT-positives), e.g. patients with autoantibodies.

Molecular techniques have become a crucial tool in highlighting
occasional blood group phenotyping errors. In particular, a num-
ber of weak phenotypes, previously typed false-negative, were dis-
covered in several blood group systems [3]. Even so, blood typing
in emergency or life-threatening situations, where patients must be
attended to quickly, would require special tools [4].

The Grifols MDmulticard® card, based on the lateral flow tech-
nology [5], is specifically designed to simplify standard methods
and to optimize the workflow in extreme situations [6]. Unlike
conventional methods, the MDmulticard involves little user inter-
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vention; so the possibility of error during processing or interpreta-
tion of results is greatly reduced. Preliminary data indicate that the
MDmulticard allows determining a patient’s ABO group, Rh phe-
notype and Kell (K) in around 5 min with a single drop of blood
[7], with a very low minimum sample volume required (25 pl)
which may also be adequate for the typing of newborns.

Even in a transfusion emergency, extending phenotype match-
ing to antigens in addition to ABO, Rh and K would be beneficial
in reducing alloimmunization [8-10]. With this aim, the new MD-
multicard Basic Extended Phenotype is intended to perform a basic
extended phenotype covering additional clinically significant anti-
gens: Duffy (Fy?, Fy®), Kidd (Jk% Jk®), and Ss antigens (S, s) [11].
Pilot studies indicate that MDmulticard Basic Extended Phenotype
allows for simple and reliable testing of all these antigens together
in around 5 min [12]. In addition, MDmulticard Basic Extended
Phenotype may be useful to confirm weak phenotypes, including
Fy*, a weak variant of Fy® [12] as well as for typing patients with a
positive DAT [13].

In this study, the performance of the MDmulticard Basic Ex-
tended Phenotype was compared to the routine state-of-the-art
methods of four reference immunohematology centers.

Material and Methods

This was a multicenter study conducted at four European immunohematol-
ogy centers in France (Valenciennes), Germany (Berlin, Ulm) and Spain (Mur-
cia), aimed to evaluate the MDmulticard Basic Extended Phenotype (Medion
Grifols Diagnostics, Diidingen, Switzerland) performance, reliability, usability,
and adaptability to real-world transfusion laboratory routines. The operators
had good knowledge and understanding of the MDmulticard Basic Extended
Phenotype product and were well-trained in its use.

The study was conducted in compliance with a clinical protocol, regulatory
requirements, good clinical practice (GCP), and the ethical principles of the lat-
est revision of the Declaration of Helsinki as adopted by the World Medical
Association. All data and information collected during this study was consid-
ered and treated as confidential.

Blood Sampling

Anticoagulated samples (whole blood, erythrocyte sediment or clotted
blood, as needed) from donors, patients (not transfused within 3 months prior
to this study) and newborns (cord blood) were collected and included in the
evaluation. Blood samples not used immediately were stored at 2-8 °C. The
samples had to have known Duffy, Kidd and Ss antigens, either by being taken
from a serum archive or being previously tested with the routine method. A
minimum of 240 evaluated samples (+10% accepted) during a period of 3-4
weeks was expected.

Also, a number of complex samples were included: reactive DAT-positive
samples collected from patients with known autoantibodies (only samples react-
ing >2+ positive with anti-IgG + anti-C3d, anti-IgM, anti-IgA were included),
and ‘mixed-field” samples (two erythrocyte populations) obtained from patients
who had been transfused within a few days to 3 months prior to the study with
random (not selected for Duffy, Kidd and Ss antigens) red blood cells.

Study Device

The MDmulticard Basic Extended Phenotype is a card reagent formulated
using monoclonal antibodies that allows the simultaneous detection of the
Duffy (Fya [FY1], Fyb [FY2]), Kidd (Jka [JK1], Jkb [JK2]), and Ss antigens (S
[MNS3], s [MNS4]) according to the principle of the lateral flow. The device
has a core area of application with two detection fields impregnated with the
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Fig. 1. Positive reac-
tions as they occur in
the MDmulticard Basic c
Extended Phenotype:

A) strong reaction 3+
(arrow-shaped band)

in Fy®; B) weak reac-

tion 1+ (weak band) in

Fy? and C) mixed-field
reaction (half band) in

Fy*and S.

respective antibodies, as well as two detection zones containing a control spot
(ctl) and a process control point (val). Ctl allows for each test to verify whether
the red blood cells are reacting with any of the components included in the dif-
ferent antibody formulations, whereas val allows for each test to verify whether
i) blood was added, and ii) the flow characteristics of the test are correct. Results
are immediately documented as negative reaction (no band) or a positive reac-
tion (red band). Positive reaction strength is graded according to the manufac-
turer’s instructions for use (IFU) of MDmulticard Basic Extended Phenotype:
3+ (arrow-shaped band), 2+ (normal band), 1+ (weak band), and mixed-field
reaction (half band). Figure 1 illustrates some of these features in real pictures.

MDmulticard Basic Extended Phenotype Procedures

All MDmulticard Basic Extended Phenotype tests were performed accord-
ing to the manufacturer’s IFU. Suspensions to be read by the MDmulticard
Basic Extended Phenotype were prepared as follows:

For whole blood samples, one drop (50 pl) of anticoagulated whole blood
was mixed with four drops (200 pl) of Diluent F (Medion Grifols Diagnostics)
in a test tube; for erythrocyte sediment samples, one drop (50 pl) of sediment
blood was mixed with eight drops (400 ul) of Diluent F in a glass test tube; for
clotted blood samples, serum was removed, e.g. by aspirating with a Pasteur pi-
pette, leaving a small amount of serum in the tube. After mild stirring, two
drops (100 pl) of liquid from the blood clot were drawn and mixed with two
drops (100 pl) of Diluent F in a test tube. In all cases, two drops (100 pl) of the
resulting suspension were added to the application zone of the MDmulticard
Basic Extended Phenotype. After 30 s, six drops of Diluent F were added to the
application zone. After 4 min, six additional drops (300 pl) of Diluent F were
added to the application zone. The results were read and recorded after 4 min
(8.5 min after application of the suspension to the card).

Comparative Methods

The routine methods used in each of the participating centers were as
follows:

Valenciennes laboratory: Erythrocytes Magnetized Technology (E.M.®
Technology) on Qwalys® (Diagast, Loos, France) for patient, donor, newborn
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Table 1. Antigen test results with MDmulticard

Basic Extended Phenotype in non-mixed-field Antigen Reaction result  Sample origin
samples and discrepancies with respect to results donors patients newborns DAT-positive total
obtained with reference methods (values in paren-
C
theses are results not taking into account two Fy* u 105 53 8 17 N 183
DAT-positive samples with no comparison with - 62 22 11(9) 102
reference method available) Fyb " 129° 57 13 27 (25)¢ 226
= 38 18 2 3(1) 59
Jk? + 127 57 12 22 (21) 218
- 40 18 3 6 (5) 67
Jkb + 117 49 10 19 (17) 195
- 50 26 5 9 90
S + 87 44 10 15 (14) 156
= 80 31 5 13 (12) 129
s + 149 56 11 24 (22) 240
= 18 19 4 4 45

21 discrepancy.
b2 discrepancies.
3 discrepancies.

and DAT-positive samples; conventional tube test method (Immucor Gamma;
Immucor, Norcross, GA, USA) for mixed-field samples.

Ulm laboratory: Conventional tube test method (Immucor Gamma for Fy?,
Fy®, and s phenotypes; Diagnostic Grifols, Barcelona, Spain, for Jk?® and Jk® phe-
notypes; Bio-Rad Laboratories Inc, Hercules CA, USA, for S phenotype). All
samples with positive DAT and transfused patient samples were also genotyped
using RBC-Ready Gene kits MNS and KKD (Inno-Train Diagnostik GmbH,
Kronberg, Germany), DNA extracted with QIAmp DNA Mini Kit (Qiagen
GmbH, Hilden, Germany).

Berlin laboratory: Automated blood grouping technology such as solid
phase (NEO®; Immucor) for patient and newborn samples; automated
(Erytra®) and manual gel column agglutination (Diagnostic Grifols) for donor
samples and transfused patient samples, respectively. Samples with positive
DAT and with mixed-field reaction were analyzed after DNA extraction by
PCR-SSP technology (BAG, Lich, Germany).

Murcia laboratory: Solid-phase microplate (Capture-R® Select®; Immucor)
for donor samples. In patients and samples from pipe segments of donation
bags, glass beads column agglutination (BioVue®; Ortho-Clinical Diagnostics,
Raritan, NJ, USA) were used for samples with Fy?, Fy®, s phenotypes; conven-
tional tube testing with liquid antisera (Immucor Gamma) were used for sam-
ples with Jk? Jk® and S phenotypes.

Data Analysis

The results obtained with the MDmulticard Basic Extended Phenotype were
compared with those obtained with the reference methods. In samples with
non-mixed-field reaction (all but those from transfused patients), a difference
of interpretation (positive / negative) was considered a discrepancy. In case of
discrepancy or unclear results (i.e. doubtful readings, unreadable results, or
mixed-field reaction) the test with the MDmulticard Basic Extended Phenotype
was repeated to confirm the result. Discrepancies were resolved by molecular
techniques/genotyping in favor of one system or another (excepting in those
DAT-positive samples already compared to genotyping as the reference
method) and were classified as number of false-positives (FP), true-positives
(TP), false-negatives (FN) and true-negatives (TN) as appropriated.

Reaction results from donor, patient, and newborn samples comparing
MDmulticard Basic Extended Phenotype and reference methods were evaluated
in terms of positive percent agreement (PPA), negative percent agreement
(NPA), and overall percent agreement (OPA). All matching percentages were
followed by the 95% confidence intervals (CI). For phenotyping (donors, pa-
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tients, and newborns), the acceptance criteria for PPA and NPA were set at the
lower 95% confidence bound to be >99%. Results of performance after analysis
of discrepancies were evaluated in terms of sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV).

In samples from transfused patients with mixed-field reactions, analysis of
the comparison of MDmulticard Basic Extended Phenotype and serology refer-
ence methods was descriptive. Differential results between methods were not
considered discrepancies, although all samples were also tested with

genotyping.

Results

A total of 310 samples were collected (Berlin: 96; Ulm: 95; Mur-
cia: 74; Valenciennes: 45) and were evaluated with MDmulticard
Basic Extended Phenotype: 167 (53.9%) from donors, 75 (24.2%)
from not previously transfused patients, 25 (8.1%) from previously
transfused patients, 28 (9.0%) from DAT-positive patients, and 15
(4.8%) from newborns.

Non-Mixed-Field Samples

Results of the MDmulticard Basic Extended Phenotype test ob-
tained in the 285 samples with non-mixed-field reaction (all but
those from previously transfused patients) are shown in table 1.
That represented 1,710 antigen results (1,002 from donors, 450
from patients, 90 from newborns and 168 from DAT-positives).
Comparison with a reference method was not available in two
DAT-positive samples.

A total of eight discrepancies (in eight samples, six of them
DAT-positive) between the antigen detection results of MDmulti-
card Basic Extended Phenotype and the reference method were ob-
served (0.47% of the tests and 2.8% of the samples). Three of the
discrepancies were in Fy* positivity, two in Fy* negativity, and
three in Fyb positivity (tables 1 and 2).
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Table 2. Contingency table of antigen test reaction results with MDmulti-
card Basic Extended Phenotype and the reference methods in non-mixed-field
sample

Table 4. Results of mixed-field (MF) reactions (double population) using
MDmulticard Basic Extended Phenotype in samples from transfused patients
(n=25)

Reference methods Antigen Reaction result
+ = total + = MF
MDmulticard Fy* 21 0 4
+ 1,206 6 1,212 Fy? 22 0 3
= 2 487 489 Jk? 19 1 5
Total 1,208 493 1,701 ]kb 23 1 1
S 15 2 8
s 24 0 1
Table 3. Performance results of antigen testing after analysis of discrepan-
Total 124 4 22

cies between MDmulticard Basic Extended Phenotype and the reference
methods

True False Total
MDmulticard
+ 1,209 3 1,212
- 489 0 489
Total 1,698 3 1,701
Reference methods
+ 1,205 2 1,207
- 491 3 494
Total 1,696 5 1,701

All three discrepancies in Fy* positivity were in DAT-positive
samples, which showed a weak or very weak positive result with
MDmulticard Basic Extended Phenotype (<+1 strength, noted as
‘not negative’ by the performing technicians) and negative with the
reference method (in this case, genotyping). In all three samples,
Fy* was confirmed to be negative, thus resulting in FP for MDmul-
ticard Basic Extended Phenotype.

Of the three discrepancies in Fy® positivity (one donor, one
newborn, one DAT-positive), all of them showed a weak positive
result with MDmulticard Basic Extended Phenotype and were neg-
ative with the reference method (tube testing). Genotyping re-
vealed the presence of FY*X allele which causes a weak positive Fy®
phenotype. The MDmulticard Basic Extended Phenotype results
were therefore correct (TP).

In the two samples typed Fy*-negative by the MDmulticard
Basic Extended Phenotype but positive by the reference method
(tube testing), both in DAT-positive samples, genotyping evi-
denced the lack of the FY*A allele. The MDmulticard Basic Ex-
tended Phenotype negative results were therefore correct (TN).

Performance Results

Performance results of both MDmulticard Basic Extended Phe-
notype and comparison methods are summarized in table 3.

With regard to the phenotyping results from donors, patients
and newborns, PPA of MDmulticard Basic Extended Phenotype
was 99.82% (95% CI 98.82-99.97%), NPA was 100% (95% CI
99.65-100%) and OPA was 99.87% (95% CI 99.81-99.98%).

Sensitivity of MDmulticard Basic Extended Phenotype was
100% (95% CI 99.68-100%), specificity was 99.39% (95% CI 98.22—
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Table 5. Comparison of MDmulticard Basic Extended Phenotype with se-
rology reference methods and genotyping in samples with mixed-field (MF)
reactions (n = 22)

Comparison method MDmulticard
+ = MF total
Gel column agglutination (n = 12)
+ 49 0 6 55
= 0 3 7
MF 7 0 3 10
Total 60 0 12 72
Tube testing (n = 10)
+ 50 0 0 50
= 0 3 6 9
MF 0 1 0 1
Total 50 4 6 60
Genotyping (n = 22)
+ 90 0 1 91
= 20 4 17 41
MF N/A N/A N/A N/A
Total 110 4 18 132

N/A = Not applicable.

99.79%), PPV was 99.75% (95% CI 99.27-99.92%) and NPV was
100% (95% CI 99.22-100%).

Mixed-Field Samples

Results of the 150 antigen reactions detected in the 25 samples
from transfused patients are summarized in table 4. Antigen with
most mixed-field (two erythrocyte populations) reactions was S (n =
8/22), whereas Jk® and s antigens had one mixed-field reaction each.

Three samples had no result available with the reference method
and were therefore excluded for comparison. Results are shown in
table 5.

In 4 of the 12 samples tested with gel column as comparator, 7
antigens showed mixed-field agglutination that were not detected
by the MDmulticard Basic Extended Phenotype (2 Fy®, 3 Jk?, 1 Jk®,
and 1 S), with reaction strength from weak to very weak in all cases.
On the other hand, MDmulticard Basic Extended Phenotype de-
tected mixed-field agglutination in 9 antigens undetected by gel
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column (1 Fy?, 2 Fyb, 2 Jk% and 4 S) from 8 samples. Mixed-field
reaction in 3 antigens (1 Fy* and 2 Fy®) from 2 samples was de-
tected by both systems.

In the 10 samples from transfused patients tested with tube
technique as comparator, in one case (S) a mixed-field reaction was
observed, which was not detected by the MDmulticard Basic Ex-
tended Phenotype. By contrast, MDmulticard Basic Extended Phe-
notype detected 5 mixed-field reactions in 6 antigens undetected
by tube testing (1 Fyb, 27k 1JkP, 1S, and 1 s) from 5 samples.

When comparing the results of the serological methods with the
results of genotyping, full concordance was observed in only 5
samples which were positive for all 6 antigens. Table 5 shows that
serological methods tended to detect more positives (n = 110 for
MDmulticard Basic Extended Phenotype, n = 105 for both refer-
ence methods) and fewer negatives (n = 4 for MDmulticard Basic
Extended Phenotype, n = 16 for both reference methods) than true
results predicted by genotyping (n = 91 and n = 41, respectively).

Discussion

The development and improvement of tools for rapid and relia-
ble blood typing adequate for use in acute clinical situations is war-
ranted [4]. In a step further to the MDmulticard that determines a
patient’s main antigens (ABO, Rh phenotype and K) within a few
minutes [7], the new MDmulticard Basic Extended Phenotype cov-
ers an additional array of clinically significant antigens [11] through
the same lateral flow principle. Hence, the combination of typing
reagents for Fy, Jk and Ss antigens on one test card would be very
helpful for an easy and rapid phenotyping of red cell units or pa-
tients when the latter are to be transfused with blood compatible for
Fy, Jk and Ss antigens, e.g. patients with warm reactive autoantibod-
ies or patients with sickle cell disease [14-16]. Furthermore, pheno-
typing is known to be challenging in these patients due to positive
DAT and recent transfusions in many cases. We found that the
MDmulticard Basic Extended Phenotype was as reliable as the rou-
tine reference methods of four immunohematology centers (except
molecular techniques/genotyping, as could be expected).

Agreement (PPA, NPA, and OPA) between MDmulticard Basic
Extended Phenotype and the reference methods in phenotyping re-
sults ranged between 99.8% and 100%. The >99% criteria for the
lower 95% confidence bound was met for NPA (99.65%) and was
close for PPA (98.82%). However, the two cases of discrepancy (1
weak FyP-positive in donors and 1 weak Fy’-positive in newborn
samples) were resolved in favor of MDmulticard Basic Extended
Phenotype. Both cases plus one more found in DAT-positives were
caused by the presence of FY*X allele, which proved MDmulticard
Basic Extended Phenotype to be highly sensitive to weak FyP-posi-
tive compared to the reference method used (tube testing; E.M.
Technology). A remarkable sensitivity of the MDmulticard for the
detection of weak Fy® antigens has been reported recently [17]. The
five remaining discrepancies were all observed in the testing of
DAT-positive samples. The high sensitivity of the MDmulticard to
detect weak Fy® antigens could be used to confirm the results of red
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cell units previously typed as Fy-negative before transfusions of
Fy’-negative patients.

DAT-positive samples are known to be challenging for most
typing systems. The cells of patients with a strong reactive DAT
(e.g., patients with autoantibodies and patients with sickle cell dis-
ease) often cause false-positive reactions, especially when typing is
done by the indirect Coombs test [18]. False-positive reactions are,
however, not restricted to IgG antisera. Recent studies revealed
that IgM antisera also can be interfered by a reactive DAT [19].
The MDmulticard is based on the lateral flow technique and may,
therefore, be less prone to interference by a reactive DAT. That was
the case with 2 Fy*-negative samples that were tested falsely posi-
tive by the tube method but truly negative by the MDmulticard
Basic Extended Phenotype.

26 samples with reactive DAT were tested with the MDmulticard
Basic Extended Phenotype. Two samples negative for Fy* by PCR
were tested falsely positive by the tube method, but reacted truly
negative with the MDmulticard Basic Extended Phenotype. Three
Fy*-negative samples showed strongly positive reactions when tested
by the gel column agglutination method but only weak or very weak
reactions with the MDmulticard Basic Extended Phenotype. Weak
reactions of 1gG-coated red cells in the MDmulticard Basic Extended
Phenotype may occur with the anti-Fy?, which is the only monoclo-
nal antibody of the IgG type in the MDmulticard Basic Extended
Phenotype [20]. These very weak false-positive bands could be easily
distinguished from true positive bands or mixed-field bands. Thus,
when typing patients with a reactive DAT for their FY phenotype,
the MDmulticard Basic Extended Phenotype demonstrated a clear
advantage over the indirect antiglobulin test (tube method or gel
column method). So far, the only reliable determination of the FY
phenotype of such patients can be done by genotyping.

Compared to serological blood grouping, molecular methods
still take longer, are more expensive, and are not established in
every immunohematological laboratory [21]. The MDmulticard
Basic Extended Phenotype might become an equal or even superior
alternative for such purposes. Moreover, the MDmulticard system
could not only be adequate for blood typing in emergency situa-
tions [4, 8-10] and extreme environment conditions [22], but
could also be more cost-effective, as it limits the number of geno-
typing investigations necessary (and therefore the costs) to provide
antigen-matched blood, especially for patients with autoantibodies
or sickle cell disease. However, this should be confirmed by studies
specifically aimed to cost and time analyses [23].

Globally, in all samples with non-mixed-field reaction, perfor-
mance of MDmulticard Basic Extended Phenotype was very good:
100% sensitivity and NPV (no FN) and >99.3% specificity and PPV
(3 FP in Fy?*). Although comparison with several quite different ref-
erence methods could be deemed as a limitation of the study, it
should be pointed out that genotyping was taken as the focal point
for all analyses. In addition, the number of analyzed samples was
limited to those evaluable expected from routine practice in the
immunohematology centers during the 1-month study period.

Previously transfused patients are also challenging for typing
systems. In fact, no routine phenotyping method is able to distin-
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guish between autologous and transfused red cells [24]. So far, only
genotyping allows the prediction of the phenotype of a transfused
patient. Depending on the number of transfused units and depend-
ing on the phenotypes of the transfused cells, the patients present
with more or less pronounced mixed-field agglutination. In this
study, neither the serology reference methods nor the MDmulticard
Basic Extended Phenotype were able to overcome the hurdle of
mixed-cell populations. Detection of mixed-field reaction in at least
one antigen of the investigated samples will help the laboratory to
identify transfused patients. In addition, if evidence of mixed-field
reaction in one of the antigens is found, none of the other antigens
tested by serological methods should be regarded as reliable/valid.
Hence, in 15 samples out of the 22 tested and compared, the MD-
multicard Basic Extended Phenotype detected antigen-positive
mixed-cell populations that were not detected by the comparative
method, while the opposite result occurred in 8 samples. Although
these results may suggest differential sensitivities of the tested
methods for specimens collected from transfused patients, due to
the small sample size, the significance of the current evaluation is
limited and should be further investigated in a larger study.
Sometimes a method with increased sensitivity may be advanta-
geous, e.g. when transfused cells are searched for. On the other

hand, a method with lower sensitivity that overlooks small trans-
fused cell populations may be helpful when the phenotype of a
transfused patient is to be estimated. It is suggested that every insti-
tution should perform an individual analysis to decide the most ap-
propriate sensitivity of the typing system [25]. Sometimes a nega-
tive antigen typing helps to confirm or refuse the specificity of an
antibody, even in a transfused patient.

In summary, overall performance and usability of the new MD-
multicard Basic Extended Phenotype in transfusion laboratory
routine met the criteria prescribed for the testing of donor, patient,
and newborn specimens. Moreover, MDmulticard Basic Extended
Phenotype could be used in patients with positive DAT and in
transfused patients with reliability similar to other routine sero-
logical methods.

Disclosure Statement

BM received honorarium from Grifols for being a speaker at the Grifols
lunch symposium at the DGTI in 2016. The other authors declare no conflict of
interest. This study was funded by Grifols, manufacturer of the MDmulticard
Basic Extended Phenotype card. Medical writing and editorial assistance in the
preparation of this manuscript was provided by Jordi Bozzo PhD, CMPP (Gri-

fols), under the direction of the authors.

References

P 1 Hendrickson JE, Tormey CA: Red blood cell antibod- P10 Castro O, Sandler SG, Houston-Yu P, Rana S: Predict- 17 Meyer S, Caesar A, Trost N, Neuenschwander K, B.M.
ies in hematology/oncology patients: Interpretation of ing the effect of transfusing only phenotype-matched F, Gassner C, Schwind P: Reliable detection of Duffy X
immunohematologic tests and clinical significance of RBCS to patients with sickle cell disease: theoretical and (FYX) - a weak variant of Duffy B (FYB) by a new rea-
detected antibodies. Hematol Oncol Clin North Am practical implications. Transfusion 2002;42:684-690. gent using lateral flow technique. Vox Sang 2015;
2016;30:635-651. P11 Anstee D, Levene C, Mallory D, Overbeeke M, Poole J, 109(suppl 1):251-252.

> Malomgre W, Neumeister B: Recent and future trends Reid M, Smart E, Tani Y, Wendel S, Woodfield G: Rare 18 American Association of Blood Banks (AABB): Tech-
in blood group typing. Anal Bioanal Chem 2009;393: blood. An ISBT Working Party report on rare blood nical Manual of the American Assocition of Blood
1443-1451. donors. International Society of Blood Transfusion. Banks. Basel, Karger, 2014.

3 Gassner C, Rainer E, Pircher E, Markut L, Kormoczi Vox Sang 1999;77:58-62. P19 Strobel E, Wullenweber J: Suitability of monoclonal
GF, Jungbauer C, Wessin D, Klinghofer R, Schennach P12 Caesar A, Meyer S, Trost N, Neuenschwander K, test sera for determination of blood group markers in
H, Schwind P, Schonitzer D: Application of a multi- Geisen C, Frey BM, Gassner C, Schwind P: A uniform positive direct coombs test. Infusionsther Transfu-
variant, Caucasian-specific, genotyped donor panel for method for the simultaneous blood group phenotyp- sionsmed 1995;22:117-127.
performance validation of MDMulticard®, ID-Sys- ing of Fya, Fyb, Jka, Jkb, S, §, P1, k applying lateral- 20 Mdmulticard® Basic Extended Phenotype (package in-
tem®, and Scangel® RHD/ABO serotyping. Transfus flow technique. Vox Sang 2018;113:177-184. sert). Diidingen, Medion Grifols Diagnostics AG, 2016,
Med Hemother 2009;36:219-225. 13 Weinstock C, Lotsch M, Schrezenmeier H, Anliker M: 21 Kutner ], Mota M, Conti F, Castilho L: Blood genotyp-

P4 Miraflor E, Yeung L, Strumwasser A, Liu TH, Vic- Using lateral flow technique a positive direct anti- ing for improved outcomes in chronic transfusion pa-
torino GP: Emergency uncrossmatched transfusion ef- globulin test did not interfere with typing of Fy?, Fy®, tients: current and future perspectives. Int J Clin
fect on blood type alloantibodies. ] Trauma Acute Care Jk%, JK°, S, or s blood group antigens. Transfus Med Transfus Med 2014;2:65-72.
Surg 2012;72:48-52. Hemother 2016;43(suppl 1):28. P22 Clavier B, Pouget T, Sailliol A: Evaluation of a lateral

»5 Koczula KM, Gallotta A: Lateral flow assays. Essays P14 Dias Zanette AM, de Souza Goncalves M, Vilasboas flow-based technology card for blood typing using a
Biochem 2016;60:111-120. Schettini L, Magalhaes Aguiar L, Santos Bahia RC, simplified protocol in a model of extreme blood sam-

6 D’Ambrosio R, Di Girolamo MG, Di Lemma GG, Vasconcelos Nogueira LA, de Freitas Brandao CJ, pling conditions. Transfusion 2018;58:313-316.

Danzi M, Schiavone V, Schiavone B, Chignoli V, Conte Neves de Azevedo AC, Ramos de Aragao L, Marcos »23 Tarricone R, Torbica A, Drummond M: Challenges in
S, Misso S: Evaluation of system MDMulticard in emer- Arruda S: Alloimmunization and clinical profile of the assessment of medical devices: The Medtechta Pro-
gency management. Vox Sang 2015;109(suppl 1):262. sickle cell disease patients from Salvador-Brazil. Ethn ject. Health Economics 2017;26:5-12.

7 Di Girolamo MG, D’Ambrosio R, Di Lemma GG, Dis 2010;20:136-141. » 24 Rozman P, Dove T, Gassner C: Differentiation of au-
Danzi M, Munno E, Tomeo R, Misso S: Evaluation of P15 Mangare C, Mbugua A, Maturi P, Rajab J, Blasczyk R, tologous ABO, RHD, RHCE, KEL, JK, and FY blood
MDMulticard for RHD/ABO serotyping. Vox Sang Heuft HG: Red cell allo- and autoimmunisation in trans- group genotypes by analysis of peripheral blood sam-
2015;109(suppl 1):274. fused sickle cell and cancer patients in Kenyatta National ples of patients who have recently received multiple

>3 Gogri H, Kulkarni S, Vasantha K, Jadhav S, Ghosh K, Hospital, Nairobi, Kenya. Afr ] Lab Med 2015;4:297. transfusions. Transfusion 2000;40:936-942.
Gorakshakar A: Partial matching of blood group anti- 16 Baby M, Fongoro S, Cisse M, Gakou Y, Bathily M, Dem- »25 Weisbach V, Kohnhauser T, Zimmermann R, Ringwald
gens to reduce alloimmunization in western India. bele AK, Maiga MK, Tounkara A, Diallo DA: Frequency ], Strasser E, Zingsem J, Eckstein R: Comparison of the
Transfus Apher Sci 2016;54:390-395. of red blood cell alloimmunization in polytransfused performance of microtube column systems and solid-

P9 Lasalle-Williams M, Nuss R, Le T, Cole L, Hassell K, patients at the university teaching hospital of Point G, phase systems and the tube low-ionic-strength solution
Murphy JR, Ambruso DR: Extended red blood cell an- Bamako, Mali. Transfus Clin Biol 2010;17:218-222. additive indirect antiglobulin test in the detection of
tigen matching for transfusions in sickle cell disease: a red cell alloantibodies. Transfus Med 2006;16:276-284.
review of a 14-year experience from a single center
(CME). Transfusion 2011;51:1732-1739.

346 Transfus Med Hemother 2018;45:341-346 Mayer/Miiller/Candela-Garcia/Manteau/

Weinstock/Pruf3




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_19: 
	CitRef_22: 
	CitRef_23: 
	CitRef_24: 
	CitRef_25: 


