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Summary
Background: Platelet concentrates (PC) contain residual
contaminating red blood cells (RBC), being higher in
pooled buffy coat PC (BC-PC) than in apheresis units (AP-
PC). Data about PC-induced alloimmunization against
non-D Rhesus (Rh) antigens are limited. Methods: For all
newly detected RhD and non-D alloantibodies between
August 2015 and September /2017 we prospectively eval-
uated if they were triggered through PC by analyzing for
incompatible RBC and/or PC transfusions. Results: We
found 5,799 positive results in 89,190 antibody screening
tests. We identified 13 newly detectable Rh antibodies
through incompatible PCs in 11 patients: 6x anti-D, 4x
anti-E, 2x anti-c, 1x anti-f. They received a total of 156 PC
(83 BC-PC; 73 AP-PC): 5 patients received incompatible
BC-PC only, 1 patient received incompatible AP-PC only,
5 patients received incompatible BC-PC and AP-PC. Qual-
ity control showed a mean (range) of 0.304 (0.152-1.662)
and 0.014 (0.003-0.080) x 10° RBC/I for BC-PC and AP-PC,
respectively. Ten of the 11 patients received RBC transfu-
sions, all of them being antigen-negative for the alloanti-
bodies identified. Conclusions: PC transfusions may not
only induce RhD alloimmunization, but also immuniza-
tion against further Rh antigens such as ¢, E, and f. The
risk seems higher for BC-PC than for AP-PC. The results
may have impact on future recommendations of PC
transfusion with respect to Rh compatibility and upper
limits of RBC contamination.
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Introduction

Platelet concentrates (PC) may be either obtained by aphere-
sis procedure from one donor (AP-PC) or may be prepared by
pooling the buffy coats (BC-PC) or the platelet-rich plasma of
4-6 whole blood donations [1]. In Switzerland, only AP-PC and
BC-PC are available. Our regional blood transfusion services
usually have a mix of both types of PC in order to optimize the
use of whole blood donations, to mitigate the risk of shortages,
and to ensure adequate availability of HLA-typed AP-PC. Since
the introduction of mandatory universal pathogen inactivation
of all PC in 2011 [2], AP-PC and BC-PC are considered clinically
equivalent. However, some differences exist between both types
of PC, such as the extent of residual contaminating red blood
cells (RBC), which has been shown to be considerably lower for
AP-PC (0.00017-0.009 ml) compared to BC-PC (0.036-0.59 ml)
[3-8].

In comparison to RBC transfusion, where up to 80% of immu-
nocompetent Rhesus D(RhD)-negative individuals may develop
serologically detectable anti-D within 2-5 months after exposition
to RhD-positive RBCs [9-13], RhD alloimmunization after PC
transfusion is rather uncommon. Earlier studies reported the in-
cidence of D alloimmunization in D-negative recipients of D-posi-
tive PC transfusions to be up to 19% [3, 14-18]; more recent stud-
ies revealed lower frequencies of 0-7% [19-23].

Anti-D alloantibodies often may cause severe hemolytic disease
of D-positive fetuses/newborns. They also preclude for the recipi-
ents to receive D-positive RBC in times of D-negative RBC short-
age. Based on the reported frequencies of D alloimmunization in
some recent large studies, the administration of Rh Immune Glob-
ulin (RhIg) is recommended, if D-mismatched PC prepared from
whole blood donations are transfused to D-negative recipients,
particularly to females of childbearing potential [8].
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Table 1. Demographic and clinical characteristics of the 11 patients

Patient-# Age / sex Cause of hospitalization Therapy resulting in reduced immune function ABO Rh Pregnancy
group phenotype
1 63/ m angioimmunoblastic T-cell lym- CHOEP chemotherapy (cyclophosphamide, A CCD.ee -
phoma doxorubicin, vincristine, prednisone, etoposide)
2 80/f biologic aortic valve replacement - A ccddee not known
3 73/ f acute myeloid leukemia cytarabine, daunorubicin B CCD.ee yes (3)
4 53/m metastatic rectum carcinoma FOLFOX chemotherapy (oxaliplatin, folinic acid, 0 ccddee -
5-fluorouracil)
5 71/ f aortic dissection and aortic - A ccddee not known
nsufficiency
6 78/ f thrombocytopenia of unknown = AB ccddee not known
origin
7 64/ m multiple myeloma high-dose chemotherapy (bendamustine + A CCD.ee -
melphalane), autologous stem cell transplantation
8 61/f acute promyelocytic leukemia Al-trans retinoic acid and arsene trioxide A ccddee not known
9 56 / m carcinoma testis high-dose chemotherapy with carboplatin and A CcD.ee -
etoposide
10 76 / m AML, upper gastrointestinal decitabine A ccddee -
bleeding
11 65/ m acute myeloid leukemia cytarabine, daunorubicin 0 CCD.ee -

There is some evidence that the minimum quantity of RBCs
necessary for primary immunization is as low as 0.03-0.05 ml [8,
24, 25]. Therefore, a presumed advantage of AP-PC is their lower
RBC content, which is being considered as insufficient for trigger-
ing an alloimmunization. On this basis, some centers do not rou-
tinely provide RhIg prophylaxis after administration of RhD-posi-
tive AP-PC to RhD-negative patients [8].

On the other hand, Kitazawa et al. [24] hypothesized whether
also RBC-derived microparticles could trigger alloimmunizations.
They estimated that AP-PC contain 0.0001-0.001 ml of RBC-de-
rived microparticles.

Rh antigens ¢, C, e and E are less immunogenic than D [13]. So
far, there is limited data on PC-induced alloimmunization against
other Rh antigens than D [7, 19] and incompatibilities of non-D
Rh antigens have generally been disregarded in BC-PC or AP-PC
transfusion [8].

In the context of preparing the hemovigilance report to Swiss-
medic in 2015, the work-up of a newly formed alloantibody re-
vealed an anti-f specificity, which must have been triggered by RBC
antigen exposure through an AP-PC transfusion. This prompted
us to implement a systematic prospective assessment of every sin-
gle newly identified Rh alloantibody for the putative triggering
blood product transfused. With this hemovigilance-induced qual-
ity assurance measure, we aimed to identify possible further cases
in order to delineate the frequency, the antibody specificities, and
the circumstances that may be associated with this phenomenon.
We here describe 13 Rh antibodies detected between August 2015
and September 2017 in 11 patients, where Rh alloimmunization
has obviously been provoked by platelet transfusion. Furthermore,
we compared the frequencies of anti-Rh immunization following
AP-PC and BC-PC.
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Patients and Methods

As one of the largest tertiary and university hospitals of Switzerland (In-
selspital, University Hospital, Insel Group, Bern, Switzerland), we have trans-
fused 18,033 RBC, 7,020 plasma, and 4,371 platelet units in 2016. RBC and
platelet products have been provided by the Interregional Blood Transfusion
Service Bern, Swiss Red Cross (Bern, Switzerland) (IRB) and the plasma units
(OctaplasLG®) by Octapharma (Lachen, Switzerland). In agreement with our
national recommendations, we consider BC-PC and AP-PC clinically equiva-
lent, except for HLA- and/or HPA-alloimmunized patients, who mandatorily
receive ‘best procurable’ compatible single donor AP-PC. According to internal
standards, a valid serological antibody screen (i.e., performed within the last 96
h) has been mandatory for all patients before any RBC and PC transfusion. For
antibody screening and additional antibody identification (indirect antiglobulin
and enzyme test), we used BioRad column agglutination technology (BioRad,
Cressier, Switzerland). We performed all tests in compliance with the specific
requirements of our national guidelines (https://sbsc-bsd.ch/dokuman2/de-de/
bsd/vorschriften/empfehlungen.aspx).

Between August 2015 and September 2017, we found 5,799 positive anti-
body screening tests in 89,190 immunohematologically analyzed patients. We
prospectively registered all newly detected Rh alloantibodies (D and non-D),
which could not be explained by incompatible RBC transfusions. For every pa-
tient with a newly detected Rh alloantibody we compiled the complete transfu-
sion history. According to antibody specificity, we identified all incompatible
PC and/or RBC transfusions. Only patients with newly detected Rh alloantibod-
ies who had not received any cognate Rh antigen-incompatible RBC transfu-
sion but had been exposed to at least one incompatible PC were included in our
study.

Data analyzed of the patients identified to have obviously been alloimmun-
ized through PC transfusions included: age, gender, ABO blood group and Rh
phenotype, main diagnoses, immunosuppressive drugs, transfusion history (In-
selspital only), and date of alloantibody detection [7]. Transfusion history in-
cluded every RBC and PC unit transfusion.

Recorded data of donors/PC/transfusions included: gender, age, ABO blood
group and Rh phenotype, AP-PC or BC-PC, and date of transfusion. Molecular
screening for confirmation of serologically Rh-negative donors is mandatory in
Switzerland since 2015 [26].

We performed routine quality control for residual RBC count for 10 AP-PC
and 10 BP-PC every month using the manual/visual cell counting chamber
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method (Neubauer Chamber). We calculated geometric mean and range in-
cluding all quality control RBC counts for AP-PC and BC-PC from January
2016 to December 2016.

Based on previous publications, we considered newly detected antibodies
following a Rh-incompatible PC transfusion until day 27 as secondary immune
response (booster effect) and those found on day 28 or later as a primary im-
mune response against cognate Rh antigens [7, 8].

Results

Detection of Newly Acquired Rh Antibodies after Platelet

Transfusion

From August 2015 to September 2017 a total of 4,596 AP-PC
and 5,050 BC-PC were transfused to patients at our institution. In
11 patients (table 1) we identified 13 newly acquired Rh antibodies,
which were triggered by a PC transfusion (table 2). Of the newly
detected antibodies, 6 were of the specificity anti-D (patients #2,
#4, #5, #6, #8, #10). For patients #2 and #6, a booster effect has to
be assumed, considering the interval between the last Rh pheno-
type-incompatible transfusion and antibody detection. For patient
#5, we interpreted rather a primary immunization because of weak
reactivity in the antibody screen and identification tests. Anti-E al-
loantibodies were detected in 4 cases (patients #3, #7, #9, #11
(booster effect)), anti-c in 2 cases (patients #3, #7), and anti-f in 1
case (patient #1 (most likely also a booster effect)) (details in
table 2). These 11 patients were investigated in detail.

Demographic Data, Underlying Diseases, and Therapy Resulting

in Reduced Immune Function

There were 6 males and 5 females with a median age of 67 years
(range 53-80 years). Causes of hospitalization were hematological
malignancies in 6 cases: Four patients had acute myeloid leukemia,
one of them acute promyelocytic leukemia. One patient each had
T-angioimmunoblastic leukemia or multiple myeloma. In 1 pa-
tient, we documented thrombocytopenia of unclear origin. Solid
tumors were documented in 2 patients. Two patients had major
heart surgery.

Patients #1, #3, #4, #7, #9, and #11 received cytotoxic chemo-
therapy; patient #8 received all-trans-retinoic acid and arsenic tri-
oxide; patient #10 received demethylating agents. Therefore, 8 out
of 11 patients have received treatments that may compromise im-
mune function.

Transfusion History

The 11 patients received 156 PC (83 BC-PC; 73 AP-PC). Patient
#1 received a single AP-PC, whereas 3 patients (#2, #4, and #6) re-
ceived BC-PC only. The other 7 patients (#3, #5, #7, #8, #9, #10,
and #11) received both types of PC.

Ten of the 11 patients received RBC transfusions in addition
(total number 152, range 3-41). All RBC units were antigen-nega-
tive for the identified alloantibodies and therefore excluded as
cause for the alloimmunization.

Because of the known latency of up to 6 months for alloanti-
body appearance after antigen exposure [27], definite conclusions
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about the incompatible PC of a series, which may have been the
responsible trigger for the individual alloimmunization is not pos-
sible. We nonetheless documented the type (BC-PC or AP-PC
unit), the number and the time point of the first incompatible
transfusion in every patient’s transfusion history (details summa-
rized in table 2).

The patients received a total of 75 incompatible BC-PC and 31
incompatible AP-PC (table 2). The first incompatible transfusion
was in 4 cases an AP-PC and in 9 cases a BC-PC. Five patients (#2,
#4, #5, #6, and #11) received incompatible BC-PC only, whereof 3
patients received 1 unit each, and 2 patients received 5 units each.
Patient #1 received incompatible AP-PC only (1 unit), whereas 5
patients comprising #3 and #7 (with respect to both allo-antibod-
ies), #8, #9, and #10 received incompatible BC-PC as well as AP-
PC. Details are summarized in table 2.

Three of the 11 patients (#6, #8, and #11) already had a known
alloantibody and therefore were known to be at a higher risk for
additional antibody formation after subsequent transfusions
[28-32].

Contamination of PC by RBC

Monitoring the RBC contamination is a mandatory element of
the regular monthly quality controls of PC. There have been no
changes of production processes during the study period. The re-
sults of the year 2016 showed a mean contamination of 0.304
(range 0.152-1.662) and 0.014 (range 0.003-0.080) x 10° RBC/I for
BC-PC and AP-PC, respectively (table 3). Thus, the level of RBC
contamination was more than tenfold higher in BC-PC than in
AP-PC.

Discussion

As a part of hemovigilance all newly detected alloantibodies
have to be reported to the competent authority (Swissmedic). The
work-up of such an alloantibody in 2015 revealed an anti-f speci-
ficity. Because of the appearance within 3 days, a booster effect
seemed reasonable. However, the appearance of the alloantibody
surprisingly was induced through an AP-PC transfusion. This
prompted us to a prospective assessment of every single newly
identified alloantibody with respect to the putative responsible
transfused blood unit. Between August 2015 and September 2017,
we detected 13 Rh antibodies in 11 patients, which must have been
triggered by residual antigen-positive RBC of PC transfusions. Par-
ticularly, the spectrum and frequency of non-D Rh antibodies trig-
gered by PC transfusions has exceeded our prospects.

So far, only few publications reported about formation of
non-D Rh antibodies after PC transfusion. Kitazawa and colleagues
[24] observed 3 patients who developed 4 alloantibodies (2 anti-E,
1 anti-C, and 1 anti-c) after platelet transfusions. These patients
only received AP-PC. Because RBC contamination in AP-PC
(range 0.00017-0.009 ml RBC per PC) [8], is probably insufficient
to trigger alloimmunization (according to literature the minimum
is around 0.03-0.05 ml RBC) [8, 24, 25, 33], the authors hypothe-
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Table 3. Contamination of the PC by RBC (quality controls of 2016)

PC Mean (range) RBC x 10%/1 Equates to an estimated
mean blood volume, ml

AP-PC 0.014 (0.003-0.080) 0.0028

BC-PC 0.304 (0.152-1.662) 0.0608

sized that RBC microparticles (being present in BC-AP as well as
AP-PC) could contribute to alloimmunization. Microparticles can
be phagocytosed easily and so are probably more immunogenic
than RBCs [34, 35].

In our study we suggest that AP-PC triggers a booster effect of
an anti-f alloantibody (#1), and we therefore suppose that the min-
imum amount of RBC (and probably also of microparticles) as a
trigger of alloimmunization should be critically discussed [24].

According to our quality controls, RBC contamination was
higher in BC-PC than in AP-PC, which was in line with the litera-
ture and supports that an increasing antigen dose enhances the po-
tential for immunization [33]. For appraisal of the impact of trans-
fusing either AP-PC or BC-PC (representing different amounts of
RBC contamination) on the risk of Rh alloimmunization, we ana-
lyzed in more detail the Rh-incompatible PC transfused. Alto-
gether, the 11 patients described in our investigation received 156
PC (83 BC-PC and 73 AP-PC). The Rh-alloimmunized patients
received more incompatible BC-PC (75/83) than AP-PC (31/73).
In the majority of cases, the first incompatible transfusion was a
BC-PC (9 out of 13). Finally, 5/11 patients had received incompat-
ible BC-PC only. Due to our limited set of data and the heterogene-
ity of our small study population, it is not possible to make a relia-
ble assessment about the different alloimmunization risk of either
group (BC-PC vs. AP-PC). However, the risk for alloimmunization
after BC-PC seems to be higher than after AP-PCs, as supported by
previous reports of others [7, 33].

More recently, Schonewille and colleagues [27] reported on the
incidence of alloantibody formation after ABO/RhD or extended
matched RBC transfusions. In their randomized trial in surgical
patients (MATCH study), they tried to avoid clinically relevant
RBC antibody formation by extended (¢, C, E, K, Fya, Jka, and S
antigens) matched RBC transfusions. Among the group of patients
who received PC (reported to be BC-PC only) in addition to RBCs
transfusions, they surprisingly found 6 patients who have formed 8
RBC alloantibodies (5x anti-E, 1x each anti-D, anti-K, and anti-e)
after cognate RBC antigen exposure through platelet transfusions
only. Moreover, a significant absolute risk difference in favor of ex-
tended RBC matching was only shown in the group of patients
who did not receive PC transfusions. The authors concluded that
RBC-extended matching is only successful if the patient does not
receive accompanying non-RBC antigen-matched platelet prod-
ucts [27]. The results of our study with regard to spectrum and fre-
quency of non-D Rh antibodies triggered by platelet transfusion
are in line with these reports and strongly support the significant
potential of PC transfusions for inducing RBC alloantibodies.

The rate of RhD alloimmunization is known to depend not only
on the RBC content of the PC but also on a variety of further
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factors, including the immune status of the patient and the rate of
secondary immune response [33]. Age (median, 67 years) and gen-
der distribution (f/m = 5/6) of our patients was within expected
ranges in the hospital. A high proportion of the patients had either
hematological malignancies or solid tumors. They received cyto-
toxic chemotherapy or other anti-leukemic treatments such as
ATRA/ATO or demethylating compounds. The remaining patients
had either idiopathic thrombocytopenia or heart surgery (further
details in table 1). Our results are in line with the reports of others
that Rh alloimmunization through PC is observed in immunocom-
petent as well as immunocompromised patients [7, 33]. The newly
detected alloantibodies in our series were most frequently anti-D
(6/13), followed by anti-E (4/13), anti-c (2/13), and anti-f (1/13),
details in table 2. In 4 patients (2 with anti-D, 1 with anti-E, 1 with
anti-f), a booster effect has to be assumed. In patient #7, there was a
gap of 4 years between the last negative type and screen testing and
the detection of the alloantibody at our institute. Therefore, an al-
ternative immunization event might have taken place during that
period of time.

Our observation underlines the potential of residual RBC in PC
for primary immunization or boosting effect against RBC antigens.
A secondary immune response is known to arise as a ‘boosting’ ef-
fect after much smaller antigenic provocation than that of the pri-
mary response [27, 33]. In our study population, we can describe a
primary or secondary immune response to PC transfusions in 10
out of 11 patients (for #7 an alternative immunization event cannot
be ruled out). In 8 of these 10 patients, a primary immunization
can be assumed and in 2/10 patients (#1 and #6) a secondary im-
munization seems to be more likely. Regarding the latter 2 patients,
reasons for primary immunization are likely to be from previous
transfusions (#1 and #6) and/or pregnancies (#6), but no specific
data are available to prove the reason for primary immunization.

In conclusion, BC-PC and AP-PC transfusions may not only
induce RhD alloimmunization, but also immunization against fur-
ther Rh antigens such as ¢, E, and f. According to the current lit-
erature, the risk seems higher for BC-PC than for AP-PC. Interest-
ingly, in 1 case we found a booster effect of an anti-f alloantibody
triggered by one single AP-PC. Therefore, the minimum amount
of RBC as a trigger of alloimmunization (booster effect or primary
antibody formation) may be reassessed. Being aware of problems
with respect to feasibility, these results may have impact on the
next edition of our national guidelines. The responsible national
working party will discuss a modification of their recommenda-
tions according to PC transfusion with respect to Rh and Kell
compatibility (e.g. reccommendation of AP-PC with extended Rh
phenotype and Kell matching for selected patient populations
such as females of childbearing age or chronically transfused
hemoglobinopathy patients). In addition, remarks about immuno-
logic safety of upper limits of RBC contamination in PC as well as
clinical equivalence of BC-AP and AP-PC with respect to immu-
nogenicity will be reconsidered. Our limited set of data does not
allow the calculation of a relative risk for alloimmunization
through PC. In order to answer this question, larger prospective
studies are needed.
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