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Abstract

Background: During pregnancy, maternal red blood cell (RBC) antibodies

can lead to life-threatening fetal hemolysis and anemia. Women can become

immunized by a pregnancy or an unmatched transfusion. Our aim was to

quantify the effect of a nationwide K-matched transfusion policy for women of

childbearing age potential to prevent K-immunization in pregnancy.

Study Design and Methods: In this nation-wide policy change evaluation

study we determined the occurrence of RBC antibodies before and after intro-

duction of a K-matched transfusion policy and evaluated the cause K

alloimmunization 10 years after introduction of this measure. K-matched

transfusion for females under 45 years of age is advised in the Dutch transfu-

sion guideline since 2004. We used laboratory data from pregnancies with RBC

antibodies identified in the period 1999-2018 obtained as part of a population-

based screening program in the Netherlands.

Results: Tests of 36 286 pregnancies produced a positive antibody screening

result which concerned anti-K in 1550 pregnancies. The occurrence of anti-K

decreased from 67.9 to 20.2 per 100 000 pregnancies. The relative risk reduc-

tion was 0.70 which largely exceeded the relative risk reduction of 0.27 for

antibodies against RBC antigens for which no preventive matching is required.

The number of pregnancies at risk for anti-K-mediated disease decreased from

9.7 to 4.2 per 100 000 pregnancies.

Conclusions: A K-matched transfusion policy is associated with a major

decrease in a number of pregnant women with anti-K and pregnancies at risk

for anti-K-mediated disease. A relatively simple measure is now shown to

impact prevention of hemolytic disease in the fetus and newborn.
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1 | INTRODUCTION

Maternal antibodies against the K (KEL1 and often
referred to as Kell) blood group antigen on the fetal
RBCs can lead to life-threatening hemolytic disease of
the fetus and newborn (HDFN).1 Anti-K-mediated
HDFN has a severe disease course in over 50% of
cases2 and is after anti-D, the second most important
antibody in causing severe HDFN. During pregnancy
severely affected fetuses need to be treated with intra-
uterine transfusion to prevent a fatal outcome. In fact,
compared to anti-D, in anti-K complicated pregnan-
cies intrauterine transfusions are needed 3.5 times
more often, and the first intrauterine transfusion is
given 3 weeks earlier in pregnancy.3 Also after birth,
transfusions are often needed in the first months of
life.4

A pregnant woman can have RBC antibodies, such as
anti-K, due to a previous pregnancy or due to a RBC
transfusion.5–7 To prevent RhD alloimmunization, RhIg
prophylaxis is given to an RhD-negative mother during
and after pregnancies with an RhD-positive child and
transfusions to RhD-negative women are RhD-matched.
Prophylaxis to prevent K alloimmunization in pregnancy
does not exist and thus in theory only a K-matched trans-
fusion policy can lower the frequency of K
alloimmunization in pregnancy. However, the efficiency
of this measure has been questioned and has yet not been
implemented in all western countries.8–10 Although the
high immunogenicity of the K antigen11–14 leads to a
high number of women developing anti-K after a K-
positive transfusion, this will only lead to anti-K-
mediated HDFN in a minority of cases. Due to the 9%
prevalence of the K-antigen in the Caucasian population,
a K-negative woman has only a 4.5% chance that a subse-
quent pregnancy will concern a K-positive fetus. A recent
international observational study compared the cause of
K alloimmunization in pregnant women treated in ter-
tiary care centers for HDFN and found no effect of a K-
matched transfusion policy.10 Given the disease severity
of anti-K-mediated HDFN and the ample availability of
K-negative units since 91% of Caucasian donors are K-
negative, many blood centers and hospitals have
implemented or are considering the implementation of a
K-matched transfusion policy.9,15–18 To provide our expe-
rience and herewith to contribute to this decision, we
performed a nation-wide policy change evaluation study.
Our aim was to estimate the reduction in anti-K anti-
bodies in pregnancy and the risk of anti-K-mediated
HDFN since the introduction of a national K-matched
transfusion policy for women of childbearing potential
in 2004.

2 | MATERIALS AND METHODS

2.1 | Study design

We performed a nation-wide policy change evaluation
study to evaluate the effect of a change in transfusion pol-
icy introduced in 2004, aimed to prevent K
alloimmunization among pregnant women. We used lab-
oratory test results on RBC antibodies and K-type of
women, their partners and children, which are obtained
as part of a nation-wide population screening program
covering the period 1999-2018, as outlined later under
“Occurrence of RBC alloantibodies in pregnancy” and
“Occurrence of anti-K in pregnancies with a risk for a K-
positive fetus.” In part of the cohort, taken 10 years after
introduction of the preventive K-matching measure
(2013-2015), we evaluated the cause of K
alloimmunization by a structured telephone interview
with alloimmunized women (see “Cause of K
alloimmunization”). Data on pregnancy outcome were
not routinely available and not collected during this
study.

2.2 | Setting

In the Netherlands a free-of-charge population screening
program is offered to every pregnant woman early in
pregnancy (before week 13). This comprises of screening
for RBC alloantibodies, typing for ABO, RhD, and Rhc
antigens, and screening for infectious diseases. The pro-
gram is coordinated by the National Institute for Public
Health and the Environment (RIVM) and 99% of preg-
nant women participate.19 If a positive RBC antibody
screening result is obtained in a local laboratory, the sam-
ple is sent to one of the two designated Dutch reference
laboratories for confirmation and determination of the
antibody specificity: Sanquin Diagnostic Services in
Amsterdam (�90% of Dutch pregnancies) and the trans-
fusion laboratory from the University Medical Centre
Groningen (UMCG) (�10% of Dutch pregnancies).
Screening for RBC alloantibodies in the Netherlands is
mainly performed by Bio-Rad (Bio-Rad Laboratories,
Hercules, CA, USA), Ortho BioVue (Ortho Clinical Diag-
nostics, Raritan, NJ, USA), or Cellbind (Sanquin
Reagents, Amsterdam, The Netherlands) column aggluti-
nation techniques. During the time period considered for
the study, antibody identification remained unchanged
and was performed using polyethylene glycol (PEG) indi-
rect antiglobulin tests and column agglutination tech-
niques. If a clinically relevant RBC alloantibody such as
anti-K is detected phenotyping of the father for the
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relevant antigen (eg, K) or genotyping of the fetus is per-
formed, using cell-free fetal DNA from maternal plasma20

to judge the risk for HDFN.
K-matched transfusion was possible from 1999

onward with the donor's K-type label printed on all blood
products. The transfusion guideline prescribes K-
matched transfusion for women under 45 years of age
since 2004, however, some hospitals already
implemented this policy before 2004. To assess the year
of implementation, an inquiry was sent to the blood
transfusion committee in each of the 85 Dutch hospitals.
Data on blood use in hospitals was obtained from the
Sanquin Blood Bank21 and was used to determine the
proportion of K-matched transfusion over time.

The occurrence of alloimmunization could be
influenced by the number of pregnancies over time. A
reduction in this number lowers the risk for
alloimmunization because only a previous pregnancy will
lead to anti-K detectable early in pregnancy. Besides, a
previous delivery is a risk factor for an incompatible
transfusion.5 A lower number of pregnancies also limits
the possibility to detect alloimmunization in a subse-
quent pregnancy. Therefore, the number of first pregnan-
cies, the number of pregnancies per women, and the total
number of pregnancies in the Netherlands, were obtained
from Statistics Netherlands (CBS).22 From the birth rate,
the number of pregnancies was calculated by correction
for miscarriages after the first trimester antibody screen
using a miscarriage rate of 3.8%.19 Regional birth rates
for the nine provinces for which Sanquin Diagnostic Ser-
vices performs antibody testing were calculated from the
nation-wide birth rate and the number of children born
alive in these provinces. To adjust for changes in the
national pregnancy rate, the yearly numbers of pregnan-
cies were used to express the number of antibodies as
occurrence per 100 000 pregnancies.

2.3 | Occurrence of RBC alloantibodies
in pregnancy

The data set was derived from the Sanquin Diagnostic
Services Laboratory Information System for the period
January 1, 1999 to December 31, 2018. The more
restricted transfusion policy with an accepted hemoglo-
bin threshold of 4 mmol/L or less for healthy women as
advised in the transfusion guideline of 2011 could have
resulted in a reduced overall risk for transfusion induced
alloimmunization.23 Therefore, we compared the occur-
rence of anti-K antibodies in comparison to other type of
RBC alloantibodies for which no preventive matching is
required. Variables were: the RBC antibody screen in
pregnancy was performed as part of the population

screening program, the presence of anti-K and the year of
its detection, the year of first detection of anti-K (study
group) or the presence of another type of RBC alloanti-
body for which no preventive policies are in place: anti-
Fya, Fyb, Jka, Jkb, S, or s (reference group) and the
moment of detection of these antibodies. Pregnancies
from women with both anti-K and an antibody in the ref-
erence group were counted in both groups. Pregnancies
with other antibodies were not included because it either
concerned antibodies for which other preventive mea-
sures were in place (anti-D immunoglobulin prophylaxis
and a matched transfusion policy for c and E since 2011),
there was no routine detection (eg, anti-Wra), or confir-
mation tests were negative.

2.4 | Occurrence of anti-K in
pregnancies with a risk for a K-positive
fetus

Pregnancies with anti-K were studied separately using the
combined data from both reference laboratories to deter-
mine the nation-wide reduction in pregnancies from
women that were at risk for anti-K-mediated HDFN,
hence with a K-positive father, and with anti-K detected
for the first time. Pregnancies at risk for HDFN were
defined as pregnancies with a K-positive typing result of
the father or the fetus. We anticipated that not all K-typing
results of fathers would be available in the registration at
the reference laboratories, for example, because early mis-
carriage shortly after the first trimester antibody screen or
because K negativity of the father as determined locally
did not require further laboratory investigation. Since K-
typing of the father was only missing in 6% of cases, the
analysis was not adjusted for these missing data.

2.5 | Assessment of the cause of K
alloimmunization

To evaluate the cause of anti-K formation we asked
women with anti-K identified between January 1, 2013
and December 31, 2015 to participate in a structured tele-
phone interview. Upon receipt of informed consent, the
women were asked for previous transfusions and preg-
nancies including miscarriages, and whether previous
pregnancies concerned the same fathers. Subsequently,
transfusion data were collected from the treating hospi-
tals and K-type of the involved donors was obtained from
the Sanquin's blood bank management system eProgesa
(MAK-system, Paris, France). When women had a previ-
ous transfusion as well as a previous possible K-positive
pregnancy, the woman and her partner were asked for
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informed consent to perform K genotyping of previous
children using buccal swab DNA.

2.6 | Ethical approval

Pregnant women are informed about the tests and data reg-
istration of the population screening program by their
obstetric care giver and a standard information flyer. Our
observational cohort study was performed with
pseudonymized data, which is allowed without informed
consent according to the rules of the Dutch Medical Treat-
ment Contracts Act (WGBO). To analyze the cause of K
alloimmunization, obstetric care givers were informed and
asked to send study information to the women involved
with the question for consent. All studies were performed
according to the privacy rules and the WGBO and as
instructed by the Medical Research Ethics Committee
(MREC) of the Leiden University Medical Center.

2.7 | Presentation of the data and
analysis

The relative risk reduction (RRR) between the first and the
last 5-year period was calculated for the occurrence of anti-K
during pregnancy and the occurrence of first time K-
alloimmunized pregnant women at risk for HDFN. To calcu-
late the change in occurrence of the reference group of RBC
alloantibodies the second 5-year period with the highest rate
of occurrence was compared with the last 5-year period. The
grouping in 5-year periods reduced variation in the first years
after implementation of the screening program and before
the K-matched blood transfusion policy was advised in the
transfusion guideline in 2004, and thereby prevented an over-
estimation of the reduction of anti-K immunized pregnancies
over time. Moreover, grouping also reduced variation
because of the low occurrence of first time K-alloimmunized
pregnant women at risk for HDFN.

3 | RESULTS

To evaluate the effectiveness of a K-matched transfusion
policy for women under 45 years of age which was publi-
shed in the Dutch blood transfusion guideline in 2004, we
first determined its rate of implementation. Information on
the year of actual implementation of the K-matched trans-
fusion strategy was obtained from 65 (77%) of 85 hospitals,
representing 85% of the national blood use. This measure
was implemented in 31 hospitals before 2004, in 15 hospitals
in 2004, and in 19 hospitals between 2004 and 2011. This
represented 48%, 28%, and 24% of blood use respectively

when considering the responding hospitals as being repre-
sentative for the Netherlands. The year of implementation
of the K-matched transfusion strategy as function of
national blood use is shown in Figure S1.

From 1999 to 2018, from approximately 3.4 million
screened pregnancies 36 286 antibody identifications were
performed at Sanquin Diagnostic Services after a positive
antibody screening result at one of the local laboratories
(Table 1). Anti-K was detected in 1550 pregnancies and any
(or a combination) of the reference group antibodies: anti-
Fya, Fyb, Jka, Jkb, S, or s in 1834 pregnancies. In 76 pregnan-
cies (4.9% of anti-K affected pregnancies) both anti-K as
well as reference group antibodies were detected, and these
were included in both groups. Anti-K was registered for the
first time during pregnancy in 1080 out of the 1550
pregnancies.

3.1 | Occurrence of anti-K and other
RBC antibodies

Figure 1 shows the decline in occurrence of anti-K allo-
antibodies over time and later start of this decline for the
reference group of other type of RBC alloantibodies. The
occurrence of anti-K in pregnancy was in the same range
in the period 1998-2003 (Figure S2). The occurrence of
anti-K in pregnancy decreased from 67.9 per 100 000
pregnancies in 1999-2003 to 20.2 per 100 000 pregnancies
in 2014-2018 (Relative Risk Reduction = 0.70). Figure 1
shows that the reduction in anti-K was both earlier and
much more profound compared to the change in occur-
rence of the set of reference RBC antibodies in preg-
nancy, which decreased from 64.0 per 100 000 in the
5-year period with the highest occurrence (2004-2008) to
46.9 per 100 000 in 2014-2018 (RRR = 0.27) (Figure 1).
The decreased occurrence of reference group antibodies
indicates that also other effects than antigen-matching of
transfusions influenced the decline in the occurrence of

TABLE 1 Inclusion of pregnancies with anti-K or other type of

RBC alloantibodies

Antibody identifications 1999-2018 n = 36 286

Study group: Pregnancies with anti-K* n = 1550

First registered anti-K n = 1080

Anti-K known from previous pregnancy or
testing

n = 470

Reference group: Pregnancies with anti-Fya, Fyb,
Jka, Jkb, S, or s*

n = 1834

Pregnancies with other antibodies n = 32.978

*In 76 pregnancies (4.9% of anti-K affected pregnancies) there was anti-K as

well as an antibody from the reference group present.
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RBC antibodies. The occurrence of the separate antibody
specificities is shown in Table S1.

3.2 | Occurrence of pregnancies at risk
for anti-K-mediated HDFN

With the combined data from the two references labora-
tories (Table S2) we studied whether the K-matched

transfusion policy also reduced the number of pregnan-
cies from women with a pregnancy at risk for anti-K-
mediated HDFN for the first time. In these pregnancies,
anti-K may have been developed due to the contact with
fetal cells in a previous pregnancy. In 264 of the 1218
(22%) pregnancies with first-time registered anti-K, the
father or fetus were K-positive. The father was typed K-
negative in 875 of these cases (72%) and in 79 (6%) the K-
type of the father nor the fetus was known. Figure 2
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shows the occurrence of first time registered anti-K over
time. As expected, we observed a more profound reduc-
tion in number of pregnancies with K-negative fathers
compared to the group with K-positive fathers, because
of the risk of alloimmunization by the foregoing
pregnancy.

The occurrence of first time registered anti-K in preg-
nancies at risk for anti-K-mediated HDFN decreased
from 9.7 per 100 000 pregnancies in 1999-2003 to 4.2 per
100 000 pregnancies in 2014-2018 (RRR = 0.56) (Fig-
ure 2). The occurrence of pregnancies with a K-negative
father decreased from 47.1 per 100 000 pregnancies in
1999-2003 to 6.1 per 100 000 pregnancies in 2014-2018
(RRR = 0.87). Figure S3 shows the occurrence of first
time registered anti-K cases per year.

3.3 | Cause of K alloimmunization in
pregnancy

We estimated the cause of alloimmunization of women
found to have anti-K in the years 2013 to 2015 to evaluate
the cause of K immunization 10 years after the national
policy change. First time registered anti-K was present in

59 pregnancies (Figure 3). Informed consent was given
by 22 (37%) women while the others did not respond
and may not have been reached. The paternal K-type
was positive in nine of these 22 pregnancies. Eight of
these women (36%) became immunized by a previous
K-positive pregnancy: seven women were never trans-
fused before and one was transfused with K-negative
blood products only. Eleven women (50%) were most
likely immunized by a K-positive blood unit. Ten
women with K-negative partners received a transfusion
and three of them became immunized by a docu-
mented K-positive product years after the K-matched
transfusion policy change (in 2010, 2011, and 2013,
respectively). One woman with a K-positive partner
became immunized by a K-positive transfusion in 2008
and this resulted in HDFN in their first K-positive
pregnancy. Partners of the remaining three non-
transfused women were K-negative, and therefore the
cause of immunization could not be determined. In the
group of nine women with a K-positive partner and a
previous pregnancy, only two (22%) had had an RBC
transfusion previously, which points to a previous
pregnancy as the main cause of K alloimmunization in
this group.

FIGURE 3 Most likely cause of K immunization of patients with first registered anti-K in 2013-2015

6 LUKEN ET AL.



4 | DISCUSSION

In this study a reduction in the risk for anti-K-mediated
HDFN was seen after the introduction of K-matched
transfusion for female patients of childbearing potential.
We observed a decline from 67.9 to 20.2 women with
anti-K per 100 000 pregnancies. A decrease in occurrence
of anti-K in pregnant women who are for the first time at
risk for anti-K-mediated HDFN was observed from 9.7 to
4.2 per 100 000 pregnancies.

A strength of the study is the large size of the cohort
with unselected entry of pregnant women in the study
after a routine screening as part of the national screening
program.19 Another strength is that possible effect modi-
fiers, such as a more restricted transfusion policy and
number of pregnancies, were considered. Also the num-
ber of first pregnancies and the number of pregnancies
per women remained relatively stable over time
(Figure S4). We expect these factors not to be of major
influence on the occurrence of alloimmunization.

It is possible that the K-matched transfusion strategy
also had an effect on alloimmunization against other red
blood cell antigens, as described previously for anti-D for-
mation in D-incompatible transfusions.24 Therefore a
decrease in reference antibodies might be partly
explained by this phenomenon.

Previous studies were not conclusive about the effec-
tiveness of a K-matched transfusion strategy in reducing
occurrence of HDFN. O'Brien et al.8 reported a single
center study and observed a decline in anti-K, and stud-
ied the effect of K-matched transfusions on the occur-
rence of HDFN in a small cohort during 3 years after
implementation, which was found to be too limited. Our
study contains sufficient high numbers and a 20-year
period of time to clearly demonstrate the decline of K
alloimmunization both in the general pregnant popula-
tion and in those with a risk to develop anti-K-mediated
HDFN. The AMIGO study10 reported the cause of immu-
nization (ie, transfusion or previous pregnancy) of an
international cohort including 78 pregnancies with
anti-K and a K-positive child. Seventeen women (22%)
had a transfusion in their medical history. This is much
lower compared to the rate of transfusions in a general
population with anti-K and this corresponds with our
observations. In 2009 Koelewijn et al. reported that 46% of
women with anti-K and a K-positive partner had a history
of transfusion.5 In our study we demonstrated a gradual
increase of the effect of a matched transfusion on the rare
occasion of HDFN due to anti-K alloimmunization. In line
with the AMIGO study, in our 2013-2015 subcohort, in the
group with a K-positive partner, a previous pregnancy is a
much higher risk for K alloimmunization than a previous
transfusion event, but still for one woman, K

alloimmunization was transfusion induced. Also, a French
study concluded that preventive K matching is effective in
reducing K alloimmunization.18,25 This study involved post
transfusion patients and did not provide data about the
pregnant population.

In the Netherlands with approximately 172 000 pregnan-
cies yearly the prevalence of severe anti-K-mediated HDFN
decreased to approximately 2-3 cases per year.3 It is important
to realize that our study shows that a K-matched transfusion
policy not only results in fewer HDFN cases but also in an
overall decline in anti-K cases detected during pregnancy. This
means less laboratory costs of antibody identification during
pregnancy, no delay in issuing blood in emergency situations
around birth, no necessity to make a risk estimate on HDFN
by typing fathers or prenatal K-typing, and less concern for
pregnant women and their partners.

A limitation of the study is that the effect of a K-
matched transfusion policy might be underestimated,
because already before the introduction of K-matching
the occurrence of anti-K in pregnancy was relatively low
with 67.9 per 100 000 pregnancies compared to published
numbers of 100 per 100 000 pregnancies in Canada.6 This
may be explained by the early introduction of K-
matching in many Dutch centers before 1999. Another
limitation is that we only had information on possible
events leading to K immunization (eg, transfusion or pre-
vious pregnancy) in a subcohort. Therefore, we do not
know if the minimum in anti-K-mediated burden in our
pregnant population has been reached. As our study indi-
cates, women with anti-K, who are pregnant nowadays,
could still have been immunized by a transfusion before
preventive K-matching was introduced or upon a recent
transfusion. This demonstrates that compliance to the K-
matched transfusion policy is not yet complete. In emer-
gency situations regularly occurring around delivery, it is
common practice to pre-select a set of group O, RhD-
negative units, and not yet group O, RhD and K-negative
units.

5 | CONCLUSIONS

We conclude that a K-matched transfusion policy for
women of childbearing potential is associated with a sig-
nificant reduction in occurrence of anti-K during preg-
nancy and also halves the risk of anti-K-mediated HDFN.
Although our data indicates that it will take a long period
time before a K-matched transfusion policy has
completely abolished transfusion-induced anti-K in preg-
nant women, we now showed that it does contribute to a
reduction of the risk for anti-K-mediated HDFN and thus
lowers the number of severely ill babies. Since K-
preventive matching can easily be achieved if the donor's
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K-type is label printed, we strongly advocate to select K-
negative blood products for all female transfusion recipi-
ents of reproductive age or younger.
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SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.
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