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I N TRODUC TION

Maternal antibodies against foetal red blood cell (RBC) anti-
gens can lead to severe haemolytic disease of the foetus and 
newborn (HDFN). HDFN can occur early in gestation with 
signs of anaemia and hydrops, requiring intrauterine trans-
fusions. Perinatal, immune-mediated RBC destruction may 
lead to hyperbilirubinaemia, requiring intensive photother-
apy, exchange transfusions and/or transfusion dependency 
in the first 3 months of life. To timely detect pregnancies at 
risk for HDFN, women are screened for RBC alloantibodies 
early in pregnancy. With respect to HDFN disease severity, 
after anti-D and anti-K, the Rh-subtype specific anti-c and 
anti-E are most relevant in Western pregnant populations.1

Women can become alloimmunized due to exposure to 
RBCs via pregnancy, transfusion or in rare cases after trans-
plantation. Additionally, anti-E alloantibodies can occur 
without previous RBC exposure, as so-called ‘naturally 
occurring’.2 We previously reported that among pregnant 

women with anti-c, -E and -K, respectively, 49%, 37% and 
83%, had prior ABO-D-matched blood transfusions, which 
may have induced alloimmunization.3

Internationally, next to matching for D, matching for K and 
other Rh antigens (C, c, E and/or e) is often applied to prevent 
HDFN4,5 and ‘cEK-matching’ was strongly advocated in the 
Netherlands since the late nineties. Selection of K-negative 
units for women under 45 years of age was introduced in the 
Dutch guidelines in 2004 and was extended with preventive c- 
and E-matching in 2011.5 K-matching led to 70% reduction in 
anti-K in pregnancy and 56% decrease in the number of preg-
nancies at risk for anti-K-mediated HDFN.6 We anticipated 
that the effect of matching for c and E would be lower, due to 
a lower alloimmunization risk and antigen distribution. In the 
Dutch pregnant population, K-negativity is common (90%), 
whereas c-negativity is less common—roughly 20%,7 and al-
most all these women will be also E negative due to the RHCe 
haplotype. The rate of E-negativity is high with 73% and anti-E 
in these women may be ‘naturally occurring’.8
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Summary
Extension with cE-matching of the transfusion policy for women under 45 years to 
prevent alloimmunization and hemolytic disease of the foetus and newborn (HDFN) 
was evaluated. After implementation of cEK-matching, anti-c occurrence decreased 
from 46.8 to 30.4 per 100 000 pregnancies (RR 0.65, 95% CI 0.54–0.79), while anti-
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CI 0.66–0.84). The c-negative women showed a higher anti-E occurrence before 
cEK-matching and a more pronounced decline with the new policy. This indicates 
that cEK-matched transfusion effectively reduces alloimmunization, and that a cK-
matched approach could prevent most transfusion-related alloimmunization and 
HDFN.
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In this observational cohort study, we assessed the ef-
fectiveness of the c- and E-matched transfusion strategy for 
women under 45 years in preventing alloimmunization in 
pregnancy.

M ETHODS

Study design and setting

Laboratory data were used from a national screening pro-
gramme among pregnant women who has an uptake of 99%. 
Women are screened for both infectious diseases and RBC 
alloantibodies before 13 weeks of gestation. Data on RBC 
alloimmunization were derived from the laboratory infor-
mation systems of the two reference laboratories, which per-
form antibody testing when the locally performed screening 
for alloantibodies yields a positive result.

Implementation of the matched 
transfusion policy

Selection of cE-matched RBC products for female transfu-
sion recipients under 45 years of age is prescribed by the 
national transfusion guideline from 2011, but some centres 
implemented this earlier because the donor's Rh and K phe-
notype was displayed on all products since 1999. We assessed 
the proportion of cE-matched transfusions over time using 
data from an inquiry among all Dutch hospitals and regular 
hospital RBC usage data.

Data selection

Similar to our previous study,6 all pregnancies with anti-c 
and/or anti-E detected in the first trimester of pregnancy 
between 1 January 2002 and 31 December 2022 were se-
lected. Variables were the year of detection of the antibody, 
the pregnant women's Rh phenotype as well as the fathers' 
antigen typing for the implicated antigen. Pregnancies with 
a c- or E-positive father were considered to be at risk for the 
development of HDFN. Data on foetal antigen typing and 
pregnancy outcomes were not available. The occurrence of 
anti-c and anti-E was compared to that of other RBC alloan-
tibodies to account for effect modifiers, such as a stricter 
transfusion policy. Pregnancies with antibodies anti-Fya, 
Fyb, Jka, Jkb, S or s (named ‘reference antibodies’) were se-
lected from Sanquin Diagnostic Services' laboratory infor-
mation system. Details of the data selection and technical 
aspects are described in the Supplemental Materials.

Prevalence of Rh phenotypes

An overview of the risks of antigen exposure by transfu-
sion or pregnancy in the Dutch population is provided in 

Tables  S1 and S2. To estimate the occurrence of naturally 
occurring anti-E, D-negative women with anti-E were stud-
ied. In the absence of an E-matched transfusion strategy, D-
negative women will hardly be immunized by transfusion 
since 97% of D-negative donor blood in the Netherlands 
is negative for E. We assumed therefore that the anti-E in 
women with E-negative partners was ‘naturally occurring’.

Presentation of data and data analysis

The numbers of antibodies are expressed as occurrences 
per 100 000 pregnancies. Therefore, yearly numbers of preg-
nancies were determined from birth rates obtained from 
Statistics Netherlands, which were adjusted for 3.8% mis-
carriages after the first-trimester antibody screen.7 In our 
analysis of anti-E and the women's Rh phenotypes, the oc-
currence of anti-E was expressed per 100 000 women with 
the indicated phenotype. The relative risks (RR) and 95% 
confidence intervals (CI) were calculated between the situ-
ation at baseline before (2002–2004) and after implemen-
tation of cE-matching (2020–2022) using data from 3-year 
periods to reduce variation.

R E SU LTS

Implementation of matching for c and E 
antigens

Data on the year of actual implementation of the cE-matched 
transfusion strategy were obtained from 47 (55%) of 85 hos-
pitals, representing 68% of the national RBC use. According 
to the data shown in Figure  S1, 56% of units were already 
cE-matched before the prescription in the transfusion guide-
line in 2011, and 15% in 2002 before the baseline period of 
2002–2004.

Occurrence of anti-E, anti-c and reference 
alloantibodies in pregnancy over time

From 2002 to 2022, approximately four million pregnan-
cies were screened. Anti-c was detected in 1428 pregnancies, 
anti-E in 3662 pregnancies, and both anti-c and anti-E an-
tibodies in 456 pregnancies. Any (or a combination) of the 
reference antibodies (anti-Fya, Fyb, Jka, Jkb, S or s) was found 
in 1938 pregnancies.

Figure 1 shows the declining rates of anti-c, anti-E and 
reference antibodies and the relative risk (RR) for the pres-
ence of these antibodies after full implementation of the cE-
matched transfusion strategy (2020–2022) compared to the 
period before cE-matching (2002–2004). Along with anti-c 
and anti-E, the occurrence of reference antibodies also de-
creased over time (from 62.8 to 50.1 per 100 000 pregnancies 
(RR 0.81, 95% CI 0.69–0.95)), indicating the presence of an 
effect modifier.
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Occurrence of anti-c and risk for HDFN

The occurrence of anti-c was 46.8 per 100 000 pregnancies in 
2002–2004 and decreased to 30.4 per 100 000 pregnancies in 
2020–2022 (RR 0.65, 95% CI 0.54–0.79; Figure 1A,B).

The c phenotype of the fathers (n = 1267) was homozy-
gous c positive: n = 678, heterozygous c positive: n = 524 
and c negative: n = 22 665 registered and 161 assumed to 
be c negative (see also Supplemental Materials). The oc-
currence of pregnancies with a c-positive biological father 
and thus a risk to develop HDFN decreased from 38.1 
per 100 000 pregnancies in 2002–2004 to 27.8 per 100 000 
pregnancies in 2020–2022 (RR 0.73, 95% CI 0.59–0.89; 
Figure 1C). Figure S2 shows the yearly occurrence of an-
ti-c over time per antigen type of fathers. The decrease in 
anti-c was highest in pregnancies with a c-negative father 
(RR 0.31, 95% CI 0.17–0.54), indicating a decrease attrib-
utable to c-matching.

Occurrence of anti-E and risk for HDFN

The occurrence of anti-E decreased from 122.1 per 100 000 
pregnancies in 2002–2004 to 89.9 per 100 000 pregnancies in 
2020–2022 (RR 0.74, 95% CI 0.66–0.84; Figure  1A,B). The E 
phenotype of the fathers (n = 3662) was homozygous E posi-
tive: n = 261, heterozygous E positive: n = 1623 and E negative: 
n = 1778 (1353 registered and 425 assumed to be E negative). 
The pregnancies with a risk for HDFN decreased from 60.1 per 
100 000 pregnancies in 2002–2004 to 55.2 per 100 000 pregnan-
cies in 2020–2022 (RR 0.92, 95% CI 0.79–1.09; Figure 1D). The 

yearly occurrence of anti-E over time per antigen type of fathers 
is depicted in Figure S3. The decrease of anti-E was highest for 
the pregnancies with an E-negative father (RR 0.57, 95% CI 
0.47–0.69).

‘Naturally occurring’ anti-E

We calculated that ‘naturally occurring anti-E’ was present in 
on average 45.9 per 100 000 D-negative pregnancies (dashed 
area in Figure  2A, calculation in Supplemental Materials). 
When a stable number of 45.9 naturally occurring anti-
E/100 000 pregnancies is presumed in any given E-negative 
population, and the occurrence of anti-E is adjusted by this 
number, this would reflect a slightly higher reduction of 76.2 
per 100 000 pregnancies in 2002–2004 to 44.0 per 100 000 
pregnancies in 2020–2022 of anti-E caused by previous ex-
posure to the E antigen (RR 0.56, 95% CI 0.48–0.67).

Anti-E and Rh phenotype of pregnant women

Since previous reports indicated an overrepresentation of 
women with the CCDee phenotype among women with anti-
E,8,9 we studied the occurrence of anti-E for women with dif-
ferent Rh phenotypes, expressed per 100 000 pregnancies of 
women with that specific Rh phenotype (Figure 2A,B). As 
presumed, the occurrence of anti-E in D-negative women 
is lowest and did not significantly change (RR 0.96, 95% CI 
0.68–1.37). When comparing D-positive phenotypes, the oc-
currence of anti-E was remarkably higher in the women with 

F I G U R E  1   Occurrence (A) and Relative Risk (RR) (B–D) on c-, E- and reference antibodies in 2020–2022 compared to 2002–2004.
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Rh phenotype CCDee and the decrease in anti-E was more 
pronounced in this population. The occurrence of anti-E de-
creased from 244.2 in 2002–2004 to 149.2 in 2020–2022 (RR 
0.61, 95% CI 0.50–0.74) per 100 000 pregnancies of women 
with Rh phenotype CCDee and from 130.3 to 107.3 (RR 
0.82, 95% CI 0.69–0.98) per 100 000 pregnancies of women 
with other D-positive phenotypes. We did not observe this 
correlation of Rh phenotypes and alloimmunization rate 
for anti-K (Figure S4). In line with this, for women with the 
CCDee phenotype the decrease of the combination of anti-
E and anti-c was more than that of anti-E or anti-c alone 
(Figure 2C). The yearly occurrence over time of anti-c, anti-E 
and combinations of both antibodies is shown in Figure S5. 
The occurrence of pregnancies with anti-E and a risk to de-
velop HDFN decreased from 125.1 to 98.0 per 100 000 preg-
nancies of women with the CCDee phenotype (RR of 0.78, 
95% CI 0.61–1.00).

DISCUSSION

This observational cohort study reveals a decrease in c- and 
E-alloimmunization during pregnancy following the intro-
duction of a c- and E-matched transfusion protocol for female 
recipients under 45 years of age. After 10 years of preventive 
cE-matching, anti-c showed a low occurrence of 30.4 per 
100 000 pregnant women and an RR of 0.65 (95% CI 0.54–
0.79). The occurrence of anti-E remained higher at 89.9 per 
100 000 pregnancies, but by subtracting an estimated amount 
of ‘naturally occurring anti-E’ the frequency was assessed 

as 44.0 per 100 000 pregnancies and an RR of 0.56 (95% CI 
0.48–0.67).

We observed a more pronounced decline in anti-c and 
anti-E in women with pregnancies with antigen-negative 
fathers, underscoring that the decrease attributable to 
cE-matching. But while RBC alloantibody frequencies re-
duce by preventive matching,6,10 a beneficial effect on the 
prevention of HDFN is often questioned.11,12 However, we 
also observed a decrease in alloimmunization rate in c-
negative women with c- and/or E-positive partners, and 
thus a risk on HDFN: for anti-c an RR of 0.73 (95% CI 
0.59–0.89) and for anti-E an RR of 0.78 (95% CI 0.61–1.00) 
was observed, without taking naturally occurring anti-E 
into account.

In line with older literature,2,9 we observed a higher occur-
rence of anti-E before preventive matching in women with a 
c-negative phenotype (CCDee), and a remarkably more pro-
nounced decline of anti-E after matching. This group showed, 
without adjustment for naturally occurring anti-E, an RR of 
0.61 (95% CI 0.50–0.74). Apparently, c-negative women have 
a higher risk for activation of their immune system to pro-
duce anti-E. We postulate that immune-induced formation 
of anti-E by women with the CCDee phenotype will mostly 
result from exposure to RBCs expressing cE-type polypep-
tides, since the CE type is rare.8 Hence, c-matching results in 
simultaneous matching for E. In mice, several studies have 
shown that CD4+ Th cells providing help to B cells for RBC 
alloantibody formation do not have to respond to a peptide 
derived from the same antigen as the B-cell receptor is rec-
ognizing.13,14 In women-typed CCDee, if a D-positive blood 

F I G U R E  2   Occurrence (A) and relative risk (B) on anti-E per indicated women's Rh phenotype and antibody combinations (C).

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
0

50

100

150

200

250

300

year

an
�b

od
ie

s/
10

0
00

0
pr

eg
na

nc
ie

s
of

w
om

en
w

ith
th

e
in

di
ca

te
d

Rh
ph

en
ot

yp
e

CCDee

ccdee

es�ma�on of naturally
occurring an�-E

CcDee and ccDee

an
ti-E

(to
tal

)
CCDee

CcD
ee and ccD

ee
ccd

ee

an
ti-E

only

an
ti-c

only

an
ti-E

an
d an�-c

0.0

0.5

1.0

1.5

2.0

Re
la

�v
e

Ri
sk

(R
R)

c-nega�ve women (CCDee)

(A) (B) (C)

 13652141, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bjh.19740 by L

eiden U
niversity L

ibraries, W
iley O

nline L
ibrary on [09/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  5LUKEN et al.

transfusion is not matched for c, or if a D-positive pregnancy 
is c-incompatible, there will be exposure to both a c antigen 
and an E antigen on the same Rh polypeptide. It is conceiv-
able that this leads to Rhc-peptide responsive Th cells also 
providing help to B cells recognizing the RhcE polypeptide 
and producing anti-E.

In this study, reference antibodies were used to account 
for other changes over time. Data in older literature, as 
well as work in mouse models, highlight that alloimmu-
nization against certain RBC targets may provide help in 
the immune response to other RBC targets.13–15 Hence, K-
matching, cE-matching and a more restrictive transfusion 
policy possibly all contributed to the observed reduction in 
alloimmunization in pregnant women. This may even af-
fect the production of alloantibodies for which no matching 
strategy is in place. Therefore, the comparison with refer-
ence antibodies may lead to underestimating the effect of 
preventive cE-matching.

A strength of this study is the long study period of 
21 years, covering over 99% of Dutch pregnancies, includ-
ing four million pregnancies within a situation of a central-
ized transfusion policy. In this period, the number of first 
pregnancies and average number of pregnancies per woman 
remained relatively constant.6 A limitation is that by 2011, 
56% of blood usage was already cE-matched, potentially re-
sulting in an underestimation of the effect of cE-matching. 
Additionally, we made predictions to estimate the frequency 
of Rh phenotypes among Dutch pregnant women, which 
may have introduced a minor degree of inaccuracy.

In conclusion, we demonstrate that a reduction in the occur-
rence of anti-c and anti-E is achieved by a cE-matched transfu-
sion policy. Notably, the decrease in anti-E was more prominent 
among women with a c- and E-negative phenotype, whereas we 
could not clearly demonstrate the effectiveness of E-matched 
transfusion for c-positive women. Therefore, a change of the 
current cEK-matched transfusion strategy to a cK-matched 
approach could be considered to balance efforts for matched 
transfusion with optimal prevention of severe HDFN.
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