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Abstract

OBJECTIVE(S): to evaluate the severity of HDFN in subsequent pregnancies with RhD immunization and to identify predictive

factors for severe disease. DESIGN: prospective cohort. SETTING: the Netherlands. POPULATION: nationwide selection

of all pregnant women with RhD antibodies. METHODS: women with two subsequent RhD immunized pregnancies with

RhD-positive children after antibodies were detected were included. MAIN OUTCOME MEASURE: the severity of HDFN in

the first and subsequent pregnancy at risk. RESULTS: 62 RhD immunized women with a total of 150 RhD-positive children

were included. The severity of HDFN increased significantly in the subsequent pregnancy (P<.001), although it remained

equal or even decreased in 44% of women. When antibodies were already detected at first trimester screening in the first

immunized pregnancy, severe HDFN in the next pregnancy was uncommon (22%), especially when no therapy or only non-

intensive phototherapy was indicated during the first pregnancy (6%), or if the ADCC result remained <10%. Contrarily,

women with antibodies detected during the first pregnancy of a RhD positive child (>= 27th week), most often before they had

ever received RhIg prophylaxis, were most prone for severe disease in a subsequent pregnancy (48%). CONCLUSION(S): RhD-

mediated HDFN in a subsequent pregnancy is generally more severe than in the first pregnancy at risk and can be estimated

using moment of antibody detection and severity in the first immunized pregnancy. Women developing antibodies in their first

pregnancy of a RhD-positive child are at highest risk of severe disease in the next pregnancy.
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ABSTRACT

OBJECTIVE(S): to evaluate the severity of HDFN in subsequent pregnancies with RhD immunization
and to identify predictive factors for severe disease.

DESIGN: prospective cohort.

SETTING: the Netherlands.

POPULATION: nationwide selection of all pregnant women with RhD antibodies.

METHODS: women with two subsequent RhD immunized pregnancies with RhD-positive children after
antibodies were detected were included.

MAIN OUTCOME MEASURE: the severity of HDFN in the first and subsequent pregnancy at risk.

RESULTS: 62 RhD immunized women with a total of 150 RhD-positive children were included. The
severity of HDFN increased significantly in the subsequent pregnancy (P <.001), although it remained equal
or even decreased in 44% of women. When antibodies were already detected at first trimester screening
in the first immunized pregnancy, severe HDFN in the next pregnancy was uncommon (22%), especially
when no therapy or only non-intensive phototherapy was indicated during the first pregnancy (6%), or if the
ADCC result remained <10%. Contrarily, women with antibodies detected during the first pregnancy of a
RhD positive child (>= 27th week), most often before they had ever received RhIg prophylaxis, were most
prone for severe disease in a subsequent pregnancy (48%).

CONCLUSION(S): RhD-mediated HDFN in a subsequent pregnancy is generally more severe than in the
first pregnancy at risk and can be estimated using moment of antibody detection and severity in the first
immunized pregnancy. Women developing antibodies in their first pregnancy of a RhD-positive child are at
highest risk of severe disease in the next pregnancy.

FUNDING: grant from Sanquin Blood Supply (L2181).
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. KEYWORDS: Alloimmunization in pregnancy, Foetal anaemia, Foetal hydrops, Haemolytic disease of the
foetus and newborn, Intra-uterine transfusion, Natural course of disease, Pregnancy complications, Red cell
immunization in pregnancy.

TWEETABLE ABSTRACT

The moment of RhD antibody detection and previous HDFN severity help to predict HDFN severity in a
next pregnancy.

INTRODUCTION

Haemolytic disease of the foetus and newborn (HDFN) is a serious, and nowadays rare condition, caused by
maternal alloantibodies against foetal red cells. The subsequent haemolysis may result in neonatal anaemia
and hyperbilirubinemia, evoking the need for phototherapy, red cell transfusions or exchange transfusions.
In severe cases, anaemia occurs prenatally and intervention with intrauterine transfusion(s) (IUT) is needed.
Although the introduction of RhIg-prophylaxis has greatly reduced the RhD immunization-rate, it still has
remained the major cause of severe HDFN cases.1

As blood transfusions are nowadays always ABO- and RhD-matched, RhD alloimmunization is mostly the
result of maternal exposure to foetal red cell antigens, inherited from the father.2 The risk of alloimmunization
depends on the duration and amount of foetomaternal haemorrhage, characteristics of the maternal immune
system and of the red blood cell antigens.3

A generally accepted idea is that the severity of HDFN increases in every subsequent pregnancy, as a rise
in the amount of stillbirths in every following pregnancy affected with HDFN was already reported in 1957,
before the introduction of RhIg.4, 5 As the administration of RhIg is thought to have a long lasting suppressive
effect on the strength of the immune response,6, 7this generally accepted idea cannot simply be applied to
the current setting.

The aim of this study is to assess the severity of HDFN in consecutive pregnancies with RhD immunization
and RhD-positive foetuses, in the presence of routine antenatal and postnatal RhIg prophylaxis, in order
to properly counsel and manage women after a first RhD immunized pregnancy. Furthermore, we evalu-
ated which factors from the first immunized pregnancy are associated with severe disease in a subsequent
pregnancy at risk.

METHODS

Setting

To prevent RhD immunization induced by pregnancy, RhD-negative mothers carrying RhD-positive foe-
tuses receive both antenatal (around 30 weeks gestation) and postnatal anti-D prophylaxis (RhIg) in the
Netherlands.

All pregnant women are screened for the presence of allo-antibodies in the first trimester of pregnancy.
Furthermore, RhD-negative and c-negative women are additionally screened in week 27. The coverage of this
screening program is almost 100%.8 All maternal blood samples with a positive screening result, identified at
routine screening or at any other moment in pregnancy, are sent to one of the two national referral laboratories
(Sanquin Diagnostic services and Special Institute for Blood group Investigations (BIBO)). Here, the clinical
relevance of the antibody is evaluated by, amongst others, assessing whether the foetus is antigen-positive,
with serological typing of the father as the first step in most of the pregnancies in this study. If the foetus
is RhD-positive, the risk on foetal haemolysis is assessed by serially determining the antibody titer and
antibody-dependent cell-mediated cytotoxicity (ADCC, performed only at Sanquin Diagnostic Services), a
monocyte based assessment of the destructive capacity of the antibodies.9, 10

Study design and population

This study was part of the OPZI 2.0 study, a nationwide cohort study on RhD immunization in pregnancy.
All pregnant women with a positive screening for RhD antibodies at any moment in pregnancy, identified
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. at Sanquin Diagnostic Services during our study period, were eligible for inclusion. Positive screenings as
a result of a RhIg administration were not included. Women were identified from two time periods (for
practical reasons): from July 1, 2014 to March 31, 2015 and from August 1, 2015 to February 28, 2017.
Women were excluded if the mother additionally had another antibody with a titer higher than that of RhD
(and an antigen-positive child).

The local care provider of eligible pregnant women was contacted in order to obtain patient’s informed
consent. Subsequently, clinical data were collected from the care provider in a detailed questionnaire. If
outcome data were incomplete, the researchers made at least three attempts to contact care providers or
study participants directly to complete the questionnaire. Missing data on receiving RhIg in a previous
pregnancy was obtained from the Department for Vaccine Supply and Prevention Programs (RIVM-DVP).

To test the hypothesis that HDFN is more severe in the subsequent pregnancy with RhD immunization than
in the first immunized pregnancy, we selected all women with at least two pregnancies with RhD antibodies
and RhD-positive foetuses from the OPZI 2.0 cohort. In order to assess the risk of selection and non-response
bias, characteristics of included and non-included cases were compared (supplemental text).

Sample size calculation

Based on the literature6, 11 and an interim analysis of our data, we expected approximately 20% of cases
to be treated with IUT, exchange transfusion or ending in foetal or neonatal death in the first immunized
pregnancy, and 45% in the second pregnancy. With a significance of 0.05 and a power of 0.8, a total of 56
women with two immunized pregnancies of RhD-positive foetuses would be required.

Data collection and outcome definitions

Relevant clinical data from all previous non-immunized and immunized pregnancies were collected in the
OPZI 2.0 database. Furthermore, we obtained treatment details to assess the severity of HDFN of all
pregnancies with RhD antibodies and RhD-positive foetuses . From Sanquin Diagnostic Services,
laboratory data were retrieved (including antibody titers, ADCC results and the presence of additional
antibodies).

In the current study, ‘first immunized pregnancy ’ is defined as the first pregnancy with RhD antibodies
and a RhD-positive child. ‘Subsequent pregnancy’ is defined as the second pregnancy with RhD antibodies
and a RhD-positive child.

Our main outcome was disease severity, which was categorized as follows:

1. No HDFN: no antenatal or postnatal treatment
2. Mild HDFN: non-intensive phototherapy ([?]2 lamps), or only one day intensive phototherapy (>2

lamps), with or without a red blood cell transfusion during the first month after birth
3. Moderate HDFN: intensive phototherapy (>2 lamps) for more than one day or neonatal exchange

transfusion (in the Netherlands neonatal exchange transfusion has been gradually replaced by intensive
phototherapy)

4. Severe HDFN: intrauterine transfusion or HDFN-related death.

In case of missing data on disease severity, patients were assigned to a disease category based on the other,
non-missing disease parameters (laboratory results, phototherapy duration and intensity, etc.). In twin
pregnancy, disease severity was categorized according to the most severely affected child.

Ethical considerations

The medical ethics committee of the Leiden University Medical Center approved the protocol
(P15.101/NV/nv). Written informed consent was obtained from all mothers included in this study.

Funding
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. This research was supported by a grant from Sanquin Blood Supply (L2181). The design, conduct or
publication of the study was not influenced by this financial support.

Statistical analysis

All outcomes were analysed according to a predefined analysis strategy that was conducted in collaboration
with our clinical epidemiologist (JGB).

For our main outcome, sensitivity and subgroup analyses on the difference in severity of HDFN between
two subsequent pregnancies, a Wilcoxon Signed-Rank test was used. With this test, the number of positive
differences in severity (+1 to +3 disease categories), negative differences (-1 to -3) and ties are ranked.

Differences in severity of HDFN between two non-paired groups were analysed with a multinomial logistic
regression. In other, non-paired analyses, the Pearson’s Chi-square test or logistic regression (or Fisher’s exact
test if appropriate) was used for the comparison of proportions. Comparisons of non-parametric outcomes
were analysed with the Mann-Whitney U test. A sensitivity analysis was performed among patients in
whom all the information on disease outcome was available and disease severity was thus not imputed. As
the mechanism and thus severity of HDFN might be different if RhD antibodies are developed after giving
birth to a RhD-positive child and thus after receiving anti-D at least twice (group A), or in the first pregnancy
at risk for immunization (group B), a subgroup analysis was performed in these groups.

In order to identify factors possibly predicting severe HDFN (IUT or death) in a subsequent pregnancy
for counselling purposes, a prediction model was constructed including variables known or thought to be
associated with HDFN severity from the literature, the potential predictors. All potential predictors with a
P -value<.25 in univariate analysis were included in a multivariate logistic regression model. The prediction
model was further improved by applying manual backward selection, excluding the variable with the highestP
-value at every step. Eventually, all variables with aP -value<.1 remained in the final prediction model.

RESULTS

Selection and characteristics of study population

311 pregnant women with RhD immunization were found eligible for inclusion in the OPZI 2.0 study. Figure
1 shows how the study population for the present analysis on HDFN severity in subsequent pregnancies was
selected. In total, 62 women were included, with 155 pregnancies complicated by RhD antibodies and with
a RhD-positive child (38 women with two, 19 women with three, four women with four and one woman
with six pregnancies of RhD-positive children after her RhD antibodies were detected). Including two twins
makes a total of 157 RhD-positive children. Table 1 shows the characteristics of included women and their
children. To assess the risk of selection bias by selecting women with two or more subsequent pregnancies
only, disease severity in the first immunized pregnancy of patients with and without a subsequent pregnancy
was compared and showed a similar distribution (Table S1).

Severity of HDFN in the first immunized and the subsequent pregnancy

In this cohort of 157 RhD-positive children out of pregnancies complicated by RhD antibodies, no children
died as a result of HDFN. One foetal death occurred due to a cause other than HDFN (severe growth
restriction and placental infarction by pathological examination). As the severity of HDFN of this deceased
child cannot be categorized nor compared to the subsequent children (4 RhD-positive children since detection
of antibodies), it is not reported in outcome tables and figures.

In two twins, both in the first immunized pregnancy and all RhD-positive, all children showed mild disease.

Table 2 demonstrates that the severity of HDFN was significantly higher in the subsequent pregnancies,
compared to the first immunized pregnancy (P <.001). HDFN was more severe in the subsequent pregnancy
in 34/61 women (56%, maximum of three categories more), equally severe in 19/61 (31%) and less severe
in 8 women compared to the first immunized pregnancy (13%, maximum of one HDFN category less). For
two patients HDFN severity was missing an thus imputed, the sensitivity analysis without these patients

5
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. showed a similar result (P <.001). Figure 2A demonstrates the severity of HDFN in subsequent pregnancies
in relation to the severity in the first immunized pregnancy. HDFN severity in third and later pregnancies
is available in supplemental table S2 and the accompanying text.

Table S3 presents the raw data on indicators of HDFN and treatment details in first immunized pregnancies
and in subsequent pregnancy with a RhD-positive child. Most of these disease parameters indicated more
severe disease in the second immunized compared to the first immunized pregnancy (upon eyeballing).

Severity of HDFN according to the time of antibody detection

Figure 2B and C illustrate severity of HDFN in subsequent pregnancies in relation to the severity in the first
immunized pregnancy for the subgroups with RhD antibodies detected after giving birth to a RhD-positive
child (A), or during the first pregnancy at risk for immunization (B). The median HDFN severity was mild
in the first immunized pregnancy in both subgroups and did not differ significantly between group A and
B (P =.794). In both subgroups, disease severity increased significantly in the subsequent pregnancy as
compared to the first pregnancy (more severe in 14/27 (52%) women in group A, equal in 10 (37%) equal
and less severe in 3 (11%), P =.007, and 18/25 (72%) more severe, 4 (16%) equal and 3 (12%) less severe in
group B, P =.001). The change in HDFN severity in subsequent pregnancies did not differ between these
subgroups (both median +1 HDFN categories change, range -1 to +3), P =.053).

In group A, 6/27 (22%) of women experienced severe HDFN in the second pregnancy, as opposed to 12/25
(48%) of women that developed antibodies in the first pregnancy at risk (group B, OR 3.22, 95% CI 1.0-10.8,P
=.051).

Predicting severe disease in the second pregnancy with RhD antibodies

The association between severity in the first and the second pregnancy with RhD antibodies was assessed
in both subgroups. In group A, 5/11 (45%) women with moderate to severe disease in the first pregnancy
with RhD immunization developed severe disease in the second pregnancy as compared to 1/16 women with
previous no or mild disease (6%, OR 12.5, 95% CI 1.2-130.6, P =.027). In group B, this was 5/8 (63%) as
compared to 7/17 women with previous no or mild disease (41%, OR 2.4, 95% CI 0.4-13.4, P =.411).

Factors from the first immunized pregnancy possibly predicting severe disease in the subsequent pregnancy
with a RhD-positive foetus were assessed in a multivariate prediction model per subgroup (supplemental
Table S4). In group A, the highest ADCC result in the first immunized pregnancy remained as the only factor
associated with severe disease in the subsequent pregnancy. The predictive value of this test is summarized
in Table S5. The negative predictive value of an ADCC test result >10% appeared most useful: if the ADCC
test did not exceed 10% in the first pregnancy, 89% (95% CI 55-98%) of subsequent RhD-positive children
will not be treated with intrauterine transfusion(s).

In group B, no predictive factors were found in this multivariate analysis.

DISCUSSION

Main findings

In this unselected national cohort of 157 RhD-positive children of 62 women with RhD antibodies, HDFN
severity in the first pregnancy with anti-RhD antibodies with a RhD-positive child and subsequent pregnan-
cies at risk was evaluated. The severity of HDFN increased significantly in 56% of women. Women who
developed RhD antibodies in the first pregnancy at risk for immunization seemed more prone for severe
disease in the subsequent pregnancy.

Interpretation

In this study, severe HDFN occurred more often in subsequent (31%) compared to first immunized (3%)
pregnancies, in line with findings of others. For example, Tiblad et al. found 1.7% (5/288) severe HDFN in
first immunized pregnancies, according to our definitions, and 19% in the second pregnancy at risk.11 Similar
to our findings, mothers that were already immunized during their first ongoing pregnancy (before giving

6
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. birth to a RhD-positive child) received more treatment for HDFN, although not significantly. Other authors
observed 0% severe disease in first immunized pregnancies and 19% in ‘reactivation’ of RhD immunization.12

Our study is however the first study directly comparing the first and subsequent immunized pregnancy of
the same woman, which demonstrated that the severity of HDFN did not increase in 44% of the cohort.
This challenges the general accepted concept that every next child at risk for HDFN will be more severely
affected.

We found that the proportion of severe disease in a subsequent pregnancy of women that developed antibodies
during their first pregnancy of a RhD-positive child, before RhIg could even be administered (group A), was
as high as 48%. This is twice as much as compared to the subgroup that developed antibodies after giving
birth to a RhD-positive child, despite receiving full prophylaxis (group B, 22%), a finding that approached
statistical significance (figure 2B and C). Several mechanisms might contribute to this difference in course
of disease.

First: women developing antibodies as a result of a large immunizing event (e.g. birth, group A) are ‘low-
responders’, as compared to women with an antibody response to a small foetomaternal haemorrhage during
pregnancy (group B, potential ‘high-responders). Recent publications revealed associations between the
intensity of an antibody response and a combination of genetic risk factors such as carrying HLA-DRB1*1501
and FCRIIC-ORF alleles.13-15 If in the future ‘high responders’ could be identified early, additional anti-D
prophylaxis before the conventional antenatal administration might prevent immunization during the first
pregnancy at risk. In this study, no association was found in this subgroup between clinical or biochemical
(ADCC/titer) disease severity and severe disease in the subsequent pregnancy. Therefore, all women who
develop RhD antibodies in their first pregnancy at risk for immunization are to be monitored closely.

Second: the immune response to RhD-antigens is not prevented by anti-D prophylaxis but is merely sup-
pressed, causing a stronger antibody response in women that have never received anti-D (group B), as
opposed to women that received prophylaxis at least twice (group A), which has earlier been suggested by
others.6, 7, 11, 16

A third hypothesis is that women in group A and B have different IgG-Fc-glycosylation profile of their anti-
D antibodies, which correlates with clinical and biochemical (ADCC) HDFN severity.17, 18 Interestingly, we
have previously shown that there exists immunological memory for this Fc-glycosylation profile, meaning that
this profile is sustained in subsequent pregnancies.18 Already before RhIg was available, disease severity in
subsequent pregnancies seemed to be interrelated.4 This correlates with our finding of a persistent tendency
to milder disease in the subsequent pregnancy in group A: only one of 16 women with no or mild disease
in her first immunized pregnancy developed severe disease, and a low ADCC result in the first immunized
pregnancy was the best predicting factor for no severe HDFN in the next pregnancy. These associations
were not found in group B, possible reflecting a different IgG-Fc-glycosylation profile.

Lastly, an additional factor influencing the relation between severity in the first and subsequent immunized
pregnancies might be the inherited foetal Fc-receptor profiles, as we have previously shown that this profile
influences the risk of severe HDFN.15

Strengths and limitations

The major strength of our study is the unselected study population: as coverage of the national screening
program is near 100% in the Netherlands8 and serological assessment (titers and ADCC tests) for the risk
on HDFN is performed at Sanquin Diagnostic services only, all women with D antibodies in the Netherlands
that were pregnant during our study period were identified.

Another strong point of this study was our response rate of 73%. Furthermore, no selection bias seems to
be induced by selecting women with two or more subsequent pregnancies only (supplemental text and Table
S1).

A limitation of this study is however that cut-offs for the disease categories are somewhat arbitrary, as the
clinical rationale for treatment decisions is not always clear in retrospect and might vary over time. Our
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. main finding that disease severity increases in the majority of subsequent pregnancies at risk is however
supported by the increase in almost all raw disease characteristics in Table S3.

CONCLUSION

The severity of anti-RhD mediated HDFN increases in the majority of subsequent pregnancies with RhD-
positive foetuses. The risk of severe HDFN in a subsequent pregnancy can be estimated using the moment
of antibody detection, antibody characteristics as reflected by ADCC test results and the severity of HDFN
in the first immunized pregnancy. Mothers with antibodies occurring during their first pregnancy of a RhD-
positive child, who never received RhIg, detected at 27th week screening, are more at risk for developing
severe disease in a subsequent pregnancy. Further research should focus on identifying this group of ‘high-
responders’ to establish whether an additional, early administration of RhIg could be beneficial. Furthermore,
the development of more effective non-invasive treatment options for foetuses affected by HDFN could
possibly ameliorate outcome.
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