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Abstract

Background and Objectives: Anti-c is the third red blood cell antibody responsible

for haemolytic disease of the foetus and newborn (HDFN) requiring intrauterine

transfusion. We aimed to identify risk factors associated with HDFN and severe

HDFN due to Rhc maternal-foetal incompatibility.

Materials and Methods: A retrospective cohort study was conducted in Paris and

the surrounding area (France), between 2013 and 2015. We included mothers and

their children managed by the National Reference Centre in Perinatal Hemobiology

for alloimmunization and maternal-foetal incompatibility for the Rhc antigen

(N = 121). We conducted bivariate analyses to assess a relationship between peri-

natal factors (e.g., titre and concentration of anti-c antibodies, direct antiglobulin

test) and HDFN, its severity and duration.

Results: The incidence of HDFN was 30% (n = 36), including 11% of severe HDFN

(n = 13). Seven percent (n = 9) of neonates received at least one transfusion during

the first week and 21% (n = 26) after this period until 3 weeks of life. During preg-

nancy, a concentration ≥7.5 IU/ml and a titre ≥4 and above were associated with

HDFN and severe HDFN (p < 0.05). At birth, the high intensity of the quantitative

direct antiglobulin test was associated with HDFN and severe HDFN (p < 0.05). A

concentration ≥15 IU/ml is the best factor (area under curve [AUC] = 0.78) in

predicting HDFN, followed by a titre ≥8 (AUC = 0.76).

Conclusion: Anti-c alloimmunization causes neonatal anaemia, which is often belated.

Paediatricians have to be aware of these risk factors and organize prolonged monitoring

of neonates.

K E YWORD S

anti-c alloimmunization, foetal and neonatal anaemia, haemolytic disease, neonatal jaundice,
neonatal transfusion

Highlights

• Among fetuses and neonates with isolated anti-c maternal-fetal incompatibility and a posi-

tive DAT at birth, HDFN occurred in 30% of cases and severe HDFN requiring fetal or
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neonatal transfusion, exchange transfusion or intravenous immunoglobulin in the first 7 days

of life occurred in 11% of cases.

• In case of isolated anti-c maternal-fetal incompatibility, a titre ≥ 4 and/or a concentration of

anti-c anibodies ≥ 7.5 IU/mL during pregnancy were both significantly associated

with HDFN.

• In case of isolated anti-c maternal-fetal incompatibility, neonatal anemia can be belated with

21% of the neonates requiring blood transfusion after the first week of age. This result

emphasizes the need for a prolonged follow-up of neonates after hospital discharge.

INTRODUCTION

With the introduction of Rh immune globulin in the majority of

developed countries, the incidence of alloimmunization caused

by anti-D (RH1) has decreased. In consequence, the proportion of

alloimmunization caused by other antibodies, such as anti-

Kell (KEL), anti-c (RH4) and anti-E (RH3), has relatively increased

representing up to 78% of the alloimmunized pregnancies [1–5].

The prenatal management of these other alloimmunizations

has been derived from the more largely described management

of anti-D (RH1) immunization. However, these other allo-

immunizations present differences that may have a significant

impact on the expression and severity of the associated

haemolytic disease of the foetus and newborn (HDFN) [4, 6].

Moreover, the natural history of anti-c alloimmunization in neo-

nates may differ from what is observed in cases with anti-D

alloimmunization [7, 8].

We studied a consecutive series of 121 cases of pregnancies

with anti-c alloimmunization and maternal-foetal incompatibility

with the primary objective to identify perinatal factors asso-

ciated with HDFN. Our secondary objective was to identify peri-

natal factors associated with severe HDFN, and with neonatal

transfusion after the first week of life.

MATERIALS AND METHODS

Patients and data collection

A retrospective study was conducted in the French National Refer-

ence Centre in Perinatal Hemobiology (CNRHP). The CNRHP is

organized around two functional units working in close collaboration

in Paris to monitor and manage immunized women and their chil-

dren: a biological unit expert in perinatal immuno-haematology, and

an obstetric-paediatric clinical unit. As part of its mission defined by

the French Ministry of Health, the CNRHP collects all prenatal and

neonatal data [9].

We extracted from our database the records of children born

between 1 January 2013 and 31 December 2015, in Paris and the sur-

rounding area, with a mother diagnosed with anti-c alloimmunization.

We included all children presenting isolated Rhc maternal-foetal

incompatibility proven by Rh-Kell blood phenotyping. We excluded

children with the compatible phenotype (Rhc negative) or with elution

test positive to another associated antibody.

The data collection was carried out by an obstetrician and the

clinical paediatrician referent from the CNRHP. We first collected the

biological samples including maternal screening for red blood cells

antibodies and all available sera during pregnancy, direct antiglobulin

test (DAT) and elution tests of the newborn. Medical files were

reviewed to collect maternal characteristics, ultrasound follow-up and

perinatal management of the cases. We also collected data from the

delivery and the neonatal characteristics (haemoglobin and bilirubin,

treatment of HDFN).

Prenatal monitoring

Rhc foetal genotyping was not performed in our center during the

study period since it was implemented in 2015 [10]. Thus, if the

fathers were cc homozygous, Rhc maternal-foetal incompatibility

was certain; in case of Cc heterozygous fathers, pregnancies were

followed as if they were incompatible, until otherwise proven at

birth.

Anti-c antibody levels were quantified using two techniques:

titration and concentration. The antibody concentration is an auto-

mated, continuous flow hemagglutination technique that is more

accurate and demonstrates reactivation of alloimmunization more rap-

idly than titration [11]. In our center, the threshold for risk of foetal

anaemia related to the anti-c antibody is defined by a concentration

greater than 500 UCHP/ml (units of the CNRHP) [12]. This threshold

of 500 UCHP/ml is comparable to the critical threshold of 7.5 IU/ml

found in the UK Guidelines [13, 14]. It was considered that beyond

1000 UCHP/ml (i.e., approximately 15 IU/ml), the risk of HDFN was

major. The threshold value used for the titration was 4 using the indi-

rect antiglobulin test with the tube method (saline medium). Reac-

tivation of the immunization was considered if the concentration

increased more than 30% compared to the previous value or if the

titration increased by more than two dilutions compared to the previ-

ous value [11].

The titration and the concentration were performed every

2–4 weeks from 18 weeks of gestation (WG) and every 2 weeks

from 28 WG [14].

Ultrasonography and Doppler assessment of the Middle Cere-

bral Artery Peak Systolic Velocity (MCA-PSV) measurements were
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performed for women having an anti-c concentration over

7.5 IU/ml, once a week until delivery. In case of MCA-PSV value

increasing above 1.5 Multiples of Median (MoM), associated or

not with indirect signs of foetal anaemia, a cordocentesis was per-

formed to confirm anaemia, and perform an intrauterine transfu-

sion (IUT) if necessary [15].

Severely anaemic foetuses were transfused with group O adult

donor packed red cells, cross-matched with the mother, irradiated,

fresh (<5 days) and with haematocrit at 70%–80%; Rhc negative (RH:

2,�4) and if possible, with respecting the extensive mother’s pheno-

type (D, C, E, K, Jk, MNS, Fy).

For all patients with anti-c concentration ≥7.5 IU/ml, delivery at

37 weeks was recommended.

Postnatal monitoring

At birth, haemoglobin (Hb) level and bilirubin levels were measured on

cord blood. An immunological diagnosis of incompatibility was per-

formed including Rh-K blood phenotyping and quantitative DAT to

test for the presence of anti-red blood cells bound antibodies (DAT

performed on Bio-Rad Diaclon ABO/Rh for Newborns gels cards and

Neonatal missing data (n = 16)

Neonates with Rhc negative 
phenotype (n = 9)

No HDFN
(n = 85)

Foetuses whose mother presents anti-c 
alloimmunization

(n = 168)

Positive DAT with another 
antibody than anti-c 
- anti-E (n = 18)
- anti-JKa (n = 2)
- anti-A (n = 1)
- anti-Cw (n = 1)

Mild HDFN
(n = 23)

Severe HDFN
(n = 13)

Isolated anti-c
(n = 86)

Combined anti-c 
(n = 57)

Live births 
(n = 118)

Cases with Rhc maternofetal incompatibility
(n = 121)

Perinatal deaths       
(n = 3)

Neonates presenting red cell Rhc 
maternofoetal incompatibility

(n = 143)

Positive DAT 
(n = 103)

Negative DAT 
(n = 15)

Positive DAT 
(n = 3)

F I GU R E 1 Flow-chart. DAT, direct antiglobulin test; HDFN, haemolytic disease of the foetus and newborn, defined as a neonatal anaemia
with Hb less than 14 g/dl in the first hour of life and/or newborn pathologic icterus with adequate phototherapy based on bilirubinemia
according to the clinical practice guidelines of the American academy of Pediatrics; severe HDFN, foetal or neonatal transfusion, exchange
transfusion or intravenous immunoglobulin within the first 7 days of life
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on Bio-Rad DC Screening II gel cards using a 4-crosses scale to rate

the intensity of hemagglutination). In case of DAT positivity, an elu-

tion test was realized to confirm the anti-c specificity of the anti-

bodies. Iterative blood tests were repeated at 6 h and every 12 h

during the first 72 h. HDFN was defined by neonatal anaemia with

Hb less than 14 g/dl in the first hours of life and/or newborn hyper-

bilirubinemia requiring intensive phototherapy according to the clini-

cal practice guidelines of the American Academy of Pediatrics [16].

Severe HDFN was defined by the need for foetal or neonatal transfu-

sion, exchange transfusion or intravenous immunoglobulin within the

first 7 days of life. Blood transfusions performed after the 7th day of

life were also recorded.

Neonatal management of jaundice relied on intensive photother-

apy and exchange transfusion when indicated in accordance with the

American Academy of Pediatrics guidelines [16]. Intensive photother-

apy was prescribed to maintain bilirubin levels below 340 μmol/L and

prevent kernicterus as long as needed. Postnatal transfusion was rec-

ommended for Hb less than 8 g/dl and according to clinical tolerance

[17]. The transfused blood was 25–30 ml/kg of group O packed red

cells cross-matched with the newborn sera, irradiated (if previous foe-

tal transfusions had been performed). A polyvalent immunoglobulin

infusion was used to inhibit hemolysis if the bilirubin level increased

from 8 to 10 μmol/h under intensive phototherapy. Some children

were eligible for a combination of several treatments.

Clinical examination and blood tests (Hb level and reticulocyte

count) were repeated within the first 2 months of life.

Ethics

Subjects have given their informed consent and the study protocol

has been approved by the national committee in obstetrics and gynae-

cology research (CEROG 2020-OBS-0407).

Statistical analysis

We conducted bivariate analyses to assess a possible relationship

between perinatal factors and HDFN, its severity and duration. Signifi-

cant effects were based on the Chi-square (χ 2) test to compare categor-

ical variables and Fisher’s exact test was used when the assumptions of

the χ 2 test were violated. Continuous variables were compared with the

T AB L E 1 Maternal and neonatal characteristics of the
population (n = 121)

Maternal characteristics

Maternal age (years)a 34 [30–37]

Gestitya 3 [2–4]

Paritya 2 [1–3]

History of HDFNb

None 100 (83%)

Mild HDFN 10 (8%)

Severe HDFN 11 (9%)

Immunohaematologic

characteristics

Date of immunizationb

Before pregnancy 52 (43%)

First trimester 16 (13%)

Second trimester 17 (14%)

Third trimester 34 (28%)

Missing data 2 (2%)

Titre at deliveryb

<4 58 (47%)

4 9 (7%)

8 9 (7%)

>16 16 (13%)

Missing data 29 (27%)

Concentration at delivery (IU/ml)a

<7.5 67 (55%)

≥7.5 28 (23%)

Missing data 26 (22%)

Reactivation of alloimmunizationb 36/70 (51%)

Obstetrical characteristics

Foetal transfusionb 2 (1%)

Gestational age at deliverya 38 [37–39]

Neonatal characteristics

Birth weight (g)a 3150 [2892–3448]

Perinatal deathb 3 (2%)

Direct antiglobulin testb

0 15 (12%)

1+ 24 (20%)

2+ 19 (16%)

3+ 24 (20%)

4+ 39 (32%)

Haemoglobin at day 0 (g/dl) 15.3 [14.4–17.0]

Total bilirubin at day 0 (μmol/L) 38 [31–59]

Intensive phototherapyb 24 (20)

Blood transfusion <72 h 8 (7)

Exchange transfusion <72 h 3 (2)

Blood transfusion <7 days 9 (7)

Intravenous immunoglobulins 4 (3)

(Continues)

T AB L E 1 (Continued)

After 7 days

Blood transfusion >7 daysa 26 (21)

Age of the last transfusion (weeks) 3 [3–4.75]

Haemoglobin nadir (g/dl) 8.6 [7.6–10.2]

Abbreviation: HDFN, haemolytic disease of the foetus and newborn.
aData are expressed in median [interquartile range].
bData are n (%). Direct antiglobulin test was also measured on foetal blood

sampling for the two cases with intrauterine transfusion.
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Wilcoxon rank-sum test. The odds ratios and the corresponding 95%

confidence intervals were derived using bivariate analysis. Receiver

operating characteristic (ROC) curves were performed to assess the per-

formance of prediction of HDFN according to different thresholds of

titration and concentration of anti-c antibodies during pregnancy. Statis-

tical analyses were performed with R software version 3.5.1. p Values

were used to estimate the strength of association with each parameter

and statistical significance was set at p < 0.05.

RESULTS

Population

During the study period, we identified 168 pregnancies with anti-c

alloimmunization referred to the CNRHP from 74 maternity hospi-

tals. Among these pregnancies, 25 cases were excluded due to

missing neonatal data in 16 cases or exclusion of maternal-foetal

Rhc incompatibility (newborn with an Rhc negative phenotype) in

9 cases.

In our population of 143 pregnancies with anti-c allo-

immunization and maternal-foetal incompatibility, 57 women had

multiple red blood cell antibodies (40%). Among these cases of

multiple immunizations, 22 were subsequently excluded because

of a positive elution test to another antibody than anti-c at birth

(Figure 1).

A total of 121 pregnancies fulfilled the inclusion criteria with neo-

nates presenting isolated maternal-foetal incompatibility related

exclusively to anti-c alloimmunization (Table 1).

Prenatal outcomes

Severe foetal anaemia occurred in three cases. In the first case, an IUT

was performed at 21 WG for MCA-PSV over 1.5 MoM without

hydrops (maternal titre was 512 and foetal Hb was 5.0 g/dl). Intra-

uterine foetal death (IUFD) was diagnosed the next day, due to a

hematoma of the umbilical cord.

In the second case, IUFD occurred at 37 WG in a woman with an

anti-c alloimmunization without prior appropriate follow-up. When a

T AB L E 2 Risk factors of HDFN: Bivariate analysis

No HDFN (n = 85), n (%) HDFN (n = 36), n (%) OR [95% CI] p

History of HDFN 11 (13) 10 (28) 2.56 [0.87–7.56] 0.07

History of severe HDFN 6 (7) 5 (14) 2.11 [0.47–9.0] 0.30

Titre at first trimester

≥4 3 (5) 7 (37) 9.69 [1.88–66.80] 0.002

≥8 2 (4) 7 (37) 14.7 [2.41–161.8] <0.001

≥16 1 (2) 6 (32) 23.5 [2.54–1158] <0.001

Titre during pregnancy

≥4 14 (16) 21 (58) 7.1 [2.68–15.8] <0.001

≥8 10 (12) 21 (58) 10.5 [4.12–26.8] <0.001

≥16 5 (6) 14 (38) 10.2 [3.3–31.3] <0.001

Concentration at first trimester

≥7.5 IU/ml 6 (10) 8 (33) 4.33 [1.31–14.3] 0.04

≥15 IU/ml 4 (7) 4 (17) 2.66 [0.45–15.8] 0.22

Concentration during second or third trimester

≥7.5 IU/ml 21 (25) 28 (78) 10.7 [4.2–27.0] <0.001

≥15 IU/ml 6 (7) 19 (53) 14.7 [5.1–42.3] <0.001

Date of immunization

Second or third trimester 17 (31) 4 (23) 0.69 [0.14–2.69] 0.76

Discovery at the time of delivery 15 (18) 4 (11) 0.49 [0.08–1.92] 0.57

Reactivation at third trimester 23 (44) 13 (72) 3.3 [1.0–10.5] 0.05

Direct antiglobulin test

0 15 (18) 0 (0)

1+ 21 (25) 3 (8)

2+ 17 (20) 2 (5) <0.001

3+ 15 (18) 9 (25)

4+ 17 (20) 22 (61)

Abbreviations: CI, confidence interval; HDFN, haemolytic disease of the foetus and newborn; OR, odds ratio.
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blood sample was performed at 35 WG for maternal purposes, the titre

was 8 and the concentration was 38.1 IU/ml. Unfortunately, the ultra-

sound examination led to the diagnosis of an IUFD associated with foe-

tal hydrops.

In the third case, a first IUT was indicated at 25 WG (maternal

titre at 128, foetal haemoglobin raised from 5.2 to 11.2 g/L). A second

IUT was planned 13 days later but secured cordonal access was

impossible to achieve (maternal body mass index = 50 kg/m2) and

only a foetal blood sample was available with Hb level at 5.8 g/dl. The

mother had a caesarean section 1 h later for a sinusoidal foetal heart

rate at 26 WG. Palliative care was decided at 3 weeks of life because

of a grade IV intraventricular haemorrhage and ischemic involvement

of the basal ganglia leading to death at day 50.

Neonatal outcomes

Among the 118 live neonates, 103 (87%) had a positive DAT with

anti-c at elution. A negative DAT was observed at birth in

15 neonates (absence of placental transfer of the anti-c antibodies

to the newborns incompatible with their mother).

Twenty-four neonates (20%) required intensive phototherapy and

four (3%) were treated with intravenous immunoglobulins. An

exchange transfusion was required in three neonates (3%) with a high

bilirubin level (358, 255 and 445 μmol/L, respectively) and a low

haemoglobin level (6, 8.8 and 8.3 g/dl, respectively). A top-up transfu-

sion was required in 29 neonates (24%), with a median of 2 transfu-

sions (range: 1–3 transfusions) and the last transfusion at 3 weeks of

age (range: 2–11 weeks). Nine neonates received at least one transfu-

sion during the first week of age and 26 neonates (21%) required

blood transfusion after this period. Among those, it was the first trans-

fusion for 20 (17%) of them (Table 1).

Risk factors for HDFN

The incidence of HDFN was 30% (n = 36), including 11% of severe

HDFN (n = 13). A titre ≥4 and above, a concentration ≥7.5 IU/ml during

T AB L E 3 Risk factors of severe HDFN: Bivariate analysis

No HDFN or not severe (n = 108), n (%) Severe HDFN (n = 13), n (%) OR [95% CI] p

History of HDFN 17 (16) 4 (31) 2.36 [0.48–9.73] 0.24

History of severe HDFN 8 (6) 3 (18) 3.7 [0.54–18.9] 0.10

Titre at first trimester

≥4 6 (10) 4 (36) 5.25 [0.87–29.55] 0.04

≥8 5 (8) 4 (36) 6.4 [1.0–38.5] 0.02

≥16 3 (5) 4 (36) 10.8 [1.5–90.0] 0.008

Titre during pregnancy

≥4 27 (25) 8 (62) 4.80 [1.45–15.92] 0.01

≥8 20 (18) 11 (85) 24.2 [5.0–118] <0.001

≥16 12 (11) 7 (54) 9.3 [2.7–32.4] <0.001

Concentration at first trimester

≥7.5 IU/ml 10 (14) 4 (40) 4.0 [0.71–20.9] 0.06

≥15 IU/ml 5 (7) 3 (30) 5.5 [0.71–36.7] 0.14

Concentration during pregnancy

≥7.5 IU/ml 37 (34) 12 (92) 23.0 [2.9–184] 0.003

≥15 IU/ml 13 (12) 12 (92) 87.7 [10.5–731] <0.001

Date of immunization

Second or third trimester 19 (30) 2 (18) 0.52 [0.05–2.86] 0.72

Discovery at the time of delivery 17 (16) 2 (15) 0.95 [0.1–5.0] 1

Reactivation at third trimester 31 (49) 5 (71) 2.6 [0.46–14.3] 0.47

Direct antiglobulin test

0 15 (14) 0 (0)

1+ 23 (21) 1 (8)

2+ 19 (18) 0 (0) 0.01

3+ 22 (20) 2 (15)

4+ 29 (27) 10 (77)

Abbreviations: CI, confidence interval; HDFN, haemolytic disease of the foetus and newborn; OR, odds ratio.
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Concentration (IU/ml) Titration

≥4: area under curve = 0.71

≥7.5 IU/ml: area under curve = 0.73 ≥8: area under curve = 0.76

≥15 IU/ml: area under curve = 0.78 ≥16: area under curve = 0.76

F I GU R E 2 Receiver operating characteristic curves for the performance of prediction of haemolytic disease of the foetus and newborn
according to different thresholds of titration and concentration of anti-c antibodies during pregnancy
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pregnancy and high intensity of the DAT were significantly associated

with HDFN (Table 2). No association was found with a history of severe

HDFN in a previous pregnancy, a concentration ≥15 IU/ml during the

first trimester, the timing of immunization, and reactivation at third tri-

mester. A titre of anti-c antibodies ≥8, a concentration ≥7.5 IU/ml

throughout pregnancy and the strength of the DAT were significantly

associated with severe HDFN (Table 3). The same criteria and medical

history of severe HDFN were associated with a higher risk for the need

of a postnatal transfusion at more than 7 days of life (Table S1). Using

ROC curves, the concentration threshold of 15 IU/ml had the best perfor-

mance (area under curve [AUC] = 0.78) in predicting HDFN, followed by

a titre threshold of 8 or 16 (AUC = 0.76 for both) (Figure 2). Similarly,

these three thresholds predicted severe HDFN with respective AUC of

0.73, 0.67 and 0.65 (Figure 3).

DISCUSSION

Among 121 foetuses and neonates with isolated anti-c maternal-

foetal incompatibility, 106 (88%) had a positive DAT at birth. Among

these 106 foetuses and neonates, HDFN occurred in 30% of cases

and severe HDFN requiring foetal or neonatal transfusion, exchange

transfusion or intravenous immunoglobulin in the first 7 days of life

occurred in 11% of cases.

To the best of our knowledge, this is the largest series of preg-

nancies with anti-c alloimmunization for which perinatal care followed

the most recent standard of care and current practice guidelines [12,

16–18]. Moreover, the strength of these results relies on the short

inclusion period restricted to 2 years and the homogenous manage-

ment of cases supervised by a single expert centre for perinatal

haemobiology. The limits of our study are its retrospective design

which leads to missing data and the limited number of severe cases.

Data collection was exhaustive for the vast majority of criteria. Unfor-

tunately, we did not present some criteria such as reticulocyte values

due to missing data while they could have been of great interest.

Although several studies have shown that maternal anti-D titre is a

good indicator of the severity of haemolytic disease, this had not been

established in anti-c immunization due to the restricted number of cases

in the previous series. This series allowed to determine thresholds help-

ful for all practitioners involved in the perinatal management of these

Concentration (IU/ml) Titration

≥7.5 IU/ml: area under curve = 0.62 ≥8: area under curve = 0.67

≥15 IU/ml: area under curve = 0.73 ≥16: area under curve = 0.65

F I GU R E 3 Receiver operating characteristic curves for the performance of prediction of severe haemolytic disease of the foetus and
newborn according to different thresholds of titration and concentration during pregnancy
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cases. Thus, a titre ≥4 and/or a concentration ≥7.5 IU/ml during preg-

nancy were both significantly associated with HDFN.

Considering our experience with anti-c quantitation, we found

that a quantitative approach allows an earlier diagnosis of immune

activation during pregnancy considering a longitudinal follow-up strat-

egy of each case [11]. We thus observed that 500 UCHP/ml (CNRHP

unit) could be brought back to 7.5 IU/ml in international unit and was

more accurate than titration in the detection of reactivation

(unpublished data).

The results of our study confirm our current policy of perfor-

ming weekly MCA-PSV only if anti-c concentrations are ≥7.5 IU/ml.

However, we must be careful with this result regarding foetal disease

due to the use of a composite criterion including prenatal and postnatal

outcomes, and the limited number of severe foetal cases.

Recently, Koelewijn et al. [19] used monocyte-driven antibody-

dependent cellular cytotoxicity (ADCC) tests as a supplement to anti-

body concentration or titre to detect all cases at risk for severe

HDFN. Repeated testing may add a more accurate risk estimation in

cases with a titre ≥16. With an ADCC test ≥30%, a positive predictive

value of 38% was obtained to detect severe HDFN.

Regarding the overall perinatal outcomes, we observed that anti-c

immunization seems at low foetal risk. In this study, there were only

3 cases of severe foetal anaemia. The severe adverse outcomes we

observed may be explained by initial very severe clinical cases or diffi-

cult technical conditions. These results are not representative of sur-

vival rates reported by our department and the other expert centers

in the literature [20, 21]. In the majority of cases, in utero haemolytic

risk is low, probably due to the low affinity of anti-c antibodies for

foetal red blood cells or to other biochemical characteristics like the

IgG-Fc glycosylation pattern of these antibodies [22]. Unlike our

study, Rath et al. [6] report 41% of foetal transfusions in a small series

of 22 foetuses with severe anti-c immunization. It is difficult to com-

pare these results since in the Netherlands, only the most severe

cases of anti-c immunizations with titres >16 are referred to the

national reference center. Older series are not comparable since they

included a majority of cases managed before implementation of non-

invasive monitoring of MCA-PSV [23–25].

Like others, we have demonstrated that the neonatal risk of

HDFN is high. The highest rate of top-up transfusion has been

reported by Rath et al. close to 60% in a population of severe

alloimmunization [6]. Unlike previous authors, our series allows to dis-

criminate neonates at higher risk of HDFN and to offer appropriate

postnatal management. At birth, quantitative DAT on cord blood

appears as a very significant marker of the severity of HDFN. This

very accessible test should be performed systematically as a post-

natal marker to anticipate the risk of severe HDFN and organize

appropriate follow-up. Thus, newborns with a negative DAT or a neg-

ative Rhc phenotype at birth do not have to be followed up for anti-c

related HDFN. For others, follow-up can be weighted according to

the strength of the DAT.

The history of HDFN in previous pregnancy does not appear to

be associated with HDFN or severe HDFN. It can be explained

by the low rate of patients with a history of HDFN (17%) in this

population. We observed that 14% of the children of these patients

had a transfusion or exchange transfusion in the first 72 h and half

of them had a transfusion after 7 days regardless of the degree of

history of HDFN. Paediatricians should be aware of this specific

risk factor.

Finally, we observed a high rate of late top-up transfusions

performed more than 7 days after birth (21%). This result empha-

sizes the need for a prolonged follow-up of neonates after hospital

discharge.

Our national referral center currently uses Rhc foetal

genotyping. For Rhc negative foetuses, the pregnancy continues to

term doing antiglobulin testing monthly. For Rhc positive foetuses,

we recommend inducing the delivery at 37 weeks if the

alloimmunization is severe (concentration ≥ 7.5 IU/ml) and 39 weeks

for moderate alloimmunization (concentration < 7.5 IU/ml). We also

recommend performing the following cord blood samplings at birth:

bilirubinemia, complete blood count including reticulocytes, ABO

Group and Rhc antigen typing, DAT and elution. A paediatrician

should examine the neonate looking for haemolytic disease. Bilirubin

control at H6/H8, Rh Kell phenotype group determination and DAT

must be performed on a peripheral blood sampling regardless of

clinical manifestations. Treatment should be discussed according to

biological results and evolution within the first 24 h. Monitoring of

Hb level and reticulocyte count should be organized over the first

2 months of life if the DAT is positive regardless of the neonatal

clinical picture [26].

In conclusion, perinatal factors predictive of HDFN in anti-c

immunization comprise a titre ≥4 and a concentration ≥7.5 IU/ml dur-

ing pregnancy and the strength of DAT positivity. The same criteria

and a history of severe HDFN were associated with a higher risk of

late postnatal transfusion beyond 7 days of life. Clinicians should be

aware of these criteria to organize appropriate management of preg-

nancies complicated by anti-c immunization and need for referral in

specialized tertiary centers.
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