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ABSTRACT

OBJECTIVE

To determine the accuracy of non-invasive fetal testing
forthe RHD gene in week 27 of pregnancy as part of an
antenatal screening programme to restrict anti-D
immunoglobulin use to women carrying a child
positive for RHD.

DESIGN

Prospectively monitoring of fetal RHD testing accuracy
compared with serological cord blood typing on
introduction of the test. Fetal RHD testing was
performed with a duplex real time quantitative
polymerase chain reaction, with cell-free fetal DNA
isolated from 1 mL of maternal plasma The study period
was between 4 July 2011 and 7 October 2012. The
proportion of women participating in screening was
determined.

SETTING
Nationwide screening programme, the Netherlands.
Tests are performed in a centralised setting.

PARTICIPANTS
25789 RhD negative pregnant women.

MAIN OUTCOME MEASURES

Sensitivity, specificity, false negative rate, and false
positive rate of fetal RHD testing compared with
serological cord blood typing; proportion of
technical failures; and compliance to the screening
programme.

RESULTS
A fetal RHD test result and serological cord blood result
were available for 25789 pregnancies. Sensitivity for

WHAT IS ALREADY KNOWN ON THIS TOPIC

During pregnancy, fetal RHD status can be determined by real time polymerase
chain reaction using cell-free DNA isolated from maternal plasma

The reported sensitivity of fetal RHD testing in the third trimester allows the use of
this test to be explored for restricting antenatal anti-D immunoglobulin to RhD
negative women carrying an RhD positive child

WHAT THIS STUDY ADDS

blood testing

Fetal RHD testing in week 27 of pregnancy is highly reliable and can be used as a
single test to prevent unnecessary use of anti-D immunoglobulin during pregnancy
in RhD negative women carrying an RhD negative child

Both antenatal and postnatal anti-D immunoglobulin prophylaxis can be
administered based on this single test result without the need for additional cord

More than 98% of the women who participated in the antenatal screening
programme participated in the fetal RHD testing
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detection of fetal RHD was 99.94% (95% confidence
interval 99.89% to 99.97%) and specificity was 97.74%
(97.43% t0 98.02%). Nine false negative results for
fetal RHD testing were registered (0.03%, 95%
confidence interval 0.01% to 0.06%). In two cases
these were due to technical failures. False positive
fetal RHD testing results were registered for 225
samples (0.87%, 0.76% to 0.99%). Weak RhD
expression was shown in 22 of these cases, justifying
anti-D immunoglobulin use. The negative and positive
predictive values were 99.91% (95% confidence
interval 99.82% t0 99.95%) and 98.60% (98.40% to
98.77%), respectively. More than 98% of the women
participated in the screening programme.

CONCLUSIONS

Fetal RHD testing in week 27 of pregnancy as part of a
national antenatal screening programme is highly
reliable and can be used to target both antenatal and
postnatal anti-D immunoglobulin use.

Introduction

Haemolytic disease of the fetus and newborn caused by
maternal alloantibodies against the RhD antigen of the
rhesus system is potentially life threatening for the
fetus.!? The introduction of postnatal anti-D immuno-
globulin prophylaxis around 1970 has drastically
decreased the risk of maternal alloimmunisation in
RhD negative women carrying an RhD positive child,
from 10-15% to 0.8-1.5%.3 Routine use of antenatal
anti-D immunoglobulin in the late 1990s further
reduced the risk of alloimmunisation to 0.18-0.35%.%%
The prevalence of RhD negativity varies between ethnic
groups (<1% in Chinese women, 5% in African black
women, and 15% in white women), whereas the risk of
carrying an RhD positive fetus for RhD negative women
varies in these population from more than 99%, to
80%, and 60%, respectively.” In most women who are
RhD negative there is a complete deletion of the RHD
gene. The discovery of cell-free fetal DNA in maternal
plasma during pregnancy® and the feasibility of fetal
RHD testing with this source of DNA®1° presented the
opportunity to restrict antenatal anti-D immunoglobu-
lin use to only those RhD negative women carrying an
RhD positive child, which optimises the use of this
blood product.!** The challenge of non-invasive fetal
testing is the variable and low amount of fetal DNA
present in maternal plasma. The challenge in fetal RHD
testing is further complicated by the genetic variation
of RHD alleles, present in the fetus or mother.”> Exam-
ples are the RHD*OIN.OI1(RHD*¥) gene, with a high
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prevalence in RhD negative women in the black
population, and the RHD*06 (RHD*DVI) gene in white
women. In women carrying these genes, positive poly-
merase chain reaction (PCR) test results could be
obtained from maternal RHD sequences. To make fetal
RHD testing possible in carriers of these genes,
sequences that are present in normal and variant RHD
genes (ie, RHD exon 7) as well as sequences that are
present in normal RHD genes but absent in mothers car-
rying one of the most common RHD variant alleles (ie,
RHD exon 5) have to be included in the design of PCR
tests.'® Theoretically, with such a design, false positive
results can be prevented and the fetal RHD genotype
can be based on the amplification of RHD exon 5. This
enables fetal RHD testing in a multiethnic population.

The first large scale introduction of non-invasive fetal
RHD testing and targeted antenatal anti-D immuno-
globulin use was in 2010 in Denmark."” In the Nether-
lands, a feasibility and cost effectiveness study led the
Dutch Health Council to recommend testing.!® Subse-
quently, the Ministry of Health sanctioned the introduc-
tion of fetal RHD testing in week 27 of pregnancy by the
national antenatal screening programme. It was started
in July 2011 and aimed to restrict use of both antenatal
and postnatal anti-D immunoglobulin use to those RhD
negative pregnant women with fetuses that tested posi-
tive for RHD. In addition, the Ministry of Health com-
missioned an evaluation study to judge the logistics of
centralised testing and fetal RHD test performance. The
hypothesis was that this centralised testing would
result in less than 0.25% false negative test results,
which would allow the omission of cord blood testing.
We report the performance of fetal RHD testing for test
accuracy and compliance to the Dutch screening pro-
gramme, as evaluated in the first 15 months after intro-
duction, encompassing more than 32000 RhD negative
pregnant women.

Methods

Fetal RHD testing is part of the antenatal screening pro-
gramme for infectious diseases and red blood cell
immunisation, offered to all pregnant women in the
Netherlands (around 180 000 each year). This antenatal
screening programme is organised by the National
Institute for Public Health and the Environment (RIVM)
on behalf of the Minister of Health, Welfare and Sport
and funded by government resources. The RIVM records
and stores personal and laboratory data for all pregnant
women in a central database (Praeventis) from the first
antenatal visit onwards. The first antenatal visit
includes RhD typing and red blood cell antibody screen-
ing at a local laboratory, generally before week 13 of
pregnancy. If a weak D expression is observed, the pres-
ence of weak D type 1, 2, or 3 should be investigated and
these women are regarded as RhD positive and not at
risk for alloimmunisation. Subsequently, fetal RHD test-
ing and repeated red blood cell antibody screening is
offered in week 27 to all non-RhD immunised RhD
negative pregnant women. The blood tests in week 27
are performed by Sanquin Diagnostic Services in
Amsterdam.
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Blood samples

On request of the woman’s obstetric care provider (mid-
wife, general practitioner, or gynaecologist) 9 mL of
EDTA anticoagulated blood is drawn between 27 and 29
weeks of gestation at a local laboratory. This blood sam-
ple and cord blood samples taken at delivery are trans-
ported to Sanquin either by surface mail or by Sanquin’s
courier service. Fetal RHD typing was performed during
pregnancy, thus before serology testing of cord blood.

Serological typing and antibody screening

ABO and RhD typing and antibody screening was per-
formed with the automated WA-Diana system (DiaMed,
Cressier, Switzerland) or AutoVue Innova system (Ortho
Clinical Diagnostics, Raritan, NJ) following the manu-
facturer’s protocols. In accordance with the Dutch
guidelines, RhD typing is performed with an anti-D
reagent (LHM 59/20 [LDM3]+175-2) that does not recog-
nise the RhD category VI (DVI) phenotype, since DVI
carriers can become RhD alloimmunised and prophy-
laxis is therefore indicated, whereas cord blood serol-
ogy was performed with anti-D reagents (LHM 59/20
[LDM3]+175-2 and ESD-1M+175-2) that do detect DVI,
since red blood cells with this phenotype might lead to
alloimmunisation. We further investigated positive
results of serology with 2+ or less reaction strength
manually using in-house available reagents with the
indirect antiglobulin test and molecular testing with the
multiplex ligation dependent probe amplification
(MLPA) assay or RHD exon specific sequencing to
determine the type of variation in RHD, as described
previously.!®

Automated plasma separation and DNA extraction
Plasma was collected before any other handling of the
sample. Blood samples were centrifuged at 1200x g for
10 minutes and 2.5 mL of plasma was robotically dis-
pensed into 5 mL tubes using a Xiril robotic workstation
(Xiril, Hombrechtikon, Switzerland). The remains of the
blood sample were used for antibody screening and
maternal serology. The plasma fraction was centrifuged
at 2400x g for 20 minutes and subsequently dispensed
into two 96 well plates with the Xiril robot, 1 mL of
plasma in each plate. One plate was stored at -20°C as
abackup; the other was presented to the MagNa Pure 96
Instrument (Roche Holding, Basel, Switzerland) for
automated DNA extraction (Viral NA Large Volume Kit;
Roche), with a final elution volume of 50 pL.

Real time PCR analysis
We carried out duplex real time polymerase chain reac-
tion analysis for RHD exon 5 and RHD exon 7 in tripli-
cate on cell-free DNA isolated from maternal plasma,
generating six test results for each blood sample.!620
The RHD exon 5 PCR does not amplify RHD*01N.01
(RHD*¥) and RHD*06 (RHD*DVI). All PCR tests were
performed with the StepOnePlus Real-Time PCR System
(Applied Biosystems, Foster City, CA).

The reactions were set up in a final volume of 25.35
UL, with 15 uL of extracted DNA (Xiril Gamma robotic
workstation; Xiril, Hombrechtikon, Switzerland).

doi: 10.1136/bm;.i5789 | BMJ2016;355:15789 | the bmj



In the first 10400 samples, PCR conditions were 20
seconds at 95°C, followed by 50 cycles of one second at
95°C and 20 seconds at 60°C performed with Tagman
Fast Universal PCR Master Mix, No AmpErase UNG
(Applied Biosystems) (“fast protocol”). We collected
cycle threshold values at fixed thresholds of 0.05.
Because of variation in the performance of PCR tests
such as large dispersion in the delta Rn, especially for
RHD exon 7, or a delta Rn that did not exceed 1.0, we
transitioned to two minutes at 50°C, 10 minutes at 95°C,
followed by 50 cycles of 15 seconds at 95°C, and one min-
ute at 60°C performed with Tagman Universal PCR Mas-
ter Mix, No AmpErase UNG (Applied Biosystems) (“slow
protocol”). In each run of 48 samples, we used an inter-
nal standard (pooled plasma) for quality purposes. All
samples were tested within one working day. Up to three
runs were performed each day. PCR performance of a
run was considered valid to meet the quality threshold if
the cycle threshold values of the internal standard were
40.0 or less in at least two of three replicates.

For each sample, we performed PCRs in triplicate.
A prediction algorithm was used for automated scoring
by computer (see supplementary eTable 1 and eTable 2).
Each of the six amplification signals was considered and
automatically scored as representing maternal DNA (ie,
cycle threshold values in the range of maternal DNA lev-
els), fetal DNA, non-specific (ie, non-specific amplifica-
tion signals or low level of fetal DNA), or negative (ie, no
amplification after 50 cycles) (see supplementary
eTable 1). Based on the combination of scored cycle
threshold values, the computer algorithm provided the
following conclusions, respectively: “fetus RhD posi-
tive,” “fetus RhD negative,” or “no result” combined with
or without advice to repeat the test. The scoring algo-
rithm is shown in supplementary eTable 2, including the
number of samples for each combination of cycle thresh-
old values and the corresponding results for cord blood
serology. A supervisor assessed the computed results
daily and the protocol allowed for manual over-ruling
based on the visual inspection of the amplification plots.

In all cases in which a fetal or maternal RHD variant
was suspected, we reported the result as fetus positive
and stored the material for research purposes. During
the study period we changed the preset prediction algo-
rithm of computer software once, after about 7700 sam-
ples (see supplementary eTable 1) when we changed
from a fast to slow PCR protocol. Reports were automat-
ically generated and electronically transferred to both
the pregnant woman’s care provider and the nation-
wide registration database of the RIVM. If a fetal RhD
positive test result was issued, care providers were
advised to administer 200 ug (1000 IU) of anti-D immu-
noglobulin in the 30th week of gestation as well as
within 48 hours after birth. If a fetal RhD negative test
result was issued, it was reported that use of anti-D
immunoglobulin was considered unnecessary. Thus
since the launch of the screening programme the anti-D
immunoglobulin prophylaxis policy was entirely based
on the fetal RHD test result and not on cord blood serol-
ogy. Fetal RHD testing was repeated manually on the
stored plasma samples of the false negative cases
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identified by cord blood serology, and PCRs for extra
fetal markers were performed as described previously.?!

Cord blood analysis

As part of the national evaluation of the fetal RHD
screening programme, samples of postnatal cord blood
were sent to our laboratory to determine the newborn’s
RhD serology. Cord blood serology was used as refer-
ence standard since it was considered the best test
available for determination of neonatal RhD status and
it was clinical practice before the launch of the fetal
RHD screening programme. Cord blood testing was per-
formed and interpreted without knowledge of the fetal
RHD test results and was performed with the WA-Diana
system (DiaMed) using two monoclonal anti-D reagents,
LHM 59/20 (LDM3)+175-2 and ESD-1M+175-2. The latter
recognises the DVI phenotype, which is regarded as
immunogenic. Serology tests were performed on all
days, except Sunday and Bank Holidays. All cord blood
serology results were immediately compared with the
fetal RHD test result. Putative false negative fetal RHD
test results were immediately reported to the obstetric
caregiver for timely use of postnatal anti-D immuno-
globulin.

Molecular characterisation of RHD variant genes

We scored all samples with positive RHD amplifications
as fetal RHD positive according to the scoring algo-
rithm, and all weak or variable cord blood serological
results as serologically RhD positive. However, all
maternal or newborn samples in which the fetal RHD
PCR test or the cord blood serology suggested the pres-
ence of an RHD variant, were comprehensively anal-
ysed for research purposes. The results of these
analyses have been published elsewhere? but were not
used for the scoring algorithms.

Selection of study population

All serologically RhD negative pregnant women with a
request for a fetal RHD typing test at Sanquin Blood
Supply were eligible. We included only women with a
risk for maternal anti-D alloimmunisation. RhD positive
women were excluded. Women were included when the
fetal RHD test was performed between 4 July 2011 and 7
October 2012 and thus formed a consecutive series.
Blood samples were not tested when the blood was
drawn before the 27th gestational week or when the
transfer time of the samples exceeded five days. Addi-
tionally, we excluded women with anti-red blood cell
antibodies and those with multiple pregnancies.

Data collection and analysis

We prospectively collected data on all fetal RHD tests
performed in the first 15 months of the national
screening programme (4 July 2011 to 7 October 2012)
and cord blood tests until 31 December 2012 directly
from our laboratory database. Statistical analyses were
performed using GraphPad Prism version 5.01 for Win-
dows and software from www.medcalc.org. For frac-
tions close to boundary values of 0 or 1 we calculated
95% confidence intervals using a correction by Fleiss.?
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The performance of the fetal RHD test was monitored
every four weeks (independent of sample size) to enable
adaptations to the antenatal screening programme if
the false negativity rate would exceed the preset limit of
0.25%. Compliance to fetal RHD testing was also calcu-
lated every four weeks for one year after implementa-
tion, using the data from the central database
Praeventis. We calculated compliance for women with
an expected date of delivery between 30 September 2011
and 28 September 2012, corresponding to the 27 weeks’
gestation mark occurring between 1 July 2011 and 29
June 2012. For samples from 112 women without a regis-
tered fetal RHD test result and with an expected date of
delivery in January or February 2012, we contacted the
obstetric care provider to ask for information on the
decision not to perform fetal RHD testing.

Data were available for the following descriptive vari-
ables: maternal age, ethnicity, parity, gestational age at
time of sampling, and cell-free fetal DNA level (table 1).
The variables maternal age and cell-free fetal DNA level
were available in the fetal RHD test dataset. The fetal
RHD test dataset was linked to clinical data of the peri-
natal registry in the Netherlands for the purposes of a
different study. This was done only for pregnancies with
a cord blood serology result. We extracted data on eth-
nicity, parity, and gestational age at time of blood sam-
pling from this linked and anonymised dataset.

Patient involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in
developing plans for recruitment, design, or implemen-
tation of the study. No patients were asked to advise on
interpretation or writing up of results. There are no
plans to disseminate the results of the research to study
participants or the relevant patient community.

Results

Study population

Within the study period, 32622 blood samples from
pregnant women reported to be RhD negative were sent
to our laboratory for fetal RHD testing as part of the

Table 1| Overview of population characteristics

Characteristics Distribution Data available
Mean (SD) maternal age (years)* 30.8 (4.8) 32160 (100.0)
Ethnicity (No (%)): 21536 (67.0)
European* 19478 (90.4)
Mediterraneant 879 (4.1)
Black Creolet 168 (0.8)
Asian§ 85 (0.4)
Hindustani 66 (0.3)
Other 860 (4.0)
Parity (No (%)): 21579 (67.1)
Nulliparous 9712 (45.0)
Multiparous 11867 (55.0)
Mean (SD) gestational age at sampling (weeks+days) 276 (09 21579 (67.1)
Median (range) cell-free fetal DNA level (genome equivalents/mL)¢  46.6 (1.5-868.5) 13076 (40.7)

*Not including Mediterranean countries.

tAll countries surrounding the Mediterranean Sea.

$Black Creole includes all black people.

§Asian included all Asian countries, with the exception of people of Hindustani descent.

screening programme (fig 1). Because of administrative
errors, 382 samples were from RhD positive women
(1.17%). For 18 samples, serological RhD testing of the
pregnant woman showed weak (<2+) reactivity, and fur-
ther analysis showed that these women carried an RHD
variant allele, hampering fetal testing in most cases.
After exclusion of these 400 cases, fetal RHD testing
was performed for 32222 pregnancies. A total of 62
women were pregnant twice during the study period.
Table 1 shows the characteristics of the population.

Technical performance of the fetal RHD assay

A total of 883 DNA isolation runs were performed and 21
(2.4%) were repeated owing to either technical failure of
the DNA isolation robot (n=7) or failure to meet the
quality threshold defined by the internal standard
(n=14; only samples with a negative RHD test result
were repeated). In 19 862 cases (61.6%) an RhD positive
test result and in 12360 cases (38.4%) an RhD negative
test result were obtained and reported. In 356 cases
(1.19%) the results were issued after the assay had been
repeated, either by indication of the software (n=190) or
by manual decision of the supervisor (n=166). In 25
cases (0.08%) the software was over-ruled and the
result was reported as RhD positive without the test
being repeated. In five cases a new blood sample was
requested.

In general, there was a clear discrimination between
positive and negative RHD test results: in 99.3% of the
negative results no or a single amplification signal was
obtained, and in 98.4% of the positive results five or six
positive signals were obtained (see supplementary
eTable 2). The scoring algorithm aims to prevent false
negative results, therefore a positive result was issued
in all cases with only three positive amplification sig-
nals (n=233; 0.72%). The variance in mean cycle thresh-
old values between different samples was relatively
large (see supplementary eFigure 1). In 95% of the
plasma samples the amount of isolated fetal DNA var-
ied between 8 and 142 genome equivalent (geq) per mil-
lilitre, with a median concentration of 40 geq/mL.

We received cord blood samples from 25789 out of the
32222 pregnancies (80%). We received slightly fewer
cord blood samples in the group with a fetal RHD nega-
tive result (40.6% of cases without a cord blood sample
versus 37.8% of cases with a cord blood sample had an
RHD negative test result, P<0.001.

Diagnostic accuracy of the fetal RHD assay

Fetal RHD testing was negative for nine pregnancies,
whereas cord blood serology showed that the newborn
was RhD positive (fig 1 and table 2). In 225 cases the
fetus had been reported as RHD positive, whereas cord
blood serology showed the newborn to be RhD negative
(fig 1). Overall, the negative predictive value was 99.91%
(95% confidence interval 99.82% to 99.95%) and the pos-
itive predictive value was 98.60% (98.40% to 98.77%).
Supplementary eTable 3 provides the false negative and
false positive rates by ethnic group. The sensitivity for
detection of fetal RHD was 99.94% (99.89% to 99.97%)
and specificity was 97.74% (97.43% to 98.02%).

doi: 10.1136/bm;.i5789 | BMJ2016;355:15789 | the bmj
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Extensive analysis was performed on the nine false
negative cases (see supplementary eTable 4). Genotyp-
ing on the cord blood showed the presence of a normal
RHD gene in these neonates. Furthermore, DNA finger-
printing performed with the stored maternal whole
blood sample, the back-up plasma sample, and the cord
blood sample ruled out sample mix-up (data not
shown). In retrospect, the PCR carried out on one of
these samples (unique case number (UCN) 3, showed a
suboptimal fluorescent signal, but the cycle threshold
values obtained with internal standards were within
the preset limits. In another case (UCN4), the operator
had ignored a failure of the robot pipetting the plasma.
In UCNG6 the repeated assay showed normal fetal RHD
signals suggestive of an unnoticed technical failure. In
the other six cases either no fetal DNA (UCN1) or very
low concentrations of fetal DNA were found on repeat-
ing the test with stored plasma.

Compared with routine cord blood serology, there
were 225 false positive results, hence PCR assay during
pregnancy indicating an RHD positive fetus and cord
blood serology indicating an RhD negative fetus (fig 1
and table 2). In 10 cases an incorrect blood sample had
been sent in after delivery; in nine cases we confirmed
this to be maternal blood or a mixture of maternal and
cord blood, and in one case a sample mix-up had
occurred. In 100 of the remaining 215 samples (46.5%) a
variant RHD gene was detected in the mother and in the

Pregnancies (n=32 622)
— Maternal serology RhD positive (n=382)

I Maternal serology RhD variant (n=18)

Maternal serology RhD negative (n=32 222)

'

Fetal RHD typing positive (n=19 862)

{

Fetal RHD typing negative (n=12 360)

‘OCord blood sample not available (n=3821) ‘OCord blood sample not available (n=2612)

Cord blood serology performed (n=16 041)

Cord blood serology performed (n=9748)
I

!

True positive result
(= cord blood (=
serology result:
RhD positive)
(n=15 816)

False positive result

serology result:
RhD negative)

! ' !

True negative result False negative result
(= cord blood (= cord blood
serology result: serology result:
RhD negative) RhD positive)

(n=9739) (n=9)

cord blood

(n=225)

Fig 1| Overview of reported fetal RHD test results compared with postnatal cord blood
serology results. Concurrence was 99.09% (25555/25789, 95% confidence interval

98.97% t0 99.20%)

Table 2 | Cross tabulation of fetal RHD test results (index test) and cord blood serology

results (reference standard)

Cord blood serology result
(reference standard)

Fetal RHD test result (index test) No positive No negative Total No
Positive 15816 225 16041
Negative 9 9739 9748
Total 15825 9964 25789

thelbmj | BMJ2016;355:15789 | doi: 10.1136/bmj.i5789

newborn (n=55) or only in the newborn (n=45); hence,
the PCR results were correct. For 22 of these 45 new-
borns, follow-up serology or molecular testing showed
the presence of a variant RHD gene that produced RhD
positivity of the red blood cells. Thus, in these latter
cases the result of routine cord blood serology was false
negative. For all the cases in which a variant RHD gene
was found in a serologically RhD negative typed
mother, this had already been suspected owing to low
cycle threshold values, representing high concentra-
tions of RHD sequences in the plasma. In the remaining
115 cases, 71 had false positive fetal RHD test results
owing to our strict scoring algorithm, which mainly
aimed to prevent false negative cases: high cycle thresh-
old values were found with three or less positive ampli-
fication signals (n=44) or only four positive
amplification signals (n=27). In the remaining 44 cases
there were five or six positive amplification signals (dis-
cussed in detail elsewhere?),

Compliance to the fetal RHD screening programme
To determine compliance to the fetal RHD screening
programme, for all RhD negative women registered in
the central database Praeventis (n=24986), we evalu-
ated whether fetal RHD testing had been requested and
performed. Overall compliance was 96.3% for the first
year after implementation, ranging from 91.1% in the
first four weeks’ period to around 97.5% towards the end
of the study period. Four to five months after implemen-
tation (October-November 2011), we investigated why
fetal RHD testing had not been performed in 112 cases
(table 3). In 69 of these 112 cases (representing 1.8% of
the RhD negative women, as calculated after extrapola-
tion), there was a justifiable reason, such as moving
abroad (n=31) or loss of pregnancy or delivery before
week 27 (n=12). In 43 cases (1.2%) the test was not
requested, either mistakenly or for unknown reasons.
As over 99% of all RhD negative pregnant women are
registered in Praeventis,” we conclude that participa-
tion in fetal RHD testing as part of the nationwide
screening programme was at least 98%.

Discussion

In this paper we demonstrate that the accuracy of a fetal
RHD assay, performed at week 27 of pregnancy as part
of an antenatal screening programme, using a fully
automated assay with a complete electronic sample
tracking, result interpretation, report generation, and
data transfer to minimise administrative errors is highly
accurate. This accuracy allows the use of this test in the
Netherlands to restrict the use of both antenatal and
postnatal anti-D immunoglobulin to RhD negative preg-
nant women who carry an RhD positive child and are
therefore at risk for RhD alloimmunisation. During a 15
month period, blood samples from 32222 RhD negative
women were tested, representing at least 98% of the
RhD negative pregnant population. In 80% of cases,
cord blood samples (n=25789) were received to assess
test performance. Cord blood serology showed nine
false negative fetal RHD test results (0.03%, 95% confi-
dence interval 0.02% to 0.07%) and 225 false positive
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Table 3 | Reasons for fetal RHD test results being missing in Praeventis (the period of four
to five months after the introduction of the screening programme was selected for detailed

analysis)

Reasons for missing results

Test not performed, woman did not qualify for programme:

No (%)
69 (1.8)

Moving abroad

31(0.8)

Week 12 blood sample test, but not pregnant

7 (0.2)

Incorrect registration as RhD negative

4(0.)

Formation of maternal anti-D antibodies

5 (0.1)

Loss of pregnancy <27 weeks

4(0.1)

Delivery <27 weeks

8(0.2

First consultation >27 weeks

2(0.1)

Refusal, father RhD negative

6(0.2)

Refusal, eg religious beliefs

2(0)

Test not performed, reason unknown:

41 (1)

Test not requested by obstetric care provider

29 (0.8)

No follow-up obstetric care provider

12 (0.3)

Test not performed, other reason:

2(0.1)

Insufficient quantity blood sample, no repeat sample sent

2(0.1)

Total

112 (3.0)

fetal RHD test results (0.87%, 0.76% to 1.00%). In false
negative cases preventive anti-D immunoglobulin was
wrongly withheld while there was a risk of maternal
anti-D immunisation. This could have resulted in
maternal anti-D immunisation and eventually in hae-
molytic disease of the fetus and newborn in the current
or subsequent pregnancy. In false positive cases anti-D
immunoglobulin was wrongly administered as there
was no risk of maternal anti-D immunisation. In these
cases a scarce and expensive blood product is thus
wasted, but no serious health risks are involved. Since
we observed that unexpected technical failures can
occur, we now implement a non-human sequence into
the assay as an internal control for DNA isolation to fur-
ther reduce the false negative rate. To secure the high
quality of the Dutch antenatal screening programme, a
prerequisite of the performance of fetal RHD testing was
that the false negative rate would not exceed that of
cord blood serology, which was estimated to be 0.25%
on the basis of previous work.*2¢ Also, in our series with
optimal administrative procedures, we identified at
least 10 incorrectly assigned blood samples, labelled as
cord blood; in nine cases we confirmed these to be from
the mother (failure rate of 0.06% (10/16 041; 95% confi-
dence interval 0.03% to 0.12%).

Additional serological and molecular testing of cord
blood samples typed as RhD negative when the results
of fetal RHD testing was positive showed that in 0.09%
(22/25789; 0.06% to 0.14%) cord blood serology was in
fact false negative. In these cases, anti-D immunoglob-
ulin use on the basis of fetal RHD testing might have
prevented RhD alloimmunisation, although in these
cases the low RhD expression of the fetal red blood cells
might only entail a low risk of alloimmunisation.

To minimise the number of inconclusive results, fetal
RhD positive results were issued if any RH