
R E V I EW AR T I C L E

Recommendation for validation and quality assurance
of non-invasive prenatal testing for foetal blood groups
and implications for IVD risk classification according to EU
regulations

Frederik Banch Clausen1,2 | Åsa Hellberg2,3 | Gregor Bein4 | Peter Bugert5 |

Dieter Schwartz6 | Tadeja Dovc Drnovsek7 | Kirstin Finning8 | Katarzyna Guz9 |

Katri Haimila10 | Christine Henny11 | Helen O’Brien12 | Agnieszka Orzinska9 |

Kirsten Sørensen13 | Steinunn Thorlacius14 | Agneta Wikman15 |

Gregory Andrew Denomme2,16 | Willy Albert Flegel2,17 | Christoph Gassner2,18 |

Masja de Haas2,19,20 | Catherine Hyland2,12,21 | Yanli Ji2,22 |

William J. Lane2,23,24 | Núria Nogués2,25 | Martin L. Olsson2,3,26 |

Thierry Peyrard2,27 | C. Ellen van der Schoot2,28 | Christof Weinstock2,29 |

Tobias Legler30

1Laboratory of Blood Genetics, Department of Clinical Immunology, Copenhagen University Hospital, Copenhagen, Denmark

2cfDNA subgroup from the International Society of Blood Transfusion (ISBT) Working Party on Red Cell Immunogenetics and Blood Group Terminology (RCIBGT),

Amsterdam, The Netherlands

3Department of Clinical Immunology and Transfusion Medicine, Office for Medical Services, Region Skåne, Sweden

4Institute for Clinical Immunology and Transfusion Medicine, Justus-Liebig-University, Giessen, Germany

5Institute of Transfusion Medicine and Immunology, Heidelberg University, Medical Faculty Mannheim, German Red Cross Blood Service Baden Württemberg –
Hessen, Mannheim, Germany

6Department of Blood Group Serology and Transfusion Medicine, Medical University of Vienna, Vienna, Austria

7Blood Transfusion Centre of Slovenia, Ljubljana, Slovenia

8National Health Service Blood and Transplant, International Blood Group Reference Laboratory, UK

9Institute of Hematology and Transfusion Medicine, Warsaw, Poland

10Finnish Red Cross Blood Service, Helsinki, Finland

11Interregional Blood Transfusion SRC, Berne, Switzerland

12Clinical Services and Research, Australian Red Cross Lifeblood, Brisbane, Australia

13Department of Immunology and Transfusion Medicine, Oslo University Hospital, Oslo, Norway

14The Blood Bank, Landspitali University Hospital, Reykjavik, Iceland

15Clinical Immunology and Transfusion Medicine Karolinska University Hospital and CLINTEC Karolinska Institutet, Stockholm, Sweden

16Versiti Blood Research Institute and Diagnostic Laboratories, Milwaukee, Wisconsin, USA

17Department of Transfusion Medicine, NIH Clinical Center, National Institutes of Health, Bethesda, Maryland, USA

18Institute for Translational Medicine, Private University in the Principality of Liechtenstein, Triesen, Liechtenstein

19Department of Immunohaematology Diagnostic Services, Sanquin Diagnostic Services and Sanquin Research, Amsterdam, The Netherlands

20Department of Haematology, Leiden University Medical Center, Leiden, The Netherlands

21School of Biomedical Sciences, Queensland University of Technology, Brisbane, Queensland, Australia

The content is solely the responsibility of the authors and does not necessarily represent the view of the authors’ employer, institute or national authorities.

Received: 1 March 2021 Revised: 20 April 2021 Accepted: 4 June 2021

DOI: 10.1111/vox.13172

Vox Sanguinis. 2022;117:157–165. wileyonlinelibrary.com/journal/vox © 2021 International Society of Blood Transfusion. 157

https://orcid.org/0000-0003-2487-5373
https://orcid.org/0000-0002-7000-1899
https://orcid.org/0000-0001-8904-666X
https://orcid.org/0000-0002-8810-7974
https://orcid.org/0000-0001-8727-1679
https://orcid.org/0000-0002-1631-7198
https://orcid.org/0000-0001-6792-5612
https://orcid.org/0000-0002-1097-5229
https://orcid.org/0000-0003-1647-9610
http://wileyonlinelibrary.com/journal/vox


22Guangzhou Blood Center, Institute of Clinical Blood Transfusion, Guangzhou, China

23Department of Pathology, Brigham and Women’s Hospital, Boston, Massachusetts, USA

24Harvard Medical School, Boston, Massachusetts, USA

25Immunohematology Laboratory, Blood and Tissue Bank, Barcelona, Spain

26Department of Laboratory Medicine, Lund University, Lund, Sweden

27Institut National de la Transfusion Sanguine, Centre National de Référence pour les Groupes Sanguins, Paris, France

28Department of Experimental Immunohematology, Sanquin Research, Amsterdam, The Netherlands

29Institute of Clinical Transfusion Medicine and Immunogenetics Ulm, German Red Cross Blood Service Baden-Württemberg-Hessen, and Institute of Transfusion

Medicine, University of Ulm, Ulm, Germany

30Department of Transfusion Medicine, University Medical Center Göttingen, Göttingen, Germany

Correspondence

Frederik Banch Clausen, Laboratory of Blood

Genetics, Department of Clinical Immunology,

Copenhagen University Hospital, Copenhagen,

Denmark.

Email: frederik.banch.clausen@regionh.dk

Funding information

None

Abstract

Background and Objectives: Non-invasive assays for predicting foetal blood group

status in pregnancy serve as valuable clinical tools in the management of pregnan-

cies at risk of detrimental consequences due to blood group antigen incompatibility.

To secure clinical applicability, assays for non-invasive prenatal testing of foetal

blood groups need to follow strict rules for validation and quality assurance. Here,

we present a multi-national position paper with specific recommendations for vali-

dation and quality assurance for such assays and discuss their risk classification

according to EU regulations.

Materials and Methods: We reviewed the literature covering validation for in-vitro

diagnostic (IVD) assays in general and for non-invasive foetal RHD genotyping in

particular. Recommendations were based on the result of discussions between co-

authors.

Results: In relation to Annex VIII of the In-Vitro-Diagnostic Medical Device Regulation

2017/746 of the European Parliament and the Council, assays for non-invasive prena-

tal testing of foetal blood groups are risk class D devices. In our opinion, screening for

targeted anti-D prophylaxis for non-immunized RhD negative women should be placed

under risk class C. To ensure high quality of non-invasive foetal blood group assays

within and beyond the European Union, we present specific recommendations for vali-

dation and quality assurance in terms of analytical detection limit, range and linearity,

precision, robustness, pre-analytics and use of controls in routine testing. With respect

to immunized women, different requirements for validation and IVD risk classification

are discussed.

Conclusion: These recommendations should be followed to ensure appropriate assay

performance and applicability for clinical use of both commercial and in-house assays.
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blood group, cell-free DNA, EU, foetal RHD genotyping, HDFN, quality assurance, validation

INTRODUCTION

In the care and management of pregnancies at risk due to blood group

incompatibility, non-invasive foetal blood group genotyping based on

the analysis of cell-free foetal DNA from maternal plasma can be used

to predict the foetal blood group status [1]. For any diagnostic assay

used in medical laboratories, strict rules apply for validation,

maintenance and quality assurance. Medical laboratories that offer

clinical testing are obliged to assess the information about the perfor-

mance of an in-vitro diagnostic (IVD) assay provided by the manufac-

turer or to validate their own in-house assay. In the European Union,

IVD devices are classified on a scale of increasing risk to patients and

the public (class A, B, C or D) [2]. Blood group typing assays for trans-

fusion, transplantation and cell administration are split between the
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highest risk class D (ABO, Rh, Kell, Kidd and Duffy systems) and

class C (all other blood group systems) [2].

Non-invasive prenatal testing of foetal blood groups can have dif-

ferent clinical objectives. Pregnant women can become immunized

against a specific foetal blood group antigen, where the woman can

produce IgG antibodies that, either in the current or next pregnancy,

can be transported across the placenta and facilitate the destruction

of foetal red blood cells leading to haemolytic disease of the foetus

and newborn (HDFN) [3]. Non-invasive prenatal testing of foetal

blood groups can assist in the management of immunized women,

where the determination of foetal antigens helps clinicians to verify

the diagnosis and plan for timely treatment. A different objective

exists for non-immunized RhD negative women, where antenatal and

postnatal anti-D prophylaxis is administered to prevent the women

from becoming immunized. In some countries, antenatal prophylaxis is

administered to all RhD negative women as universal prophylaxis,

despite having no effect or purpose when a woman carries an RhD

negative foetus [4]. Rhesus immunoglobulin (RhIg) is regarded as com-

patible with foetal red blood cells; however, as a blood-derived prod-

uct, it does possess a potential risk of carrying a contaminant or

infectious agent and should therefore be used only when necessary

[5]. Moreover, there is worldwide shortage of RhIg [6]. In addition,

RhIg donors require active (hyper) immunization, which, from an ethi-

cal perspective, further promotes the use of RhIG only when neces-

sary. A non-invasive prenatal test for foetal RhD (NIPT RhD) can

identify those women who will benefit from prophylaxis, hereby guid-

ing so-called targeted prophylaxis. As such, the prediction of the foe-

tal RhD status helps by restricting the administration of prophylaxis,

thus avoiding unnecessary treatment and unnecessary use of valuable

RhIg [7, 8]. Consequently, we find that the clinical objectives as well

as the inherent risks associated with the clinical applications of non-

invasive prenatal testing of foetal blood groups can be highly differ-

ent, which should be reflected in the risk classification.

This report considers recommendations for the classification of

IVD assays specifically for non-invasive prediction of foetal RHD

status, when applied as screening of non-immunized pregnant women

to guide targeted prophylaxis. In relation to Annex VIII of the In-Vitro-

Diagnostic Medical Device Regulation 2017/746 of the European Par-

liament and the Council [2], we recommend that this IVD should be

placed in risk class C.

In addition, we present specific requirements for assay validation

and quality assurance. This set of recommendations should be taken

into consideration by those responsible for the introduction non-

invasive prenatal testing of foetal blood groups in diagnostic

laboratories.

METHODS

The authors, consisting of the leading experts in the field, reviewed

the literature about IVD assay validation in general and publications

about performance studies dealing primarily with foetal RHD assays.

Recommendations were formulated after discussions. Pertinent issues

were discussed among international experts at two conferences, first

raised and discussed at the International Meeting of Cell-Free DNA, in

Copenhagen 2019, and thereafter discussed by the cell-free DNA

(cfDNA) subgroup from the International Society of Blood Transfusion

(ISBT) Working Party on Red Cell Immunogenetics and Blood Group

Terminology (RCIBGT), at the ISBT meeting in Basel in 2019. This

multi-national position paper was circulated among all co-authors,

whose comments were then addressed until this consensus was

reached. The recommendations of the manuscript are formulated and

endorsed by the cfDNA subgroup from the ISBT RCIBGT working

party.

RESULTS

Legislation for the performance evaluation of IVD in
the European Union

IVD assays for non-invasive prenatal testing of foetal blood groups

are medical devices. In May 2017, the In-Vitro-Diagnostic Medical

Device Regulation (IVDR, 2017/746) [2] of the European Parliament

and the Council about IVDs came into force. After transition periods,

this regulation is repealing the previous Medical Devices Directive

98/79/EC [9]. According to the new regulation, IVD is categorized

into four risk classes A, B, C and D. In 2019, a corrigendum specified

that devices used ‘to determine foeto-maternal blood group incom-

patibility’ are included with devices ‘intended to be used for blood

grouping,’ thus placing non-invasive prenatal testing of foetal

blood groups under risk class D [10].

Assays that are used for blood group determination in order to

guarantee immunocompatibility of blood, blood components, cells, tis-

sue or organs used for transfusion, transplantation or cellular therapy

need to fulfil the highest standards for risk class D IVD. In our opinion,

non-invasive foetal RHD screening belongs to a different category in

terms of both severity and frequency of side effects due to unneces-

sarily given or withheld administration of universal RhIg prophylaxis,

compared with side effects from incompatible transfusion due to

incorrect blood group determination. It is therefore unnecessary

to categorize reagents for the non-invasive determination of the foe-

tal RhD status according to risk class D. In our opinion, these IVDs

belong to risk class C. Similarly, as already listed in the IVDR, such

reagents are equal to reagents with the intended use to screen for

genetic diseases in embryo or foetus, which are placed under risk

class C.

To establish recommendations for foeto-maternal blood

group testing, published recommendations for the validation of

molecular qualitative virus diagnostics tests can be used as refer-

ence points [11]. In addition, real-time polymerase chain reaction

(PCR) details have been published for non-invasive testing of

>50,000 cases of RhD negative pregnant women using several

protocols [7, 12–25], demonstrating high assay performance, and

from which the extensive experience can be applied to establish

specific recommendations.
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Reagents, including calibrator and control reagents released for

the determination of the blood groups belonging to the ABO, Rh

(C, c, D, E, e), and Kell systems, need to fulfil particular requirements.

In 2002, common technical specifications (CTS) for IVD medical

devices (CTS, Commission Decision 2002/364/EC) were laid down,

which include detailed requirements for lot release tests and perfor-

mance evaluation of antibodies distributed for the determination of

blood group antigens [11]. In agreement with colleagues, Institut de

Biotechnologies Jacques Boy (Reims, France) [26], Deutsche Gesell-

schaft für Transfusionsmedizin und Immunhämatologie (DGTI) [27]

and the cfDNA subgroup of the ISBT RCIBGT working party, we find

that reagents with the intended use ‘Determination of the foetal RHD

status from maternal plasma for targeted anti-D prophylaxis’ are not

comparable with antibodies used for the determination of the blood

group antigen RhD (RH1), which precedes and aims to ensure an RhD

compatible transfusion of red blood cells. Manufacturers of non-

invasive foetal blood genotyping assays may consider CTS while plan-

ning a performance evaluation study; however, the requirements need

to be different due to sample specification (plasma instead of whole

blood), target molecules (nucleic acids instead of red cells), reagent

properties (e.g., oligonucleotides instead of antibodies), methodology

(nucleic acid amplification test instead of haemagglutination test) and

a different purpose of the test as well as considerably different immu-

nization risks (as further discussed below).

Non-invasive foetal RHD screening

Risk assessment

In the context of blood transfusion, high CTS demands are reasonable

because a false-negative RhD determination in blood donors or a

false-positive determination in recipients of red cell concentrates may

result in anti-D immunization in 3%–70% of cases [28]. In contrast, a

false-negative result for the foetal RHD status, when applied as

screening to guide only targeted prophylaxis during pregnancy, entails

the omission of an antenatal anti-D prophylaxis only. If RhD is deter-

mined in the newborn (e.g., from cord blood), this error is revealed,

and postnatal anti-D prophylaxis is administered accordingly. This

approach is associated with an increase of the immunization risk from

about 0.2%–0.4% to about 0.7%–1% [29, 30]. Thus, this risk is consid-

erably less than the immunization risk associated with a false-negative

result determined with serological blood group reagents in the context

of red blood cell transfusion. In some countries, a false-negative NIPT

RhD result will cause the omission of both antenatal and postnatal

prophylaxis, and consequently, the risk of immunization is higher,

around 4%–16% [4, 31, 32], elsewhere stated as a prevalence of 3.5%

[1]. In these countries, cord blood serology has been terminated on

the basis of high performance of the foetal RHD genotyping assay,

with diagnostic sensitivities around 99.9% [7]. Taken together, the

immunization risk in the context of screening non-immunized RhD

negative women is still much less than the anticipated risk in the con-

text of red blood cell transfusion, where also a mismatched

transfusion in an alloimmunized recipient can lead to severe

haemolytic transfusion reactions. In this risk assessment, it should also

be noted that non-invasive foetal RHD genotyping has been reported

to identify more foetal RhD positive cases which were false negative

by standard cord blood serology than causing false-negative results,

effectively decreasing the overall risk of immunization [20].

Estimate of the number of specimens required for
determining diagnostic accuracy

The total number to be investigated for the determination of diagnos-

tic accuracy is an important figure of any performance evaluation. For

the validation of new anti-RH1 (anti-D) reagents, CTS requires a sam-

ple of 3000 specimens for a new formulation; or if reagents have been

clearly characterized, 1000 specimens still have to be investigated;

and if the application field or the mode of use changes, 500 specimens

need to be analysed. The CTS focusses on the safety of blood and

organ donations and thus requires extremely accurate results when

IVD is applied. For this reason, CTS confines to infectious disease

tests for blood donation screening and to blood group serology

assays. The requirements for the performance evaluation of anti-D

sera/reagents also include tests that show that RhD variants are

detected.

Based on the risk assessments presented above, a performance

evaluation study with 1000 specimens is considered sufficient when a

new technology for the determination of the foetal RHD status from

maternal blood is used (Table 1). With a new technology, assay perfor-

mance should be evaluated with diagnostic sensitivity and specificity.

For such evaluation, it is recommended that the lower limit of the

95% confidence interval of the sensitivity should be ≥99% and that

the lower limit of the 95% confidence interval of the specificity should

be ≥96%. Cord blood genotyping can be applied to resolve

discrepancies.

If a laboratory makes minor modifications to an existing published

protocol, fewer specimens are needed. Based on the extensive litera-

ture about the application of real-time PCR for the determination of

the foetal RHD status [7, 8, 12–25, 33–36], with real-time PCR details

published for >50,000 cases from several protocols [7, 12–25], the

investigation of 100 specimens is sufficient for a performance evalua-

tion of an assay using this well-validated and published real-time PCR

technology in pregnancies of at least 10 weeks of gestation. Oligonu-

cleotides and probes for RHD exon 5 and 7 have been verified in a

multicentre study [37]. The concentration of primer and probes has

been previously published by Grootkerk-Tax et al. [12]. Other combi-

nations of RHD exons have also been applied successfully [16–18,

21–23, 38–40]. It should be noted, however, that the majority of pub-

lished studies have been done in predominantly Caucasian pregnan-

cies, and that the accuracy in non-Caucasian, especially in African

populations, has not been established yet. In order to minimize manual

errors, nucleic acid extraction should be performed with an automated

procedure, which has already been validated and published with at

least 1000 specimens at another site or in a side-by-side comparison
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with such a validated, automated procedure with at least 100 speci-

mens [13, 14, 16–23, 25]. General pre-analytical issues should be

evaluated with great care to optimize sensitivity [15, 37, 41, 42]. The

pre-analytical conditions including the gestational week of the valida-

tion specimens should resemble those of the clinical specimens that

are to be tested after the validation phase.

For Europe, it can be expected that in about 60%–65% RhD neg-

ative pregnant women, a positive foetal RHD status is determined

and, in about 35%–40%, a negative foetal RHD status is obtained

[13, 18, 20, 22]. According to this distribution, it is acceptable that

diagnostic sensitivity and specificity are investigated in any given

cohort of RhD negative pregnant women with sufficient accuracy

without specifying detailed numbers for RHD positive and RHD nega-

tive foetuses. Analytical sensitivity and specificity largely depend on

the genomic target region. Assays that detect RHD exon 7 and at least

one additional RHD exon allow for detection of most RHD variants

[43, 44]. Other exon combinations have also been applied success-

fully, and selection of exons may vary for the population. In

Europeans, it is not required to test for RHD variants, for example, if

the woman carries an aberrant RHD allele, which is associated with an

RhD negative phenotype or a very weak RhD variant (e.g., DEL). In

these cases, which are rare or of low frequency, it is still possible to

recommend universal antenatal anti-D prophylaxis, and the low rates

of variants do not impact on the effectiveness of foetal RHD screening

programs [45]. However, the development and validation of assays

with respect to these RhD variants are encouraged for non-Caucasian

populations. In general, laboratories and manufactures should always

describe the assay limitations related to variants.

Analytical detection limit

For the determination of the analytical detection limit of a new NIPT

RhD assay, World Health Organization (WHO) reference material is

commercially available (Product Number 07/222, National Institute

for Biological Standards and Control [NIBSC], Potters Bar, Hertford-

shire, United Kingdom) [46]. After DNA extraction, a dilution series

(1-in-2) of the DNA should be tested with four replicates of each dilu-

tion. The dilution 1-in-2 must test positive in all four replicates; the

results from higher dilutions are part of the validation dossier and fur-

ther characterize the assay. Additional calculations of detection limit

may be useful to assess a theoretical detection limit of the whole

setup [47].

Measuring range and linearity

The WHO reference material is not suitable for the determination of

measuring range and linearity because the concentration of RHD spe-

cific nucleic acids is too low for this purpose. Suitable material is RHD

positive DNA (preferably from leukocytes from a hemizygous donor)

spiked into RHD negative ethylenediaminetetraacetic acid (EDTA)

plasma at a concentration of 100 ng/ml. A semilogarithmic dilution

series is made with DNA in H2O and then spiked into RHD negative

plasma before DNA extraction. Each dilution point must be tested

with three PCR replicates. A concentration of ≤500 pg/ml plasma

must test positive in all three replicates.

Precision

The intra-assay precision should be analysed using a plasma-pool from

RHD negative pregnant women with RHD positive foetuses. The

intra-assay precision can be determined in one run with at least eight

aliquots of this plasma pool. For real-time PCR, the coefficient of vari-

ation for intra-assay precision of cycle threshold (Ct)-values should

be ≤5%.

In order to determine the inter-assay precision, a plasma pool as

described above is required. In three different runs on three different

days, three aliquots of this plasma pool must be tested (in total nine

aliquots). Different technicians should perform these tests. For

real-time PCR, the coefficient of variation for inter-assay precision of

Ct-values should be ≤5%.

T AB L E 1 Summary of requirements for the validation of assays
with the intended use to determine the foetal RHD status from
maternal blood

Diagnostic sensitivity

and specificity

1000 specimens for a new technology; at

least 100 specimens for a well-validated

and published technology

Requirement for

specimen

validation

Plasma from D negative pregnant women,

10–29 weeks, including a general

documentation of collection tube type,

transportation time and conditions in the

validation report

Analytical sensitivity Dilution series (1-in-2) WHO reference

material (NIBSC 07/222) in four

replicates, the dilution 1-in-2 must test

positive in four of four replicates

Measuring range and

linearity

A dilution series (0.5 log) from 100 ng/ml

RHD positive DNA spiked into RHD

negative plasma, tested in three

replicates, the concentration ≤500 pg/ml

plasma must test positive in three of

three replicates

Intra-assay precision Eight replicates from a plasma pool, obtained

from RHD negative pregnant women

with an RHD positive foetus, tested in

one run

Inter-assay precision Nine replicates from a plasma pool, obtained

from RHD negative pregnant women

with an RHD positive foetus, tested in at

least three runs on three different days

The tests should be performed by different

technicians

Robustness Three runs, 12 samples per run, six RHD

positive and six RHD negative samples,

respectively, from patients or blood

donors
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Robustness

There are different options to characterize the robustness of diagnos-

tic assays. Therefore, the laboratory or the manufacturer must decide

how this topic is addressed. However, experiments designed to evalu-

ate the contamination risk are mandatory. Three subsequent runs with

at least 12 samples each should be performed. Every run should com-

prise at least six plasma samples from RHD positive and six plasma

samples from RHD negative patients or blood donors in a checker-

board pattern.

Quality assurance

A diagnostic laboratory offering the determination of the foetal RHD

status from maternal blood requires a quality management

(QM) system. As part of a total QM system, each shipment of a new

lot of reagents must be tested with controls. Recommendations for

the storage of reagents are published [15].

If IVD products issued for testing the foetal RHD status are

assigned to Annex II of Directive 98/97/EG or risk class D of IVDR

2017/746, lot-specific testing and release by a notified body is

required [2]. If placed under class C, lot-specific testing and release by

a notified body is not required.

Pre-analytics in routine operation

In general, pre-analytic issues need to be carefully assessed as pre-

analytical steps may affect the assay sensitivity. The interval of time

between venipuncture and separation of plasma from blood cells

should be as short as possible when using EDTA tubes and should

preferably not exceed 5 days [41]. However, each laboratory

should perform their own evaluation of the allowed time duration

under the specific transportation conditions used by the individual

laboratory. Each laboratory should also perform its own evaluation of

storage conditions as well as sample tubes used. For haemolytic speci-

mens, a reduced sensitivity has been described; therefore, plasma

needs to be visually checked for haemolysis signs before nucleic acid

extraction [41, 42].

Controls in routine operation

It is preferable to use a system for run control for monitoring the

extraction efficiency as well as having a control system for amplifica-

tion efficiency. Various solutions can be selected, and ultimately, each

laboratory will have to decide upon a solution that is practical and

efficient according to their setup.

For a run control, the recommendation is to collect the remaining

plasma from blood tubes after testing for foetal RHD and produce a

plasma pool in order to use aliquots of this pool, preferably in every

run [20]. Due to the smaller fragment size of cfDNA [48], it is

inappropriate to use plasma from RhD positive individuals or plasma

from RhD negative individuals spiked with RHD positive leukocyte

DNA. The trend of the run control’s amplification signals can be

assessed in order to recognize a decreasing analytical sensitivity. The

extraction and amplification efficacy should be analysed in each sam-

ple by detecting a known target sequence. Maternal, foetal or artificial

(added to the specimen or the first extraction buffer) target sequences

are appropriate. Recommended measures for quality assurance in rou-

tine operation are presented in Table 2.

As a test of reproducibility, the laboratory should participate in an

external quality assurance (EQA) scheme. An international scheme has

been running as a workshop [49–51]. EQA is now offered from the

Danish EQA organizer DEKS. If no EQA is offered on a national level,

blinded samples can be exchanged with another laboratory at least

once a year.

Assays for non-invasive prediction of foetal blood
group status in immunized women

For immunized women, non-invasive prenatal genotyping of foetal

gene targets can predict antigen positivity, assisting in the manage-

ment of immunized pregnant women. The prediction of foetal anti-

gens helps clinicians to verify the diagnosis and plan for timely

treatment.

However, there is some degree of variation in how the knowledge

of the foetal blood group status is used in the management of the

immunized women. It may have a direct impact on indication of treat-

ment and how the pregnant woman is further monitored, or it may

have a less direct impact where knowledge of the foetal blood group

status is merely a contributing component to the diagnosis, combined

with other indications including antibody titres and ultrasound, and

further monitoring of the pregnant woman will continue unchanged

T AB L E 2 Quality assurance in routine operation

Transportation

time

As short as possible, preferably ≤5 days from

blood sampling until plasma separation

Test for

confounding

factors

Visual inspection for haemolysis before nucleic

acid extraction

Positive run control One plasma pool from RHD negative pregnant

women with RHD positive foetuses

per runa

Negative run

control

One plasma from RHD negative individual/

plasma poolb

Extraction/

amplification

control

Either a human housekeeping gene or a

heterologous DNA fragment is present

during DNA extraction and amplification/

detection

aThe use of a plasma pool is recommended, not required. If not feasible, an

RHD positive DNA control is mandatory, preferably diluted to a

concentration of RHD positive DNA close to the detection limit.
bThe use of a plasma pool is recommended, not required. If not feasible,

an RHD negative DNA control is mandatory.
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or only slightly decreased. Therefore, depending on each country’s

management regime, an overall risk assessment is difficult. Still, a

false-negative result may convey the risk that a pregnancy is not prop-

erly monitored, and a potentially affected foetus may not be discov-

ered and treated in a timely manner. Hence, the risk associated with

immunized women concerns the health of the foetus rather than the

risk of immunization of the woman as in the context of screening

non-immunized pregnant RhD negative women to guide targeted

prophylaxis.

The issue of risk classification for immunized women has been

discussed by the author group. There are different opinions as to

whether testing of immunized women should be placed under risk

class C or D according to EU regulations. This relates to different

opinions as to how these women should be monitored. Overall, two

opinions are prevailing: One placing the testing under class C, where a

high level of monitoring is continued despite predicting the foetus to

be at no risk of HDFN, and one placing the testing under risk class D,

where monitoring of the pregnant woman is substantially decreased

or even discontinued when the foetus is predicted to be at no risk. In

addition, some favour risk class D because the risk concerns the foe-

tus, whereas others favour risk class C. Outside of Europe, in

Australia, the risk classification is class 3, equivalent to the EU class C.

In addition, several different techniques are used for testing of

immunized women, unlike the almost universally used real-time PCR

for foetal RHD genotyping of non-immunized RhD negative women.

These techniques include real-time PCR [52, 53], real-time PCR with

various modifications [54, 55], matrix-assisted laser desorption/ioniza-

tion–time of flight (MALDI-TOF) mass spectrometry [56], targeted

DNA sequencing [57–60] and Droplet Digital PCR [61]. Furthermore,

unlike foetal RHD genotyping of non-immunized women, the number

of cases of immunized women are often much lower and quite rare

for antigens other than RhD. Consequently, the number of published

cases and protocols is small compared to foetal RHD screening as

guide for targeted prophylaxis [1].

Therefore, validation of these assays is more challenging,

although validation of assays for immunized women can be done

using samples from non-immunized women when tested at equivalent

gestational age as expected from clinical samples.

We recommend that the risk class decision for assays intended

for non-invasive prenatal testing of foetal blood groups in immunized

women should be taken locally depending on the jurisdiction of each

country, relating to each country’s regime for management of immu-

nized women. The validation and quality assurance should generally

follow the same principles as recommended for foetal RHD status. We

recommended that manufacturers put specific claims on their NIPT

products, with respect to the need of further monitoring of

alloimmunized women if the foetus has been tested antigen negative.

For immunized women, it must be possible to convey a clinical

test result from an assay that has been tested only with a low number

of clinical cases. In a clinical setting, we recommend that clinicians

should be informed of this low number of cases, so that results are

warranted by the number of samples tested and clinicians made aware

that caution should be taken for result interpretation. A strategy of

re-testing can be applied for cases with a negative result to ensure

two independent negative results as basis for concluding a foetal

blood group status and, thus, no risk of HDFN. In addition, the use

of foetal DNA controls to show the presence of foetal DNA in case

of a negative blood group genotyping result is strongly rec-

ommended [62].

DISCUSSION AND CONCLUSION

Non-invasive foetal RHD genotyping has become a standard part of

antenatal care for RhD negative women in many countries. Foetal

RHD genotyping screening programs allow RhD negative women

carrying a compatible (RhD negative) foetus to avoid unnecessary

administration of prophylactic RhIg and thus avoid exposure to a

blood-derived product as well as conserve the valuable RhIg for ratio-

nal use. NIPT RhD represents one of the first clinical applications of

cell-free foetal DNA and has been used as a clinical tool for almost

20 years [63]. High assay performance of real-time PCR assays has

been extensively documented in the literature [7, 12–25], exemplify-

ing the large experience with this assay. In contrast, assays for women

immunized to blood group antigens other than RhD are reported in

smaller numbers in the literature due to the rarity of cases [1].

The risk assessment of the immunization risk in the context of

targeted routine antenatal anti-D prophylaxis programs is found to be

in a different category when compared to the immunization risk in the

context of blood transfusion. In addition, it can be argued that non-

invasive foetal blood group genotyping serves different clinical pur-

poses for immunized and non-immunized women, where the risk in

immunized women concerns the foetus and the risk in non-immunized

women concerns foremost the women (and only later the foetus, if

the woman becomes immunized and initiates a new pregnancy). Con-

cerning the potential risk associated with prophylaxis, demanding less

strict requirements for assays intended for screening non-immunized

RhD negative women will help advance the implementation of screen-

ing programs and targeted prophylaxis, thereby avoiding unnecessary

treatment and thus overall decreasing the potential risk associated

with prophylaxis.

In relation to the EU regulation, we, the leading experts in the

field, do not agree that all assays for non-invasive prenatal testing of

foetal blood groups should be placed under risk class D. We, thus, dis-

agree specifically with the corrigendum of 2019 [10]. Alternatively,

we recommend at least placing non-invasive foetal RHD genotyping

under risk class C, when applied as a screening of RhD negative non-

immunized pregnant women to guide targeted prophylaxis.

We have presented specific recommendations for assay valida-

tion in terms of performance evaluation, analytical detection limit,

range and linearity, precision, robustness, quality assurance, pre-

analytics and use of controls in routine testing. These recommenda-

tions are endorsed by expert colleagues and the cfDNA subgroup of

the ISBT RCIBGT working party. The resulting recommendations are

designed to ensure appropriate assay performance and applicability

for safe clinical use.
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40. Dovč-Drnovšek T, Klemenc P, Toplak N, Blejec T, Bricl I, Rožman P.

Reliable determination of fetal RhD status by RHD genotyping from

maternal plasma. Transfus Med Hemother. 2013;40:37–43.
41. Müller SP, Bartels I, Stein W, Emons G, Gutensohn K, Legler TJ. Cell-

free fetal DNA in specimen from pregnant women is stable up to

5 days. Prenat Diagn. 2011;31:1300–4.
42. Clausen FB, Jakobsen TR, Rieneck K, Krog GR, Nielsen LK, Tabor A,

et al. Pre-analytical conditions in non-invasive prenatal testing of

cell-free fetal RHD. PLoS One. 2013;8:e76990.

43. Wagner FF, Frohmajer A, Flegel WA. RHD positive haplotypes in D

negative Europeans. BMC Genet. 2001;2:10.

44. Daniels G. Variants of RhD—current testing and clinical conse-

quences. Br J Haematol. 2013;161:461–70.
45. Gordon LG, Hyland CA, Hyett JA, O’Brien H, Millard G, Flower RL,

et al. Noninvasive fetal RHD genotyping of RhD negative pregnant

women for targeted anti-D therapy in Australia: a cost-effectiveness

analysis. Prenat Diagn. 2017;37:1245–53.
46. Metcalfe P, Rigsby P, Tait E, Urbaniak S. An international reference

reagent for the detection of RHD and SRY DNA in plasma. Vox Sang.

2012;102:243–9.
47. Clausen FB, Urhammer E, Rieneck K, Krog GR, Nielsen LK,

Dziegiel MH. How to evaluate PCR assays for the detection of low-

level DNA. APMIS. 2015;123:731–9.
48. Chan KC, Zhang J, Hui AB, Wong N, Lau TK, Leung TN, et al. Size

distributions of maternal and fetal DNA in maternal plasma. Clin

Chem. 2004;50:88–92.

49. Clausen FB, Barrett AN, Krog GR, Finning K, Dziegiel MH. Non-

invasive foetal RhD genotyping to guide anti-D prophylaxis: an

external quality assurance workshop. Blood Transfus. 2018;16:

359–62.
50. Clausen FB, Barrett AN. The noninvasive fetal RHD genotyping

EQA2017 working group. Noninvasive fetal RHD genotyping to

guide targeted anti-D prophylaxis – an external quality assessment

workshop. Vox Sang. 2019;114:386–93.
51. Clausen FB, Hellberg Å. External quality assessment of noninvasive

fetal RHD genotyping. Vox Sang. 2020;115:466–71.
52. Legler TJ, Lynen R, Maas JH, Pindur G, Kulenkampff D, Suren A,

et al. Prediction of fetal Rh D and Rh CcEe phenotype from maternal

plasma with real-time polymerase chain reaction. Transfus Apher Sci.

2002;27:217–23.
53. Orzi�nska A, Guz K, Dębska M, Uhrynowska M, Celewicz Z, Wielgo�s M,

et al. 14 years of polish experience in non-invasive prenatal blood group

diagnosis. Transfus Med Hemother. 2015;42:361–4.
54. Finning K, Martin P, Summers J, Daniels G. Fetal genotyping for the

K (Kell) and Rh C, c, and E blood groups on cell-free fetal DNA in

maternal plasma. Transfusion. 2007;47:2126–33.
55. Scheffer PG, van der Schoot CE, Page-Christiaens GC, de Haas M.

Noninvasive fetal blood group genotyping of rhesus D, c, E and of K

in alloimmunised pregnant women: evaluation of a 7-year clinical

experience. BJOG. 2011;118:1340–8.
56. Li Y, Finning K, Daniels G, Hahn S, Zhong X, Holzgreve W. Noninva-

sive genotyping fetal Kell blood group (KEL1) using cell-free fetal

DNA in maternal plasma by MALDI-TOF mass spectrometry. Prenat

Diagn. 2008;28:203–8.
57. Rieneck K, Bak M, Jønson L, Clausen FB, Krog GR, Tommerup N,

et al. Next-generation sequencing: proof of concept for antenatal

prediction of the fetal Kell blood group phenotype from cell-free

fetal DNA in maternal plasma. Transfusion. 2013;53:2892–8.
58. Rieneck K, Egeberg Hother C, Clausen FB, Jakobsen MA, Bergholt T,

Hellmuth E, et al. Next generation sequencing-based fetal ABO

blood group prediction by analysis of cell-free DNA from maternal

plasma. Transfus Med Hemother. 2020;47:45–53.
59. Orzi�nska A, Guz K, Mikula M, Kluska A, Balabas A, Ostrowski J, et al.

Prediction of fetal blood group and platelet antigens from maternal

plasma using next-generation sequencing. Transfusion. 2019;59:

1102–7.
60. Wienzek-Lischka S, Bachmann S, Froehner V, Bein G. Potential of

next-generation sequencing in noninvasive fetal molecular blood

group genotyping. Transfus Med Hemother. 2020;47:14–22.
61. O’Brien H, Hyland C, Schoeman E, Flower R, Daly J, Gardener G.

Non-invasive prenatal testing (NIPT) for fetal Kell, Duffy and Rh

blood group antigen prediction in alloimmunised pregnant women:

power of droplet digital PCR. Br J Haematol. 2020;189:e90–e94.
62. Scheffer PG, de Haas M, van der Schoot CE. The controversy about

controls for fetal blood group genotyping by cell-free fetal DNA in

maternal plasma. Curr Opin Hematol. 2011;18:467–73.
63. Finning KM, Martin PG, Soothill PW, Avent ND. Prediction of fetal D

status from maternal plasma: introduction of a new noninvasive fetal

RHD genotyping service. Transfusion. 2002;42:1079–85.

How to cite this article: Clausen FB, Hellberg Å, Bein G,

Bugert P, Schwartz D, Drnovsek TD, et al. Recommendation

for validation and quality assurance of non-invasive prenatal

testing for foetal blood groups and implications for IVD risk

classification according to EU regulations. Vox Sang. 2022;

117:157–165.

RECOMMENDATIONS FOR NON-INVASIVE TESTING OF FOETAL BLOOD GROUPS 165

https://doi.org/10.1007/s00404-021-06055-1

	Recommendation for validation and quality assurance of non-invasive prenatal testing for foetal blood groups and implicatio...
	INTRODUCTION
	METHODS
	RESULTS
	Legislation for the performance evaluation of IVD in the European Union
	Non-invasive foetal RHD screening
	Risk assessment
	Estimate of the number of specimens required for determining diagnostic accuracy
	Analytical detection limit
	Measuring range and linearity
	Precision
	Robustness
	Quality assurance
	Pre-analytics in routine operation
	Controls in routine operation

	Assays for non-invasive prediction of foetal blood group status in immunized women

	DISCUSSION AND CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES


