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Abstract 
Background: The main cause of hemolytic disease of the fetus and newborn (HDFN) is 

the incompatibility of the RHD antigen between mother and fetus. Following the 

discovery of cell-free fetal DNA (cffDNA), noninvasive fetal RHD genotyping also 

became possible, which will help in the better management of immunized RHD neg-

ative mothers and in the targeted prenatal injection of Rho(D) immune globulin 

(RhIG). The objective of this study was to establish a reliable method with high ac-

curacy to determine the fetal RHD genotype. 

Methods: The project was a prospective observational cohort study. After cell-free 

DNA (cfDNA) extraction from maternal plasma, fetal RHD genotyping was per-

formed by duplex real-time polymerase chain reaction (PCR) and exons 5, 7, and 10 

of the RHD gene were examined. SRY and RASSF1A genes were used as internal 

controls to confirm the presence of cffDNA in maternal plasma. 

Results: Out of 40 samples, 33 were RhD positive heterozygous mothers and 7 cases 

were RHD negative. In three cases where both the fetal RHD and SRY genotypes 

were negative, RASSF1A was amplified in cell-free DNA sample treated with the 

BstUI enzyme, and the presence of cffDNA was confirmed. 

Conclusion: The findings reveal that the strategy used in this study is reliable and it 

is possible to determine the fetal RHD status with high accuracy. The strategy can 

help targeted injection of RhIG and prevent unnecessary injection in RhD negative 

mothers who carry an RhD negative fetus.  
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Introduction 

he Rh Blood Group System is one of the 43 

blood group systems ever identified in hu-

mans (https://www.isbtweb.org/working-pa- 
 

rties/red-cell-immunogenetics-and-blood-group-

terminology/). It is the most important post-ABO 

blood group system in blood transfusion medi-

cine, and the RHD antigen of this system is a ma-

jor cause of hemolytic disease of the fetus and 

newborn (HDFN). The disease is characterized by  
 

 

 

 
fetal anemia, jaundice and, in severe cases, kernic-

terus, hydrops fetalis, and intrauterine or postnatal 

death (1-3). 

With the combined pre-and postnatal use of 

RhIG in the late 1990s, the risk of alloimmuniza-

tion was minimized (about 0.2%), but the proba-

bility of this disease has not yet been reduced to 

zero, and it is still of particular importance in 

blood transfusion medicine (2, 4, 5). Another is-
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sue that is relevant here is that a significant per-

centage of prenatal RhIG injections are unneces-

sary due to fetal RHD status in RHD negative 

cases (about 40% of pregnancies in the European 

population), and since this medicinal product is of 

human origin, firstly, its production is low in 

some countries, and secondly, the possibility of 

transmitting known and unknown infections and 

sometimes allergic side effects continues to exist 

(6-8). Thus, proper and targeted use of the product 

will have a significant role in maintaining mater-

nal and fetal health. 

By discovering cell-free fetal DNA (cffDNA) in 

the bloodstream of pregnant women, Lo et al. in-

troduced the use of a noninvasive sampling meth-

od in prenatal research (9). Following this discov-

ery, Lo et al. and Faas et al., in two separate stud-

ies in 1998 also demonstrated the feasibility of 

fetal RHD genotyping using this DNA source (10, 

11). 

Determination of fetal RHD status in RHD-nega-

tive pregnant women is done nowadays for the 

targeted injection of RhIG to nonimmunized moth-

ers carrying RHD positive fetus, and for the time-

ly follow-up and proper management of immun-

ized mothers carrying RHD positive fetus at risk 

of HDFN. In addition, this test can prevent unnec-

essary procedures for immunized mothers whose 

fetuses are genotyped as RHD negative. 

Numerous studies on fetal RHD genotyping are 

still being conducted in many parts of the world, 

and even in some countries, fetal RHD genotyp-

ing is performed routinely as part of a screening 

program for RHD negative mothers during preg-

nancy. One of the most cited studies on this topic 

is conducted by Müller et al., who reported that 

the sensitivity of RHD genotyping of the fetus is 

as high as that of serological methods (12). In 

Iran, very few studies are available on this sub-

ject, and fetal RHD genotyping is not formally 

performed at any center for the purposes men-

tioned (13, 14). Therefore, the main objective of 

this study was to establish a reliable method with 

high accuracy for fetal RHD genotyping in the 

Iranian obstetric population using real-time poly-

merase chain reaction (PCR) technique and spe-

cific labeled probes, as well as appropriate con-

trols (RASSF1A and SRY genes) to confirm the 

presence of cffDNA. 

 
Methods 

The study design and sampling: The present study  

 

was conducted as a prospective observational co-

hort project. All samples were collected after ob-

taining informed consent during a 13-month peri-

od (May 2019 to June 2020). Samples (using ac-

cidental sampling method) were collected from 

RHD negative pregnant women (gestation period 

of 7 to 38 weeks) related to RHD positive biologi-

cal fathers who were referred to the prenatal sec-

tion of Moheb Yas Hospital in Tehran for a rou-

tine ultrasound examination. Any history of inter-

fering factors in fetal RHD genotyping such as 

neoplasms (interfering with RASSF1A methyla-

tion) as well as bone marrow transplantation and 

blood transfusions in the past three months led to 

exclusion of samples. It is necessary to state that 

the current study was approved by the Ethics 

Committee of High Institute for Research and Ed-

ucation in Transfusion Medicine (Ethical No.: IR. 

TMI.REC.1396.031). 

Seven milliliters of whole blood were collected 

in EDTA tubes and shipped directly to Blood 

Group Genotyping Central Lab in the Iranian 

Blood Transfusion Organization. The plasma of 

most samples was isolated immediately or within 

a maximum of 48 hr at 4°C (except for five sam-

ples) and stored at -70°C until subsequent steps. 
 

CfDNA extraction from maternal plasma: CfDNA 

(including maternal and fetal DNA) from 1 ml of 

maternal plasma was manually purified using a kit 

for DNA isolation from blood plasma (TestGene 

Co., Russia) and was eluted in the final volume of 

50 μl of elution buffer. In cases where the moth-

er's gestational age was below 14 weeks, the buff-

er volume was considered to be 35 µl.  
 

Confirmation of the presence of total DNA and 

cffDNA in the extracted sample: The beta-globin 

gene was used to assess the presence of total DNA 

(maternal and fetal). The SRY gene (as an internal 

control) was also used to confirm the presence of 

cffDNA. Since the SRY gene is detectable only if 

the fetus is male, in cases where neither the fetal 

RHD nor the SRY is detectable, another marker 

should be used to confirm the presence of cff-

DNA. Evaluation of an epigenetic marker called 

RASSF1A (a tumor suppressor gene) could be a 

good option for this purpose, which was also used 

in the present study. This gene is hypermethylated 

in fetal-derived DNA and hypomethylated in ma-

ternal-derived DNA. Using the BstUI methyla-

tion-sensitive enzyme, it is possible to digest the 

maternal DNA and identify the RASSF1A gene in 

case of the presence of fetal DNA and conducting 
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PCR on it, and this will confirm the presence of 

cffDNA (15). To this aim, 30 µl of cfDNA was 

incubated for 1 hr at 60°C in the presence of 10 

units of BstUI enzyme (New England Biolabs, 

UK) and then, using this treated DNA, the ampli-

fication or nonamplification of the RASSF1A 

gene was evaluated by real-time PCR. To evaluate 

the completeness of the digestion, the beta-actin 

gene was used as a control. This gene is digested 

by BstUI enzymes of both maternal and fetal 

origin and unlike the hypermethylated RASSF1A, 

it will not replicate itself in the PCR process (15). 
 

Real-time PCR analysis: DNA samples were ana-

lyzed by LightCycler 96 Real‐Time PCR System 

(Roche Applied Science, Switzerland) and Taq-

Man probe technology (dual-labeled hydrolysis 

probes). The sequences of used primers and pro-

bes were adopted from previous studies (3, 16-18) 

and synthesized by Metabion Company (Metabion 

GmbH, Germany).  
 

Reaction mixture and amplification conditions: For 

each sample, amplification reactions were per-

formed in a final volume of 25 µl and in three 

separate duplexes (the first for amplification of 

RHD exons 5 and 7, the next for RHD exon 10 

and beta-globin, and the third for SRY and beta-

globin). The reaction mixtures contained 1 µl of 

each primer and probe, 12.5 µl of TaqMan PCR 

Master Mix (PCR Biosystems Ltd., UK), 5 µl of 

DNA template (including samples and controls), 

and 1.5 µl of sterile H2O. The PCR procedure 

consisted of initial denaturation at 95°C for 10 

min, followed by 50 cycles of denaturation at 

95°C for 30 s, annealing at 61°C for 30 s, and ex-

tension at 72°C for 30 s. 

When PCR for the RASSF1A and beta-actin 

genes was required, after cfDNA treatment with 

the enzyme, the amplification reaction was per-

formed in duplex mode, and PCR conditions were 

similar to those in rest of the genes. 
 

Interpretation of PCR results: The DNA analysis 

was performed in triplicate and PCR results were 

classified as either positive, negative, or invalid 

for each of the mentioned genes. Whenever at 

least two of the three replicates were amplified, 

they were considered positive and if none of the 

three replicates were amplified, they were consid-

ered negative. If only one of the three replicates 

was amplified, testing for that gene would be re-

peated in triplicate, and if four out of six amplifi-

cation reactions were amplified, the result was in-

terpreted as positive and otherwise invalid. 

The fetal RHD genotype results were also classi-

fied as either RHD negative, RHD positive, or in-

conclusive. When none of the three exons showed 

amplification during the PCR as RHD negative, 

two or three exons were amplified as RHD posi-

tive, otherwise they were considered inconclusive.  
 

Cord blood analysis: Within 24 hr after delivery, 

using the umbilical cord blood, the RHD status of 

neonates was evaluated as direct agglutination by 

means of Anti-D Duoclone Monoclonal (Lorne 

Laboratories Ltd., UK) and Anti-D Blend Mono-

clonal (CE-Immundiagnostika GmbH, Ger-many) 

reagents. If RHD was negative at this stage, a 

Weak D test (including the AHG phase) was 

done. Serological results of postnatal RHD were 

compared with those of fetal RHD genotype.  

 

Results 
Fetal RHD genotyping in maternal plasma: A total 

of 40 RHD negative pregnant women (mean age 

of 29.3 years) from different Iranian ethnicities 

were evaluated in this study to determine the fetal 

RHD genotype. 

By examining exons 5, 7, and 10 of the RHD 

gene, 33 (82.5%) of the subjects were genotyped 

as heterozygous positive for RHD (including 2 

cases of twin pregnancy) and seven cases (17.5%) 

were also RHD negative, which was in full agree-

ment with the results of postnatal serotype using 

umbilical cord blood. 

The mean Ct value for positive results of RHD 

exons 5, 7, and 10 (in duplex mode) based on 

pregnancy trimester is shown in table 1. 
 

Evaluation of the SRY and RASSF1A genes in 

cffDNA: Examination of the SRY gene revealed 

that 19 mothers (47.5%) had a male fetus while 21 

(52.5%) had a female fetus, which were correctly 

correlated with the gender of the newborns.  

Of the 40 subjects, three were negative for SRY 

and RHD. Their DNA was treated with BstUI en-

zyme, and PCR was performed for RASSF1A and 

beta-actin genes. CffDNA was detected in all 

three cases, and the probability of false negative  
 

Table 1. Mean Ct value of real-time PCR for exons 5, 7, and 10 of 

RHD in different pregnancy trimesters 
 

Trimester  

(gestational week) 

Mean Ct value 

RHD exon 5 RHD exon 7 RHD exon 10 

1st (7-13) (n=3) 37.69 38.36 37.84 

2nd (14-27) (n=23) 34.61 35.56 34.85 

3rd (28-40) (n=14) 33.58 33.92 34.30 
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results was also rejected. 

An overview of the steps and results of this 

study can be seen as a flowchart in figure 1. 

 

Discussion 
Nowadays, as far as blood transfusion medicine 

and the HDFN are concerned, noninvasive geno- 

 

Steps 

1. Sample collection RhD neg pregnant women sample 

(whole blood) 

n:40 

2. Reviewing serology to check for RhD 

antigen variants 

RhD antigen variants 

n: 0 

RhD neg 

n: 40 

3. CfDNA extraction from plasma 

4. RhD and SRY genotyping by real-time PCR 

RhD -  

SRY - 

n: 3 (7.5%) 

RhD -  

SRY + 

n: 4 (10%) 

RhD +  

SRY - 

n: 18 (45%) 

RhD +  

SRY + 

n: 15 (37.5%) 

5. Ruling out false negatives with a supplemental test 

(new cfDNA sample and treat it with BstUI) 

The maternal DNA is digested and the fetal DNA  

remains 

 

6. PCR for RASSF1A and beta-actin 

RASSF1A + 

beta-actin + 

RASSF1A - 

beta-actin + 

RASSF1A - 

beta-actin - 

RASSF1A + 

beta-actin - 

Inconclusive 

n: 0 

Inconclusive 

n: 0 

Inconclusive 

n: 0 

Female and RhD neg 

n: 3 (7.5%) 

7. RhD phenotyping 

with cord blood serology 

RhD -  

SRY - 

n: 3 (7.5%) 

RhD -  

SRY + 

n: 4 (10%) 

RhD +  

SRY - 

n: 18 (45%) 

RhD +  

SRY + 

n: 15 (37.5%) 

Figure 1. Flowchart of fetal RHD genotyping using cffDNA  
 

Neg: negative, n: number, +: positive, -: negative 
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typing of some fetal blood groups, especially 

RHD is of paramount clinical value. Our study 

was carried out in this regard using a duplex real-

time PCR on RHD exons 5, 7, and 10, and the 

results indicated the high accuracy of the applied 

method in fetal RHD determination for this sam-

ple size. One of the important strengths of the pre-

sent study compared to previous studies conduct-

ed in Iran is the use of dedicated probes that pro-

vide the opportunity to use this method as a diag-

nostic test for patients. 

According to this study, about 17.5% of mothers 

did not need RhIG, and if a statistical study is car-

ried out across Iran, it will indicate that within a 

year, many people receive this product unneces-

sarily. In fact, this issue will underscore the im-

portance of establishing and applying this test in 

Iran to prevent the unnecessary consumption of a 

blood product. Based on the results of this study, 

prenatal injection of RhIG is recommended only 

to mothers whose fetal RHD is reported to be pos-

itive or inconclusive, and postnatal injection based 

on cord blood serology results is recommended 

only for mothers who have an RHD positive baby. 

One of the issues that needs to be addressed in 

this and other similar studies is the issue of false 

positive and negative results in fetal RHD geno-

typing, which may make interpretation of the re-

sults difficult. In false negative results, the mother 

does not receive antenatal RhIG, and since the 

fetal RHD is positive, there is a possibility of ma-

ternal alloimmunization and the risk of HDFN in 

the current or subsequent pregnancy. However, 

this possibility is very low because after birth, 

serologic test using cord blood also provides the 

opportunity to correctly determine the phenotype 

and the mother can receive RhIG postnatally (7, 

19, 20). In false positive cases, there is a problem 

of the loss of RhIG and its unnecessary injection 

(21). 

The Rh blood group system has a wide genetic 

diversity, and this has always been a major chal-

lenge in RH genotyping; moreover, the main 

cause of false positive results in fetal RHD geno-

typing is often related to variants of this gene in 

the studied mothers (22). There are various ways 

to deal with this challenge. Knowing the genetic 

background of RHD in the population under study 

would be probably helpful in such cases. A study 

conducted by Khosroshahi et al. in 2019 in Iran 

on 200 RHD negative individuals showed that 

99% of them were homozygous for the complete 

deletion of the RHD gene, and the remaining 1% 

could not be identified with the serological rea-

gents used in that study due to weak and partial 

RHD variants (23). Also, in another study con-

ducted in Iran in 2021 on 200 subjects, 99% of the 

RHD negative cases had the mechanism of homo-

zygous deletion of the RHD gene and nonfunc-

tional variants were observed in 1% of cases (24). 

These results suggest that RHD negative pheno-

type in the majority of individuals is the result of 

the deletion of the whole RHD gene, and the fre-

quency of nonfunctional RHD variants, such as 

pseudogenes, is very low in the Iranian popula-

tion, and they are very unlikely to be included in 

the study as RHD negative. 

In order to reduce false positives in fetal RHD 

genotyping, attempts were made at the outset of 

this study to recruit only mothers who were com-

pletely serologically negative by using two differ-

ent anti-D reagents (which, as claimed by the 

manufacturers, are able to identify most of the 

common variants of RHD) and by performing a 

Weak D test. However, it seems that only two 

types of reagents will not be able to  detect all 

variants, especially those with low prevalence.  

Furthermore, the primers and probes used in this 

study were designed and selected so that some of 

the maternal variants could be partially represent-

ed by the positive or negative pattern of their 

composition. For example, the forward primer and 

probe of RHD exon 5 were designed so that in 

presence of pseudogenes and some partial variants 

of RHD (such as DIV, DVI types I, II, and III), no 

amplification could be done. However, our set-up 

does not cover the genotyping of all RHD vari-

ants. Although none of the subjects in this study 

showed a positive or negative pattern associated 

with the presence of these variants, the study's 

strategy was that in the case of suspected variant 

RHD, the fetal RHD genotype should be reported 

as inconclusive. 

Concerning false negative results, it can also be 

stated that the main reason is the low amount of 

cffDNA in the plasma sample and most is also 

seen when sampling is done in the early weeks of 

pregnancy (22). In our study, no false negative 

results were observed, and all participants, even 

those with pregnancy before 14 weeks were cor-

rectly genotyped. However, firstly, the number of 

these cases (before 14 weeks) was not large 

enough to make sure that this method is also high-

ly accurate for the early weeks of gestation. Sec-

ondly, neither RhIG injection nor the timely fol-

low-up and treatment of immunized mothers 
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whose fetuses are at risk for HDFN makes sam-

pling in the early weeks necessary, but it is pref-

erable to do the sampling in later weeks (e.g. from 

the 14 th week onward) where the cffDNA amount 

is higher. 

The use of the RASSF1A (a universal fetal 

marker) also played an important role in rejecting 

false negatives in cases where SRY and RHD 

were negative, and the results of the three cases 

for whom the RASSF1A assay was performed 

also showed that RASSF1A is an appropriate and 

useful marker for internal controls in determining 

the fetal RHD genotype; however, to verify its 

accuracy, a study with a larger sample size must 

be conducted. 

The main limitation of the present study was the 

low sample size, which can be addressed in future 

studies to increase the power of the study. The 

cost effectiveness of the present study should also 

be dealt with in future studies. Our next goal in 

future is also to determine the genotype of other 

HDFN-related blood groups at the Blood Group 

Genotyping Central Lab in Iranian Blood Trans-

fusion Organization and to seek more collabora-

tion with clinicians for the better management of 

the disease. 

 

Conclusion 
Noninvasive determination of fetal RHD geno-

type using the reliable strategy of this study is 

applicable and can be performed with high accu-

racy. This method is an alternative to invasive 

methods and can help targeted injection of RhIG 

and prevent unnecessary injection in RhD nega-

tive mothers who carry an RhD negative fetus.  

The results of this and similar works can be use-

ful in setting up and applying this test in different 

parts of Iran and other countries in the world. 
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