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Abstract 

Hemolytic disease of the fetus and newborn (HDFN) occurs when the maternal Rh blood type is 

negative and the fetal Rh blood type is positive. This disease can be fatal to the fetus or newborn 

if symptoms become too serious, such as high levels of bilirubin in the blood and severe anemia. 

The Rh immunoglobulin injection, also known as Rhogam, is usually given to women in their 

28th week of gestation and then again 24 to 72 hours after giving birth. This successfully 

prevents HDFN. Other factors can lead to HDFN even if Rhogam was administered, primarily a 

type of bleed between the mother and fetus. Traditional procedures to determine the fetal Rh 

type, such as cordocentesis and amniocentesis, are invasive and pose great risk to the mother and 

fetus. In contrast, molecular testing methods only require a simple, noninvasive venipuncture 

procedure from the mother. Molecular testing utilizes polymerase chain reactions (PCR) which 

can detect free fetal DNA in maternal plasma and can determine the fetal Rh status. This method 

is safe, quick, precise, and accurate. Detecting the fetal Rh status early in the pregnancy is useful 

in determining if Rhogam should be given to the mother at all, and whether the pregnancy should 

be more closely monitored for fetomaternal bleeds, thus helping to prevent HDFN. 
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Molecular Testing of Maternal Plasma to Determine Fetal Rh D Status 

 Invasive procedures, such as amniocentesis and cordocentesis, are traditionally used to 

determine the fetal Rh status and the risk of HDFN. HDFN occurs when the maternal and fetal 

blood type are incompatible. One of the most common incompatibilities is due to the maternal 

Rh type being negative and the fetal Rh type being positive (University of Rochester Medical 

Center Rochester, 2017). After the first pregnancy an Rh negative mother can form antibodies to 

Rh antigens if the child was Rh positive. The Rh antibody that was formed during the first 

pregnancy can cross the placenta during any subsequent pregnancies and attack the fetal red 

blood cells if the fetal Rh type is positive, thus putting future pregnancies at risk (Nandyal, 

2015). Even though this can be prevented today by Rh immunoglobulin injection (Rhogam), not 

all mothers may obtain prenatal care in time, or at all, and therefore HDFN is still possible today. 

HDFN is also risk if a complication such as fetomaternal hemorrhage or placental abruption 

occurs before Rhogam is administered (Nandyal, 2015). A way to determine if HDFN is 

occurring while the mother is pregnant is by testing the fetal blood for sensitization. Sensitization 

is an immune response that occurs when antibodies bind to a cell (University of Rochester 

Medical Center Rochester, 2017). This kind of testing can be done by invasive procedures, such 

as cordocentesis and amniocentesis, which involves a needle penetrating the abdominal wall of 

the mother and entering the uterus, which presents the risk of fetal-maternal bleeding and 

possibly pregnancy loss (Mayo Clinic, 2015). In contrast, non-invasive molecular testing 

methods are now available to determine the fetal Rh status from as early as 8 weeks gestation 

until birth. This test is a polymerase chain reaction (PCR) analysis of free fetal DNA from the 

maternal plasma (Moezzi, 2016). The specimen required is a simple venipuncture from the 
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mother and PCR testing can report results in less than 24 hours which makes this test quick and 

safe for both mother and fetus.  

Case Study 

A woman who was 10 weeks pregnant (first trimester) with her second child was at her 

physician’s appointment. The physician was concerned about the possibility of HDFN because 

the woman was Rh negative and her child was Rh positive with her last pregnancy. The woman 

also has a history of placental abruption. The physician decided to determine the fetus’s Rh type 

without any invasive procedures. Blood was collected from the woman and a molecular test on 

her plasma was performed. Free fetal DNA was detected in the maternal plasma by PCR and 

further molecular testing determined the fetal Rh status. The fetal Rh status was positive; thus, 

there was a risk of HDFN. Rhogam would need to be administered at 28 weeks gestation and 24-

72 hours after delivery. The physician also instructed the mother to be on bed rest during her 

third trimester to prevent a placental abruption. 

Introduction 

Pathogenesis 

 Hemolytic disease of the fetus and newborn occurs when an Rh negative mother creates 

an antibody to her fetus’s Rh antigen, which is only present if the fetal Rh status is positive. This 

maternal antibody can cross the placenta and attach to the fetal red blood cells, an immunological 

response called sensitization. The maternal Rh antibodies attached to the fetal cells causes the 

sensitized fetal cells to be destroyed (University of Rochester Medical Center Rochester, 2017). 

It has been reported that about 16% of Rh negative mothers who carry an Rh positive fetus will 

produce an antibody to the fetal Rh antigen (Clemente, 2014). One of the most common causes 
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today leading to HDFN is fetomaternal hemorrhage. The cause of fetomaternal hemorrhage is 

not yet understood fully but it commonly occurs in pregnancies in small volumes. (Reis I, 2015). 

Even small volumes of fetal blood reaching the maternal blood will cause an Rh negative mother 

to make antibodies to the fetal red blood cells, if the fetal Rh status is positive. Fetomaternal 

hemorrhages have been documented in 7%, 16%, and 29% of mothers during their first, second 

and third trimesters, respectively (Nandyal, 2015).  

Clinical Presentation  

 When the maternal Rh antibody reaches the fetus it attaches to the fetal Rh antigens, 

which are located on the red blood cells, and causes hemolysis. This can lead to the fetus or 

newborn developing a life-threatening anemia caused by the loss of red blood cells and their 

hemoglobin, which carries oxygen (O’Neil, 2013). Bilirubin is a degradation product of 

hemoglobin thus the hemolysis of fetal red blood cells also results in an increase in blood 

bilirubin levels and can cause jaundice and hepatosplenomegaly in the fetus. The fetal red blood 

cell hemolysis can ultimately lead to hydrops fetalis and even death of the fetus (Nandyal, 2015).  

Diagnosis 

Typically HDFN is diagnosed by invasive procedures during pregnancy or by performing 

blood test after the baby is born. One way to test the fetus is by performing amniocentesis. 

Amniocentesis is an invasive procedure that involves a needle penetrating the uterus and 

collecting amniotic fluid, therefore it does carry a slight risk of miscarriage (University of 

Rochester Medical Center Rochester, 2017). Another invasive procedure that could be performed 

is cordocentesis. Cordocentesis a procedure that involves collecting a sample of cord blood from 
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the fetus while it is still in the womb. This procedure carries risk such as fetal bleeding, cord 

bruising, fetal-maternal bleeding, and even loss of pregnancy (Mayo Clinic, 2015).  

To test the newborn for HDFN the physician can test the newborns blood bilirubin levels 

or test the newborn’s umbilical cord blood. This gives results about the newborn’s ABO blood 

group, whether Rh is positive or negative, red blood cell count, and whether antibodies are 

present (University of Rochester Medical Center Rochester, 2017). A less invasive and less risky 

test that detects free fetal DNA in the mother’s blood and then determines the fetal Rh status can 

be performed instead. This tells the physician whether there is even a risk for HDFN. 

Testing for the fetal Rh status is useful in knowing whether HDFN is a risk or not, 

whether Rhogam is necessary, and overall is useful to know which precautions may be needed to 

protect the fetus. This is a non-invasive, safe, and timely way to determine the fetal Rh status by 

testing the maternal plasma. It only requires a venipuncture of the mother to collect the blood 

(Moezzi, 2016). This procedure can not disrupt the placenta, nor does it carry risk like 

amniocentesis and cordocentesis do. The test is performed by molecular testing called Rh 

genotyping. First the circulating cell free fetal DNA (cffDNA) has to be extracted with little to 

no modification. One method that can be used to accomplish this is by using a QIAamp DNA 

Blood Mini Kit (Moezzi, 2016). The DNA is then isolated and eluted in a buffer. Then real-time 

PCR is performed on the Rotor-Gene Q using SYBR Green Master Mix (Moezzi, 2016). The 

cffDNA in the maternal plasma is specifically tested for the presence of the RHD gene to 

determine the actual fetal Rh status. The RHD gene includes exons 4, 5, 7, and 10 and is located 

on chromosome 1 (Moezzi, 2016).  

 Not only is this molecular testing of the maternal plasma non-invasive it is also accurate. 

In a test of 153 pregnant women whose plasma was molecularly tested for the fetal Rh status, an 
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accuracy rate of 100% was achieved in the prediction of fetal RhD status (Dovč-Drnovšek, 

2013). The positive predictive value and the negative predictive value for this study was 100% 

(Dovč-Drnovšek, 2013).  

Treatment 

Typically if the Rh negative mother is receiving prenatal care, the physician will 

administer Rhogam during 28 weeks of gestation and again 24-72 hours after delivery. This 

prevents the mother from making her own antibodies to the fetal Rh antigens, and thus, prevents 

HDFN (University of Rochester Medical Center Rochester, 2017). If HDFN occurs before birth, 

an intrauterine fetal blood transfusion can be performed. An intrauterine fetal blood transfusion 

replaces the fetus’s severely anemic blood with donor blood while the fetus is in the womb. The 

donor blood has to be compatible with the fetal blood type and must come from someone who is 

in good health (WebMD, 2015).  

There are several treatments for hemolytic disease of the newborn. A respirator may be 

necessary to guarantee that the newborn is receiving enough oxygen. A blood transfusion can be 

performed to alleviate anemia. Phototherapy is used to break down excess bilirubin in the 

newborn’s blood. If the newborn has hyperbilirubinemia (a high level of bilirubin in the blood) 

then an exchange transfusion will be necessary to prevent or stop liver damage and to reduce 

jaundice. An exchange transfusion involves the newborns blood being simultaneously removed 

and is replaced with donated, healthy blood that has normal bilirubin and oxygen levels 

(University of Rochester Medical Center Rochester, 2017). 

Discussion 
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Using PCR in the case study, the physician was able to determine the fetal Rh from the 

maternal plasma. Because the fetal Rh status was positive, the physician administered Rhogam to 

the mother at 28 weeks. Considering that the woman had a history of placenta abruption, she was 

placed on bedrest for her third trimester to prevent any risk. Rhogam was administered 24 hours 

after delivery. The mother and newborn did not experience any complications throughout the 

pregnancy, during delivery, or after delivery. Overall molecular testing of the maternal plasma 

for fetal Rh status is safe for both mother and fetus, is performed quickly, and is accurate in its 

determinations.  

Conclusion 

Molecular testing of the maternal plasma is safe and effective. It is also beneficial for the 

mother because it can be done at the same time as other routine exams, saving the mother time. 

By using PCR the fetal Rh genotype can be determined quickly. Not only is this advantageous in 

determining precautious and whether or not the mother should be monitored more closely 

throughout the pregnancy, but it also prevents the physician from administering Rhogam when it 

isn’t necessary. Now the fetal blood type and gender can be determined by molecular testing of 

the maternal plasma. This type of testing opens doors for detecting other genetic makers and 

diseases of the fetus noninvasively. 
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