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1. INTRODUCTION:  

Erythroblastosis fetalis, commonly known as hemolytic disease of the newborn (HDN), is a hemolytic illness that mostly 

affects foetuses that test positive for the Rhesus virus (Rh+) and babies born to Rhesus-negative (Rh-) mothers. The 

condition was initially recorded in 1609 by a French midwife, but it wasn't until the 1950s that the fundamental reason 

was understood.(1) Due to the incompatibility of maternal and foetal blood based on the Rhesus and ABO antigen 

systems, the pathogenesis of HDN starts with the assault of foetal red blood cells (RBCs) by maternal antibodies. The 

mother typically begins producing anti-D antibodies through a process known as alloimmunization as she lacks the D 

antigen when the first child inherits the paternal D antigen, whose inheritance has been shown to follow an autosomal 

dominant pattern, and there occurs an event that leads to mixing of maternal and foetal blood.(2) In terms of 

immunology, antibody secretion begins with IgM, which cannot penetrate the placental barrier, and then isotype 

swapping, which results in the production of IgG antibodies. IgG antibodies are able to pass the placental barrier, and 

they do so during the second and/or subsequent pregnancies. They assault the foetal RBCs and result in hemolysis, 

which has a number of side effects such Hydrops fetalis and jaundice.(3) However, fetomaternal haemorrhage (FMH) 

is another way that IgG antibodies can get into the bloodstream of a foetus. According to estimates, 3 to 8 people out of 

every 100,000 suffer with HDN each year. 1% of all pregnancies had foetal loss as a result of it prior to the development 

of anti-D prophylaxis.(4) Although the prevalence of HDN is shown to vary with ethnicity, it is closely connected with 

the inheritance pattern in females that leads in the lack of the Rhesus (D) antigen.(5) As seen in Table 1, for instance, it 

has been discovered that whites have the highest incidence while Asians and American Indians have the lowest. 

Additionally, the D antigen is the most immunogenic Rh antigen that is currently recognised. About 10% of pregnant 

white women are Rh incompatible, according to estimates. HDN has been widely examined due to its great frequency 

and nature, and new studies are conducted every year, revealing new ideas about the illness. This review provides an 

overview of the disorder's aetiology, diagnosis, and treatment, taking into account the most current results as of 2021 as 

well as trends and future directions to support more research and evidence-based medical practise. 
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Fig. Table 1(5) 

 

2. BACKGROUND: 

In clinical practise, understanding blood group systems is crucial, particularly for haematological illnesses. The 

ABO and Rhesus systems are the two most common blood group systems in humans. The human blood types were 

discovered by Karl Landsteiner in 1904. He described them using the Landsteiner law, which asserts that for each blood 

type antigen that is not present on the RBCs, the equivalent antibodies are present in the plasma.(6) With the rhesus 

antigen, antigen D, this is not true. Normally, neither Rh+ nor Rh- persons have anti-D antibodies, nevertheless, when 

Rh- individuals are exposed to the D antigen, they begin secreting the appropriate antibodies. Therefore, RBC 

agglutination and hemolysis, which are the root causes of Rh incompatibility, can occur when a person has both D 

antigens and anti-D antibodies.(7) ABO incompatibility also follows the similar pattern, thus caution must be used while 

doing tissue transplants and blood transfusions. When alloimmunization takes place and maternal antibodies begin 

targeting foetal RBCs, Rh or ABO incompatibility between the mother and the foetus is nearly always the underlying 

cause of HDN. When IgG antibodies, as a result of antibody isotype switching, pass the placenta and enter the foetal 

circulation or through FMH, maternal antibodies reach the foetus.(2,8) 

According to a 2017 assessment by Ree et al, HDN decreased globally from 1% with a 50% fatality rate before 

the advent of Rh-immunoprophylaxis in 1968 to 0.5% afterward. With the advent of antepartum Rh D 

immunoprophylaxis in 1970, occurrences further reduced to 0.1%. (9). Despite adequate RhD immunoprophylaxis, it is 

estimated that one to three Rh- women out of every 1,000 still experience alloimmunization nowadays.(10) The Rh- 

phenotype is less frequent, while being more prevalent in some ethnic groups and races than others, even though Rh 

incompatibility accounts for a bigger part of HDN. For instance, epidemiological research has shown that just 1% of 

Asians and 15% of Whites have Rh- (Table 1). The pathophysiology of HDN can be explained by the aforementioned 

processes. ABO mismatch reportedly impacts 15 to 25% of all pregnancies, according to published studies. Only 1% of 

people will really get HDN, though. (11) ABO incompatibility results in a mild reaction, which is most likely a result 

of the expression of ABO blood type antigens and their presentation in various organs. Following the mixing of maternal 

and blood, maternal antibodies are released in FMH. The Rhesus/D antigen is the most often involved antigen. (12) 

Maternal blood, which is Rh-, does not contain the antigens present in foetal blood, which are mostly Rh-positive and 

inherited from the paternal side. Since IgM-type antibodies are the first to develop as a result of FMH, the first pregnancy 

survives and is left with an immune system that has already been sensitised.(12) The foetus is in danger if there is rhesus 

factor incompatibility. In later stages, the mother's rhesus antibodies may target the fetus's antigens in successive 

pregnancies, leading to alloimmune hemolysis in the foetus. As a result of the fetus's haemoglobin being broken down, 

a substantial amount of bilirubin is released. They are delivered to the maternal circulation by the placenta. Once they 

are within the mother's system, she works on them and gets rid of them. (13,14) However, issues might arise, raising 

serum bilirubin levels and causing severe jaundice. 

The hemolysis caused by the rhesus antibodies may cause moderate anaemia in the least affected neonates and 

just hyperbilirubinemia. Roughly 25% of cases of foetal hyperbilirubinemia result in kernicterus. (15,16) Bilirubin 

accumulation in the tissues of the central nervous system results in the disease known as kernicterus. Typically, it occurs 

soon after delivery. Because kernicterus survivors may still suffer developmental delays, hypotonia, and hearing loss, 

they are often not regarded as actual survivors. (17) As a result, during the newborn's physical examination, the 

previously listed symptoms should be looked for. The importance of the history and physical examination cannot be 

emphasised in any diagnosis. Risk factors for FMH include antepartum haemorrhage, chorionic villus sampling, 

amniocentesis, miscarriages, abortions, and maternal blood transfusions. Previous histories of HDN or hydrops fetalis 

are also a risk factor.(18) It is crucial to do blood tests throughout the first trimester. Blood type O pregnant women 

should have thorough prenatal and postpartum examinations. It is suggested that parents find out their child's blood type 
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as soon as possible after delivery. To rule out the possibility of HDN, a woman with the blood type Rh- undergoes the 

Rosette test.(19)This test can detect alloimmunization brought on by even minute FMH. A second test called Kleihauer-

Betke acid elution is carried out if there is a clinical suspicion of FMH (>30 mL blood).(19) In this test, the number of 

foetal RBCs in the woman's blood is quantified. To determine whether another Rh IgG injection is required, a 

comparable test might be utilised. Pelvic ultrasonography, which is frequently limited to the pelvis, is crucial for the 

diagnosis of HDN in pregnant women with likely Rh incompatibility.(13,20)Before a clear HDN diagnosis can be made, 

other causes of infant jaundice and anaemia must be ruled out. As a consequence, both the Gel card method and 

conventional tube procedures may be employed for diagnosis.(21,23) Two established methods are the direct and 

indirect Coombs tests. In the indirect Coombs test, the red blood cells are centrifuged and washed with antihuman 

antiglobulin. When immunoglobulins or complement factors are attached to the surface of RBCs in vitro, a positive test 

result is indicated by agglutination.(24,25) The indirect Coombs test is utilised in prenatal screening to identify 

antibodies produced during pregnancy as well as testing prior to blood transfusion. It makes use of the patient's serum, 

which has been incubated with known antigenic foreign red blood cells.The Coombs reagent is then introduced, and the 

test is considered positive if agglutination takes place. In the Red blood cell test, the serum is incubated, and the reaction 

takes place inside a microtube. While larger agglutinates stay on top, non-agglutinated cells flow through a gel matrix 

(Sephadex) to generate a bottom.(26) Singh et al. found that while comparing and contrasting gel card technology with 

conventional techniques, the sensitivity and specificity of the two systems were equal. The gel card method, on the other 

hand, required less time, was more reliable, and allowed for the documentation of the results.(27)  

Before preventative and curative methods like phototherapy, intrauterine transfusion, exchange transfusion, and 

amniocentesis were developed, the illness was responsible for a sizable amount of morbidity and mortality. With a 

perinatal survival rate of above 90%, the incidence has since declined.(28) Since it has fewer adverse effects and is 

effective in treating preterm newborns, phototherapy has been the first-line treatment technique of choice for more than 

30 years.(29,30) Prophylactic and therapeutic phototherapy are the two types of treatment that are provided. Maximum 

exposure to the infant's body, appropriate irradiance, and light emission in the blue-green spectrum between 460 and 

490 nm all contribute to this kind of therapy.(29,31,32)HDN-induced hyperbilirubinemia is often treated with 

phototherapy and, rarely, exchange transfusion. Children with the following birth weights and bilirubin levels were 

recommended as having a chance of developing HDN in a 2004 study by paediatricians (AAP): 2000 g, 2000 to 2499 

g, and 2500 g, respectively(13,33).  However, exchange transfusion, which involves swapping out the baby's RBCs with 

antigen-negative RBCs, is advised for neonates who are highly anaemic.(34) Additionally, an ABO-matched packed 

RBC blood transfusion for frail individuals may be investigated.(35) According to studies, exchange transfusion is 

likewise risk-free, with child mortality rates ranging from 0.53% to 4.7%.(29,26) Severe cardiorespiratory difficulties, 

catheter and blood product issues, metabolic disturbances, necrotizing enterocolitis, and intestinal perforation are among 

adverse consequences of exchange transfusion. The risks associated with exchange transfusions have been estimated to 

be as high as 74% during the preceding two decades. However, the detrimental effect is about 31%. According to Steiner 

et al., there hasn't been an increase in morbidity or death for more than 21 years.(37) With some benefits, intravenous 

immunoglobulin (IVIG) has been suggested as a substitute for exchange transfusion and phototherapy. However, the 

efficacy of intravenous immunoglobulin prophylaxis is still in question. According to several studies, exchange 

transfusion, a more invasive method, offers no advantage over IVIG.(9,30,38)  

Clinical data also indicate that IVIG has not successfully treated a significant proportion of ABO-HDN 

patients.(29,34) IgG, IgM, IgA, and IgE are the main antibodies found in IVIG, along with electrolytes, sugar, cytokines, 

albumin, and solvents. According to the IVIG's postulated mechanisms, it reduces the danger in babies with ABO-HDN 

by preventing antibody neutralisation.(39,40) All of the aforementioned treatment methods, however, have drawbacks. 

As a result, prevention continues to be crucial in reducing morbidity and death. Additionally, early screening and 

preventative measures are necessary during prenatal care consultations due to concerns about the severity of issues and 

the mortality risk. In addition, anti-D immunoglobulin prophylaxis should be used after sensitising operations such 

abortion, amniocentesis, and chorionic villus sampling.(41,42)  Neil Murray of ADC Foetal and Neonatal claims that it 

has been found that the HDN's spectrum has expanded since it was originally recognised.(43) In the past, the condition 

was unchanging, leading to increased foetal and neonatal hemolysis, hyperbilirubinemia, and severe anaemia. However, 

this syndrome has been greatly reduced when Rh- women get routine postnatal prophylactic anti-D immunoglobulin. 

One of the most successful post-modern perinatal care choices has shown to be this treatment.(41) Blood transfusions 

are necessary for anaemic babies; the blood must fit ABO specifications and have a sufficient quantity of red blood 

cells. The blood also has to be type O, Rh, leukodepleted, and irradiated.(19) Throughout the speech, each of these has 

to be present. 
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3. ETIOLOGY: 

The incompatibility of the mother's and the baby's blood is a common cause of HDN. The mother's immune 

system recognises the foetal antigens as non-self and opposes them by generating antibodies that do not think twice 

about attacking and destroying them. Let's say the baby's blood crosses across and enters her incompatible RBCs.(2) 

During pregnancy or childbirth, the cross-over typically takes place through the placenta. This causes serious problems 

with the baby's system that might potentially result in the infant's eventual death. The mother's immune system does 

not, however, eliminate the antibodies. Nevertheless, it creates immunological memory, which may result in the release 

of more antibodies following re-exposure to the antigen. Therefore, even after a loss or abortion, HDN is likely to happen 

in the second and future pregnancies (8).  
 

4. DIAGNOSIS: 

Laboratory Studies 
It takes a lot of laboratory and imaging experience to diagnose and treat pregnant women with HDN. Rapid and 

severe hyperbilirubinemia or chronic hyperbilirubinemia, as well as hemolysis on blood film findings, are clinical 

indicators of HDN.It should be emphasised that the severity of the illnesses is influenced by the level of hematopoiesis 

(44) as well. Additionally, individuals frequently exhibit clinical disorders including anaemia, thrombocytopenia, and 

neutropenia. Arteriole samples can be used to assess the anaemia rather than capillary blood. Exchange transfusions are 

frequently accompanied by thrombocytopenia. It happens when blood platelets do not develop properly and when 

erythropoiesis takes precedence over platelet creation. Most often, neutropenia is seen following intrauterine transfusion. 

It is frequently accompanied by reticulocytosis, or an increase in nucleated RBCs and cell fragmentation, as well as 

elevated levels of circulating cytokines (such granulocyte-macrophage colony-stimulating factor).(36,45) Additionally, 

erythroblasts, polychromasia, anisocytosis, and the absence of spherocytes are frequently seen in Rh-HDN peripheral 

blood smears.(4)  Additionally, a serological test must be performed to confirm the HDN's positive. The outcome of this 

test may indicate if the mother's Coombs and antibody variations have an influence on the infant directly or indirectly. 

An impactful finding from the natural antibody test has a predictive value of 23% and a sensitivity of 86%, according 

to a recent research.(46) The direct antibody test may come out negative if antic is the aetiology of newborn hemolytic 

syndrome. It is advised that a diagnosis only be established if the indirect Coombs test has demonstrated certainty. The 

laboratory tests used to diagnose HDN are listed in Table 2 along with the predicted outcomes. 

 

 
Figure:  Table 2 (47) 

 
Imaging Studies: 

The foetus should undergo prenatal testing for mother red cell alloantibodies. Additionally, ultrasound should 

be used, particularly when an intravenous transfusion is administered.During this stage, maternal blood samples should 

be checked for ABO, Rh group, and red blood cells. If HDN-causing alloantibodies are discovered, a laboratory test 

should be run to confirm the results. To calculate the likelihood that a newborn will have the correct red cell antigen, 

the phenotype of the father should be determined.(49) Following confirmation of foetal Rh positive, foetal monitoring 

can be carried out using serial maternal pelvic ultrasounds, umbilical artery, and middle cerebral artery (MCA) dopplers. 

MCA dopplers are frequently used to check Rh+ foetuses for anaemia.Since the 24th week of pregnancy, they are 

performed every one to two weeks. Peak systolic velocity (PSV), which is always going to rise in anaemia, is what this 

type of monitoring looks for.(50) If the foetus is severely damaged, foetal ultrasounds are often used to screen for foetal 

ascites, soft-tissue edoema, scalp edoema, pleural effusion, cardiomegaly, and hepatomegaly with portal hypertension 

(51).  
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Patient Care and Prevention: 

Group O negative blood transfusion should start when test findings show uterine anaemia. The maternal blood 

should be cross-matched with the transfused blood type O negative. The optimal time to get this operation is between 

the ages of 16 and 18.(52) Additionally, although intravenous transfusion is straightforward in a hydropic foetus and 

has fewer issues than intraperitoneal foetal transfusion, it need to be employed whilst being monitored by 

ultrasonography.(53) After delivery, neonates should be closely monitored to check for the onset of any late anaemia 

between six and eight weeks. This represents half of the total. However, the common sickness that requires transfusion 

affects about 25% of babies.(54)  A paediatrician with specialised expertise in newborn resuscitation should deliver the 

baby if severe HDN is anticipated, and fresh blood should be made accessible. The risk of hemolysis and the need for 

exchange transfusion are reduced the earlier IVIG is administered.(55) IVIG should be administered to all Rh- women 

who have not yet been sensitised in order to avoid HDN. A strong relationship between clinicians and patients is 

necessary to improve health care outcomes. Collaboration is also required among the interprofessional team members, 

which mostly comprises of an obstetrician, a primary care physician, and nurses. Doctors must thoroughly screen and 

precisely assess both the mother and the father during the first trimester since this illness is preventable, and they must 

closely watch the antibody titers in Rh- females. These antibody levels should be less than 1:16, and invasive testing is 

done to address them properly if they are greater.(56) Use of MCA for critical foetal monitoring Doppler gives a precise 

image of foetal anaemia, allowing doctors to decide whether or not an intrauterine transfusion is necessary. 

 

Potential Complications of Exchange and Transfusion: 

A blood transfusion may result in a number of problems. To build solutions and manage such potential issues, 

it is essential to have a basic awareness of them. ABO incompatibility, prolonged hyperbilirubinemia, and severe 

hyperbilirubinemia—all of which are unpredicted by maternal prenatal antibody screening—are a few of the 

problems.(57) A woman who has antibodies also runs the risk of developing a transfusion reaction if she requires a 

blood transfusion in the future. Informing physicians and medical workers about her prior diagnoses is an alternative 

course of action. This might make it easier for doctors to diagnose and treat patients correctly. During pregnancy, a 

foetus may experience mild to severe anaemia or even jaundice. Additionally, the infant runs the danger of having 

hydrops fetalis if its organs are unable to cope with anaemia.(58) At delivery, the infant may experience kernicterus, the 

most severe form of hyperbilirubinemia. HIV, hepatitis, and malaria are examples of bacterial and viral illnesses that 

might have negative effects under specific circumstances. There might also be metabolic issues such acidosis, 

hypocalcemia, and hypernatremia.(59)  In addition, thrombosis, neutralising enterocolitis, and umbilical vessel 

perforation are also possible vascular issues. Another concomitant systemic risk that seriously damages the tissues is 

hypothermia.(60)Some of the aforementioned possible dangers are summarised in Table 3.  
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Trends and Future Prospects: 

The use of molecular techniques for blood type is increasing as molecular testing becomes more prevalent in 

medicine. In certain people, serological probes don't always accurately detect the RhD type. The most prevalent genetic 

background that seems to explain this serological typing issue is weak D phenotypes. In order to provide precise and 

useful findings for RhD blood typing and Rh Ig administration for patients with a weak D phenotype, academics have 

recently pushed for the use of RhD genetic testing.(63,65)  Both in wealthy and developing nations, there is still much 

need for enhancing HDN management. A excellent place to start would be with universal, evidence-based 

recommendations for intrauterine or preconception RBC antigen matching transfusion methods.(66) The mechanism of 

action of Rh immunoglobulin is a crucial field that requires more study. We think that a thorough comprehension of the 

functions of RBC clearance, antigen masking, modulation, and immune suppression might aid in the creation of creative 

preventative prophylactic for immunisation against Rh and non-Rh antigens during gestation. The development of 

creative preventative therapies during pregnancy for immunisation against RhD and non-RhD antigens may benefit from 

a thorough understanding of the roles played by foetal RBC clearance, antigen masking, antigen modulation, and 

immune suppression in the effectiveness of Rh immunoglobulin. More knowledge of the significance of anti-RhD or 

other alloantibody glycosylation patterns may also be helpful in predicting the clinical significance of existing maternal 

alloantibodies and in the development of innovative therapies. The need for therapies other than intrauterine infusions 

to reduce the hazards that maternal alloantibodies provide to the foetus is another area of need. 

 

5. CONCLUSION : 
HDN is a multifaceted, complicated illness that presents with special technical challenges during a number of 

formative prenatal and neonatal developmental phases. The introduction of IVIG, IUT, and noninvasive foetal genetic 

testing, among other developments in maternal-fetal medicine, have significantly improved HDN outcomes and 

prevented maternal allosensitization. Women and their children who have blood group incompatibilities will benefit 

from future developments in blood typing and noninvasive testing. Additionally, the racial and ethnic groups who are 

most at danger need to receive greater attention. 
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