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Abstract: Hemolytic disease of the newborn (HDN), also known as Erythroblastosis fetalis, 
is a hemolytic condition that predominantly affects rhesus-positive fetuses and infants born 
to rhesus-negative mothers. The pathophysiology of HDN begins with maternal antibodies 
attacking fetal red blood cells following alloimmunization due to rhesus or ABO incompat
ibility between the maternal and fetal blood. Previously, HDN was known to cause fetal 
death in 1% of all pregnancies, but with the advent of immunoprophylactic therapies, the 
condition can be currently fairly well managed with fewer complications if diagnosed early. 
Diagnosis calls for extensive history taking, physical examination, serological studies, and 
imaging modalities such as pelvic ultrasound scans. To prevent the disease, earlier intrave
nous immunoglobulin (IVIG) should be given to pregnant Rh- women who have not been 
sensitized. It is also vital to understand prospective complications such as severe hyperbilir
ubinemia and develop appropriate remedies. Because of its great incidence and nature, HDN 
has been thoroughly explored, and more studies are being conducted each year, revealing 
new insights about the condition. This review covers the disorder’s etiology, diagnosis, and 
management, including the most current findings as of 2021, as well as trends and prospects, 
to help in future research and evidence-based medical practice. 
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Introduction
Hemolytic disease of the newborn (HDN), also known as Erythroblastosis fetalis, is 
a hemolytic disorder that primarily affects Rhesus positive (Rh+) fetuses and new
borns born to Rhesus negative (Rh-) mothers. A French midwife first described the 
disorder in 1609; however, it was not until the 1950s when the underlying cause 
was clarified.1 The pathogenesis of HDN begins with the attack of fetal red blood 
cells (RBCs) by maternal antibodies due to incompatibility of maternal and fetal 
blood based on the Rhesus and ABO antigen systems. Usually, when the first child 
inherits paternal D antigen, whose inheritance has been shown to follow an auto
somal dominant pattern, and there occurs an event that leads to mixing of maternal 
and fetal blood, the mother starts producing anti-D antibodies through a process 
referred to as alloimmunization, as she lacks the D antigen.2 Immunologically, 
antibody secretion initially starts with IgM, which cannot cross the placental 
barrier, but is then followed by isotype switching, which produces IgG antibodies. 
IgG antibodies can cross the placental barrier, and they do so during the second and 
or subsequent pregnancies, attacking the fetal RBCs and causing hemolysis and 
associated complications such as Hydrops fetalis and jaundice.3 Although, the IgG 
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antibodies can enter fetal circulation through fetomaternal 
hemorrhage (FMH) as well.

HDN has been estimated to affect 3 to 8 for every 
100,000 patients yearly. Before developing anti-D prophy
laxis, it was responsible for fetal loss in 1% of all 
pregnancies.4 The occurrence of HDN is directly corre
lated with the inheritance pattern in females that results in 
the absence of the Rhesus (D) antigen; however, the inci
dence of HDN is seen to vary with ethnicity.5 For instance, 
it has been found that whites have the highest prevalence, 
and Asians and American Indians have the lowest, as 
illustrated in Table 1. Furthermore, among the Rh antigens 
in existence, the most immunogenic one is the D antigen. 
It is approximated that about 10% of pregnant white 
women are Rh incompatible.

Because of its high prevalence and nature, HDN has 
been extensively studied, and more studies continue to be 
done each year, uncovering more concepts regarding the 
disorder. This review summarizes the disorder in terms of 
etiology, diagnosis, and management, incorporating the 
most recent findings as of 2021 and trends and prospects 
to aid in further research evidence-based medical practice.

Background
The knowledge of blood group systems is essential in 
clinical practice, especially for hematological disorders. 
The primary blood group systems in humans include the 
ABO and Rhesus systems. In 1904, Karl Landsteiner dis
covered the human blood groups. He characterized them 
using the Landsteiner law, which states that the corre
sponding antibodies are present in the plasma for each 
blood group antigen not present on the RBCs.6 However, 
this is not the case with the rhesus antigen – antigen 
D. Typically, anti-D antibodies are absent in both Rh+ 
and Rh- individuals, but when Rh- individuals are exposed 
to the D antigen, they start secreting the corresponding 
antibodies. Therefore, the presence of both D antigens and 
anti-D antibodies in the same person can lead to RBC 
agglutination and hemolysis, which is the basis of Rh 
incompatibility.7 ABO incompatibility also follows the 
same pattern, and because of that, care has to be taken 
when doing blood transfusions and tissue transplants. In 
almost all of the cases of HDN, the underlying cause is 
usually Rh or ABO incompatibility between the mother 
and the fetus, when alloimmunization occurs, and the 
maternal antibodies start attacking fetal RBCs. Maternal 
antibodies reach the fetus when IgG antibodies, following 

antibody isotype switching, cross the placenta and enter 
the fetal circulation or through FMH.2,8

A 2017 review by Ree et al stated a global shift in 
HDN from 1% with a death rate of 50% before introducing 
Rh- immunoprophylaxis in 1968 to 0.5% after its intro
duction. The incidences decreased further to 0.1% with the 
introduction of antepartum Rh D immunoprophylaxis in 
1970.9 Although there is sufficient RhD immunoprophy
laxis, it is still approximated that between 1 to 3 of 
a thousand women who are Rh- still develop alloimmuni
zation presently.10 While a larger proportion of HDN is 
caused by Rh incompatibility, the Rh- phenotype is less 
common, although it occurs more in some ethnic groups 
and races than others. For instance, epidemiological stu
dies have revealed that 15% of whites are Rh- while only 
1% of Asians are Rh- (Table 1).

The mechanisms mentioned above can explain the 
pathophysiology of HDN. According to published 
research, ABO mismatch affects 15 to 25% of all preg
nancies. However, only 1% of people will develop HDN.11 

The response caused by ABO incompatibility is modest, 
most likely due to the expression of ABO blood type 
antigens and their presentation in several organs. With 
FMH, the maternal antibodies are secreted following mix
ing of the maternal and blood, and the most commonly 
involved antigen is the Rhesus/D antigen.12

Antigens in fetal blood (mainly Rh-positive inherited 
from the paternal side) are not found in maternal blood, 
which is Rh-. IgM-type antibodies are the first to form due 
to FMH, and because they cannot cross the placenta, the first 
pregnancy survives, leaving behind an already sensitized 
immune system.2 In the event of rhesus factor incompatibil
ity, the fetus is at risk. At a later stage, in subsequent preg
nancies, the mother’s rhesus antibodies may attack the fetus’s 
antigens, resulting in alloimmune hemolysis in the fetus. As 
a result, a significant amount of bilirubin is freed from the 

Table 1 Prevalence of HDN According to Ethnic Groups

Ethnicity Prevalence by Percentage (%)

Africans 4

African-Americans 8

Whites 15–16

Eurasians 2.4

Asians <1

Basque (Spain/France) 30–35

Note: Data from.5
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fetus’s hemoglobin breakdown. The placenta transports them 
to the maternal circulation. They are worked on and removed 
by the mother once they enter her system.13,14 Nonetheless, 
problems may occur, increasing serum bilirubin levels, 
resulting in severe jaundice.

The least afflicted newborns may have mild anemia and 
just hyperbilirubinemia due to the ongoing effect of rhesus 
antibody hemolysis. Kernicterus occurs in roughly 25% of 
instances of fetal hyperbilirubinemia.15,16 Kernicterus is 
a condition caused by the buildup of bilirubin in the tissues 
of the central nervous system. It usually happens in the days 
following birth. Surviving kernicterus is typically not con
sidered a true survival because survivors may still have 
developmental retardation, hypotonia, and hearing loss.17 

As a result, the symptoms mentioned earlier should be 
sought during the physical examination of the newborn.

As with any diagnosis, the value of history and physical 
examination cannot be overstated. Prior history of HDN or 
hydrops fetalis, chorionic villus sampling, amniocentesis, 
antepartum hemorrhage, miscarriages, abortions, and mater
nal blood transfusions are all risk factors for FMH.18 Blood 
testing throughout the first trimester is very important. 
Pregnant women with blood type O should be closely exam
ined during and after birth. It is advised that the blood type of 
their baby be identified as soon as possible after birth. A lady 
with Rh- blood type gets the Rosette test to rule out the 
potential of HDN.19 This test is capable of identifying alloim
munization caused by even little FMH. If there is clinical 
suspicion of FMH (>30 mL blood), another test known as 
Kleihauer-Betke acid elution is performed.19 The amount of 
fetal RBCs in the woman’s blood is determined quantita
tively by this test. A similar test can be used to evaluate 
whether another Rh IgG injection is necessary. Pelvic ultra
sound of a pregnant woman with probable Rh incompatibil
ity is also important in diagnosing HDN, and it is often 
restricted to the pelvis.13,20 Other causes of newborn jaundice 
and anemia must be ruled out before a definitive diagnosis of 
HDN can be made. As a result, traditional tube techniques 
and the Gel card approach can be used for diagnosis.21–23 

The direct and indirect Coombs tests are two conventional 
techniques. The red blood cells are rinsed and centrifuged 
with antihuman antiglobulin in the indirect Coombs test. 
Agglutination occurs when immunoglobulins or complement 
factors are fixed to the surface of RBCs in vitro, indicating 
a positive test.24,25 The indirect Coombs test is used in pre
natal screening to detect prenatally generated antibodies and 
testing before blood transfusion. It utilizes the patient’s 
serum, which is incubated with foreign red blood cells of 

known antigenicity. The Coombs reagent is next added, and 
if agglutination occurs, the test is positive. The serum is 
incubated in the Red blood cell test, and the response occurs 
within a microtube. Non-agglutinated cells move through 
a gel matrix (Sephadex) to create a bottom, while bigger 
agglutinates remain on top.26 Singh et al discovered that the 
sensitivity and specificity of the two approaches were equiva
lent in comparative research comparing and contrasting con
ventional methods and gel card technology. On the other 
hand, the gel card technique was less time-consuming, 
more dependable, and the findings could be documented.27

The disease was responsible for significant morbidity 
and mortality for a long time until preventative and ther
apeutic techniques like phototherapy, intrauterine transfu
sion, exchange transfusion, and amniocentesis were 
established. Since then, the prevalence has decreased, 
with a perinatal survival rate of more than 90%.28 

Phototherapy is the first-line treatment method and has 
been the treatment of choice for more than 30 years due 
to fewer side effects and its efficacy in treating preterm 
infants.29,30 The two forms of treatment offered are pro
phylactic and therapeutic phototherapy. Light emission 
within a wavelength range of 460–490 nm in the blue- 
green range, maximum exposure to the infant’s body, and 
adequate irradiance all contribute to this modality of 
treatment.29,31,32 Hyperbilirubinemia caused by HDN is 
mostly treated with phototherapy and, on rare occasions, 
exchange transfusion. In a 2004 research by pediatricians 
(AAP), recommendations were made that HDN was pos
sible for children with the following birth weights: 2000g, 
2000 to 2499 g, and bilirubin level > 171 umol/L (10 mg/ 
dL), 2500 g, and 222 umol/L (13 mg/dL) respectively.13,33

On the other hand, exchange transfusion is suggested 
for extremely anemic newborns and includes replacing the 
baby’s RBCs with antigen-negative RBCs.34 In addition, 
in fragile patients, a blood transfusion using ABO-matched 
packed RBCs may be explored.35 Studies have also found 
that exchange transfusion is safe, with death rates ranging 
from 0.53% to 4.7% per child.29,36 The side effects of 
exchange transfusion are severe cardiorespiratory effects, 
catheter and blood product problems, metabolic derange
ments, necrotizing enterocolitis, and intestinal perforation. 
Over the previous two decades, the hazards of exchange 
transfusions have been reported to reach up to 74%. 
However, the negative impact is roughly 31%. For more 
than 21 years, there has been no growth in morbidity and 
mortality, according to Steiner et al.37 Intravenous immu
noglobulin (IVIG) has been proposed as an alternative for 
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exchange transfusion and phototherapy, with some advan
tages. However, prophylaxis with intravenous immunoglo
bulin remains debatable Several studies have found that 
IVIG has no advantage over exchange transfusion, a more 
intrusive procedure.9,30,38

Furthermore, clinical data show IVIG has failed to treat 
a large number of ABO-HDN patients.29,34 IVIG comprises 
antibodies, primarily IgG, IgM, IgA, and IgE, and electrolytes, 
sugar, cytokines, albumin, and solvents. The proposed 
mechanisms of IVIG are that it inhibits antibody neutralization 
in newborns with ABO-HDN, therefore lowering the risk.39,40 

However, all of the above therapeutic techniques have side 
effects. Therefore, prevention is still essential in decreasing 
morbidity and mortality. Also, the concern about the severity 
of problems and the risk of mortality has required early screen
ing and preventative strategies during prenatal care appoint
ments. In addition, sensitizing procedures including abortion, 
amniocentesis, and chorionic villus sampling should be fol
lowed with anti-D immunoglobulin prophylaxis.41,42

According to Neil Murray of ADC Fetal and Neonatal, it 
has been discovered that the spectrum of the HDN has 
broadened since its first identification.43 Previously, the situa
tion remained constant, resulting in excessive fetal and neo
natal hemolysis, hyperbilirubinemia, and severe anemia. 
However, with the use of standard postnatal prophylactic 
anti-D immunoglobulin for Rh- mothers, this condition has 
been significantly decreased. This therapy has shown to be 
one of the most effective post-modern perinatal care 
options.41 Blood transfusions are required for anemic new
borns, and the blood must be ABO-matched and packed with 
red blood cells. Furthermore, the blood must be type O and 
Rh-and leukodepleted and irradiated.19 All of these should be 
present throughout the delivery.

Etiology
HDN is commonly caused by the incompatibility of the 
mother’s and the baby’s blood. Suppose the baby’s blood 
crosses over and reaches the mother’s incompatible RBCs; 
the mother’s immune system perceives the fetal antigens 
as non-self and fights them by releasing antibodies that do 
not hesitate to attack and destroy them.2 Usually, the cross- 
over occurs through the placenta during pregnancy or 
delivery. This leads to severe complications in the baby’s 
system, which may even lead to the ultimate demise of the 
baby. However, the immune system of the mother does not 
get rid of the antibodies. Still, it develops immunological 
memory, which can cause the secretion of more antibodies 
upon re-exposure to the antigen. As a result, HDN is likely 

to occur in the second and the subsequent pregnancies, 
even after a miscarriage or abortion.8

Diagnosis
Laboratory Studies
To diagnose and manage pregnant women with HDN, 
extensive laboratory and imaging practice is required. 
HDN is clinically indicated by: (1) rapid and severe hyper
bilirubinemia or persistent hyperbilirubinemia; and (2) 
hemolysis on blood film results.44 It should also be noted 
that the extent of hematopoiesis affects the severity of the 
disorders.

Also, clinical conditions such as anemia, thrombocyto
penia, and neutropenia are often observed in patients. The 
anemia can be accurately estimated using arteriole samples 
instead of capillary blood. Thrombocytopenia commonly 
accompanies exchange transfusions. It results from poor 
blood platelets formation and when the production is sup
pressed in favor of erythropoiesis. Neutropenia is mostly 
observed after intrauterine transfusion. It is commonly 
associated with increased circulating cytokines (such as 
granulocyte-macrophage colony-stimulating factor) and 
reticulocytosis, ie, increased nucleated RBCs and cell 
fragmentation.36,45 In addition, Rh-HDN peripheral blood 
smears usually show polychromasia, anisocytosis, erythro
blasts, and no spherocytes.4

Furthermore, a serological test needs to be done to 
verify the positivity of the HDN. The results of this test 
may show that the baby is either directly or indirectly 
impacted by the variation in the mother’s Coombs and 
antibodies. According to a recent study, the positive 
impact of the natural antibody test finding is related to 
a predictive value of 23% and a sensitivity of 86%.46 If the 
neonatal hemolytic syndrome is caused by antic, the direct 
antibody test may be negative. As a result, it is suggested 
that a diagnosis be made only when the indirect Coombs 
test has shown certainty. Table 2 summarizes the labora
tory tests utilized in the diagnosis of HDN and their 
expected results.

Imaging Studies
During pregnancy, the fetus should be screened for mater
nal red cell alloantibodies. Ultrasound should also be used, 
especially when intravenous transfusion is performed.48 

Maternal blood samples for ABO, Rh group, and red 
cells should be tested throughout this phase. If alloantibo
dies capable of causing HDN are found, a laboratory test 
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should be performed to validate the findings. The father’s 
phenotype should be established to help estimate the 
chance of a newborn bearing the appropriate red cell 
antigen.49 Once fetal Rh positivity is established, fetal 
surveillance can be done by serial maternal pelvic ultra
sounds, umbilical artery, and middle cerebral artery 
(MCA) dopplers. MCA dopplers are often utilized to 
screen for anemia in Rh+ fetuses. They are done every 
1–2 weeks from the 24th week of gestation. This kind of 
monitoring checks for peak systolic velocity (PSV), as it is 
always bound to increase in anemia.50 Fetal ultrasounds 
are usually utilized to check for fetal ascites, soft-tissue 
edema, scalp edema, pleural effusion, cardiomegaly, and 
hepatomegaly with portal hypertension if the fetus is heav
ily affected.51

Patient Care and Prevention
When the testing results indicate anemia in the uterus, 
group O negative blood transfusion should begin. The 
transfused blood type O negative should be cross- 
matched with maternal blood. This procedure is best 
completed between the ages of 16 and 18.52 

Furthermore, intravenous transfusion under ultrasound 
monitoring should be used since it is simple in 
a hydropic fetus and does not create more problems than 
intraperitoneal fetal transfusion.53 Neonates should be 
regularly watched after birth to look for the emergence 
of any late anemia between 6 and 8 weeks. This amounts 
to 50% of the total. However, around 25% of the new
borns have the typical illness, which necessitates 
transfusion.54 If severe HDN is expected, the delivery 
should be performed by a specialized pediatrician who 
has received neonatal resuscitation training, and fresh 

blood should be made available. The earlier the IVIG is 
given, the lower the risk of hemolysis and the requirement 
for exchange transfusion.55 To prevent HDN, IVIG 
should be given to all Rh- women who have not already 
been sensitized.

To improve health care results, a solid clinician-patient 
connection is required. Collaboration among members of 
an interprofessional team, which mostly consists of an 
obstetrician, a primary physician, and nurses, is also 
needed. Because this condition is avoidable, doctors must 
accurately examine and screen both mother and father 
during the first trimester and closely monitor antibody 
titers in Rh- females. These antibody levels should be 
less than 1:16, and if they are higher, invasive testing is 
performed to treat them appropriately.56 Critical monitor
ing of the fetus using MCA Doppler provides an accurate 
picture of fetal anemia, determining if an intrauterine 
transfusion is required or not.

Potential Complications of 
Exchange and Transfusion
Several complications may be experienced during a blood 
transfusion. It is critical to have an initial understanding of 
such prospective difficulties to establish remedies and 
handle them. Severe hyperbilirubinemia, which is unpre
dicted by maternal prenatal antibody screening; persistent 
hyperbilirubinemia; and ABO incompatibility, are a few of 
the complications.57 Furthermore, if a mother with anti
bodies needs a blood transfusion, she risks a future trans
fusion response. One alternative solution is to tell medical 
staff and physicians about her past diagnosis. This may 
assist doctors in administering the correct diagnosis and 
taking care of the patient. A fetus may develop mild to 
severe anemia and even jaundice during pregnancy. In 
addition, if the baby’s organs are incapable of dealing 
with anemia, it is at risk of developing hydrops fetalis.58 

The newborn may develop kernicterus, the most severe 
type of hyperbilirubinemia, at birth. Potential conse
quences in certain situations include bacterial and viral 
infections such as HIV, hepatitis, and malaria. Metabolic 
problems such as acidosis, hypocalcemia, and hypernatre
mia might also occur.59

Furthermore, certain vascular problems such as throm
bosis, neutralizing enterocolitis, and umbilical vessel per
foration may occur. Hypothermia is also an accompanying 
systemic danger that severely affects the tissues.60 Table 3 
summarizes some of the aforementioned potential risks.

Table 2 Laboratory Tests and Results for HDN

Mother’s Sample Baby’s Sample

Test Result Test Result

ABO/Rh 

Determination

A (Rh 

D positive)

ABO/Rh 

Determination

A (Rh 

D positive)

Antibody 

Screening

Positive Polyspecific 

DAT

Positive

Antibody 

Identification

Anti-c testing IgG/C3 

Coombs

IgG positive/ 

C3d-negative

Antigen Typing Negative for 

“c” antigen

Elution Positive

Note: Data from.47
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Trends and Future Prospects
Blood typing using molecular methods is becoming more 
common as molecular testing becomes more widely used 
in medicine. Serological probes do not always correctly 
identify the RhD type in some individuals. Weak 
D phenotypes seem to be the most common genetic back
ground that accounts for this serological typing problem. 
Scholars have recently advocated using RhD genetic test
ing for patients with a weak D phenotype to obtain accu
rate and actionable results for RhD blood typing and Rh Ig 
administration.63–65

There is still a vast capacity for improving HDN’s 
understanding and management in both developed and 
developing countries. Universal research-backed guide
lines regarding RBC antigen matching transfusion tech
niques for women before pregnancy or during 
intrauterine transfusion would be a good place to 
start.66 A critical area that needs more research is the 
mechanism of action of Rh immunoglobulin. We believe 
that a proper understanding of the roles of RBC clear
ance, antigen masking, modulation, and immune sup
pression might help develop innovative preventive 
prophylaxis during gestation for vaccination against Rh 
and non-Rh antigens. Proper understanding of the roles 
of fetal RBC clearance, antigen masking, antigen mod
ulation, and immune suppression in the efficacy of Rh 
immunoglobulin may assist in developing innovative 

preventive treatments during pregnancy for vaccination 
against RhD and non-RhD antigens. Furthermore, more 
understanding of the relevance of anti-RhD or other 
alloantibody glycosylation patterns may be useful in 
the development of novel treatments and in predicting 
the clinical significance of current maternal alloantibo
dies. Another area of need is developing treatments 
other than intrauterine infusions to alleviate maternal 
alloantibodies’ risks to the fetus.

Conclusion
HDN is a complex multidimensional condition with 
unique technical issues during numerous crucial develop
mental stages of the prenatal and neonatal eras. Advances 
in maternal-fetal medicine, including the development of 
IVIG, IUT, and noninvasive fetal genetic testing, have 
resulted in significant improvements in HDN outcomes 
and the avoidance of maternal allosensitization. Future 
advancements in blood typing and noninvasive testing 
will help women and their children with blood group 
incompatibility. Also, more attention should be given to 
the ethnic groups and races that are more at risk.
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