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RH BLOOD-GROUP INCOMPATIBILITY

Rh Blood-Group Incompatibility

The Core Definition of Rh Incompatibility

Rh blood-group incompatibility is a critical immunological condition defined by the adverse reaction
occurring when blood types carrying the Rhesus factor (Rh-positive) mix with blood lacking this
factor (Rh-negative), leading to the production of specific immune antibodies. At its simplest, it is
an immune conflict triggered by the presence of the D antigen, the primary component defining Rh
positivity, which is absent in Rh-negative individuals. When an Rh-negative person is exposed to
Rh-positive blood, their immune system recognizes the D antigen as foreign and mounts a
protective response, resulting in the creation of anti-D antibodies. While initial exposure may cause
no immediate harm, these antibodies remain in circulation, ready to attack any subsequent
introduction of Rh-positive red blood cells (RBCs).

The most significant clinical context for this incompatibility is during pregnancy, a condition often
termed Rhesus disease or hemolytic disease of the newborn (HDN). If an Rh-negative woman is
carrying an Rh-positive fetus, and fetal red blood cells enter her circulation, typically during
delivery, miscarriage, or trauma, she becomes "sensitized." This sensitization means her body has
generated powerful anti-D antibodies. Crucially, these specific IgG antibodies are small enough to
cross the placental barrier during a subsequent pregnancy with an Rh-positive fetus. Once across
the placenta, they target and destroy the fetal red blood cells, leading to severe anemia, jaundice,
and potentially life-threatening conditions for the developing baby.

Understanding the fundamental mechanism requires appreciating the distinction between the
primary and secondary immune response. The primary exposure--the first time the Rh-negative
mother encounters the Rh-positive antigen--elicits a slow, moderate antibody response, usually too
late to harm the first pregnancy. However, the secondary response, triggered by exposure in
subsequent pregnancies, is rapid, strong, and immediate, flooding the fetal circulation with
destructive antibodies. This delayed but powerful reaction underscores why monitoring and
preventative intervention are vital components of modern obstetrical care for Rh-negative women,
ensuring that this immune memory is never fully activated.

Historical Discovery and Recognition

The foundation for understanding Rh incompatibility was laid in the early 20th century, marking a
major turning point in transfusion medicine and perinatal care. The discovery of the Rhesus blood
group system is primarily credited to the Austrian physician and immunologist Karl Landsteiner,

who, along with Alexander Wiener, identified the factor in 1937 and formally reported their findings
in 1940. Their research involved injecting red blood cells from Rhesus monkeys into rabbits and
guinea pigs, observing the resulting antibody reactions, which led them to name the factor after the
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monkey species. This crucial discovery explained many previously inexplicable hemolytic reactions
that occurred after seemingly successful blood transfusions, revealing that the universally accepted
ABO system was not the only factor determining compatibility.

While Landsteiner and Wiener identified the factor itself, the critical clinical link between the
Rhesus factor and the devastating condition known as erythroblastosis fetalis (a severe form of
hemolytic disease of the newborn) was established by Philip Levine and R.E. Stetson shortly

thereafter. They documented a case of a woman who had a severe reaction to a blood transfusion
from her husband and whose serum contained an antibody that agglutinated most human red
blood cells tested. They hypothesized that this antibody was produced in response to a fetal
antigen inherited from the father, an antigen the mother lacked. This finding provided the concrete
immunological explanation for why certain newborns developed severe jaundice and anemia,
leading to the rapid integration of Rh typing into standard prenatal and transfusion protocols
throughout the 1940s and 1950s.

The historical trajectory of Rh incompatibility research serves as a powerful testament to medical
innovation, moving from the observation of unexplained fetal deaths to the identification of the
causative immunological agent, and finally, to the development of effective preventative
treatments. Before the understanding and management of Rh disease, it was a leading cause of
stillbirths and neonatal mortality, particularly in families where multiple children were born Rh-
positive to an Rh-negative mother. The rigorous work of these early pioneers established the
principles of isoimmunization and paved the way for the development of modern prophylactic
measures that have since virtually eliminated Rh disease as a major public health crisis.

The Process of Maternal Sensitization

The process of maternal sensitization, which is the necessary precursor to Rh disease, is a highly
specific immunological cascade that begins with the mixing of maternal and fetal blood. This
mixing, known as fetomaternal hemorrhage, usually occurs during events that disrupt the placental
barrier. The most common and significant time for this mixing is during the third stage of labor,
when the placenta detaches from the uterine wall, allowing a large volume of fetal blood to enter
the maternal bloodstream. However, sensitization can also occur during other invasive procedures
or complications, such as amniocentesis, chorionic villus sampling, external cephalic version,
abdominal trauma, ectopic pregnancy, or spontaneous or induced abortion.

Upon entering the maternal circulation, the Rh-positive red blood cells from the fetus present the D
antigen to the mother's immune system. Because the mother is Rh-negative, her body perceives
these antigens as foreign invaders. Antigen-presenting cells (APCs) capture these foreign antigens
and present them to T-helper cells, initiating the humoral immune response. This leads to the
activation of B-lymphocytes, which mature into plasma cells capable of synthesizing anti-D
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antibodies. Initially, the immune system produces IgM antibodies, which are too large to cross the
placenta. However, the B cells also form memory cells, which are the long-term threat.

It is the persistence and memory of the immune system that creates the risk for future pregnancies.
Once sensitized, the mother's immune system is primed. If she conceives another Rh-positive
fetus, the secondary exposure leads to the rapid production of IgG anti-D antibodies. Unlike IgM,
IgG antibodies are small, monomeric structures that are actively transported across the placenta.
These IgG antibodies then bind directly to the D antigens on the surface of the fetal red blood cells,
marking them for destruction by the fetal reticuloendothelial system, primarily in the spleen. This
large-scale destruction is the core mechanism of the disease, resulting in severe anemia in the
fetus, known as hemolysis.

Clinical Implications: Erythroblastosis Fetalis

The clinical manifestation of severe Rh incompatibility is erythroblastosis fetalis, or severe
hemolytic disease of the newborn. The destruction of fetal red blood cells leads to profound

consequences. The fetus must accelerate red blood cell production, resulting in the release of
immature red cells (erythroblasts) into the circulation, hence the name erythroblastosis. This
compensatory measure, however, is often insufficient to overcome the rate of destruction caused
by the maternal antibodies, leading to progressive anemia.

Severe fetal anemia strains the circulatory system, forcing the heart to work harder to oxygenate
tissues. In the most critical cases, this leads to heart failure and a condition known as hydrops
fetalis, characterized by massive generalized edema, ascites (fluid in the abdomen), and pleural
and pericardial effusions. Hydrops fetalis carries a very poor prognosis and, historically, often
resulted in intrauterine death or stillbirth. Even if the infant survives birth, the rapid breakdown of
hemoglobin from the destroyed red blood cells produces large quantities of bilirubin.

Postnatally, the excessive bilirubin causes severe jaundice. While the mother's liver helped clear
some bilirubin during gestation, the newborn's liver is often unable to cope with the sudden
overload. Unconjugated bilirubin is neurotoxic, and if levels become excessively high, it can cross
the blood-brain barrier, leading to a permanent and devastating form of brain damage called
kernicterus. Kernicterus causes athetoid cerebral palsy, hearing loss, and intellectual disability.
This severe spectrum of clinical outcomes highlights the necessity of universal screening and
preventative measures to protect the fetus from the immunological memory of the mother.

Modern Management and Prevention Strategies

The significance of recognizing Rh incompatibility lies in the development of highly effective
prophylactic treatment, which has transformed perinatal outcomes. The most important innovation
is the use of Rh immunoglobulin, commonly known by brand names such as RhoGAM (Anti-D
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immunoglobulin). This medication is an injection of pre-formed anti-D antibodies given to the Rh-
negative mother. The mechanism of action is one of passive immunization, effectively masking or
clearing any fetal Rh-positive red blood cells that enter the maternal circulation before the mother's
own immune system has a chance to be activated and form its own memory cells.

Standard clinical practice dictates that every Rh-negative woman receives a prophylactic injection
of anti-D immunoglobulin around the 28th week of gestation, even if no known fetomaternal
hemorrhage has occurred. A second, larger dose is administered immediately after the birth of an
Rh-positive infant, ensuring that any exposure during delivery is neutralized. Furthermore, this
treatment is administered following any potential sensitizing event, such as miscarriage, abortion,
amniocentesis, or trauma. This strategy essentially tricks the mother's immune system by binding
to the foreign antigen before immune surveillance can recognize it, thereby preventing the long-
term sensitization that causes the disease in subsequent pregnancies.

For pregnancies where sensitization has already occurred (the mother has high levels of anti-D
antibodies), management shifts from prevention to treatment. This often involves intensive
monitoring of the fetus using serial ultrasound and Doppler flow studies to assess the degree of
fetal anemia. If anemia is severe, intrauterine blood transfusions may be performed, where Rh-
negative blood is directly transfused into the fetal umbilical vein. In cases where the fetus is near
term, early delivery followed by exchange transfusions in the neonate may be necessary to remove
antibody-coated red blood cells and reduce dangerously high bilirubin levels, thereby preventing
kernicterus.

Connections to Immunology and Genetics

Rh incompatibility is deeply rooted in the fields of genetics and immunology, serving as a prime
example of isoimmunization--an immune response directed against antigens from another
individual of the same species. Genetically, the Rhesus system is determined by a complex of
genes, primarily RHD and RHCE, located on chromosome 1. An individual is Rh-positive if they
possess the RHD gene, which codes for the D antigen. Since Rh-positivity is a dominant trait, an
Rh-negative mother (who is homozygous recessive, lacking the RHD gene) can conceive an Rh-
positive child if the father is heterozygous or homozygous dominant for the trait. This fundamental
genetic dominance is the prerequisite for the immunological conflict.

In the broader context of blood group systems, Rh incompatibility is often compared to ABO
incompatibility. While ABO incompatibility is far more common (since everyone has either A, B, O,
or AB antigens), it is generally much less severe in newborns. This difference is primarily due to
the type of antibodies involved. ABO incompatibility involves naturally occurring IgM antibodies
(anti-A and anti-B) which do not readily cross the placenta. Conversely, Rh incompatibility involves
the IgG antibodies, which are capable of crossing the placenta and inflicting severe systemic
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damage. This distinction highlights the critical role of antibody class in determining the severity of
perinatal disease.

The principles governing Rh incompatibility also have relevance in transfusion medicine. An Rh-
negative patient must always receive Rh-negative blood products to prevent the sensitization and
subsequent life-threatening hemolytic transfusion reactions. Furthermore, the study of Rh disease
has provided invaluable insights into the mechanism of fetal immune tolerance and the challenges
of managing maternal-fetal immunological differences. It stands as a classic case study within
immunology, demonstrating how a simple antigenic difference can trigger a cascade of events
leading to severe pathology, while simultaneously demonstrating the power of targeted
immunological intervention through passive immunization. The subfield of psychology most directly
impacted by the outcomes of Rh disease is developmental psychology and pediatrics, as

prevention of kernicterus is vital for ensuring normal cognitive and neurological development in
infants.
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