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RH REACTION

RH REACTION (Hemolytic Transfusion Reaction or Hemolytic Disease of the
Fetus and Newborn related to D antigen)

Primary Disciplinary Field(s): Hematology, Immunology, Obstetrics, Transfusion Medicine

1. Core Definition and Nomenclature

The Rh reaction refers to a serious, often life-threatening immunologic response triggered by the
interaction between Rh-negative blood and Rh-positive blood, resulting in the destruction of red
blood cells (hemolysis). This reaction is fundamentally an immune response known as
alloimmunization, where an individual lacks a specific antigen (in this case, the Rh D antigen) and
develops antibodies upon exposure to blood possessing that antigen. The concept encompasses
two major clinical scenarios: acute or delayed hemolytic transfusion reactions (HTR) in recipients
of mismatched blood, and, most critically, Hemolytic Disease of the Fetus and Newborn
(HDFN), formerly known as erythroblastosis fetalis, which occurs when maternal antibodies attack
fetal red blood cells. The severity of the Rh reaction stems from the robust nature of the anti-D
antibodies produced, which are typically of the IgG class, capable of crossing the placental barrier
or initiating rapid complement-mediated destruction following transfusion.

The term Rh reaction is often used interchangeably in clinical settings to describe the adverse
outcomes arising from incompatibility within the Rh blood group system, though the specific
mechanisms differ slightly depending on whether the exposure occurs via transfusion or during
pregnancy. In transfusion medicine, an Rh reaction typically manifests as an acute hemolytic event
if the recipient has been previously sensitized, leading to rapid destruction of the transfused Rh-
positive cells by pre-existing anti-D antibodies. Symptoms are rapid and can include fever, chills,
shock, and acute kidney injury due to the release of hemoglobin and subsequent complement
cascade activation. The inherent danger lies in the high potential for morbidity and mortality
associated with these systemic inflammatory responses, underscoring the necessity for meticulous
pre-transfusion testing and compatibility screening.

In the obstetrical context, the Rh reaction presents a critical risk to the fetus. If an Rh-negative
mother is exposed to Rh-positive fetal blood, usually during delivery, trauma, or invasive
procedures, she can become sensitized and produce anti-D antibodies. While the primary
exposure may only sensitize the mother without affecting the first pregnancy, subsequent
pregnancies involving an Rh-positive fetus risk catastrophic consequences. These IgG anti-D
antibodies efficiently traverse the placenta and mediate the destruction of fetal red cells, leading to
severe fetal anemia, jaundice, and potentially hydrops fetalis--a condition marked by severe
generalized edema, heart failure, and eventual fetal death. Understanding the precise
immunological pathways underlying sensitization is paramount to implementing effective
prevention strategies, which have revolutionized obstetrical care since the mid-20th century.
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2. Biological Basis: The Rh Blood Group System

The Rh blood group system is the second most clinically significant blood group system after the
ABO system. It is defined by a pair of closely linked genes, RHD and RHCE, located on
chromosome 1, which encode the various Rh antigens expressed on the surface of red blood cells.
The system comprises over 50 different antigens, but the most immunogenic and clinically relevant
is the D antigen. An individual is classified as Rh-positive if they possess the D antigen (inherited
from one or both parents) and Rh-negative if they completely lack the D antigen. Approximately
85% of the global population is Rh-positive, while the remaining 15% are Rh-negative. This
disparity forms the basis of the incompatibility risk, as Rh-negative individuals lack immunological
tolerance for the D antigen.

Unlike the ABO system, where natural antibodies (Anti-A and Anti-B) are generally present early in
life due to exposure to similar antigens in nature (e.g., bacteria), anti-D antibodies are acquired.
They are developed only through exposure to foreign red blood cells carrying the D antigen. This
exposure, or sensitization, can occur through an incompatible blood transfusion, which is often a
robust sensitizing event, or, more commonly, through a fetomaternal hemorrhage during
pregnancy or delivery. Since the D antigen is highly potent, even exposure to a minute quantity of
D-positive red cells (as little as 0.1 mL) is sufficient to initiate the primary immune response in a
susceptible Rh-negative host. Once sensitized, the immune system retains memory, making any
subsequent exposure trigger a rapid and potent secondary immune response characterized by
high levels of anti-D antibody production.

While the D antigen is the primary focus of the Rh reaction, other antigens within the system, such
as C, ¢, E, and e, can also cause alloimmunization and subsequent hemolytic reactions, albeit less
frequently and usually less severely than anti-D. Therefore, transfusion and obstetrical protocols
must consider the entire spectrum of Rh antigens, especially when dealing with recipients or
mothers who have received multiple transfusions or experienced previous sensitization events.
However, anti-D remains the benchmark for determining Rh status and dictates the necessary
preventative measures, particularly the administration of Rh immune globulin. The robust nature of
the anti-D response is what elevates the Rh reaction from a simple immunological curiosity to a
major clinical challenge demanding prophylactic intervention.

3. Pathophysiology of Alloimmunization

Alloimmunization--the process of developing antibodies against non-self antigens of the same
species--is the central pathophysiological event leading to the Rh reaction. The initial exposure to
D-positive red blood cells activates the immune system of the Rh-negative individual. Antigen-
presenting cells (APCs), such as macrophages, phagocytize the foreign red blood cells and
present the D antigen epitopes to T helper lymphocytes. These activated T cells, in turn, signal B
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lymphocytes specific for the D antigen to proliferate and differentiate into plasma cells, which begin
producing anti-D antibodies. This initial phase, termed the primary immune response, typically
yields IgM antibodies first, followed by a switch to IgG antibodies. Because IgM antibodies are
large pentamers that do not readily cross the placenta and are poor activators of extravascular
hemolysis, the first exposure is generally less harmful to a fetus.

The critical switch to IgG production is what makes the Rh reaction clinically significant, especially
in pregnancy. IgG antibodies are smaller monomers that can efficiently cross the
syncytiotrophoblast layer of the placenta into the fetal circulation. Furthermore, the memory B cells
generated during the primary response persist in the host for decades. A subsequent exposure--
whether a second incompatible transfusion or a second Rh-positive pregnancy--triggers a rapid,
overwhelming secondary immune response. This anamnestic response produces high titers of IgG
anti-D antibodies quickly, leading to massive antibody transfer to the fetus or rapid destruction of
transfused red cells.

Once in the fetal circulation, these maternal IgG anti-D antibodies bind to the D antigens on the
fetal red blood cells. The antibody-coated red cells are then sequestered and destroyed primarily
by macrophages in the fetal spleen and liver--a process known as extravascular hemolysis. The
resulting breakdown of hemoglobin leads to fetal anemia. To compensate, the fetal bone marrow,
liver, and spleen increase red blood cell production, releasing immature nucleated red blood cells
(erythroblasts) into the circulation, a condition known as erythroblastosis fetalis. If hemolysis
proceeds unchecked, the fetal oxygen-carrying capacity becomes critically impaired, leading to
high-output cardiac failure, generalized edema (hydrops fetalis), and ultimately, fetal demise.

4. Rh Reaction in Transfusion Medicine (Acute Hemolytic Transfusion
Reaction)

In the context of blood transfusion, the Rh reaction typically results in an Acute Hemolytic
Transfusion Reaction (AHTR) if the sensitized recipient receives Rh-positive blood. AHTR is a
medical emergency that occurs within 24 hours of transfusion. Because the recipient already
possesses high titers of preformed anti-D IgG antibodies, the incompatible transfused cells are
rapidly coated with antibodies. This coating initiates the complement cascade, leading to
immediate, large-scale intravascular hemolysis--the destruction of red blood cells within the
blood vessels. The complement system perforates the red cell membrane, releasing free
hemoglobin into the plasma.

The systemic consequences of AHTR are severe. The massive release of hemoglobin overwhelms
the body's ability to clear it, leading to hemoglobinuria and potential acute tubular necrosis,
resulting in acute kidney injury (AKI) and renal failure. Furthermore, the activation of the
complement and coagulation cascades triggers a systemic inflammatory response, leading to
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cytokine release, hypotension, shock, and disseminated intravascular coagulation (DIC). Clinical
signs are often dramatic, including high fever, rigors, lumbar or flank pain, and unexplained
bleeding. Prompt recognition and immediate cessation of the incompatible transfusion are vital to
saving the patient's life and mitigating irreversible organ damage.

While the most dramatic outcomes involve the acute reaction, some sensitized individuals may
experience a Delayed Hemolytic Transfusion Reaction (DHTR), occurring 3 to 10 days post-
transfusion. DHTR usually involves extravascular hemolysis mediated by macrophages in the
spleen and liver. This occurs when the initial antibody titer was low enough to pass pre-transfusion
screening but rises rapidly due to the anamnestic response following re-exposure. Although DHTR
is generally milder than AHTR, it can still cause significant anemia and requires careful monitoring
and supportive care. Strict adherence to pre-transfusion cross-matching protocols, which test
patient serum against donor red cells, is the cornerstone of preventing all forms of Rh-mediated
transfusion reactions.

5. Rh Reaction in Pregnancy (Hemolytic Disease of the Fetus and Newborn -
HDFN)

The most historically devastating manifestation of the Rh reaction is HDFN, where maternal anti-D
antibodies destroy fetal red cells in utero. Sensitization typically occurs during a previous
pregnancy or miscarriage when D-positive fetal blood enters the Rh-negative maternal circulation,
often during placental separation at delivery. In subsequent pregnancies involving an Rh-positive
fetus, the maternal IgG antibodies cross the placenta. The severity of HDFN is directly correlated
with the concentration (titer) and biological activity of these anti-D antibodies. Mild cases result in
minimal fetal anemia, manageable post-natal jaundice, and require only phototherapy.

Severe HDFN, however, leads to profound fetal consequences. The sustained destruction of red
blood cells causes severe anemia, forcing the fetal heart to work harder to maintain oxygen
delivery. This cardiac strain, coupled with hypoalbuminemia resulting from liver damage, leads to
generalized fluid accumulation in serous cavities, a condition known as hydrops fetalis. Hydrops
is associated with a high rate of intrauterine death or death shortly after birth. If the fetus survives,
the rapid breakdown of fetal red cells after delivery produces unconjugated bilirubin. Since the
newborn liver is initially inefficient at conjugating and excreting bilirubin, high levels accumulate in
the bloodstream.

Uncontrolled hyperbilirubinemia presents a secondary, long-term threat: kernicterus. Bilirubin is
neurotoxic and, at high concentrations, can cross the developing blood-brain barrier and stain the
basal ganglia and other brain structures, leading to irreversible neurological damage, including
cerebral palsy, hearing loss, and intellectual disability. Therefore, managing HDFN requires
complex prenatal monitoring to prevent hydrops and intensive postnatal care, including
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phototherapy and potential exchange transfusions, to prevent neurotoxicity from
hyperbilirubinemia. The entire trajectory of HDFN highlights why prevention of maternal
sensitization is the ultimate goal of modern obstetrics.

6. Diagnosis and Monitoring

Diagnosis of potential Rh incompatibility begins with maternal blood typing and screening. All
pregnant women are tested for Rh status. If the mother is Rh-negative, routine screening for
irregular antibodies, including anti-D, is performed, usually early in the first trimester and repeated
later. If anti-D antibodies are detected, the mother is considered sensitized, and the concentration
of the antibody (the titer) is routinely measured. A rising titer indicates increased risk to the fetus
and necessitates specialized monitoring. The critical next step is determining the fetal Rh status,
which can now often be done non-invasively using cell-free fetal DNA (cffDNA) testing from
maternal blood, avoiding invasive procedures like amniocentesis.

For sensitized mothers carrying an Rh-positive fetus, monitoring for fetal anemia is crucial. The
gold standard for non-invasive monitoring is the measurement of the Middle Cerebral Artery Peak
Systolic Velocity (MCA-PSV) using Doppler ultrasound. As fetal anemia worsens, the blood
viscosity decreases, causing blood flow velocity in the MCA to increase. Elevated MCA-PSV
readings are highly predictive of moderate to severe fetal anemia, guiding the need for
intervention. Traditionally, diagnosis involved invasive procedures like amniocentesis to measure
bilirubin levels in amniotic fluid, or cordocentesis (percutaneous umbilical blood sampling) to
directly assess fetal hematocrit, but Doppler monitoring has largely supplanted these riskier
methods.

Postnatally, diagnosis of HDFN relies on laboratory confirmation. The Direct Antiglobulin Test
(DAT), or Direct Coomb's Test, is performed on the newborn's cord blood. A positive DAT confirms
that maternal antibodies (IgG) are coating the infant's red blood cells, indicating an
immunologically mediated hemolytic process. The degree of neonatal jaundice and the rapid
decline in hemoglobin levels further inform the clinical assessment. Early and precise monitoring,
based on both immunological history and real-time fetal status assessments, is essential for timing
interventions and ensuring the best possible outcomes for the affected infant.

7. Prevention and Management

The single most significant advancement in preventing the Rh reaction in obstetrics is the routine
use of Rh immune globulin (Rhlg), commonly known by the trade name RhoGAM. Rhig is a
purified preparation of human plasma containing concentrated anti-D antibodies. When
administered to an Rh-negative mother during the third trimester (prophylactically) and again after
delivery (if the baby is Rh-positive), Rhlg works by binding to any Rh-positive fetal red cells that
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may have entered the maternal circulation before they can sensitize the maternal immune system.
This passive immunization effectively clears the fetal cells, preventing the mother from initiating her
own, long-lasting active immune response.

Preventative administration of Rhlg is standard practice for all Rh-negative women at
approximately 28 weeks of gestation, and following any event that might cause fetomaternal
hemorrhage, such as amniocentesis, abortion, ectopic pregnancy, or trauma. This preventative
strategy has reduced the incidence of Rh-mediated HDFN from a major cause of perinatal mortality
to a relatively rare condition in developed nations. For the small percentage of cases where
sensitization has already occurred and severe fetal anemia is diagnosed via MCA-PSV monitoring,
immediate therapeutic management is required.

Management of severe HDFN often involves intrauterine transfusion (IUT), typically performed
via cordocentesis, where donor O-negative packed red blood cells are transfused directly into the
fetal umbilical vein. IUT aims to correct severe anemia, interrupt the cycle of hemolysis, and allow
the pregnancy to continue until the fetus reaches pulmonary maturity. After birth, management
focuses on treating hyperbilirubinemia, primarily using phototherapy to convert unconjugated
bilirubin into water-soluble isomers that can be excreted. In cases of extremely high bilirubin levels
or severe anemia unresponsive to IUT, a neonatal exchange transfusion may be necessary to
remove antibody-coated red cells and high levels of neurotoxic bilirubin, thus preventing
kernicterus.

8. Historical Context and Clinical Significance

The existence of the Rh blood group system and the subsequent Rh reaction was not fully
recognized until the 1940s. The initial discovery stemmed from the work of Karl Landsteiner and
Alexander S. Wiener in 1940, who identified the agglutinating factor (later named the Rh factor,
after Rhesus monkeys used in the initial experiments) that caused reactions in transfused patients.
Shortly thereafter, Philip Levine and Rufus E. Stetson linked the Rh factor to cases of HDFN,
observing that mothers who delivered babies affected by erythroblastosis fetalis often had
antibodies in their blood that reacted with the father's and infant's red blood cells. These
groundbreaking findings immediately provided a biological explanation for previously mysterious
cases of stillbirth and neonatal death.

Before the era of effective prevention, the Rh reaction was responsible for the death or severe
disability of tens of thousands of newborns annually. The clinical significance of the Rh reaction
was immense, forcing hematologists and obstetricians to develop complex protocols for monitoring
sensitized pregnancies, including early delivery and risky treatments like exchange transfusions.
The true turning point came in the mid-1960s with the pioneering work of Dr. John Gorman, Dr.
Vincent Freda, and others, who demonstrated that passive immunization with anti-D immune
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globulin could prevent maternal sensitization. The introduction of prophylactic Rhlg has been
hailed as one of the great triumphs of preventative medicine.

Today, while ABO incompatibility is the most common cause of mild HDFN, Rh-D incompatibility
remains the most common cause of severe HDFN. The successful eradication of most Rh-
mediated mortality serves as a powerful testament to the effectiveness of screening, prevention,
and immunology-guided intervention. The continued need for vigilant monitoring of Rh-negative
women and proper administration of Rhlg ensures that the severe consequences associated with
the Rh reaction remain largely confined to historical medical texts, securing its place as a concept
of critical historical and ongoing clinical importance in global public health.

Further Reading

Rh blood group system (Wikipedia)

Hemolytic Transfusion Reactions (Centers for Disease Control and Prevention)

Hemolytic Disease of the Newborn (Mayo Clinic)

Rh Incompatibility in Pregnancy (NCBI Bookshelf)
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