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Sickle-cell disease is an autosomal recessive genetic blood
disorder in which red blood cells assume a rigid sickle shape.

LEARNING OBJECTIVE

» Detail the ways in which sickle-cell disease can present in affected individuals

KEY POINTS

 Sickle-cell disease is common in tropical and sub-tropical regions because being a
carrier, carrying a single sickle-cell mutation (sickle cell trait), affords some resistance

to malaria.

« Sickle cell crisis, an acute condition occurring in patients with sickle-cell disease,
include: vaso-occlusive crisis, splenic sequestration crisis, aplastic crisis, and hemolytic

Crisis.

» Complications from sickle-cell disease include stoke and silent stroke, decreased

immunity due to hypersplenism, avascularnecrosis of joints, chronic renal failure, and

pulmonarthBertension.

 Sickle-cell disease is often diagnosed with hemoglobin levels from a

complete blood count and detection of sickling of the red blood cells.

TERMS

« tachycardia

A rapid resting heart rate, especially one above 100 beats per minute.

o fithess

A central idea in evolutionary biology; describes the ability to both survive and

reproduce.
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Hello there, let us know...
EXAMPLES
¢ In the Unite NS.
However, ari screening
for sickle cell trait prior to pregnancy. This includes Southerners of European ancestry

both because some of their ancestors may have come from circum-Mediterranean
malarial zones, but also because recent DNA analysis has shown that a significant
percentage have African ancestry. This is not surprising since those of African descent

formed the largest population segment in the South for 200 or 300 years.

Give us feedback on this content:

FULL TEXT

Sickle-cell disease (SCD), or sickle-cell anemia, is an autosomal recessive genetic

blood disorder with overdominance characterized by red blood cells that assume an
abnormal, rigid, and sickle shape. Sickling decreases the cells' flexibility and results
in a risk of various complications, including shortenedlife expectancy. It is caused by

a change in hemoglobin's primary structure .

Sickle cell anemia is caused by a change in hemoglobin's primary structure

This scanning electron micrograph shows red blood cells. Some exhibit the normal donut-
shaped morphology while others exhibit the sickle shape characteristic of those with sickle-cell

trait or sickle-cell disease.

Disease Presentation
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Sickle-cell disease, usually presenting in childhood, occurs more commonly in
people (or their descendants) from parts of tropical and sub-tropical regions where
malaria is or was common. One-third of all indigenous inhabitants of Sub-Saharan
Africa carry the gene because, in areas where malaria is common, there is a fitness
benefit in carrying only a single sickle-cell gene (sickle cell trait). Those with only
one of the two alleles of the sickle-cell disease, while not totally resistant, are more
tolerant to malarial infection and show less severe symptoms when infected. The
prevalence of the disease in the United States is approximately 1 in 5,000, mostly
affecting Americans of Sub-Saharan African descent, according to the National
Institutes of Health. In the United States, about 1 out of 500 African-American

children born will have sickle-cell anemia.

The term "sickle cell crisis" is used to describe several independent acute conditions
occurring in patients with sickle cell disease. Sickle cell disease results in anemia
and several types of crises. Most episodes of sickle cell crises last between five and
seven days. The vaso-occlusive crisis is caused by sickle-shaped red blood cells that

obstruct capillaries and restrict blood flow to an organ, resulting in ischaemia, pain,

necrosis and often organ damage. The frequency, severity, and duration of these
crises vary considerably. Because of its narrow vessels and function in clearing
defective red blood cells, the spﬂﬂ is frequently affected in splenic sequestration
crisis. This autosplenectomy increases the risk of infection from

encapsulated organisms. Preventative antibiotics and vaccinations are
recommended for those with such asplenia. Aplastic crises are acute worsenings of
the patient's baseline anemia producing pallor, tachycardia, and fatigue. This crisis
is triggered by parvovirus B19, which directly affects erythropoiesis (production of
red blood cells) by invading the red cell precursors and multiplying in them and
destroying them. Parvovirus infection nearly completely prevents red blood cell
production for two to three days. In normal individuals, this is of little consequence,
but the shortened red cell life of sickle-cell patients results in an abrupt, life-
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threatening situation. Hemolytic crises are acute accelerated drops in hemoglobin
level. The red blood cells break down at a faster rate. This is particularly common in
patients with co-existent G6PD deficiency. Management is supportive, sometimes

with blood transfusions.

Diagnosis and Prevention

Sickle cell can be diagnosed by a blood test. In HbSS, the full blood count reveals
hemoglobin levels in the range of 6—8 g/dL with a high reticulocyte count (as

the bone marrow compensates for the destruction of sickle cells by producing more

red blood cells). In other forms of sickle-cell disease, Hb levels tend to be higher.
Abnormal hemoglobin forms can also be detected on hemoglobin electrophoresis, a
form of gel electrophoresis on which the various types of hemoglobin move at

varying speeds.

People who are known carriers of the disease often undergo genetic counseling
before they have a child. A test to see if an unborn child has the disease takes either

a blood sample from the fetus or a sample of amniotic fluid. Since taking a blood

sample from a fetus has greater risks, the latter test is usually used. Children born
with sickle-cell disease will undergo close observation by the pediatrician and will
require management by a hematologist to assure they remain healthy. These

patients will take a 1 mg dose of folic acid daily for life. From birth to five years of

age, they will also have to take penicillin daily due to the immature immune system

that makes them more prone to early childhood illnesses.
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Sickle-cell disease

Figure A shows normal red blood cells flowing freely in a blood vessel. The inset image shows a
cross-section of a normal red blood cell with normal hemoglobin. Figure B shows abnormal,
sickled red blood cells blocking blood flow in a blood vessel. The inset image shows a cross-

section of a sickle cell with abnormal (sickle) hemoglobin forming abnormal strands.
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1 question for use in quizzes have been written about this concept below

Sickle cell disease can present in several ways in affected individuals, but NOT as:

reduced probability of succumbing to malaria, defective functioning of the spleen, leading
to infections, sickled cells blocking capillaries, obstructing blood flow: organ damage, and
rapid breakdown of white blood cells requiring transfusions

KEY TERM REFERENCE

amniotic fluid Appears in this related concepts: Amnion Development, Development of the

Urinary System, and Exercise and Pregnancy

anemia Appears in this related concepts: RBC Life Cycle (and Formation), Complete Antigens

and Haptens, and Bone Marrow Examination

autosomal recessive Appears in this related concepts: Glucosuria,Phenylketonuria (PKU),

and Cystic Fibrosis

avascular Appears in this related concepts: Serous Membranes, Burns, and Characteristics of

Epithelial Tissue

blood Appears in this related concepts: Nerve and Blood Supply,Overview of the Urinary System,

and Types of Connective Tissue

blood flow Appears in this related concepts: Carotid Sinus Massage and Carotid Sinus

Syncope, Arterioles, and Veins of the Lower Limbs

bone marrow Appears in this related concepts: Sinusoids Development, Leukemia, and Platelet

Formation

capillary Appears in this related concepts: Capillary Action, Capilaries, and Local Regulation of
Blood Flow

complete blood count Appears in this related concepts: Complete Blood Count, Diagnostic
Blood Tests, and Pulmonary Edema

fetus Appears in this related concepts: Neurulation, Implantation, andPelvimetry

folic acid Appears in this related concepts: Spina Bifida, Malabsorption of Nutrients,
and Anencephaly

hypertension Appears in this related concepts: Urinalysis,Hypertension, and Velocity of Blood
Flow
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life Appears in this related concepts: Administering Hormones,Olfactory (I) Nerve,

and Premenstrual Syndrome and Premenstrual Dysphoric Disorder
necrosis Appears in this related concepts: Pancreatitis, Gangrene, andCompartment Syndrome

organism Appears in this related concepts: Interosseous Membranes,Albinism, and Life

Functions
pain Appears in this related concepts: Dental Anesthesia, Groin Pull, and Pain Sensations

red blood cell Appears in this related concepts: Regulation of H+ by the Lungs, Chemical

Composition of Urine, and Carbon Dioxide Transport
reticulocyte Appears in this related concepts: WBC Formation andAnemia

spleen Appears in this related concepts: Anatomy of the Pancreas,Ruptured Spleen, and Spleen
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