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Quiz

What percentage of the world’s population 
is a carrier of a hemoglobinopathy?

1-2%

8-12%

10-15%

5-7%
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How common are babies with hereditary 
anemias born in California?

1/400

1/1,000

1/4,000

1/10,000

Who have I counseled patients about being a 
carrier of a hemglobinopathy?

English 
ancestry

Asian-East 
Indian

Chinese-
American Nigerian

African-
American 

Greek-
American

Cambodian

Mexican-
Ameican

BelizeanAll of these

Why are hemoglobinopaties important?
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 The World Health Organization estimates that about 5-7% of 
world’s population carries a clinically significant hemoglobin 
variant.1

 The rate of occurrence of hemoglobinopathies in California is 
more than 1 in 4,000 births.2

 More than 400 clinically abnormal hemoglobins have been 
identified and about half are clinically significant

Genetic disorders of Hemoglobin

1. World Health Organization, Sickle-cell disease and other haemoglobin disorders, Jan 2011
2. California Department of Health Care Services, Systems of Care Division Child Health and Disability 
Prevention Program, Health Assessment Guidelines March 2016 

Genetics

Different Types of Conditions

Clinical Recommendations

Counseling

Hemoglobinopathies in Pregnancy

When in doubt, send a Dr. Advice to genetics.

Refer to Genetics
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Mexican-
Ameican

How are hemoglobinopathies passed in families?

X-linked

Autosomal Dominant

Autosomal Recessive

Through bodily fluids

Counseling Issues
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Autosomal recessive

Heterozygotes

Hb AS = Sickle cell trait
Hb AC = Hemoglobin C trait 

Homozygotes

Hb SS = sickle cell anemia 
Hb SC = sickle cell disease 

Sickle cell is most common people of African 
ancestry, but also seen in people of Latin-
American, Mediterranean and Asian East Indian. 

Why are hemoglobinpathies more common 
in certain populations?
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Sickle Cell Distribution

Longo, D. Sickle Cell Disease. NEJM 2017 

Heterozygote Advantage

In certain areas with malaria, like West 
Africa, Hb AS frequency is ~ 1/6

Carriers of sickle cell trait 
have red cells that are 
inhospitable to the 
malaria organism

Different Types of Inherited Anemias
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Hemoglobin molecule

 Hb A: α2β2 

– A for “adult” hemoglobin

 Beta globin gene mutations
– Hb S, Hb C, Hb E, etc

– Beta thalassemia

 Alpha globin gene mutations
– Alpha thalassemia

– Hb Constant Spring

What is a sickle?
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Sickle Cell Pathophysiology

• In deoxygenated blood, sickle red cells 
are only 1/5 as soluble as normal 
hemoglobin. 

• Under conditions of low oxygen tension, 
Hb S molecules aggregate into rod shape 
polymers that distort the round shape of a 
red cell. 

• These misshapen ‘sickle’ cells are less 
flexible than normal and cannot squeeze 
single file through capillaries, blocking 
blood flow and causing ischemia.

Sickle cell trait
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Sickle Cell Trait

Ryan Clark suffered a spleenic infarction during NFL 
game in Denver in 2007 

Usually does not cause any serious health 
problems

What is the life expectancy for sickle cell anemia?

14 years

26 years

38 years

45 years

 Pain crises
– Due to ischemic tissue from obstructed blood flow, hypoxia and acidosis

– May last several days to weeks

– Triggered by fever, dehydration, cold, stress

 Infection
– Immune system is compromised because the spleen is not functioning 

properly or missing.

– Flu, sepsis, meningitis, pneumonia

Sickle Cell Anemia
a multisystem disorder
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 Stroke
– Ischemic or hemorrhagic lesion in a specific vascular area

 Retinopathy
– Retinal hemorrhage if vessels in eye are blocked

 Acute chest syndrome
– Due to acute pulmonary infarction – pneumonia like symptoms 

 Splenic Sequestration (enlarged)

Sickle Cell Anemia
a multisystem disorder

Prevention for Sickle Cell Anemia

Routine care Healthy Diet Medications

Vaccinations Hydradtion

Folic Acid supplements

Anti-inflamatory agents

Prophylactic antibiotics

Treatment for Sickle Cell Anemia

The priority is on treating pain and 
providing adequate relief; addiction is 
not an increased risk.

Blood transfusions

Anemia treatment

Stroke prevention

Chelation therapy

Pain management
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What are other hemoglobin variants besides 
sickle cell?

Mexican-
Ameican

What are other hemoglobin variants besides 
sickle cell?

Hb C

Hb E

Hb D

Hb O

More than 400 abnormal 
hemoglobins have been described

Hb S - Sickle

Hb C 

Hb Kansas
Hb E Hb Hammersmith

Hb Lepore

Hb Pisa 

Hb Gun Hill

Hb Hyde Park

Hb Kempsey

Hb D - Punjab

Hb Tak 

Hb G-Philadelphia

Hb Constant Spring

Hb N-Baltimore

Hb HaSharon

Hb Korle-BuHb M 

Hb Hope

Hb O - Arab 

Hb Miyada Hb H
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Spectrum of severity

Severe

• Alpha thalassemia major (Cis)
• Hb S
• Beta thalassemia

Mild
• Hb C
• Hb E

Benign
• Alpha thalassemia (Trans)
• Hereditary persistence of fetal hemoglobin

Which population has the highest carrier 
frequency?

Carrier frequencies

Ethnicity β thal α thal Hb S Hb C Other Hb

Mediterranean 1/20-30 1/40 1/40 rare D, G, lepore

African American 1/75 1/30 trans 1/12 1/50 O,D

African Caribbean 1/50-75 1/30 trans 1/12 1/30 O,D

West-African 1/50 1/30 trans 1/6 1/20-30 O,D

Hispanic Caribbean 1/75 Variable 1/30 rare Variable

Hispanic Latino 1/30-50 Variable 1/30-200 rare J,E

Asian 1/50 1/20 cis Rare rare E

Southeast Asian 1/30 1/20 cis rare rare E

Asian Indian 1/30-150 Variable 1/50 rare D, O, E

Middle Eastern 1/50 Variable 1/50 rare D, O, E

March of Dimes Genetic Screening Pocket Facts
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 Structural variant resulting in decreased synthesis of hemoglobin. 

 Most common structural hemoglobin abnormality in the world 
– About 1/10 Southeast Asians carry Hb E

– Up to 1/3 carries Hb E  in parts of Laos, Cambodia, Thailand

– Up to 1/2 in parts of Northern India

 Homozygous EE mild anemia, often asymptomatic

 Only a risk for disease when combined with β thal trait

Hemoglobin E

Hb E trait

 Similar to Hb S
– (the same DNA position as the sickle cell mutation but different amino 

acid substitution)
– Compound heterozygotes (Hb SC) are affected with “SC disease” which 

varies, but is often a milder anemia than sickle cell disease.

 Oxygenated Hb C tends to crystallize, leading to less flexible red 
cells and mild hemolysis.

 About 1/30-1/50 African Americans carries Hb C

Hemoglobin C



14

Hb C trait

When in doubt, send a Dr. Advice to genetics.

Refer to Genetics

What’s the difference between alpha and 
beta thalassemia?
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How to tell thalassemia carriers apart?

High 

Hb A2

Low MCV

African, 
Asian, 

Mediteranean

Normal 

Hb 

Alpha 
thalassemia 

trait

Beta
thalassemia 

trait

Normal Hemoglobin

 Normal levels
– MCV 80-100 fL

– Hb A > 95%

– Hb A2 < 3.5%

– Hb F <2 %

 Hb A: α2β2

 Hb A2: α2δ2

 Hb F: α2γ2

Beta thalassemia trait
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 Decreased production of β chains, increased α chains
– High levels of α chains damage bone marrow and decrease erythropoesis
– Higher levels of Hb A2

 Most common in people of Mediterranean, North African, and South-East 
Asian ancestry

 Variable severity depending on mutation and level of β chain production
β0 thalassemia – no Hb A produced, more severe 
β+ thalassemia – some Hb A produced, mild

 Similar symptoms and treatment as sickle cell disease

 Also called Cooley’s anemia

Beta thalassemia

Genetic Home Reference: Your guide to understanding genetic conditions. (2012)
Weatherall DJ1. Phenotype-genotype relationships in monogenic disease:
lessons from the thalassemias. Nat Rev Genet. 2001 

Alpha thalassemia trait

Alpha thalassemia trait
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Previously normal MCV

There are two distinct types of α thalassemia mutations

α thalassemia

Weatherall DJ1. Phenotype-genotype relationships in monogenic disease: lessons from the thalassemias. Nat Rev Genet. 2001 

Alpha Thalassemia Trait:
Two Forms of Inheritance

Working genes
on same chromosome

Trans Arrangement Cis Arrangement
African/Mediterranean ancestry Asian ancestry

One working gene
on each chromosome






__

__
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There are four alpha globin genes in total.  

 Normal (aa / aa)

 “Silent” carriers have 3 functional α genes (-a / aa)

 Carriers have 2 functional α genes (-a / -a) 
or (-- / aa)

 Hb H disease due to only α gene  (-- / -a).

 Hydrops fetalis/ Hb Barts no α genes (-- / --).

α thalassemia

The lethal form of alpha thalassemia from hydrops fetalis due to two 
cis mutations, which is associated with Asian ancestry.

Low MCV

Normal Hb
• Iron deficiency
• Alpha thal trait

↑Hb A2
• Beta thal trait

How to tell thalassemia carriers apart?

When in doubt, send a Dr. Advice to genetics.

Refer to Genetics
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Benign hemoglobin traits

Mexican-
Ameican

What are some benign hemoglobin variants?

Hb A2’ (or delta chain variant)

Hb Constant Spring

Elevated Hb F

Hb O

 The A2’ (also called A2 prime or a delta-chain variant) is not a 
hemoglobinopathy trait and does not affect health

Hb A2’ /delta chain variant
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Normal Hemoglobin

 Normal levels
– MCV 80-100 fL

– Hb A > 95%

– Hb A2 < 3.5%

– Hb F <2 %

 Hb A: α2β2

 Hb A2: α2δ2

 Hb F: α2γ2

 Individuals with such deletions may have hereditary persistence of fetal 
hemoglobin (HPFH) with up to 35% Hb F in adults; this is a benign 
condition.

– Hydroxyurea uses this mechanism to increase Hb F in blood to treat patients with 
sickle cell anemia and beta thalassemia

 A slight elevation in Hb F (3-5%) is not a hemoglobinopathy trait and is 
naturally associated with pregnancy.

Hereditary Persistence of Fetal 
Hemoglobin

Hereditary Persistence of Fetal 
Hemoglobin
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Hereditary Persistence of Fetal 
Hemoglobin

Clinical Recommendations

Clinical Recommendations

CBC for all pregnant women or women planning 
pregnancy. Hemoglobin electrophoresis in those 
of certain ethnicities (African, Mediterranean, 
Middle Eastern, Southeast Asian, West Indian)

CBC and Hemoglobin evaluation for all pregnant 
women, regardless of ancestry

ACOG Committee Opinion No. 691: Carrier Screening for Genetic Conditions. Mar 2017
Regional SCAL Kaiser Permantete Genetics policy. April 2016
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Hemoglobinopathy algorithm
Complete blood count (CBC) and hemoglobin evaluation

Test FOB 
with CBC, 
Hb Eval

Abnormal 
Hemoglobin Eval 
(Hb AS, AC, AE)

Beta Thal Trait 
(Low MCV and  

High Hb A2) Alpha Thal Trait  
(Low MCV, 

Normal Hb, High 
risk ancestry) *

*Also serum iron studies as indicated

Kaiser will cover hemoglobinopathy screening for non-member FOBs

Testing the partner/ FOB

 If a pregnant patient is a carrier of a hemoglobinopathy, testing for the 
her partner (FOB) is a covered benefit and part of her prenatal care. 

 There are no copays or cost sharing for him.

– If the partner has an MRN from the past, we use that

– Call MRN services to create a temporary Kaiser number for him

When in doubt, send a Dr. Advice to genetics.

Refer to Genetics
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Counseling

Health Care Disparities

— American Medical Association

Recent studies have shown that despite the 
improvements in the overall health of the 
country, racial and ethnic minorities 
experience a lower quality of health care—
they are less likely to receive routine medical 
care and face higher rates of morbidity and 
mortality than nonminorities.

Health Care Disparities

 Disparities in health care exist and are associated with worse 
health outcomes.

 Health care disparities occur in the context of broader 
inequality.

 There are many sources across health systems, providers, 
patients and managers that contribute to disparities.

 Bias, stereotyping, prejudice and clinical uncertainty contribute to 
disparities.

 A small number of studies suggest that racial and ethnic minority 
patients are more likely to refuse treatment.

Major findings on racial and ethnic gaps in health care
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Medical literacy

Counseling issues

 Use words patients will understand

 Many patients are visual learners

– Show they the lab results

– Draw a picture or a Punnett square

 Reinforce that the patient inherited the condition from a parent and that 
other family members (siblings) may also be carriers.

 Normalize/ reduce stigma

– Emphasize that every populations has some genetic condition

Reluctant partners

Counseling issues

 Validate concerns

– Fear of needles, mistrust of doctors, health care disparities are real

– Reassurance

 Review the facts

– People who carry the trait feel fine. The only way to know is from a blood test.

 Encourage teamwork

– It is only fair that if the woman had to get all these blood tests, he can do some too

– Ultimately, it is his choice and he can refuse testing

Prenatal Diagnosis

CVS: 10-13 weeks

Aminocentesis: 15-20 weeks



25

Prenatal diagnosis

Counseling issues

 CVS and amniocentesis is indicated when both parents are carriers

– If the father is unavailable for testing, prenatal diagnosis is also indicated

 The patient has the option to continue or terminate an affected 
pregnancy

– We support patients and families in what ever decision is right for them

Example 1 – sickle cell trait
 19 year old female, African American G1P0
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Example 1 – FOB
 21 year old male, African American 

Punnett Square                            

 Mother and father have 
Hb AS (sickle cell trait)

Mother

Father

A

A S

AA AS

AS SS

•¼ chance for AA 
usual
•½ chance for AS trait
•¼ chance for sickle 
cell disease
1

S
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Example 2

 31 year old female patient, Asian East Indian

Example 2 – beta thalassemia trait

Example 2 - FOB
 31 year old male partner, Chinese ancestry

Punnett Square                            

 Mother has beta thalassemia trait 
and father is normal

Mother

Father

A

A β

A

AA A β

A A A β

•1/2 chance for AA 
usual
•1/2 chance for beta 
thal trait
1
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 31 year old female patient, Asian East Indian ancestry

Example 3 – beta thalassemia trait 

Example 3 - FOB
 34 year old male partner, Asian East Indian ancestry

Punnett Square                            

 Mother and father both have beta 
thalassemia trait

Mother

Father

A

A β

β

AA A β

A β β β

•¼ chance for AA 
usual
•½ chance for  beta 
thal trait
•¼ chance for beta 
thal disease
1
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Example 3

 30 year old Mexican American G3P2

Example 4 – iron deficiency

 30 year old Mexican American G3P2

Example 4 – iron deficiency

• FOB is also Mexican-American. Since the couple is not of a high risk ancestry, 
the risk is NOT at increased for a hemoglobinopathy. 

• Results consistent with iron deficiency
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Example 5 – alpha thalassemia trait
 24 year old African American G2P1

Example 5 – alpha thalassemia trait
 24 year old African American G2P1

• FOB is also African-American. Since the couple is not of a high risk ancestry, the 
risk is NOT increased for hemoglobinopathy. 

• Patient told to stop iron supplements

Example 6 – Hb C trait
 33 year old G3P2 African-American woman
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Example 6 – FOB
 36 year old African-American man

• He may be a carrier of alpha thalassemia trait
• Couple not at risk to have a baby with a hemoglobinpathy

Punnett Square                            

 Mother has Hb C trait and father 
may have alpha thalassemia trait

 Since the couple is of African 
ancestry, the risk is not increased 
for alpha thalassemia major

Mother

Father

A

A C

A

AA AC

A A AC

•½ chance for  Hb AC
•½ chance for  Hb AA

•Because Hb C is a 
beta globin mutation 
and alpha thalassemia 
is due to an alpha 
globin mutation, these 
do not combine to 
cause disease
1

Example 7 – HPFH
 31 year old G2P1 European-American woman
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When in doubt, send a Dr. Advice to genetics.

Refer to Genetics


