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1. A 21 year-old young woman with (-thalassemia major has been receiving chronic RBC transfusions since 1 year of age. She started iron chelation therapy at age 5 years with subcutaneous deferoxamine, administered as prescribed until she was 12 years old and became non-adherent with the regimen. About 3 years ago she decided to take better care of herself, and  opted to use oral deferasirox because she thought it would be more convenient. She initially took deferasirox once daily as prescribed, but over the past year she states she only takes the medication 4 or 5 times each week.
Laboratory testing shows a serum ferritin of 4,250 ng/mL. A liver biopsy shows a liver iron concentration of 28 mg/g dry weight as well as prominent hepatic fibrosis. A cardiac MRI showed grossly normal cardiac function, but a T2* value of 9 ms.

What is the most likely cause of death in this patient if she continues to be chelated poorly?

a. Yersenia enterocolitica sepsis
b. Cirrhosis and liver failure

c. Diabetic ketoacidosis

*d. Dysrhythmia
e. Adrenal insufficiency

Explanation:

Cardiac pathology (sudden death, heart failure) is the most common cause of death in thalassemia major patients with severe transfusional hemochromatosis. Iron overload damages a number of tissues, including the liver, heart, and endocrine glands. Hepatic toxicity includes fibrosis, cirrhosis and liver failure. Endocrinopathies include diabetes mellitus, hypogonadism, hypothyroidism, and adrenal insufficiency. Iron overload and chelation also predisposes to bacteremia with Yersinia enterocolitica, an organism that is iron-avid. The most common cause of death in thalassemia patients, however, is cardiac toxicity. Although this patient’s cardiac function is normal, the marked cardiac hemosiderosis (indicated by the low T2* value of 9 ms) is a risk factor for cardiac-related mortality.
2. A 5 month-old baby, born at term without complications, is now referred to you because she had an abnormal newborn screening test for hemoglobinopathies. The hemoglobin pattern reported from the first week of life is “FA” with the addition of a trace amount of hemoglobin (Hb) Barts.

What is the significance of Hgb Barts on newborn screening?

*a. The baby has a form of alpha thalassemia

b. The baby has a form of beta thalassemia

c. The baby has a form of gamma thalassemia

d. The baby has a form of delta-beta thalassemia

e. The baby has a form of HPFH (hereditary persistence of fetal hemoglobin)
Explanation:

Newborns make a predominance of fetal Hb (Hb F) and a lesser amount of adult Hb (Hb A), giving the normal “FA” pattern on newborn screening. Hb F is composed of 2 ( and 2 ( globins ((2(2). When there is a relative deficiency of ( globins due to (-thalassemia, then the relative excess of unpaired ( globins self-associate to form Hb Barts, a tetramer of gamma chains ((4). The presence of Hb Barts indicates the presence of (-thalassemia. All the other choices are abnormalities of the beta globin locus.

3. You perform isoelectric focusing (IEF) on the baby in question #1 who is 5 months of age. IEF detects Hb A (92%) and Hb F (8%), but no Hb Barts. This result is confirmed by HPLC.

What does the disappearance of Hb Barts indicate?

b. Laboratory error

d. This baby had a transient, neonatal form of thalassemia

e. The Hb F production has increased since birth

*e. An expected developmental phenomenon

f. Non-paternity

Explanation:

Fetal Hb (Hb F) production progressively decreases after birth and approaches the normal adult values of approximately 1.5 – 2.5% between 6 - 12 months of age in hematologically normal infants. Hb F production declines with age because (-globin synthesis declines. As (-globin synthesis declines, so will the formation of Hb Barts, the tetramer of gamma globins ((4). Therefore, the disappearance over time of Hb Barts in very young children with (-thalassemia is an expected developmental phenomenon. Trace amounts of Hb Barts can be detected by high-sensitivity techniques in older children with one- or two-gene deletion (-thalassemia, but it is not usually detected by Hb electrophoresis outside of early infancy. Finally, (-thalassemia, but not (-thalassemia, is transient, neonatal form of thalassemia.

4. The same infant from questions #1 and #2 is an African-American boy without Asian ancestry. You determine that he has a 2-gene deletion (-thalassemia ((-thalassemia trait).

From which parent or parents did he almost certainly inherit his (-gene deletions?

a. Two deleted genes from the mother

b. Two deleted genes from the father

*c. One deletion each from the mother and father

d. Two deletions each from the mother and father

e. One deletion from either parent and one new mutation

Explanation:

Two-gene deletion (-thalassemia ((-thalassemia trait) can occur when two (-globin genes are deleted on the same chromosome, a cis (--/(() deletion, or when they are deleted on opposite chromosomes, a trans ((-/(-) deletion. Among individuals of African ancestry, (-thalassemia trait nearly always occurs in trans ((-/(-), so the child in this question most likely received one ( gene deletion from his mother and the other from his father. In contrast, individuals of Asian ancestry with (-thalassemia trait may carry both deletions either in the cis (--/(() or the trans ((-/(-) conformation, so it is possible to inherit 2 deleted genes from one parent in this scenario (e.g., parents of Southeast Asian ancestry).
5. You are seeing a 5 year-old girl with sickle cell anemia (Hb SS) for a regularly scheduled examination. You perform a complete neurologic examination and find no deficits. You obtain a screening transcranial Doppler examination using the STOP Trial non-imaging technique, and this shows the only abnormality to be an elevated time average maximal mean velocity (TAMMV) of 205 cm/s in the left middle cerebral artery. 

Most children with an abnormal TCD will not have an overt stroke. What are the chances, approximately, that this girl will remain stroke-free over the next 3 years?

a. 80%

*b. 60%

c. 40%

d. 20%

e. 1%

Explanation:

An abnormal TCD velocity (200 cm/s by STOP Trial criteria) confers a risk of overt stroke over the 3 years following the TCD examination of approximately 40%. Therefore, there is a 60% chance that this patient will remain stroke-free during that same period. 

6. You are seeing a 7 year-old boy with sickle cell anemia (Hb SS) for a regularly scheduled examination. You perform a complete neurologic examination and find no deficits. You obtain a screening transcranial Doppler (TCD) examination, but your hospital bought new ultrasonography equipment and now uses an imaging TCD technique (TCDi) instead of a non-imaging technique. The TCDi shows the only abnormality to be an elevated time average maximal mean velocity (TAMMV) of 190 cm/s in the right distal internal carotid artery. 

What are the chances, approximately, that this boy will have a stroke in the next 3 years?

a. 80%

b. 60%

*c. 40%

d. 5%

e. <1%

Explanation:

It is important to know that imaging TCD (TCDi) provides lower velocity measurements than non-imaging TCD (in the same vessel in the same person). On average, one needs to add 15 cm/s to a TCDi velocity to convert it to a comparable non-imaging velocity. The STOP criteria cut-offs (e.g., abnormal is 200cm/s or greater) are based on non-imaging TCD. So this boy has an “equivalent” TCD velocity of 205 cm/s, and his risk of stroke over the next 3 years is approximately 40%.

7.
The steady-state hematologic parameters differ among the common forms of sickle cell disease. What is the likely diagnosis of a 10 year-old girl who has the following complete blood count and peripheral smear findings?

WBC
14,500 /mm3
Hb
6.5 g/dL

Hct
19.5 %

MCV
88 fL

Plt
415,000 /mm3
Retic
17% (absolute 370,000)

Peripheral smear: polychromasia, few irreversibly sickled cells

a. Sickle-hemoglobin C disease (Hb SC)
b. Sickle-(+-thalassemia (Hb S(+)
c. Sickle-(0-thalassemia (Hb S(0)
*d. Sickle cell anemia (Hb SS)

e. Sickle cell anemia (Hb SS) with (-thalassemia trait

Explanation:

The Hb concentration is typical for a patient with Hb SS or Hb S(0, but the most likely explanation is Hb SS because this individual is normocytic.  Options b, c, and e would be characterized by microcytosis because of the presence of alpha or beta thalassemia. Hb SC (option a) is not microcytic, in the absence of co-inherited (-thalassemia, but the Hb concentration of this case is too low to be consistent with Hb SC. Also note the leukocytosis and thrombocytosis that is characteristic of more severe forms of sickle cell disease, such as Hb SS.

8. A family presents to you with a newborn baby who was recently identified by newborn screening to have a form of sickle cell disease. The parents are upset because their obstetrician told them that they could not have a baby with sickle cell disease because only the mother had sickle cell trait on pre-conception testing. The father was tested for sickle cell trait pre-conception, and he did not have it.

Assuming that the results of the sickle trait testing were correct and that the father without sickle cell trait is, indeed, the biological father, what type of hematologic abnormality could the father have to  explain the occurrence of sickle cell disease in their child?

a. G6PD deficiency

b. alpha thalassemia trait

*c. beta thalassemia trait

d. Hereditary elliptocytosis
e. Hgb G Philadelphia trait

Explanation:

Even when only one parent has sickle cell trait, couples can still produce children with sickle cell disease. They cannot have a child with sickle cell anemia, which is homozygosity for Hb S, but they can have children with compound heterozygous forms of sickle cell disease, such as sickle-hemoglobin C disease (Hb SC), sickle-(+-thalassemia (Hb S(+), or sickle-(0-thalassemia (Hb S(0). A negative test for the presence of sickle hemoglobin (Hb S), whether by IEF, HPLC, or Sickle-Dex, does not exclude the presence of other abnormal hemoglobins or thalassemia. G6PD deficiency and hereditary elliptocytosis, both common among African-Americans, do not interact with sickle cell trait to produce a form of sickle cell disease. Alpha thalassemia trait and Hb G Philadelphia trait are both abnormalities of the alpha globin locus; but the coinheritance of Hb S with certain other beta globin abnormalities is required to produce forms of sickle disease. Among the possible answers, only beta thalassemia trait is a beta globin abnormality. So, the child in question has a form of sickle-(-thalassemia.
9. By confirmatory testing, you determine that the mother in question #8 (above) indeed has only sickle cell trait and the father in question #8 (above) has only (+-thalassemia trait.

What is the probability for each of their subsequent pregnancies that the child will have a form of sickle cell disease?

a. <1%

*b. 25%

c. 50%

d. 75%

e. 100% 

Explanation:

This is straightforward Mendelian inheritance. If one parent has S trait (AS) and the other has (+-thalassemia trait (A(+), then offspring have a 25% chance of having normal hemoglobin (AA), a 50% chance of having trait (either S trait or (+-thalassemia trait), and a 25% chance of having sickle-(+-thalassemia (Hb S(+).

10. A 9 year-old child with sickle cell anemia (Hb SS) is to have a cholecystectomy. In general, she has done well since starting hydroxyurea at 4 years of age because of frequent episodes of pain. Her immunizations are up to date. She has received 2 transfusions in the past​—the first at 3 years of age and the second at 6 years of age. Pre-operatively, her Hb concentration is 8.3 g/dL. She is admitted the evening before surgery to receive 10 mL/kg of packed RBCs, which raises her Hb to 10.3 g/dL. She has the surgical procedure the next morning without event. Her post-operative course is uneventful until the fifth day when she is supposed to go home. Instead, she awakens with new-onset dark urine, and her spleen is now palpable 3 cm below the costal margin (1 cm at baseline).

The following laboratory studies are obtained: 

CBC: Hb 6.7 g/dL, WBC 14,000 /mm3, platelets 489,000 /mm3, reticulocytes 20%.

Chemistry: Bilirubin 7.9 mg/dL, direct fraction 0.5 mg/dL. AST 129 IU/L, ALT 35 IU/L, LDH 845 IU/L.

Urinalysis: Urobilinogen large, hemoglobin large, microscopic 4 WBCs/hpf, 1 RBC/hpf.

Which of the following diagnostic tests would specifically substantiate the most likely diagnosis?

a. Doppler ultrasonography of splenic and portal veins

*b. Indirect antiglobulin test
c. Parvovirus PCR and titer

d. Peripheral blood smear morphology

e. C-reactive protein level

Explanation:

Given the history of 2 prior transfusions and the recent transfusion, it is most important to consider and diagnose a delayed hemolytic transfusion reaction. The patient had formed an alloantibody from one or more of the previous transfusions. The titer of the alloantibody became undetectable over the ensuing years, only to reappear now by anamnestic response after the most recent transfusion. It is detectable now by the indirect antiglobulin test, which had been negative just a few days before during the cross-match procedure. Parvovirus infection would be associated with reticulocytopenia and would not cause a high LDH or hemoglobinuria. Although this 9 year-old girl still has a spleen because of early introduction of hydroxyurea (delay of involution), significant splenic sequestration is unlikely because of the thrombocytosis (i.e., lack of hypersplenism). She may have an element of anemia due to acute inflammation, but that would not explain hemoglobinuria, splenomegaly, increased reticulocyte count or increased LDH. Peripheral blood morphology might show a new population of spherocytes, but this would not be the most specific diagnostic. Doppler ultrasonography is not indicated in this scenario.

11. A 17 year-old boy with sickle cell trait presents with left-sided flank pain and gross hematuria. A CT scan of the abdomen shows an infiltrating mass of the left kidney that enhances with contrast. There is also retroperitoneal lymphadenopathy.

The development of which of the following malignancies is associated with sickle cell trait?

a. Renal cell carcinoma

*b. Renal medullary carcinoma

c. Rhabdoid tumor of the kidney

d. Wilms’ tumor

e. Clear cell sarcoma of the kidney

Explanation:

Sickle cell trait is associated with the development of a rare malignant neoplasm of the kidney called renal medullary carcinoma. It is a highly aggressive and almost always fatal cancer. Almost all reported cases had sickle cell trait or a mild form of sickle cell disease like sickle-hemoglobin C disease. The reason why sickle cell trait may predispose to the development of renal medullary carcinoma is unknown.  In 2009, 120 cases of renal medullary carcinoma had been reported with all but one patient having sickle cell trait. There are 2.5 million people in the US with sickle cell trait and 300 million in the world. 

12. Isoelectric focusing (IEF) is a laboratory technique used to separate normal and abnormal hemoglobins.

Lane 3 of the IEF gel below is consistent with which of the following clinical scenarios?
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a. Normal adult

b. Beta thalassemia trait

c. Sickle cell trait

d. Alpha thalassemia trait

*e. Normal newborn

Explanation:

Lane 3 shows the presence of Hb A and Hb F. Notably, there is a very large amount of Hb F, which is greater in abundance than Hb A. This is consistent with a normal newborn who makes more Hb F than Hb A. No abnormal hemoglobins, such as Hb S or Hb C, are present. A normal adult would have only a small amount of Hb F (~1.5-2.5%). (-thalassemia trait does not raise the Hb F, and (-thalassemia trait would only raise the Hb F to a lesser degree (~3-10%).

13. A mother and father present to you for pre-conception counseling. The mother is shown in lane 8 and the father in lane 4. The father has a Hb concentration of 8.5 g/dL and an MCV of 88 fL. Neither takes hydroxyurea.

What is the probability for each of their pregnancies that the child will have a form of sickle cell disease?
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a. <1%

b. 25%

*c. 50%

d. 75%

e. 100% 

Explanation:

The mother (lane 8) has Hb A and Hb S, with more Hb A than Hb S, so she has sickle cell trait. The father has only Hb S. An electrophoresis with Hb S only is consistent with both sickle cell anemia (Hb SS) and sickle-(0-thalassemia (Hb S(0). However, because he is not microcytic, the father has Hb SS not Hb S(0. Therefore, 50% of their offspring will have Hb SS and 50% will have Hb S trait.
14.
A 12 year-old African-American boy is referred to you for the evaluation of an incidentally discovered anemia. His mother reports that he has been generally well throughout his life, but that his eyes occasionally turn yellow when he gets a fever. He has never had any unusual or recurring pains. His growth and development are normal. His physical examination is remarkable only for a spleen that is palpable 2 cm below the costal margin. A complete blood count and peripheral blood film morphology are shown.
WBC
7,500 /mm3
Hgb
11.9 g/dL

Hct

35.3 %

MCV
77 fL

MCHC
36.5 g/dL

Plt

205,000 /mm3
Retic
2.1 %
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What is the most likely diagnosis?

a. Sickle cell anemia (Hb SS)

b. Sickle-hemoglobin C disease (Hb SC)

c. Sickle-(0-thalassemia (Hb S(0)

d. Hemoglobin H disease

*e. Hemoglobin C disease (Hb CC)

Explanation:

Homozygous Hb C disease is a condition characterized by a mild, chronic hemolytic anemia. The hemolysis is usually mild, but intermittent mild jaundice can occur (“hyperhemolysis”). The peripheral smear will show target cells and Hb C crystals (the bar shaped inclusions), both shown here, but no sickled cells. The MCHC may also be increased because of RBC dehydration. Affected individuals may also have splenomegaly, especially during adolescence or adulthood. Splenic function is normal, however, and acute splenic sequestration does not occur. Hb C disease occurs almost exclusively among individuals of African ancestry. It is not a “sickling” disorder, and it is not one of the sickle cell diseases.

15. You are seeing a 5 year-old girl who was diagnosed with sickle cell anemia (Hb SS) at birth because her newborn screening pattern showed an “FS” pattern on the first and second newborn screens. She has never been jaundiced, had any painful episodes, or had splenomegaly. The mother asks you why she seems to be so mildly affected by her Hb SS. You obtain the following labs (isoelectric focusing) to clarify the situation.

Child:

Mother:
Father:

Hb A (%)

0

59

72

Hb A2 (%)

0

1.5

1

Hb S (%)

55

38

0

Hb F (%)

45

1.5

27

What is the child’s diagnosis?

*a. Sickle-hereditary persistence of fetal hemoglobin (S-HPFH)

b. Sickle-(+-thalassemia (Hb S(+)
c. Sickle-(0-thalassemia (Hb S(0)
d. Sickle cell anemia (Hb SS)

e. Sickle cell anemia (Hb SS) with (-thalassemia trait

Explanation:

The mother has a roughly 60:40 ratio of Hb A to Hb S, so she has sickle cell trait. The father has Hb A and an unusually high proportion of Hb F, consistent with HPFH trait. This child inherited the (S allele from the mother and the HPFH allele from the father, so she has S-HPFH. Recall, deletional HPFH is caused by a large deletion of the (- and (-globin genes in which (-globin synthesis completely compensates for defective (- and (-globin synthesis. The coinheritance of the (S allele and a deletional HPFH allele produces a very mild condition called S-HPFH. Individuals classically have no anemia, reticulocytosis, splenic involution, or painful episodes. The very high amount of Hb F prevents most sickling and markedly ameliorates the disease. Just like a neonate with Hb SS, however, a neonate with S-HPFH will have an “FS” newborn screening pattern at birth. Family or genetic studies can differentiate these two diagnoses.

16. You have a 15 year-old patient with (-thalassemia. You stain her peripheral blood with brilliant cresyl blue (BCB) and see the following:
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What is the most likely composition of these red cell inclusion bodies?

*a. Hb H

b. Hb Barts

c. Oxidized, denatured Hgb

d. Ribosomal RNA

e. Nuclear remnants

Explanation:

This patient has 3-gene deletion (-thalassemia, which is called Hb H disease. Intracelluar Hb H aggregates can be visualized by supravital staining of RBCs, such as with brilliant cresyl blue (BCB). Although patients with Hb H disease may have some Hb Barts, it is not present in such high abundance beyond early infancy. Aggregates of oxidized, denatured Hb can be visualized by a Heinz body preparation, which is also a supravital stain, but Heinz bodies are more irregular, fewer in number per cell, and present at the periphery of the cell. Heinz bodies are seen with unstable hemoglobins as well as with the oxidative injury that occurs with G6PD deficiency. Basophilic stippling is the result of aggregation of ribosomal RNA, which gives small punctate inclusions unlike these large aggregates. Howell-Jolly bodies are nuclear remnants and appear as infrequent, almost perfectly round, dark purple inclusions. Supravital staining is not necessary to visualize basophilic stippling or Howell-Jolly bodies.
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Hemoglobinopathies
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1.
You are referred a 1-month-old child born at 37-weeks’ gestation whose newborn screening for hemoglobinopathies showed an “FS” pattern, indicating the presence of Hb F and Hb S and no other detectable hemoglobin types. You inform the parents that this child has a form of sickle cell disease. The “FS” pattern is consistent with which of the following diagnoses?

A.
Sickle cell anemia (Hb SS)

B.
Sickle-β0-thalassemia (Hb Sβ0)

C.
Sickle-β+-thalassemia (Hb Sβ+)

D.
Hb S/gene-deletion HPFH (Hb S-HPFH)

E.
All of the above

2.
A 6-month-old child is referred to you because of an abnormal newborn screen for hemoglobinopathies that showed an “FA + variant” pattern. You perform diagnostic testing including HPLC and capillary zone electrophoresis (CZE). The CZE electropherogram (shown below) shows peaks in the Hb A (αβ), Hb F (αγ), and Hb A2 (αδ) zones as well as three additional peaks, the largest of which migrates in the D zone.
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What is the most likely diagnosis?

A.
Hb D-Punjab trait

B.
Hb G-Philadelphia trait

C.
Hb O-Arab trait

D.
Hb Lepore trait

E.
Hb C-Harlem trait

3.
A 6-year-old girl had a hemoglobin electrophoresis performed elsewhere that was consistent with sickle cell trait, but the Hb A2 was also reported to be low at 1.5%. She was referred to you for counseling about sickle cell trait and for evaluation of the low Hb A2. Blood counts show an Hb = 11.9 g/dL and MCV = 76.2. You perform capillary zone electrophoresis as your primary screen for hemoglobinopathies (shown below) and citrate agar electrophoresis that confirms the presence of Hb S (not shown). Hb quantitation shows Hb A (αβ) = 59%, Hb S (αβS) = 38%, Hb A2 (αδ) = 1.6%, and a variant, slowly migrating fraction of 1.4%. 
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The low Hb A2 in this case is most consistent with which of the following conditions (coinherited or concomitant with Hb S trait):
A.
Alpha thalassemia trait (gene deletion)

B.
Iron deficiency

C.
Gene-deletion hereditary persistence of fetal Hb (HPFH)

D.
Variant delta globin

E.
(δβ)0-thalassemia

4.
You are testing the mother of a child with sickle-hemoglobin C disease (Hb SC) to determine her carrier (or disease) status. You obtain cellulose acetate electrophoresis and citrate agar electrophoresis (see below). The arrows indicate the application point on both gels. The directions of the anodes and cathodes are shown. Both gels have a labeled control in lane 8. The mother is found to have Hb C trait.
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Which of the following pairs of lanes is consistent with the mother’s diagnosis of Hb C trait?
	
	Cellulose Acetate
	Citrate Agar

	A.
	Lane 2
	Lane 1

	B.
	Lane 4
	Lane 6

	C.
	Lane 5
	Lane 7

	D.
	Lane 6
	Lane 5

	E.
	Lane 7
	Lane 3


5.
A 3-year-old boy has microcytosis that was discovered on a CBC obtained for the evaluation of a febrile illness. Relevant portions of his CBC are shown in the table below. Peripheral blood morphology shows a small population of target cells, hypochromia, microcytosis, and occasional basophilic stippling.
	RBC
	5.39 (H)

	Hgb
	11.9

	Hct
	35.0

	MCV 
	64.9 (L)

	MCH 
	22.0 (L)

	MCHC 
	34.0

	RDW
	13.6 


To evaluate for hemoglobinopathy, HPLC was performed (see below). It showed Hb A = 69.1%, Hb F = 8.5%, Hb A2 = 2.3%, normal amounts of minor Hb products (e.g., glycated or degraded Hbs), and a variant at 10.2% (red arrow) eluting between Hb A and Hb A2.
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Isoelectric focusing (IEF) was performed (shown below). It showed Hb A, Hb F, Hb A2, and a minor band (red arrow) migrating near Hbs S, D, and G (see control lane 7 and lanes 1 and 2). Citrate agar electrophoresis showed an “AF” pattern and no band in the S position (not shown).
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These laboratory findings are most consistent with which of the following conditions:?
A.
Hb Lepore trait

B.
Hb G-Philadelphia trait

C.
Gene-deletion HPFH trait

D.
Hb D trait

E.
Hb J-Baltimore trait

6.
Consider the following results of Hb separation and quantitation (e.g., by HPLC) for three different individuals (a woman and two men with whom she has had children). None has ever been transfused. The woman is known to have homozygous Hb C disease (Hb CC) by genetic testing. The percentage of total Hb is shown for each identified Hb fraction for each person in the table below.
	Hemoglobin
	Woman

(% total Hb)
	Partner 1

(% total Hb)
	Partner 2

(% total Hb)

	A
	0
	8.5
	54.2

	C
	96.8
	88.2
	42.5

	A2
	2.4
	2.4
	2.4

	F
	0.9
	0.9
	0.9


The woman has a child with compound heterozygosity for Hb C and β+-thalassemia. Which partner or partners, if any, could be the father of this child with Hb C/β+-thalassemia?
A.
Partner 1

B.
Partner 2

C.
Partner 1 or 2

D.
Neither partner 1 nor 2
7.
A 12-year-old African-American boy is referred to you for the evaluation of an incidentally discovered anemia. His mother reports that he has been generally well throughout his life, but that his eyes occasionally turn yellow when he gets a fever. He has never had any unusual or recurring pains. His growth and development are normal. His physical examination is remarkable for a spleen that is palpable 2 cm below the costal margin. A complete blood count and peripheral blood film morphology are shown.

WBC
7,500 /mm3
Hgb
11.9 g/dL

Hct
35.3 %

MCV
77 fL

MCHC
36.5 g/dL

Plt
205,000 /mm3
Retic
2.1 %


What is the most likely diagnosis?

A.
Sickle cell anemia (Hb SS)

B.
Sickle-hemoglobin C disease (Hb SC)

C.
Sickle-β0-thalassemia (Hb Sβ0)

D.
Hemoglobin H disease

E.
Hemoglobin C disease (Hb CC)

8.
A 21-year-old young woman with β-thalassemia major has been receiving chronic RBC transfusions since 1 year of age. She started iron chelation therapy at age 5 years with subcutaneous deferoxamine, which her parents administered as prescribed until she was about 12 years old when she became nonadherent with the regimen. About 3 years ago she decided to take better care of herself, and she opted to use oral deferasirox because she thought it would be more convenient. She initially took deferasirox once daily as prescribed, but over the past year she states she only ends up taking the medication 4 or 5 times each week. Laboratory testing shows a serum ferritin of 4,250 ng/mL. A liver biopsy shows a liver iron concentration of 28 mg/g dry weight as well as prominent hepatic fibrosis. A cardiac MRI showed grossly normal cardiac function, but a T2* value of 9 ms. What is the most likely cause of death in this patient if she continues to be chelated poorly?

A.
Yersenia enterocolitica sepsis

B.
Cirrhosis and liver failure

C.
Diabetic ketoacidosis

D.
Dysrhythmia

E.
Adrenal insufficiency

9.
A 5-month-old baby, born at term without complications, is now referred to you because she had an abnormal newborn screening test for hemoglobinopathies. The hemoglobin pattern reported from the first week of life is “FA” with the addition of a trace amount of hemoglobin (Hb) Barts. What is the significance of Hb Barts on newborn screening?
A.
The baby has a form of alpha thalassemia.
B.
The baby has a form of beta thalassemia.
C.
The baby has a form of gamma thalassemia.
D.
The baby has a form of delta-beta thalassemia.
E.
The baby has a form of HPFH (hereditary persistence of fetal hemoglobin).
10.
You perform an Hb analysis by HPLC on the baby in question #9 when she is 5 months of age. HPLC demonstrates Hb A (92%) and Hb F (8%), but no Hb Barts. What does the disappearance of Hb Barts indicate?

A.
Laboratory error

B.
This baby had a transient, neonatal form of thalassemia.
C.
The Hgb F production has increased since birth.
D.
An expected developmental phenomenon

E.
Nonpaternity

11.
You have a 15-year-old patient with α-thalassemia intermedia. You stain her peripheral blood with brilliant cresyl blue (BCB), a supravital stain, and see the following:
What is the most likely composition of these red cell inclusion bodies?
A.
Hb H

B.
Hb Barts

C.
Oxidized, denatured Hgb

D.
Ribosomal RNA

E.
Nuclear remnants

12.
You are seeing a 5-year-old girl who was diagnosed with sickle cell anemia (Hb SS) at birth because her newborn screening pattern showed an “FS” pattern on the first and second newborn screens. She has never been jaundiced, had any painful episodes, or had splenomegaly. The mother asks you why she seems to be so mildly affected by her Hb SS. You obtain the following labs (isoelectric focusing) to clarify the situation.
	
	Child
	Mother
	Father

	Hb A (%):
	0
	59
	72

	Hb A2 (%):
	0
	1.5
	1

	Hb S (%):
	55
	38
	0

	Hb F (%):
	45
	1.5
	27


What is the child’s diagnosis?
A.
Compound heterozygosity for Hb S and gene-deletion HPFH (Hb S-HPFH)

B.
Sickle-β+-thalassemia (Hb Sβ+)

C.
Sickle-β0-thalassemia (Hb Sβ0)

D.
Sickle cell anemia (Hb SS)

E.
Sickle cell anemia (Hb SS) with α-thalassemia trait

13.
A family presents to you with a newborn baby who was recently identified by newborn screening to have a form of sickle cell disease. The parents are upset because their obstetrician told them that they could not have a baby with sickle cell disease because only the mother had sickle cell trait on preconception testing. The father was tested for sickle cell trait, and he did not have it. Assuming that the results of the sickle trait testing were correct and that the father without sickle cell trait is, indeed, the biological father, what type of hematologic abnormality could the father have that could explain the occurrence of sickle cell disease in their child?
A.
G6PD deficiency

B.
Alpha thalassemia trait

C.
Beta thalassemia trait

D.
Hereditary elliptocytosis

E.
Hb G-Philadelphia trait

14.
By confirmatory testing, you determine that the mother in question #13 indeed has only sickle cell trait and the father in question #7 has only β+-thalassemia trait. What is the probability for each of their subsequent pregnancies that the child will have a form of sickle cell disease?

A.
<1%
B.
25%

C.
50%

D.
75%

E.
100% 

15.
A 9-year-old child with sickle cell anemia (Hb SS) has been taking hydroxyurea since 4 years of age. Her immunizations are up to date. She has received two transfusions in the past—the first at 3 years of age and the second at 6 years of age. She now needs cholecystectomy and her preoperative Hb concentration is 8.3 g/dL. Type and crossmatch are uneventful. She is transfused 10 mL/kg of packed RBCs, which raises her Hb to 10.3 g/dL. She has the surgical procedure the next morning without event. Her postoperative course is uneventful until the fifth day when she is supposed to go home. Instead, she awakens with new-onset dark urine, and her spleen is now palpable 3 cm below the costal margin (1 cm at baseline), and she is in pain. The following laboratory studies are obtained: 

CBC:
Hb 6.7 g/dL, WBC 14,000/mm3, platelets 489,000/mm3, reticulocytes 15%

Chemistry:
Bilirubin 7.9 mg/dL, direct fraction 0.5 mg/dL. AST 129 IU/L, ALT 35 IU/L, LDH 845 IU/L.

Urinalysis: 
Urobilinogen large, hemoglobin large, microscopic 4 WBCs/hpf, 1 RBC/hpf
Which of the following tests could substantiate the most likely diagnosis for her acute exacerbation of chronic anemia?
A.
Doppler ultrasonography of splenic and portal veins

B.
Repeat indirect antiglobulin test

C.
Parvovirus PCR and titer

D.
Peripheral blood smear morphology

E.
C-reactive protein level

Hemoglobinopathies: Answers 
Question 1

Answer: E

Explanation: An “FS” pattern most likely indicates sickle cell anemia (Hb SS) (i.e., homozygosity for the Hb S mutation). An “FS” pattern also is consistent with two other diagnoses in which Hb S is the only major adult Hb that is produced. These are sickle-β0-thalassemia (Hb Sβ0), in which the thalassemic beta globin allele (β0) is a nonfunctional allele, and compound heterozygosity for Hb S and gene-deletion HPFH (Hb S-HPFH), in which there is no non-βS allele because it is deleted. Although sickle-β+-thalassemia (Hb Sβ+) typically produces an “FSA” pattern, occasionally the amount of Hb A that is produced by a newborn is lower than the limits of detection by standard clinical methods (e.g., HPLC or Hb electrophoresis). When this happens, an “FS” pattern is visualized at birth, but the small amount of Hb A that is produced by the β+ allele will become detectable during the first few months of life.

Question 2

Answer: B

Explanation: This pattern is diagnostic of an alpha globin structural variant. Among all the choices, the only alpha globin variant listed is Hb G-Philadelphia. The others are all beta globin variants. In the trait state, beta globin variants will give two peaks (by HPLC or CZE) or bands (by IEF): the normal (αβ) dimer and the variant (αβv) dimer in addition to any Hb F (αγ) or Hb A2 (αδ) dimers. Because the alpha globin protein is a component of all fetal and adult hemoglobins (e.g., Hb F and Hb A2), variant peaks will be seen for each of these as well. Hb G-Philadelphia is an alpha variant (αGβ) that migrates or elutes similarly to Hb D. The variant alpha globin is also incorporated in Hb F and Hb A2, so variant Hb F (αGγ) and Hb A2 (αGδ) are also visualized. All the peaks are labeled in the figure below.
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Hb G-Philadelphia is the most common alpha chain variant in African Americans. It also occurs in Italians from Northern Italy and Sardinia, and in a few Chinese families. Hb G-Philadelphia in African Americans is present on a chromosome with the common 3.7 kb alpha thalassemia deletion (-αG), so the quantity of Hb G is usually between 30%-35%. It is a nonpathological variant, but it can be misdiagnosed as Hb D or other similarly migrating variants.

Question 3

Answer: D

Explanation: All of the listed diagnoses are associated with decreased Hb A2. This patient is heterozygous for a common structural variant of the delta globin gene, so she makes two forms of Hb A2: normal Hb A2 (αδ) and a variant Hb A2 (αδV) called Hb A2’ (A2-prime). This nonpathologic variant occurs in about 1% of African Americans. The total Hb A2 fraction is the sum of Hb A2 and Hb A2’, so this patient’s total Hb A2 is actually normal at 3% (see the fully annotated electropherogram below).

Because the patient is not anemic or microcytic, and the ratio of Hb A to Hb S (roughly 60:40) is not increased, alpha thalassemia trait and iron deficiency can be excluded. Moreover, neither alpha thalassemia trait nor iron deficiency can explain the presence of the variant Hb in low abundance. Gene-deletion HPFH can also reduce Hb A2 because the delta globin gene is included in the large deletion, but this patient has Hb A in trait levels and no detectable Hb F. Coinheritance of the Hb S mutation and gene-deletion HPFH will give an “SF” pattern with no Hb A (the non-βS beta globin gene is deleted), and HPFH cannot explain the presence of the variant Hb. Similarly, coinheritance of the Hb S mutation and (δβ)0-thalassemia will give an “SF” pattern with no Hb A (the non-βS beta globin gene is deleted, as well as the delta globin gene on the same chromosome), and (δβ)0-thalassemia cannot explain the presence of the variant Hb. 
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Question 4

Answer: C

Explanation: The only two lanes on cellulose acetate that are consistent with Hb C trait (showing bands migrating in the Hb A and Hb C positions) are lanes 2 and 5. Option A pairs lane 2 on cellulose acetate with lane 1 on citrate agar. Lane 1 on citrate agar shows a predominance of Hb F with small amounts of Hb A and Hb C. However, the predominance of Hb F indicates that this is a newborn with Hb C trait (an FAC pattern), so this cannot be the mother. Option C pairs lane 5 on cellulose acetate with lane 7 on citrate agar. Lane 7 shows bands migrating in the Hb A and Hb C positions, consistent with Hb C trait. The finding of a band migrating in the Hb C position on both cellulose acetate and citrate agar confirms the presence of Hb C in this mother (in the trait state, given the additional presence of Hb A). If the band in the Hb C position in lane 5 of cellulose acetate had been Hb E or Hb O, the citrate agar electrophoresis of the same sample would have shown an A-only pattern.  
Question 5

Answer: A

Explanation: This patient has Hb Lepore trait. Hb Lepore is the product of a fusion gene that arose from aberrant homologous recombination of the β-globin locus. The 5’ portion of the gene derives from the HBD gene (delta globin gene), and the 3’ part derives from the HBB gene (beta globin gene). It is a thalassemic allele, and therefore its globin protein production is decreased because its promoter and regulatory sequences are from HBD. Hb Lepore can be classified as a form of (δβ)+-thalassemia. Hb Lepore trait (the Baltimore-Washington form in this example) gives a thalassemia minor phenotype consistent with this patient’s microcytosis, hypochromia, elevated RBC count, and target cells. Hb Lepore migrates in the Hb S position on IEF and cellulose acetate, but in the Hb A position on citrate agar, consistent with this patient’s findings. On HPLC it migrates near Hb A2 and can interfere with Hb A2 quantitation by this technique. In the heterozygous state, Hb Lepore represents 7%–15% of total Hb. In Hb Lepore trait, the Hb A2 quantitation may be low. Because it migrates in the Hb S position on IEF and acetate electrophoresis but in the Hb A position on citrate agar, the differential diagnosis includes variants such as Hb D and Hb G. Homozygosity for Hb Lepore produces a thalassemia intermedia or major phenotype. Compound heterozygosity for Hb Lepore and Hb S produces a severe form of sickle cell disease. Hb D trait and Hb G-Philadelphia would not give a thalassemia minor phenotype (e.g., mild or no anemia with microcytosis, hypochromia, and target cells) and would be present in greater abundance than Hb Lepore. Hb J-Baltimore is a nonpathological variant that migrates anodal to Hb A, would not give a thalassemia minor phenotype, and would be present in greater abundance. Gene-deletion HPFH trait would show only Hb A with increased Hb F and not explain the variant Hb. Gene-deletion HPFH trait usually does not give microcytosis to this degree. 
Question 6

Answer: A

Explanation: Both partners have both Hb A and Hb C as the major adult hemoglobins. In the trait state for Hb C (no concomitant iron deficiency or alpha thalassemia), the proportion of Hb A to Hb C will be about 55:45, consistent with the Hb analysis of partner 2. By comparison, partner 1 has an inverted ratio with much more Hb C than Hb A. Given that he has not been transfused, the explanation for the decreased abundance of Hb A (αβ dimers on electrophoresis and cation exchange HPLC) is that the non-βC allele is thalassemic. Therefore, partner 1 has Hb C/β+-thalassemia and he is the only individual in this example who can be the father of this child. Each product of conception of the woman and partner 1 will have a 50% chance of Hb CC and a 50% chance of Hb C/β+-thalassemia. Each product of conception of the woman and partner 2 will have a 50% chance of Hb CC and a 50% chance of Hb C trait.
Question 7

Answer: E

Explanation: Homozygous Hb C disease is a condition characterized by a mild, chronic hemolytic anemia. The hemolysis is usually mild, but intermittent mild jaundice can occur (“hyperhemolysis”). The peripheral smear will show target cells and Hb C crystals (the bar-shaped inclusions), both shown here, but no sickled cells. The MCHC may also be increased because of RBC dehydration. Affected individuals may also have splenomegaly, especially during adolescence or adulthood. Splenic function is normal, however, and acute splenic sequestration does not occur. Hb C disease occurs almost exclusively among individuals of African ancestry. It is not a “sickling” disorder, and it is not one of the sickle cell diseases.
Question 8

Answer: D

Explanation: Cardiac pathology (sudden death, heart failure) is the most common cause of death in thalassemia major patients with severe transfusional hemochromatosis. Iron overload damages a number of tissues, including the liver, heart, and endocrine glands. Hepatic toxicity includes fibrosis, cirrhosis, and liver failure. Endocrinopathies include diabetes mellitus, hypogonadism, hypothyroidism, and adrenal insufficiency. Iron overload and chelation also predisposes to bacteremia with Yersinia enterocolitica, an organism that is iron-avid. The most common cause of death in thalassemia patients, however, is cardiac toxicity. Although this patient’s cardiac function is normal, the marked cardiac hemosiderosis (indicated by the low T2* value of 9 ms) is a risk factor for cardiac-related mortality.
Question 9

Answer: A

Explanation: Newborns make a predominance of fetal Hb (Hb F) and a lesser amount of adult Hb (Hb A), giving the normal “FA” pattern on newborn screening. Hb F is composed of 2 α and 2 γ globins (α2γ2). When there is a relative deficiency of α-globins due to α-thalassemia, then the relative excess of unpaired γ-globins self-associate to form Hb Barts, a tetramer of gamma chains (γ4). The presence of Hb Barts indicates the presence of α-thalassemia. All the other choices are abnormalities of the beta globin locus.
Question 10

Answer: D

Explanation: Fetal Hb (Hb F) production progressively decreases after birth and approaches the normal adult values of approximately 1.5%–2.5% between 6–12 months of age in hematologically normal infants. Hb F production declines with age because γ-globin synthesis declines. As γ-globin synthesis declines with age, so will the formation of Hb Barts, the tetramer of gamma globins (γ4). Therefore, the disappearance with age of Hb Barts in babies with α-thalassemia is an expected developmental phenomenon. Finally, γ-thalassemia, not α-thalassemia, is a transient, neonatal form of thalassemia.
Question 11

Answer: A

Explanation: This patient has 3-gene deletion α-thalassemia, which is called Hb H disease. Intracelluar Hb H aggregates can be visualized by supravital staining of RBCs, such as with brilliant cresyl blue (BCB). Although patients with Hb H disease may have some Hb Barts, it is not present in such high abundance beyond early infancy. Aggregates of oxidized, denatured Hb can be visualized by a Heinz body preparation, which is also a supravital stain, but Heinz bodies are more irregular, fewer in number per cell, and present at the periphery of the cell. Heinz bodies are seen with unstable hemoglobins as well as with the oxidative injury that occurs with G6PD deficiency. Basophilic stippling is the result of aggregation of ribosomal RNA, which gives small punctate inclusions unlike these large aggregates. Howell-Jolly bodies are nuclear remnants and appear as infrequent, almost perfectly round, dark purple inclusions. Supravital staining is not necessary to visualize basophilic stippling or Howell-Jolly bodies.
Question 12

Answer: A

Explanation: The mother has a roughly 60:40 ratio of Hb A to Hb S, so she has sickle cell trait. The father has Hb A and an unusually high proportion of Hb F, consistent with gene-deletion HPFH trait. This child inherited the βS allele from the mother and the HPFH allele from the father, so she has S-HPFH. Recall, gene-deletion HPFH is caused by a large deletion of the δ- and β-globin genes in which the remaining γ-globin gene or genes produce sufficient γ-globin chains to completely compensate for the defective δ- and β-globin production. The coinheritance of the βS allele and a gene-deletion HPFH allele produces a very mild condition called S-HPFH. Individuals classically have no anemia, reticulocytosis, splenic involution, or painful episodes. The very high amount of Hb F prevents most sickling and markedly ameliorates the disease. Like a neonate with Hb SS, a neonate with Hb S / gene-deletion HPFH (S-HPFH) will have an “FS” newborn screening pattern at birth. Family or genetic studies can differentiate these two diagnoses.
Question 13

Answer: C

Explanation: Even when only one parent has sickle cell trait, a couple can still produce children with sickle cell disease. They cannot have a child with sickle cell anemia, which is homozygosity for Hb S, but they can have children with compound heterozygous forms of sickle cell disease, such as sickle-hemoglobin C disease (Hgb SC), sickle-β+-thalassemia (Hb Sβ+), or sickle-β0-thalassemia (Hb Sβ0). A negative test for the presence of sickle hemoglobin (Hb S) does not exclude the presence of other abnormal hemoglobins, such as Hb C, or thalassemia trait. G6PD deficiency and hereditary elliptocytosis, both common among African Americans, do not interact with sickle hemoglobin to produce a form of sickle cell disease. Alpha thalassemia trait and Hb G-Philadelphia trait are both abnormalities of the alpha globin locus. Among the possible answers, only beta thalassemia trait is an abnormality of the beta globin. So, the child in question has a form of sickle-β-thalassemia.
Question 14

Answer: B

Explanation: This is straightforward Mendelian inheritance. If one parent has S trait (AS) and the other has β+-thalassemia trait (Aβ+), then offspring have a 25% chance of having normal hemoglobin (AA), a 50% chance of having trait (either AS or Aβ+), and a 25% chance of having sickle-β+-thalassemia (Sβ+).
Question 15

Answer: B

Explanation: Given the history of two prior transfusions and the recent preoperative transfusion, it is most important to consider and diagnose a delayed hemolytic transfusion reaction. The patient had formed a RBC alloantibody after at least one of the previous transfusions. The titer of the alloantibody waned over the years and was undetectable by initial RBC screen (indirect antiglobulin test). The reappearance of the antibody with antigen stimulation (exposure) is termed an anamnestic response which can occur 3–14 days after re-exposure to the antigen. The antibody will be detected now by indirect antiglobulin testing but the specificity of the antibody will not be determined by this test. The test to determine the specificity of the antibody is at direct antiglobulin test (DAT) obtained posttransfusion during the transfusion reaction work-up for a delayed hemolytic transfusion reaction, which the patient experienced. An eluate is then performed, which chemically removes the antibody from the donor RBC surface and then concentrates it so a panel can be performed to identify the specificity of the antibody. Then antigen negative RBCs can be provided for subsequent transfusions. The donor RBCs are the cells that were destroyed causing the brown urine. Parvovirus infection would be associated with reticulocytopenia and would not cause a high LDH or hemoglobinuria. Although this 9-year-old girl still has a spleen because of early introduction of hydroxyurea (delay of splenic involution), significant splenic sequestration is unlikely because of the thrombocytosis (i.e., lack of hypersplenism). She may have an element of anemia due to acute inflammation, but that would not explain hemoglobinuria, splenomegaly, increased reticulocyte count, or increased LDH. Peripheral blood morphology might show a new population of spherocytes, but this would not be the most specific diagnostic test. Doppler ultrasonography is not indicated in this scenario.
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1.
A 1-month-old child born at 37 weeks’ gestation has a newborn screening for hemoglobinopathies showing an “FS” pattern, indicating the presence of Hb F and Hb S and no other detectable hemoglobin types. The FS pattern is consistent with which of the following diagnoses?

A.
Sickle cell anemia (Hb SS)

B.
Sickle-β0-thalassemia (Hb Sβ0)

C.
Sickle-β+-thalassemia (Hb Sβ+)

D.
Hb S/gene-deletion HPFH (Hb S-HPFH; hemizygosity for the Hb S mutation)

E.
All of the above

Question 1

Answer: E

Explanation: An FS pattern most likely indicates sickle cell anemia (Hb SS) (i.e., homozygosity for the Hb S mutation). An FS pattern also is consistent with two other diagnoses in which Hb S is the only major adult Hb that is produced. These are sickle-β0-thalassemia (Hb Sβ0), in which the thalassemic beta globin allele (β0) is a nonfunctional allele, and compound heterozygosity for Hb S and gene-deletion HPFH (Hb S-HPFH), in which there is no non-βS allele because it is deleted (hemizygosity for the Hb S allele). Although sickle-β+-thalassemia (Hb Sβ+) typically produces an “FSA” pattern, occasionally the amount of Hb A that is produced by a newborn is lower than the limits of detection by standard clinical methods (e.g., HPLC or Hb electrophoresis). When this happens, an FS pattern is visualized at birth, but the small amount of Hb A that is produced by the β+ allele will become detectable during the first few months of life.

2.
A 3-month-old child is referred to you because of an abnormal newborn screen for hemoglobinopathies that showed an “FA + variant” pattern. You perform diagnostic testing including HPLC and capillary zone electrophoresis (CZE). The CZE electropherogram (shown below) shows peaks in the Hb A (αβ), Hb F (αγ), and Hb A2 (αδ) zones, as well as three additional peaks, the largest of which migrates in the D zone.

[image: image11.png]



What is the most likely diagnosis?

A.
Hb D-Punjab trait

B.
Hb G-Philadelphia trait

C.
Hb O-Arab trait

D.
Hb Lepore trait

E.
Hb C-Harlem trait

Question 2

Answer: B

Explanation: This pattern is diagnostic of an alpha globin structural variant. Among all of the choices, the only alpha globin variant listed is Hb G-Philadelphia. The others are all beta globin variants. In the trait state, beta globin variants will give two peaks (by HPLC or CZE) or bands (by IEF): the normal (αβ) dimer and the variant (αβv) dimer, in addition to any Hb F (αγ) or Hb A2 (αδ) dimers. Because the alpha globin protein is a component of all fetal and adult hemoglobins (e.g., Hb F and Hb A2), variant peaks will be seen for each of these as well. Hb G-Philadelphia is an alpha variant (αGβ) that migrates or elutes similarly to Hb D. The variant alpha globin also is incorporated in Hb F and Hb A2, so variant Hb F (αGγ) and Hb A2 (αGδ) also are visualized. All of the peaks are labeled in the figure below.
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Hb G-Philadelphia is the most common alpha chain variant in African-Americans. It also occurs in Italians from northern Italy and Sardinia and in a few Chinese families. Hb G-Philadelphia in African-Americans is present on a chromosome with the common 3.7 kb alpha thalassemia deletion (-αG), so the quantity of Hb G is usually between 30% and 35%. It is a nonpathological (asymptomatic) variant, but it can be misdiagnosed as Hb D or other similarly migrating variants.

3.
A 6-year-old girl had a hemoglobin electrophoresis performed elsewhere that was consistent with sickle cell trait, but the Hb A2 also was reported to be low at 1.5%. She was referred to you for counseling about sickle cell trait and for evaluation of the low Hb A2. Blood counts show an Hb = 11.9 g/dL and MCV = 76.2. You perform capillary zone electrophoresis as your primary screen for hemoglobinopathies (shown below) and citrate agar electrophoresis that confirms the presence of Hb S (not shown). Hb quantitation shows Hb A (αβ) = 59%, Hb S (αβS) = 38%, Hb A2 (αδ) = 1.6%, and a variant, slowly migrating fraction of 1.4%. 
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The low Hb A2 in this case is most consistent with which of the following conditions (coinherited or concomitant with Hb S trait)?
A.
Alpha thalassemia trait (gene deletion)

B.
Iron deficiency

C.
Gene-deletion hereditary persistence of fetal hemoglobin (HPFH)

D.
Variant delta globin

E.
(δβ)0-thalassemia

Question 3

Answer: D

Explanation: All of the listed diagnoses are associated with decreased Hb A2. This patient is heterozygous for a common structural variant of the delta globin gene, so she makes two forms of Hb A2: normal Hb A2 (αδ) and a variant Hb A2 (αδV) called Hb A2’ (A2-prime). This nonpathologic variant occurs in about 1% of African-Americans. The total Hb A2 fraction is the sum of Hb A2 and Hb A2’, so this patient’s total Hb A2 is actually normal at 3% (see the fully annotated electropherogram below).

Because the patient is not anemic or microcytic, and the ratio of Hb A to Hb S (roughly 60:40) is not increased, alpha thalassemia trait and iron deficiency can be excluded. Moreover, neither alpha thalassemia trait nor iron deficiency can explain the presence of the variant Hb in low abundance. Gene-deletion HPFH also can reduce Hb A2 because the delta globin gene is included in the large deletion, but this patient has Hb A in trait levels and no detectable Hb F. Coinheritance of the Hb S mutation and gene-deletion HPFH will give an “SF” pattern with no Hb A (the non-βS beta globin gene is deleted), and HPFH cannot explain the presence of the variant Hb. Similarly, coinheritance of the Hb S mutation and (δβ)0-thalassemia will give an SF pattern with no Hb A (the non-βS beta globin gene is deleted, as well as the delta globin gene on the same chromosome), and (δβ)0-thalassemia cannot explain the presence of the variant Hb. 
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4.
You are testing the mother of a child with sickle-hemoglobin C disease (Hb SC) to determine her carrier (or disease) status. You obtain cellulose acetate electrophoresis and citrate agar electrophoresis (see below). The arrows indicate the application point on both gels. The directions of the anodes and cathodes are shown. Both gels have a labeled control in lane 8. The mother is found to have Hb C trait.
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Which of the following pairs of lanes is consistent with the mother’s diagnosis of Hb C trait?

	
	Cellulose Acetate
	Citrate Agar

	A.
	Lane 2
	Lane 1

	B.
	Lane 4
	Lane 6

	C.
	Lane 5
	Lane 7

	D.
	Lane 6
	Lane 5

	E.
	Lane 7
	Lane 3


Question 4

Answer: C

Explanation: The only two lanes on cellulose acetate that are consistent with Hb C trait (showing bands migrating in the Hb A and Hb C positions) are lanes 2 and 5. Option A pairs lane 2 on cellulose acetate with lane 1 on citrate agar. Lane 1 on citrate agar shows a predominance of Hb F with small amounts of Hb A and Hb C. However, the predominance of Hb F indicates that this is a newborn with Hb C trait (an FAC pattern), so this cannot be the mother. Option C pairs lane 5 on cellulose acetate with lane 7 on citrate agar. Lane 7 shows bands migrating in the Hb A and Hb C positions, consistent with Hb C trait. The finding of a band migrating in the Hb C position on both cellulose acetate and citrate agar confirms the presence of Hb C in this mother (in the trait state, given the additional presence of Hb A). If the band in the Hb C position in lane 5 of cellulose acetate had been Hb E or Hb O, the citrate agar electrophoresis of the same sample would have shown an A-only pattern. 
5.
A 3-year-old boy has microcytosis that was discovered on a complete blood count (CBC) obtained for the evaluation of a febrile illness. Relevant portions of his CBC are shown in the table below. Peripheral blood morphology shows a small population of target cells, hypochromia, microcytosis, and occasional basophilic stippling.

	RBC
	5.39 (H)

	Hgb
	11.9

	Hct
	35.0

	MCV 
	64.9 (L)

	MCH 
	22.0 (L)

	MCHC 
	34.0

	RDW
	13.6 


To evaluate for hemoglobinopathy, HPLC was performed (see below). It showed Hb A = 69.1%, Hb F = 8.5%, Hb A2 = 2.3%, normal amounts of minor Hb products (e.g., glycated or degraded Hbs), and a variant at 10.2% (red arrow) eluting between Hb A and Hb A2.
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Isoelectric focusing (IEF) was performed (shown below). It showed Hb A, Hb F, Hb A2, and a minor band (red arrow) migrating near Hbs S, D, and G (see control lane 7 and lanes 1 and 2). Citrate agar electrophoresis showed an “AF” pattern and no band in the S position (not shown).
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These laboratory findings are most consistent with which of the following conditions?
A.
Hb Lepore trait

B.
Hb G-Philadelphia trait

C.
Gene-deletion HPFH trait

D.
Hb D trait

E.
Hb J-Baltimore trait

Question 5

Answer: A

Explanation: This patient has Hb Lepore trait. Hb Lepore is the product of a fusion gene that arose from aberrant homologous recombination of the β-globin locus. The 5’ portion of the gene derives from the HBD gene (delta globin gene), and the 3’ part derives from the HBB gene (beta globin gene). It is a thalassemic allele, and, therefore, its globin protein production is decreased because its promoter and regulatory sequences are from HBD. Hb Lepore can be classified as a form of (δβ)+-thalassemia. Hb Lepore trait (the Baltimore-Washington form in this example) gives a thalassemia minor phenotype consistent with this patient’s microcytosis, hypochromia, elevated RBC count, and target cells. Hb Lepore migrates in the Hb S position on IEF and cellulose acetate, but in the Hb A position on citrate agar, consistent with this patient’s findings. On HPLC it migrates near Hb A2 and can interfere with Hb A2 quantitation by this technique. In the heterozygous state, Hb Lepore represents 7%–15% of total Hb. In Hb Lepore trait, the Hb A2 quantitation may be low. Because it migrates in the Hb S position on IEF and acetate electrophoresis but in the Hb A position on citrate agar, the differential diagnosis includes variants such as Hb D and Hb G. Homozygosity for Hb Lepore produces a thalassemia intermedia or major phenotype. Compound heterozygosity for Hb Lepore and Hb S produces a severe form of sickle cell disease. Hb D trait and Hb G-Philadelphia would not give a thalassemia minor phenotype (e.g., mild or no anemia with microcytosis, hypochromia, and target cells) and would be present in greater abundance than Hb Lepore. Hb J-Baltimore is a nonpathological (asymptomatic) variant that migrates anodal to Hb A, would not give a thalassemia minor phenotype, and would be present in greater abundance. Gene-deletion HPFH trait would show only Hb A with increased Hb F and not explain the variant Hb. Gene-deletion HPFH trait usually does not give microcytosis to this degree. 
6.
Consider the following results of Hb separation and quantitation (e.g., by HPLC) for three different individuals (a woman and two men with whom she has had children). None has ever been transfused. The woman is known to have homozygous Hb C disease (Hb CC) by genetic testing. The percentage of total Hb is shown for each identified Hb fraction for each person in the table below.
	Hemoglobin
	Woman

(% total Hb)
	Partner 1

(% total Hb)
	Partner 2

(% total Hb)

	A
	0
	8.5
	54.2

	C
	96.8
	88.2
	42.5

	A2
	2.4
	2.4
	2.4

	F
	0.9
	0.9
	0.9


The woman has a child with compound heterozygosity for Hb C and β+-thalassemia. Which partner or partners, if any, could be the father of this child with Hb C/β+-thalassemia?
A.
Partner 1

B.
Partner 2

C.
Partner 1 or 2

D.
Neither partner 1 nor 2
Question 6

Answer: A

Explanation: Both partners have both Hb A and Hb C as the major adult hemoglobins. In the trait state for Hb C (no concomitant iron deficiency or alpha thalassemia), the proportion of Hb A to Hb C will be about 55:45, consistent with the Hb analysis of partner 2. By comparison, partner 1 has an inverted ratio with much more Hb C than Hb A. Given that he has not been transfused, the explanation for the decreased abundance of Hb A (αβ dimers on electrophoresis and cation exchange HPLC) is that the non-βC allele is thalassemic. Therefore, partner 1 has Hb C/β+-thalassemia and he is the only individual in this example who can be the father of this child. Each product of conception of the woman and partner 1 will have a 50% chance of Hb CC and a 50% chance of Hb C/β+-thalassemia. Each product of conception of the woman and partner 2 will have a 50% chance of Hb CC and a 50% chance of Hb C trait.
7.
A 12-year-old African-American boy is referred to you for the evaluation of an incidentally discovered anemia. His mother reports that he has been generally well throughout his life, but that his eyes occasionally turn yellow when he gets a fever. He has never had any unusual or recurring pains. His growth and development are normal. His physical examination is remarkable for a spleen that is palpable 2 cm below the costal margin. A CBC and peripheral blood film morphology are shown.
WBC
7,500 /mm3
Hgb
11.9 g/dL

Hct
35.3 %

MCV
77 fL

MCHC
36.5 g/dL

Plt
205,000 /mm3
Retic
2.1 %


What is the most likely diagnosis?

A.
Sickle cell anemia (Hb SS)

B.
Sickle-hemoglobin C disease (Hb SC)

C.
Sickle-β0-thalassemia (Hb Sβ0)

D.
Hemoglobin H disease

E.
Hemoglobin C disease (Hb CC)

Question 7

Answer: E

Explanation: Homozygous Hb C disease is a condition characterized by a mild, chronic hemolytic anemia. The hemolysis is usually mild, but intermittent mild jaundice can occur (“hyperhemolysis”). The peripheral smear will show target cells and Hb C crystals (the bar-shaped inclusions), both shown here, but no sickled cells. The MCHC also may be increased because of RBC dehydration. Affected individuals also may have splenomegaly, especially during adolescence or adulthood. Splenic function is normal, however, and acute splenic sequestration does not occur. Hb C disease occurs almost exclusively among individuals of African ancestry. It is not a “sickling” disorder, and it is not one of the sickle cell diseases.
8.
A 21-year-old woman with β-thalassemia major has been receiving chronic RBC transfusions since 1 year of age. She started iron chelation therapy at age 5 with subcutaneous deferoxamine, which her parents administered as prescribed until she was about 12 years old, when she became nonadherent with the regimen. Approximately 3 years ago she decided to take better care of herself, and she opted to use oral deferasirox because she thought it would be more convenient. She initially took deferasirox once daily as prescribed, but over the past year she states she only ends up taking the medication four or five times each week. Laboratory testing shows a serum ferritin of 4,250 ng/mL. A liver biopsy shows a liver iron concentration of 28 mg/g dry weight as well as prominent hepatic fibrosis. A cardiac MRI showed grossly normal cardiac function, but a T2* value of 9 ms.
What would be the most likely cause of death in this patient if she continues to be chelated poorly?

A.
Yersenia enterocolitica sepsis

B.
Cirrhosis and liver failure

C.
Diabetic ketoacidosis

D.
Dysrhythmia

E.
Adrenal insufficiency

Question 8

Answer: D

Explanation: Cardiac pathology (sudden death, heart failure) is the most common cause of death in thalassemia major patients with severe transfusional hemochromatosis. Iron overload damages a number of tissues, including the liver, heart, and endocrine glands. Hepatic toxicity includes fibrosis, cirrhosis, and liver failure. Endocrinopathies include diabetes mellitus, hypogonadism, hypothyroidism, and adrenal insufficiency. Iron overload and chelation also predisposes to bacteremia with Yersinia enterocolitica, an organism that is iron-avid. The most common cause of death in thalassemia patients, however, is cardiac toxicity. Although this patient’s cardiac function is normal, the marked cardiac hemosiderosis (indicated by the low T2* value of 9 ms) is a risk factor for cardiac-related mortality.
9.
A 5-month-old baby, born at term without complications, is now referred to you because she had an abnormal newborn screening test for hemoglobinopathies. The hemoglobin pattern reported from the first week of life is “FA” with the addition of a trace amount of hemoglobin (Hb) Barts.

What is the significance of Hb Barts on newborn screening?
A.
The baby has a form of alpha thalassemia.
B.
The baby has a form of beta thalassemia.
C.
The baby has a form of gamma thalassemia.
D.
The baby has a form of delta-beta thalassemia.
E.
The baby has a form of hereditary persistence of HPFH.
Question 9

Answer: A

Explanation: Newborns make a predominance of fetal Hb (Hb F) and a lesser amount of adult Hb (Hb A), giving the normal “FA” pattern on newborn screening. Hb F is composed of 2 α and 2 γ globins (α2γ2). When there is a relative deficiency of α-globins due to α-thalassemia, then the relative excess of unpaired γ-globins self-associate to form Hb Barts, a tetramer of gamma chains (γ4). The presence of Hb Barts indicates the presence of α-thalassemia. All of the other choices are abnormalities of the beta globin locus.
10.
You perform an Hb analysis by HPLC on the baby in Question 9 when she is 5 months old. HPLC demonstrates Hb A (92%) and Hb F (8%), but no Hb Barts.
What does the disappearance of Hb Barts indicate?

A.
Laboratory error

B.
This baby had a transient, neonatal form of thalassemia.
C.
The Hb F production has increased since birth.
D.
An expected developmental phenomenon

E.
Non-paternity

Question 10

Answer: D

Explanation: Fetal Hb (Hb F) production progressively decreases after birth and approaches the normal adult values of approximately 1.5%–2.5% between 6 and 12 months of age in hematologically normal infants. Hb F production declines with age because γ-globin synthesis declines. As γ-globin synthesis declines with age, so will the formation of Hb Barts, the tetramer of gamma globins (γ4). Therefore, the disappearance with age of Hb Barts in babies with α-thalassemia is an expected developmental phenomenon. Finally, γ-thalassemia, not α-thalassemia, is a transient, neonatal form of thalassemia.
11.
You have a 15-year-old patient with α-thalassemia intermedia. You stain her peripheral blood with brilliant cresyl blue (BCB), a supravital stain, and see the following:
What is the most likely composition of these red cell inclusions?
A.
Hb H

B.
Hb Barts

C.
Babesia microti merozoites
D.
Ribosomal RNA

E.
Nuclear remnants

Question 11

Answer: A

Explanation: This patient has 3-gene deletion α-thalassemia, which is called Hb H disease. Intracellular Hb H aggregates can be visualized by supravital staining of RBCs, such as with BCB. Although patients with Hb H disease may have some Hb Barts, it is not present in such high abundance beyond early infancy. Basophilic stippling is the result of aggregation of ribosomal RNA, which gives small punctate inclusions unlike these large aggregates. Howell-Jolly bodies are nuclear remnants and appear as infrequent, almost perfectly round, dark purple inclusions. Supravital staining is not necessary to visualize basophilic stippling, Howell-Jolly bodies, or Babesia microti merozoites.
12.
You are seeing a 5-year-old girl who was diagnosed with sickle cell anemia (Hb SS) at birth because her newborn screening pattern showed an FS pattern on the first and second newborn screens. She has never been jaundiced, had any painful episodes, or had splenomegaly. The mother asks you why she seems to be so mildly affected by her Hb SS. You obtain the following labs (isoelectric focusing) to clarify the situation.

	
	Child
	Mother
	Father

	Hb A (%):
	0
	58
	72

	Hb A2 (%):
	0
	2.5
	1

	Hb S (%):
	55
	38
	0

	Hb F (%):
	45
	1.5
	27


What is the child’s diagnosis?
A.
Compound heterozygosity for Hb S and gene-deletion HPFH (Hb S/HPFH)

B.
Sickle-β+-thalassemia (Hb Sβ+)

C.
Sickle-β0-thalassemia (Hb Sβ0)

D.
Sickle cell anemia (Hb SS)

E.
Sickle cell anemia (Hb SS) with α-thalassemia trait

Question 12

Answer: A

Explanation: The mother has a roughly 60:40 ratio of Hb A to Hb S, so she has sickle cell trait. The father has Hb A and an unusually high proportion of Hb F, consistent with gene-deletion HPFH trait. This child inherited the βS allele from the mother and the HPFH allele from the father, so she has S-HPFH. Recall, gene-deletion HPFH is caused by a large deletion of the δ- and β-globin genes, in which the remaining γ-globin gene or genes produce sufficient γ-globin chains to completely compensate for the defective δ- and β-globin production. The coinheritance of the βS allele and a gene-deletion HPFH allele produces a very mild condition called Hb S/gene-deletion HPFH (Hb S/HPFH). Individuals classically have no anemia, reticulocytosis, splenic involution, or painful episodes. The very high amount of Hb F prevents most sickling and markedly ameliorates the disease. Like a neonate with Hb SS, a neonate with Hb S/gene-deletion HPFH (S-HPFH) will have an FS newborn screening pattern at birth. Family or genetic studies can differentiate these two diagnoses.
13.
A 9-year-old child with sickle cell anemia (Hb SS) has been taking hydroxyurea since 4 years of age. Her immunizations are up to date. She has received two transfusions in the past—the first at 3 years of age and the second at 6 years of age. She now needs cholecystectomy, and her preoperative Hb concentration is 8.3 g/dL. Type and crossmatch are uneventful. She is transfused 10 mL/kg of packed RBCs, which raises her Hb to 10.3 g/dL. She has the surgical procedure the next morning without event. Her postoperative course is uneventful until the 5th day, when she is supposed to go home. Instead, she awakens with new-onset dark urine, her spleen is now palpable 3 cm below the costal margin (1 cm at baseline), and she is in pain. The following laboratory studies are obtained: 
CBC:

Hb 6.7 g/dL, WBC 14,000/mm3, platelets 489,000/mm3, reticulocytes 15%

Chemistry:
Bilirubin 7.9 mg/dL, direct fraction 0.5 mg/dL. AST 129 IU/L, ALT 35 IU/L,
LDH 845 IU/L

Urinalysis: 
Urobilinogen large, hemoglobin large, microscopic 4 WBCs/hpf, 1

RBC/hpf
Which of the following tests that you order now could substantiate the most likely diagnosis for her acute exacerbation of chronic anemia?
A.
Doppler ultrasonography of splenic and portal veins

B.
Indirect antiglobulin test

C.
Parvovirus PCR and titer

D.
Peripheral blood smear morphology

E.
C-reactive protein level

Question 13

Answer: B

Explanation: Given the history of two prior transfusions and the recent preoperative transfusion, it is most important to consider and diagnose a delayed hemolytic transfusion reaction. The patient had formed a RBC alloantibody after at least one of the previous transfusions. The titer of the alloantibody waned over the years and was undetectable by initial RBC screen (indirect antiglobulin test). The reappearance of the antibody with antigen stimulation (exposure) is termed an anamnestic response, which can occur 3–14 days after re-exposure to the antigen. The antibody will be detected now by indirect antiglobulin testing, but the specificity of the antibody will not be determined by this test. The test to determine the specificity of the antibody is a direct antiglobulin test (DAT) obtained post-transfusion during the transfusion reaction workup for a delayed hemolytic transfusion reaction, which the patient experienced. An eluate is then performed, which chemically removes the antibody from the donor RBC surface and then concentrates it so a panel can be performed to identify the specificity of the antibody. Then antigen-negative RBCs can be provided for subsequent transfusions. The donor RBCs are the cells that were destroyed, causing the brown urine. Parvovirus infection would be associated with reticulocytopenia and would not cause a high LDH or hemoglobinuria. Although this 9-year-old girl still has a spleen because of early introduction of hydroxyurea (delay of splenic involution), significant splenic sequestration is unlikely because of the thrombocytosis (i.e., lack of hypersplenism). She may have an element of anemia due to acute inflammation, but that would not explain hemoglobinuria, splenomegaly, increased reticulocyte count, or increased LDH. Peripheral blood morphology might show a new population of spherocytes, but this would not be the most specific diagnostic test. Doppler ultrasonography is not indicated in this scenario.

14.
A 17-year-old young woman was screened for diabetes by measurement of Hb A1c, but the test could not be accurately interpreted because a variant Hb pattern was present. The capillary zone electrophoresis (CZE) electropherogram for this patient is shown below.
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What is the most likely explanation for this pattern?

A. Single α-variant

B. Single β-variant

C. Two α-variants
D. Two β-variants

E. One α-variant and one β-variant
Question 14

Answer: E

Explanation: Compare this pattern to the pattern in Question 2, which showed Hb G-Philadelphia trait in an infant. This older individual also has Hb G-Philadelphia trait. Hb G-Philadelphia (αGβ) migrates in the “D zone.” But, this individual has essentially no Hb F, so there is only a minimal Hb F peak (αγ) in the “F zone,” and no corresponding variant Hb F peak (αGγ) is detectable. Hb A2 (αδ) and variant Hb A2 (αGδ) also are seen in the “A2 zone” and zone 1, respectively. What about the peaks in the “S zone” and “C zone”? The peak in the “S zone” is Hb S (αβS), and the peak in the “C zone” is variant Hb S (αGβS). So, this patient has two Hb traits: Hb G-Philadelphia trait (an α-variant) and Hb S trait (an β-variant). An annotated version of the electropherogram is shown below.
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15.
A 12-year-old girl has the following CZE electropherogram.
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What is the most likely explanation for the small peak in the “C zone”?

A. Hb A2’ (A2-prime)

B. Hb Constant Spring trait

C. Hb G-Philadelphia trait

D. Linked Hb C and β+ thalassemia mutations (two mutations of the same HBB gene)

E. Hb A1c
Question 15

Answer: B

Explanation: A variant Hb A2, like Hb A2’, is a consideration. Review the electropherogram in Question 3, which shows that Hb A2’ migrates in zone 1, not the “C zone.” So, this is not Hb A2’. Hb G-Philadelphia trait would give a variant Hb A2 (αGδ), as seen in Questions 2 and 16. However, Hb G-Philadelphia trait also would give a main peak migrating in the “D zone” (αGβ), which is not present here. Linked Hb C and β+ thalassemia mutations (two mutations of the same β-globin gene) is a theoretical possibility; that is, a thalassemic Hb C allele would yield a very small amount of Hb C. Such a dual mutation has not been reported before, however, so it is not the most likely explanation. Hb A1c is not separated and visualized by standard CZE; it co-migrates with the main Hb A0 (un-glycated Hb A) peak. A separate Hb A1c CZE assay would need to be performed to visualize A1c. This is Hb Constant Spring, which is a thalassemic α-globin variant that is the result of a mutation of the stop codon of the α2-globin gene (HBA2). The consequence is the addition of 31 amino acids to the α-globin chain, rendering it highly unstable. Because it is highly unstable, only small amounts are detectable. The consequence of a highly unstable α-globin chain is a quantitative deficiency of α-globin chains; that is, the consequence is an α-thalassemia phenotype.

