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1. Which of the following is the most important determinant of iron endowment at birth?

A. Gestational age

B. The mother’s iron stores

C. Race

D. Gender

2. Which form of iron is best absorbed by the proximal small bowel?

A. Fe++
B. Fe+++
C. Heme iron

D. Iron-phytate complexes

E. Hemosiderin 

3. Which of the following best characterizes the function of transferrin in iron metabolism?

A. A transport protein in the plasma

B. A form of storage iron in the tissues

C. A form of storage iron in intestinal mucosal cells

D. A receptor protein on the surface of erythroid progenitors

E. A key modulator of iron absorption

4. The absorption of ferrous iron is enhanced by which of the following?

A. Vitamin A

B. Ascorbic acid

C. Tea

D. Lactalbumin

E. Phosphates 

5. In the earliest stages of iron deficiency which of the following test results first becomes abnormal first?

A. Hemoglobin concentration

B. MCV

C. Serum ferritin

D. Serum iron concentration

E. Zinc protoporphyrin

6. A twenty-four-month-old girl with excessive cow milk intake has a hemoglobin of 6 g/dl and an MCV of 53 fl.  Her weight is 15 kg.  The diagnosis of iron deficiency is made.  Which of the following initial treatment regimens is most appropriate?

A. One crushed ferrous sulfate tablet b.i.d.

B. Ferrous sulfate drops 0.6 cc b.i.d.

C. Ferrous sulfate elixir 4 cc b.i.d.

D. Intramuscular iron dexran 2 cc once weekly

E. A multi-vitamin preparation with iron once daily

7. At what age do exclusively breast-fed full-term infants require supplemental iron?

A. 3 months

B. 6 months

C. 12 months

D. 18 months

E. 30 months

8. You are seeing for the first time a two-month-old Hispanic male who is the product of a first-cousin marriage.  The parents report that he has been blue since birth.  Family history of cyanosis is negative.  Physical examination shows central cyanosis.  The methemoglobin concentration is 40%.  Which of the following is the most likely diagnosis?

A. Cytochrome B5 reductase deficiency

B. Hemoglobin M resulting from an alpha chain mutant

C. Hemoglobin M resulting from a beta chain mutant

D. Glutathione reductase deficiency

E. Excessive nitrates or other oxidants in the diet
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The major source of calories for an 18-month-old girl is unpasteurized goat’s milk from the family farm.  Her hemoglobin is 7.5 gm/dl, MCV 80 fl, and reticulocytes 2.2%.  Which nutritional deficiency is most likely causative of this child’s anemia?

A.
Folate

B.
Iron

C.
Folate and iron

D.
Folate, iron, and B12
E.
B12 and pyridoxine

Correct answer is C

2.
Where is iron absorbed?

A.
Stomach

B.     Duodenum

C.
Jejunum

D.
Proximal ileum

E.
Distal ileum

Correct answer is B

3.
Where is vitamin B12 absorbed

A.
Stomach

B.
Duodenum

C.
Jejunum

D.
Proximal ileum

E.
Distal ileum

Correct answer is E

4.
What percentage of ferrous sulfate (by weight) is elemental iron?

A. 0.06%

B. 2%

C. 20%

D. 60%

E.    100%

Correct answer is C

5.
An eight-month-old exclusively breast-fed infant is pale and irritable.  The infant is otherwise healthy, and the physical examination is unremarkable except for pallor. Hemoglobin is 7.0 gm/dl, MCV 112 fl, and reticulocyte count 2.5%.  Which of the following is the most likely diagnosis?

A. Iron deficiency

B. Folate deficiency

C. Vitamin B12 deficiency

D. Chronic blood loss

E. Acute hemolysis

Correct answer is C

6.
Which of the following is the most important determinant of iron endowment at birth?

E. Gestational age

F. The mother’s iron stores

G. Race

H. Gender

Correct answer is A 

7.
Which form of iron is absorbed best by the intestinal tract?

F. Fe++
G. Fe+++
H. Heme iron

I. Iron-phytate complexes

J. Hemosiderin 

Correct answer is C

8.
Which of the following best characterizes the function of transferrin in iron metabolism?

F. A transport protein in the plasma

G. A form of storage iron in the tissues

H. A form of storage iron in intestinal mucosal cells

I. A receptor protein on the surface of erythroid progenitors

J. A key modulator of iron absorption

Correct answer is A 

9.

The absorption of ferrous iron is enhanced by which of the following?

F. Vitamin A

G. Ascorbic acid

H. Tea

I. Lactalbumin

J. Phosphates 

Correct answer is B 

10.

In the earliest stages of iron deficiency which of the following test results becomes abnormal first?

F. Hemoglobin concentration

G. MCV

H. Serum ferritin

I. Serum iron concentration

J. Zinc protoporphyrin

Correct answer is C 

11.

A twenty-four-month-old girl with excessive cow milk intake has a hemoglobin of 6 g/dl and an MCV of 53 fl.  Her weight is 15 kg.  The diagnosis of iron deficiency is made.  Which of the following initial treatment regimens is most appropriate?

F. One crushed ferrous sulfate tablet b.i.d.

G. Ferrous sulfate drops 0.6 cc b.i.d.

H. Ferrous sulfate elixir 4 cc b.i.d.

I. Intramuscular iron dexran 2 cc once weekly

J. A multi-vitamin preparation with iron once daily

Correct answer is C 

2.

At what age do exclusively breast-fed full-term infants require supplemental iron?

F. 3 months

G. 6 months

H. 12 months

I. 18 months

J. 30 months

Correct answer is B 

13.
A six-month-old white female has pallor and irritability.  Her hemoglobin is 7.0 gm/dl, MCV of 112 fl, and reticulocytes 2.2%.  WBC count is 4,500 per mm3 with 30% neutrophils and platelets are 140,000 per mm3.  Which of the following is most likely to characterize the mother’s history and review of systems?

A.  Severe menorrhagia

B.
Strict vegetarian

C.  Diagnosis of lupus erythematosus

D.
Prior therapy for leukemia

E.  Daily ingestion of herbal remedies

Correct answer is B

14.
Assuming that compliance has been excellent, which of the following laboratory measures should have returned to normal 6 weeks following oral iron treatment of a child with severe dietary iron deficiency (hemoglobin 5.0 and MCV 48 fl. at beginning of therapy)? 


A.  Hemoglobin concentration


B.  MCV


C.  RDW


D.
Peripheral blood smear

Correct answer is A

15.
You are seeing for the first time a two-month-old Hispanic male who is the product of a first-cousin marriage.  The parents report that he has been blue since birth.  Family history of cyanosis is negative.  Physical examination shows central cyanosis.  The methemoglobin concentration is 40%.  Which of the following is the most likely diagnosis?

F. Cytochrome B5 reductase deficiency

G. Hemoglobin M resulting from an alpha chain mutant

H. Hemoglobin M resulting from a beta chain mutant

I. Glutathione reductase deficiency

J. Excessive nitrates or other oxidants in the diet

Correct answer is A  
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ASPHO – Nutritional Anemia Questions for Review Course

1)
The major source of calories for a 14 month-old girl is unpasteurized goat milk from the family farm.  Her hemoglobin is 6.0 gm/dl, MCV 80 fl, RDW 30%, and reticulocytes 2.2%.  Which nutritional deficiency is most likely causative of this child’s anemia?

A)
Folate

B)
Iron

C)
Folate and iron

D)
Folate, iron, and B12
E)
B12 and pyridoxine


Correct Answer:  C

Explanation:  Pasteurized goat milk contains virtually no folic acid and can therefore cause megaloblastic anemia.  However, goat milk, like cow milk, also contains very little iron.  Therefore, most babies with “goat milk anemia” actually have combined folate and iron deficiency.  The MCV is normal, reflecting two populations of cells (macrocytic from folate deficiency and microcytic from iron deficiency).  This also accounts for the extremely high RDW.  Goat milk contains adequate vitamin B12 and pyridoxine.  

2)
Where is iron absorbed?

A)
Stomach

B)
Duodenum

C)
Jejunum

D)
Proximal ileum


E)
Distal ileum


Correct Answer:  B

Explanation:  This question does not test concepts, but every hematologist needs to know where iron is absorbed.  Nothing much is absorbed in the stomach, folate is absorbed in the jejunum, and vitamin B12 in the terminal ileum.

3)
Where is vitamin B12 absorbed?


A)
Stomach


B)
Duodenum


C)
Jejunum


D)
Proximal ileum


E)
Distal ileum


Correct Answer:  E

Explanation:  This question does not test concepts, but every hematologist needs to know where vitamin B12 is absorbed.  Nothing much is absorbed in the stomach, iron is absorbed in the duodenum, and folate is absorbed in the jejunum, and vitamin B12 in the terminal ileum.

4)
What percentage of ferrous sulfate (by weight) is elemental iron?


A)
0.06%


B)
2%


C)
20%


D)
60%


E)
90%


Correct Answer:  C

Explanation:  All hematologists must know that ferrous sulfate is 20% iron by weight.  Many times physicians miscalculate an iron dose by overlooking or forgetting this point.

5)
An 8 month-old exclusively breast-fed infant is pale and irritable.  The infant is otherwise healthy, and the physical examination is unremarkable except for pallor.  Hemoglobin is 7.0 gm/dl, MCV 112 fl, and reticulocyte count 2.5%.  Which of the following is the most likely diagnosis?


A)
Selenium deficiency


B)
Folate deficiency


C)
Vitamin B12 deficiency


D)
Chronic blood loss


E)
Acute hemolysis


Correct Answer:  C

Explanation:  The most common cause of vitamin B12 deficiency in infants results from insufficient vitamin B12 endowment in their liver at birth and then subsequently reduced intake, both resulting from situations where the mother is a strict vegetarian, with vitamin B12 deficiency.  Selenium deficiency (does not cause anemia).  Folate is present in quite large quantities in breast milk.  There is no evidence of blood loss in this case, and acute hemolysis would not cause a high MCV in the presence of a low reticulocyte count.  

6)
Which of the following is the most important determinant of iron endowment (total body iron) at birth?


A)
Birth weight


B)
The mother’s iron stores


C)
Race


D)
Gender


Correct Answer:  A

Explanation:  The major determinants of iron endowment at birth are birth weight (hence, gestational age) and the child’s hemoglobin concentration.  Therefore, premature infants and infants who have had acute or chronic hemorrhage prior to or at birth suffer from later iron deficiency.  Some studies show that severely iron deficient women may give birth to babies with marginal iron stores, but other studies show that the fetus is extremely efficient at “extracting” iron from markedly deficient mothers.  

7)
Which form of iron is absorbed best by the intestinal tract?


A)
Fe++

B)
Fe+++

C)
Heme iron


D)
Iron phytate complexes


E)
Hemosiderin


Correct Answer:  C

Explanation:  Iron present in meat (heme iron) is extremely well absorbed, thus accounting for meat being an excellent source of dietary iron.  Although ferrous (Fe++) iron is better absorbed than ferric (Fe+++) iron, its absorption is far less than iron contained in heme.    Iron phytate complexes and hemosiderin are both poorly absorbed.

8)
Which of the following best characterizes the function of transferrin in iron metabolism?


A)
A transport protein in the plasma


B)
A form of storage iron in the tissues


C)
A form of storage iron in intestinal mucosal cells


D)
A receptor protein on the surface of erythroid progenitors


E)
A key modulator of iron absorption


Correct Answer:  A

Explanation:  One molecule of transferrin efficiently transports two atoms of ferric iron (Fe+++) from the intestinal mucosal cell or other sites to erythroid marrow where it binds to membrane-bound transferrin receptors.  Iron is stored in the tissues as ferritin or hemosiderin.  The small amount of transferrin is present in intestinal mucosal cells does not play a role in the storage of iron.  Transferrin binds to an erythroid membrane receptor but is not itself the receptor.  It also has no significant role in iron absorption.

9)
The absorption of ferrous iron is enhanced by which of the following?


A)
Vitamin A


B)
Vitamin C


C)
Tea


D)
Lactalbumin


E)
Phosphates


Correct Answer:  B

Explanation:  Vitamin C enhances iron absorption whereas vitamin A has no substantial effects.  Tea actually inhibits iron absorption, as do phosphates.  Lactalbumin has no direct effect on iron absorption.  

10)
In the earliest stages of iron deficiency which of the following test results becomes abnormal first?


A)
Hemoglobin concentration


B)
MCV


C)
Serum ferritin


D)
Serum iron concentration


E)
RDW


Correct Answer:  C

Explanation:  Iron deficiency anemia is the final step in a sequence that begins with depleted iron stores, followed by iron deficient erythropoiesis.  The only test among those listed that reflects iron stores is serum ferritin.  The serum iron is diminished and RDW increased accompanying iron deficient erythropoiesis.  The final stage, iron deficiency anemia, is manifested by a low MCV as well.

11)
A 24 month-old girl with excessive cow milk intake has a hemoglobin of 6.0 g/dl and an MCV of 53 fl.  Her weight is 15 kg.  The diagnosis of iron deficiency is made.  Which of the following initial treatment regimens is most appropriate?


A)
One crushed ferrous sulfate table b.i.d.


B)
Ferrous sulfate drops 0.6 cc b.i.d.


C)
Ferrous sulfate elixir 4 cc b.i.d.


D)
Intravenous iron sucrose injection 1 cc


E)
A multi-vitamin preparation with iron once daily


Correct Answer:  C

Explanation:  The dose of elemental iron to treat iron deficiency is 3-6 mg/kg per day, ideally in two divided doses.  Choice C would provide 4.7 mg/kg per day.  Crushed tablets would not be appropriate for a two year old girl, and would provide an excessive amount of iron (8.7 mg/kg/day).  Ferrous sulfate drops would only provide 2 mg/kg per day of elemental iron.  Intravenous therapy would be contraindicated in simple nutritional iron deficiency.   The amount of iron in multi-vitamin preparations (usually 10 mg per ml) is effective in preventing iron deficiency but not in treating it.

12)
A seven month old female in excellent health has been exclusively breast fed.  She has not yet to begun to receive supplemental formula, cereal, or other solid foods.  She takes no medications.  Her physical examination is normal.  Which combination of laboratory test results listed below would most likely characterize this patient?

Hemoglobin (g/dl)

MCV (fl.)

Serum ferritin (ng/ml)


A)
            9.0


    58



7

B)
          11.2


    72



7

C)
            9.2

   
    60



30

E)
          12.0


    80



30

E)
            9.8


    68



50

Correct Answer:
B

Explanation:
Infants who are exclusively breast fed have depleted iron stores by 5 to 6 months of age.  Iron deficient erythropoiesis begins soon thereafter and frank anemia becomes apparent between 9 and 12 months of age.  Therefore, a seven month old infant receiving no supplemental iron would be expected to exhibit a reduced serum ferritin (reflecting absent iron stores) but normal or only borderline low values for hemoglobin and MCV (as in choice B).  Such an infant would not be expected to display a normal serum ferritin (above 10 ng/ml) or reduction in either hemoglobin or MCV (other choices).

All breast fed infants should receive iron supplements by 6 months of age.  This can be iron fortified cereal, iron fortified formula or ferrous sulfate drops.  Although the iron in human breast milk is highly bioavailable (50% absorption), its concentration is so low (less than 1 mg/liter) that the iron absorbed during the second 6 months of life does not meet demands resulting from rapid growth.

13)
A 6 month-old white female has pallor and irritability.  Her hemoglobin is 7.0 gm/dl, MCV 112 fl, and reticulocytes 2.2%.  WBC count is 4,500 per mm3 with 30% neutrophils, and platelets are 140,000 per mm3.  Which of the following is most likely to characterize the mother’s history and review of systems?


A)
Severe menorrhagia


B)
Strict vegetarian


C)
Diagnosis of lupus erythematosus


D)
Prior therapy for leukemia


E)
Daily ingestion of herbal remedies


Correct Answer:  B

Explanation:  This child with borderline leukopenia and thrombocytopenia in addition to macrocytic anemia likely has vitamin B12 deficiency secondary to grossly deficient vitamin B12 intake.  The most common setting is a mother whose breast milk contains little or no vitamin B12 as result of undiagnosed pernicious anemia or, more likely, her being a strict vegetarian.  Menorrhagia, a diagnosis of lupus, prior therapy of leukemia, or daily ingestion of herbs would not cause the hematologic picture affecting this infant.

14)
Assuming that adherence has been excellent, which of the following should have returned to normal 6 weeks following appropriate oral iron treatment of a child with severe dietary iron deficiency (hemoglobin 5.0 gm/dl and MCV 48 fl at the beginning of therapy)?


A)
Hemoglobin concentration


B)
MCV


C)
RDW


D)
Peripheral blood smear


Correct Answer:  A

Explanation:  In uncomplicated nutritional iron deficiency, the hemoglobin concentration virtually always returns to the normal range within six weeks.  The rate of hemoglobin rise is often quite dramatic.  The MCV takes three months or so to return to normal.  The RDW actually increases for the first eight weeks following iron treatment as a result of a young population of large well hemoglobinized erythrocytes accompanying the older hypochromic microcytic cells from the iron deficient state.  The peripheral blood film, like the RDW and MCV, does not return to normal for two to three months.

15)
You are seeing for the first time a 2 month-old Hispanic male who is the product of a first-cousin marriage.  The parents report that he has been blue since birth.  Family history of cyanosis is negative.  Physical examination shows central cyanosis.  The methemoglobin concentration is 40%.  Which of the following is the most likely diagnosis?

A)
Cytochrome B5 reductase deficiency

B)
Hemoglobin M resulting from an alpha chain mutant

C)
Hemoglobin M resulting from a beta chain mutant

D)
Glutathione reductase deficiency

E)
Excessive nitrates or other oxidants in the diet


Correct Answer:  A

Explanation:  This infant has the classic story for autosomal recessively inherited diaphorase or cytochrome B5 reductase deficiency leading to methemoglobinemia.  Hemoglobin M mutations are dominantly inherited (and mutations affecting the beta chain would be inapparent at birth anyway).  Glutathione reductase deficiency does not cause methemoglobinemia.  Nitrates or oxidants in the diet (which may accompany diarrhea and lead to acquired methemoglobinemia) would not be expected to cause cyanosis from birth.

16)
Which statement best characterizes the physiologic role of hepcidin in iron homeostasis? 


A)
It enhances iron absorption from the intestinal mucosal cell.

B)
It serves to transport iron from the apical to the mucosal surface of the intestinal mucosal cell.

C)
It enhances the oxidation of ferrous to ferric iron to facilitate iron binding to transferrin.


D)
It inhibits iron release from macrophages.


E)
It is a form of storage iron in hepatic parenchymal cells. 


Correct Answer D:

Explanation:  Hepcidin is a small peptide made in the liver which appears to have an anti-inflammatory function.  Its production is induced by IL-6.  Its role in iron metabolism is to block iron transport into intestinal mucosal cells and erythroid progenitors by diverting it to macrophages.  It is probably a key mediator in the pathogenesis of anemia of inflammation (chronic disease).  “D” is accordingly the only correct answer.

17)
A three year adopted girl whose birth parents lived in Russia has been noted for months to be ruddy and irritable.  Physical examination shows only plethora and mild splenomegaly.  Her hemoglobin is 20 g/dl, and hematocrit 65%.  Reticulocytes are 1.7%.  The remainder of her blood count is normal.  Her oxygen hemoglobin disassociation curve is normal, as is her arterial oxygen saturation.  Which of the following is the most likely explanation for her polycythemia?  


A)
An erythropoietin secreting tumor.


B)
Upregulation of erythropoietin production by hepatocytes. 

C)
Polycythemia vera

D)
A mutation involving the von Hippel Lindau gene affecting the oxygen sensing mechanism.


E)
Cyanotic congential heart disease. 


Correct Answer D:

Explanation:  This child probably has Chuvash polycythemia which affects hundreds of individuals in the Chuvash region of Russia.  It appears to be due to a mutation in the von Hippel Lindau gene resulting in overproduction of erythropoietin and resultant polycythemia.  Erythropoietin secreting tumors in children are extremely rare and are usually clinically apparent.  Polycythemia vera, usually due to a JAK2 mutation resulting in overproduction of red cells with little or no erythropoietin stimulation, is almost unheard of in young children and causes leukocytosis and thrombocytosis as well.  Cyanotic congential heart disease would cause arterial hypoxemia.  
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1.
By what mechanism does hepcidin inhibit absorption of iron?


A.
Binding to heme in the lumen of the duodenum


B.
Binding to transferrin receptors on the apical surface of intestinal mucosal cells


C.
Blocking the uptake of ferrous iron by the iron transport protein on the apical surface of the intestinal cell


D.
Inhibiting ferroportin at the basolateral surface of intestinal mucosal cells 


E.
Stimulating the production of inflammatory cytokines 

Answer: D

Explanation: Hepcidin, the primary mediator of the anemia of inflammation, is produced by the liver following stimulation by IL-6 and other cytokines. It blocks iron transport from the basolateral surface of intestinal mucosal cell into the plasma by inhibiting and degrading ferroprotein, the protein responsible for this process. Hepcidin does not affect iron in the intestinal lumen or its entry into the mucosal cell. It is produced as a result of inflammatory cytokines but does not stimulate them. 

2.
A 16-year-old girl has been ill for 3 years with a progressive neurological and psychiatric illness characterized by dementia, apparent psychosis, and progressive weakness to the point where she is now wheelchair-bound. Several psychiatrists and neurologists have been unable to make a specific diagnosis. However, an astute generalist observes that her blood count has some subtle abnormalities and prescribes a medication. The patient makes a dramatic improvement during the next several months. What was the effective treatment administered to this patient?


A.
Vitamin B12 


B.
Vitamin B6


C.
Iron


D.
Folic acid


E.
Copper

Answer: A

Explanation: This patient has pernicious anemia, presenting with prominent neurologic manifestations but only mild anemia and macrocytosis. She has what is termed “megaloblastic madness,” with her accompanying weakness being secondary to subacute combined degeneration of her spinal cord. Examination of her blood smear upon presentation showed hypersegmented neutrophils and she had a mild macrocytic anemia. Her serum vitamin B12 level was extremely low, and marrow aspirate showed marked megaloblastosis. None of the other deficiencies would have such prominent neurologic or psychiatric manifestations. Folic acid treatment is contraindicated in vitamin B12 deficiency since it improves the blood count but fails to correct the neurologic abnormalities. 

3.
By which mechanism does whole cow milk sometimes cause marked gastrointestinal hemorrhage in young infants? 


A.
Toxic effect of ferric iron in the milk


B.
Idiosyncratic allergic reaction due to cow milk protein


C.
Direct toxic affect of cow milk protein on the intestinal mucosa


D.
Injury to the intestinal mucosa due to iron deficiency


E.
Bleeding ascribed to cow milk is usually due to other factors

Answer: C

Explanation: In infants, typically between 6-8 months of age, occult (and sometimes gross) gastrointestinal hemorrhage can cause particularly severe iron deficiency. A protein-losing enteropathy, with marked hypoalbuminemia and edema, sometimes occurs as well. This is not due to milk allergy but to a direct toxic effect of a heat labile protein present in whole cow milk. Why only some infants are susceptible to this is unclear. The degree of bleeding is directly related to the amount of milk that the child drinks. The problem totally resolves after marked reduction in cow milk intake. 

4.
As part of an iron absorption test, a child with unexplained anemia receives 1 mg/kg dose of elemental iron. Serum iron concentration before the iron dose is 20 μg/dL, and 1 hour later the serum iron concentration is 170 μg/dL. What is this child’s most likely diagnosis?


A.
Hereditary hemochromatosis 


B.
Iron deficiency due to reduced dietary iron


C.
Iron deficiency due to malabsorption 


D.
Anemia of inflammation


E.
Upregulation of the transferrin receptor

Answer: B

Explanation: The baseline serum iron is greatly reduced, and a marked rise follows the oral iron dose. This indicates a diagnosis of iron deficiency and the expected increased absorption seen when it is due to either diminished iron intake or chronic bleeding. The serum iron would rise only minimally if malabsorption or inflammation were present. Patients with hereditary hemochromatosis and other forms of iron overload would have an elevated baseline serum iron concentration. Transferrin has no role in iron absorption.

5.
What is the daily iron requirement for premature infants during the initial months of life?


A.
0.1 mg/kg per day


B.
0.5 mg/kg per day


C.
1 mg/kg per day


D.
2 mg/kg per day


E.
5 mg/kg per day

Answer: D

Explanation: This is something everyone needs to know. Premature infants have reduced iron stores at birth so therefore need 2 mg/kg per day rather than the 1 mg/kg per day requirement for term infants. Without such supplementation, premature infants are susceptible to iron deficiency as early as 3 months of age.

6.
Which combination of findings can result from a nutritional copper deficiency? 


A.
Microcytic anemia and neutropenia


B.
Macrocytic anemia and lymphopenia 


C.
Normocytic anemia and thrombocytosis 


D.
Megaloblastic anemia with ring sideroblasts 


E.
Thrombocytopenia and eosinophilia 

Answer: A

Explanation: Nutritional copper deficiency is extremely rare but when present results in microcytic anemia, perhaps due to the fact that haephestin, a copper containing enzyme, is important in oxidizing Fe++ to Fe+++ at the basal-lateral surface of the intestinal mucosal cell prior to binding of Fe+++ to plasma transferrin. The cause of the neutropenia accompanying copper deficiency is unknown. Copper deficiency may also produce vacuolated hematologic precursors in the bone marrow.

7.
A 19-month-old infant with excessive whole cow milk intake has a hemoglobin of 8.7 g/dl and and MCV of 52 fl. Serum ferritin is 2 ng/ml. Hemoglobin electrophoresis shows 95% hemoglobin A, 3.7% hemoglobin A2, and 1.3% hemoglobin F. What is the infant’s most likely diagnosis?


A.
Iron deficiency alone


B.
Iron deficiency plus alpha thalassemia 


C.
Iron deficiency plus beta thalassemia


D.
Iron deficiency plus inflammation


E.
Combined iron and folate deficiencies

Answer: C

Explanation: The hemoglobin A2 concentration is reduced in uncomplicated iron deficiency, in contrast to the borderline increased value in this case. This suggests that the child has beta thalassemia trait (where the hemoglobin A2 concentration in the absence of iron deficiency ranges from 4% to 7%) in addition to iron deficiency. 

8.
Why is acidity of the gastric contents important for absorption of iron? 


A.
It helps maintain iron in the Fe+++ state.


B.
It helps maintain iron in the Fe++ state.


C.
It enhances the absorption of heme iron.


Dd.
It neutralizes the effects of intrinsic factor.


E.
It accelerates iron binding to transferring.

Answer: B

Explanation: An acid environment maintains iron in the Fe++ state or helps reduce Fe+++ iron to Fe++. Ferrous iron (Fe++) is much better absorbed by the duodenum than ferric (Fe+++) iron. Gastric acidity does not enhance the already excellent absorption of heme iron. The other choices are untenable.

9.
Which of the following laboratory test values is reduced in iron deficiency?


A.
Serum transferrin


B.
Free erythrocyte protoporphyrin 


C.
Soluble transferrin receptor


D.
Reticulocyte iron content


E.
Absorption of iron following an oral dose of iron 

Answer: D

Explanation: Reticulocyte iron content may be the most sensitive early hematologic indicator of iron deficiency, usually noted before any changes in the blood count. Serum transferrin, erythrocyte protoporphyrin, transferrin receptor, and iron absorption are all increased in the iron deficiency.

10.
Where in the erythroblast does the final step in heme synthesis take place?


A.
Lysosomes


B.
Nucleus 


C.
Endoplasmic reticulum 


D.
Transferrin receptors


E.
Mitochondria 

Answer: E

Explanation: The first and last steps of heme synthesis occur in the mitochondria. The final reaction is where iron is inserted into the protoporphyrin ring, a reaction catalyzed by heme synthetase.

11.
A healthy 2-year-old girl has a complete blood count performed for purposes of “screening.” The results are as follows: Hemoglobin 10.7 g/dl, MCV 73 fl, WBC 7,500 mm3 with 17% neutrophils, and platelet count 412,000 mm3. Which of the following blood count values is outside of the normal range?


A.
Hemoglobin 


B.
MCV


C.
Total WBC count


D.
Absolute neutrophil count


E.
Platelet count

Answer: A

Explanation: All pediatric hematology-oncology specialists need to know normal values. A hemoglobin of 10.7 g/dl is greater than two standard deviations below the mean, whereas the other values listed are within the so defined normal range for a 2-year-old child.

12.
An adolescent male has a CBC performed as part of a sports physical. Which of the following is the most important determinant of whether his hemoglobin concentration is normal?


A.
Age


B.
Race


C.
Height


D.
Weight


E.
Tanner stage

Answer: E

Explanation: Age, race, and gender are important determinants of the hemoglobin concentration throughout childhood. However, in adolescent males, the major factor is Tanner stage. Increased androgen production during puberty stimulates erythropoiesis by increasing erythropoietin production. Thus, the mean hemoglobin for a 14-year-old Tanner stage 1 boy would be 12.5 g/dl, whereas for an identically aged Tanner stage 5 boy it is 14.5 g/dl.

13.
A 3-year-old girl is noted to be pale. Her hemoglobin is 5.7 g/dl, MCV 110 fl, WBC count 3,200 with 30% neutrophils, and platelets 95,000 per cubic millimeter. Reticulocyte count is 3.5%. A urinalysis shows 4+ proteinuria but is otherwise normal. Which of the following treatments would be most appropriate for this patient?


A.
Oral folic acid


B.
Intramuscular folic acid


C.
Oral vitamin B12


D.
Intramuscular vitamin B12


E.
Orotic acid

Answer: D

Explanation: The combination of macrocytic anemia and proteinuria strongly suggests the diagnosis of Imerslund-Grasbeck syndrome, a rare autosomal recessive disorder characterized by impaired absorption of vitamin B12 in the small intestine. The primary defect affects receptors for the B12-intrinsic fac+tor receptor in the terminal ileum. Folic acid therapy is always inappropriate in vitamin B12 deficiency as it may correct the anemia without affecting neurological complications. Oral vitamin B12 would be ineffective. Hereditary orotic aciduria causes megaloblastic anemia; orotic acid is not a drug treatment.
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1)
The major source of calories for a 14 month-old girl is unpasteurized goat milk from the family farm.  Her hemoglobin is 6.0 gm/dl, MCV 80 fl, RDW 30%, and reticulocytes 2.2%.  Which nutritional deficiency is most likely causative of this child’s anemia?

A)
Folate

B)
Iron

C)
Folate and iron

D)
Folate, iron, and B12
E)
B12 and pyridoxine


Answer:  C

Explanation:  Pasteurized goat milk contains virtually no folic acid and can therefore cause megaloblastic anemia.  However, goat milk, like cow milk, also contains very little iron.  Therefore, most babies with “goat milk anemia” actually have combined folate and iron deficiency.  The MCV is normal, reflecting two populations of cells (macrocytic from folate deficiency and microcytic from iron deficiency).  This also accounts for the extremely high RDW.  Goat milk contains adequate vitamin B12 and pyridoxine.  

2)
Where is iron absorbed?

A)
Stomach

B)
Duodenum

C)
Jejunum

D)
Proximal ileum


E)
Distal ileum


Answer:  B

Explanation:  This question does not test concepts, but every hematologist needs to know where iron is absorbed.  Nothing much is absorbed in the stomach, folate is absorbed in the jejunum, and vitamin B12 in the terminal ileum.

3)
What percentage of ferrous sulfate (by weight) is elemental iron?


A)
0.06%


B)
2%


C)
20%


D)
60%


E)
90%


Answer:  C

Explanation:  All hematologists must know that ferrous sulfate is 20% iron by weight.  For example, a 325 mg ferrous sulfate tablet contains 65 mg of iron.  Many physicians miscalculate the prescribed iron dose by overlooking or forgetting this point.

4)
An 8 month-old exclusively breast-fed infant is pale and irritable.  The infant is otherwise healthy, and the physical examination is unremarkable except for pallor.  Hemoglobin is 7.0 gm/dl, MCV 112 fl, and reticulocyte count 2.5%.  Which of the following is the most likely diagnosis?


A)
Selenium deficiency


B)
Folate deficiency


C)
Vitamin B12 deficiency


D)
Chronic blood loss


E)
Acute hemolysis


Answer:  C

Explanation:  The most common cause of vitamin B12 deficiency in infants is insufficient vitamin B12 endowment in their liver at birth and then subsequently reduced intake, both resulting from the mother also having vitamin B12 deficiency.  This occurs most commonly when the mother is a strict vegetarian.  Selenium deficiency does not cause anemia.  Folate is present in quite large quantities in breast milk.  There is no evidence of blood loss in this case, and acute hemolysis would not cause a high MCV in the presence of a low reticulocyte count.  

5)
Which of the following is the most important determinant of iron endowment (total body iron) at birth?


A)
Birth weight


B)
The mother’s iron stores


C)
Race


D)
Gender


Answer:  A

Explanation:  The major determinants of iron endowment at birth are birth weight (hence, gestational age) and the child’s hemoglobin concentration.  Therefore, premature infants and infants who have had acute or chronic hemorrhage prior to or at birth suffer from later iron deficiency.  Some research shows that severely iron deficient women may give birth to babies with marginal iron stores, but other studies show that the fetus is extremely efficient at “extracting” iron from markedly deficient mothers.  

6)
Which form of iron is absorbed best by the intestinal tract?


A)
Fe++

B)
Fe+++

C)
Hemosiderin

D)
Iron phytate complexes

E)
Heme iron


Answer:  E
Explanation:  Iron present in meat (heme iron) is extremely well absorbed, thus accounting for meat being an excellent source of dietary iron.  Although ferrous (Fe++) iron is better absorbed than ferric (Fe+++) iron, its absorption is far less than iron contained in heme.    Iron phytate complexes and hemosiderin are both poorly absorbed.

7)
Which of the following best characterizes the function of transferrin in iron metabolism?


A)
A transport protein in the plasma


B)
A form of storage iron in the tissues


C)
A form of storage iron in intestinal mucosal cells


D)
A receptor on the surface of erythroid progenitors


E)
A key modulator of iron absorption


Answer:  A

Explanation:  One molecule of transferrin efficiently transports two atoms of ferric iron (Fe+++) from the intestinal mucosal cell or macrophages to erythroid marrow where it binds to membrane-bound transferrin receptors.  Iron is stored in the liver and macrophages as ferritin or hemosiderin.  The small amount of ferritin present in intestinal mucosal cells does not play a role in the storage of iron.  Transferrin binds to an erythroid membrane receptor but is not itself the receptor.  It also has no significant role in iron absorption.

8)
A 24 month-old girl with excessive cow milk intake has a hemoglobin of 6.0 g/dl and an MCV of 53 fl.  Her weight is 15 kg.  The diagnosis of iron deficiency is made.  Which of the following initial treatment regimens is most appropriate?


A)
One crushed ferrous sulfate table b.i.d.


B)
Ferrous sulfate drops 0.6 ml b.i.d.


C)
Intravenous iron sucrose injection 1 ml


D)
Ferrous sulfate elixir 4 ml b.i.d.


E)
A multi-vitamin preparation with iron once daily


Answer:  D
Explanation:  The dose of elemental iron to treat iron deficiency is 3-6 mg/kg per day, in one or two doses.  Choice D would provide 4.7 mg/kg per day.  Crushed tablets would not be appropriate for a two year old girl, and would provide an excessive amount of iron (8.7 mg/kg/day).  Ferrous sulfate drops (which contain 15 mg of elemental iron in either 1.0 ml or 0.6 ml depending on the preparation) would provide about 2 mg/kg per day of elemental iron.  Intravenous therapy would not be necessary in simple nutritional iron deficiency.   The amount of iron in multi-vitamin preparations (usually 10 mg per ml) is effective in preventing iron deficiency but not in treating it.
9)
A seven month old female in excellent health has been exclusively breast fed.  She has not yet to begun to receive supplemental formula, cereal, or other solid foods.  She takes no medications.  Her physical examination is normal.  Which combination of laboratory test results listed below would most likely characterize this patient?

Hemoglobin (g/dl)

MCV (fl.)

Serum ferritin (ng/ml)


A)
            8.0


    58



7

B)
          11.2


    72



7

C)
            9.2

   
    60



30

D)
          12.0


    80



30

E)
            9.8


    78



50

Answer:  B

Explanation:
Infants who are exclusively breast fed have depleted iron stores by 4 to 6 months of age.  Iron deficient erythropoiesis begins soon thereafter and frank anemia becomes apparent between 9 and 12 months of age.  Therefore, a seven month old infant receiving no supplemental iron would be expected to exhibit a reduced serum ferritin (reflecting absent iron stores) but normal or only borderline low values for hemoglobin and MCV (as in choice B).  Such an infant would not be expected to display a normal serum ferritin (above 12 ng/ml) or reduction in either hemoglobin or MCV (other choices).

All breast fed infants should receive iron supplements by 5-6 months of age.  This can be accomplished by iron fortified cereal, iron fortified formula or ferrous sulfate drops.  Although the iron in human breast milk is highly bioavailable (50% absorption), its concentration is so low (less than 1 mg/liter) that the iron absorbed during the second 6 months of life does not meet demands resulting from rapid growth.

10)
Assuming that adherence has been excellent, which of the following should have returned to normal 6 weeks following appropriate oral iron treatment of a child with severe dietary iron deficiency (hemoglobin 5.0 gm/dl and MCV 48 fl at the beginning of therapy)?


A)
Hemoglobin concentration


B)
MCV


C)
RDW


D)
Peripheral blood smear


Answer:  A

Explanation:  In uncomplicated nutritional iron deficiency, the hemoglobin concentration virtually always returns to the normal range within six weeks.  The rate of hemoglobin rise is often quite dramatic.  The MCV takes three months or so to return to normal.  The RDW actually increases for the first eight weeks following iron treatment as a result of a young population of large well hemoglobinized erythrocytes accompanying the older hypochromic microcytic cells from the iron deficient state.  The peripheral blood film, like the RDW and MCV, does not return to normal for two to three months.

11)
By what mechanism does hepcidin inhibit absorption of iron?


A.
Binding to heme in the lumen of the duodenum


B.
Binding to transferrin receptors at the apical surface of intestinal mucosal cells

C.
Blocking uptake of ferrous iron by the iron transport protein at the apical surface of the intestinal cell


D.
Inhibiting ferroportin at the basolateral surface of intestinal mucosal cells 


E.
Stimulating the production of inflammatory cytokines 

Answer: D

Explanation: Hepcidin, the primary mediator of the anemia of inflammation, is produced by the liver following stimulation by IL-6 and other cytokines. It blocks iron transport across the basolateral surface of intestinal mucosal cell into the plasma by inhibiting and degrading ferroprotein, the protein responsible for this process. Hepcidin does not affect iron in the intestinal lumen or its entry into the mucosal cell. It is produced as a result of inflammatory cytokines but does not stimulate them. 

12)
A 16-year-old girl has been ill for 3 years with a progressive neurological and psychiatric illness characterized by dementia, apparent psychosis, and progressive weakness to the point where she is now wheelchair-bound. Several psychiatrists and neurologists have been unable to make a specific diagnosis. However, an astute generalist observes that her blood count has some subtle abnormalities and prescribes a medication. The patient makes a dramatic improvement during the next several months. What was the effective treatment administered to this patient?


A.
Vitamin B12 


B.
Vitamin B6


C.
Iron


D.
Folic acid


E.
Copper

Answer: A

Explanation: This patient has pernicious anemia, presenting with prominent neurologic manifestations but only mild anemia and macrocytosis. She has what is termed “megaloblastic madness,” with her accompanying weakness being secondary to subacute combined degeneration of her spinal cord. Examination of her blood smear upon presentation showed hypersegmented neutrophils, and she had a mild macrocytic anemia. Her serum vitamin B12 level was extremely low, and marrow aspirate showed marked megaloblastosis. None of the other deficiencies would have such prominent neurologic or psychiatric manifestations. Folic acid treatment is contraindicated in vitamin B12 deficiency since it improves the blood count but fails to correct the neurologic abnormalities. 

13)
By which mechanism does whole cow milk sometimes cause marked gastrointestinal hemorrhage in young infants? 


A.
Toxic effect of ferric iron in the milk


B.
Idiosyncratic allergic reaction due to cow milk protein


C.
Direct toxic affect of cow milk protein on the intestinal mucosa


D.
Injury to the intestinal mucosa resulting from iron deficiency


E.
Bleeding ascribed to cow milk is usually due to another cause
Answer: C

Explanation: In certain infants, typically between 8 and 12 months of age, occult (and sometimes gross) gastrointestinal hemorrhage can cause particularly severe iron deficiency. A protein-losing enteropathy, with marked hypoalbuminemia and edema, sometimes occurs as well. This is not due to milk allergy but to a direct toxic effect of a heat labile protein present in whole cow milk. Why only some infants are susceptible to this is unclear. The degree of bleeding is directly related to the amount of milk that the child drinks. The problem resolves after marked reduction in cow milk intake. 

14)
As part of an iron absorption test, a child with unexplained anemia receives 1 mg/kg dose of elemental iron. Serum iron concentration before the iron dose is 20 μg/dL, and 1 hour later the serum iron concentration is 170 μg/dL. What is this child’s most likely diagnosis?


A.
Hereditary hemochromatosis 


B.
Iron deficiency due to reduced dietary iron


C.
Iron deficiency due to malabsorption 


D.
Anemia of inflammation


E.
Upregulation of the transferrin receptor

Answer: B

Explanation: The baseline serum iron is greatly reduced, and a marked rise follows the oral iron dose. This indicates a diagnosis of iron deficiency and the expected increased absorption seen when iron deficiency is due to either diminished iron intake or chronic bleeding. The serum iron would rise only minimally if malabsorption or inflammation were present. Patients with hereditary hemochromatosis and other forms of iron overload would have an elevated baseline serum iron concentration. Transferrin has no role in iron absorption.

15)
What is the daily iron requirement for premature infants during the initial months of life?


A.
0.1 mg/kg per day


B.
0.5 mg/kg per day


C.
1 mg/kg per day


D.
2 mg/kg per day


E.
5 mg/kg per day

Answer: D

Explanation: This is something everyone needs to know. Premature infants have reduced iron stores at birth and an extremely rapid growth rate so therefore need 2 mg/kg per day rather than the 1 mg/kg per day requirement for term infants. Without such supplementation, premature infants are susceptible to iron deficiency as early as 3 months of age.

16)
Which combination of findings can result from a nutritional copper deficiency? 


A.
Microcytic anemia and neutropenia


B.
Macrocytic anemia and lymphopenia 


C.
Normocytic anemia and thrombocytosis 


D.
Megaloblastic anemia with ring sideroblasts 


E.
Thrombocytopenia and eosinophilia 

Answer: A

Explanation: Nutritional copper deficiency is rare but when present results in microcytic anemia, perhaps due to the fact that haephestin, a copper containing enzyme, is important in oxidizing Fe++ to Fe+++ at the basolateral surface of the intestinal mucosal cell prior to binding of Fe+++ to plasma transferrin. The cause of the neutropenia accompanying copper deficiency is unknown. Copper deficiency may also produce vacuolated hematologic precursors in the bone marrow.

17)
A 19-month-old infant with excessive whole cow milk intake has a hemoglobin of 8.7 g/dl and MCV of 52 fl. Serum ferritin is 2 ng/ml. Hemoglobin electrophoresis shows 95% hemoglobin A, 3.4% hemoglobin A2, and 1.3% hemoglobin F. What is the most likely diagnosis?


A.
Iron deficiency alone


B.
Iron deficiency plus alpha thalassemia 


C.
Iron deficiency plus beta thalassemia


D.
Iron deficiency plus inflammation

E.
Combined iron and folate deficiencies

Answer: C

Explanation: The hemoglobin A2 concentration is reduced in uncomplicated iron deficiency, in contrast to the high normal value in this case. This suggests that the child has beta thalassemia trait (where the hemoglobin A2 concentration in the absence of iron deficiency ranges from 4% to 7%) in addition to iron deficiency. 

18)
Why is acidity of the gastric contents important for absorption of iron? 


A.
It helps maintain iron in the Fe+++ state.


B.
It helps maintain iron in the Fe++ state.


C.
It enhances the absorption of heme iron.


D.
It neutralizes the effects of intrinsic factor.


E.
It accelerates iron binding to transferrin.

Answer: B

Explanation: An acid environment maintains iron in the Fe++ state or helps reduce Fe+++ iron to Fe++. Ferrous iron (Fe++) is much better absorbed by the duodenum than ferric (Fe+++) iron. Gastric acidity does not enhance the already excellent absorption of heme iron. The other choices are untenable.

19)
Which of the following laboratory test values is reduced in iron deficiency?


A.
Serum transferrin


B.
Free erythrocyte protoporphyrin 


C.
Soluble transferrin receptor


D.
Reticulocyte hemoglobin content

E.
Absorption of iron following an oral dose of iron 

Answer: D

Explanation: Reticulocyte hemoglobin content is the most sensitive early hematologic indicator of iron deficiency, usually noted before any changes in the blood count. Serum transferrin, erythrocyte protoporphyrin, transferrin receptor, and iron absorption are all increased in iron deficiency.

20)
Where in the erythroblast does the final step in heme synthesis take place?


A.
Lysosomes


B.
Nucleus 


C.
Endoplasmic reticulum 


D.
Transferrin receptors


E.
Mitochondria 

Answer: E

Explanation: The first and last steps of heme synthesis occur in the mitochondria.  In the final step iron is inserted into the protoporphyrin ring, a reaction catalyzed by heme synthetase.

21)
A healthy 2-year-old girl has a complete blood count performed for purposes of “screening.” The results are as follows: Hemoglobin 10.5 g/dl, MCV 73 fl, WBC 9,500 mm3 with 17% neutrophils, and platelet count 412,000 mm3. Which of the following blood count values is outside of the normal range?


A.
Hemoglobin 


B.
MCV


C.
Total WBC count


D.
Absolute neutrophil count


E.
Platelet count

Answer: A

Explanation: All pediatric hematology-oncology specialists need to know normal values. A hemoglobin of 10.5 g/dl is greater than two standard deviations below the mean, whereas the other values listed are within the normal range for a 2-year-old child.

22)
A 14 year old male has a CBC performed as part of a sports physical. Which of the following is the most important determinant of his hemoglobin concentration?


A.
Age


B.
Race


C.
Height


D.
Weight


E.
Tanner stage

Answer: E

Explanation: Age, race, and gender are important determinants of the hemoglobin concentration throughout childhood. However, in adolescent males, the major factor is Tanner stage. Increased androgen production during puberty stimulates erythropoiesis by increasing erythropoietin production. Thus, the mean hemoglobin for a 14-year-old Tanner stage 1 boy would be 12.5 g/dl, whereas in an identically aged Tanner stage 5 boy it is 14.5 g/dl.

23)
A 3-year-old girl is noted to be pale. Her hemoglobin is 5.7 g/dl, MCV 110 fl, WBC count 3,200 with 30% neutrophils, and platelets 95,000 per cubic millimeter. Reticulocyte count is 3.5%. A urinalysis shows 4+ proteinuria but is otherwise normal. Which of the following treatments would be most appropriate for this patient?


A.
Oral folic acid


B.
Intramuscular folic acid


C.
Oral vitamin B12

D.
Intramuscular vitamin B12

E.
Orotic acid

Answer: D

Explanation: The combination of macrocytic anemia and proteinuria strongly suggests the diagnosis of Imerslund-Gräsbeck syndrome, a rare autosomal recessive disorder characterized by impaired absorption of vitamin B12 in the small intestine. The primary defect affects receptors for the B12-intrinsic factor receptor in the terminal ileum. Folic acid therapy is always inappropriate in vitamin B12 deficiency as it may correct the anemia without affecting neurological complications. Oral vitamin B12 would be ineffective. Hereditary orotic aciduria causes megaloblastic anemia; orotic acid is not a drug treatment.
24)
Iron-refractory iron deficiency anemia (IRIDA) is characterized by a poor response to oral iron and partial but incomplete response to intravenous iron therapy.  An inherited abnormality involving which of the following proteins is most commonly responsible for IRIDA?

A) Hemoglobin

B) Hemojuvelin

C) Hephaestin

D) Hepcidin 

E) Hemosiderin 

Answer:  D

Explanation:  In patients with IRIDA, iron absorption is impaired, as is release of iron from macrophages from both intestinal mucosal cells and macrophages.  Ferroportin is required to “pump” iron into the plasma, where it is then bound to transferrin.  Hepcidin, produced by the liver in response to inflammation, blocks the action of ferroportin.  Hepcidin release from the liver is limited by a transmembrane protease encoded by the gene TMPRSS6.  Most cases of IRIDA are caused by a loss of function mutation involving TMPRSS6, resulting in increased hepcidin levels.  
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1)
The major source of calories for a 14 month-old girl is unpasteurized goat milk from the family farm.  Her hemoglobin is 6.0 gm/dl, MCV 80 fl, RDW 30%, and reticulocytes 2.2%.  Which nutritional deficiency is most likely causative of this child’s anemia?

A)
Folate

B)
Iron

C)
Folate and iron

D)
Folate, iron, and B12
E)
B12 and pyridoxine


Answer:  C

Explanation:  Pasteurized goat milk contains virtually no folic acid and can therefore cause megaloblastic anemia.  However, goat milk, like cow milk, also contains very little iron.  Therefore, most babies with “goat milk anemia” actually have combined folate and iron deficiency.  The MCV is normal, reflecting two populations of cells (macrocytic from folate deficiency and microcytic from iron deficiency).  This also accounts for the extremely high RDW.  Goat milk contains adequate vitamin B12 and pyridoxine.  

2)
Where is iron absorbed?

A)
Stomach

B)
Duodenum

C)
Jejunum

D)
Proximal ileum


E)
Distal ileum


Answer:  B

Explanation:  This question does not test concepts, but every hematologist needs to know where iron is absorbed.  Nothing much is absorbed in the stomach, folate is absorbed in the jejunum, and vitamin B12 in the terminal ileum.

3)
What percentage of ferrous sulfate (by weight) is elemental iron?


A)
0.06%


B)
2%


C)
20%


D)
60%


E)
90%


Answer:  C

Explanation:  All hematologists must know that ferrous sulfate is 20% iron by weight.  For example, a 325 mg ferrous sulfate tablet contains 65 mg of iron.  Many physicians miscalculate the prescribed iron dose by overlooking or forgetting this point.

4)
An 8 month-old exclusively breast-fed infant is pale and irritable.  The infant is otherwise healthy, and the physical examination is unremarkable except for pallor.  Hemoglobin is 7.0 gm/dl, MCV 112 fl, and reticulocyte count 2.5%.  Which of the following is the most likely diagnosis?


A)
Selenium deficiency


B)
Folate deficiency


C)
Vitamin B12 deficiency


D)
Chronic blood loss


E)
Acute hemolysis


Answer:  C

Explanation:  The most common cause of vitamin B12 deficiency in infants is insufficient vitamin B12 endowment in their liver at birth and then subsequently reduced intake, both resulting from the mother also having vitamin B12 deficiency.  This occurs most commonly when the mother is a strict vegetarian, which causes vitamin B12 deficiency since vitamin B12 is not present in foods from plant sources.  Selenium deficiency does not cause anemia.  Folate is present in quite large quantities in breast milk.  There is no evidence of blood loss in this case, and acute hemolysis would not cause a high MCV in the presence of a low reticulocyte count.  

5)
Which of the following is the most important determinant of iron endowment (total body iron) at birth?


A)
Birth weight


B)
The mother’s hemoglobin concentration

C)
Race


D)
Gender


Answer:  A

Explanation:  The major determinants of iron endowment at birth are birth weight (hence, gestational age) and the child’s hemoglobin concentration (not one of the choices).  Therefore, premature infants and infants who have had acute or chronic hemorrhage prior to or at birth suffer from later iron deficiency.  Some research shows that severely iron deficient women may give birth to babies with marginal iron stores, but other studies show that the fetus is extremely efficient at “extracting” iron from iron deficient mothers.  

6)
Which form of iron is best absorbed by the gastrointestinal tract?


A)
Fe++

B)
Fe+++

C)
Hemosiderin

D)
Iron phytate complexes

E)
Heme iron


Answer:  E
Explanation:  Iron present in meat (heme iron) is extremely well absorbed, thus accounting for meat (including chicken and fish) being an excellent source of dietary iron.  Although ferrous (Fe++) iron is far better absorbed than insoluble ferric (Fe+++) iron, absorption ferrous iron is far less than iron contained in heme.    Iron phytate complexes and hemosiderin are both poorly absorbed.

7)
Which of the following best characterizes the function of transferrin in iron homeostasis?


A)
A transport protein in the plasma


B)
A form of storage iron in the tissues


C)
A form of storage iron in intestinal mucosal cells


D)
A receptor on the surface of erythroid progenitors


E)
A key modulator of iron absorption


Answer:  A

Explanation:  One molecule of transferrin efficiently transports two atoms of ferric iron (Fe+++) from the intestinal mucosal cell or from macrophages to erythroid marrow progenitors where it binds to membrane-bound transferrin receptors.  Iron is stored in the liver and macrophages as ferritin or hemosiderin.  The small amount of ferritin present in intestinal mucosal cells does not play a role in the storage of iron.  Transferrin binds to an erythroid membrane receptor but is not itself the receptor.  It plays has no direct role in iron absorption.

8)
A 24 month-old girl with excessive cow milk intake has a hemoglobin of 6.0 g/dl and an MCV of 53 fl.  Her weight is 15 kg.  The diagnosis of iron deficiency is made.  Which of the following initial treatment regimens is most appropriate?


A)
One crushed ferrous sulfate tablet twice daily 

B)
Ferrous sulfate drops 3 ml daily

C)
Intravenous iron sucrose infusion as a single dose


D)
Vitamin C and two helpings of meat added to her daily diet

E)
A multi-vitamin preparation with iron once daily


Answer:  B
Explanation:  The usual dose of elemental iron to treat iron deficiency is 3-6 mg/kg per day, in one or two doses.  Choice B would provide 3 mg/kg per day, assuming the concentration is the usual 15 mg of elemental iron per ml.  Crushed tablets would not be appropriate for a two year old girl, and would provide an excessive amount of iron (8.7 mg/kg/day).  Vitamin C and an improved iron rich diet will be ineffective as therapy of established iron deficiency.   Intravenous therapy is not currently indicated in simple nutritional iron deficiency.   The amount of iron in multi-vitamin preparations (usually 10 mg per daily dose) may be effective in preventing iron deficiency but not in treating it.
9)
A full term seven month old female in excellent health has been exclusively breast fed.  She has not yet to begun to receive supplemental formula, cereal, or other solid foods.  She takes no medications.  Her physical examination is normal.  Which combination of laboratory test results listed below would most likely characterize this patient?

Hemoglobin (g/dl)

MCV (fl.)

Serum ferritin (ng/ml)


A)
            8.0


    58



7

B)
          11.2


    72



7

C)
            9.2

   
    60



30

D)
          12.0


    80



30

E)
            9.8


    78



50

Answer:  B

Explanation:
Infants who are exclusively breast fed have depleted iron stores by 5 to 6 months of age.  Iron deficient erythropoiesis begins soon thereafter and frank iron deficiency anemia becomes apparent between 9 and 12 months of age.  Therefore, a seven month old infant receiving no supplemental iron would be expected to exhibit a reduced serum ferritin (reflecting absent iron stores) but normal or only borderline low values for hemoglobin and MCV (as in choice B).  Such an infant would not be expected to display a normal serum ferritin (above 12 ng/ml) or reduction in either hemoglobin or MCV (other choices).

All breast fed infants should receive iron supplements by 5-6 months of age.  This can be accomplished by iron fortified cereal, iron fortified formula or ferrous sulfate drops.  Although the iron in human breast milk is highly bioavailable (50% absorption), its concentration is so low (less than 1 mg/liter) that the iron absorbed during the second 6 months of life does not meet demands resulting from rapid growth.

10)
Assuming that parent adherence has been excellent, which of the following should have returned to normal 6 weeks following appropriate oral iron treatment of this child with severe dietary iron deficiency (hemoglobin 6.3 gm/dl and MCV 53 fl at the beginning of therapy)?


A)
Hemoglobin concentration


B)
MCV


C)
RDW


D)
Peripheral blood smear


Answer:  A

Explanation:  In uncomplicated nutritional iron deficiency managed appropriately, the hemoglobin concentration usually returns to the normal range within six to eight weeks.  The rate of hemoglobin rise is often quite dramatic.  The MCV takes three months or so to return to normal.  The RDW actually increases for the first few weeks following iron treatment as a result of a young population of large well hemoglobinized erythrocytes accompanying the older hypochromic microcytic cells from the iron deficient state.  The peripheral blood film, like the RDW and MCV, does not return to normal for about three months, until the hypochromic erythrocytes disappear from the circulation.

11)
By what mechanism does hepcidin inhibit intestinal absorption of iron?


A.
Binding to heme in the lumen of the duodenum


B.
Binding transferrin receptors at the apical surface of intestinal mucosal cells

C.
Blocking uptake of ferrous iron at the apical surface of the intestinal cell


D.
Inhibiting ferroportin at the basolateral surface of intestinal mucosal cells 


E.
Stimulating the production of inflammatory cytokines 

Answer: D

Explanation: Hepcidin, the primary mediator of the anemia of inflammation, is produced by the liver following stimulation by IL-6 and other cytokines. It blocks iron transport across the basolateral surface of intestinal mucosal cell into the plasma by inhibiting and degrading ferroportin, the protein responsible for this process. Hepcidin does not affect iron in the intestinal lumen or its entry into the mucosal cell. It is produced as a result of inflammatory cytokines but does not stimulate them. 

12)
A 16-year-old girl has been ill for 3 years with a progressive neurological and psychiatric illness characterized by dementia, apparent psychosis, and progressive weakness to the point where she is now wheelchair-bound. Several psychiatrists and neurologists have been unable to make a specific diagnosis. However, an astute generalist observes that her blood count has some subtle abnormalities and prescribes an appropriate medication. The patient shows dramatic improvement clinically and in the blood count during the next several months. What was the effective treatment administered to this patient?


A.
Vitamin B12 


B.
Vitamin B6

C.
Iron


D.
Folic acid


E.
Copper

Answer: A

Explanation: This patient has pernicious anemia, presenting with prominent neurologic manifestations but only mild anemia and macrocytosis. She has what has been termed “megaloblastic madness,” with her accompanying weakness being secondary to subacute combined degeneration of her spinal cord. Examination of her blood smear upon presentation showed hypersegmented neutrophils.   Her serum vitamin B12 level was extremely low, and marrow aspirate showed megaloblastic changes. None of the other deficiencies would have such prominent neurologic or psychiatric manifestations. Folic acid treatment is contraindicated in vitamin B12 deficiency since it improves the blood count but fails to correct the neurologic abnormalities. 

13)
What is the mechanism by which whole cow milk may cause occult gastrointestinal hemorrhage in young infants receiving therapeutic iron? 


A.
Toxic effect of ferric iron in the milk


B.
Idiosyncratic allergic reaction due to cow milk protein


C.
Direct toxic affect of cow milk protein on the intestinal mucosa


D.
Damage to the intestinal mucosa resulting from iron deficiency

E.
False positive result of guaiac test resulting from medicinal iron
Answer: C

Explanation: In certain infants, typically between 8 and 12 months of age, whose diet contains excessive cow milk, occult (and rarely) gastrointestinal hemorrhage can contribute to particularly severe iron deficiency. A protein-losing enteropathy, with marked hypoalbuminemia and edema, sometimes occurs as well. This is not due to milk allergy but to direct toxicity on the intestinal mucosa due to a cow milk protein. Why only some infants are susceptible to this is unclear. The degree of bleeding is directly related to the amount of milk that the child drinks. The problem resolves after marked reduction in cow milk intake.  Medicinal iron does not cause a positive guaiac test.
14)
As part of an iron absorption test, a child with unexplained anemia receives 1 mg/kg dose of elemental iron. Serum iron concentration before the iron dose is 20 μg/dL, and 1 hour later the serum iron concentration is 170 μg/dL. What is this child’s most likely diagnosis?


A.
Hereditary hemochromatosis 


B.
Iron deficiency due to reduced dietary iron


C.
Iron deficiency due to malabsorption 


D.
Anemia of inflammation


E.
Upregulation of the transferrin receptor

Answer: B

Explanation: The baseline serum iron is greatly reduced, and a marked rise follows the oral iron dose. This indicates a diagnosis of iron deficiency and the expected increased absorption seen when it is due to either diminished iron intake or chronic bleeding. The serum iron would rise only minimally if malabsorption or inflammation were present. Patients with hereditary hemochromatosis and other forms of iron overload would have an elevated baseline serum iron concentration. Transferrin has no direct role in iron absorption.

15)
What is the daily iron requirement for premature infants during the initial months of life?


A.
0.1 mg/kg per day


B.
0.5 mg/kg per day


C.
1 mg/kg per day


D.
2 mg/kg per day


E.
5 mg/kg per day

Answer: D

Explanation: This is something everyone needs to know. Premature infants have reduced iron stores at birth and an extremely rapid growth rate so therefore need a minimum of 2 mg/kg per day rather than the 1 mg/kg per day requirement for term infants. Without such supplementation, premature infants are susceptible to iron deficiency as early as 3 months of age.

16)
Which combination of findings can result from a nutritional copper deficiency? 


A.
Microcytic anemia and neutropenia


B.
Macrocytic anemia and lymphopenia 


C.
Normocytic anemia and thrombocytosis 


D.
Megaloblastic anemia with ring sideroblasts 


E.
Thrombocytopenia and eosinophilia 

Answer: A

Explanation: Nutritional copper deficiency is rare but when present results in microcytic anemia, likely due to the fact that haephestin, a copper containing enzyme similar to ceruloplasmin, is important in oxidizing Fe++ to Fe+++ at the basolateral surface of the intestinal mucosal cell prior to its binding to plasma transferrin. The cause of the neutropenia accompanying copper deficiency is unknown. Copper deficiency may also produce vacuolated hematologic precursors in the bone marrow.

17)
A 19-month-old infant with excessive whole cow milk intake has a hemoglobin of 8.7 g/dl and MCV of 52 fl. Serum ferritin is 2 ng/ml. Hemoglobin electrophoresis shows 95% hemoglobin A, 3.7% hemoglobin A2, and 1.3% hemoglobin F. What is the most likely diagnosis?


A.
Iron deficiency alone


B.
Iron deficiency plus alpha thalassemia 


C.
Iron deficiency plus beta thalassemia


D.
Iron deficiency plus inflammation

E.
Combined iron and folate deficiencies

Answer: C

Explanation: The hemoglobin A2 concentration is reduced in uncomplicated iron deficiency, in contrast to the high normal value in this case. This suggests that the child has beta thalassemia trait (where the hemoglobin A2 concentration in the absence of iron deficiency ranges from 4% to 7%) in addition to iron deficiency. 

18)
Why is acidity of the gastric contents important for absorption of iron? 


A.
It helps maintain iron in the Fe+++ state.


B.
It helps maintain iron in the Fe++ state.


C.
It enhances the absorption of heme iron.


D.
It neutralizes the effects of intrinsic factor.


E.
It accelerates iron binding to transferrin.

Answer: B

Explanation: An acid environment maintains iron in the Fe++ state and helps reduce Fe+++ iron to Fe++. Ferrous iron (Fe++) is much better absorbed by the duodenum than ferric (Fe+++) iron.  A reductase in intestinal brush border enterocytes further enhances iron absorption.  Gastric acidity does not increase the already excellent absorption of heme iron. The other choices are untenable.

19)
Which of the following laboratory test values is reduced in iron deficiency?


A.
Serum transferrin


B.
Free erythrocyte protoporphyrin 


C.
Soluble transferrin receptor


D.
Reticulocyte hemoglobin content

E.
Absorption of iron following an oral dose of iron 

Answer: D

Explanation: Reticulocyte hemoglobin content (CHr or Ret He) is the most sensitive early hematologic indicator of iron deficiency, usually noted before any other changes in the blood count. Serum transferrin, erythrocyte protoporphyrin, soluble transferrin receptor, and iron absorption are all increased in iron deficiency.

20)
Where in the erythroblast does the final step in heme synthesis take place?


A.
Lysosomes


B.
Nucleus 


C.
Endoplasmic reticulum 


D.
Transferrin receptors


E.
Mitochondria 

Answer: E

Explanation: The first and the last steps of heme synthesis occur in the mitochondria.  In the final step iron is inserted into the protoporphyrin ring, a reaction catalyzed by heme synthetase.

21)
A healthy 2-year-old girl has a complete blood count performed for purposes of “screening.” The results are as follows: Hemoglobin 10.7 g/dl, MCV 73 fl, RDW 13%, WBC 9,500 mm3 with 17% neutrophils, and platelet count 165,000 mm3. Which of the following blood count values is outside of the normal range?


A.
Hemoglobin 


B.
MCV


C.
RDW

D.
Absolute neutrophil count


E.
Platelet count

Answer: A

Explanation: All pediatric hematology-oncology specialists need to know normal values. A hemoglobin of 10.7 g/dl is greater than two standard deviations below the mean for a 2-year-old child, whereas the other values listed are within the normal range.

22)
A 14 year old male has a CBC performed as part of a sports physical. Which of the following is the most important determinant of his hemoglobin concentration?


A.
Age


B.
Race


C.
Height


D.
Weight


E.
Tanner stage

Answer: E

Explanation: Age, race, and gender are important determinants of the hemoglobin concentration throughout childhood. However, in adolescent males, the major factor is Tanner stage.  Androgen production during puberty stimulates erythropoiesis by increasing erythropoietin. Thus, the mean hemoglobin for a 14-year-old Tanner stage 1 boy would be 12.5 g/dl, whereas in an identically aged Tanner stage 5 boy it is 14.5 g/dl.

23)
A 3-year-old girl is noted to be pale. Her hemoglobin is 5.7 g/dl, MCV 110 fl, WBC count 3,200 with 30% neutrophils, and platelets 95,000 per cubic millimeter. Reticulocyte count is 3.5%. A urinalysis shows 4+ protein but is otherwise normal. Which of the following treatments would be most appropriate for this patient?


A.
Oral folic acid


B.
Intramuscular folic acid


C.
Oral vitamin B12

D.
Intramuscular vitamin B12

E.
Orotic acid

Answer: D

Explanation: The combination of macrocytic anemia and proteinuria strongly suggests the diagnosis of Imerslund-Gräsbeck syndrome, a rare autosomal recessive disorder characterized by impaired absorption of vitamin B12 in the distal small intestine. The primary defect affects receptors for the B12-intrinsic factor receptor in the terminal ileum and results from a mutation involving the cubilin gene.  Folic acid therapy is always inappropriate in vitamin B12 deficiency since it may correct the anemia without affecting neurological complications. Oral vitamin B12 would be ineffective. Hereditary orotic aciduria causes megaloblastic anemia; orotic acid is not a drug treatment.
24)
Iron-refractory iron deficiency anemia (IRIDA) is characterized by a poor response to oral iron and partial but incomplete response to intravenous iron therapy.  An inherited abnormality involving which of the following is most commonly responsible for IRIDA?

F) Hemoglobin

G) Hemojuvelin

H) Hephaestin

I) Hepcidin 

J) Hemosiderin 

Answer:  D

Explanation:  In patients with IRIDA, iron absorption is impaired, as is release of iron from both intestinal mucosal cells and macrophages.  Ferroportin is required from both sites to “pump” iron into the plasma, where it is then bound to transferrin.  Hepcidin, produced by the liver in response to inflammation, blocks the action of ferroportin.  Hepcidin release from the liver is limited by a transmembrane protease encoded by the gene TMPRSS6.  Most cases of IRIDA are caused by a loss of function mutation involving TMPRSS6, resulting in inappropriately increased hepcidin levels.  

25)
Where is vitamin B12 absorbed?

A) Stomach

B) Duodenum

C) Jejunum

D) Proximal ileum

E) Distal ileum

Answer:  E
Explanation:  This question does not test concepts, but every hematologist needs to know where vitamin B12 is absorbed.  Nothing much is absorbed in the stomach, iron is absorbed in the duodenum, folate is absorbed in the jejunum, and vitamin B12 in the terminal ileum.

26)
What is the physiologic role of hepcidin in iron homeostasis?  

A)
It enhances iron absorption from intestinal mucosal cells.

B)
It inhibits the production of interleukin-6 (IL-6) by macrophages and T-cells.

C)
It enhances the oxidation of ferrous to ferric iron to facilitate iron binding to transferrin.

D)
It inhibits iron release from macrophages.

E)
It is a form of storage iron in hepatic parenchymal cells.

Answer:  D

Explanation:
Hepcidin is a small peptide made in the liver which appears to have an anti-inflammatory function.  Its production is induced by IL-6 but does not inhibit it.  Its role in iron metabolism is to block iron transport from intestinal mucosal cells and macrophages by binding to and degrading ferroportin.  It is probably a key mediator in the pathogenesis of anemia of inflammation (chronic disease).  “D” is accordingly the only correct answer.  That makes sense.

Questions on Polycythemia and Hereditary Hemochromatosis
27)
A three year old adopted girl whose birth parents lived in Russia has been noted for months to be ruddy and irritable.  Physical examination shows only plethora and mild splenomegaly.  Her hemoglobin is 20 g/dl, and hematocrit 65%.  Reticulocytes are 1.7%.  The remainder of her blood count is normal.  Her oxygen hemoglobin disassociation curve is normal, as is her arterial oxygen saturation.  Her plasma erythropoietin concentration is elevated.  Which of the following is the most likely explanation for her polycythemia?

A) An erythropoietin secreting tumor.

B) Upregulation of erythropoietin production by hepatocytes.

C) Polycythemia vera

D) A mutation involving a gene regulating oxygen sensing.

E) Cyanotic congenital heart disease.

Answer:  D

Explanation:  This child probably has Chuvash polycythemia which affects hundreds of individuals in the Chuvash region of Russia.  It appears to be due to a mutation in the von Hippel Lindau gene resulting in overproduction of erythropoietin and resultant polycythemia.  Mutations in other genes regulating oxygen sensing may also cause congenital polycythemia.  Erythropoietin secreting tumors in young children are extremely rare and are usually clinically apparent.  Polycythemia vera, usually due to a JAK2 mutation resulting in overproduction of red cells in the absence of erythropoietin stimulation, is almost unheard of in young children and causes leukocytosis and thrombocytosis as well.  Cyanotic congenital heart disease would cause arterial hypoxemia. 

28)
The father of a 10 year old boy referred to you has been diagnosed with chronic liver disease due to hereditary hemochromatosis.  He requires regular phlebotomy.  He is known to have a homozygous C282Y mutation in the HFE gene.  What is the likelihood that the boy will similarly develop symptomatic iron overload due to this mutation?

A)
50%

B)
25%

C)
12%

D)
5%

E)
Less than 1%

Answer:  E

Explanation:
The C282Y mutation (by far the most common mutation causing hereditary hemochromatosis) is an example of a mutated gene with high prevalence but very low penetrance.  Between 1 in 8 and 1 in 10 Caucasians are heterozygous for the C282Y mutation and 1 in 250 to 1 in 400 persons are homozygotes.  Yet, only about 5% of such males and 1 to 2% of females actually develop clinical hemochromatosis, usually after age 30 to 40.  Although this boy is at risk of having the homozygous mutation (statistically about 12% or 1 in 8 if his mother is a heterozygote) the chance that he will eventually develop clinical disease is less than 1%.  
