
The Anemias

Anemia is defined as a reduction of the
hemoglobin concentration or red blood cell
(RBC) volume below the range of values
occurring in healthy persons. “Normal”
hemoglobin and hematocrit (packed red cell
volume) vary with age and sex There are
also racial differences.



Physiologic adjustments to anemia include
1. increased cardiac output, 2. augmented oxygen
extraction (increased arteriovenous oxygen
difference), and 3. a shunting of blood flow toward
vital organs and tissues. 4.In addition, the
concentration of 2,3-diphosphoglycerate (2,3-DPG)
increases within the RBC.



5.The resultant “shift to the right” of the oxygen
dissociation curve reduces the affinity of
hemoglobin for oxygen and results in more
complete transfer of oxygen to the tissues. (The
same shift in the oxygen dissociation curve can
also occur at high altitude.)6. Higher levels of
erythropoietin (EPO) and consequent increased
red cell production by the bone marrow further
assist the body to adapt.











Physiologic Anemia of Infancy
At birth, normal full-term infants have higher
hemoglobin and hematocrit levels and larger
red blood cells (RBCs) than do older children
and adults. However, within the 1st wk of life, a
progressive decline in hemoglobin level begins
and then persists for 6-8 wk. The resulting
anemia is known as the physiologic anemia of

infancy. Several factors appear to be involved.



With the onset of respiration at birth, considerably
more oxygen becomes available for binding to
hemoglobin, and, as a consequence, the
hemoglobin-oxygen saturation increases from 50%
to 95% or more. There is also a gradual, normal
developmental switch from fetal to adult
hemoglobin synthesis after birth that results in the
replacement of high-oxygen-affinity fetal
hemoglobin with lower-affinity adult hemoglobin,
capable of delivering more oxygen to tissues.



The increase in blood oxygen content and
delivery results in the downregulation of
erythropoietin (EPO) production, leading to
suppression of erythropoiesis. Because there is
no erythropoiesis, aged RBCs that are removed
from the circulation are not replaced and the
hemoglobin level decreases. The hemoglobin
concentration continues to decline until tissue
oxygen needs become greater than oxygen
delivery. Normally, this point is reached between
8 and 12 wk of age, when the hemoglobin
concentration is about 11 g/dL.



Premature infants also develop a physiologic
anemia, known as physiologic anemia of
prematurity. The hemoglobin decline is both
more extreme and more rapid. Minimal
hemoglobin levels of 7-9 g/dL commonly are
reached by 3-6 wk of age, and levels may be
even lower in very small premature infants The
same physiologic factors at play in term infants
are operative in preterm infants but are
exaggerated.



Some dietary factors, such as folic acid deficiency,
can aggravate physiologic anemia. Unless there has
been significant blood loss, iron stores should be
sufficient to maintain erythropoiesis early on.
Notably, despite past suggestions to the contrary,
vitamin E deficiency does not appear to play a role in
anemia of prematurity. A controlled and blinded
study of oral administration of vitamin E to infants
weighing <1,500 g showed no difference in
hemoglobin levels, reticulocytes, RBC morphology, or
platelet counts. Breast milk and modern infant
formulas appear to provide adequate vitamin E.



Treatment
In the full-term infant, physiologic anemia requires
no therapy beyond ensuring that the infant's diet
contains essential nutrients for normal
hematopoiesis. In premature infants an optimal
hematocrit has not been established and is usually
dictated by the infant's overall clinical condition.
Transfusions may be needed to maintain the
hematocrit at what is considered safe for that child.



When transfusions are necessary, an RBC volume of
10-15 mL/kg is recommended. In early preterm
infants (<1,250 g), the half-life of transfused RBCs is
about 30 days.



Because premature infants are known to have low
plasma erythropoietin levels, recombinant human
erythropoietin (rEPO) has been studied as an
alternative to transfusion for the treatment of
symptomatic preterm infants with anemia of
prematurity. Infants have been shown to require
higher dosages per kilogram than adults and
supplementation with adequate protein, vitamin E,
and iron to achieve the full benefit of the
medication.



Megaloblastic Anemias
Megaloblastic anemia is a macrocytic anemia
characterized by ineffective erythropoiesis, a
kinetic term that describes active erythropoiesis
associated with premature cell death and
decreased red blood cell (RBC) output from the
bone marrow. The RBCs are larger than normal at
every developmental stage, and maturational
asynchrony between the nucleus and cytoplasm of
erythrocytes is present. The delayed nuclear
development becomes increasingly evident as cell
divisions proceed.



There is usually an associated thrombocytopenia
and leukopenia. The peripheral blood smear is
notable for large, often oval, RBCs, with increased
mean corpuscular volume (MCV). Neutrophils are
characteristically hypersegmented, with many
having >5 lobes. Almost all cases of childhood
megaloblastic anemia result from folic acid or
vitamin B12 deficiency; rarely, they may be caused by
inborn errors of metabolism. Because folate and
vitamin B12 are both required for the manufacture
of nucleoproteins, deficiencies result in defective
DNA and, RNA and protein synthesis. Increase LDH
&decrease retic.count or normal.



Folic Acid Deficiency
Folic acid, or pteroylglutamic acid, consists of
pteroic acid conjugated to glutamic acid. Biologically
active folates are derived from folic acid and serve
as one-carbon donors and acceptors in many
biosynthetic pathways. As such, they are essential
for DNA replication and cellular proliferation. Like
other mammals, humans cannot synthesize folate
and depend on dietary sources, including green
vegetables, fruits, and animal organs (e.g., liver,
kidney).



Folates are heat labile and water soluble, and
consequently boiling or heating folate sources
leads to decreased amounts of vitamin.



Folic acid is not biologically active and is reduced
by dihydrofolate reductase to tetrahydrofolate.
Because body stores of folate are limited,
megaloblastic anemia will occur after 2-3 mo on a
folate-free diet.



Etiology
Folic acid deficiency can occur as a consequence of
inadequate folate intake, decreased folate
absorption, or acquired and congenital disorders of
folate metabolism.



Inadequate Folate Intake
Anemia due to decreased folate intake usually
becomes manifest in the context of clinical
conditions that are associated with increased
vitamin requirements (e.g., pregnancy, growth in
infancy and childhood, chronic hemolysis). Folate
requirements increase markedly during pregnancy,
in part to meet fetal needs, and deficiencies are
common in mothers, particularly those who are
poor or malnourished. Folate supplementation is
recommended from the start of pregnancy to
prevent neural tube defects and to meet the needs
of the developing fetus.Goat,s milk is deficient.



Decreased Folate Absorption 
1.malabsorption due to chronic diarrheal states or
2.diffuse inflammatory disease can lead to folate
deficiency. In both situations, some of the
decreased folate absorption may be caused by
impaired folate conjugase activity. 3.surgery of
small bowel 4.anticonvulsant drugs.



Congenital Abnormalities in Folate Transport and
Metabolism
Inborn errors of folate transport or metabolism are
rare but can be life threatening. Those associated
with megaloblastic anemia include hereditary folate
malabsorption and certain extremely uncommon
enzyme deficiencies. Hereditary folate
malabsorption (HFM) has been associated with an
inability to absorb folic acid, 5-tetrahydrofolate, 5-
methyltetrahydrofolate, or 5-formyltetrahydrofolate
(folinic acid). It can become apparent at 2-6 mo of
age with megaloblastic anemia and other deficits
resulting from folate deficiency.



Drug-Induced Abnormalities in Folate Metabolism
A number of drugs have anti–folic acid activity as
their primary pharmacologic effect and regularly
produce megaloblastic anemia. Methotrexate binds
to dihydrofolate reductase and prevents formation
of tetrahydrofolate, the active form of folate.
Pyrimethamine, used in the therapy of
toxoplasmosis, and trimethoprim, used for
treatment of various infections, can induce folic
acid deficiency and, occasionally, megaloblastic
anemia.



Clinical Manifestations
Mild megaloblastic anemia has been reported in
very-low-birthweight infants, and folic acid
supplementation is advised. Although rare
nowadays, megaloblastic anemia due to folate
deficiency has its peak incidence at 4-7 mo of age,
somewhat earlier than iron-deficiency anemia,
although both conditions may be present
concomitantly in infants with poor nutrition.
Besides the usual clinical features of anemia,
folate-deficient infants can have irritability, chronic
diarrhea, and poor weight gain.



Hemorrhages from thrombocytopenia can occur in
advanced cases. Congenital folate malabsorption
and other rare etiologies of folate deficiency may be
further associated with hypogammaglobulinemia,
severe infections, failure to thrive, neurologic
abnormalities, and cognitive delays.



Laboratory Findings
The anemia is macrocytic (mean corpuscular
volume >100 fL). Variations in RBC shape and size
are common .The reticulocyte count is low, and
nucleated RBCs demonstrating megaloblastic
morphology often are seen in the blood.
Neutropenia and thrombocytopenia may rarely be
present, particularly in patients with long-standing
and severe deficiencies.



The neutrophils are large, some with hypersegmented
nuclei. Normal serum folic acid levels are 5-20 ng/mL;
with deficiency, levels are <3 ng/mL. Levels of RBC
folate are a better indicator of chronic deficiency. The
normal RBC folate level is 150-600 ng/mL of packed
cells. Levels of iron and vitamin B12 in serum usually
are normal or elevated. Serum activity of lactate
dehydrogenase (LDH), a marker of ineffective
erythropoiesis, is markedly elevated. The bone
marrow is hypercellular because of erythroid
hyperplasia, and megaloblastic changes are
prominent. Large, abnormal neutrophilic forms (giant
metamyelocytes) with cytoplasmic vacuolation also
are seen.



Treatment
When the diagnosis of folate deficiency is established,
1. folic acid may be administered orally or parenterally
at 0.5-1.0 mg/day.
2. If the specific diagnosis is in doubt, smaller doses
of folate (0.1 mg/day) may be used for 1 wk as a
diagnostic test, because a hematologic response can
be expected within 72 hr. Doses of folate >0.1 mg can
correct the anemia of vitamin B12 deficiency but might
aggravate any associated neurologic abnormalities.



In most medical settings in developed countries, this
therapeutic trial to distinguish the different causes
of megaloblastic anemia is rarely necessary because
vitamin B12 and folate blood levels usually are readily
available. Folic acid therapy (0.5-1.0 mg/day) should
be continued for 3-4 wk until a definite hematologic
response has occurred.
3. maintenance therapy with a multivitamin
(containing 0.2 mg of folate) is adequate.
4. transfusions are indicated only when the anemia
is severe or the child is very ill.



Vitamin B12 (Cobalamin) Deficiency
Because cobalamin is synthesized exclusively by
certain microorganisms. Animal protein is the major
source of vitamin B12 in nonvegetarians. Vitamin B12

serves as a cofactor in 2 essential metabolic reactions,
It is necessary for the production of tetrahydrofolate,
which is important in DNA synthesis. In contrast to
the situation with folate stores, older children and
adults have sufficient vitamin B12 stores to last 3-5 yr.
However, in young infants born to mothers with low
vitamin B12 stores, clinical signs of cobalamin
deficiency can become apparent in the first 6-18 mo
of life. Human can,t synth. this vit.



Metabolism
Under normal circumstances, cobalamin is released 
from food protein in the stomach via peptic digestion 
at low pH. It then binds to R protein, a glycoprotein 
found in gastric juice and saliva. When this complex 
moves into the duodenum, the R binder is digested by 
pancreatic proteases and cobalamin is liberated. It is 
then taken up by intrinsic factor (IF), a protein 
produced by gastric parietal cells.



The cobalamin-IF complex is subsequently absorbed
by mucosal cells in the ileum, where cobalamin is
ultimately released. It is then bound to the transport
protein transcobalamin (TC)-II. It appears in the
portal circulation after 3-5 hr, mostly bound to TC-II,
which carries it to the liver, bone marrow, and other
tissue storage sites.



Clinical Manifestations
Children with cobalamin deficiency often present with
nonspecific manifestations such as weakness, fatigue,
failure to thrive, and irritability. Other common
findings include pallor, glossitis, vomiting, diarrhea,
and icterus. Neurologic symptoms also occur and can
include paresthesias, sensory deficits, hypotonia,
seizures, developmental delay, developmental
regression, and neuropsychiatric changes. Neurologic
problems from vitamin B12 deficiency can occur in the
absence of any hematologic abnormalities.



Laboratory Findings
The hematologic manifestations of folate and
cobalamin deficiency are identical. The anemia
resulting from cobalamin deficiency is macrocytic,
with prominent macro-ovalocytosis of the RBCs. The
neutrophils may be large and hypersegmented. In
advanced cases, neutropenia and thrombocytopenia
can occur, simulating aplastic anemia or leukemia.
Serum vitamin B12 levels are low, and the serum
concentrations of methylmalonic acid and
homocysteine usually are elevated.



Concentrations of serum iron and serum folic acid
are normal or elevated. Serum LDH activity is
markedly increased, a reflection of the ineffective
erythropoiesis. Moderate elevations of serum
bilirubin levels (2-3 mg/dL) also may be found.
Excessive excretion of methylmalonic acid in the
urine (normal, 0-3.5 mg/24 hr) is a reliable and
sensitive index of vitamin B12 deficiency.



Etiology
Vitamin B12 deficiency can result from inadequate
dietary intake of cobalamin (Cbl), lack of IF,
impaired intestinal absorption of IF-Cbl, or absence
of vitamin B12 transport protein



Inadequate Vitamin B12 Intake
Daily pediatric requirements range from 0.4 to
2.4 ?g. Because vitamin B12 is present in many
foods, dietary deficiency is rare. However, it does
occur in cases of extreme restriction (e.g., strict
vegetarians or vegans) wherein no animal products
or vitamin B12 supplements are consumed.



Lack of Intrinsic Factor
Congenital IF deficiency is a rare autosomal recessive
disorder caused by either a lack of gastric IF or by the
secretion of functionally abnormal IF. It differs from
typical adult pernicious anemia in that gastric acid is
secreted normally and the stomach is histologically
normal. It is not associated with parietal cell
antibodies or endocrine abnormalities.
1.Congental pernicious anemia.
2.Gastric surgery.



Impaired Intestinal Absorption
Patients with 1.inflammatory diseases such as
regional enteritis,2. neonatal necrotizing
enterocolitis, or celiac disease might have impaired
absorption of vitamin B12. 3.An overgrowth of
intestinal bacteria within diverticula or duplications
of the small intestine can also cause vitamin B12

deficiency by consumption of (or competition for)
the vitamin or by splitting of its complex with IF.
4.surgery of terminal ileum &5.infestation tape
worm Diphyllobothrium Latum.



Absence of Vitamin B12 Transport Protein
TC-II deficiency is a rare cause of megaloblastic
anemia. The role of TC-II in B12 transport is similar
to that of transferrin (Tf) for iron; specific receptors
for TC-II and Tf exist on cells needing vitamin B12 or
iron. A congenital deficiency is inherited as an
autosomal recessive condition resulting in a failure
to absorb and transport vitamin B12.



Diagnosis
The specific cause of vitamin B12 deficiency often is
apparent from the clinical history. In cases where
there is a reasonable explanation for decreased
vitamin B12 absorption (previous gastric or ileal
surgery), it may be reasonable to start appropriate
therapy without further evaluation. In very young
children in whom dietary insufficiency may be a
factor, evaluation of the mother for anemia and
serum vitamin B12 often is rewarding. If there is no
obvious cause for decreased serum vitamin B12,
absorption of vitamin B12 can be assessed by the
Schilling test.



To confirm that absence of IF is the basis of the
vitamin B12 malabsorption, IF is given with a second
dose of radioactive vitamin B12. Normal amounts of
radioactive vitamin should now be absorbed and
flushed out in the urine. However, when vitamin B12

malabsorption results from absence of ileal receptor
sites or other intestinal causes, no improvement in
absorption occurs with IF. The Schilling test result
remains abnormal in patients with pernicious
anemia, even when therapy has completely reversed
the hematologic and neurologic manifestations of
the disease.



Treatment
Treatment regimens in children have not been well
studied. The cause of vitamin B12 deficiency should
ultimately dictate treatment dosage as well as the
duration of therapy. The physiologic requirement
for vitamin B12 is about 1-3 ?g/day. Hematologic
responses have been observed with small doses,
indicating that administration of a minidose may be
used as a therapeutic test when the diagnosis of
vitamin B12 deficiency is in doubt or in
circumstances where the anemia is severe and
higher initial doses might result in severe metabolic
disturbances.


