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Abstract 

Anemia, a condition characterized by a reduction in the quantity of hemoglobin in the blood. This 

condition is one of the most prevalent public health problems all over the world and it affects both 

developing and developed countries. It has been estimated that at a global level, anemia affects 1.62 

billion people, corresponding to a prevalence of 24.8% in the population. This situation is even more 

dramatic in the pediatric population, especially in preschool and school-age children. In 2011, the World 

Health Organization estimated that there are about 293 million preschool children with anemia 

worldwide, and their figures show that 47.4% of the preschool children of 6-59 months are anemic. In a 

study carried out in Brazilian children from two to six years old, the global prevalence of anemia was 

20.4%, and there is a significant difference in both sexes, with a prevalence of 30.9% in males and 9.2% 

in females 
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Introduction 

Anemia, a condition characterized by a reduction in the quantity of hemoglobin in the blood. 

This condition is one of the most prevalent public health problems all over the world and it 

affects both developing and developed countries. It has been estimated that at a global level, 

anemia affects 1.62 billion people, corresponding to a prevalence of 24.8% in the population. 

This situation is even more dramatic in the pediatric population, especially in preschool and 

school-age children. In 2011, the World Health Organization estimated that there are about 

293 million preschool children with anemia worldwide, and their figures show that 47.4% of 

preschool children of 6-59 months are anemic. In a study carried out in Brazilian children from 

two to six years old, the global prevalence of anemia was 20.4%, and there is a significant 

difference in both sexes, with a prevalence of 30.9% in males and 9.2% in females [1-4]. 

The etiology of anemia in children is multifactorial and the most common cause of anemia is 

nutritional in origin, especially iron deficiency anemia. However, other systemic and structural 

diseases can present anemia as a symptom, such as genetic variations in hemoglobin cellular 

structure that produce inherited hemolytic anemia and can be aggravated by impairment of the 

production of erythrocyte cells. With this in mind, physicians should consider anemia as a 

serious symptom and always need a systematic approach to characterize, classify, identify the 

etiology and decide upon the most appropriate therapy for the case. In view of the high 

prevalence of anemia and its various origins, this review provided an overview of the causes 

of anemia in children. Such information should contribute to the Sumaré Medical School 

teaching process, providing complementary information to pediatrics medical students [5-8]. 

 

Epidemiology of anemia in pediatric population 

Anemia, affecting a large number of populations, can lead to severe consequences in children, 

influencing physical growth and psychological development. This article reviews the latest 

epidemiology of anemia in children of different ages, different regions of the world, and 

different ethnic groups. It is aimed to provide a solid basis for understanding the enormous 

need for intervention to improve the health of children as well as the prevention, diagnosis, 

and treatment of anemia. The limitations of economic and technical conditions in different 

regions of populations are recognized when the treatments are carried out [9, 10]. 
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Anemia is a global public health problem affecting both 

developing and developed countries with major 

consequences for human health as well as social and 

economic development. It is a common problem in children, 

and infants and preschool children are at increased risk of 

anemia due to requirements for growth and the development 

of an expanded blood volume. In children, mild anemia may 

lack significant clinical symptoms, and the reduction and 

elimination of iron deficiency anemia may demonstrate 

potential benefits in infants with delayed development or 

psychological questionnaire scores lowered physical growth, 

which are remediable, once they are identified. It is estimated 

that anemia contributes to 1/3 of the 1.1 million deaths 

classified as other causes of mortality, totaling more than 

370,000 deaths [11]. 

 

Classification of anemia in children 

Anemia is classified according to the pathophysiological 

process that causes the disease and includes hypo-

proliferative anemia, hemolytic anemia, and 

hemoglobinopathy. According to the clinical manifestations 

and the size of red blood cells (RBCs), the disease is divided 

into the following: (1) macrocytic anemia: MCV > 82 fL; (2) 

normocytic anemia: MCV = 82-88 fL (<2 years old), MCV = 

82-100 fL (>2 years old); and (3) microcytic anemia: MCV < 

82 fL [12]. 

In children, iron deficiency anemia (IDA) is the most 

common nutritional anemia, followed by other anemia caused 

by a deficiency of vitamins such as B12 and folic acid. 

Multiple micronutrient deficiencies coexist in the anemic 

children leading to the concurrence of different anemias of 

etiologies. Severe malaria is a common cause of anemia in 

children living in malaria-endemic areas, and other infections 

can also lead to anemia or erythropoiesis disorders. In 

premature infants, the incidence of anemia is high, but most 

of them are mild in severity and have a good prognosis. In 

conclusion, the etiologies of anemia in children are 

complicated [13]. 

 

Iron deficiency anemia 

Iron deficiency anemia is the most common etiology of 

hypochromic microcytic anemia. After a period of significant 

body growth, the incidence of anemia in children increased 

significantly. It has been estimated that about 20-25% of the 

global population are experiencing iron deficiency anemia. 

However, there are great differences in the incidences of iron 

deficiency anemia among geographical regions. For example, 

iron deficiency anemia is infrequently seen in Northern 

Europe, Australia and New Zealand, while developing 

countries, particularly in Africa, South and Southeast Asia are 

suffering widespread iron deficiency. Recent data also 

suggest that a large number of American children are 

experiencing iron deficiency anemia. Since it has been 

recognized that iron deficiency anemia can result in poor 

neurodevelopment, impaired immune function, and long-

lasting effects on growth, it is important to recognize the 

etiology of anemia in children, particularly in those in 

developing countries, and to provide them with effective 

treatments. In this review, we will clearly demonstrate the 

possible etiologies of anemia in different stages of growth 

and discuss efficient and effective treatments for these 

conditions according to the mechanisms underlying these 

etiologies [14]. 

 

Vitamin deficiency anemias 
Anemia due to a deficiency in folic acid or cobalamin is rare, 

with a reported annual incidence at 3.9 and 7.6 per 100,000, 

respectively, compared to idiopathic anemia in children. 

During childhood, folic acid plays an important role in the 

birth and development of hematopoietic stem cells and the 

synthesis of myeloblasts, and it is very rare to present only by 

folic acid intake in adulthood. Traditionally, causes of 

deficiency grew before birth of the fruits of nutrition and folic 

acid-deficient diets, severe malabsorption syndrome, and 

hemodialysis patients. Currently, in economically advanced 

countries, in which folic acid-fortified food or folic acid is 

provided to pregnant women, this incidence has been 

reduced, and it has been known to be caused by 

malabsorption diseases, anticonvulsants, or methotrexate use. 

Cobalamin acts as a coenzyme in the methionine synthesis 

reaction that is necessary for the synthesis of nucleic acids, 

nerve fibers, cell division, and maturation of the erythroid 

cell, and helps to build a nerve fiber membrane, myelin 

sheath, and nervous system. The main cause of cobalamin 

deficiency in children is the intake of diet, severe 

malabsorption diseases, infection of the small intestine of the 

meat tapeworm of newborns, and intractable hereditary 

disorders of cobalamin metabolism. Types of anemia in 

children. However, nutritional anemia is still common in 

developing countries as a result of deficient intake of 

essential nutrients. Better understanding of the etiology of 

anemia in the pediatric population might lead to expedited 

diagnosis and treatment. The aim of our comprehensive 

review is to highlight the common and unique causes of 

pediatric anemia and to suggest differentials and available 

laboratory tests to help the clinician to diagnose anemia 

effectively. Furthermore, shared interests in the pediatric and 

hematology community might improve etymology-based 

focal education for anemia among pediatricians and family 

physicians [15, 16]. 

Anemia is still a common symptom in children and is 

diagnosed by a decrease in the normal range of hemoglobin 

concentration, of which the age-gender and ethnicity are 

known as reference ranges in each country. Since the 1960s, 

it has been recognized that approximately 10% of children 

aged 1-36 months have anemia, which is common during 

infancy and childhood, and a rediscovery of the importance 

of iron in growth and development has occurred. Throughout 

the world, more than 2.0 billion people have anemia, and the 

etiology has been described as three main categories based on 

mechanisms: (1) Nutritional anemia caused by the body's iron 

stores being depleted before iron intake is adequate; (2) 

anemia caused by chronic infections that reduce the iron 

stores of the body; and (3) anemia secondary to chronic 

diseases. Given the common occurrence of these anemia in 

children, the need for knowledge of the causes of these types 

of anemia by disorders and deficiency syndromes, which are 

probably the most common etiologies, is necessary. 

Hematologists are involved in diagnostic evaluation and 

management in cases of unexplained anemia, while it remains 

uncommon for a pediatrician to consult with a hematology 

specialist for guidance on routine anemia. For this reason, 

pediatric hematologists must be aware and track the causes of 

anemia observed in children and understand the nuances of 

the differential diagnostic approach for the causes of anemia. 

The hematologic system in humans is a host-genetic product, 

induced by gene-environment interaction, with cells 

constantly maturing, aging, and dying at a rate that allows for 
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the replacement of blood cells at a rate consistent with the 

cell's clearance. Changes in environmental factors can 

decrease rates of cells being cleared, and these extrinsic 

factors are what recognized as the cause of anemia [17, 18]. 

 

Hemolytic anemias 

Hereditary spherocytosis (HS) is the most common cause of 

inherited chronic hemolysis in patients of Northern European 

descent. HS is an autosomal dominant disorder caused by 

mutations in the genes for the erythrocyte cytoskeletal 

proteins spectrin, ankyrin, band 3, and protein 4.2. The major 

clinical manifestations of HS include anemia, jaundice, 

splenomegaly, and gallstones (pigment stones rather than the 

cholesterol stones seen in beta-thalassemia). Children often 

present with pallor, jaundice, and intermittent dark urine that 

results from the passage of red urine (hemoglobinuria) when 

unduly stimulated, such as by a viral illness or after exercise. 

Family histories frequently reveal prior splenectomies for 

similar characteristics in affected relatives. Fortunately, most 

children with HS do well, with a few hospitalizations for 

transfusions and occasional encounters with biliary colic [19]. 

The fragmentation (schizocyte) picture that occurs with 

increased RDW is not as pronounced as the amount of 

chronic hemolysis and is due to the ability of the spherocytes 

to flex in the microcirculation, which spares the release of all 

of the hemoglobin within the vessels. Other morphological 

abnormalities in the RBCs may appear in acute infections, 

aplastic crises, or rare susceptibilities to the paroxysmal 

nocturnal hemoglobinuria (PNH) antigen. However, HS is 

the most likely cause in children with a family history of HS. 

The degree of anemia in HS is related to the severity of the 

reticulocytosis. Rapid reticulocytosis replaces the removed 

red cells at a slower rate than they are destroyed, which 

usually promotes progressively increasing anemia. In most 

cases, after the red cell mass stabilizes, the spleen maintains 

the reticulocytosis during the entire patient's lifetime. 

Lymphoid hyperplasia in the medullary sinuses sequesters 

the hemolyzed debris and forms the basis for splenomegaly 

that will shrink after a red cell count decreasing with splenic 

sequestration reduction. Although reticulocytes alone 

identify relatively severe hemolysis over short time intervals, 

they do not correlate well with the decrease in Hgb levels over 

longer time periods. Posttransfusion hyperbilirubinemia can 

also complicate the evaluation of patients 3-5 weeks after 

transfusion therapy. Instead, the percentage of spherocytes is 

the earliest detection method of HS relapse after red cell 

transfusions, but the percentage may be decreased by the 

remainder of the effective spleen function 12 and the 

longevity of elevated mean corpuscular volume (MCV) 

levels. High MCV in HS increases the severity of 

nephrolithiasis and decreases that normal results of 

calculating the osmotic fragility that splenectomy helps to 

diagnose and influence the predisposition of possible bone 

marrow failure before severe hemolysis occurs. Other 

conditions, including sepsis, delayed graft function, and 

hemolytic disease of the newborn, may occur in the condition 

termed dehydrated, hereditary stomatocytosis. HS treatment 

with RBC transfusions is contraindicated because the cells 

may affect vascular relaxation, leading to outcomes for 

stroke, hypokalemia, hyperkalemia, and hyperphosphatemia 

in the much smaller number of days after exposure to related 

microbial contamination during storage. Also, even 

esophagogastroduodenoscopy for bleeding esophageal 

varices in HS may occur in the absence of splenectomy. 

Unilateral varicose vein injection and resection should be 

instead of portosystemic (mesocaval, splenorenal, or 

endovascular retrograde) shunts in children with HS [20-22]. 

 

Anemia of chronic disease 

Anemia of chronic disease or inflammation is a common term 

used to describe mild to moderate anemia in the presence of 

chronic systemic disease. The disease process itself is often 

characterized by anemia, mild leukocytosis, and 

thrombocytosis. This disorder of iron metabolism can 

manifest in chronic malnutrition and chronic inflammation. It 

is highly responsive to iron replacement therapy after the 

disease process has been treated and resolved. Causes of iron-

restricted erythropoiesis due to iron sequestration secondary 

to inflammatory cytokines lead to impaired iron release from 

reticuloendothelial stores. The pathophysiology involves the 

decreased bioavailability of iron that is stored in 

reticuloendothelial cells, leading to the essential anemia of 

chronic disease [23]. 

The supernormal release of liver hepcidin upregulates both 

signal transducer and activator of transcription and TNF 

alpha. It suppresses the absorption of iron in the duodenum 

and thus the bioavailability of iron to the erythroid myeloid 

marrow cells. A significant decrease in red blood cells results 

in a shortening of erythropoiesis life. Anemia is of particular 

relevance in inflammatory diseases in which hepcidin-

producing cells store iron in reaction to high levels of 

inflammation. Animal and human studies have implicated 

hepcidin as a key determinant of anemia in chronic infection, 

cancer, obesity, chronic kidney disease, and autoimmune 

inflammatory diseases [24]. 

 

Physiology of iron metabolism in children 

The iron metabolism is carefully regulated, since iron is a 

critical element for both host pathogen and the patient's 

intrinsic immune system. The primary site of absorption is 

the duodenum, with the amount absorbed being determined 

mainly by the body's iron requirements (set by developmental 

stage, hemoglobin status, overall growth, menstrual losses in 

women, etc.). The main hormone regulating extracellular iron 

is hepcidin, which is produced mainly by the liver, but its 

production can be induced by high levels of iron (acting via 

TFR2 to induce production of BMP6 by hepatic stellate 

cells). Smaller amounts of hepcidin can also be produced by 

the heart, kidney, and pancreas. Hepcidin acts mainly by 

controlling ferroportin expression in duodenal enterocytes, 

on the surface of macrophages and hepatocytes [13]. 

Iron can be stored in the liver, contained within two iron 

proteins (ferritin and hemosiderin), which exist because 

excess iron can cause the generation of toxic reactive oxygen 

species if it is not properly stored. Iron overload can also 

cause damage by direct metabolic actions of iron such as lipid 

peroxidation or by generating tissue injury through the 

accumulation of cells which are seen as "iron-trapping" by 

foreign body giant cells. Excess iron is also extremely useful 

to pathogens, so its toxic effects are quite beneficial to the 

host. Tissue growth and development thus require careful 

maintenance of iron concentrations, with hepcidin being the 

hormone that does the majority of the "fine-tuning" [25]. 

 

Causes and risk factors of anemia in children 

Chronic illness is the factor most associated with the presence 

of anemia in all childhood age ranges. Information about the 

risk factors associated with this problem at these different 
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moments in childhood can contribute to the establishment of 

preventive practices that promote optimal health in children. 

In this review, we have explored several studies, pursuing the 

various etiologies and causes of anemia, the consequences it 

generates, and the possible pathways for diagnosis and 

prevention in primary care, characteristic of the pediatric 

consultation, with special attention to children aged from 6 

months to 5 years. We will also carry out a review of 

consumption patterns and nutritional status of certain 

minerals present in the diet related to anemia [17]. 

Childhood is a critical period in the prevention of anemia's 

development, as the body increases total blood volume and 

tissue cells to a maximum extent. It may establish limitations 

on the daily activities of children, generating consequences 

related to cognitive development, psychosocial well-being, 

and even motor development and school performance. The 

disorder with the most importance in young children is lack 

of iron. The important development of cognitive, motor, and 

affective symptoms in young children at risk for iron 

deficiency is gaining space in the construction of 

management and prevention strategies, and the main causes 

of iron deficiency anemia (IDA) reflect changes in 

consumptions and population structures [7]. 

 

Nutritional factors 

Children need, on average, 7-8 mg/day of iron until the age 

of 10 years. Teenage girls need 15 mg of iron per day during 

their pubertal growth spurt. This increased demand is not only 

due to the increased requirement in the pubertal child as a 

result of increased muscle and blood mass, but also to the loss 

of iron via menstruation. Children need about 1-2 mg/day 

during this period, while adolescent girls need more, i.e. 1-

1.5 mg/day. The adolescent girl should be iron replete at 

menarche to avoid failure to fully achieve the growth 

potential. The daily demand for iron is about 0.30 mg/kg in 

the first 2 months of life and, thereafter, about 0.19 mg/kg/day 

between the ages of 2 and 12 months. Iron is essential for 

myelination, neurotransmitter synthesis, energy metabolism, 

and in most provinces for the control of free radicals. These 

demands require iron not only from early pregnancy but also 

during adolescence [26]. 

Since many children grow up in crowded city slums without 

access to adequate sanitation or safe drinking water, and due 

to their not being exclusively breastfed early in life, this puts 

them at high risk of iron deficiency. Iron deficiency is the 

natural consequence of not having a daily diet adequate in 

iron, folic acid, and other essential micronutrients. The World 

Health Organization has estimated, based on data from the 

Bangladesh Demographic Health Survey, 2007, and other 

sources, that approximately one-third of children in the world 

suffer from iron-deficient anemia, one-third of which is 

attributable to iron deficiency. The 2014 Bangladesh 

Demographic Health Survey data revealed that in children 

aged 6-11 months, 27% were stunted, 3% were wasted, and 

23% were underweight [27]. 

 

Infectious diseases 

Anemia is a major public health problem in developing 

countries that increases morbidity and mortality of children. 

Iron deficiency, which might be megaloblastic due to 

concomitant folate or vitamin B12 deficiencies, is the most 

common cause of anemia in infancy. Early identification of 

the causes of anemia is very important to implement 

appropriate therapeutic interventions and decrease morbidity 

and mortality [28]. 

Anemia in infectious diseases can be the result of three basic 

mechanisms: blood loss, hemolysis, and underproduction of 

different elements in the blood. In many countries, malaria, 

tuberculosis, and gastrointestinal infections are the major 

infectious diseases that cause anemia. In some countries, 

sleeping sickness and visceral leishmaniasis must also be 

considered as important infectious causes of anemia. In 

contrast, viral infections may cause transient anemia in the 

course of an infection, through mechanisms such as anemia 

of chronic disease, thrombocytopenia, or pancytopenia. The 

degree of anemia depends on the cause and the severity of the 

disease. Improvement in hematological parameters has been 

seen upon effective treatment with anti-infective medicines 
[29]. 

 

Genetic factors 
Genetic factors, especially the sickle gene, beta-thalassemia, 

and hereditary spherocytosis, are well-known worldwide as 

the etiologies of childhood anemia, notably hemolytic 

anemia. Although these disorders have been widely known, 

they are only focally studied at the regional levels in many 

countries, including Indonesia. However, understanding the 

genetic background of hemolytic anemia is crucial for 

determining the appropriate management and preventing 

further complications in children. In our study of the genetics 

of childhood anemia in Yogyakarta, we found a relatively 

high proportion of genetic factors, up to 25.5%. Thalassemia, 

non-s alpha and beta-thalassemia, and alpha-thalassemia, 

comprised the majority of genetic etiologies [30]. 

Forty-eight percent of the world's population carries some 

thalassemia trait. Indonesia is one of the countries in the 

region containing a high frequency of such trait. In children 

without any symptoms, the red blood cell size, mean 

corpuscular hemoglobin, and mean corpuscular hemoglobin 

concentration are usually similar to normal children. They 

usually have only mild anemia, normocytic, normochromic 

characteristics, and unlike thalassemia major, the hemoglobin 

variant frequently presents with those of hemoglobin E, 

hemoglobin A, and hemoglobin A2. Clinical symptoms 

usually develop at approximately six months of age as fetal 

hemoglobin production decreases, while adult hemoglobin 

production increases. Later, patients may present with 

anemia, jaundice, weakness, pallor, and hepatomegaly up to 

50% more than that which is normally present in normal-

sized children. Our study also described the etiology and 

modifiers for clinical manifestation to thalassemia in our 

cohort [31]. 

 

Clinical presentation and diagnosis of anemia in children 

Anemia in infants and toddlers is frequently related to a 

decreased peak in hemoglobin levels at 2 to 3 months of life 

and the introduction of cow's milk to the diet. It is generally 

asymptomatic. However, older infants and toddlers with 

nutritional iron deficiency anemia or hemolytic anemia 

usually appear pale, have a decreased growth rate, and 

manifest signs of irritability and tiredness. Iron deficiency 

anemia and anemia of inflammation (chronic inflammation), 

a condition frequently superimposed on protein-energy 

malnutrition, are usually hypochromic and microcytic. 

Thalassemia or lead-poisoning anemia and others 

characterized by abnormal hemoglobin formation are usually 

normocytic and normochromic when there is mild to 
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moderate anemia, since thalassemia red cell and iron-

restricted erythropoiesis develop slowly [32]. 

The clinical presentation of children with specific inherited 

anemia can vary tremendously. Symptoms are usually 

nonspecific, parents frequently have no knowledge of any 

family history of anemia and only about 20% of children with 

inherited types of anemia have a positive family history, only 

with chronic hemolytic anemia, do these patients develop 

signs of pallor. It is important for pediatricians to consider 

these inherited anemias in any child presenting with severe 

anemia and no obvious cause. Family screening is advisable 

when a case is confirmed. Family screening should include 

hematological evaluation as well as molecular genetic testing 
[6]. 

 

Signs and symptoms 

The clinical signs and symptoms attributed to anemia are 

largely the result of decreased oxygen transport to the body 

tissue and the work of increased cardiac output. Almost 

without exception, the signs and symptoms of anemia appear 

as hemoglobin values decline to less than 11 g/dL. The signs 

of anemia are relatively nonspecific and mimic those of many 

other diseases that children get even in the absence of anemia 

(e.g., lassitude, weakness, behavioral disturbances, decreased 

appetite, waning of intellectual activities, and so forth). 

Physical findings of anemia are also nonspecific and 

frequently are not apparent until the hemoglobin 

concentration falls below 9 g/dL [33]. 

Cardiovascular signs and symptoms predominate in children 

with severe anemia, e.g., tachycardia, systolic murmurs, 

pulmonary flow systolic ejection murmurs, palpitations, 

systolic murmurs, and occasionally precordial pain. 

Tachycardia is a reliable sign of tissue hypoxia present in 

nearly all children with severe anemia, but palpation of the 

pulse and auscultation of heart sounds is important in the 

count of pulse rate. In rare instances, signs of decompensated 

shock may be observed in children with anemia. Moreover, 

iron-deficiency anemia may be the presenting sign of a 

serious disease (e.g., adult-pattern polycystic disease of the 

kidney) in otherwise symptomless children [34]. 

There is a certain amount of folklore surrounding anemia 

such as the worthlessness of a diet without complete 

hemoglobin replacement, the necessity of specific parenteral 

medication, and the special situation in pregnancy and 

menstruation. Glutathione, pancreatic enzymes, endorphins, 

noxious gases, poor exchange of small molecules, alteration 

of the concentration of erythroid-stimulating substances, and 

unorthodox substances are believed to have a beneficial effect 

in preventing anemia. Depending on diet, culture, and 

awareness, the clinical findings, signs, and symptoms can be 

used to guide further consideration of the causes of anemia in 

children. Parameters for rational evaluation of the child with 

no physical findings, true anemia, subtle signs, diagnosed 

deficiency, feeding behavior changes, and so forth still 

remain to be clarified [35]. 

 

Laboratory tests 

Laboratory investigations are crucial in differentiating the 

various causes of anemia and early diagnosis of those 

conditions that may have significant long-term health 

sequelae if not identified and managed in a timely and 

appropriate manner. For this reason, these parameters should 

not be used in the form of a routine test in asymptomatic 

cases; rather, they should be used in high-prevalence 

diseases. A history of hematologic anomalies, congenital 

infections, endocrine disorders, malignancies, drugs, and 

dietary and hereditary causes that they have used should be 

taken. The diet should be investigated in detail. A family 

history should be questioned, and a complete physical 

examination should be conducted. Age, sex, growth, and 

development of the child must be considered, and the clinical 

picture of other systems besides blood should be investigated. 

In laboratory tests, CBC, erythrocyte and reticulocyte 

morphology, MCV, MCH, and MCHC; WBC, platelets, 

peripheral blood examination, lymphocyte count, 

spherocytes, hemoglobin F, G6PD, Coombs test; bone 

marrow examination, iron metabolism test, endogenous 

erythropoietin, transferrin receptors, homocysteine and 

folate, B12 vitamin, reticulocyte count variations, 

sedimentation rate, and electrophoresis methods (Hb. Hplc, 

cellulose acetate electromotive, starch block) should be used 

in the differential diagnosis of anemia [36]. 

Myelin gap anemia is primarily normochromic and 

normocytic. The main causes of its inception can be a state of 

increased loss and inadequate production states. The current 

loss in this table reveals a chronic illness, in addition to 

excessive bleeding and intravascular hemolysis. In cases of 

chronic illnesses, concomitant microcytic and hypochromic 

anemia may be seen; this is the mixed anemia. The Myelin 

gap increment alone without adequate erythrocyte expansion 

causes an inappropriate generation. Blood count findings can 

provide clues about the etiology, therapy direction, and the 

need for further testing. Especially in children with anemia, 

the first step in the diagnosis is CBC. On the updated table, 

the leukocyte and thrombocyte count is not specified, but in 

the case of systemic infection, a decrease will be determined 

in leukocytes. If the infectious state is not specified in the 

blood count characteristics of such children, the possibility of 

having a superimposed infectious disease or, as an 

alternative, having hyperimmunoglobulinemia will be 

mentioned. It is important to consider zinc's effect on 

leukocyte development. The discovery of leukopenia in the 

blood count is also one of the highlights of anthelmintic in 

mild infections [37, 38]. 

 

Management and treatment of anemia in children 

In most treatment guidelines for anemia, it is emphasized that 

the identification of the reason behind anemia is crucial for 

treatment planning because the treatment plan will vary 

according to the severity of anemia and the causative disease. 

According to the etiology, the plan will specify changes to 

specific factors in the child’s life, for instance, what the child 

is and is not eating, activity or sleep patterns, recent illnesses 

(e.g., minor infections) and how symptoms that are related to 

anemia are clinically managed [39]. 

Anemia should first be confirmed with a hemoglobin (Hb) 

test because the symptoms of anemia are frequently vague 

and non-specific and, in some cases, may not be related to 

anemia. The initial laboratory screening tests to determine the 

cause of anemia include measurement of levels of Hb, Hct, 

MCV, and RDW, in addition to a reticulocyte count, serum 

ferritin, and serum iron. Red blood cell morphology can also 

provide important clues to etiology. If these analyses do not 

specify the cause, further laboratory testing with TIBC, Hb 

electrophoresis, serum folate, and vitamin B12 testing, as 

well as a review of peripheral smear for abnormal cells, 

should be provided [40]. 
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The treatment of anemia in children should begin with a daily 

iron intake of 3-6 mg (1 mg/kg) throughout the early infancy 

period. Fortunately, by the 4-month well-baby examination, 

enough evidence will have accumulated to begin iron 

screening. Random Hb level determination is a practical 

method for detecting anemia during the first two years of life 
[41]. 

Preventing childhood iron deficiency anemia consists of 

strategies to increase the duration of successful breastfeeding 

and the iron content of infant diets, as well as prevention and 

treatment programs targeting socioeconomically 

disadvantaged minority children and pregnant women. In 

children with anemia, the best treatment is various iron-

containing preparations or supplements that are universally 

used, including the liquid pediatric age group-prepared 

medicinal form or equivalent iron dosage, as well as iron 

prepared with an appropriate dosage for age and 

bioavailability [7]. 

 

Nutritional interventions 

The cornerstone of anemia control is nutritional 

interventions, which, with the exception of iron and vitamin 

A therapies, are relatively safe and have been found cost-

effective. A nutritious and balanced diet can provide 

micronutrients essential for the prevention and treatment of 

anemia. Fortification contributes to the prevention of anemia 

through increasing iron, folate, and vitamin B12 intake by the 

general population. In countries where fortified food and 

biofortified food for bio-available iron (e.g., beans, 

cauliflower, sweet potato, banana, and rice) intake are low, 

emphasis should be on consuming more of these foodstuffs 

where available. There is a trade-off in terms of carrying out 

a phytate reduction process (e.g., soaking grains overnight, 

fermenting, and adding vitamin C and/or vitamin D), which 

has been shown to improve bioavailability of iron and 

improve iron status as well, thereby indicating increased 

erythropoiesis and hence a reduced risk of anemia. 

Intervention programs should focus on pregnant mothers and 

infants with the following at-risk characteristics: gestational 

anemia, low birth weight, elderly mothers, a large number of 

family members, premature babies, anemia in the first year of 

life, poor nutritional statuses, and vitamin A deficiency. The 

WHO encourages the practice of exclusive breastfeeding for 

the first 6 months, including skin-to-skin contact to decrease 

maternal stress and therefore depleted body iron stores and to 

provide a supply of infants' requirements for free calcium. 

The WHO recommends the consumption of fruit and 

vegetables, fortified foods, iron tablets with 60 mg/day of 

elemental iron or iron syrup from 6 months of age for infants 

from the general population, with additional increases up to 

around 120 mg/day for iron deficiency anemia cases. 

Preschool children from 3 years of age should consume a 

daily mixed diet and balanced food. A daily iron supplement 

or iron syrup containing 30 to 40 mg of elemental iron is 

suggested for infants aged 6 months to 12 years, whereas 

school children should consume a typical diet and foodstuff 

with good iron bioavailability. For safe supplementation, 

both the open food-based approach and the targeted 

supplementation using interventions at primary health 

facilities can be used. Significant impacts can be anticipated 

in low-income countries. The deposited iron may then be 

used as a part of the systemic iron level throughout infancy, 

to avoid the common peak of anemia observed at 6 months. 

Fortified products such as fish sauce from the private sector 

have increased the compliance level, providing the crucial 

approach of assuming one of these products being the only 

one able to reach the demands for the majority of the 

population. Finally, however, a high level of complacency 

over autonomy in this context will lead to the reinforcement 

of previous experiences with insufficiently fortified foods [42]. 
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