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Abstract((
!

Anemia!is!a!serious!global!health!issue.!However,!there!is!a!disproportionate!

skew!of!anemia!in!the!developing!world!versus!the!more!developed!western!world.!

The!three!common!causes!of!anemia!are!iron!deficiency!anemia,!anemia!of!

inflammation,!and!genetically!linked!causes!of!anemia.!This!paper!outlines!the!

molecular!basis!of!anemia,!common!causes,!treatments!and!prognosis!for!each!cause!

of!anemia.!In!addition,!this!paper!offers!a!brief!overview!as!to!why!there!is!such!a!

disproportionate!number!of!individuals!in!the!developing!world!who!suffer!from!

anemia,!and!how!such!a!skew!impacts!national!productivity!and!public!health.!

Finally,!this!paper!looks!at!private!and!public!sector!contributions!to!fight!anemia!in!

Sub@Saharan!Africa,!and!how!these!interventions!can!be!improved!in!the!future!in!

order!to!better!fight!anemia!and!give!individuals!a!chance!to!escape!the!cycle!of!

poverty,!malnutrition,!and!premature!death.!!



Anemia is the leading cause of death among young children in sub-Saharan Africa 

(Hotez, 2008). On a global scale, the World Heath Organization estimates that 60-80%, or 

4-5 billion people, are anemic (WHO, 1999). Anemia can be broadly defined as a deficiency 

of the oxygen carrying metalloprotein hemoglobin, often abbreviated Hb (Tolentino, 2007). 

Hemoglobin is the oxygen binding protein found in the blood, and is responsible for both 

the delivery of oxygen from the lungs to organs and tissue, as well as the removal of the 

aerobic respiration byproduct CO2. It can then easily be understood why a deficit in serum 

hemoglobin would result in a variety of detrimental side effects. Why then do we see so 

many individuals deficient in serum hemoglobin? A look into the biochemical structure and 

function of hemoglobin will provide some insight into why this occurs.  

 

Biochemistry of Hemoglobin  

Hemoglobin is a tetramer protein, meaning it is composed of four different subunits. 

These four subunits, known as alpha and beta chains, come together to form the quaternary 

protein known as hemoglobin A (HbA) (Berg, 2010). This hemoglobin protein can be 

divided into two beta and alpha chains – described as α1β1 and α2β2 subunits. In each alpha 

and beta chain sits an organic compound known as protoporphyrin. Protoporphyrin contains 

a central ring in which an iron group resides. The central iron atom is covalently bound to 

four peripheral nitrogen groups, which stabilizes the entire compound. The reason this iron 

group is so vital to the function of hemoglobin is because of the fact that oxygen gas – O2 – 

binds to this iron group, allowing hemoglobin to bind oxygen in the lungs and deliver it to 

the rest of the body.  This iron group is typically ferrous iron, meaning it has a +2 oxidation 

number; as its ferric counterpart with a +3 oxidation number does not have the ability to 



bind oxygen (Berg, 2010). When iron is not present in sufficient quantities to meet normal 

physiological demands, iron is unavailable to bind to the proteoporphyrin compound and, in 

turn, hemoglobin cannot bind oxygen sufficiently. We define this state of severe iron 

deficiency clinically as the broad term anemia.  

 

Clinical Classification  

The clinical definition of anemia depends on three main factors: age, gender, and 

pregnancy status. For non-pregnant adult females the threshold serum Hb levels must be 

<12g/dL, and pregnant females <11g/dL. While adult males present with serum Hb <13 

g/dL, and adolescents <11.5 g/dL (Tolentino, 2007). Acutely, anemic patients often present 

with fatigue, tachycardia, palpitation, and tachypnea upon exertion (McPhee et. al).  In 

addition to acute symptoms, chronic anemia can result in poor pregnancy outcomes, reduced 

cognitive function, and even death (Tolentino, 2007).  

It is important to note that anemia as a whole can encompass a broad spectrum of 

underlying causes. It is akin to using the term shortness of breath to classify disease; it is 

more of a symptom than a disorder. For the purposes of this paper we will focus exclusively 

on the four most prevalent causes of anemia: micronutrient deficiency, parasitic infection, 

and inherited blood disorders.  

 

 

Epidemiology  

By far, the highest prevalence of anemia occurs in the developing world where 53% 

of children between the ages of 5-14 years old are anemic (Tolentino, 2007). This 



disproportionate skew of anemia is due largely to the poor public health infrastructure of 

developing nations, high rate of parasitemia, and poverty. This combination of malnutrition, 

infection, and lack of healthcare form the perfect storm to cause endemic anemia across the 

developing world. In more developed nations we still see rates of anemia but – thanks to 

vitamin fortification of our food and diets high in animal products, anemia is not considered 

a major public health concern (de Benoist et. al, 2008).  

In the developing world, adolescents are hit the hardest with the burden of anemia, 

while pregnant women follow close behind (de Benoist et. al, 2008). This is a serious issue 

because, during pregnancy the body has the highest demand for iron due to the developing 

fetus within the mother (Fawzi, 2007). If the mother does not have adequate stores of iron 

during pregnancy the fetus will not receive the proper levels of iron and development may 

be compromised. This fetal iron deficiency can then culminate in poor myelination of 

neurons, cognitive impairment, and low birth weight (Tolentino, 2007).  

 

Causes 

Because anemia can be caused by tens of disorders, the three most prevalent causes 

of anemia will be covered in this paper: micronutrient deficiency, anemia of inflammation 

and genetic disease. Collectively, these three sub-classifications of anemia constitute the 

majority of the public health crisis we currently face in the developing world.  

 

Micronutrient deficiency anemia 

Iron deficiency is the most common cause of anemia worldwide (Tierney, 2002). 

Iron absorption is incredibly inefficient, with only 10% of dietary iron being absorbed 



through the stomach, duodenum, and upper jejunum (Tierney, 2002). Because iron is so 

poorly sequester from the diet, it is vital that diets contain adequate levels of iron to ensure 

physiological demands can be met. Normally, iron is absorbed through the gut lumen 

enterocytes by the membrane protein divalent metal transporter 1 (DMT1) (DeLoughery, 

2014). This protein allows the passage of ferrous iron ions from the gut lumen into the 

enterocyte cytoplasm. Once in the cytoplasm of the enterocyte, ferrous ions are transported 

into the bloodstream by the membrane bound protein Ferroportin on the basolateral side of 

the enterocyte (DeLoughery, 2014). Once in the blood, iron binds to the iron transporter 

Transferrin. Transferrin then travels through the blood to deliver iron to either the bone 

marrow for red blood cells undergoing erythropoiesis, or to the liver where excess iron is 

stored until it is needed for erythropoiesis (DeLoughery, 2014).  

When iron is not present in adequate amounts to support normal physiology, 

erythropoiesis is compromised and not enough red blood cells remain in circulation. Over 

time, this results in a decrease in serum hemoglobin levels and ultimately, small red blood 

cells described as microcytic, and what is known as microcytic anemia. It is important to 

note that a lack of iron in the diet is not the only way to enter a state of iron deficiency 

anemia, but blood loss often plays a major role as well. When significant blood is lost, 

usually through colorectal lesions or menstruation, erythrocytes are lost in significant 

quantities. The body must then compensate for this blood loss by ramping up production of 

new red blood cells via erythropoiesis. When more red blood cells are lost than can be 

replaced, you enter a state of low serum hemoglobin levels and ultimately, anemia.  

In addition to iron, many other micronutrients are vital components in iron 

metabolism. One of which is vitamin B12, another micronutrient found primarily in animal 



products. B12, otherwise known as cobalamin, is an important cofactor in the proper 

function of methionine synthase and l-methylmalonyl-coenzyme A mutase. These two 

enzymes are integral in the process of DNA repair and synthesis. When vitamin B12 levels 

are depleted these enzymes cannot function properly and the result is megaloblastic anemia. 

In megaloblastic anemia the maturation of the cytoplasmic and nuclei portion of the red 

blood cell is out of sync, and the result is red blood cells with small, immature nuclei 

(Stabler, 2013). Ultimately, these cells do not divide properly and you have a net decrease in 

the number of circulating red blood cells – anemia ensues.   

There are two primary causes of B12 deficiency seen clinically. First, is dietary 

insufficiency of B12 intake resulting in low B12 levels in the body and can present as 

megaloblastic anemia. Because B12 is found exclusively in animal products such as meat 

and fish, this is usually seen in vegans or individuals who do not have access to animal 

products on a regular basis. The second, and most common cause of B12 deficiency is 

pernicious anemia, an autoimmune disorder in which the body destroys gastric pariental 

cells and the H/K-ATPase that is responsible for hydrochloric acid secretion in the stomach. 

This destruction of gastric pariental cells results in achlorhydria and lack of intrinsic factor 

secretion (Stabler, 2013). Intrinsic factor is the molecule that binds dietary vitamin B12 to 

allow receptor binding and internalization in the distal ileum. When the acidity, as well as 

intrinsic factor secretion of the stomach is reduced, B12 absorption becomes impossible and, 

no matter how much B12 containing food is ingested, levels will remain low and 

megaloblastic anemia can ensue.  

In addition to B12, folic acid is another micronutrient vital to proper erythrocyte 

development and function. Commonly referred to as folate, folic acid is integral to the 



process of DNA synthesis during erythrocyte development. When folate levels decrease, 

DNA synthesis is impaired and – much like in the case of B12 deficiency – megaloblastic 

erythrocytes are produced. This results in premature death of red blood cells, and a net 

decrease in the level of circulating red blood cells. In turn, there is a decrease in oxygen 

carrying capacity of the blood, resulting in megaloblastic anemia, although there are none of 

the neurological defects as seen in vitamin B12 deficiency megaloblastic anemia (Tierney, 

2002).  

Folic acid is found primarily in fresh fruits and vegetables, and thus, is easy to attain 

in the diet. The primary cause of folic acid deficiency is a lack of dietary intake due to 

malnutrition or underlying anorexia. During pregnancy, folic acid demands are increased 

considerably, and without proper oral supplementation or food fortification, pregnant 

women can become folate deficient very quickly (Tierney, 2002). In addition to dietary 

insufficiency, infections with Plasmodiudm spp., the parasite responsible for Malaria, can 

result in complications in folate metabolism. When infected with Plasmodium spp., there is 

an increase in hemolysis and thus demand for red blood cell generation increases. This 

increase in the demand for red blood cell development results in a spike in folate demand, 

and often causes folate deficiency and ultimately, anemia (Tolentino, 2007). Besides the 

direct impact upon red blood cell homeostasis during infection of Plasmodium spp., many 

antimalarial drugs work by blocking the enzymes responsible for folate synthesis and 

metabolism in Plasmodium spp.. These drugs are non-specific, and also have an affinity for 

the host’s enzymes involved in folate metabolism. The result is then impaired host folate 

metabolism, and in cases of high dosage treatment, compromised folate levels that can lead 

to megaloblastic anemia.   



 

Anemia of Inflammation 

Although micronutrient deficiency is the primary cause of anemia in the developed 

world, anemia due to inflammation is a pressing issue in less developed nations that lack 

access to healthcare and reliable public health infrastructure. Anemia of inflammation is 

often referred to as anemia of chronic disease, due the fact that chronic inflammation 

directed by the immune system causes anemia of inflammation. Any one health condition 

associated with widespread immune activation and chronic inflammation can result in 

anemia of inflammation. This includes, but is not limited to, cancer, parasitic infection, 

bacterial or viral infection, autoimmune disorders, chronic kidney disease, and organ 

transplant rejection (Weiss, 2005). For the purposes of this paper, I will focus upon the four 

most common causes of anemia of inflammation in the developing world: malaria, 

HIV/AIDS, hookworm infection, and Trichuris trichiura infection (Tolentino, 2007).  

Anemia of inflammation has three hallmarks. First, there is a dysregulation of iron 

homeostasis, followed by impaired proliferation of red blood cells and finally, a decrease in 

the erythropoietin response (Weiss, 2005). Iron homeostasis is disrupted due to the uptake 

and retention of iron by macrophages (Weiss, 2005). Upon infection with a foreign invader 

the body stimulates production of inflammatory cytokines. These cytokines, primarily IL-6, 

IL-10, IL-1, TNF-α, and interferon-γ, each then exert their effects upon transporters and iron 

binding proteins. IL-6, IL-1, and IL-10 cause an increase in the expression of the iron 

sequestering protein ferritin within macrophages, resulting in an increase in the capacity to 

store iron within macrophages (Weiss, 2005). IL-6 and IL-10 also up-regulate the 

expression of the transferrin receptor on the cell surface of macrophages, resulting in an 



increased capacity to bind extracellular transferrin/iron complexes and mop up circulating 

iron. Interferon-γ then causes an increase in expression of divalent metal transporter-1 

(DMT1) on the macrophage cell surface, allowing the macrophage to import ferrous iron 

into the cell cytosol, where it can then bind to ferritin. In conjunction with an increase in the 

expression of macrophage DMT1, there is an inverse down regulation of the iron exporter 

Ferroportin-1 by interferon-γ, resulting in retention of macrophage iron stores. 

 Collectively, the increase in the retention of iron due to up-regulation of ferritin 

expression, coupled with the up-regulation of iron importing proteins such as transferrin and 

DMT-1 results in a net increase in the capacity of macrophages to uptake and store iron 

within their cytosol. This, followed by a down-regulation of iron exporting protein, 
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Figure'1:!Graphical!representation!of!cytokine!interaction!upon!macrophage!iron!
homeostasis.!Black!arrows!represent!up,regulation,!while!red!blunted!arrows!
represent!down,regulation!(adapted!from!Weiss,!2005).!!



ferroportin, results in a staunch decrease in serum iron levels. See figure 1 for a 

visualization of cytokine regulation upon the ability of macrophages to sequester and retain 

iron.  

In addition to skewed iron homeostasis at the macrophage level, IL-6 signaling 

results in an up-regulation of the hepatic protein hepcidin. Hepcidin then blocks the 

duodenal absorption of iron, while also blocking expression of macrophagic ferroportin 

(Weiss, 2005). Decreased duodenal absorption of iron results in an inhibition of 

erythropoiesis and ultimately, results in anemia. It has been shown that when the hepcidin 

gene is knocked out in mice, they do not become anemic even during states of chronic 

inflammation (Nemeth, 2004). This insight points to the possibility that hepcidin plays a 

vital role in anemia of chronic disease.  

The second hallmark of anemia of inflammation is the impaired proliferation of 

precursors to erythrocytes. Erythroid precursors are impaired due to the inhibitory effect of 

cytokines, primarily interferon-γ, which acts by inhibiting the development of the earliest 

stage of erythropoiesis; the burst forming unit- erythroid (BFU-E) (Wang, 1995). Interferon-

γ inhibits the generation of BFU-E by inducing apoptosis in these progenitor cells through 

the formation of ceramide, waxy lipid molecules that are involved in cell signaling - 

including programmed cell death (Means, 2003). In addition to ceramide-based apoptosis, 

cytokines in general secrete free radicals and other cytotoxic compounds as part of the 

immune response that is often toxic to erythroid progenitor cells (Weiss, 2005). 

Collectively, the direct inhibition of the development of BFU-E by interferon-γ, followed by 

the direct cytotoxic effects of cytokines results in a decrease in erythropoiesis and 

circulating red blood cells and ultimately, anemia.  



The final marker of anemia of inflammation is a decrease in erythropoietin secretion 

by the kidneys. Erythropoietin (EPO) is a glycoprotein hormone produced by fibroblasts in 

the kidneys. EPO is secreted in times of decreased blood oxygen saturation and hemoglobin 

levels, in order to stimulate production of erythrocytes in the bone marrow. During normal 

activity, EPO binds to the erythropoietin receptor (EpoR) on the cell surface of erythrocyte 

progenitor cells, which then activates a Janus kinase 2 cascade resulting in maturation and 

proliferation of red blood cells (Middleton, 1999). During chronic inflammation, EPO 

expression is directly inhibited by the cytokines IL-1 and TNF-α (Jelkmann, 1998). This 

inhibition is due to the production of reactive oxygen species, which affects the transcription 

factor binding to the EPO gene, as well as damages erythropoietin-producing cells in the 

kidney (Weiss, 2005). When the EPO response is dampened, the body cannot signal to 

increase erythropoiesis and there is a net decrease in the amount of circulating erythrocytes. 

This decrease in blood erythrocyte levels results in a decreased oxygen carrying capacity of 

the blood and ultimately, anemia.  

With these three hallmarks in mind, it can be easily understood why inflammation 

results in anemia. Between a decrease in circulating iron levels, a decrease in duodenal 

absorption or iron, impaired ability of erythroid progenitor cells to divide, and a dampened 

EPO response, individuals with disorders resulting in chronic inflammation can easily 

become anemic. But this raises the question as to why inflammation would result in a net 

decrease in circulating iron levels and red blood cell generation. The current theory is that 

the reticuloendothelial system sequesters iron because it is an essential nutrient for pathogen 

growth and proliferation. By reducing the levels of iron in the blood stream through 

macrophage sequestration, and a decrease in circulating red blood cells that could 



potentially be hijacked by a pathogen, the immune system is effectively depleting the 

pathogen of a vital nutrient for proliferation. This cuts off one of the major “food” supplies 

to the microorganism in question, and can aid in defending against an infection (Weiss, 

2005).  

 

Parasitic and Viral Infection as Causes of Anemia  

In the developing world there tends to be a high burden of parasitic and viral disease 

within populations that can contribute to anemia of inflammation. HIV infection is a serious 

concern in sub-Saharan Africa, in which there is an estimated 28.5 million individuals living 

with HIV/AIDS (Breu, 2012). Epidemiological studies have shown that anemia is 

significantly more prevalent in individuals with HIV compared to unaffected age, sex, 

gender, and pregnancy status matched counterparts (Tolentino, 2007). In regions such as 

Tanzania, the prevalence of anemia in HIV infected women is as high as 83% (Antelman, 

2000). HIV is strongly correlated with anemia due to the fact that the immune system is 

perpetually active, resulting in an increase in cytokine secretion, leading to anemia of 

inflammation (Tolentino, 2007).  

In addition to HIV/AIDS, parasitic infections are much more common in the 

developing world compared to developed countries. One of the most prevalent and 

detrimental parasitic infections is Hookworm infection with Ancylostoma duodenale, and 

Necator americanus. Upon infection, hookworms attach themselves to the small intestine 

where they disrupt the epithelial lining of the digestive tract and cause excessive blood loss 

in the stool (Gilman, 1982). The secretion of blood thinning agents by the hookworm further 

aggravates this blood loss, thus preventing clotting and exacerbating blood loss in the stool 



(Tolentino, 2007). Overall, infection with hookworm parasite causes iron deficiency through 

blood loss in the stool, as well as anemia of inflammation due to the chronic release of the 

cytokines mentioned earlier in this section. Taken together, hookworm infection presents a 

serious public health issue as anemia decreases energy levels and the ability to work, as well 

as presents a likelihood of low birth weight in the offspring of mothers who harbor a chronic 

hookworm infection.  

Malaria is a serious public health concern in the developing world. In addition to 

being a detrimental disease, malarial induced anemia is the leading cause of death in anemic 

patients worldwide (Mendez, 2000).  In order to better understand how malaria causes 

anemia in patients, it is important to understand the mechanism of transmission and life 

cycle of the parasite. Plasmodium falciparum is the primary cause of symptomatic malaria 

globally, and accounts for the majority of cases of malarial induced anemia (Tierney, 2002). 

Malaria is transmitted by the bite of the female anopheline mosquito. Sporozites enter the 

bloodstream via the mosquitos bite, and travel to the liver where they then infect 

hepatocytes. Here, the sporozites develop into merozoites that exit the liver and enter 

circulation; here they can then infect erythrocytes and reproduce (Tierney, 2002). In order to 

continue the cycle of infection, the sporozoites lyse red blood cells. This large-scale 

hemolysis results in anemia due to the resultant decrease in circulating erythrocytes 

(Tolentino, 2007). Due to infection based immune stimulation and the activation of 

pathways discussed previously – primarily the decrease in erythropoietin – malaria infection 

has also been shown to cause anemia via inflammation induced anemia (el Hassan, 1997). A 

decrease in erythrocyte production is seen due to dampened erythropoietin signaling. This 

decrease in erythrocyte production, coupled with an increase in erythrocyte lysis and 



turnover results in a net decrease of total red blood cells in circulation. This loss of red 

blood cells and their hemoglobin molecules results in a two-pronged cause of anemia during 

infection with the P. falciparum parasite.  

Malaria induced anemia is a cause of major concern in the developing world. Not 

only does the parasitic infection itself cause debilitating symptoms such as nausea, diarrhea, 

high fever, and seizures  (Tierney, 2002), but the life cycle of the parasite also raises serious 

potential for the development of anemia in patients as well. The anemic state only 

exacerbates symptoms, and can lead to serious long term side effects that leave patients 

debilitated. In addition to the initial infection, malaria can easily cross the placental barrier 

and infect offspring in pregnant mothers, leading to low birth weight and increasing the 

probability of infant mortality (Tierney, 2002).   

In addition to hookworm and malaria, Schistosomiasis and Trichuris trichiura are 

two other parasitic infections that play a major role in anemia in the developing world. The 

Schistosomiasis spp. collectively infect around 200 million individuals worldwide, with 

about 20 million individuals developing severe consequences due to infection (Tierney, 

2002). For our purposes, we will only focus on anemia as a complication related to infection 

with this trematode. It has been debated as to how exactly Schistosomiasis causes anemia, 

but recent studies have shown the primary cause to be anemia of inflammation due to 

immune activation by the reproduction of adult worms in the bowels (Friedman, 2005).  

Trichuris trichiura infection is one of the most common parasitic infections globally 

with over 1.049 billion people infected (Tolentino, 2007). Luckily, Trichuris infections tend 

to be mild, and only during bouts of heavy infection do we see an incidence of anemia. 

Trichuris is a roundworm infection, and part of the life cycle involves the hatching of eggs 



in the small intestine (Tierney, 2002). This egg hatching and worm migration can cause 

colonic lesions, resulting in blood loss in the stool and, during heavy infection, anemia due 

to heavy blood loss and decreased erythrocyte count (Tolentino, 2007).  

 

Inherited Disorders 

 Thalassemia is a common genetic disorder that affects the production of hemoglobin 

in red blood cells. There are two primary subtypes of thalassemia, α-thalassemia and β-

thalassemia, which affect the synthesis of either the alpha or beta-like hemoglobin chains 

respectively (Higgs, 2011). Thalassemia is classified as partial or complete loss of alpha or 

beta chain production in red blood cells. α-thalassemia is more common and widespread. 

However, there is a higher prevalence in Africa (DeLoughery, 2014). α-thalassemia in its 

most severe form is fatal before, or shortly after, birth. Thankfully, this severe form that 

constitutes a complete loss of α-chain production is quite rare due to the fact that there are 

four genes for the α-chain adjacent to each other on each end of chromosome 16. Thus, in 

order to have a complete loss of α-chain production there must be a disruption of all four 

alleles (Berg, 2010). Conversely, because the β-chain is only encoded on two alleles, each 

on chromosome 11, it is much more likely that a genetic disruption will remove all (β0-

thalassemia) or one of the alleles (β/ βT-thalassemia) encoding the β-chain (Berg, 2010) 

(Higgs, 2011).  

 Thalassemia causes anemia because the loss of alpha or beta chains will result in the 

improper pairing of remaining chains. Often, these mono-chain hemoglobin units will 

aggregate in such a way that they precipitate out of solution causing severe membrane 

damage to erythrocytes and improper erythropoiesis (Higgs, 2011). The result is what is 



known as microcytic anemia, an anemia characterized by improper red blood cell 

development and the presence of smaller than usually erythrocytes in a blood smear 

(DeLoughery, 2014).  

 The second most common genetic disorder that can cause anemia is sickle-cell 

disease. Sickle cell anemia occurs when an individual is homozygous for the HbS gene. HbS 

is the term for the mutated form of the β-chain gene, where thymine is replaced by adenine 

at the 17th nucleotide position (Berg, 2010). This single nucleotide change results in the 

amino acid valine replacing glutamic acid at the 6th amino acid residue (Rees, 2010). This 

replacement of a hydrophilic amino acid for a hydrophobic amino acid allows for the 

binding of β1 and β2 chains in the deoxygenated state. This binding ultimately results in the 

polymerization of β1/ β2 binding partners, which then fill the erythrocyte and distort the 

membrane, producing the characteristic sickle shaped erythrocytes. This distortion of 

erythrocytes often results in lysis of red blood cells, and it is this chronic lysis that causes 

hemolytic anemia in patients with sickle-cell anemia (Tolentino, 2007).  

 Overall, we have looked at the major contributors to anemia in the developing world. 

Anemia of chronic disease, iron deficiency anemia, hemolytic anemia, and genetic disorders 

that put individuals at risk for the development of anemia are all serious conditions that 

require chronic monitoring and treatment through various avenues. Like separate diseases, 

each classification of anemia must be approached from a different directions in order to best 

treat, and in some cases cure, the patient. Next, we will chronicle the main treatment 

mechanisms for each cause of anemia.  

 

Treatment Options 



Micronutrient Deficiency Anemia  

 In the case of micronutrient deficiency anemia we have focused on vitamin B12, 

folate, and iron as the primary micronutrients that, when deficient, can result in anemia. The 

treatment options are different for each nutrient deficiency. In the case of iron deficiency, 

daily ferrous sulfate supplementation is recommended at a low dose of 15-20 mg/day 

(DeLoughery, 2014). This supplementation of oral iron should be monitored in order to 

ensure patient tolerance, as some patients may not respond to oral iron therapy. In order to 

increase absorption, vitamin C supplement should accompany iron supplementation and the 

patient should avoid tea and coffee, which can decrease dietary iron absorption by up to 

90% (DeLoughery, 2014). If the patient does not respond to oral iron supplementation 

intravenous iron can be administered in the form of low-molecular-weight iron dextran at a 

test dosage of 25mg, then 975 mg over 4-6 hours to total 1,000 mg. Parenteral 

administration of iron supplementation bypasses the concern of low duodenal absorption as 

well as the gastrointestinal side effects that may accompany oral administration 

(DeLoughery, 2014).  

 Vitamin B12 deficiency is often more complex than iron deficiency due to the fact 

that the primary cause is autoimmune gastritis, which has no cure. In order to treat vitamin 

B12 deficiency due to autoimmune gastritis cyanocobalamin, a synthetic form of B12, 

should be administered intramuscularly at a dosage of 1,000 µg/day for a week. After a 

week, intramuscular B12 should be administered weekly for 4-8 weeks, then monthly for 

life (Stabler, 2013). If intramuscular administration is not an option, patients can take a daily 

oral cyanocobalamin supplement at a dosage of 1,000-2,000 µg/day for life (Tierney, 2002) 

(Stabler, 2013). In the instance that vitamin B12 deficiency is not due to autoimmune 



gastritis, or any other condition that has compromised the integrity of gastric parietal cells, 

oral supplementation at a dosage of 12 µg/day or the introduction of foods fortified with 

vitamin B12 into the diet is considered an effective therapy (Stabler, 2013).  

 Folic acid deficiency results in megaloblastic anemia, similar to vitamin B12 

deficiency. Therefore, upon diagnosis of megaloblastic anemia it is important to test both 

vitamin B12 and folic acid levels in order to distinguish between the two disorders. The 

treatment of folic acid deficiency is quite simple, as folic acid is absorbed throughout the 

entire gastrointestinal tract and can therefore easily be supplemented. The standard 

treatment method is administration of folic acid orally at a dosage of 1 µg/day (Tierney, 

2002).  

 

Anemia of Inflammation  

 Anemia of inflammation and hemolytic anemia due to parasitic or viral infection 

often occur as comorbidities due to the nature of infection. Due to this, we will focus on 

these two chronic diseases as one in terms of treatment and management in patients 

presenting with chronic infections that result in systemic inflammation and impaired 

erythrocyte lifespan. Most patients who present with anemia of inflammation have an 

underlying infection that should be managed first and foremost.  

In the case of roundworm infections, the primary treatment method should be the 

administration of deworming agents, primarily albendazole or mebendazole, which work by 

blocking glucose absorption by the roundworm (Tierney, 2002). Albendazole is the 

preferred treatment option for treating hookworm infections due to its ability to be absorbed 

in the gut to a higher extent, and thus destroy cysts not present in the gastrointestinal tract 



(Albonico, 1994). For trichuriasis the cure rate is low, and often albendazole and 

mebendazole must be combined with ivermectin in order to decrease worm burden to an 

acceptable level (Tierney, 2002).  

If a patient presents with the trematode infection schistosomiasis, the accepted 

course of action is administration of praziquantel for 1 day at a dose of 40 mg/kg (Tierney, 

2002). Cure rates are high after a single treatment, >80%, thus making praziquantel a cost 

effective mechanism for treatment in Africa and other subtropical areas where 

schistosomiasis infection is common.  

Malaria is more complicated to treat, as resistance to older drugs is a chief concern 

in many plasmodium species. In Africa, chloroquine as an antimalarial is common practice 

due to high availability and generally lower cost in comparison to newer medications 

(Tierney, 2002). However, most P. vivax infections are chloroquine resistant and this proves 

an ineffective treatment option. Recently, the World Health Organization (WHO) has listed 

new combination therapies that prove to be more effective in these regions, but high cost 

and low accessibility proves to continue to be an issue in attaining these drugs in the 

developing world (Tierney, 2002).  

HIV/AIDS is a major problem in much of Africa, and the prognosis for most patients 

is poor due to the lack of reliable public health infrastructure and healthcare access. Because 

HIV/AIDS is still considered incurable, management of the disorder is expensive and often 

times impractical in the developing world. In terms of anemia, the best treatment option is 

the administration of erythropoietin to stimulate erythropoiesis and improve hemoglobin 

levels in the bloodstream (Tierney, 2002).  



As one can clearly see, the best way to treat anemia of inflammation is to treat the 

infection causing the anemia in the first place. However, this is not always feasible because 

of either cost, or the nature of the infection. In these cases, it is recommended that blood 

transfusions be administered on a regular basis to patients until proper treatment options 

become available (Weiss, 2005). Transfusions allow for a patient’s hemoglobin count to 

rapidly increase, and reverses the effects of anemia rather quickly. Iron supplementation is 

not recommended in the case of anemia of inflammation due to the fact that the 

physiological changes explained earlier prevent duodenal absorption of iron to such a degree 

that oral supplementation proves ineffective (Weiss, 2005). In addition, iron is a vital 

component in many pathogenic microorganisms’ growth and development. Thus, 

administration of iron could prove to exacerbate infections to a degree that would be 

detrimental to the health of the patient (Weiss, 2005).  

Thalassemia  

 Thalassemia, much like uncontrolled anemia of inflammation, must be treated with 

lifelong blood transfusions in order to decrease complications relating to the disorder 

(DeLoughery, 2014). However, chronic blood transfusions can easily lead to iron overload 

in the body and subsequently, death. In order to reduce the risk of death due to iron 

overload, iron chelation therapy must follow transfusions (DeLoughery, 2014). The optimal 

treatment method for thalassemia is stem cell transplantation, but this proves to be an 

expensive and scantily available option in most cases (DeLoughery, 2014).  

 

Sickle- Cell Anemia  



 The treatment of sickle cell anemia is almost identical to that of thalassemia. The 

most cost effective and readily available treatment mechanism is chronic blood transfusions 

followed by iron chelation therapy to prevent iron overload (Rees, 2010). However, there is 

also the option for stem cell transplantation in young patients, although this technique has 

only been done in about 200 patients, and the technology is both expensive and not readily 

available (Rees, 2010).  

 As one can see, the treatment of anemia is often context dependent. However, the 

most common treatment mechanisms are oral and intravenous micronutrient therapy, or 

blood transfusions. The problem with our current treatment strategies is the need for 

expensive drugs to treat underlying disorders, and the lack of heath care access for many 

individuals in the developing world who need constant transfusions or sources of 

supplements. Anemia as a whole is a global problem, but the highest incidence is skewed 

disproportionately towards individuals in the developing world. This skew tells us that 

current treatment strategies are not effective in the developing world, and that these 

neglected populations do not benefit from scientific and pharmaceutical advancements in 

the same manner that those in the developing world do. We must now take a look into how 

and why populations in the developing world comprise such a high percentage of anemic 

patients worldwide, and what current and future strategies are being undertaken to combat 

this skew.  

 

Malnutrition and Poverty 

 One of the primary reasons anemia is so prevalent in the developing world is the 

lack of access to reliable food sources. 20% of individuals in the developing world are 



affected by malnutrition (WHO, 2000); a statistic that shows just how multifaceted the 

development of malnutrition is worldwide. There is no single causality for malnutrition; 

however there is also no question poverty is a primary driver for the cyclic nature of 

malnutrition, anemia and other adverse health effects. The average per capita income in In 

Sub-Saharan Africa was $668 in 2010, much below the $1717 in the rest of the developing 

world (Chauvin, 2012). In SSA the two biggest contributors to GDP are both in the primary 

sector – agriculture and mining. Taking a closer look at these two economic drivers provides 

some insight into why the cycle of poverty, and subsequently malnutrition, is so deeply 

rooted in the nature of the Sub-Saharan African economy. 

 

Agricultural Practices 

  As we continue to increase agricultural productivity through transgenic crops, 

improved aquaculture, farming techniques, and better meteorological technologies there is 

no question agricultural output has increase exponentially in the last fifty years. However, 

when one looks at the agricultural sector in SSA there is little implementation of that 

advanced technology, leading to low agricultural output and equally low contribution to 

GDP (Chauvin, 2012). The agriculture sector employs 65% of Africa’s labor force, and is an 

integral source of income for the majority of working individuals in SSA. Over the past 30 

years, the GDP of SSA has only increased an average of 0.16% per year, a stagnant statistic 

by most measures. In order to increase GDP, agricultural practices in SSA must be 

improved in order to increase access to food, as well as to ensure the agricultural sector 

grows at a rate that will keep up with demand.  



It has been shown that economic development in other sectors will increase national 

productivity, but if there is not a mirrored increase in agricultural output, industrialization 

cannot occur (Timmer, 1988). This is because if other sectors drive economic and national 

expansion but agriculture does not keep up with demand, food will increase in price due to 

demand, and the cost of food will ultimately decrease national profits (Timmer, 1988). In 

addition to creating most of the labor force in SSA and being integral to industrialization 

and economic stability, agriculture is necessary to feed the nation. A lack of food leads to an 

increase in food aid, often nutritionally scant and soy based, and ultimately malnutrition. 

Agricultural output in SSA has increased at a level that is not statistically significantly 

different from the population growth, meaning food production cannot keep up with demand 

and SSA cannot self-insure against food scarcity and malnutrition (Chauvin, 2012).  

So why do farmers in SSA fail to implement new agricultural technologies that 

benefit most other nations? Most of the lack of adaptation of new technologies is due to 

economic barriers preventing smallholder farms from adapting new technologies, as well as 

the fact that there is a cultural bias towards the adaptation of novel farming techniques that 

may be unfamiliar to most farmers (Chauvin, 2012). In addition to economic and cultural 

barriers to adaptation, most farmers in SSA are not commercial farmers but instead 

smallholder farms, and these families consume most of they food they produce (Chauvin, 

2012). Because families produce primarily for themselves, with only 23.6% of household 

income coming from agricultural sales, there is not an immediate need to increase 

production (especially because of the cost associated with doing so). However, because 

families produce food for themselves we find that most crops produced in SSA are starch-

based vegetables that provide more of an immediate “fullness”, but not as much of a 



nutritional benefit. If we look at leafy vegetable consumption is SSA we see that it only 

comprises 1.88% of total calories in the SSA diet (Chauvin, 2012). This shift towards 

starchy vegetable production instead of the more nutritionally dense leafy vegetables, which 

are a good source of iron, sets up most families for iron deficiency anemia. This setup for 

malnutrition even in the absence of food scarcity has an interesting effect on the family 

dynamic in SSA. Most home based agriculture is done by pre-menopausal women, a 

demographic that already has an iron demand about two-times higher than men. Pair this 

manual labor with child rearing and an iron poor diet and you have a fertile ground for 

anemia. Once these women become anemic, productivity decreases, which translates to 

decreased food output and an increased risk for malnutrition for the rest of the family.  

 

Mining 

 Mining is the second largest economic driver in SSA, and creates a major 

environmental problem in most countries due to unethical practices and rampant resource 

exploitation. However, in contrast to agriculture practices in SSA, most mining operations 

utilize state of the art technologies and have massive production outputs. Yet for some 

reason these mining operations do not contribute to increasing GDP in most of the nations 

they operate within. This is due to the fact that most mining operations are foreign owned 

and employs a foreign labor force. Thus, there is very little linkage to local economies and 

this fact is reflected in the low contribution to SSA GDP (Chauvin, 2012). Most SSA 

countries are rich in mineable resources, but do not benefit from the exploitation of these 

resources; exploitation which can have catastrophic environmental consequences affecting 



not only the health of local populations, but also the viability of land and a negative impact 

upon the ability to farm.       

 Taken in tandem, the exploitation and destruction of local environments through 

mining only exacerbates the already dire situation of food security in SSA. By dedicating 

valuable agricultural land to mining companies that are foreign owned and employed, only a 

small portion of the local population sees a benefit due to mining. Add out of date 

agricultural practices executed primarily by women who are already at risk for anemia, and 

you have a wildly inefficient practice that fails to help alleviate the cycle of poverty and 

malnutrition felt by many in SSA.  

 

Lack of Public Health Infrastructure  

 In addition to the poverty experienced by many populations in SSA, the lack of 

public health infrastructure to properly care for and treat these individuals further 

exacerbates their problem. When individuals develop severe micronutrient deficiencies, 

often culminating in anemia, they are hard pressed to find a treatment center they can afford 

to go to due to the fact that the majority of hospitals and treatment centers in SSA are fee-

for-service (Petti, 2006). In addition to the cost barrier experienced by many, one-half of the 

nations in SSA have significant nomadic populations (Sheik-Mohamed, 1999). These 

nomadic populations do not benefit from standard disease prevention and treatment 

initiatives due to their migratory nature, and thus complicate an already complicated issue of 

healthcare access in SSA. Aside from the cultural and socioeconomic factors that prevent 

populations from accessing healthcare in SSA, the current public health infrastructure also 

creates a barrier to adequate treatment and prevention.  



 A recent study conducted by Renee Hsia and associates surveyed multiple hospitals 

and clinics in SSA to identify key barriers in the operation and administration of emergency 

medical care in the region. The study found that only 22-46% of hospitals in SSA have 

access to running water, a facet that is vital for procedures and a running clinic in general 

(Hsia, 2011).  In addition, >50% of all hospitals surveyed had the ability to adequately 

dispose of hazardous waste (Hsia, 2011). In a region that is plagued by HIV/AIDS, the 

inability to dispose of hazardous waste in a safe manner poses not only an operational 

hurdle, but places the community and healthcare workers in danger. Finally, only 18-41% of 

treatment facilities had the ability to store drugs, and 19-50% had the ability to provide 24-

hour emergency care (Hsia, 2011). Clearly, the current status of healthcare facilities in SSA 

is suboptimal, placing yet another barrier between the populations within these countries 

and proper the medical treatment and prevention they deserve.  

Many factors that contribute to these dire statistics - from a lack of funds to a lack of 

education and properly trained personnel who have the knowledge to properly run a clinic or 

treatment facility. A recent study found that of 693 staff members in a Ghanaian diagnostic 

lab, only 26% had the proper qualifications (Petti, 2006).  Due to the low GDP and general 

level of poverty most countries in SSA experience, there is very little funding for state-run 

clinics or hospitals, leading to a low level of clinician retention and thus forces most clinics 

to hire individuals without proper certification or training experience (Petti, 2006). Finally, 

due to the lack of funds available for clinics to run, most diagnosis is done clinically instead 

of in a laboratory. This clinical diagnose by undertrained clinicians often leads to 

misdiagnosis, as well as missed diagnoses. To put this into perspective, a study conducted in 

Ghana found that of the individuals diagnosed with clinically significant malaria, only 50% 



of those individuals did indeed have malaria upon laboratory inspection (Petti, 2006). This 

poor diagnostic ability only further hinders an already broken field in SSA.  

Ultimately, the fee-for-service model currently implemented in SSA, as well as the 

lack of funds available for clinics to run and hire qualified clinicians causes a two-fold 

barrier to proper medical treatment and prevention in SSA. First, individuals cannot afford 

the care currently offered, which does little good for improving the health of the public. 

Secondly, if one is able to pay the fees for service, they are not guaranteed to have a 

competent clinician or facility to treat their ailment – leading to poor disease outcomes and a 

lack of trust in the healthcare system. Taken together, we can see that the public health 

infrastructure of SSA is broken in more ways than one. But what is broken can often be 

fixed, and there are currently an incredible number of initiative being put in place to 

alleviate the dire situation that is malnutrition and anemia in the developing world.  

 

Current Solutions  

Private Sector Contributions  

 Undoubtedly, private sector contributions to the implementation of interventions in 

the developing world have been integral in the fight against malnutrition and anemia. 

However, malnutrition and anemia are still major problems that are nowhere close to being 

solved. Currently, there are a variety of major initiatives between the United Nations, World 

Health Organization, and various private sector partners that work to fight anemia, malaria, 

and other public health issues in the developing world. Privately owned businesses have an 

incentive to improve the living conditions in the developing world for a variety of reasons. 

Primarily, if these corporations do business in the developing world it is important to 



improve the health of the population in order to improve national productivity and maintain 

a healthy workforce. Treating iron deficiency anemia in populations has been shown to 

increase national productivity by up to 20% (WHO, 2001). This increase in national 

productivity can then increase the efficiency of businesses operating within these nations, 

while at the same time increasing GDP. Secondly, working to decrease malnutrition, 

disease, and anemia in developing countries is a great way for private businesses to 

positively impact their public image, an image that can vastly improve the profitability of a 

company.  

 One of the most successful private/public partnerships in the fight against health 

disparities in the developing world is Project Laser Beam, a collaboration between four 

major corporations and the World Food Programme (Nelson, 2014). Project Laser Beam 

was specifically targeted towards ending childhood malnutrition in Indonesia and 

Bangladesh, and ended up reaching over 2.48 million people (Nelson, 2014). Project Laser 

Beam was unique in that is employed a multi-faceted approach to ending childhood 

malnutrition by focusing exclusively on four facets of health: food and micronutrient 

supplementation, water and sanitation initiatives, health and hygiene, and food security and 

income generation.  

What made Project Laser beam unique was its ability to use the expertise of both the 

private and public sectors in ways that maximized impact upon improving childhood 

nutrition in developing nations. The public sector was primarily concerned with providing 

nutritional support and food aid, while the private sector created innovate products and 

market stimulation in order to create sustainable solutions to childhood malnutrition and 

disease prevention (Nelson, 2014). By utilizing the public sector to provide acute aid to 



populations, while leveraging the expertise of the private sector to implement solutions that 

will keep populations healthy once food aid ends allowed for a maximal impact to be made 

upon the populations of interest.  

 

Future Directions 

 Even with millions of dollars of support from both public and private sectors, anemia 

and malnutrition in the developing world is a growing problem. With the global population 

expected to grow to 8.9 billion in 2050 – an increase of 47% (U.N., 2004) – anemia and 

malnutrition will continue to be a major problem globally. As of now, too many initiatives 

look directly at alleviating anemia through iron supplementation or blood transfusions. 

These initiatives are important, as they treat the acute phase anemia that is ultimately 

responsible for clinically significant symptoms and disability. However, focusing on only 

the treatment of acute phase anemia is a bit like treating a symptom of cancer without 

actually looking into the cause. Anemia and its many causes is a complex problem. In order 

to best treat and prevent iron deficiency anemia, there must be a multi-faceted approach that 

tackles not only the anemia directly, but also the underlying socioeconomic and disease 

burden issues that perpetuate the problem of anemia in the developing world. Below, I will 

outline the three major steps that I believe must be implemented in order to successful treat 

anemia in the developing world.  

 

Step I: Tackling Anemia Directly  

 The first step in decreasing the global burden of anemia is treating anemia directly 

through iron supplementation and blood transfusions. In order to facilitate adequate care the 



public health infrastructure in SSA must be improved. Through public/private partnerships, 

new private hospitals and care facilities should be built in countries facing high levels of 

anemia and low levels of healthcare access. By removing the local government from 

management of these facilities, you effectively remove corruption from the equation. This 

allows all funds to be allocated in the proper manner while stimulating the local economies 

through job creation and increased productivity of the local workforce due to the alleviation 

of the anemic burden. These privately owned clinics could be funded through WHO grants, 

UNICEF, and private foundations. Eventually, these small institutions can then be traded 

over to businesses with local economic interests in order to ensure the workforce is healthy 

and efficient – increasing the health of the local population and profitability of the 

businesses working in those regions.  

 

Step II: Education and Parasitic Infection Prevention 

 The most cost effective form of medical treatment is to avoid ever having to treat a 

population through disease prevention and education. Anemia of inflammation is a serious 

problem in the developing world due to parasitic infections and HIV/AIDS. NGOs and 

public sector initiatives should be taken in conjunction with anemia treatment to prevent 

parasitic infection, as well as educate local populations about contraceptives and safe sex. 

Parasitic infection prevention can be as easy as donating shoes, community water filtration 

installation, or the installment of latrines and mosquito nets in communities.  

These initiatives are all currently being undertaken in the developing world, but 

there is no cross talk between organizations to coordinate the achievement of a common 

goal. Much like Project Laser Beam, there needs to be more collaboration between public 



and private operations working to fight different – but related – public health issues. In order 

to better collaborate between initiatives, development of regional “wellness” centers should 

be undertaken. These wellness centers can operate out of the treatment facilities 

aforementioned, and act as an operational hub for public and private organizations that are 

working to fight public health issues. These wellness hubs could then coordinate funding, 

education, prevention, and treatment programs together to improve the health of entire 

regions instead of target villages and small communities.  

 

Step III: Nutritional and Economic Improvement  

 There is no question that in order to fight anemia, economic systems must be 

revamped and innovated. The current state of low GDP, nutritionally poor starch based 

diets, and the lack of technological implementation in agricultural practices produces a 

fertile ground for anemia to run rampant in the population. In order to find a sustainable 

solution to anemia, agricultural practices must be changed to improve economic conditions, 

as well as nutritional availability. The creation of community farming to feed whole villages 

is an option that is already readily available to many. These farms can then be outfitted with 

modern farming equipment purchased through community funds or public organizations 

dealing with sustainable agriculture. Encouraging community members to plant nutritionally 

rich food instead of starch-based foods can help to alleviate micronutrient deficiency and 

improve the health of the community. Finally, many non-profits are working with seed 

funds – money used to supply viable seeds to populations facing food insecurities – in order 

to grow valuable crops that can be used as both a food and income source by selling crops 

on the open market.  



Collectively, the creation of community farms, crop education, technology 

implementation, and seed fund availability can help break the cycle of poverty and 

malnutrition, while alleviating the primary cause of anemia – micronutrient deficiency – in a 

sustainable manner.  

 Using a systematic, organized approach to treating anemia is the only way in which 

we will really succeed in touching upon the many causes of anemia. Treating the clinical 

manifestation of anemia directly is of the utmost importance, while maintaining and 

preventing the manifestation of anemia through sustainable interventions utilizing economic 

stimulation, education, and disease prevention projects must follow. Much like Project Laser 

Beam, looking beyond the disease and treating the causes through public/private 

partnerships is the way of the future. Entrepreneurs, businesses, and NGOs must partner 

with the public sector in order to fund and implement innovative solutions to complex 

problems. We live in an increasingly interconnected world with an economy that operates 

on the well being of the global community, not just independent nations. Consumers have 

become more aware of global problems, and look to governments and businesses alike to 

help alleviate these problems and contribute to global prosperity.  

 

Conclusion 

This review of the current status of anemia in the developing world has covered a 

broad spectrum of topics – from the molecular basis of anemia and its primary causes, to the 

economic drivers that contribute to poverty and malnutrition in the developing world. 

Although seemingly comprehensive, it touches on only a small portion of the current state 

of anemia in the developing world. Anemia is a complex problem, and requires complex 



solutions from both the public and private sectors in order to truly be resolved. We need to 

continue to innovate in our treatment of anemia through research and development of novel 

drugs, interventions, and diagnostic procedures that can be applied in the developing world. 

With the global population continuing to expand at such a rapid pace, anemia and its effect 

on populations is not going anywhere. We must continue to leverage social 

entrepreneurship, science, and humanitarian endeavors in order to synthesize a true cure for 

the anemia epidemic. 
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