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Abstract: Despite the high prevalence of iron deficiency anemia (IDA) in children, extensive information about its impact 

on growth and cognitive functions, less is known about how it affects the non-erythrocytes cell lines and its implications. High 

erythropoietin levels in severe iron deficiency anemia may down regulate the production of non- erythroid precursors resulting 

in various cytopenia, however, the mechanism of this is not fully understood. Reports depicting the association of iron 

deficiency anemia with cytopenia is quite scarce in pediatric population. We report a case of a 15 year old girl presented with 

severe iron deficiency anemia and leucopenia, lymphopenia, neutropenia and monocytopenia who has no other evidence of 

bone marrow dysfunction. The patient responded to iron therapy with prompt reversal of all cell counts. It is therefore 

recommended to include iron study and plasma erythropoietin concentration in the evaluation of otherwise healthy children 

presenting with cytopenia. Likewise, to consider iron deficiency in the causative list of non-erythroid cytopenia such as 

neutropenia. 
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1. Introduction 

Iron deficiency anaemia is the most common global 

nutritional deficiency and significant public health problem 

especially in the developing countries. There are about 500-

600 million people having IDA with prevalence more in 

children and pregnant women. Iron is an important factor in 

children for neurodevelopment, immune system, cognitive 

abilities, growth and Quality of Life aspects. Many studies 

showed that iron regulates the functions of lymphocytes and 

the cell mediated immunity, hence ferritin usually increases 

in acute infections [1]. Despite these important functions its 

mechanism is not well elucidated. There are very scarce 

reports about the effects of IDA on the counts of non-

erythroid blood cells and the mechanism of this effect is yet 

to be clarified. 

It is well known that Iron deficiency with or without 

anemia is associated with increased susceptibility to infection 

owing to impaired immune function. IDA is usually 

accompanied by normal leucocyte count and normal or 

elevated platelets. The risk of infections increased more 

when the IDA is associated with reduction in the numbers of 

leucocytes, neutrophils and other immunogenic cells. We 

report a case of IDA due to nutritional and recurrent 

menorrhagia in a healthy child with neutropenia, leucopenia, 

lymphopenia and monocytopenia. All cell counts and the 

hemoglobin improved to the iron replacement therapy. This 

case report highlights the importance of iron as a cause for 

neutropenia, leucopenia and other cytopenia. The mechanism 

is not clear yet but likely to be multiple which will be 

discussed here. 
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2. Case Report 

Fifteen year old girl presented with dizziness, tiredness 

and feeling fast heart rate for more than 1 month. Her parents 

noted that she has pale skin and mucus membrane for last 

few days. She was a previously healthy child who attained 

menarche 2 years ago. However she has moderate 

menorrhagia lasting for 7 to 10 days each cycle. She is one 

among the twins and has three other siblings. Two of her 

sisters had polycystic ovaries, one of them had ovariectomy 

and suffered from iron deficiency anaemia (IDA) requiring 

intravenous iron infusion. Apart from her maternal cousin 

being a career of thalassemia, there is no significant 

haematological or autoimmune diseases in the family. 

Though there are no food intolerance or allergies, she is a 

vegetarian by choice. Physical examination was uneventful 

apart from pallor in skin and mucus membranes and a soft 

ejection systolic murmur of grade 2/6 at the left sternal edge. 

Her temperature was 37.3°C, respiratory rate 18 per minute, 

blood pressure 115/66, heart rate 125 per minutes, and SaO2 

100% in room air. 

Initial blood counts prior to admission showed a 

haemoglobin (Hb) of 5.1g%, white cell count (WCC) of 2 

K/ul, red blood cells (RBC) 2.97 M/ul and an absolute 

neutrophil (N) count of 0.8. The patient was admitted for 

investigation of anaemia, leucopoenia and neutropenia. The 

lymphocytes and monocytes were low too (Table 1). 

On admission her blood counts decreased father with Hb 

of 4.6 g%, WCC of 1.9 K/ul, RBC 2.7 M/ul, N 0.8 and the 

rest of her blood counts as in (Table 1) that showed normal 

platelets and reticulocyte counts. Chest x-ray and 

echocardiography were unremarkable. Abdominal ultrasound 

showed bilateral tiny ovarian follicles that was reviewed by 

gynaecologist as normal. The plasma concentrations of 

androstenedione and oestrogens were normal. After 

investigations (Table 1) a diagnosis of IDA due to dietary 

intake and aggravated by moderate menorrhagia was made. 

However, the patient also presented with neutropenia, 

leukopenia, lymphopenia and monocytopenia. As far as our 

search in English literature was concerned we have come 

across only a single case report of iron deficiency anemia 

with pancytopenia in a 7 year old boy [2]. However it was 

not clear whether serum copper, erythropoietin (EPO) and 

viral screens were known in that case report. Moreover the 

mechanism by which the iron deficiency leading to 

pancytopenia is not yet elucidated. In our case the serum 

level of EPO was high 967 UI/L (normal range 4.2-27.8) and 

this will be discussed as a possible cause for the 

pancytopenia. The serum copper concentration was normal 

108 µg/dl (normal range 64-117). 

The patient was started on intravenous infusions of ferric 

Carboxymaltose, 250 mg, 2 times per week for a total of 8 

doses and vitamin D of 50,000 IU/ week for 8 weeks as the 

level of vitamin D was very low 7.4 ng/L only. The repeated 

blood tests showed improvement of Hb, WCC, N, L and 

monocytes following the first infusion and then subsequently 

as in (Table 2). 

Table 1. Blood results before iron therapy. 

White cell count (K/ul) 1.9 

Red blood cell count (M/ul) 2.72 

Haemoglobin (g/dl) 4.6 

MCV (fl) 67.3 

MCH (pg) 16.9 

MCHC (g/dl) 25.1 

RDW (%) 16.7 

Platelet count (K/ul) 210 

Neutrophils (K/ul) 0.88 

Lymphocytes (K/ul) 0.84 

Monocytes (K/ul) 0.15 

Ferritin (ng/ml) 0.1 

Iron (umol/L)  <2.1 

EPO (UI/L) 967 (4.2-27.8) 

TIBC (umol/L) 95.2 

Transferrin (mg/dl) 381 

Coombs test Negative 

Peripheral smear 
Microcytic anemia suggestive of iron 

deficiency 

Reticulocyte count (%) 1.63 

LDH (U/L) 178 

Vitamin B12 (pmol/L) 179 

Folate (ng/mL) 8.8 

Vitamin D (ng/L) 7.4 

Antinuclear antibody profile Negative 

Coeliac screen Negative 

Stool occult blood Negative 

Haemoglobin electrophoresis Decreased HbA2 (1.7%) 

Lead Not detected 

Copper 108 µg/dl (64-117) 

Table 2. Blood results post iron infusion (arrows indicates repeated results). 

White cell count (K/ul) 3.5�3�3.4 

Red blood cell count (M/ul) 2.98�3.07�3.73 

Haemoglobin (g/dl) 5.2�6.4�9.3 

Neutrophils (K/ul) 1.8�2.2�1.2 

Lymphocytes (K/ul) 1.4�1.4�1.7 

Monocytes (K/ul) 0.2�0.2�0.3 

3. Discussion 

This is an otherwise healthy 15 year old girl who suffered 

from recurrent viral and throat infections. She presented with 

a history, clinical examination and blood tests suggestive of 

severe IDA due to nutritional cause and menorrhagia. Her 

blood tests in addition to low RBC and Hb showed reduction 

in neutrophils, leucocytes, lymphocytes and monocytes 

which were corrected after iron therapy. Although we know 

that iron plays important role in the cellular immune 

functions, the mechanism of this is not well known. It has 

been reported that iron plays an important role in the immune 

function of neutrophils [3, 4], however there are scarce 

reports about its role on the counts of neutrophils and other 

non-erythroid cells.  

Leukopenia and significant lymphopenia were identified in 

patients with IDA [5] and the severity correlate with Hb in a 

dose-dependent manner [6]. Nevertheless not all studies 

found such association in healthy children [7]. Moreover the 

mechanism of this rare association in a common disease is 

not yet clear if it is due to the iron deficiency or EPO or both. 

Shunting effect of EPO on cell production and receptor 
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effects were speculated [8]. However iron dependent 

enzymes in production of non-erythroid cells might be the 

cause [9]. 

Studies have been shown that in IDA, the enzyme EPO 

produced by the interstitial fibroblast in the kidney increased 

in a stepwise manner in response to the resultant hypoxemia 

as the serum iron level and Hb decreased. In foetal and 

neonatal period, EPO produced by the liver mainly but it is 

also produced by brain, astrocytes and neurons and attain 

tissue protective effect such as in the brain [10]. It acts 

mainly on bone marrow on the precursors of the red blood 

cells to increase the production of RBCs. It also protects 

these precursors from apoptosis hence promote their survival. 

The mechanism of action of EPO is expressed by EPO 

receptors in the precursor cells. EPO receptors were also 

found in heart, muscles, kidney and central nervous tissues. 

EPO level is quite low in the absence of IDA of not more 

than 10 mU/mL but increased up to 1000 fold in hypoxemia 

with a negative feedback related to the serum iron 

concentrations [11]. EPO mainly acts on erythroid progenitor 

cells in bone marrow. Its effect on non-erythroid cells such as 

neutrophils and white cells counts have not been clarified. 

Some studies suggest no effects while others support 

reduction or even toxic effects [12, 13]. In IDA there is an 

increase in the concentration of serum EPO however it is not 

clear at what point of iron or hemoglobin concentrations this 

increment starts to happen, neither at what point of 

concentrations, it may switch off the counts of other cells in 

favor of erythroid production. In our patient, the IDA was 

associated with reduction of the counts of other cells. The 

EPO was high in this patient. It has been found that EPO 

inhibit the formation of granulocytes in favor of erythrocytes 

formation [14] in a stepwise reduction of N when the dose of 

EPO increased [15]. However not all studies support 

granulocytes suppression when EPO injections used [16] 

particularly in low doses [17]. It seems that reduction in N 

and WCC happen only in chronic anemia when the EPO 

reached a higher concentration. This suggests that there is a 

shifting point in the iron concentration for a specific period 

of time after which the EPO primed a process to suppress the 

formation of non-erythrocytes shifting the pluripotential cells 

toward the production of RBC. When the iron is corrected 

that set point is over taken and hence the improvement of the 

whole cell counts. More studies are needed in vivo and in 

vitro to elucidate this possible phenomenon of both the iron 

and the EPO interaction effect on bone marrow progenitors. 

In our patient when the iron treatment started, it corrected not 

only the Hb, serum ferritin and iron but also the other non-

erythroid cells namely the neutrophils, white cell counts, 

lymphocytes and monocytes. This indicates that patients 

treated with high doses of EPO should have their white cell 

and differential counts monitored closely. On the other hand 

patients presented with neutropenia and leucopoenia should 

have their iron status and EPO checked. Idiopathic chronic 

neutropenia and or leucopoenia due to IDA might be missed 

and the patients might be extensively investigated if the iron 

deficiency is not considered in the causes [18]. However the 

cause of that association needs further elucidations and 

studies. 

In our patient the EPO was high, which might have down 

regulated the production of neutrophil [19]. This may be true 

for the down regulation of the total white cells too. Clinicians 

should be aware that iron treatment may lead to worsening of 

this down regulation phenomena temporarily due to stem cell 

steal phenomena. When the iron becomes available to the 

pluripotent stem cells, it favours the production of the RBC 

temporarily, possibly due to the effect of erythropoietin 

which prioritize the activation of the RBC production [20]. 

 

Figure 1. Serum level and counts of haemoglobin (Hb), White cells (WC), neutrophils (N), lymphocytes (L) and monocytes (M) before and in weeks (wk) 1, 2, 

and 3 after IV infusion of iron. 
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In figure 1, are the level of Hb in blood and the counts of 

other cells before and after intravenous infusion of iron. It is 

clear that the basal values before treatment for the cell counts 

and Hb are low. The level of Hb then increased steadily after 

the IV infusion of iron as do the cell counts in the first week 

of treatment (3 infusion given). Interestingly when the Hb 

increased above 6.5 in week 3 of treatment the N counts 

dropped down which might be explained by the steal off 

phenomena in favour of the Hb increased production. When 

the Hb production doubled at week 3 the N started to drop 

down. That steal phenomena may reach a plateau then the 

cell production balanced towards all. Unfortunately, we do 

not have the level of EPO to compare its effect as and when 

it decreased. Studies are needed in this aspect. 

Children with copper deficiency might present with IDA 

and pancytopenia association but still due to unclear 

aetiology [21]. However in our patient copper deficiency is 

very unlikely since the WCC, N, L, M and RBC, iron were 

all corrected back to normal with iron treatment only and 

there were no clinical features of copper deficiency and her 

serum copper was normal. 

The role of vitamin D as an immune-modulator and in the 

innate immune system and autoimmunity were studied 

extensively recently. Our patient showed very low vitamin D 

level (7.4 ng/ml), however it is very unlikely that it contributed 

to the low blood cells counts. Some studies showed a link 

between low vitamin D and increased eosinophil count and 

allergic diseases such as atopy and asthma but that was not the 

case here. One can suggest that both vitamin D deficiency and 

IDA can happen in the same patient and should be investigated 

reciprocally in cases of nutritional causes of either. Vitamin D 

deficiency may be partially linked to IDA [22] hence it is 

recommended to check vitamin D level in IDA. 

4. Conclusion 

This case report demonstrates the association of cytopenia 

in severe iron deficiency anemia possibly due to high 

erythropoietin which down regulates the non erythroid 

progenitor cells. It emphasises the importance of checking 

iron and EPO levels in otherwise healthy children presenting 

with cytopenia before extensive investigations, as iron 

therapy could reverse the cell counts. 
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