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Abstract 
Hypochromic microcytic anaemia includes iron deficiency, anaemia of chronic disorders, beta 
thalassemia trait and sideroblastic anaemia. To rule out the cause of hypochromic microcytic 
anaemia is a diagnostic difficulty. The conventional laboratory tests used for diagnosis have few 
disadvantages. Serum transferrin receptor (sTfR) is the most reliable method for assessment of 
body iron. Eighty four children were included in this study. They were further divided into four 
groups: iron deficiency anaemia (IDA), anaemia of chronic disorders (ACD), beta thalassemia trait 
(β TT) and controls. Children with IDA and ACD were diagnosed on the basis of history and serum 
iron profile. Subjects with β TT had HbA2 > 3.5%. sTfR were performed on all subjects. Level of 
sTfR in patients with IDA was 5.79 μg/ml ± 1.3 μg/ml. In patients with anaemia of chronic disord-
ers (ACD), β thalassemia trait and controls mean sTfR were 2.18 μg/ml ± 0.6 μg/ml, 2.1μg/ml ± 0.5 
μg/ml and 2.0 μg/ml ± 0.5 μg/ml respectively. These results show level of sTfR was raised in IDA 
when compared with controls or ACD and β TT (p value < 0.001). 
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1. Introduction 
Hypochromic microcytic anaemia is characterized by decreased mean corpuscular volume (MCV) and mean 
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corpuscular haemoglobin (MCH). Causes of hypochromic microcytic anaemia are iron deficiency anaemia 
(IDA), anaemia of chronic disorders (ACD), beta (β) thalassemia trait and sideroblastic anaemia. Iron deficiency 
is the most common cause of hypochromic microcytic anaemia in Pakistan [1]-[3]. 

Children with iron deficiency anaemia usually present with pallor, irritability, excessive crying, glossitis, sys-
tolic murmur, koilonychias, developmental and growth delay. Severe deficiency is related to lower intelligence 
quotient (I.Q) [4]. It may also impair psychomotor function, which causes mental retardation and decreased ca-
pability to learn. It also causes behavioral and cognitive delays [5]. Iron deficient children are inactive, less at-
tentive, lethargic and hesitant [6] [7]. Anaemia of chronic disorders is seen in children having chronic inflamma-
tion, infection, malignancy or autoimmune disease [8].  

Sideroblastic anaemia is a group of refractory anaemia that occurs due to mitochondrial iron overload in de-
veloping erythroid cells [9]. Beta thalassaemia trait occurs due to mild reduction of globin chain. Screening of β 
thalassemia trait is done by red cell indices (MCV, MCH), hemoglobin and RBC count. Diagnosis is confirmed 
by electrophoresis which shows elevated HbA2 > 3.5% [10] [11]. The conventional laboratory tests used for di-
agnosis of hypochromic microcytic anaemia include serum iron, total iron binding capacity (TIBC), serum ferri-
tin and bone marrow iron studies. Serum iron decreases in both IDA and ACD. TIBC is increased in IDA while 
it is decreased in ACD [12] [13]. A considerable diagnostic overlap of serum iron and TIBC exists between IDA 
and normal children [14]. Serum ferritin can diagnose iron deficiency but it is an acute-phase reactant. Its level 
increases in inflammatory states and liver damage due to which its clinical interpretation is difficult. Its level 
decreases in IDA and increases in ACD [15] [16]. A definite diagnosis can be made by bone marrow examina-
tion with Prussian blue stain but it is painful and invasive procedure so it is should be avoided in children. It is 
also unacceptable to many patients [17]. 

Serum Transferrin receptors level is an indicator of iron deficiency, which helps in diagnosing coexistent iron 
deficiency in anaemia of chronic disorders and also helps in monitoring extent of erythropoiesis [18]. Iron re-
quirement of cell regulates the number of receptors on the cells. sTfR is increased in case of decreased intracel-
lular iron and it increases iron absorption [19]. Concentration of sTfR decreases in case of excess iron stored in 
the body. Its level is normal to low in ACD [20]. 

Patient with IDA, ACD and β thalassaemia trait all present with hypochromic microcytic blood picture, 
therefore, it is necessary to differentiate between these anaemias by a specific test. Serum transferrin receptors 
are a reliable test for assessing body iron status and the degree of erythropoiesis in adults but no work has been 
done for assessment of sTfR as a diagnostic tool in children in Pakistan. Therefore this study was planned to de-
termine the usefulness of sTfR levels in children of age 2 - 11 years presenting with hypochromic microcytic 
anaemias. 

2. Materials and Methods 
This study was conducted at Department of Haematology, University of Health Sciences, in collaboration with 
Children Hospital, Lahore. This work was done after obtaining permission from ethical committees of both in-
stitutes. Consent was taken from parents of children and history proforma was filled. It was a cross sectional 
comparative study. Consecutive sampling technique was used. It included 84 children aging 2 - 11 years with 
Hb < 11 g/dl for 2 to 5 years and Hb < 11.5 g/dl for 5 - 11 years of age 14. They had low red cell indices (MCV 
< 75 fl and MCH < 25 pg). Patients on iron therapy or having recent transfusions were excluded. 

Subjects were divided into four groups, each group included 21 children.  
Group I comprised of patients with iron deficiency anaemia (IDA). Inclusion in this group was based on his-

tory and serum iron profile. Samples of patients presented in Pediatric OPD with history of lethargy, malaise, 
loss of appetite, excessive crying, progressive pallor, body aches, worm infestation or history of pica were taken. 
Serum iron, TIBC and serum ferritin were performed and children with serum iron < 60 μg/dl, TIBC > 400 
µg/dl and serum ferritin < 15 µg/l were diagnosed as patients of IDA and were included in this group. Any child 
with history of even mild infection or inflammatory condition was excluded from the study. 

Group II included children with anaemia of chronic disorders (ACD). Patients with anaemia of chronic dis-
orders had an underlying disease like pyrexia of unknown origin, respiratory infections (pneumonia and tuber-
culosis), chronic kidney infections and juvenile rheumatoid arthritis. These samples were obtained from children 
admitted in children hospital. Serum iron, TIBC and serum ferritin were performed. Children with serum iron < 
60 μg/dl, TIBC < 250 μg/dl and serum ferritin > 120 µg/l were included in this group.  
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Group III comprised of children with beta thalassaemia trait. Samples of Children with HbA2 > 3.5% on HPLC 
were taken. They were siblings of β thalassaemia major patients. Serum iron, TIBC and serum ferritin were per-
formed. They have normal levels of serum iron, TIBC and serum ferritin. On the basis of serum ferritin children 
suffering beta thalassaemia and concomitant iron deficiency were excluded. 

Control group (group IV) included normal healthy children with normal haemoglobin levels according to their 
age.  

Complete blood counts (CBC) were done of all the samples on automated Hematology Analyzer Sysmex 
XT-1800i. 

Serum iron and total iron binding capacity were performed spectrophometerically by using a commercially 
available kit of Randox on Metrolab 1600 at the wavelength of 560 nm. Serum ferritin was done by using com-
mercially available kit of Ferritin on Eciq Vitros Immunodiagnostic system.  

Level of serum transferrin receptors was determined by quantitative sandwich enzyme immunoassay using 
commercially available kit which included the antibodies against the human Transferrin receptors. Measure-
ments of absorbance were taken at wavelength 405 nm on automated ELISA plate reader. 

3. Statistical Analysis 
The data was analyzed using SPSS 16.0. The quantitative variables were expressed as mean ± SD whereas the 
qualitative variables were reported as frequency and proportion. One way ANOVA (F-ratio) was performed to 
see the difference among four groups. Post Hoc test was also applied. A p value of ≤0.05 was considered as sta-
tistical significance.  

4. Results 
Eighty four children with mean age of 6.96 years ± 3.0 years and male to female ratio of 1.6:1 were included in 
this study. Children with IDA presented with history of fatigue, malaise, lethargy, irritability, loss of appetite or 
worm infestation. In children with ACD an underlying disorder like chronic renal disease, pyrexia of unknown 
origin, juvenile rheumatoid arthritis, pneumonia or tuberculosis was present. Children with β thalassemia trait 
presented with mild anaemia. Level of sTfR in the control group was 2.0 µg/ml ± 05 µg/ml (range 1.0 - 2.95 
µg/ml). Level of sTfR was increased in patients with IDA. Mean value was 5.7 µg/ml ± 1.3 µg/ml and its range 
was 3.70 - 8.50 µg/ml. After applying post hoc test statistically significant difference (p < 0.001) was observed 
when level of sTfR in IDA was compared with controls. Mean value of sTfR in ACD was 2.19 µg/ml ± 0.6 
µg/ml (range 0.75 - 2.95 µg/ml). A significant difference (p < 0.001) was observed when compared with IDA 
while no statistical difference was noted when it was compared with the controls (p > 0.05). In patients with β 
thalassemia trait mean ± SD of sTfR was 2.14 µg/ml ± 0.5 µg/ml and its range was 1.19 - 2.95 µg/ml. When it 
was compared with IDA significant difference was noted (p < 0.001) but no significant difference was observed 
when compared with controls or ACD (p > 0.05). Figure 1 shows sTfR in different study groups. Level of sTfR 
in female and male controls was 2.0 µg/ml and 1.95 µg/ml respectively. No significance difference (p = 0.1) was 
observed when level of sTfR in female and male controls was compared. Level of sTfR in controls less than 6 
years of age was compared with children of age more than 6 years. Mean level of sTfR in children of age less 
than 6 years was 2.0 µg/ml and in children of age more than 6 years it was 1.96 µg/ml. No statistically signifi-
cant difference was noted (p value = 0.1). Mean level of haemoglobin, red cell indices (MCV, MCH, MCHC), 
serum iron profile (serum iron, TIBC, serum ferritin) and serum transferrin receptors are given in Table 1. 

5. Discussion 
The common causes of hypochromic microcytic anaemia are iron deficiency and anaemia of chronic disorders. A 
diagnostic difficulty exists between these two anaemias. Several tests are used to assess the iron status of the pa-
tient. Use of multiple tests is less practical, so use of a single reliable test is an appropriate approach. In the present 
study, the diagnostic efficiency of sTfR as compared to other conventional laboratory tests was observed. Our 
study shows serum iron and TIBC are not useful for diagnosis of body iron status. A considerable overlap of these 
tests occurs in these two anemias. Comparable result was also reported in another study [21]. Serum iron has di-
urnal variations therefore sampling at specific time is required [16]. Furthermore, Serum iron and TIBC are not 
sensitive for diagnosing early iron deficiency, which are only helpful in diagnosis of advanced iron deficiency anae- 
mia [17]. Serum ferritin is useful in diagnosis of body iron status but its role is limited because of its non specific in 
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Figure 1. Box-plots for serum transferrin receptors in iron deficiency anaemia 
(IDA), Anaemia of chronic disorders (ACD), beta thalassemia trait (TT) and 
controls. IDA = Iron deficiency Anaemia. ACD = Anaemia of Chronic Dis-
order. TT = Thalassemia Trait.                                       

 
Table 1. Levels of different parameters in IDA, ACD, β TT & Controls.                                      

Parameter IDA ACD β TT Controls 

Hemoglobin (g/dl) 9 ± 0.9 8.6 ± 1.5 10 ± 0.4 12 ± 0.6 

MCV (fl) 67 ± 5.7 71 ± 3.6 74 ± 1.7 82 ± 3.6 

MCH (pg) 20 ± 3.8 22 ± 2.7 24 ± 1.6 28 ± 0.9 

MCHC (g/dl) 30 ± 3.8 31 ± 2.4 32 ± 2.5 33 ± 1.9 

Serum Iron (μg/dl) 43 ± 8.9 49 ± 6.3 96 ± 17 82 ± 15 

TIBC (μg/dl) 470 ± 63 227 ± 19 300 ± 43 294 ± 36 

Serum Ferritin(μg/l) 8.1 ± 2.8 506 ± 322 31 ± 19 50 ± 31 

sTfR (µg/ml) 5.79 ± 1.3 2.18 ± 0.6 2.1 ± 0.5 2.0 ± 0.5 

Values are expressed as mean ± SD. 
 
crease in liver damage and inflammatory diseases [22] [23]. 

Level of sTfR in controls was 1 - 2.9 µg/ml. Mean value of sTfR in male and female controls was 2.0 µg/ml and 
1.95 µg/ml respectively. No significance difference (p value = 0.1) was observed when level of sTfR in female 
and male controls was compared. Other studies also showed that in healthy children no significant gender related 
difference was found in level of sTfR [24] [25]. Mean sTfR in controls of age less than 6 years was 2.0 µg/ml and 
in children more than 6 years of age, it was 1.96 µg/ml. sTfR in these two control groups was compared and no 
statistically significant difference was noted (p = 0.1). These results showed that level of sTfR does not change 
with age in normal healthy population. Another study also showed similar results that level of sTfR does not vary 
with age and gender. In patients with IDA, ACD and beta thalassaemia trait level of sTfR depends on iron status so 
it has no direct relationship with age and gender in these patients [26]. 

 We found increased level of sTfR in IDA as compared to controls (p < 0.001). A statistically significant dif-
ference (p < 0.001) was observed when sTfR level in IDA was compared with controls, ACD and β thalassaemia 
trait. These results show an increase in sTfR which can diagnose IDA and it is the best marker to detect IDA as 
compared to serum iron, TIBC and serum ferritin. Comparable results were found in other studies [27] [28]. It can 
detect even patients of mild iron deficiency. Other studies also showed that it is more sensitive and reliable test to 
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diagnose iron deficiency anemia and it can detect iron deficiency in earlier stage and even before the development 
of anaemia [29] [30]. 

In patients with ACD mean sTfR was 2.18 µg/ml ± 0.6 µg/ml with a range of 0.75 - 2.95 µg/ml. These results 
showed that 90.5% patients had normal sTfR levels and 9.5% with severe anaemia had decreased levels. In this 
study, level of sTfR was not raised in ACD while serum ferritin was increased. It is not affected by inflammatory 
process or infection as compared to serum ferritin. Other studies conducted on sTfR also showed that level of 
sTfR was not affected by infections, inflammations or liver disease [24] [31]. In this study we have seen in-
creased levels of sTfR in IDA and normal or decreased levels in ACD. So increased level of sTfR can diagnose 
iron deficiency and it can differentiate between IDA and ACD. Another study conducted on sTfR showed that 
sTfR was helpful in diagnosing cause and degree of anaemia, evaluation of rate of erythropoiesis and monitoring 
the response of anaemic patient to therapy particularly before the changes in haemoglobin. Level of sTfR is sig-
nificantly increased in IDA and remains normal in ACD, so it is useful in the differential diagnosis of microcytic 
anaemia [32]. It is a non invasive test, which requires small amount of serum and has no diurnal variations [33].  

Another study conducted on sTfR showed that use of sTfR/ferritin ratio or sTfR/log ferritin ratio is also help-
ful in the differentiation of IDA and ACD [19]. In this study we found sTfR can diagnose IDA and ACD alone 
so there is no need to perform serum ferritin and calculate sTfR/ferritin ratio. Comparable results were observed 
in another study. According to that study level of sTfR was significantly increased in IDA with 100% sensitivity 
and specificity [17]. 

In this study, patients with β thalassaemia trait had normal values of serum iron and TIBC. Level of serum 
ferritin was also in normal range but lower in these patients as compared to controls. sTfR was also in normal 
range in this group of patients (1.19 - 2.95 µg/ml). Therefore these tests can not diagnose β thalassaemia trait. 
All thalassaemic patients included in this study had HbA2 > 3.5% and diagnosis of β thalassaemia trait was 
based on HbA2. Normal level of sTfR in β thalassaemia trait has also been found in other studies [22]. HbA2 is a 
reliable test for differential diagnosis of β thalassaemia trait and IDA [34] [35]. 

6. Conclusion 
Level of serum transferrin receptors was significantly increased in iron deficiency anaemia so sTfR can diagnose 
IDA and it can differentiate between IDA and ACD. Level of sTfR does not change with age and gender in 
children. 
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