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ABSTRACT 

Background: Erythrocyte ferritin (EF) reflects the balance between iron supply and its 

utilization for hemoglobin synthesis. This balance is altered in microcytosis. We aimed to 

evaluate the diagnostic value of both EF and the ratio (FRR) plasma ferritin (PF)/EF in these 

disorders. 

Methods: A total of 231 subjects participated in the study. Samples from 93 adult 

patients with different causes of microcytosis, 57 healthy subjects and 81 full term newborns 

were analyzed to determine EF and PF concentrations and other hematological parameters. 

Results: In patients with iron deficiency, and in contrast to PF, EF decreased only in the 

presence of anemia and in direct correlation with the degree of microcytosis (Pearson´s 

p<0.001). EF values for thalassemia patients were higher than those observed in controls (p < 

10e-5), whilst PF concentrations were similar between these groups .This EF increase was 

more marked in the delta-beta thalassemia group (p<0.05). Finally, FRR was much higher in 

patients with anemia of inflammation than in those with thalassemia (p<10e-5), thus helping 

to discriminate between these disorders. 

Conclusions: EF and FRR are tools that may be useful in the diagnosis of the main causes 

of microcytosis. 
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1. INTRODUCTION 

Microcytic anemias are mainly caused by two mechanisms, namely iron deficiency and 

subsequent decrease in the synthesis of the heme group or decreased synthesis of globin 

chains (e.g. thalassemias). Iron deficiency and its most severe manifestation, iron-deficiency 

anemia, are public health problems worldwide [1]. However, iron deficiency constitutes a 

broad concept, both in terms of the number of affected subjects and of the deleterious effects 

that this deficiency has on the patient’s health [2]. On the other hand, thalassemias are a 

group of genetic disorders of hemoglobin (Hb) synthesis characterized by a reduced or absent 

production of one or more globin chains. Thalassemia syndromes constitute one of the most 

frequent genetic defects in humans. Heterozygous forms may be silent or present with 

microcytosis, whilst homozygous forms cause progressively serious conditions, from 

intermediate to major syndromes [3]. The anemia resulting from either acute or chronic 

inflammatory processes has been traditionally, but incorrectly, named Anemias of Chronic 

Disease (ACD). This ACD, anemia of inflammation would be the correct term, are coupled with 

abnormalities in iron metabolism which result in microcytosis in 25-30% of cases [4]. 

After evaluation of the hemogram, the study of microcytosis should begin with the 

assessment of iron deposits. For this, one of the most valuable parameters currently available 

is the determination of plasma ferritin (PF) concentrations. However, whilst PF levels below 20 

ng/mL is a sign of iron deficiency [5], normal or even elevated concentrations cannot 

completely rule out the disorder. This is because PF is a positive acute-phase protein, i.e., 

numerous circumstances such as inflammation, hepatopathies or malignancies, may result in 

increased ferritin plasma levels with no relation to iron deposits [6-8]. In contrast, erythrocyte 

ferritin (EF), which also correlates with iron stores [9], is not an acute-phase reactant, which 
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makes it an advantageous parameter to evaluate iron functional availability in the 

aforementioned circumstances [2, 9, 10]. 

In the present work, we have aimed to evaluate the utility of both EF and the ratio PF/EF 

for the diagnosis of microcytosis in the hospital setting, and to discuss the significance of these 

parameters as an approach to understanding iron metabolism in several pathologies that 

present with microcytosis. A secondary goal was to analyze a control population of adults and 

newborns to investigate putative differences in EF levels that may reflect a different iron 

metabolism in these two groups. 

 

2. PATIENTS AND METHODSe 

The study included a total of 231 subjects divided into three groups. A first group 

consisted of 93 consecutive adult patients (36 males) with microcytosis who were diagnosed at 

the Infanta Cristina University Hospital (Badajoz, Spain) according to the nomogram depicted 

in Figure 1. The number of patients with the different pathologies is shown in Table 1. The 

second study group included 57 control subjects (28 males), recruited among the hospital 

staff, who showed a normal hemogram with no iron deficiency, thalassemia or 

hemoglobinopathies. Finally, umbilical cord blood samples were collected from 81 full-term 

newborns at the Materno Infantil Hospital (Badajoz, Spain) in EDTA tubes immediately after 

birth by puncturing of the umbilical vein. 

Plasma was separated from the cells in all the samples and the erythrocytes were 

concentrated by centrifugation at 1400 g for ten minutes followed by resuspension in saline. 

An aliquot of this erythrocyte suspension was subjected to cell count in an automated counter 

(Beckman Coulter® Hmx, Beckman Coulter Inc., Galway, Ireland). Ferritin levels were 
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quantified in plasma or erythrocyte concentrates by a solid-phase chemiluminiscence enzyme 

immunoassay (Immulite 2000, Siemens Healthcare Diagnostics, Malvern, PA, USA), which uses 

basic anti-ferritin antibodies. Knowing the concentration of the erythrocyte concentrate, EF 

concentration was calculated and expressed in attograms (ag) per cell (1 ag = 10e-18 g). 

Patients with low plasma ferritin concentrations (< 20 ng/mL) with no presence of 

anemia were classified as latent iron deficiency, regardless of corpuscular parameters. In 

addition, if the patient had a family history of thalassemia, Hb-A2 was determined regardless of 

ferritin levels (eight cases of thalassemia associated with iron deficiency were thus diagnosed). 

Atypical microcytoses were not included in this work because the genetic tests for alpha-

thalassemia were not completed at the time of the study. All patients included in the anemia 

of inflammation group also presented with elevated acute-phase reactants, e.g. speed of 

globular sedimentation or C-reactive protein. 

All subjects involved (or their parents in the case of the newborns) gave written consent 

for their participation. The study was approved by the Research Ethics Board of the University 

Hospital Infanta Cristina (Badajoz, Spain) and was conducted in accordance to the Declaration 

of Helsinki and subsequent revisions. 

 

2.1 Statistical analyses 

Statistical analyses were performed using SPSS software version 15.0 for windows (SPSS 

Chicago, IL). Results are expressed as mean ± SD. Differences of quantitative variables between 

groups were assessed by nonparametric tests or by Student’s t and ANOVA tests after log 

transformation of the data. Correlations between measured parameters were calculated by 
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the Pearson's correlation coefficient. Statistical significance was set at a p-value <0.05 in all 

instances. 

 

3. RESULTS & DISCUSSION 

Clinical characteristics of both patients and controls are described in Table 1. Different 

pathologies were identified in the 93 patients with microcytosis, namely iron deficiency (with 

and without anemia), beta and delta-beta minor thalassemia and anemia of inflammation. It is 

known that females usually show higher levels of PF than men, therefore stratification by sex 

was carried out before performing statistical associations. Differences were not attributable to 

gender in any instance (data not shown). EF values for the control population (Table 1) were 

comparable to those previously reported [11, 12]. 

3.1 Erythrocyte ferritin in iron deficiency 

The iron deficiency threshold was set at 7 ag/cell based on data from previous study by 

our group [13]. EF mean concentrations in the iron deficiency group were significantly lower 

than those measured in control subjects (5.76 ± 4.29 vs. 9.92 ± 5.37 ag/cell, p < 0.0001). 

In order to determine how early the EF decreases in the development of iron deficiency 

anemia, we compared EF levels between patients with iron deficiency anemia (34 cases) and 

those with latent iron deficiency (12 cases; Figure2). Panel A shows that EF concentrations in 

patients with asymptomatic iron deficiency (8.74 ± 4.68 ag/cell) were not significantly different 

from those observed in controls (p > 0.05). In contrast, PF levels (Panel B) for the patients with 

latent iron deficiency were much lower than in control subjects (p < 10e-5). This suggests that 

the EF decreases at a late stage in the development of iron deficiency. Thus, it seems that the 

erythroblast still receives and adequate iron supply after the body deposits have been used up. 
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The decrease in EF levels reflects a shortage of iron supply coincidental with the onset of 

clinical manifestations typical of consolidated iron deficiency, i.e. anemia and microcytosis. 

Interestingly, when the correlation between mean corpuscular volume (MCV) and EF 

and PF values was analyzed in the iron deficiency group, EF showed the best correlation with 

the degree of microcytosis (Pearson coefficients = 0.52 vs. 0.37; p values were 0.0002 and 0.01 

for EF and EP, respectively; Figure 3). These data suggest that EF is more important in terms of 

determining the hemoglobinization of the erythroblast. 

3.2 Erythrocyte ferritin in Thalassemias 

EF values for thalassemia patients were almost nine times higher than those observed in 

controls (86.2 ± 57.1 vs. 9.9 ± 5.4 ag/cell; p < 10e-5; Table 1). In contrast, PF concentrations 

were similar between these two groups (p > 0.05). As Piperno et al. suggest [14], this would 

indicate that the deficiency in the synthesis of globin is the main factor contributing to the 

accumulation of EF in these individuals, because the free globin chains precipitate resulting in 

the release of intracellular iron leading to an increase of EF [15]. 

The comparison of EF values between patients with Beta (n = 25) and Delta-Beta 

Thalassemia (n = 11), showed significantly higher concentrations in the second group (71.66 ± 

46.80 vs. 124.10 ± 64.03 ag/cell; p = 0.044; Figure 4). However, PF levels were similar (82.20 ± 

80.33 vs. 89.14 ± 73.42, p > 0.05; Figure 4) and therefore the difference in EF cannot be 

explained by differences in iron deposits. Delta-Beta thalassemia is characterized by a 

heterogeneous increased of HbF levels. We hypothesize that (i) the greater instability of HbF 

leads to increased precipitation of iron inside the erythroblast or (ii) that higher levels of free 

2,3-diphosphoglycerate (DPG) induce a certain degree of diserithropoiesis, which is a known 

cause of EF increase [12]. 
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We could identify eight Thalassemia patients with associated iron deficiency (PF < 20 

ng/mL), who also displayed much higher EF levels (71.83 ± 37.72) than control subjects did (p < 

10e-5). Therefore, it seems that this parameter could be helpful in the diagnosis of 

Thalassemia with coupled iron deficiency, as it is known that HbA2 may be normal if iron 

deficiency is present [2]. 

3.3 Ferritin ratio 

Next, we evaluated the utility of the ferritin ratio (FRR) [PF (ng/mL) / EF (ag/cell)] for the 

diagnosis of microcytosis. In normal controls, the mean ratio was 8.17 ± 6.33, showing minimal 

overlap with the distribution observed in the patients with microcytosis. Figure 5 shows that 

there were significant differences (p < 0.05) in the ratio values between all groups except for 

the comparison of iron deficiency with thalassemia (FRR = 1.61 ± 2.16 vs. 1.54 ± 2.13, 

respectively). Paradoxically, the reasons for the low FRR observed in the iron deficiency and 

thalassemia groups are opposite. FRR was low in iron deficiency because the iron deposits 

(represented by lower PF concentrations) become depleted before the levels inside the 

erythroblast (EF) are affected. In contrast, the low FRR value in the Thalassemia group results 

from the increase of EF produced by the accumulation of iron in the erythroblast that fails to 

bind the globin, which is not adequately synthesized. The evaluation of FRR in anemia of 

inflammation is discussed below. 

3.4 Erythrocyte ferritin in anemia of inflammation 

Mean EF concentration in this group was 10.48 ± 6.84 ag/cell, similar to that observed in 

control subjects (Table 1). Conversely, PF values (274.82 ± 332.95 ng/mL) displayed great 

variability and were significantly higher than those found in the control group (p < 0.001; Table 

1). Anemia of inflammation is the pathology where the use of the FRR is probably more 
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helpful. The ratio is able to discriminate between thalassemia and anemia of inflammation, 

because in the latter disorder FRR appears distinctly elevated (1.54 ± 2.13 vs. 26.95 ± 25.65, p 

< 10e-5; Figure 5), reflecting the blockade of iron deposits in the mononuclear phagocyte 

system. 

The anemia of inflammation is currently considered a manifestation of the effect of 

inflammatory mediators [4]. Different mechanisms are involved in its pathophysiology, 

although the overproduction of hepcidin induced by interleukin-6 seems to play a prominent 

role [16]. Hepcidin binds to ferroportin (an iron exporter expressed in enterocytes and 

macrophages), triggering its internalization and therefore decreasing iron efflux from these 

locations into plasma. Persistent hepcidin elevation restricts iron availability for erythropoiesis 

[17]. However, EF levels in these patients with anemia of inflammation were comparable to 

those of controls (Table 1), which suggests the existence of other factors determining EF 

concentrations, such as the relative deficiency of erythropoietin [4]. In this regard, we have 

previously reported inverse correlation between EF and erythropoietin levels [18]. 

Moreover, in contrast to the acute-phase reactant PF, EF is independent of the 

inflammatory state of the patient and therefore may be useful to detect iron deficiency 

associated to this disorder. EF levels lower than 7 ag/cell may justify a therapeutic test with 

iron [13]. 

Erythrocyte ferritin in newborns 

The importance of iron in the development of the fetus and the newborn prompted us 

to investigate the role of EF vs. PF in this population. Eighty-one (41 males and 40 females) 

healthy Spanish full-term newborns (39.95 ± 1.08 gestation weeks) with a mean weight of 3.27 

± 0.45 kg were studied. PF mean concentration in this group (193.04 ± 97.40 ng/ml) was similar 
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to that reported in previous studies in newborns [19, 20]. However, we observed in our series 

a mean EF value of 548.4 ± 32.5 ag/cell, which was almost sixty times higher than that 

obtained in the control group. These high values have also been observed by the other study 

that has analyzed this parameter in newborns, although the reported differences were not so 

marked [21]. The lower gestational age of the participants in this last study may explain this 

discrepancy with our results, as red cell ferritin increases through pregnancy [21]. 

These observed high EF values stress the importance of erythrocyte iron deposits in fetal 

hematopoiesis. An excess of iron uptake into the erythroblast in case of transferrin saturation 

or a decrease in iron consumption for globin synthesis could be behind this finding [12]. It 

should be remarked that the blood in the fetus contains mainly HbF, this Hb could also be 

related to the EF increase for the same reasons we previously described in the section dealing 

with Delta-Beta Thalassemia. In any case, the precise molecular mechanisms underlying the 

exceptionally high EF concentrations in newborns are still unknown. 

 

4. CONCLUSIONS 

The determination of red cell ferritin is currently not commonly carried out, mainly 

because is time-consuming and because it is not viable in transfused patients. However, this 

parameter may provide the clinician with relevant data for the diagnosis of microcytosis. For 

instance, EF values deplete with the onset of a clinically significant iron deficiency. In addition, 

this parameter is highly elevated in Thalassemia, especially in Delta-Beta thalassemia. 

Moreover, in the anemia of inflammation, EF does not behave as an acute-phase reactant and 

therefore the ratio between plasma and erythrocyte ferritin is greater in patients with this 

disorder than in any other microcytosis. Finally, we observed that EF is exceptionally elevated 
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in umbilical cord blood from full-term newborns, although the precise mechanisms underlying 

this finding are yet to be clearly established. 
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FIGURE LEGENDS 

 

Figure 1. Nomogram for the diagnosis of the different microcytosis considered. MCV, mean 

corpuscular volume; Hb, hemoglobin.

 
a
The term atypical microcytosis includes those cases 

with putative alpha-thalassemia minor. 

Figure 2. Erythrocyte (A) and plasma (B) ferritin values in control subjects and individuals with 

iron deficiency (ID) with and without anemia.
*
p < 10e-5 vs. controls. 

Figure 3. Correlation between mean corpuscular volume (MCV) and erythrocyte (A) and 

plasma (B) ferritin values in patients with iron deficiency. 

Figure 4. Comparison of erythrocyte (A) and plasma (B) ferritin values between patients with 

Beta and Delta-Beta Thalassemia. 
*
p < 0.05 vs. mean value in the Beta Thalassemia group. 

Figure 5. Ferritin ratio (FRR) in all study groups. 



TABLES 

 

Table 1. Clinical characteristics of patients and control subjects. 

 
Controls Ferropenia Thalassemia 

Anemia of 

inflammation 
Newborns 

Males 28 

29 

15 

31 

15 

21 

6 

5 

41 

40 Females 

Hb 14.9 ± 1.1 10.9 ± 1.9 12.0 ± 1.3 10.8 ± 1.6 15.8 ± 1.6 

MCV 88 ± 4 73 ± 9 65 ± 4 77 ± 3 109 ± 6 

RDW
a
 13 ± 1 18 ± 5 17 ± 3 17 ± 2 - 

PF (ng/ml) 76.2 ± 46.7 
***

7.6 ± 7.5 83.4 ± 76.1 
*
274.8 ± 332.9 

***
193.0 ± 97.4 

EF (ag/cell) 9.9 ± 5.4 
**

5.8 ± 4.3 ***86.2 ± 57.1 10.6 ± 6.4 
***

580.2 ± 295.1 

 
*
p < 0.001; 

**
p < 0.0001; 

***
p < 10e-5 (all comparisons vs. control group). 

Hb, hemoglobin; MCV, mean corpuscular volume; RDW, red cell distribution width; PF, plasma 

ferritin; EF, erythrocyte ferritin 

a
RDW was not measured in the newborns 

 

Table(s)
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