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Abstract
The most frequent forms of microcytic anemia are: Iron deficiency anemia (IDA), β-thalassemia and chronic disease 
anemia (ACD) alongside the traditional laboratory parameters (RDW, iron, ferritin, etc.), the evaluation of the peripheral 
smear, for the search for some cellular elements is also fundamental for a correct diagnosis.
Pencil cells are ellipsocytes having the major axis three times longer than the minor axis and the target cells. 
Precheratocytes are erythrocytes with preserved central pallor and one or more distinct vacuoles, with sharp edges, 
adhering to the plasma membrane. The aim of this work wanted to evaluate the diagnostic power that the detection of 
precheratocytes and pencil cells, carried out by quantitative morphological analysis on a peripheral blood smear, has in 
discriminating the different types of microcytic anemias.
Materials and methods: In the period June-October 2021, 60 patient samples diagnosed with microcytic anemia were 
recruited at the Hospital Clinical Pathology Laboratory of the Azienda Osepdaliero Universitaria Policlinico di Bari: 20 
diagnoses of IDA, 20 diagnoses of ACD, and 20 diagnoses of β-thalassemia who had not received blood transfusions. 
Whole blood samples, collected in tubes with K2 EDTA anticoagulant, were analyzed within six hours of collection. Two 
blood smears were prepared from each sample, stained with May-Grunwald-Giemsa Stain for evaluation of erythrocyte 
morphology. Upon examination under an optical microscope, 20 red blood cells (RBCs) × 50 fields were observed to 
visualize 1000 RBCs.
Results: Precheratocytes were found in 17/20 (85%) samples of patients with IDA and in 11/20 (55%) samples of 
patients with β-thalassemia, with a statistically insignificant difference (p = 0.08). 10/20 (50%) patients with ACD had 
precheratinocytes with a statistically significant difference only compared to patients with IDA (p = 0.04). Pencil cells 
were found in 17/20 (85%) of patients with IDA and in 11/20 (55%) of patients with β-thalassemia with a statistically 
insignificant difference (p = 0.08). 11 (55%) of patients with ACD had pencil cells on smear but no statistically significant 
difference compared to patients with IDA (p = 0.08).
The analysis of the ROC curves, through the values of the area under the curve (AUC) has shown that among the 
instrumental parameters evaluated the RDW and the % IPO together with the values of precheratocytes and pencil cells, 
show the highest accuracy in discriminating the cases of IDA from β-thalassemia; the morphological tests alone for the 
search for precheratocytes and pencil cells show greater accuracy than the other indices in discriminating cases of IDA 
from ACD. We did not find any statistically significant correlation between the erythrocyte indices and the presence of 
precheratocytes or pencil cells in the three groups of pathologies considered.
Discussions: The diagnosis of microcytosis is carried out both with the morphological examination on the slide and 
with the use of erythrocyte parameters provided by the current automatic hematological analyzers. In microcytic 
hypochromic anemia, poikilocytes, both precheratocytes and ellisoocytes (pencil cells), are more present in patients with 
iron deficiency anemia (IDA) than in those with chronic disease anemia (ACD) or those with β-thalassemia. The presence 
of precheratocytes and pencil cells found through the quantitative morphological analysis of the peripheral blood smear 
could be of support in the differential diagnosis of IDA towards β-thalassemia or ACD.
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Introduction
Iron deficiency anemia (IDA), β-thalassemia, and to a 

lesser extent, chronic disease anemia (ACD) are the most 
common causes of microcytosis [1-3].

The laboratory tests used for their differential diagnosis 
include the amplitude of red blood cell distribution (RDW), 
the iron and ferritin assay, the total iron-binding capacity 
(TIBC), the transferring saturation, the electrophoresis of 
the hemoglobin, and occasionally, reticulocyte counts and 
peripheral blood smears [4].

The examination of the peripheral smear, in the case of 
microcytic anemias, allows the search for particular cytotypes, 
such as "pencil cells", traditionally described in iron deficiency 
smears, and the "target cells" or even cells with basophilic 
punctuation found in cases of Minor β-thalassemia [5-9]. 
Pencil cells are ellipsocytes having the major axis three times 
longer than the minor axis [10] and the target cells.

The most recent literature reports that, in addition to the 
presence of small and hypochromic erythrocytes and pencil 
cells, a type of poikilocyte called precheratocyte is also found 
in the IDA smears [11]. Precheratocytes, originally described 
by Bell as intermediate forms in the sequence of burr cell 
formation [12], are erythrocytes with preserved central pallor 
and one or more distinct vacuoles, with sharp edges, adhering 
to the plasma membrane [7]. It is thought that they are the 
precursors of keratocytes which, in turn, originate from the 
amputation of a semilunar membrane fragment following the 
rupture of the vacuoles present under the plasma membrane 
[13].

In clinical practice, the use of these morphological features 
for the differential diagnosis of microcytic anemias is limited 
due to the scarcity of quantitative data to support this use.

In this work wanted to evaluate the diagnostic power that 
the detection of precheratocytes and pencil cells, carried out 
by quantitative morphological analysis on a peripheral blood 
smear, has in discriminating the different types of microcytic 
anemias. The paper is also aimed to assess whether there is 
a correlation between the presence of these cells and some 
erythrocyte parameters provided by the automated blood 
count.

Materials and Methods
In the period June-October 2021, 60 patient samples 

diagnosed with microcytic anemia were recruited at the 
Hospital Clinical Pathology Laboratory of the Azienda 
Osepdaliero Universitaria Policlinico di Bari: 20 diagnoses of 
IDA, 20 diagnoses of ACD, and 20 diagnoses of β-thalassemia 
who had not received blood transfusions.

Enrolled patients had the following characteristics: 
patients with IDA had the following parameters: MCV < 80 fl, 
ferritin < 35 ng/ml, Hb < 13 g/dl; patients with β-thalassemia 
presented the following parameters: MCV < 80 fl, % HbA2 > 
3.2; patients with ACD had the following parameters: MCV < 
80 fl, ferritin > 280 ng/ml, Hb < 12 g/dl.

The blood count was performed on the ADVIA 2120 

automatic analyzer. The parameters evaluated were: RBC, 
Hgb, MCV, MCHC, RDW, CHr, % IPO, MICRO/IPO.

Whole blood samples, collected in tubes with K2 EDTA 
anticoagulant, were analyzed within six hours of collection. 
Two blood smears were prepared from each sample, 
stained with May-Grunwald-Giemsa Stain for evaluation 
of erythrocyte morphology. Upon examination under an 
optical microscope, 20 red blood cells (RBCs) × 50 fields were 
observed to visualize 1000 RBCs.

Statistic Analysis
For the statistical analysis the MED CALC program was 

used, the Fischer test was used for the comparison between 
the percentage values, the Mann Whitney U test for the 
comparison between the means, the Pearson test for the 
analysis of correlation. Values ​​of p < 0.05 were considered 
statistically significant.

To identify the tests with a better discriminating capacity 
for the differential diagnostics of microcytic anemia, we 
compared, through the ROC curve method, the diagnostic 
accuracy of MCHC, RDW, CHr, % IPO, precheratocytes, and 
pencil cells and identified the optimal value of cut-off for each 
test. A 5% p-value threshold was adopted for all tests used.

Results
Table 1 reports the data of the mean values ​​of the 

instrumental parameters evaluated in the three groups of 
samples and their comparison. The table shows that there is a 
statistically significant difference for the RDW, % IPO, MICRO/
IPO. Precheratocytes were found in 17/20 (85%) samples of 
patients with IDA and in 11/20 (55%) samples of patients with 
β-thalassemia, with a statistically insignificant difference (p = 
0.08). 10/20 (50%) patients with ACD had precheratinocytes 
with a statistically significant difference only compared to 
patients with IDA (p = 0.04). Figure 1 shows the distribution 
of precheratocytes and pencil cells in the three populations 
examined.

The mean number of precheratocytes/1000 RBCs was 
higher in IDAs (1.55) than in both β-thalassemia (0.35) (p = 
0.005) and ACD cases (0.36) (p = 0.005). Pencil cells were 
found in 17/20 (85%) of patients with IDA and in 11/20 (55%) 
of patients with β-thalassemia with a statistically insignificant 
difference (p = 0.08). 11 (55%) of patients with ACD had 
pencil cells on smear but no statistically significant difference 
compared to patients with IDA (p = 0.08). The mean number 
of pencil cells/1000 RBCs was higher in IDAs (1.8) than in both 
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show greater accuracy than the other indices in discriminating 
cases of IDA from ACD (Figure 2 and Table 4).

We did not find any statistically significant correlation 
between the erythrocyte indices and the presence of 
precheratocytes or pencil cells in the three groups of 
pathologies considered (Table 5).

Discussions
The diagnosis of microcytosis is carried out both with the 

β-thalassemia (0.67) (p 0.005) and ACD (0.63) (p < 0.005) 
(Table 2).

The analysis of the ROC curves, through the values ​​of 
the area under the curve (AUC) has shown that among the 
instrumental parameters evaluated the RDW and the %IPO 
together with the values ​​of precheratocytes and pencil cells, 
show the highest accuracy in discriminating the cases of IDA 
from β-thalassemia (Figure 2 and Table 3); the morphological 
tests alone for the search for precheratocytes and pencil cells 

         

Figure 1: The distribution of precheratocytes and pencil cells in the three populations examined (IDA, β-Thalassemia, ACD).

Table 1: Parameters obtained from the AVDIA 2120 analyzer.

IDA β-Thalassemia 
IDA vs. β-Thalassemia 

 p
ACD 

IDA vs. ACD

P

RDW (%) 
 18.4 

(15.8-21.6) 

15.1 

 (14.5-15.8) 
< 0.0001

17.6 

(14.5-20.8) 
0.015 

%IPO 
 27.07 

(17.1-44.1) 

19.1 

 (12.6-26.6) 
0.02

32.7 

 (24.1-39.3) 
0.04

MICRO/IPO 
 0.74 

 (0.37-0.99) 

 1.98 

(1.26-2.68) 
< 0.0001

 1.00 

(0.6-1.24) 
0.0003

*The data are expressed as mean value (range of the mean) a comparison between means was performed

Table 2: The data are expressed both as the number (percentage) of positive samples in the presence of the cells on the total of the samples 
evaluated and as an average value on 1000 RBC, for each group considered. 

IDA n = 20) β-Thalassemia (n = 20) p* ACD (n = 20) p*

Precheratociti 

Positive samples (%)

17 (85%) 11 (55%) 0.08 10 (50%) < 0.05

Precheratocytes

mean/1000 RBC 

1.55 0.35 < 0.001 0.36 < 0.001

Pencil cells 

Positive samples (%)

17 (85%) 11 (55%) 0.08 11 (55%) 0.08

Pencil cells

mean/1000 RBC 

1.8 0.67 < 0.001 0.63 < 0.001

*Compare vs. the IDA group.
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Figure 2: ROC curve a) The instrumental parameters evaluated the RDW and the %IPO together with the values of precheratocytes and 
pencil cells highest accuracy in discriminating the cases of IDA from β-Thalassemia; b) The morphological tests alone for the search for 
precheratocytes and pencil cells show greater accuracy than the other indices in discriminating cases of IDA from ACD.

Table 5: Correlation between hematological indices provided in automation and morphological indices (precheratocytes and pencil cells).

 IDA n = 20) 

P value (coefficient correlation R)

β-Thalassemia (n = 20) 

P value (coefficient correlation R)

ACD (n = 20) 

P value (coefficent di correlation R)

Precheratocytes vs MCV  0.15 (R = -0.36) 0.22 (R = -0.25) 0.11 (R = -0.55)

Precheratocytes vs RDW 0.21 (R = -0.381) 0.11 (R = 0.27) 0.22 (R = -0.215)

Precheratocytes vs. %IPO 0.09 (R = 0.333) 0.35 (R = 0.16) 0.36 (R = -0.41)

Precheratocytes vs. %IPO 0.09 (R = 0.123) 0.22 (R = 0.29) 0.08 (R = -0.39)

Pencil cells vs. MCV 0.18 (R = -0.40) 0.16 (R = -0.38) 0.07 (R = -0.51)

Pencil cells vs. RDW 0.11 (R = 0.23) 0.25 (R = 0.49) 0.33 (R = -0.21)

Pencil cells vs. %IPO 0.13 (R = 0.23) 0.26 (R = 0.19) 0.09 (R = -0.33)

Pencil cells vs. %IPO 0.15 (R = -0.36) 0.32 (R = -0.32) 0.09 (R = -0.37)

Table 3: Analysis of the ROC curves of the parameters considered IDA vs. β-thalassemia.

Sensibility 90% AUC Cut off 95% CI Specificity

MCHC 0.535 28.2 0.371-0.694 10.0

RDW 0.989 15.8 0.891-0.991 85.0

CHr 0.595 24.1 0.428-0.747 55.0

% IPO 0.702 25.2 0.537-0.836 30.0

Precheratocytes 0.808 1.2 0.652-0.914 70.0

Pencil-cells 0.807 1.75 0.652-0.914 65.0

Table 4: Analysis of the ROC curves of the parameters considered IDA vs. ACD.

Sensibility 90% AUC Cut off 95% CI Specificity

MCHC 0.535 32.1 0.371-0.694 15.0

RDW 0.622 20.7 0.456-0.771 15.0

CHr 0.595 24.2 0.428-0.747 55.0

% IPO 0.685 24.1 0.519-0.822 55.0

Precheratocytes 0.800 1.5 0.643-0.909 55.0

Pencil-cells 0.800 1.8 0.643-0.909 50.0

poikilocytes, both precheratocytes and ellisoocytes (pencil 
cells), are more present in patients with iron deficiency 
anemia (IDA) than in those with chronic disease anemia (ACD) 

morphological examination on the slide and with the use of 
erythrocyte parameters provided by the current automatic 
hematological analyzers. In microcytic hypochromic anemia, 
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or those with β-thalassemia [11].

The contribution of the morphological examination to 
the differential diagnosis of microcytic anemias remains 
controversial [14]. In fact, if it is true that the different 
parameters provided by the current hematological analyzers 
in use have largely replaced the morphological examination 
of the peripheral blood smear, it is also true that in iron 
deficiency anemia, for example, it is possible to identify 
microcytosis on the slide before it occurs. have a reduction 
in MCV.

The authors wanted to evaluate whether the presence 
of precheratocytes and pencil cells found through the 
quantitative morphological analysis of the peripheral blood 
smear could be of support in the differential diagnosis of 
IDA towards β-thalassemia or ACD. Our results confirm the 
literature data indicating a significantly higher quantity of 
poikilocytes in the blood smears of patients with iron-deficient 
anemia compared to cases of β-thalassemia and ACD. Through 
the study of the ROC curves it is clear that precheratocytes and 
pencil cells have a good diagnostic capacity in discriminating 
patients with IDA from those with β-thalassemia or ACD; RDW 
shows a high performance in discriminating patients with IDA 
from those with β-thalassemia.

Conclusion
From the data collected, it is possible to state that 

although the morphological examination of the peripheral 
smear cannot be used as a major criterion for the differential 
diagnosis of microcytic anemias, it certainly represents a valid 
diagnostic aid in support of automation in the differential 
diagnosis of microcytic anemias.
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