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ABSTRACT

Objective: The current study is planned to distinguish between true iron deficiency anemia (IDA),
anemia of chronic diseases (ACD) and coexistence iron deficiency anemia in patients with chronic
inflammatory disorders (ACD/ IDA) by using new noninvasive and sensitive parameters as serum
transferrin receptors and transferrin receptors — ferritin index (STfR / Log ferritin) and assessment the
efficiency of these measurements in comparison to histochemical examination of stainable iron in bone
marrow aspiration which remains the most definitive method to distinguish between IDA and ACD.
Subjects and Methods: 64 anemic patients and 10 control healthy subjects were used in this study. There
were insignificant differences between the studied groups as regard sex and age. The anemic patients
were classified into three groups according to the presence or absence of stainable iron in bone marrow
and clinical data. 1- IDA group: patients had no stainable iron in the bone marrow. 1I- ACD group:
patients had stainable iron in the bone marrow with chronic disorders. 11I-COMBI group (ACD/ IDA):
patients had no stainable iron in bone marrow together with an infectious diseases, chronic inflammatory
diseases or non-hematological malignancy, in addition to patients who had a C-reactive protein (CPR)
above 20 mg/L. Samples and analysis:1) Bone marrow aspiration was collected from the sternal bone or
iliac crest, and many thin smears were made immediately and stained by Aldrich Perl's Prussian for
examination of stainable iron, 2) Blood analysis and complete blood count with the assessment of RBCs
indices were done, 3) Blood smears stained with Leishman's stain were examined by LM , 4)
Examination and count of reticulocytes in peripheral blood smears stained by Brilliant Cresyl blue stain
were illustrated, 5) Serum iron profile included serum iron concentration and % Saturation were
calculated. Moreover, 6) Determination of serum ferritin level, 7) Determination of serum transferrin
receptors level (sTfR) and 8) Calculation of serum sTfR / Log ferritin ratio were done. Results:
Microscopic examination of stained bone marrow smears demonstrated the absence of stainable iron in
bone marrow of patients of IDA and ACD/IDA groups, presence of stainable iron in bone marrow of
patients of ACD group as large granules in small clumps, and also appearance of stainable iron in bone
marrow of healthy normal control subjects group as a normal positive small sparse of iron particles,
MCH&MCYV values indicated significant decrease between IDA, ACD/ IDA groups with normal group,
but there was insignificant difference between ACD and normal groups.The microscopic examination of
stained peripheral blood films showed normal biconcave disc-shaped red cells with normal central
pallor and lacks intra-cytoplasmic inclusions in normal control and ACD groups, while
anisipoikilocytosis and microcytosis appeared with large central pallor cytoplasm in IDA ACD/ IDA
patient groups. MCHC value recorded significant difference between all groups; there was significant
decrease difference between IDA, ACD/IDA patient groups and control one and with ACD group, but
there was insignificant difference between normal and ACD groups, and between IDA and ACD/IDA
groups. The reticulocytes were stained with brilliant cresyl blue and displayed a black-blue network or
dots. There was significant increase difference between the three patient groups in comparable to normal
group, and also between IDA and ACD/IDA groups with ACD group while there was insignificant
difference between IDA with ACD/IDA groups. % Saturation value recorded significant difference
between the three patient groups and normal one, but there was insignificant difference between group
IDA and ACD/IDA groups. Ferritin levels illustrated significant decrease between IDA and normal
groups, and significant increase between ACD and ACD/IDA groups with normal one. Serum
transferrin receptors level recorded significant increase of IDA and ACD/IDA groups comparable with
normal one, but insignificant differences between ACD and normal groups, and between IDA with
ACD/IDA groups. sSTFR / Log Ferritin ratio showed significant difference between all groups; there
was significant increase difference between IDA, ACD/IDA and normal groups, but there was no
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significant difference between ACD and normal groups. In conclusion: the present data suggested that
the sTfR and transferrin receptors — ferritin index (STfR / Log ferritin) could be used as reliable
parameters in differentiation between IDA, ACD and ACD/IDA.

Keywords: True iron deficiency anemia (IDA), anemia of chronic diseases (ACD) , coexistence iron deficiency
anemia in patients with chronic inflammatory disorders (ACD/IDA), iron, ferritin, %Saturation ,transferrin receptors
(STfR) and transferrin receptors — ferritin index (sTfR / Log ferritin).

INTRODUCTION

Iron deficiency is one of the most frequent
clinical disorders in humans, caused by dietary
deficiency, chronic blood loss or pregnancy
Iron-deficiency anemia (IDA) occurs when this
condition is severe enough to reduce
erythropoiesis. The diagnosis of IDA can be very
difficult in patients with coexistent pathologies,
such as inflammatory and autoimmune diseases,
malignancies, or infections (acute or chronic)
because anemia of chronic disease (ACD),
frequently occurring in these conditions, can be a
confounding factor (1). Differentiating between
IDA and ACD, and identifying the coexistence
of mixed IDA/ACD is, therefore, a serious
diagnostic challenge, mainly because these
conditions of anemia need different treatments
and in ACD patients an inappropriate
supplementation of iron could aggravate the
underlying disease. The gold standard for
diagnosing iron deficiency is the bone marrow
examination (BME), which establishes the
absence of stainable iron (2). BME is, however,
invasive, expensive and operator-dependent so
that it cannot be routinely performed in clinical
practice (3&4).

Traditionally, the distinction between
different causes of anemia is based on a
hematological algorithm starting with the
interpretation of the mean corpuscular volume
(MCV). Accordingly, micro-, macro- or
normocytic erythrocyte conditions may hint at
different causes for anemia. Besides MCV,
basic laboratory parameters should include
reticulocyte count, differential blood cell count,
red cell distribution width, and serum ferritin,
TfS and  C-reactive  protein  (CRP)
concentrations (5).

Consequently, the measurement of serum
ferritin concentration is the first level test for

diagnosing IDA. Blood ferritin concentrations
are reported to reflect the amount and the
changes of intracellular ferritin, the main iron
storage protein, as confirmed by robust data.
However, ferritin failed to recognize true iron
deficiency in chronic disorders cases due to the
fact that ferritin is considered as an acute phase
protein (6).

The availability of further biomarkers,
not affected by concurrent chronic disease and
inflammation and therefore able to identify
mixed IDA/ACD, could have a great clinical
value. The soluble transferrin receptor (sTfR)
may play this role, as its serum concentration is
expected to rise in IDA, but not in ACD (7).
This is a single polypeptide chain of 85 kDa,
produced by the proteolytic cleavage of the 190
kDa transmembrane transferrin receptor, a
glycoprotein primarily expressed in cells
requiring iron. Plasma sTfR concentrations
reflect the receptor density on cells and the
number of cells expressing the receptor,
therefore it is closely related to cellular iron
demands and erythroid proliferation rate (8).
Some authors also reported the use of the
sTfR/Log ferritin ratio, i.e. the sTfR index,
theoretically taking advantage of the reciprocal
relationship  between the two variables
influenced by iron deficiency (increase of sTfR
and decrease of ferritin concentrations) (9&10).
However, a recent meta-analysis demonstrated
the greater clinical value of sTfR rather than
the sTR index (11).

The present investigation focused on the
differentiation between IDA, ACD and ACD /
IDA by using histological, histochemical and
biochemical studies.

SUBJECTS & METHODS
|. Study design:
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The current study was conducted on 64 anemic
patients, in addition to, 10 healthy subjects
serving as healthy control group admitted to
Al-Fadaly hospital, Tanta, Egypt. The anemic
patients were categorized into three groups
based on the presence or absence of stainable
iron in bone marrow and according to the
clinical data as:-

IDA group: Twenty-seven patients (15women
and 12 men): who fulfilled the morphologic
criteria of iron deficiency and had no stainable
iron in the bone marrow, were known as IDA
patients.

ACD_group: Twenty-seven anemic patients
(10 women and 17 men) were classified as
ACD patients, and these patients had stainable
iron in their bone marrow. These patients had
recurrent or chronic infections and chronic
diseases (non-hematologic malignancies or
inflammatory diseases).

COMBI _group (ACD/IDA): Ten anemic
patients who had no stainable iron in the bone
marrow together with an infectious disease, or
a chronic inflammatory disorder (such as
rheumatoid arthritis or colitis ulcerosa) or a
non-hematological malignancy. In addition,
patients who had a C-reactive protein (CRP)
value above 20 mg/L were placed in a COMBI
group.

The subjects included in this study were
adult persons age ranged from 39 - 60 years old
included; ten apparently healthy adult with no
history of anemia and diseases and patients
with history of anemia (IDA, ACD and
ACD/IDA).

Certain patients were excluded from the
present study as they suffered from hemolytic
anemia, defined vitamin B12 or folate
deficiency, blood transfusion within the past 3
months, hematologic malignancies, trauma,
cancer, patients currently receiving
chemotherapy or who received chemotherapy
in the last 3 months, "since chemotherapy
and/or radio therapy as well as bone marrow
infiltration by tumor cells might alter the
pathophysiology of the anemia compared with
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subjects with ACD on the basis of autoimmune
or infectious disease” and patients who
currently taking iron supplements or receiving
recombinant erythropoietin or mycophenolate
mofetil therapy.

All patients were subjected to full history
taking with emphasis on: age, gender, time
elapsed before hospital admission, history of
medical diseases that include active infections
and complete physical examination.

1. Samples:
+Bone marrow aspiration
The bone marrow was collected from the
sternal bone or iliac crest with the help of the
bone marrow aspiration needle under local
anesthesia. Immediately, many thin smears
from bone marrow were done according to
Larson (12) .The remaining of the sample was
placed in EDTA tube for further investigations.
4Blood
Ten milliliters (10mL) of freshly venous
blood were withdrawn from each subject under
complete aseptic precautions. Two ml of blood
were placed in EDTA tube for complete blood
count. The remaining of the blood was placed
in sterile tubes (without anticoagulants) and left
to clot for 30 minutes. Serum was then
separated by centrifugation at 3000g for 15
minutes and serum was immediately
subdivided into three eppendorfs; one for
immediate assay of Iron profile. The second
eppendorf was for immunoassay determination
of ferritin .The last was frozen at -20°C for
further specific investigations of serum serum
transferrin receptors. Before analysis, frozen
samples were allowed to thaw at room
temperature. Hemolysed and lipaemic samples
were discarded, repeated freezing and thawing
was avoided (7).

I11. Histological and histochemical
studies:
1-Bone marrow aspiration smears were stained

for iron store by using Sigma —Aldrich Perl's
Prussian iron stain (13).
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2 - Peripheral blood smears were examined by
Leishman's stain (14).

3- Complete blood counts were determined by
using automated hematology analyzer (ABX
Micros 60 analyzer).

4 — Examination and count of reticulocytes
were done by using Briiliant cresyl blue
stain (15).

IVV. Biochemical studies:
Biochemical studies were recorded by
measuring the following:
e Serum iron determination was done by using
ELTECH diagnostics kit (16).
e Transferrin saturation (% Saturation value)
was calculated by the following equation:

serum iron X100
serum fron>1%% (12).
TIBC

e The quantitative determination of ferritin
concentrations in human serum by ELISA
(17).

e Measurement of serum transferrin receptors
[sTfR] by ELISA (18)

e Calculation of serum sTFR / Log ferritin ratio
(19).

V. Data analysis:

Data were presented as mean + SE. Results
were analyzed using the computer program of
SPSS. All statements of significance were based
on probability of P<0.05 was considered to be
significant.

RESULTS

1.Estimation of stainable iron
distribution in bone marrow in
anemic patients and control groups:

Stainable iron distribution in bone
marrow in the present studied of the three
groups of anemic patients and control group
was done by using Aldrich Perl's Prussian iron
blue stain "gold standard”. Categorization of
the patients into three groups was based on
presence or absence of stainable iron in bone
marrow and inflammation. Patients of IDA
group and patients of ACD/IDA group showed
no stainable iron (negative) in bone marrow,
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while patients of ACD group showed presence
(positive) of intense stainable iron in bone
marrow as an increase and large granules of
stainable iron in small clumps, and also the
healthy normal control subjects showed
presence (positive) of stainable iron in bone
marrow (normal positive small, sparse iron
particles in low power field), see Table (1) &
Figs (1- 4).

All patients in the present studies were
anemic with hemoglobin less than 12 g/L and
normal control group were more than 12 g/L.
All patients had low serum iron less than 50
mg/dl as recorded in the previous our work
(20).

2. MCH & MCV values and blood films
stain:
MCH values & MCV values: There

were significant differences decrease between
IDA and ACD/IDA patient groups with normal
group P <0.001 and with ACD group P <0.001
whereas, there was insignificant difference
between normal with ACD groups as P>0.05
and also between IDA group with ACD/IDA
P>0.05 as recorded previously in our study
(20). The microscopic examinations of stained
peripheral blood films with Leishman's stain
showed normal biconcave disc-shaped of red
cells with normal central pallor and lacks intra-
cytoplasmic inclusions in normal control and
ACD groups, but anisipoikilocytosis and
microcytosis appeared with larger central pallor
(Figs. 5, 6, 7&10).

3. MCHC values:

As regard to MCHC value, there was
significant difference between groups P<0.001.
There was significant decrease difference
between IDA, ACD/IDA patient groups and
control group P<0.001 and with ACD group
P<0.001, but there was insignificant difference
between normal group and ACD group as
P>0.05 and between IDA group and ACD/IDA
group P>0.05 (Fig.11).

4. Reticulocytes count (Retix):
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Reticulocytes (Retix) are immature

RBCs, non-nucleated and contain reminant
RNA. The reticulocytes displayed a black-blue
network or black-blue dots with brilliant cresyl
blue stain in normal blood smears of control
group (Fig. 8), while the anemic patients of the
three groups demonstrated increment of
reticulocytes (Fig. 9). There was significant
increase between the three patient groups
comparable with normal group P <0.001, and
also between IDA and ACD/IDA groups with
ACD group P <0.001. On the other hand, there
was insignificant difference between IDA
group with ACD/IDA group P>0.05 (Fig. 12)
as recorded previously in our work (20).

5. % Saturation value:

As regard % Saturation value, there was
significant difference between groups P <0.001.
There was significant difference between IDA,
ACD, ACDI/IDA groups and normal group P
<0.001, but there was insignificant difference
between group IDA group and ACD/IDA group
P>0.05 (Fig.13).

6. Serum ferritin levels:

There  was  significant  decrease
difference of ferritin levels between IDA group
with normal group P <0.001. On contrast, there
was significant increase between ACD and

Table 1): Presence or absence of stainable iron in bone marrow distribution in the studied anemic
patients and control group.

ACD/IDA groups with normal group p<0.001
and p<0.05, respectively. The IDA group
showed the lowest ferritin level among all
groups, while the ACD group showed the
highest level (Fig.14) as recorded previously in
our work (20).

7. TIRs levels:

Data of TfRs levels demonstrated
significant increase differences between IDA
and ACD/IDA groups with normal group P
<0.001, but there were insignificant differences
between ACD group with normal group
P>0.05, also there were insignificant
differences between IDA with ACD/IDA group
(Fig. 15) as recorded previously in our work
(20).

8. TfRs / Log ferritin ratio:

There was significant difference between
groups as regard TfRs / Log ferritin ratio P
<0.001. There was significant increase
difference between IDA, ACD/IDA groups and
normal group P <0.001 and P <0.005
respectively but there was no significant
difference between normal group and ACD
group as P>0.05 (Fig.16).
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Fig (1): Statistical analysis presence (+Ve) or absence (-Ve) of stainable iron distribution in
bone marrow from normal donor and anemic patient groups.

Fig. (3): Bone marrow smears of normal control subjects showing presence stainable iron deposition
(arrows) in different areas of smears (a&b). (Perl s Prussian blue stain), X1000.
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Fig. (4): Bone marrow smears of chronic disorders anemic patient (ACD) showing increased stainable
iron deposition (arrows) in different areas of smear (a&b). (Perl s Prussian blue stain), X1000.
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Fig. (5): Peripheral blood smear of normal control subjects showing normal mean cell hemglobin
(MCH) (arrow ) in red blood cells. (Leishman s stain), X1000.
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Fig. (7): Peripheral blood smear of chronic disorders anemic patient (ACD) showing mean
cell hemglobin (arrows) in red blood cells. (Leishman s stain ), X1000,
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Fig. (8): Peripheral blood smear of normal healthy subjects showing normal reticulocytes (arrow).

(Brilliant cresyl blue stain ), X1000.
Fig. (9): Peripheral blood smear of anemic patient showing increment of reticulocytes (arrows).

(Brilliant cresyl blue stain ), X1000.
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Fig. (10): MCH values in the studied

anemic patients and normal group (Al-

Fadaly et al., 2017).
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Fig. (11): MCHC values in the studied
anemic patients and normal group.
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Fig. (12): Reticulocytes count in the anemic patients
and normal group (Al-Fadaly et al., 2017).
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Fig. (13): % Saturation values in the studied

anemic patients and normal group.
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Fig. (14): Ferritin levels in the anemic patients and

normal group (Al-Fadaly et al., 2017).
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Fig. (15): Serum transferrin receptors levels
in the anemic patients and normal group.

Fig. (16): TFRs/Log ferritin relation in the anemic

patients and normal group (Al-Fadaly et al., 2017).
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DISSCUSSION

Bone marrow examination is necessary
to evaluate iron in stores exactly and to setup
crucial diagnoses (4). However, bone marrow
examination cannot be regularly performed
because it is painful, expensive and time
consuming (6). The microscopic examination
of stainable iron in the bone marrow aspirate
smear is generally considered the reference
standard for determining the body iron stores
(21). Microscopic examination of a Perl's
Prussian blue stained bone marrow aspirate
smears is widely regarded as the "gold
standard" for the assessment of the marrow iron
stores (22).

In the current study, absence of stainable
iron in the bone marrow was diagnostic of iron
deficiency, whereas abundance of stainable
iron particles was considered as a diagnostic of
ACD. Bone marrow in patients with anemia of
chronic disorders is usually not hypercellular,
and sTfR are also not increased in these
disorders. This may be an explanation for
normal sTfR in ACD (23).

The erythrocytes of IDA group in the
present study appeared paler and smaller as
well as their hemoglobin inside them were
reduced than in control normal erythrocytes
group. This is manifested by reduced mean
erythrocyte volume (MCV) and reduced mean
eryhtrocyte hemoglobin (MCH) in complete
blood count. On peripheral normal blood
smear, the erythrocytes are microcytic and
hypochromic while in ACD, they appeared as
normochromc normocytic with normal MCH
and MCV. These results make RBCs indices
less effective in diagnosis iron deficiency
anemia in chronic disorders. These results were
in accordance with Cheng et al. (24) and
Pasricha et al. (25).

Regard to MCHC, there was no
significant difference between normal group and
ACD group indicated the fact that ACD is
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normochromic and normocytic  (although
anemia may become microcytic as disease
progresses and the reticulocyte count is low,
reflecting the hypoproliferative nature of the
anemia (19).

Concerning reticulocytes count (Retix),
there was significant increase between the
three patient groups with normal group. This
result reflects the fact that an increase of
immature reticulocytes in the blood of
individuals with iron deficiency anemia
represents a response to anemia, as long as the
medullary tissue and the indispensable factors
for erythropoiesis are preserved (26).

Considering % Saturation, There was
significant difference between IDA, ACD,
ACD/IDA groups comparable with normal
group, but there was no significant difference
between group IDA group and ACD/IDA
group. As a conclusion, %Saturation is not a
good marker to detect true iron deficiency in
ACD/IDA group. The current results were
correlated with the results of many authors (2
&27).

Regard to ferritin concentrations, the
present data showed significant decrease in
ferritin concentrations of all patients of IDA
group which had no stainable iron in bone
marrow, while it recorded significant increase
in patients of ACD group which had an
increment of stainable iron in bone marrow.
Although, all patients of ACD/IDA group
showed absence of stainable iron in bone
marrow, the mean of ferritin concentrations
showed significantly increase. This could be
attributed to the fact that ferritin is considered
an acute phase protein which means it can be
elevated in the presence of inflammation (20,
28 & 29).

Serum ferritin and transferrin saturation
(TSAT) are currently the main surrogate
markers used in daily clinical practice for
assessing iron status (30). However, ferritin

IJSER © 2017
http://www_.ijser.org

232



levels are difficult to interpret during
inflammation because sferritin expression is
induced by both iron overload and
inflammatory cytokines. TSAT may also
mislead since it has some acute phase
reactivity (31).

In the current study the sTfR value in
IDA patients group showed significant
increase in its mean value compared with
normal value. The significant increase in sTfR
in IDA patients group could be attributed to
the erythroid marrow hyperplasia where its
concentration  correlates  directly  with
erythropoietic ~ activity and  inversely
proportional with the amount of iron available
for erythropoiesis. Thus, the increased sTfR
measurements can effectively identify iron
deficiency even in the presence of
accompanying inflammatory  or  acute
infectious conditions. As it was previously
suggested the quantification sTfR has been
shown to differentiate effectively between iron
replete and iron deplete anemic states,
irrespective of the presence of acute or chronic
inflammatory conditions (32- 35).
Determination of sTfR has been proposed
to identify iron-deficiency anemia (IDA) in
patients affected by concurrent inflammatory
disease that may spuriously increase ferritin
concentration (36&37). Thus the serum ferritin
level varies with iron stores, while TfRs is
assumed to reflect reliably the degree of tissue
iron supply. The TfRs/ferritin ratio has been
suggested to be a good estimate of body iron in
individual subjects
In the present study, the sTfR /ferritin
ratio was significantly increased when IDA
group was compared with the control
group.This was in accordance with many
authors (38-42). They suggested that sTfR /
ferritin ratio and sTfR/ Log ferritin index are a
good estimate of body iron. The usage of this
ratio provides the advantage of the combining
of two phenomena i.e., increase in sTfR and a
decrease in the ferritin concentration. These
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two variables, in general, are influenced by the
body iron stores, the availability of iron for
erythropoiesis, and total mass of erythroid
marrow. The present findings of increased
sTfR and sTfR /ferritin ratio in ACD patients
could be attributed to the accepted explanation
of the possibility of the presence of IDA with
ACD.

In conclusion, the present results
illustrated that the serum ferritin is still the
effective marker for diagnosis of IDA in
absence of inflammation and chronic
diseases, but it is not a good indicator to
differentiate  IDA when associated with
ACD/IDA as well as %Saturation is not a
good marker to detect IDA in ACD/IDA
group. In contrast, results of sTfR showed no
change in both IDA and ACD/IDA group.
Therefore, sTfR and transferrin receptors —
ferritin index (sTfR / Log ferritin) could be
used as reliable parameters in differentiation
between IDA, ACD and ACD/IDA.
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