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ABSTRACT:

Infection is common in thalassemia patients and is one of the leading causes of death. It's still unclear why these individuals are so
sensitive to infection. There is strong evidence that a deficiency in the functioning of phagocytic cells plays a key role in the
weakened resistance to pathogenic bacteria. The purpose of this study was to investigate the function of phagocytic cells by
comparing the serum levels of granulocyte macrophage-colony stimulating factor (GM-CSF) and Neopterin in thalassemia
patients to healthy people. The study included 50 thalassemia patients and 30 healthy controls. Enzyme-linked immunosorbent
assay (ELISA) was applied to estimate the serum levels of GM-CSF and Neopterin. Serum levels of GM-CSF were significantly
elevated in thalassemia patients when compared to healthy people (p < 0.05), while serum levels of Neopterin showed no
significant change between thalassemia patients and healthy controls. Both serum levels of GM-CSF and Neopterin showed no
significant difference between Splenectomized and healthy controls. Total leukocyte counts, lymphocytes, MID (monocytes),
platelets, and RBC were all significantly higher in thalassemia patients compared to healthy controls. But, granulocyte counts
showed no significant difference between the thalassemia patients and the healthy controls. On the other hand, total leukocytes,
monocytes, lymphocytes and platelets counts were significantly raised in splenectomized patients when compared to healthy
controls and non-splenectomized patients, respectively. We came to the conclusion that thalassemia patients have a high immune
cell count, which is most likely due to the antigenic difficulties posed by blood transfusions. On the other hand, these patients
have an impaired immune system.
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1.INTRODUCTION:

Thalassemia is a genetic anemia caused by
inadequate of hemoglobin synthesis (Higgs et al.,
2001). p-thalassemia is a blood disorder that
affects a variety of organs and has a high rate of
morbidity and mortality. The cause is a decrease
in the formation of Beta-globin chains
(Cunningham et al., 2004). Beta-thalassemia is
most commonly found in Mediterranean countries,
the Middle East, Central Asia, India, Southern
China, the Far East, and countries along Africa's
north coast and in South America (Angastiniotis
and Lobitz, 2019, Kattamis et al., 2020).
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The elevated beta-thalassemia gene frequency in
these areas is almost definitely owing to
Plasmodium falciparum malaria-related selection
pressure (Flint et al., 1998).

Infections are more common in p-thalassemia
major, indicating that there is a basic deficiency in
the host defense system. Infections can be caused
by a wvariety of factors, including blood
transfusions, splenectomy, iron overload in the
body, and immune system malfunction. Patients
with B-thalassemia have been found to have a
wide range of immunological disorders (Asadov,
2014, Ghaffari et al., 2011, Ghaffari et al., 2008,
Farmakis et al., 2003).

Blood transfusions are the most common
treatment for thalassemia, although they have a
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number of side effects, including hemosiderosis,
transfusion reactions, alloimmunization, and
infections. The immunologic consequences of
alloimmunization have been explored from
humoral allosensitization to the impact of
transfusion on cellular immune function
(Vichinsky et al., 2014, Dhawan et al., 2014).
Increased immunoglobulin production,
insufficient complement system activity, reduced
opsonization, and granulocyte phagocytosis have
all been recorded as immunological abnormalities
(Sinniah and Yadav, 1981, Tovo et al., 1981,
Gluba-Brzézka et al.,, 2021). There is also
evidence that thalassemia has an effect on the cell-
mediated immune response and lymphocyte
subsets (Javad et al., 2011).
Granulocyte-macrophage colony-stimulating
factor is a multipotent cytokine that increases the
growth of macrophages and granulocytes
generated in the bone marrow. This cytokine is
produced by various cells, including activated T
lymphocytes, B lymphocytes, natural killer cells,
monocytes/macrophages, endothelial, epithelial,
and fibroblast cells (Zhan et al., 2012).

Antigen presentation, phagocytosis, chemotaxis,
and cell adhesion are all affected by GM-CSF
(Shapouri- Moghaddam et al., 2018, Li et al.,
2013). In addition, GM-CSF defective animals are
more susceptible to lung infection (Paine et al.,
2000, LeVine et al, 1999), intestinal, and
systemic infections, demonstrating its significance
in immunological homeostasis (Hirata et al.,
2010).

Neopterin is a cellular immune biomarker that
appears early in immune response and
monocyte/macrophage activation. When
monocyte-derived macrophages and dendritic
cells are stimulated with interferon-gamma (IFN-
y), they produce this low-molecular-weight
molecule, which is a metabolite of guanosine
triphosphate. It's also considered a reliable tool for
assessing the rate of IFN- y production. (Oxenkrug
et al., 2011, Sucher et al., 2010). Neopterin has
been used in clinical trials to evaluate bacterial
and viral infections, autoimmune disorders, and
cancer (Hoffmann et al., 2003). Obeid and his
colleagues discovered that thalassemia patients
had considerably greater serum levels of IFN-y
and Neopterin when compared to healthy controls
(Obeid et al., 2018).
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In this study, we aimed to determine the serum
levels of GM-CSF and Neopterin in patients with
thalassemia in Erbil city.

2. MATERIALS AND METHODS
2.1. Participants

Fifty patients were willing to participate in

the study, with 26 men (52%) and 24 women
(48%) with a mean age of 16.26+8.669 years,
attended consultation agency of Thalassemia in
Erbil city-lrag. Sixteen (16%) of the patients had
splenectomy. All of the patients were transfused
on a regular basis to keep their hemoglobin levels
over 9.5 g/dl with a mean transfusion interval of
17 days. The study was approved by the local
ethics committee at the hospital, and legal
guardians' informed consent was obtained in each
case.
The control group consists of 30 volunteers, six
men (20%) and 24 women (80%) with a mean age
of 20.73+ 0.907 years and from the same urban
populations. Exclusion criteria for the healthy
volunteer were a family history of thalassemia,
smoking, medication, pregnancy, and any physical
abnormalities.

2.2 Blood Sampling and Storage

Five milliliters of venous blood were drawn
from patients and healthy controls using sterile
disposable syringes. Then 2 ml was transferred to
EDTA tube for complete blood count, and 3ml
was put into a clot-activator tube for serum
separation. The serum was collected after
centrifugation at 3000 rounds per minute (rpm) for
15 minutes and put it in an Eppendrof tube and
then stored at -20°C till the assay time.

2.3 Detection of GM-CSF and Neopterin

Serum levels of both Neopterin and GM-
CSF were evaluated by ELISA technique. The
assay was achieved according to the
manufacturing company's instruction
(Komabiotechinc Company Republic of Korea).

2.4 Hematological analysis

Total leukocytes, granulocytes, lymphocytes,
platelets, and red blood cells were counted with a
fully automated hematological analyzer (XT-
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USA) directly after

2.5 Statistical Analysis

Graphpad Prism™ software was used to
collect and graph the data. The unpaired t-test and
the ANOVA test were used to compare the
groups. P values of less than 0.05 were considered
statistically significant, and data were presented as
mean =+ standard deviation (SD).

3. RESULTS AND DISCUSSION

Thalassemia is a major public health issue
in more than sixty nations throughout the world,
particularly in the eastern Mediterranean
(Kattamis et al., 2020). In B-thalassemia patients,
a routine blood transfusion program every 3-4
weeks was prescribed to correct anemia, which
could lead to alloimmunization to erythrocyte
antigens (Philip and Jain, 2014).

Infections are the second most prevalent
cause of disability and possibly death in
thalassemia patients, after cardiac failure
(Farmakis et al., 2003). This increased risk may be
due in part to compromised immune systems in
thalassemia patients (Wiener, 2003). The spleen
plays an important role in  immunity,
inflammation, and  thrombosis  regulation.
Splenectomized persons are predicted to have
systemic consequences and dysfunctions (O'Neal
Jr et al., 2016). Splenectomized patients are more
susceptible to infections, have a higher risk of
septic complications, and have a higher mortality
rate than non-splenectomized patients (Sinwar,
2014, Sari et al., 2016).

Serum levels of GM-CSF and Neopterin
were analyzed from p-thalassemia patients and
compared to the healthy people. Serum GM-CSF
levels were significantly increased in thalassemia
patients when compared to healthy volunteers
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Figure 1; Immunological parameters in thalassemia patients
and healthy controls.

Our results also showed that serum levels
of GM-CSF and Neopterin were significantly
elevated in non-splenectomized patients when
compared to healthy volunteers. Furthermore,
serum levels of GM-CSF and Neopterin were
significantly lower in splenectomized individuals
than in non-splenectomized patients as shown in
Table 2 and Figure 2.

Table (2) Comparison of immunological and hematological
parameters in non-splenectomized with splenectomized [-
thalassemia patients

(1.861 + 0.072 vs. 1.487 = 0.099). Serum
Neopterin levels showed no significant difference Controls Non- Splenectomiz  ANOVA
between thalassemia patients and healthy pgramet (N=30) Splenectomiz  ed P value
volunteers (1.264 £+ 0.038 vs. 1.259 + 0.055) as ers Mean + SD ed (N=8)
shown in Table 1 and Figure 1. (N=26) Mean + SD
Mean = SD
Table (1) Immunological parameters in thalassemia patients GM- 1519£0.599 1.911+0.556 1.889+0.645 0.038
and healthy controls CSF
(pg/ml)
0.058

Parameters Patients(n=50) Controls(n=30) P value

Neopteri 1.011+0.012 1.015+0.011 1.004 +0.006
Mean + SD Mean + SD n

(ng/ml)
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WBC  0.846+0.107 0.889+0.217 1.377+0.418 <0.0001
(109/L)

GRA 06240138 0544+0223 0.762+0200 0.024
(109/L)

LYM  0.322+0.148 0528+0286 1.048%0593 < 0.0001
(109/L)

MID  0.609+0.181 0.834+0.307 1.1560572  0.0001
(109/L)

PLT  2.385%0.102 2.414+0294 2768+0.207 0.0002
(109/L)

Ud-Naen and his colleagues discovered
that when non-thalassemia cells were stimulated
with P. insidiosum zoospores, they produced more
GM-CSF and IFN- vy than thalassemia cells. They
also discovered that thalassemia patients'
monocytes/macrophages produced significantly
more GM-CSF than people who didn't take an
iron chelator (Ud-Naen et al., 2019).
Splenectomized B-thalassemia/hemoglobin E (Hb
E) individuals are iron-overloaded due to iron
absorption as a result of insufficient erythropoiesis
(Pootrakul et al., 1988). Excess iron is toxic to all
cells in the body and can cause serious and
irreversible organic damage, such as heart disease,
diabetes, bone fractures, cirrhosis, and
hypogonadism (Ginzburg and Rivella, 2011). As a
result, GM-CSF levels may be affected by iron
overload, prolonged blood transfusions, iron
chelator therapy, and splenectomy (Pootrakul et
al., 1988, Leecharoenkiat et al., 2016, Ud-Naen et
al., 2019).

In contrast to previous finding that
indicated higher level of serum Neopterin in -
thalassemia patients (Gharagozloo et al., 2009,
Obeid et al., 2018), our study showed that there
was no significant difference between thalassemia
patients and healthy controls. On the other hands,
serum Neopterin level was significantly reduced
in splenectomized patients when compared to non-
splenoctimsed patients. Gharagozloo and his
colleagues reported that the formation of IFN-y
and IL-2 was significantly reduced in thalassemia
patients with high serum ferritin levels, suggesting
that iron overload in B--thalassemia patients had
an immunosuppressive effect (Gharagozloo et al.,
2009). Furthermore, previous studies have
demonstrated that iron overload can affect T
helper 1 (Th1) growth in mice by lowering IFN- y

formation, which can be efficiently reversed with
desferrioxamine therapy (Mencacci et al., 1997,
Omara and Blakley, 1994). Iron overload affects T
helper 1 and IFN-y formation and subsequently
affects monocytes/macrophages’ function, and
causes defective immune responses.

The current result showed that total
leukocyte counts, lymphocytes, MID (monocytes),
platelets and RBC were significantly elevated in
thalassemia patients compared to healthy
volunteers. While granulocyte counts showed no
significant change between thalassemia patients
and healthy volunteers as shown in table 3.

Table (3) Hematological parameters in thalassemia patients
and healthy controls

parameters  Controls Patients P value
N=30 N=50

WBC 0.849+0.018 1.083+0.049 0.0005

(10°/L)

GRA 0.624+0.025 0.666 £0.032  0.360

(10°/L)

LYM 0.3222 £0.027 0.740+£0.065 <0.0001

(10°/L)

MID 0.612+0.032 0.982+0.055 <0.0001

PLT 2.385+0.018 2.549+0.039 0.002

RBC 4781+£0.091 3.171+0.074 <0.0001

Moreover, each of the total leukocytes,
monocytes, lymphocytes and platelets was
significantly elevated in splenectomized patients
compared to healthy volunteers and non-
splenectomized patients as shown in Table 2 and
Figure 2.

Al- Awadhi and his colleague reported
that thalassemia patients had significantly higher
total leukocytes and lymphocyte counts than
controls (Al- Awadhi et al., 2010). These results
are consistent with our findings. In a previous
study, it was discovered that removing the spleen
after a traumatic rupture causes leukocytosis
(neutrophils), which is followed by permanent
lymphocytosis (McBride et al., 1968, Modell and
Berdoukas, 1983).This may explain why
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Figure 2: Immunological and hematological parameters in
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