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Abstract
Background: Beta-thalassemia major (β-TM) is the most common hereditary hemoglobin synthesis disorder,
often requiring blood transfusions, which, along with splenectomy and iron supplementation, increases the risk
of bacterial infections and alters the immune profile of affected individuals. Beta-thalassemia major (β-TM) is the
most common hereditary hemoglobin synthesis disorder, often requiring blood transfusions, which, along with
splenectomy and iron supplementation, increases the risk of bacterial infections and alters the immune profile of
the affected individuals.
Objective: This study aimed to assess the serum concentrations of immunoglobulins (IgG, IgM and IgA) and
complement components (C3 and C4) in both splenectomized and non-splenectomized β-TM patients and; cor-
relate these levels with ferritin, blood transfusion and iron chelation therapy.
Methods: A cross-sectional comparative study involving 100 β-TM patients in Sana’a City-Yemen, was con-
ducted, categorizing the participants into splenectomized and non-splenectomized groups. Sociodemographic
data were collected via a structured questionnaire„ ferritin levels were assessed using the Cobas e411 method,
and immunoglobulins and complement factors were quantified using the immunoturbidimetry method.
Results: The results indicate that β-TM patients who have undergone splenectomy exhibit higher serum ferritin
and immunoglobulin (IgM, IgG, IgA) levels than non-splenectomized β -TM patients, with stable C3 and a non-
significant decline in C4. Additionally, significant correlations were found between IgG, IgA, blood transfusions
and iron chelation therapy, whereas C3 and C4 levels were not significantly associated with these treatments.
Conclusion: The findings indicated that splenectomy alters the immunological profile of β-TM patients, although
the precise mechanism underlying this alteration remains ambiguous; thus, analyzing serum immunoglobulins
and complements levels may prove beneficial in assessing infection severity in these patients.
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1. INTRODUCTION

β-TM arises from a lack of β-globin chains in hemoglobin
A, resulting in an accumulation of α-globin chains that
disrupt erythropoiesis and cause chronic hemolytic ane-
mia in children and adolescents worldwide, necessitating
frequent blood transfusions from early childhood [1, 2].
Although historically prevalent in the Mediterranean, Mid-

dle East, and Southeast Asia, migration has led to an
increased incidence in non-endemic regions, with preven-
tion initiatives aiding in reducing its prevalence in high-
carrier areas [3]. Yemen, with a population of 30 million,
suffers from prevalent hereditary hemoglobinopathies,
notably thalassemia. This has led to tragic conse-
quences for Yemeni patients, with 50,000 cases of tha-
lassemia blood disorder recorded and 700 new cases
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diagnosed annually [4]. A recent study revealed that
the incidence of hemoglobinopathies in Yemeni blood
donors was 21.7%, comprising 3.8% with β-thalassemia
trait, 16% with suspected -thalassemia trait, and 1.9%
with sickle cell trait [5]. The effects of splenectomy on
immune function in β-TM patients involve not only serum
immunoglobulin levels but also complement regulatory
proteins. Research indicates that splenectomized pa-
tients have notably reduced CD55 and CD35 positive red
blood cells, which are essential for safeguarding erythro-
cytes against complement-induced lysis [6]. A prevalent
complication of β-TM is heightened susceptibility to infec-
tions, chiefly attributed to functional asplenia in patients
who have undergone splenectomy, as the spleen is in-
tegral to the immune response, notably in eliminating
encapsulated bacteria and modulating immunoglobu-
lin synthesis [7]. Elevated immunoglobulin concentra-
tions indicate compromised secretion and diminished op-
sonization, granulocyte phagocytosis, and complement
system efficacy, while reduced C3 and C4 levels further
reflect attenuated complement system activity [8, 9, 10].
Immunological changes post-splenectomy significantly
affect patient care and quality of life, necessitating tai-
lored management strategies to mitigate infection risks,
particularly in β-TM patients, while balancing the bene-
fits of alleviating hypersplenism and reducing transfusion
needs against the potential for increased vulnerability
to encapsulated bacterial infections [8]. This study eval-
uates serum immunoglobulin (IgM, IgG, IgA) and com-
plement component (C3, C4) levels in β-TM patients,
with and without splenectomy, while correlating these
levels with ferritin, blood transfusions, and iron chelation
therapy.

2. PATIENTS AND METHODS

2.1. Study design

This cross-sectional study was conducted from May to
December 2023 at the Yemeni Society of Thalassemia
and Genetic Blood Disorders (YSTH), in Sana’a City.
All patients were previously identified as having β-TM,
based on clinical and laboratory evaluations at the YSTH.

2.2. Sample size

The study was conducted on a sample of 100 patients
with β-TM, selected from a total of 6000 cases in Sana’a
with a prevalence of β-thalassemia trait of 4.4%, using
previous data and Epi-Info software with 80% power, 95%
confidence, and ±5 accuracy. The patients were classi-
fied into two groups of 50 patients each, with or without
splenectomy, undergoing low-leukopenia red blood cell
transfusion along with iron chelation therapy.

2.3. Patients
A cohort of 100 β-TM patients, comprising splenec-
tomized and non-splenectomized patients; undergoing
iron chelation and blood transfusions was studied, ex-
cluding individuals with positive CRP, hepatitis B or C,
HIV infections or heart failure.

2.4. Data collection
Upon admission, verbal consent was acquired from the
patient’s legal representative, followed by face-to-face in-
terviews employing a validated structured questionnaire
tailored for this research, which gathered information
regarding the patient’s age, annual blood transfusions,
iron chelator therapy, recent infections, complications,
surgeries, and familial medical history.

2.5. Samples Collection
Five milliliters of venous blood sample was withdrawn
from each β-TM patient with splenectomy and from a
β-TM patient without splenectomy before the scheduled
transfusion. Samples were divided into two vacutainer
tubes, 3 ml in tubes with Ethylene Diamine Tetra-acetic
Acid (EDTA) for complete blood count using a hemato-
logical analyzer Sysmex (KX-21N) and 2 ml in to another
vacutainer without anticoagulant was separated within
30 min at 3000 rpm for 10 min for the measurement of
immunoglobulin (IgM, IgG and IgA), complements levels
(C3 and C4) assays and ferritin levels.

2.6. Determination of Ferritin level us-
ing Cobas e411 Method

During the initial 8-minute incubation, a sandwich com-
plex was established by merging a sample with biotin and
ruthenium-labeled ferritin-specific monoclonal antibod-
ies, followed by the introduction of streptavidin-coated mi-
croparticles that facilitated the attachment of the complex
to a solid phase through biotin-streptavidin interactions;
subsequently, the reaction mixture was transferred to a
measurement cell where the microparticles were mag-
netically captured by the electrode surface, enabling the
monitoring of chemiluminescence emissions induced by
voltage application on electrodes via a photomultiplier.

2.7. Determination of IgM, IgG and IgA
levels (turbidimetric method)

An immunoturbidimetric assay was employed to quantify
serum levels of IgA, IgG, and IgM using the Tina-quant®
assay (Roche Diagnostics GmbH, Mannheim, Germany),
with results expressed in g/L. Reference ranges for these
immunoglobulins in adults, as per the manufacturer’s
guidance, are 0.7-4.0 g/L for IgA, 7.0-16.0 g/L for IgG,
and 0.4-2.3 g/L for IgM, based on the certified reference
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material CRM 470, which is internationally acknowledged
but does not provide age-specific ranges for adults.

2.8. Determination of C3 and C4 levels
(turbidimetric method)

C3 and C4 levels were quantified via turbidimetry using
a Cobas Integra 400 analyzer (Roche, Switzerland), with
established reference ranges of 0.9-1.8 g/L for C3 and
0.1-0.4 g/L for C4.

2.9. Statistical Analyses
Statistical analyses were performed using SPSS version
23(SPSS Inc., Chicago, IL, USA), with skewed variable
parameters normalized via logarithmic transformation,
and means presented as mean ± standard deviation
(SD) and geometric means with a 95% confidence inter-
val, indicating significant differences at P-value ± 0.05,
while percentages represented the correlation among
variables.

3. RESULTS
In Table 1, the average age of splenectomized β-TM pa-
tients was 13.8 ±4.3 years, contrasting with 9.35 ±3.8
years for non-splenectomized β-TM patients. Of the β-
TM patients, 55 were male (33 splenectomized and 22
non-splenectomized) and 45 were female (17 splenec-
tomized and 28 non-splenectomized), with varying usage
patterns of iron chelators and blood transfusion thera-
pies among the subgroups. The mean serum ferritin lev-
els were significantly higher in splenectomized patients
4865.74 ng/ml compared to non-splenectomized patients
3953.72 ng/ml ( P = 0.022), while the median IgM lev-
els showed no significant higher in splenectomized 138
mg/dl vs non splenectomized 117.5 mg/dl β-TM patients
(P = 0.11); however, splenectomized patients exhibited
significantly elevated serum IgG levels 2088.76 mg/dl ver-
sus non-splenectomized patients 1383 mg/dl (P < 0.001),
and similarly, serum IgA levels were significantly higher in
splenectomized patients 316.12 mg/dl compared to non-
splenectomized patients 199.5 mg/dl (P < 0.001). the
median serum C3 levels in splenectomized patients were
121.3 mg/dl, while non-splenectomized patients had lev-
els of 121.9 mg/dl, indicating no significant difference (P
= 0.95); additionally, splenectomized patients exhibited
lower mean C4 levels of 22.11 mg/dl compared to 25.18
mg/dl in non-splenectomized patients, also showing no
significant difference (P = 0.76).

In β-TM patients, serum IgM, IgG, and IgA levels
were not significantly correlated with ferritin, with corre-
lation coefficients of -0.016 (P=0.871), 0.970 (P=0.33),
and 0.195 (P=0.052), respectively. The data indicates
a non-significant correlation between IgM levels and
blood transfusion in patients with β-TM (r = −0.060; P =

0.552), whereas a highly significant correlation exists be-

tween IgG levels and blood transfusion (r = 0.505; P <

0.0001), along with a similarly significant correlation for
IgA levels (r = 0.416; P < 0.0001). Table 3 reveals a
non-significant correlation between serum IgM and iron
chelator therapy (r = -0.03; P= 0.978) and IgG levels and
iron chelator use in β-TM patients (r = 0.139; P= 0.169),
while a significant correlation existed between IgA levels
and iron chelator therapy in this population (r = 0.215; P=
0.032). The data suggest a non-significant correlation
between C3 and C4 levels and blood transfusions and
iron chelation therapy (data not presented).

and IgG levels and iron chelator use in β-TM patients
(r = 0.139; P = 0.169), while a significant correlation
existed between IgA levels and iron chelator therapy in
this population (r = 0.215; P = 0.032). The data suggest
a non-significant correlation between C3 and C4 levels
and blood transfusions and iron chelation therapy (data
not presented).

4. DISCUSSION

The consequences of splenectomy extend beyond
transfusion requirements and; profoundly affect the
health-related quality of life (HRQoL). While patients
with splenectomized β-TM showed reduced transfusion
needs, the lack of significant HRQoL improvements and
an increase in post-splenectomy complications high-
light the critical need for longitudinal studies assessing
both clinical and psychosocial factors to guide treatment
choices effectively [11]. In this study, splenectomized
β-TM patients exhibit a higher mean age than non-
splenectomized counterparts. This age differential under-
scores the necessity for tailored management strategies,
particularly regarding the timing of splenectomy, which
significantly influences transfusion needs and health
outcomes. Furthermore, while post-splenectomy pa-
tients exhibit reduced transfusion requirements, they
face heightened risks of infections and thromboembolic
events, necessitating careful monitoring and individu-
alized care [12, 13]. The cohort of β-TM patients
comprised 55 males (33 splenectomized and 22 non-
splenectomized) and 45 females (17 splenectomized
and 28 non-splenectomized), revealing distinct patterns
in iron chelator and blood transfusion therapies across
these categories. The variability in treatment modalities
necessitates individualized therapeutic strategies, par-
ticularly since splenectomized patients exhibit a height-
ened risk of thromboembolic events that require vigi-
lant monitoring and potential therapeutic modifications
[4]. This highlights the critical need for interdisciplinary
collaboration between hematologists and surgical spe-
cialists to enhance patient outcomes and address the
complex nature of β-TM management [14, 15]. In this
study, splenectomized β-TM patients exhibited signifi-
cantly elevated serum ferritin levels compared to their
non-splenectomized counterparts, indicating a height-
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Table 1. Demographics and clinical findings of β-TM patients.
Variables Splenectomized (n = 50) Non-Splenectomized (n = 50)
Age (years) (Mean ± SD) (13.8 ± 4.3) (9.35 ± 3.8)
Gender Male 33 22

Female 17 28
Type of iron chelator Deferoxamine 26 16

Deferasirox 24 34
Use of iron chelator Regular 14 15

Irregular 36 35
Blood transfusion Regular 42 46

Irregular 8 4

Table 2. Association of serum Ferritin, Immunoglobulins, and Complements levels in splenectomized versus non-splenectomized
β-TM patients.

Parameters Splenectomized (n = 50) Non- Splenectomized (n = 50) p-value
Ferritin (ng/ml) 4865.74 ± 1941.859 3953.72 ± 1988.533 < 0.022∗

IgM (mg/dl) 138 (123-158.4) 117.5 (7.7-141.2) 0.11
IgG (mg/dl) 2088.76 ± 664.042 1383 ± 550.4 < 0.001∗

IgA (mg/dl) 316.12(215-316.2) 199.5(173.8-234.4) < 0.001∗

C3 (mg/dl) 121.3(114.8-144.5) 121.9(114.8-125.9) 0.95
C4 (mg/dl) 22.11±8.751 25.18±8.317 0.76
Data are presented as mean±SD for ferritin, IgG and C4 and as median and range for IgM,IgA and C3. ∗P-value ≤ 0.05.

Table 3. Correlation between serum ferritin, blood transfusion
and use of iron chelator with serum immunoglobulins levels in
β-TM patients.

Parameters IgM IgG IgA
Ferritin r -0.016 0.970 0.195

P 0.871 0.33 0.052
Blood transfusion r -0.060 0.505 0.416

P 0.552 < 0.0001* < 0.0001*
Iron chelator r -0.03 0.139 0.215

P 0.978 0.169 0.032∗

P-value ≤ 0.05.

ened iron load and potential complications in long-term
management due to impaired hepcidin regulation and
increased hemosiderosis [16]. Ongoing surveillance of
ferritin and hepcidin levels is essential for refining treat-
ment modalities and alleviating health risks linked to iron
overload, particularly in splenectomized β-TM patients
who require effective iron chelation therapy because of
increased total body iron stores post-splenectomy, which
increases the risk of organ damage and metabolic issues
[17]. Through the integration of biochemical surveillance
and sophisticated imaging methodologies, healthcare
practitioners can optimize interventions to meet the spe-
cific needs of this patient population, thereby enhanc-
ing their long-term prognoses. In this study, IgM levels
were non-significantly increased in splenectomized β-
TM patients compared to non-splenectomized patients,
while splenectomized individuals exhibited significantly
elevated serum IgG and IgA levels compared to their
non-splenectomized counterparts. This alteration in im-
munoglobulin levels prompts inquiries into the mecha-
nisms that increase susceptibility to infection in patients
with splenectomized β-TM. Elevated IgG and IgA levels
indicate a compensatory mechanism, while decreased
IgM levels suggests compromised initial immune re-
sponses crucial for addressing encapsulated bacteria
[18, 19]. An investigation indicated a marked reduction

in IgA and IgM levels post-splenectomy, while the in-
crease in IgG levels was statistically insignificant [20].
Furthermore, the absence of the spleen, which is es-
sential for blood filtration and immune activation, may
further increase vulnerability, resulting in elevated mor-
bidity from bacterial infections [19]. Conversely, some
studies indicate that non-splenectomized patients may
also experience immune dysregulation, albeit with dif-
ferent immunoglobulin profiles, suggesting that both
groups face unique challenges in managing infections
and immune responses [19, 21]. Conversely, research
suggests that splenectomized patients, despite height-
ened immunoglobulin levels, may experience greater
morbidity from thromboembolic complications, indicat-
ing a complex relationship between immune function
and health outcomes in this population [22]. This un-
derscores the importance of implementing preventive
measures, such as vaccinations and prophylactic an-
tibiotics, to mitigate the risk of infection in this vulnera-
ble population. In the present study, serum C3 levels
in splenectomized β-TM patients were comparable to
those in non-splenectomized patients, indicating no sig-
nificant disparity; furthermore, splenectomized patients
demonstrated non-significant lower mean C4 levels when
compared to non-splenectomized patients. Studies have
indicated that serum C3 levels remain comparable be-
tween splenectomized and non-splenectomized patients,
suggesting that splenectomy does not significantly im-
pact this component of the complement system [20, 23].
Although splenectomized β-TM patients showed lower
mean C4 levels, the difference was not statistically signif-
icant, indicating a minimal impact of splenectomy on C4
levels [23]. Additionally, a significant decrease in serum
C3 levels was observed, whereas the reduction in C4
levels lacked statistical significance [20]. Splenectomy is
often performed to manage hypersplenism and reduce
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transfusion requirements in β-TM patients; however, it
carries risks such as increased infection rates and throm-
botic events [24]. The immune system in β-TM patients
is already compromised by factors such as iron overload
and chronic immune stimulation from repeated transfu-
sions, which may exacerbate post-splenectomy vulner-
abilities [25]. These findings indicate that splenectomy
does not significantly compromise the overall comple-
ment system’s C3 and C4 functionality. This necessi-
tates a reassessment of the immune regulatory role of
the spleen, suggesting that the infection risk in splenec-
tomized β-TM patients may be more closely related to
other immunological factors than to complement deficien-
cies.

5. LIMITATIONS OF THE STUDY.
The limited sample size of participants poses a constraint
on this region-specific study, although it simultaneously
reduces individual variability, leading to relatively uniform
study cohorts with comparable infection risk factors. Fu-
ture research should encompass larger, more diverse
populations while also investigating the genetic muta-
tions of participants and their correlational phenotypic
characteristics, which are essential for understanding the
influence of geographic location on β-TM complications
and therapeutic responses. Furthermore, addressing
unexamined immunological parameters due to financial
constraints is crucial; thus, consistent monitoring of the
immune status in β-TM patients is advocated to enhance
our understanding of their immune dynamics and ulti-
mately improve their quality of life and survival rates.

6. CONCLUSIONS
Research indicates that splenectomy alters Immunoglob-
ulin levels with elevation of IgM, IgG and IgA and reduc-
tion of C4 but not C3 levels in β-TM patients. Further-
more, strong correlations were observed between IgG
and IgA levels with blood transfusions and IgA levels
with iron chelator treatment, with no significant correla-
tions for C3 and C4 levels in these therapies. These
findings suggest that monitoring immunoglobulin levels
may be crucial for managing patients with β-TM post-
splenectomy, as they could provide insights into the ef-
fectiveness of therapeutic interventions and the patient’s
immune response.
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[6] A. U. Kurtoğlu et al. “The effect of splenectomy on com-
plement regulatory proteins in erythrocytes in -thalassemia
major”. In: Arch. Med. Sci. (2019). DOI: 10.5114/AOMS.
2018.81036.

[7] M. Kiani-Amin et al. “Serum immunoglobulin levels in
splenectomized and non-splenectomized patients with major
Beta-thalassemia”. In: Iran. J. Pediatr. 21.1 (2011), pp. 95–
98.

[8] A. F. Zahira et al. “The Role of Splenectomy in The Treatment
of -Thalassemia Major Patients: A literature review”. In: Int. J.
Res. Publ. (2022). DOI: 10.47119/ijrp10011511220224376.

[9] J. Ghaffari et al. “Humoral immune system state in ß tha-
lassemia major”. In: Med Glas 8 (2011), pp. 192–196.

[10] S. Vento, F. Cainelli, and F. Cesario. “Infections and tha-
lassaemia”. In: The Lancet Infect. Dis. 6 (2006), pp. 226–
233.

[11] G. Caocci et al. “Long-Term Health-Related Quality of Life
and Clinical Outcomes in Patients with -Thalassemia af-
ter Splenectomy”. In: Stomatology (2023). DOI: 10.3390/
jcm12072547.

[12] R. H. Merchant et al. “Post Splenectomy Outcome in -
Thalassemia”. In: Indian J. Pediatr. (2015). DOI: 10.1007/
S12098-015-1792-5.

[13] A. H. Al-Salem and Z. Nasserulla. “Splenectomy for children
with thalassemia”. In: Int. Surg. 87.4 (2002), pp. 269–273.

© 2024 JCHM Sana’a University Journal of Medical and Health Sciences 133

https://www.emro.who.int/yemen/news/thalassaemia-patients-have-renewed-hope-through-support-provided-by-the-emergency-health-and-nutrition-project-ehnp.html
https://www.emro.who.int/yemen/news/thalassaemia-patients-have-renewed-hope-through-support-provided-by-the-emergency-health-and-nutrition-project-ehnp.html
https://www.emro.who.int/yemen/news/thalassaemia-patients-have-renewed-hope-through-support-provided-by-the-emergency-health-and-nutrition-project-ehnp.html
https://www.emro.who.int/yemen/news/thalassaemia-patients-have-renewed-hope-through-support-provided-by-the-emergency-health-and-nutrition-project-ehnp.html
https://doi.org/10.1080/16078454.2024.2424504
https://doi.org/10.5114/AOMS.2018.81036
https://doi.org/10.5114/AOMS.2018.81036
https://doi.org/10.47119/ijrp10011511220224376
https://doi.org/10.3390/jcm12072547
https://doi.org/10.3390/jcm12072547
https://doi.org/10.1007/S12098-015-1792-5
https://doi.org/10.1007/S12098-015-1792-5
https://journals.su.edu.ye/index.php/jchm
https://journals.su.edu.ye/index.php/jchm


Mohammed A W. Almorish et al.

[14] T. V. Kalamara, K. Dodos, and E. Vlachaki. “P1455:
thromboembolic events in splenectomised versus non-
splenectomised thalassemia patients: a meta-analysis of
observational studies”. In: HemaSphere (2023). DOI: 10 .
1097/01.hs9.0000972704.59900.23.

[15] Y. He et al. “Hematopoietic Stem Cell Transplantation for
Patients with -Thalassemia Major Underwent Pre-Transplant
Splenectomy”. In: Blood (2014). DOI: 10.1182/BLOOD.V124.
21.5932.5932.

[16] N. A. Ismail et al. “The Relation between Serum Hep-
cidin, Ferritin, Hepcidin: Ferritin Ratio, Hydroxyurea and
Splenectomy in Children with -Thalassemia”. In: Open Ac-
cess Maced. J. Med. Sci. (2019). DOI: 10.3889/OAMJMS.
2019.636.

[17] A. Kolnagou et al. “The importance of spleen, spleen iron,
and splenectomy for determining total body iron load, fer-
rikinetics, and iron toxicity in thalassemia major patients”.
In: Toxicol. Mech. Methods (2013). DOI: 10.3109/15376516.
2012.735278.

[18] G. Miri-Aliabad, A. Rezaeifar, and M. Salarzaei. “Compari-
son of Immunoglobulins Status In Splenectomized And Non-
Splenectomized Patients With Major Beta-Thalassemia”. In:
J. Pediatr. Rev. (2022). DOI: 10.32598/jpr.10.2.951.2.

[19] Israa Saud and Liqaa Majid. “Relation of immunoglobulin
level and white blood cell count with frequency of infection
in splenectomized and non-splenectomized B thalassemia
major patients”. In: Med. J. Babylon 20 (2023), pp. 264–267.
DOI: 10.4103/mjbl.mjbl_244_22.

[20] A. A. Darzi, S. Kamali, and M. Khakzad. “Influence of
splenectomy on immunoglobulins and complement com-
ponents in major thalassemia”. In: Casp. J. Intern. Med. 6.1
(2015), pp. 30–33.

[21] U. Rakhmanova. “Comparative characteristics of humoral
immunity indicators and their relationship with chelation ther-
apy in thalassemia”. In: (2022). DOI: 10.21518/2079-701x-
2022-16-19-162-166.

[22] Tsampika Vasileia Kalamara, Konstantinos Dodos, and
Efthymia Vlachaki. “P1455: thromboembolic events in
splenectomised versus non-splenectomised thalassemia pa-
tients: a meta-analysis of observational studies”. In: HemaS-
phere (2023). DOI: 10.1097/01.hs9.0000972704.59900.23.

[23] Ghafourian Mehri et al. “Evaluation of serum levels of C3 and
C4 complement factors in patients with beta thalassemia
major in Khuzestan Province, Southwest Iran”. In: J. Im-
munoass. Immunochem. (2017). DOI: 10.1080/15321819.
2017.1384388.

[24] Aisha Fairuz Zahira et al. “The Role of Splenectomy in
The Treatment of -Thalassemia Major Patients: A litera-
ture review”. In: Int. J. Res. Publ. (2022). DOI: 10.47119/
ijrp10011511220224376.

[25] Mohamed Beshir et al. “Evaluation of Immune System Alter-
ations in Children with -Thalassemia Major: Single-Center
Egyptian Study”. In: Zagazig Univ. Med. J. (2024). DOI:
10.21608/zumj.2024.278832.3272.

© 2024 JCHM Sana’a University Journal of Medical and Health Sciences 134

https://doi.org/10.1097/01.hs9.0000972704.59900.23
https://doi.org/10.1097/01.hs9.0000972704.59900.23
https://doi.org/10.1182/BLOOD.V124.21.5932.5932
https://doi.org/10.1182/BLOOD.V124.21.5932.5932
https://doi.org/10.3889/OAMJMS.2019.636
https://doi.org/10.3889/OAMJMS.2019.636
https://doi.org/10.3109/15376516.2012.735278
https://doi.org/10.3109/15376516.2012.735278
https://doi.org/10.32598/jpr.10.2.951.2
https://doi.org/10.4103/mjbl.mjbl_244_22
https://doi.org/10.21518/2079-701x-2022-16-19-162-166
https://doi.org/10.21518/2079-701x-2022-16-19-162-166
https://doi.org/10.1097/01.hs9.0000972704.59900.23
https://doi.org/10.1080/15321819.2017.1384388
https://doi.org/10.1080/15321819.2017.1384388
https://doi.org/10.47119/ijrp10011511220224376
https://doi.org/10.47119/ijrp10011511220224376
https://doi.org/10.21608/zumj.2024.278832.3272
https://journals.su.edu.ye/index.php/jchm
https://journals.su.edu.ye/index.php/jchm

	Introduction
	Patients and methods
	Study design 
	Sample size 
	Patients
	Data collection
	Samples Collection 
	Determination of Ferritin level using Cobas e411 Method
	Determination of IgM, IgG and IgA levels (turbidimetric method)
	Determination of C3 and C4 levels (turbidimetric method)
	Statistical Analyses

	Results
	Discussion 
	Limitations of the study.
	Conclusions

