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Toxoplasmosis is known to be transmissible through blood transfusion,
especially from asymptomatic, seropositive individuals during the acute
phase. Patients with thalassemia are particularly vulnerable to such
opportunistic infections, including Toxoplasma gondii. This study aimed to
evaluate the levels of Toxoplasma-specific IgG, IgM, and IgA antibodies,
along with complement components C3 and C4, in thalassemia patients with
and without toxoplasmosis infection. A significant difference (P < 0.001) was
observed in all immunological markers when comparing patient groups to the
negative control group. Additionally, both thalassemia groups (with and
without toxoplasmosis) showed significant differences compared to the
toxoplasmosis-positive control group (P < 0.001). Notably, thalassemia
patients with toxoplasmosis exhibited higher levels of Toxoplasma-specific
antibodies and altered complement levels compared to thalassemia patients
without the infection (P < 0.001). These findings suggest an altered
immunological profile in thalassemia patients, particularly when co-infected
with T. gondii, highlighting the importance of monitoring such markers in
this vulnerable population.
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1. Introduction

Globally, cancer is now a health and financial load,
A class of hereditary blood illnesses known as
thalassemia 1s typified by aberrant hemoglobin
synthesis, which results in anemia and red blood
cells’ breakdown. Hemoglobin, the protein found in
red blood cells (RBCs), is responsible for
transporting oxygen throughout the body.
Thalassemia results from the mutations in the DNA
regarding the cells that produce hemoglobin [1, 2]. A
decrease in the synthesis of globin protein is one of
the several hemoglobin synthesis abnormalities that
define beta-thalassemia, one of the most prevalent
epidemic conditions worldwide. Major, minor, and
intermediate thalassemia are the three types of
thalassemia that may be identified clinically [3,4].
Blood transfusions are a treatment for patients with
B-thalassemia major, and each milliliter of bursting
red blood cells raises the body's iron overload by one

milligram patients who receive too many blood
transfusions develop iron overload [5]. Transfusion-
transmitted infections, like Toxoplasmosis resulting
from T. gondii, which is a very important obligatory
intracellular protozoan parasitic organism in
humans and veterinary animals and is classified in
the phylum Apicomplexan, can increase the
mortality as well as morbidity rate among patients
with thalassemia. Additionally, the rate of T. gondii
infection among blood donors has been linked to the
overall prevalence of the parasite in the general
population [6,7]. Serological studies estimate that T.
gondii—one of the most widespread human
pathogens—infects approximately one-third of the
global population [8]. The parasite exists in three
infectious stages: tachyzoites, bradyzoites, and
sporozoites. These stages are generated during the
parasite’s life cycle, with sexual reproduction
occurring exclusively in felids (cats), which serve as
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the definitive host. The resulting oocysts are shed in
cat feces and can contaminate soil, water, or food
[9]. Immunocompromised individuals may acquire
T. gondii through various routes, including contact
with cat waste, consumption of unpasteurized milk
or undercooked meat, blood transfusion, or organ
transplantation. Figure 1 illustrates the life cycle of
Toxoplasma gondii, beginning in cats (the definitive
hosts), which release oocysts into the environment.
These oocysts infect intermediate hosts such as
humans and animals, where tachyzoites and
bradyzoites proliferate and persist [10, 11]. Because
of a fundamental flaw in host defense, patients with
thalassemia are more susceptible to serious
infections like toxoplasmosis. This risk may be
linked to 1mmune deficit, 1iron overload,
splenectomy, and chronic immunological stimulation
from frequent blood transfusions [12, 13]. One of the
earliest documented cases of T. gondii transmission
via blood product transfusion involved four
immunocompromised individuals [14]. Similarly,
Karakas et al. [15] conducted a study in Aydin
Province, Turkey, involving patients with beta-
thalassemia major, to explore the possible
association between frequent blood transfusions and
T. gondii infection. Their findings indicated a higher
seropositivity rate for anti-T. gondii antibodies in
thalassemia patients compared to controls; however,
the difference was not statistically significant. These
findings underscore the potential risk of T. gondii
exposure through repeated transfusions in
thalassemia patients. Therefore, the current study
aims to further investigate this relationship in an
Iraqi population, with a focus on both antibody
responses and complement levels.

2. Materials and Methods

Ethical approval was (2/6-RECSNU in 2025) by
Ethical committee in College of Science Al-Nahrain
University. The research comprised 180 patients
with thalassemia and 80 controls negative who
visited the Al-Karma Teaching Hospital in Baghdad,
Iraq from Mar. and Jun. of 2022. The patients' ages
ranged from 8 to 45 years. Following the doctor's
diagnosis and the required blood tests to identify
thalassemia, serum samples have been analyzed
and tested for anti-Toxoplasma IgM and IgG
antibodies with the use of CMIA. Each patient had
five milliliters of venous blood extracted with the
use of a sterile syringe. For separating the serum, 3
ml of whole blood was put into a fully labeled gel
tube and centrifuged at 3000rpm for 5mins. The
serum has then been stored at -200C until it was
needed for CMIA and ELISA detection. Two

milliliters of whole blood were collected in a labeled
EDTA tube for the leukocyte count.

2.2 T. gondii diagnosis and immunological
parameters
Chemiluminescent microparticles immunoassay

(CMIA) has been performed to detect both anti —
Toxoplasma IgG/IgM anti-bodies in sera according
to manufacturer’s instruction (Architect Toxo IgM/G
kit -Abbott GmbH, Germany). The sandwich enzyme
linked immunosorbent assay (ELISA) This assay
intended for quantitative measurement levels of
total immunoglobulin A (IgA), immunoglobulin G
(IgG), immunoglobulin M (IgM), and complement
system compound C3, C4

2.3. Statistical analysis

All results were analyzed using SPSS program
(V.20, IBM), using One Way ANOVA and obtaining
Least Significant Difference (LSD). The results were
presented in the form of mean+S.E, and significant
difference has been considered at p<0.050.
Additionally, Pearson’s correlation coefficient has
been used for the purpose of finding the correlation
between the studied parameters [16].

3. Results and Discussion

The current study demonstrated statistically
significant differences (P < 0.001) in anti-
Toxoplasma IgM, IgG, and IgA levels, as well as in
complement components C3 and C4 among the
studied groups. CMIA results (Table 1) revealed
markedly elevated IgG levels in thalassemia
patients co-infected with T. gondii compared to
thalassemia-only and control groups. These findings
suggest strong immunological stimulation in co-
infected individuals, possibly due to repeated
exposure via transfusions. Table 2 highlighted
significantly increased IgM levels in the co-infected
group, which supports the presence of recent or
acute toxoplasmosis infection. These results agree
with El-Tantawy et al. [18], who reported elevated
IgM and IgG seropositivity among thalassemic
children. However, our data revealed higher IgM
responses than theirs, possibly due to differences in
study population, geographical exposure, or
transfusion practices. As for IgA levels, Table 6
indicates a significant rise in thalassemia patients
with toxoplasmosis. Previous studies [19] noted that
IgA peaks may follow IgM and serve as an
additional diagnostic marker, particularly in
immunocompromised hosts. Significant differences
were also observed in immunoglobulin
concentrations (Tables 4-5), with thalassemia
patients and co-infected individuals exhibiting
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higher IgM and IgG levels than controls. This
immune activation may reflect continuous antigenic
stimulation from transfusions, iron overload, and
chronic inflammation, as supported by Saleh and
Okab [26] and Javad et al. [27]. In terms of
complement components, Tables 7 and 8 show
significantly lower C3 and C4 levels in thalassemia
and co-infected groups. These findings align with
literature [28] indicating that repeated transfusions
can lead to persistent complement activation,
ultimately reducing synthesis or increasing
consumption of C3/C4. Elevated ferritin levels in
thalassemia may further impair complement
production. Interestingly, some earlier studies [23,
24]  questioned the necessity of routine
immunoglobulin  monitoring in  thalassemia.

However, our findings advocate for regular immune
surveillance, especially in transfused patients at
risk for opportunistic infections like toxoplasmosis.
At the cellular level, thalassemia patients exhibit
defects in innate immunity due to reduced levels of
properdin, lysozyme, complement, and impaired
neutrophil function [20]. This immune dysfunction,
combined with splenectomy, iron chelation, and
oxidative stress, may wunderlie the observed
susceptibility to parasitic infections. Overall, our
study reinforces the need for vigilant immunological
monitoring and early diagnosis of T. gondii in
thalassemia patients, especially those undergoing
regular transfusions. Prophylactic strategies and
targeted screening may reduce morbidity in this
vulnerable population.

Table 1. Levels of Toxoplasma IgG antibody in the studied groups.

Groups Toxoplasma IgG (Mean + S.E) IU/mL LSD P Value
Control negative (-ve) 0.60+0.27 <0.001**
Control positive (+ve) 23.47+0.33 a 5.48
Thalassemia patients 0.31+0.03 b
Thalassemia patients with toxoplasmosis 56.584+3.17 abc
** Significant differences
a significant difference vs. control negative, b vs. control positive, ¢ vs. patients
Table 2. Specific Toxoplasma IgM antibody in the studied groups.
Groups Toxoplasma IgM (Mean + S.E) IU/mL | LSD P Value
Control negative 0.4140.12
(-ve)
Control positive (+ve) 0.27+0.04 o
Thalassemia patients 0.04+0.00 ab 0.17 <0.001
Thalassemia patients with toxoplasmosis 0'6:;2'02

** Sjonificant differences. (a) significant difference vs. control negative, (b) vs. control positive, (c) vs. patients

Table 3. Comparison between the groups in the levels of Toxoplasma IgA antibody.

Groups Toxoplasma IgA (Mean + S.E) IU/mL LSD P Value
Control negative(-ve) 0.18+0.03
Control positive (+ve) 1.25+0.05 a <0.001%*
Thalassemia patients 0.31+0.04 ab 0.11 )
Thalassemia patients with toxoplasmosis 1.34+0.02 abc

** Sjonificant differences. (a) significant difference vs. control negative, (b) vs. control positive, (c) vs. patients

Table 4. Levels of IgG in the sera of the studied groups.

Groups IgG (Mean + S.E) mg/dl LSD P Value
Control negative(-ve) 1418.56+2.38
Control positive (+ve) 1645.78+2.60 a <0.001%*
Thalassemia patients 2829.054+3.61 ab 40.72 )
Thalassemia patients with toxoplasmosis 2263.88+23.21 abc

** Sjonificant differences. (a) significant difference vs. control negative, (b) vs. control positive, (c) vs. patients
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Table 5. Concentrations of IgM (mg/dl) in the sera of the studied groups.

Groups IgM (Mean + S.E) mg/dl LSD P Value
Control negative(-ve) 101.40+0.86
Control positive (+ve) 160.49+0.55 a
Thalassemia patients 191.70+0.44 ab <0.001**
5.49
. . . . 256.75+3.06
Thalassemia patients with toxoplasmosis abe

** Significant differences. (a) significant difference vs. control negative, (b) vs. control positive, (c) vs. patients

Table 6. Descriptive Comparison of IgA among groups of study.

Groups IgA (Mean = S.E) mg/dl LSD P Value
Control negative(-ve) 121.07+0.86
Control positive (+ve) 177.0£3.0 a
Thalassemia patients 287.224+0.90 ab <0.001%**
. . . . 370.15+6.31 1.7
Thalassemia patients with toxoplasmosis ' Abe ’

** Sjonificant differences. (a) significant difference vs. control negative, (b) vs. control positive, (c) vs. patients

Table 7. Concentration of C3 among groups of study.

Groups C3 (Mean = S.E) mg/dl LSD P Value
Control negative(-ve) 133.64+0.41
Control positive (+ve) 61.64+0.70 a <0.001%*
Thalassemia patients 72.93+0.53 ab 2.8 )
Thalassemia patients with toxoplasmosis 78.82+1.41 abce

** Sjonificant differences. (a) significant difference vs. control negative, (b) vs. control positive, (c) vs. patients

Table 8. Expressive Comparison of C4 among groups of study.

Groups C4 (Mean = S.E) mg/dl LSD P Value
Control negative(-ve) 32.69+0.27
Control positive (+ve) 14.20+0.30 a <0.001+*
Thalassemia patients 19.43+0.29 ab 0.11 ’
Thalassemia patients with toxoplasmosis 26.33+0.46 abc

** Sjonificant differences. (a) significant difference vs. control negative, (b) vs. control positive, (c) vs. patients

4. Conclusions

This study provides substantial evidence of altered
humoral immunity in B-thalassemia patients,
particularly those co-infected with Toxoplasma
gondii. Significant elevations in IgG, IgM, and IgA
antibodies among thalassemia patients with
toxoplasmosis suggest active immune response,
while the observed reduction in complement
components C3 and C4 may reflect underlying
immune exhaustion or chronic complement
activation. The findings underscore the heightened
vulnerability = of  thalassemia  patients to
opportunistic infections, likely due to immune
dysregulation caused by frequent transfusions, iron
overload, splenectomy, and chronic inflammation.
These results support the need for routine
serological screening for T. gondii and regular
monitoring of immunoglobulin and complement

levels in transfusion-dependent patients. Future
research should investigate the mechanisms behind
immune impairment in thalassemia and evaluate

whether early detection and  prophylactic
interventions can reduce infection-related
complications. Integrating immunological
assessment into standard care protocols may

enhance patient outcomes and reduce the burden of
opportunistic infections in this high-risk population.
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