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Abstract
Background: Thalassemia patients are at an increased risk of contracting opportunistic infections such as toxoplasmosis due to 
frequent blood transfusions and underlying immune deficiency. Objectives: This study aimed to determine the seroprevalence of 
Toxoplasma gondii among thalassemia patients compared to healthy controls and examine any relation with biochemical parameters 
like serum calcium and growth hormone levels. Methods: A total of 40 thalassemia anti-T. gondii IgG antibodies seropositive patient 
with 40 healthy subjects, were enrolled in the study. Serum analysis for anti- T. gondii IgG antibodies and growth hormone using 
ELISA. Genomic DNA extraction was performed on white blood cells and quantified by spectrophotometry. T. gondii infection 
was detected by real-time quantitative PCR (qPCR) based on amplification of a species-specific region of tachyzoite p30 gene 
using previously published primers. Serum levels of total calcium were estimated by colorimetric assay based on o-cresolphthalein 
complex method. ABO and Rh blood grouping, complete blood picture and other hematological analysis were performed based 
on standard methods. Results: Anti-T. gondii IgG antibodies were detected in 28% of thalassemia patients compared to only 5% 
of controls, indicating significantly higher exposure among thalassemia patients. Both serum calcium and growth hormones were 
also significantly lower among thalassemia patients. Further genomic analysis by qPCR revealed 72.5% of IgG positive thalassemia 
patients were positive for T. gondii DNA compared to 100% of IgG positive controls. Conclusion: The high susceptibility of 
thalassemia patients to T. gondii infection indicates the importance of screening donor blood to prevent transmission by frequent 
transfusions. Detailed investigations are warranted to elucidate the mechanisms behind disturbances in calcium homeostasis and 
growth hormone axis among thalassemia patients and any linkage with T. gondii co-infection.
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INTRODUCTION 
Thalassemia syndromes comprise a heterogeneous 
group of inherited disorders characterized by reduced 
or absent production of normal adult hemoglobin (HbA) 
due to mutations in the alpha or beta globin chain 
encoding genes.[1-5] Beta thalassemia major, also known 
as Cooley’s anemia, arises from mutations in HBB gene 
leading to severely impaired or absent production of 
beta globin chains.[6-8] The resultant alpha/beta globin 

chain imbalance precipitates ineffective erythropoiesis 
and chronic hemolytic anemia requiring lifelong blood 
transfusions and extensive iron chelation therapy for 
patient survival beyond the first decade of life.[9-11]

The repeated blood transfusions and secondary iron 
overload make thalassemia major patients susceptible to 
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infections, especially those transmitted by the blood-borne 
route.[12-14] Additional factors like functional asplenia 
commonly occurring after second decade of life and 
hypersplenism further compromise their capacity to 
mount effective immune response.[15,16] The pro-oxidative 
state resulting from labile plasma iron also hampers 
lymphocyte and phagocyte function.[17] Such immune 
defects predispose thalassemia patients to infections by 
a range of viral, bacterial and protozoan pathogens.[18]

Toxoplasma gondii is an obligate intracellular protozoan 
parasite capable of infecting almost all mammals, 
including humans.[19] Although usually asymptomatic in 
immunocompetent individuals, T. gondii infections can lead 
to severe manifestations in the foetus following congenital 
transmission or immunocompromised patients where it can 
disseminate widely leading to necrotizing encephalitis, 
pneumonia or myocarditis.[20,21] Specific subgroups like 
thalassemia patients are especially vulnerable owing to 
their immunosuppressed state coupled with increased 
infection pressure from repeated blood transfusions.[21,22]

Data on prevalence rates of T. gondii infection among 
thalassemia patients remain relatively sparse with 
considerable variations across geographical regions. 
Reported seropositivity rates range from 5% among 
Brazilians to as high as 39.3% in some Iranian cohorts 
indicating substantial population-level differences.[22-24] The 
burden in many developing countries may be even higher 
considering their continually elevated infection rates.[25] 
The current study from Iraq helps address this gap through 
systematic documentation of exposure levels in addition to 
highlighting increased susceptibility of thalassemia major 
patients to acquire and potentially develop toxoplasmosis.
Beyond vulnerability to infections, patients with beta 
thalassemia major also frequently demonstrate abnormalities 
in endocrine functions which adversely impact their quality 
of life and survival.[26,27] High prevalence of complications 
like growth retardation, osteopenia, osteoporosis, vitamin 
D deficiency and hypogonadism have been reported with 
evidence of progressive decline with age.[28] Proposed 
mechanisms relate chronic anaemia and tissue hypoxia 
resulting in higher expression of TGF-beta along with 
increased oxidative stress from iron overload.[29,30] The 
interplay of immune dysregulation from recurring infections 
like toxoplasmosis may potentially also contribute by altering 
normal homeostasis. Elucidating such associations can provide 
opportunities for optimizing clinical monitoring protocols.

MATERIALS AND METHODS
Study design and participants: This case-control study 
enrolled 143 thalassemia major patients registered at the 
Thalassemia Centre in Mosul (Iraq) between January 2021 
and January 2022. After initial screening, 40 patients 
were selected based on presence of anti-T. gondii IgG 
antibodies. Additionally, 40 healthy individuals matched 
by age and gender were recruited as controls from subjects 
undergoing routine annual examinations at local health 
facilities in Mosul. Informed consent was obtained from 

all participants and the study was approved by the local 
institutional ethics review committee.
Sample Collection and Serological Analysis: About 5 ml 
venous blood was collected from each participant and 
transported to the laboratory under cold chain maintenance. 
Hemolysed or hyperlipidemic samples were discarded and 
replaced as needed. Serum was separated by centrifugation 
and stored at -20°C until further analysis. The serum 
samples were tested for anti- T. gondii IgG antibodies using 
a commercial ELISA kit (Anti-Toxoplasma IgG ELISA kit, 
Monobind, USA) as per manufacturer’s instructions. This kit 
has a reported diagnostic sensitivity and specificity of >95%.
Molecular Analysis: Genomic DNA extraction was 
performed on white blood cells using commercially 
available columns (Addbio DNA/RNA extraction 
kit, Korea). Extracted DNA was quantified by 
spectrophotometry (Nano-Drop 2000, Thermo-Fisher 
Scientific, USA) and purity assessed by A260/A280 
absorbance ratio. T. gondii infection was detected by 
real-time quantitative PCR (qPCR) based on amplification 
of a species-specific region of tachyzoite p30 gene using 
previously published primers.[31] Human glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) gene was used 
as internal control. qPCR was performed on a real-
time thermal cycler (Eco Real-Time PCR System, 
Illumina, USA) using the following thermal profile (initial 
denaturation at 95°C for 5 min, followed by 40 cycles of 
95°C for 10 sec, and 60°C for 30 sec). Result analysis was 
done by absolute quantification method using a standard 
curve and EcoStudy software (Illumina, USA).
Biochemical Analysis: Serum levels of total calcium were 
estimated by colorimetric assay using a commercial reagent 
kit (Giesse Diagnostics, Italy) based on o-cresolphthalein 
complex method. Serum growth hormone levels were 
determined by enzyme-linked immunosorbent assay 
using a commercially available kit (Biovision Inc, USA) 
as per manufacturer’s protocol.
Haematological analysis: ABO and Rh blood grouping, 
complete blood picture and other hematological analysis 
were performed based on standard methods
Statistical Analysis: Statistical analysis was performed 
using SPSS version 27 (IBM Corp, USA). Continuous 
variables were presented as mean ± SD and comparisons 
were done by independent student’s t-test. Categorical 
variables were expressed as percentages and analyzed 
by Chi-square test. P values <0.05 were considered 
statistically significant for all analyses.

RESULTS 
Demographic Profile: The study comprised 80 
participants divided into thalassemia major patients 
(n=40) as cases and healthy controls (n=40). The age 
range was 10-26 years in control group with average 18 
years. Similarly, patient age ranged from 10-24 years 
with mean of 17 years. Statistical analysis revealed no 
significant age difference between the groups (p>0.05). 
The gender distribution was 52.5% males and 47.5% 
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females among cases while control group had 55% 
females and 45% males.
Seroprevalence of Anti-Toxoplasma IgG: Out of 143 
thalassemia patients screened, 28% (n=40) were 
seropositive for anti-T. gondii IgG antibodies. In stark 
contrast, only 5% (n=2) of healthy controls demonstrated 
prior exposure as indicated by positive serological 
test (Figure 1). The comparative seroprevalence was 
significantly higher (p<0.01) in thalassemia major 
patients likely owing to increased risk from more 
frequent blood transfusions coupled with an overall 
immunocompromised state predisposing them to 
infections like toxoplasmosis.
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Figure 1: Comparative Anti-T. Gondii IgG 
Seroprevalence Rates.

Biochemical Parameters: Patients with thalassemia 
major had considerably lower levels of serum calcium 
(1.88 ± 0.15 mmol/L) compared to healthy control group 
(2.34 ± 0.19 mmol/L). The difference of ~20% drop in 
cases was statistically significant (p<0.01) (Figure 2).
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Figure 2: Serum Calcium Levels among Cases Vs. 

Controls. Data Expressed as Mean±SD, T-test Used to 
Compare the Two Group and * Indicates Significant 

Difference. 

Similar trends were discernible in growth hormone 
levels measured among the two cohorts. Mean serum 
levels in patient group were measured at 8.52 ± 0.73 ng/
mL compared to 12 ± 0.77 ng/mL in matched healthy 
individuals (Figure 3). The nearly 30% deficit indicates 

significant growth hormone deficiency prevailing among 
thalassemia major patients (p<0.01).
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Figure 3: Growth Hormone Levels among 

Thalassemia Patients Vs. Controls. Data Expressed as 
Mean±SD, T-test Used to Compare the Two Group and 

* Indicates Significant Difference.

Correlative Analysis: Further analysis of age and serum 
ferritin levels across the different groups revealed a weak 
positive correlation of 5% between increasing age and 
rising ferritin concentrations (Table 1). This matches 
the known gradual accumulation of iron burden with 
multiple transfusions over time. Comparative evaluation 
by Duncan’s test highlighted significantly elevated ferritin 
among thalassemia patients of both genders relative to 
controls while no major age variance was discernible 
across the cohorts. The markedly high iron overload 
likely contributes to the various metabolic and hormonal 
disturbances observed in these patients.

Table 1: Correlative Analysis of Age and Ferritin Levels.
Samples Age (Mean ± SE) Ferritin (Mean ± SE)

Control females 15.9 ± 2.523 544.5 ± 426
Control males 16.5 ± 2.181 244.1 ± 17.6045

Females 17.52 ± 1.606 2140 ± 336.501
Males 14.809 ± 1.745 4281.02 ± 678.451

T. gondii DNA PC: Molecular diagnostic testing by 
quantitative PCR targeting genomic parasite DNA was 
undertaken in all participants testing positive for anti-
Toxoplasma IgG antibodies. This technique confirmed 
presence of circulating parasites in 72.5% (29 out of 40) 
of seropositive thalassemia patients indicating possibility 
of reactivated or suboptimally controlled infection. 
Comparatively, both seropositive healthy controls showed 
PCR evidence of asymptomatic parasitemia indicating 
effective immune regulation in immunocompetent 
individuals.
The elevated ferritin levels coupled with higher PCR 
detection rates of viable T. gondii among thalassemia 
patients relative to controls correlates with the known 
immune dysregulation and inability to effectively restrain 
infections in this cohort. The resulting unchecked 
proliferation likely also interacts with and alters normal 
calcium/bone homeostasis contributing to deficits in 
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level has significantly elevated in in male patients compared to control or female groups.
Table 2: Haematological Parameters of the Studied Sample Compared to Reference Ranges.

Measured Parameters
Female Male

Reference Range
Control Case Control Case

Haemoglobin (g/L) 134.4±7.9^ 88±13 149±9.4* 87±10.5 120-155
Haematocrit (%) 40.6±2.3^ 26±4 45±3* 26±2.3 36-46

RBC (x1012/L) 4.3±0.3^ 3±0.64 4.7±0.35* 3±0.3 3.8-4.8
MCV (fl) 95±3^ 87±9.7 96±1.9* 89±6.3 80-100

MCH (pg) 31±1.2 29.3±4 31±1.2 30±2.4 27-32
MCHC (g/L) 329±6.3 335.5±12^ 328±7.7 338±6.4 310-370

Platelets (x103/L) 225±46 279±108.5 211±37 359±222* 150-450
WBC (x109/L) 7.4±0.85 7.6±4 7.7±1 10.5±6.8 4-11

both skeletal remodelling and growth hormone activity 
critical for development.
The measured haematological parameters has shown that 
almost all haematological parameters were significantly 
(p<0.05) reduced in case groups whether male or female 

compared to control apart from MCHC which was 
significantly elevated in case versus control groups in 
either sex, moreover, the reduction has remarkably reached 
to be close to lower limit of reference range or even lower 
than the lower limits. Noteworthy to mention that platelet 

Data Expressed as mean±SD
^ indicate significant differences in female at p<0.05
* indicate significant differences in male at p<0.05

The distribution of blood groups in the studied samples 
has shown non-significant differences between groups 
apart from the variation in the distribution in the type of 
blood group which do reciprocally related to the normal 
distribution of ABO blood subtypes.

Table 3: Frequency of Blood Groups Subtypes in 
Studied Sample Correlative to Sex Distribution.

Male (%) Female (%) Chi-square P value
A (+/-) 15/1 14/2 0.4 0.55
B (+/-) 5/1 14/1 0.42 0.5

AB (+/-) 1/0 1/1 0.2 0.9
O (+/-) 20/3 19/2 0.3 0.08

DISCUSSION
The seroprevalence of T. gondii infection among 
chronically transfused thalassemia patients in this Iraqi 
cohort was found to be 28%. This is comparable to rates 
between 5-39% documented across different geographical 
settings.[22,32,33] The statistically significant higher 
prevalence relative to just 5% among healthy controls 
matches trends reported previously.[34] Repeated blood 
transfusions coupled with an immunocompromised state 
render them highly susceptible to contract transfusional 
infections.
However, a subset of 72.5% thalassemia patients were 
positive for circulating T. gondii DNA by PCR indicating 
inability to effectively control parasite proliferation. In 
contrast, the immunocompetent controls displayed intact 
capability to prevent disease reactivation as evidenced 
by asymptomatic parasitemia.[35] Unregulated growth 
of tachyzoites can lead to systemic dissemination and 
multi-organ involvement with potentially fatal outcomes.
[19] Thalassemia major patients, therefore, represent an 

extremely vulnerable cohort warranting screening of donor 
blood to mitigate transmission risks.[36] Furthermore, this 
subset may also benefit from heightened surveillance and 
empiric treatment guided by rising parasite DNA loads 
to prevent onset of severe toxoplasmosis.
Concurrently, significant derangements were discernible 
in both calcium metabolism and growth hormone 
activity among thalassemia patients. The multifactorial 
pathogenesis likely involves complex interplay between 
chronic tissue hypoxia, oxidative stress, vitamin D 
deficiency and iron overload mediated endocrine damage.
[28,37] T. gondii is known to profoundly reprogram host cell 
signalling pathways concerned with essential processes 
like apoptosis, proliferation and cytokine production 
to ensure its intracellular survival and replication.[38] 
The potential downstream implications with regards to 
skeletal remodelling, bone loss and growth impairment 
merits deeper investigation.[39] Future studies can focus 
on characterizing specific pathway perturbations along 
with effects of anti-parasitic treatment on reversing such 
anomalous changes. Children are highly affected by these 
modulation in their endocrine dysfunction resulting in an 
impact on their bone growth and ultimately their length.[40]

The markedly elevated ferritin levels, with means of 4281 
ng/mL and 2140 ng/mL among male and female patients 
respectively compared to only 244 and 545 ng/mL in matched 
healthy controls, provide clear quantitative evidence of the 
heavy iron overload in thalassemia patients that accumulates 
gradually with successive transfusions over years.[1-5]

Regardless of sex, haematological variables has clearly 
confirmed that patients with thalassemia reported 
reduced laboratory haematological parameters including 
hemoglobin, haematocrit, RBCs, MCV, and MCH. 
Conversely, MCHC elevated in both sex in case group. 
These findings agreed with a study conducted by Sari 
et al.[2], who have reported a reduced hematological 
parameters in thalassemia patients.[2]
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Overall, thalassemia major patients across different 
geographical settings demonstrate consistently heightened 
risk of exposure to T. gondii infection attributable to repeated 
blood transfusions. A subset exhibits suboptimal immune 
control with viable, circulating parasites having implications 
for reactivation and disseminated disease. This silent parasitic 
infection could potentially carry the risk of biochemical and 
endocrine changes resulting in disturbed bone maturation 
and calcium hemostasis opening the research horizons for 
patients monitoring and future directions. Other limitations 
include small sample size and unicentre studies.

CONCLUSION
Thalassemia major represented by increased risk of 
infection by T. gondii due to continuous blood transfusions 
due to their genetic abnormalities which offsets blood 
cell synthesis. During blood transfusion viable parasite 
transfused from seronegative donor due to their apparently 
negative test results increasing the susceptibility of blood 
recipient to infectious parasites. Concurrent changes in 
blood biochemical and endocrine parameters might be 
related encouraging further study requirement to clarify 
the pathophysiological link between these disturbed 
parameters. 

REFERENCES
1.	 Martin A, Thompson AA. Thalassemias. Pediatr 

Clin North Am. 2013; 60(6): 1383-91. doi: https://
doi.org/10.1016/j.pcl.2013.08.008.

2.	 Sari DP, Wahidiyat PA, Setianingsih I, Timan IS, 
Gatot D, Kekalih A. Hematological Parameters in 
Individuals with Beta Thalassemia Trait in South 
Sumatra, Indonesia. Anemia. 2022; 2022: 3572986. 
doi: https://doi.org/10.1155/2022/3572986.

3.	 Yousuf R, Jahan D, Sinha S, Haque M. Haematopoietic 
Stem Cell Transplantation in Thalassaemia Major: 
A Narrative Review. Adv Hum Biol. 2023; 13(4): 
313-21. doi: https://doi.org/10.4103/aihb.aihb_104_23.

4.	 Althanoon ZA, Merkhan MM. The assessment of the 
incidences of ocular toxicity and ocular findings caused 
by iron-chelating compound. Archivos Venezolanos de 
Farmacologia y Terapéutica. 2022; 41(7): 514-19. doi: 
https://doi.org/10.5281/zenodo.7358909.

5.	 Shawky RM, Kamal TM. Thalassemia intermedia: An 
overview. Egypt J Med Hum Genet. 2012; 13(3): 245-
55. doi: https://doi.org/10.1016/j.ejmhg.2012.03.006.

6.	 Jain S, Padhi S, Patel MG, Malathi H, Kumar B, Madaan 
S. An Increased Risk of Hormonal Disorders, Primarily 
Diabetes, in Individuals With Β -thalassemia Major: a 
Retrospective Analysis. Georgian Med News. 2023; 
(343): 179-85. Available from: https://europepmc.org/
article/med/38096537.

7.	 Alieva N, Kerimov A, Safarova P, Mamedsalahova P. 
Thrombotic Complications and Latent Hypercoagulation 
in Patients With Beta-thalassemia. Georgian Med News. 
2022; (324): 139-45. Available from: https://europepmc.
org/article/med/35417875.

8.	 De Simone G, Quattrocchi A, Mancini B, di Masi 
A, Nervi C, Ascenzi P. Thalassemias: from gene to 
therapy. Mol Aspects Med. 2022; 84: 101028. doi: 
https://doi.org/10.1016/j.mam.2021.101028.

9.	 Borgna-Pignatti C, Rugolotto S, De Stefano P, et al. 
Survival and complications in patients with thalassemia 
major treated with transfusion and deferoxamine. 
Haematologica. 2004; 89(10): 1187-93. Available from: 
https://www.haematologica.org/article/view/3248.

10.	 Cappellini MD, Porter JB, Viprakasit V, Taher AT. 
A paradigm shift on beta-thalassaemia treatment: 
How will we manage this old disease with new 
therapies? Blood Rev. 2018; 32(4): 300-11. doi: https://
doi.org/10.1016/j.blre.2018.02.001.

11.	 Rund D, Rachmilewitz E. Beta-thalassemia. N 
Engl J Med. 2005; 353(11): 1135-46. doi: https://doi.
org/10.1056/nejmra050436.

12.	 Gluba-Brzózka A, Franczyk B, Rysz-Górzyńska 
M, Rokicki R, Koziarska-Rościszewska M, Rysz J. 
Pathomechanisms of Immunological Disturbances 
in β-Thalassemia. Int J Mol Sci. 2021; 22(18): 9677. 
doi: https://doi.org/10.3390/ijms22189677.

13.	 Pinto VM, Forni GL. Management of Iron Overload in 
Beta-Thalassemia Patients: Clinical Practice Update 
Based on Case Series. Int J Mol Sci. 2020; 21(22): 
8771. doi: https://doi.org/10.3390/ijms21228771.

14.	 Staikou C, Stavroulakis E, Karmaniolou I. A narrative 
review of peri-operative management of patients with 
thalassaemia. Anaesthesia. 2014; 69(5): 494-510. doi: 
https://doi.org/10.1111/anae.12591.

15.	 Origa R, Galanello R, Ganz T, Giagu N, Maccioni 
L, Faa G, Nemeth E. Liver iron concentrations and 
urinary hepcidin in beta-thalassemia. Haematologica. 
2007; 92(5): 583-8. doi: https://doi.org/10.3324/
haematol.10842.

16.	 Althanoon ZA, Merkhan MM. CoQ10 Dampens the 
Deleterious Impact of Doxorubicin-induced Liver and 
Spleen Injury in White Albino Rats. Pharmacology. 
2023; 27: Available from: https://www.researchgate.
net/publication/376990079.

17.	 Walter PB, Fung EB, Killilea DW, et al. Oxidative 
stress and inflammation in iron-overloaded patients 
with beta-thalassaemia or sickle cell disease. Br J 
Haematol. 2006; 135(2): 254-63. doi: https://doi.
org/10.1111/j.1365-2141.2006.06277.x.

18.	 Barghouthi SA. The Epimmunity Theory: The 
Single Cell Defenses against Infectious and Genetic 
Diseases. Front Immunol. 2017; 8: 694. doi: https://
doi.org/10.3389/fimmu.2017.00694.

19.	 Smith NC, Goulart C, Hayward JA, Kupz A, 
Miller CM, van Dooren GG. Control of human 
toxoplasmosis. Int J Parasitol. 2021; 51(2-3): 95-121. 
doi: https://doi.org/10.1016/j.ijpara.2020.11.001.

20.	 Sasai M, Pradipta A, Yamamoto M. Host immune 
responses to Toxoplasma gondii. Int Immunol. 2018; 
30(3): 113-19. doi: https://doi.org/10.1093/intimm/
dxy004.

https://doi.org/10.1016/j.pcl.2013.08.008
https://doi.org/10.1016/j.pcl.2013.08.008
https://doi.org/10.1155/2022/3572986
https://doi.org/10.4103/aihb.aihb_104_23
https://doi.org/10.5281/zenodo.7358909
https://doi.org/10.1016/j.ejmhg.2012.03.006
https://europepmc.org/article/med/38096537
https://europepmc.org/article/med/38096537
https://europepmc.org/article/med/35417875
https://europepmc.org/article/med/35417875
https://doi.org/10.1016/j.mam.2021.101028
https://www.haematologica.org/article/view/3248
https://doi.org/10.1016/j.blre.2018.02.001
https://doi.org/10.1016/j.blre.2018.02.001
https://doi.org/10.1056/nejmra050436
https://doi.org/10.1056/nejmra050436
https://doi.org/10.3390/ijms22189677
https://doi.org/10.3390/ijms21228771
https://doi.org/10.1111/anae.12591
https://doi.org/10.3324/haematol.10842
https://doi.org/10.3324/haematol.10842
https://www.researchgate.net/publication/376990079
https://www.researchgate.net/publication/376990079
https://doi.org/10.1111/j.1365-2141.2006.06277.x
https://doi.org/10.1111/j.1365-2141.2006.06277.x
https://doi.org/10.3389/fimmu.2017.00694
https://doi.org/10.3389/fimmu.2017.00694
https://doi.org/10.1016/j.ijpara.2020.11.001
https://doi.org/10.1093/intimm/dxy004
https://doi.org/10.1093/intimm/dxy004


Journal of Natural Science, Biology and Medicine ¦ Volume 15 ¦ Issue 1 ¦ January-June 2024 123

Seroprevalence of Toxoplasma Gondii among Thalassemia Patients and its Relation with Some Biochemical Parameters

21.	 Khan IA, Moretto M. Immune responses to 
Toxoplasma gondii. Curr Opin Immunol. 2022; 77: 
102226. doi: https://doi.org/10.1016/j.coi.2022.102226.

22.	 Ferreira MN, Bonini-Domingos CR, Fonseca Estevão 
I, et al. Anti-Toxoplasma gondii antibodies in patients 
with beta-hemoglobinopathies: the first report in the 
Americas. BMC Res Notes. 2017; 10(1): 211. doi: 
https://doi.org/10.1186/s13104-017-2535-7.

23.	 Owusu Donkor I, Mensah SK, Dwomoh D, et al. 
Modeling SARS-CoV-2 antibody seroprevalence and 
its determinants in Ghana: A nationally representative 
cross-sectional survey. PLOS Glob Public Health. 
2023; 3(5): e0001851. doi: https://doi.org/10.1371/
journal.pgph.0001851.

24.	 Daryani A, Sarvi S, Aarabi M, et al. Seroprevalence of 
Toxoplasma gondii in the Iranian general population: 
a systematic review and meta-analysis. Acta Trop. 
2014; 137: 185-94. doi: https://doi.org/10.1016/j.
actatropica.2014.05.015.

25.	 Onerci Celebi O, Araz Server E, Hamit B, Yiğit Ö. 
The seroprevalence of hepatitis B, hepatitis C, and 
human immunodeficiency virus in patients undergoing 
septoplasty. Braz J Otorhinolaryngol. 2016; 84(1): 
34-9. doi: https://doi.org/10.1016/j.bjorl.2016.10.008.

26.	 Baldini M. Thalassemia Major: The Present and the 
Future. N Am J Med Sci. 2012; 4(3): 145-6. Available 
from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3309623/pdf/NAJMS-4-145.pdf.

27.	 de Dreuzy E, Bhukhai K, Leboulch P, Payen E. 
Current and future alternative therapies for beta-
thalassemia major. Biomed J. 2016; 39(1): 24-38. doi: 
https://doi.org/10.1016/j.bj.2015.10.001.

28.	 Skordis N, Toumba M. Bone disease in thalassaemia 
major: recent advances in pathogenesis and clinical 
aspects. Pediatr Endocrinol Rev. Mar 2011; 8(Suppl 
2): 300-6. Available from: https://europepmc.org/
article/med/21705982.

29.	 Finberg KE. Unraveling mechanisms regulating 
systemic iron homeostasis. Hematology Am Soc 
Hematol Educ Program. 2011; 2011: 532-7. doi: https://
doi.org/10.1182/asheducation-2011.1.532.

30.	 Czaja AJ. Review article: iron disturbances in 
chronic liver diseases other than haemochromatosis - 
pathogenic, prognostic, and therapeutic implications. 
Aliment Pharmacol Ther. 2019; 49(6): 681-701. doi: 
https://doi.org/10.1111/apt.15173.

31.	 Caruso CR, Yang Z. Molecular diagnostics of 
infectious disease: Detection and characterization 
of microbial agents in cytology samples. Diagn 
Cytopathol. 2023; 51(1): 68-82. doi: https://doi.
org/10.1002/dc.25064.

32.	 Hanifehpour H, Samsam Shariat SK, Ghafari MS, 
Kheirandish F, Saber V, Fallahi S. Serological and 
Molecular Diagnosis of Toxoplasma gondii Infections 
in Thalassemia Patients. Iran J Parasitol. 2019; 14(1): 
20-28. Available from: https://europepmc.org/article/
med/31123465.

33.	 Saki J, Foroutan M, Khodkar I, Khodadadi A, 
Nazari L. Seroprevalence and molecular detection 
of Toxoplasma gondii in healthy blood donors in 
southwest Iran. Transfus Apher Sci. 2019; 58(1): 79-
82. doi: https://doi.org/10.1016/j.transci.2018.12.003.

34.	 Yousefi E, Foroutan M, Salehi R, Khademvatan S. 
Detection of acute and chronic toxoplasmosis amongst 
multi-transfused thalassemia patients in southwest 
of Iran. J Acute Dis. 2017; 6(3): 120-25. doi: https://
doi.org/10.12980/jad.6.2017JADWEB-2017-0008.

35.	 Robert MG, Brenier-Pinchart MP, Garnaud C, 
Fricker-Hidalgo H, Pelloux H. Molecular diagnosis 
of toxoplasmosis: recent advances and a look to the 
future. Expert Rev Anti Infect Ther. 2021; 19(12): 
1529-42. doi: https://doi.org/10.1080/14787210.202
1.1941867.

36.	 Yasmeen H, Hasnain S. Epidemiology and risk factors 
of transfusion transmitted infections in thalassemia 
major: a multicenter study in Pakistan. Hematol 
Transfus Cell Ther. 2019; 41(4): 316-23. doi: https://
doi.org/10.1016/j.htct.2019.03.008.

37.	 Anwar MJ, Alenezi SK, Alhowail AH. Molecular 
insights into the pathogenic impact of vitamin 
D deficiency in neurological disorders. Biomed 
Pharmacother. 2023; 162: 114718. doi: https://doi.
org/10.1016/j.biopha.2023.114718.

38.	 Mammari N, Halabi MA, Yaacoub S, Chlala H, Dardé 
ML, Courtioux B. Toxoplasma gondii Modulates the 
Host Cell Responses: An Overview of Apoptosis 
Pathways. Biomed Res Int. 2019; 2019: 6152489. doi: 
https://doi.org/10.1155/2019/6152489.

39.	 Liu Q, Wang ZD, Huang SY, Zhu XQ. Diagnosis 
of toxoplasmosis and typing of Toxoplasma gondii. 
Parasit Vectors. 2015; 8: 292. doi: https://doi.
org/10.1186/s13071-015-0902-6.

40.	 Mustafa B, Shareef A, Mahmood M. Comparison 
of Bone Maturation Response to Treatment With 
Short and Long-term Growth Hormone Therapy 
in Short-stature Pediatric Patients. Georgian Med 
News. 2022; (331): 27-30. Available from: https://
europepmc.org/article/med/36539126.

https://doi.org/10.1016/j.coi.2022.102226
https://doi.org/10.1186/s13104-017-2535-7
https://doi.org/10.1371/journal.pgph.0001851
https://doi.org/10.1371/journal.pgph.0001851
https://doi.org/10.1016/j.actatropica.2014.05.015
https://doi.org/10.1016/j.actatropica.2014.05.015
https://doi.org/10.1016/j.bjorl.2016.10.008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3309623/pdf/NAJMS-4-145.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3309623/pdf/NAJMS-4-145.pdf
https://doi.org/10.1016/j.bj.2015.10.001
https://europepmc.org/article/med/21705982
https://europepmc.org/article/med/21705982
https://doi.org/10.1182/asheducation-2011.1.532
https://doi.org/10.1182/asheducation-2011.1.532
https://doi.org/10.1111/apt.15173
https://doi.org/10.1002/dc.25064
https://doi.org/10.1002/dc.25064
https://europepmc.org/article/med/31123465
https://europepmc.org/article/med/31123465
https://doi.org/10.1016/j.transci.2018.12.003
https://doi.org/10.12980/jad.6.2017JADWEB-2017-0008
https://doi.org/10.12980/jad.6.2017JADWEB-2017-0008
https://doi.org/10.1080/14787210.2021.1941867
https://doi.org/10.1080/14787210.2021.1941867
https://doi.org/10.1016/j.htct.2019.03.008
https://doi.org/10.1016/j.htct.2019.03.008
https://doi.org/10.1016/j.biopha.2023.114718
https://doi.org/10.1016/j.biopha.2023.114718
https://doi.org/10.1155/2019/6152489
https://doi.org/10.1186/s13071-015-0902-6
https://doi.org/10.1186/s13071-015-0902-6
https://europepmc.org/article/med/36539126
https://europepmc.org/article/med/36539126

	_Hlk24640581

