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1. INTRODUCTION 

       Toxoplasmosis, a disease caused by protozoa, has a global impact, affecting both poor and developed nations. The 
recognized pathogen that has infected people is accidental ingestion of food, drink, soil, or raw meat tissues 

contaminated with oocysts, as well as organ transplant or eating of undercooked meat. The parasite is responsible for 
causing a range of autoimmune diseases [1, 2]. Toxoplasmosis is a globally prevalent parasitic condition that can be 
opportunistic. It can kill humans. Pathological impacts stress the immune system. Patients with impaired immune 

systems, such as cancer or AIDS patients [3, 4, 5], threaten public health and national finances.  Toxoplasma gondii 
infections can induce retino-choroiditis, hydrocephaly, mental impairment, and foetal death, making them a public 

health problem. In addition, AIDS, organ transplant, and immunosuppressive patients might develop life -threatening 
encephalitis [6, 7]. Besides the eyes and neurological system, Toxoplasma gondii can infect the liver, pancreas, spleen, 

ABSTRACT: Toxoplasmosis affects various biochemical markers, which has garnered attention recently. 
Toxoplasmosis biochemical marker values were the focus of this study. To evaluate the infection-related marker 

TNF alpha, TNF-α regulates inflammation, anti-tumor responses, and homeostasis via interacting with TNF-R1 
and TNF-R2. TNF-α has a vital function in treating T. gondii by regulating hematopoietic stem and progenitor cell 
development. Despite therapeutic usage of anti-TNF-α medications, adverse effects such lymph proliferative 

disorders have been known to occur. This also suggests that one major mechanism by which cytokines operate is 
by inhibiting parasite invasion. TNF-α has the ability to directly influence the proliferation of intracellular parasites 
to different extents. The study included one hundred patients with toxoplasmosis, aged between eighteen and thirty 

years old. Among them, seventy had confirmed cases of infection, with forty samples from both male and female 
patients, while the remaining thirty samples were taken from healthy individuals serving as a control group. 

Baghdad Teaching Hospital, Al-Yarmouk Teaching Hospital, and many outpatient clinics will treat patients from 
different Iraqi governorates from November 2022 and October 2023. Additionally, we utilized the ELISA 
technique to determine the quantity of TNF-alpha present. With this study, there were no significant changes in 

blood levels of TNF-α between the control group and teens of different ages and genders, according to the results. 
The mean ±SE values of the level in healthy teens (80.57 ±5.27) and T. gondii patients (123.59 ±4.35, 158.85 
±10.26) were not statistically different. The findings indicated that the mean values for healthy teenagers were 

66.02 ±5.89 and 87.84 ±3.24, respectively. There was no significant gender difference, with mean values of 149.65 
±11.98 and 133.25 ±3.96, respectively. Patients with toxoplasmosis exhibited substantially higher TNF-α levels 

than the control group (P ≤0.01). The average ± SE TNF-alpha levels in teenagers infected with T. gondii were 
136.86 ±5.96, whereas the control group had 87.84 ±3.24.  Our research suggests that Toxoplasma gondii have the 
capability to exert effect on certain indicators, such as TNF-alpha. The findings indicate that adolescents are prone 

to a significant prevalence of toxoplasmosis diagnoses. Consequently, prioritizing health education for those with a 
heightened susceptibility to developing the disease is imperative. 
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heart, and lymph nodes [8]. Cytokines are mostly connected with CD4+ T cells in the cellular immune response. Th1-
mediated macrophage activation, host resistance, and Toxoplasma parasite protection help manage the illness.Th2-

mediated responses reduce macrophage activation and disease progression [9, 10]. TNF-α is crucial for regulating the 
immune system's response to pathogens. Activated mononuclear phagocytes are the primary producers of TNF-α, but 
NK, T, and mast cells can also contribute.  The production and release of TNF-α facilitates the immune system-

inflammatory relationship [11]. TNF-α has different effects on T, B, and DC cells, in addition to its pro-apoptotic role 
[12].Both macrophages and lymphocytes emit TNF-α. This cytokine works with IFN-γ and IL-10 to increase 

oxygenated substance and nitric oxide production. These drugs kill Toxoplasma gondii and cause various inflammatory 
reactions and diseases in humans [13, 14]. Several immune cell types and organs release cytokines that exhibit a rather 
high solubility. Cytokines have a substantial impact on regulating both the adaptive and innate immune responses. 

Maintaining immune homeostasis requires a continuous effort to balance cytokines. Any excessive production or 
dysfunction of cytokines, together with a faulty immune response to these molecules, might contribute to the 
progression of immune-related disorders. The cytokine network is a carefully regulated mechanism, which allows for 

the restoration of cellular cytokine release to baseline levels after the stimulus is removed [15]. 
1. Participants underwent laboratory pre-diagnosis prior to ELISA colorimetric measurement of tumor necrosis 

factor alpha. 
2. Examining if toxoplasmosis infection levels of the cytokine TNF alpha vary between male and female 

teenagers.   

3. The study also demonstrated that TNF-α increased during infection but returned to a healthy level following 
therapy. 

 

 

2. MARERIALS AND METHOD  
       From November 2022 to the end of October 2023, researchers from Baghdad Teaching Hospital's Haematology 

Department in Baghdad Medical City carried out the study. People whose ages varied from eight years old to thirty 
years old were a part of the present study. The individuals that made up the control group ranged in age from eighteen 

to thirty and were all carefully chosen for their health. 
 
2.1 Collection and Preparation of Blood Samples  

       Verified the accuracy of the recorded data, such as gender and age .Subsequently Preserved blood samples stored 
in cryogenic conditions A 5 ml intravenous blood sample will be collected from each patient. Each participant in the 
study had their blood drawn using a sterile syringe and subsequently transferred to an EDTA -free test tube. A 10-

minute 3000 rpm centrifugation followed 20 minutes of cooling at room temperature. Using an absorbent micropipette, 
the serum was removed and stored in testing containers at 20–16 degrees Celsius. So they split into two groups: 

Toxoplasmosis affects 40 people, 30 male and 30 female [16].  
 
2.2 T. gondii infection detection ELISA kits  

       The German company Demeditec Diagnostics GmbH's products were utilized in accordance with the guidelines 
provided by the maker. Through the use of an immunochromatography-based fast test kit and an enzyme-linked 
immunosorbent assay (ELISA), we were able to identify specific IgM and IgG antibodies against Toxoplasma gondii. 

Tumer necrosis factor alpha detection by ELISA procedure. 
We followed the manufacturer's instructions to determine biochemical and immunological parameters using it. We 

measured TNF-alpha levels using ELISA kits from the immuno lab CUSABIO (USA).  
 
2.3 Calculation of the results   

       The purpose of measuring the TNF-α level in infected patients' sera using ready-to-use ELISA kits was to identify 
any changes in its levels caused by toxoplasmosis and to comprehend the function of TNF-α in protecting against this 
infection. The results for both concentrations of serum TNF-α were identical. 

 
 

 
 
 

 
 
  

 
 

 

FIGURE 1. - The TNF-α Standard Curve  
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Table 1. - TNF-α Standards OD and concentrations  
 

          O D reading Conc (pg/ml) 

S 2.745 480 

S 1.535 240 

S 1.027 120 

S 0.643 60 

S 0.279 30 

S 0.078 0 

 

 

 

3. STATISTICAL ANALYSIS  
       Using SAS (2018), researchers compared study parameters across patient and control groups. A T-test allowed us 
to compare means statistically. This study used a chi-square test to compare 0.05 with 0.01, which was significant. 

    
3.1 Results and Discussion 
       The distribution of studied groups according to some parameters. 

Age ratio: 
       You can see the breakdown of the participants in this study by age group in table (2). Across all categories, the 

most common age ratio was. Additionally, 17(42.50%) of the patients analyzed were teenagers, defined as those 
between the ages of 8 and 15. The age group revealed to be between 16 and 30 years old had the greatest ratio at 23 
(57.50%), while the control group had the lowest ratio at 12 (40.00%) and 18 (60.00%).  The statistical study found no 

age differences among respondents. 
 

Table 2. - Non-Significant 

 

Factor Patients 

(No=40) 

Control 

(No= 30) 

P-value 

 

Age groups: 

No (%)  

8-15 yr. 17 

(42.50%) 

12 

(40.00%) 

0.347 NS 

16-30 yr. 23 

(57.50%) 

18  

(60.00%) 

0.315 NS 

P-value 0.074 NS 0.108 NS --- 

 
 

       Table 3 and Figure 2 show the impact of age groups on TNF-α. Age significantly affected the distribution of results 
in each group (P≤0.01). TNF- of infected teenagers (8-15 years) and (16-30 years) was the most common age mean in 

all groups. Patients infected with toxoplasmosis had the highest TNF-α levels (158.85 ±10.26). Age 16-30 years 
(123.59 ±4.35) had substantially higher TNF-α levels compared to control group (79.09 ±4.57) and adolescent group 

(80.57 ±5.27).Statistical analysis revealed no significant (P < 0.01) differences between T. gondii patients and control 
groups. 
 

 
Table 3. - Effect of Age groups in TNF-α of patients and control groups  

 

 

 

Mean ± SE of TNF-α  

T-test 8-15 yr. 16-30 yr. 

Patients 123.59 ±4.35 158.85 ±10.26 35.611 NS 

Control 79.09 ±4.57  80.57 ±5.27 18.76 NS 

T-test 36.481 ** 45.062 ** --- 

   ** (P≤0.01). 
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FIGURE 2. – Effect of Age groups in TNF-α of patients and control groups 

 

 

Gender ratio: 

       The relative distribution of each group according to the gender is shown in table (4). The most frequent gender 
ratio was found in all studied groups were revealed. The majority of studied subjects for the adolescents which 
represent in the female group and accounted for about 22(55.00%) for toxoplasmosis co-infected, the male group 

18(45.00%) adolescents for toxoplasmosis infected. 
 

Table 4. - Non-Significant 

 

Factor Patients 

(No=40) 

Control 

(No= 30) 

P-value 

 

 

Gender: 

No (%)  

Male 18 

(45.00%) 

12 

(40.00%) 

0.166 NS 

Female 22 

(55.00%) 

18 

(60.00%) 

0.107 NS 

P-value 0.107 NS 0.166 NS --- 

 
 

 
       Results also revealed that the in present study according to the TNF-α level increased significantly (P≤0.01) is 
shown in (Figure 3). Findings revealed in TNF-α levels between the female group and the male group. Adolescents 

who Concentration for had the highest mean TNF-α levels (149.65 ±11.98), (133.25 ±3.96) versus lower (66.02 ±5.89), 
(87.84 ±3.24) in the control group. 
 

 
Table 5. - Effect of Gender in TNF-α of patients and control groups  

 

Group Mean ± SE of TNF-α  

T-test Male Female 

Patients 149.65 ±11.98 133.25 ±3.96 27.84 NS 

Control 66.02 ±5.89  87.84 ±3.24 22.07 NS 

T-test 31.95 ** 26.72 ** --- 

** (P≤0.01). 
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The distribution of TNF-α with toxoplasmosis infected patients. 
       The study found that the T.gondii group had considerably greater blood TNF-α levels than the control group. TNF-

α levels in T.gondii teenagers were significantly higher (P≤0.01) compared to the control group, with lower levels 
displayed in Figure 3 and Table 6 (136.86 ±5.96 and 76.54 ±3.66). 
 

 
Table 6. - TNF-α level of Toxoplasma gondii positive group and the control group 

 

Group Mean ± SE of TNF-α 

Patients 136.86 ±5.96 

Control 76.54 ±3.66 

T-test 15.147 ** 

P-value 0.0001 

  ** (P≤0.01). 

 
       The mean value of TNF-α level in the sera of studied groups were exhibited in figure (3) The elevated level of 
TNF-α had been observed in patient adolescents which was significantly (P≤0.01),  while it was recorded the lowest 

level in the sera of control adolescents group which represented (in comparison to the patient’s groups. Highest 
significant (P≤0.01) difference was observed in levels of TNF-α between infected and healthy control groups.   

 
FIGURE 3. – Comparison between patints and control groups in TNF-α  

 
       The secretion of tiny proteins called cytokines and chemokines regulates several facets of cell differentiation, 
activation, and development. Their impact on immune system development, cell trafficking, and immunological tissues 

and organs is a notable feature of these compounds. The potential culprits behind TNF-α's actions in toxoplasmosis 
include its proinflammatory properties and its effects on T cells, B cells, and plasmacytoid dendritic cells [17,18].When 
a parasite infects a host, it changes the host's behavior via acting on the host's endocrine system. The gender has a key 

role in the host changes caused by Toxoplasma gondii infection [19]. Salih et al. (2020) found no age-related 
differences in Toxoplasma TNF alpha rates[20]. When comparing the sexes, the TNF-alpha rate was much greater in 

men. Other surveys [21, 22] also found similar outcomes. However, according to another study, the TNF-alpha rate is 
higher in male patients compared to female patients [23]. Females are more likely to get toxoplasmosis from a T.gondii 
infection, and this is probably because of the role that sexual hormones play in this illness [24]. Because of differences 

in immune response and personal hygiene practices, which make males more likely to contract Toxoplasma infections, 
men with greater testosterone levels are at a higher risk of contracting this disease [25]. There are a lot of potential 
explanations for the observed variation in T.gondii rates among teenagers. These include variations in sample size, 

geographical location, diagnostic method, housing, socioeconomic position, and immunological state [26]. Their resu lts 
demonstrated that increasing levels of serum TNF-α indicate disease activity, whereas decreasing levels indicate a 

successful response to therapy. The rise in cytokines is consistent with earlier findings [27].Chang et al. (1990) [28] 
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found that IFN-γ stimulates TNF-α, which may be necessary for its anti-parasitic effects. The latest discovery 
contradicts this. Research suggests that TNF-α and IL-1 may play a significant role in modulating the immune response 

to parasite infection. Recent data suggest no link between rising TNF-α levels and IFN-γ levels. In 1993, Sher et al. 
[230ψ9] Blood levels of Th1 (TNF-α, IL-12, and IFN-γ) and Treg (IL-10) cytokines can measure the host 
immunological response to toxoplasmosis, as previously shown [31].Except for IL-12, all of these cytokines increased 

significantly in patients [32].Biomarkers also help understand therapy response, reducing recurrence. Identifying 
frequent infections in asymptomatic individuals in places where the illness is prevalent or in people with weakened 

immune systems requires toxoplasmosis biomarkers [33]. Their research on adherent cells, which release less TNF-α in 
response to the parasite, supports the latest discovery. TNF-α concentrations rose dramatically with age, suggesting that 
it alone is inadequate to induce NK cells to eradicate parasites.Zhang et al. (2015) observed results similar to our study 

[35 34]. Earlier lab studies in infected female mice showed increased interleukins. In contrast, immune cell reactivity, 
evaluated by nitric oxide generation and spleen cell proliferation in the MLC test, decreases significantly compared to 
uninfected controls[36]. Therefore, these studies reveal that cytokine production fluctuates non-linearly with age.   

 
 

4. CONCLUSION  
       It can be concluded that this cytokine gives an insight as possible biomarkers of T. gondii infection in the studied 
groups. Although there is little known about this concept, more studies are needed to investigate TNF-α level and more 

parameters in T. gondii patients and completely cured individuals as markers for disease progression. adolescents 
should be screened for Toxoplasm aroutinely.  Clinicians  should  be  more  careful  with  this  patients  group  to  
prevent  the possibility of severe toxoplasmosis The low levels of Tumor necrosis factor alpha protein, age progress 

related factors can be changed in association to T.gondii infection among adolescents. 
 
 

5. RECOMMENDATIONS  
1. Study the effects of other parasites on Tumor necrosis factor.  
2. Investigate T.gondii-related metabolic problems in autistic children. 

 
 

Funding  

None  
 

ACKNOWLEDGEMENT 

The authors would like to thank the anonymous reviewers for their efforts. 

CONFLICTS OF INTEREST  
The authors declare no conflict of interest  

REFERENCES 

[1] L. Holec-Gąsior and J. Kur, "Toxoplasma gondii: Recombinant GRA5 antigen for detection of 

immunoglobulin G antibodies using enzyme-linked immunosorbent assay," Experimental parasitology, vol. 
124, no. 3, pp. 272-278, 2010. 

[2] H. M. Elsheikha, "Congenital toxoplasmosis: priorities for further health promotion action," Public health, vol. 

122, no. 4, pp. 335-353, 2008. 
[3] V. Nissapatorn et al., "Toxoplasmosis in HIV / AIDS patients: a current situation," Jpn. J. Infect. Dis., vol. 

135, no. 6, pp. 714-719, 2004. 
[4] A. J. Zeleke and Y. A. Melsew, "Seroprevalence of Toxoplasma gondii and associated risk factors among 

HIV-infected women within reproductive age group at Mizan Aman General Hospital, Southwest Ethiopia: a 

cross-sectional study," BMC research notes, vol. 10, no. 1, p. 70, 2017. 
[5] P. S. Felicio et al., "Infection by Toxoplasma gondii in herds of sheep - farming exclusive and intercropping 

with cattle and the environmental by the oocysts," Aust. J. Basic. and Appl. Sci., vol. 5, no. 5, pp. 1364-1374, 

2011. 
[6] L. J. Knoll, J. P. Dubey, S. K. Wilson, and B. M. D. Genova, "Intestinal delta-6-desaturase activity determines 

host range for Toxoplasma sexual reproduction," bioRxiv, vol. 17, no. 8, pp. 580-688, 2019. 
[7] S. A. Hussein, M. K. Ismael, and N. G. Abdulmajeed, "Antineutrophil cytoplasmic antibodies in patients with 

tuberculosis," Iraqi Journal of Science, vol. 55, no. 2A, pp. 360–366, 2014. 



Ashjan Mohammed Hussein et al., Al-Salam Journal for Medical Science Vol. 3 No. 1 (2024) p. 37-44 

 43 

[8] J. K. Sia, M. Georgieva, and J. Rengarajan, "Innate immune defenses in human tuberculosis: an overview of 
the interactions between Mycobacterium tuberculosis and innate immune cells," Journal of immunology 

research, 2015. 
[9] M. V. Hollegaard and J. L. Bidwell, "Cytokine gene polymorphism in human disease: on-line databases, 

supplement 3," Genes Immun, vol. 7, pp. 269–276, 2006. 

[10] M. Feldmann and R. N. Maini, "Anti-TNF alpha therapy of rheumatoid arthritis: what have we learned?" 
Annual Review of Immunology, vol. 19, pp. 163-196, 2001. 

[11] M. Munoz, O. Liesenfeld, and M. M. Heimesaat, "Immunology of Toxoplasma gondii," Immunol Rev, vol. 
240, pp. 269-85, 2011. 

[12] N. V. K. Pothineni et al., "Infections, atherosclerosis, and coronary heart disease," European Heart Journal, 

vol. 38, pp. 3195-3201, 2017. 
[13] M. A. Herold et al., "Disseminated toxoplasmosis in a patient with non-Hodgkin lymphoma," Infection, vol. 

37, no. 6, pp. 551-554, 2009. 

[14] S. A. Hussein, M. K. Ismael, and N. G. Abdulmajeed, "Antineutrophil cytoplasmic antibodies in patien ts with 
tuberculosis," Iraqi Journal of Science, vol. 55, no. 2A, pp. 360–366, 2014. 

[15] J. K. Sia, M. Georgieva, and J. Rengarajan, "Innate immune defenses in human tuberculosis: an overview of 
the interactions between Mycobacterium tuberculosis and innate immune cells," Journal of immunology 
research, 2015. 

[16] M. M. Kamil and H. Z. Ali, "Using PCR for detection of cutaneous leishmaniasis in Baghdad," Iraqi Journal 
of Science, vol. 57, pp. 1125-1130, 2016. 

[17] A. Studnicka-Benke, G. Steiner, P. Petera, and J. S. Smolen, "Tumour necrosis factor alpha and its soluble 

receptors parallel clinical disease and autoimmune activity in systemic lupus erythematosus," British Journal 
of Rheumatology, vol. 35, no. 11, pp. 1067-1074, 1996. 

[18] J. Ramos et al., "Seroprevalence of Toxoplasma gondii infection among immigrant and native pregnant 
women in Eastern Spain," Parasitology research, vol. 109, pp. 1447-1452, 2011. 

[19] M. L. Dardé, D. Ajzenberg, and J. Smith, "Population structure and epidemiology of Toxoplasma gondii," in 

Toxoplasma gondii: The Model Apicomplexan. Perspectives and Methods, L. M. Weiss and K. Kim, Eds. 
Amsterdam, Boston, Heidelberg, London, New York: Elsevier, 2011, pp. 49–80. 

[20] J. M. Salih, W. M. Mero, and S. H. Eassa, "Seroprevalence and some Demographic Factors Associated with 

Toxoplasma gondii Infection among Male Population in Duhok Province/Iraq," Baghdad Science Journal, vol. 
17, no. 2, pp. 431-536, 2020. 

[21] J. Kook et al., "Toxoplasma gondii antibody titers in sera of children admitted to the Seoul National University 
Children's Hospital," The Korean Journal of Parasitology, vol. 37, no. 1, pp. 27, 1999. 

[22] M. Sharif et al., "Seroprevalence of anti-Toxoplasma IgG and IgM among individuals who were referred to 

medical laboratories in Mazandaran province, northern Iran," Journal of infection and public health, vol. 9, no. 
1, pp. 75-80, 2016. 

[23] H. Lim et al., "Serologic survey of toxoplasmosis in Seoul and Jeju-do, and a brief review of its 

seroprevalence in Korea," The Korean journal of parasitology, vol. 50, no. 4, pp. 287, 2012. 
[24] M. D. L. L. Galván-Ramírez et al., "The role of hormones on Toxoplasma gondii infection: a systematic 

review," Frontiers in microbiology, vol. 5, p. 503, 2014. 
[25] J. Flegr, "Influence of latent toxoplasmosis on the phenotype of intermediate hosts," Folia parasitologica, vol. 

57, pp. 81, 2010. 

[26] A. Eltoft et al., "C-reactive protein in atherosclerosis - A risk marker but not a causal factor? A 13-year 
populationbased longitudinal study: The Tromso study," Atherosclerosis, vol. 263, pp. 293-300, 2017. 

[27] F. Liew et al., "Tumour necrosis factor (TNF alpha) in leishmaniasis. I. TNF alpha mediates host protection 

against cutaneous leishmaniasis," Immunology, vol. 69, p. 570, 1990. 
[28] H. R. Chang, G. E. Grau, and J. C. Pechère, "Role of TNF and IL-1 in infections with Toxoplasma gondii," 

Immunol., vol. 69, pp. 33–37, 1990. 
[29] A. Sher et al., "Toxoplasma gondii induces a Tindependent IFN-gamma response in natural killer cells that 

requires both adherent accessory cells and tumor necrosis factor-alpha," J Immunol., vol. 150, pp. 3982-3989, 

1993. 
[30] A. Al Hamada et al., "Risk factors associated with seropositivity to Toxoplasma among sheep and goats in 

Northern Iraq," Veterinary Parasitology: Regional Studies and Reports, p. 100264, 2019. 

[31] E. K. Krishnamurthy et al., "The human immune response to Toxoplasma: autophagy versus cell death," PLoS 
Pathog., vol. 13, p. 1006176, 2017. 

[32] E. Ontoria et al., "Transcriptional profiling of immune-related genes in Leishmania infantum-infected mice: 
identification of potential biomarkers of infection and progression of disease," Frontiers in cellular and 
infection microbiology, vol. 8, p. 197, 2018. 

[33] A. S. Souza et al., "Resistance of Leishmania(Viannia) braziliensisto nitric oxide: correlation with antimony 
therapy and TNF-α production," BMC infectious diseases, vol. 10, pp. 1-11, 2010. 



Ashjan Mohammed Hussein et al., Al-Salam Journal for Medical Science Vol. 3 No. 1 (2024) p. 37-44 
 

 

 
44 

[34] L. Zhang, M. Zhao, and J. Fang, "Interferon gamma is involved in apoptosis of trophoblast cells at the 
maternal–fetal interface following Toxoplasma gondii infection," Int. J. of Infect. Dis., vol. 30, pp. 10-16, 

2015. 
[35] J. A. Huhtakangas et al., "1, 25 (OH) 2D3 and calcipotriol, its hypocalcemic analog, exert a long-lasting anti-

inflammatory and anti-proliferative effect in synoviocytes cultured from patients with rheumatoid arthritis and 

osteoarthritis," The Journal of Steroid Biochemistry and Molecular Biology, vol. 173, pp. 13-22, 2017. 
[36] Š. Kaňková et al., "Influence of latent toxoplasmosis on the secondary sex ratio in mice," Parasitology, vol. 

134, no. 12, pp. 1709–1717, 2007, https://doi.org/10.1017/S0031182007003253. 


