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ABSTRACT 
Toxoplasmosis infection can influence complex immune responses that increase both humoral and cell-mediated 
immunity. Zinc is a very important material that increases the function of the immune system and has been linked to 
immune response modulation. In this study, the role of zinc on humoral (IgG, IgM) and cellular (CD4, CD8) immunity 
was investigated in patients with different serological status for Toxoplasma gondii. 102 samples of serum and EDTA 
were collected from different labs in Erbil and Duhok cities. Toxoplasmosis was enrolled, and zinc was evaluated with a 
spectrophotometer. T-cell subset (CD4 and CD8) test determined by flow cytometry. Jamovi was used to perform the 
statistical analysis such as descriptive statistics, T-test, Pearson's, and linear regression. The results showed that zinc was 
greater in patients with higher IgG levels, the P-value was less than 0.005. The correlation between zinc and IgG was 
moderate (r =0.461, R² = 0.212), demonstrating that zinc accounted for 21.2% of the disparity in IgG levels, and the P-
value was less than 0.005. Furthermore, there was no relation between zinc and IgM; the P-value was 0.930, the CD4 p-
value was 0.016, and the CD8 p-value was 0.002. Zinc plays a significant role in increasing the latent IgG levels, which 
means it increases memory against Toxoplasma gondii. These findings are important in demonstrating the role of 
increasing humoral immunity against the disease by zinc. 
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INTRODUCTION 
One-third of the world's population is infected with 
Toxoplasmosis, its widespread zoonotic disease caused by 
the obligatory intracellular protozoan parasite called 
Toxoplasma gondii(1). Eating undercooked meat carrying 
cysts, vertical transmission during pregnancy, and oocysts 
in food or water can transmit the disease. While most 
immunocompetent patients are asymptomatic. T. gondii 
poses serious hazards to immunocompromised hosts, 
including HIV/AIDS patients or those undergoing 
immunosuppressive treatment, and to the fetus in 
congenital infection, in which case it can cause severe 

neurological damage or death. The host immune response 
to T. gondii is difficult, cellular and humoral immunity are 
both involved(2, 3). The immune system differs from 
person to another depending on the genetic background 
and Singal nucleotide polymorphism(4). The humoral 
immune response represents the formation of specific 
antibodies. The immunoglobulin IgM is the first antibody 
to be produced by the immune system and used as an 
indicator of acute infection of toxoplasmosis(5). On the 
other hand, immunoglobulin IgG is produced in the latent 
response and can stay for a long period, staying for years, 
providing immunity against the disease. Toxoplasma IgG 
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and IgM antibodies are serological blood tests to detect 
toxoplasmosis in suspected patients. In addition, the cell-
mediated immunity production of T-cell CD4 and CD8 
plays an important role in fighting against 
toxoplasmosis(6). T helper cell CD4 activates 
macrophages and stimulates the production of B-cells to 
produce antibodies through the secretion of cytokines. 
CD8 cytotoxic T cells play a significant role in identifying 
and killing infected cells, as well as controlling the spread 
and replication of the parasite(5). Therefore, cell-mediated 
immunity is necessary for the prevention of recurrent 
infections and reactivation of latent antibodies(7). Zinc is 
an essential mineral that stimulates the immune system, 
enhancing both innate and adaptive immune responses(8). 
Zinc is significant for the production of proteins, T cell 
maturation, antioxidant protection, and promoting the 
inflammatory response(9). In addition, it has a significant 
role in transcription factors, enzymes, and enhances 
cellular signaling processes. Studies predicted that zinc 
deficiency decreases the production of antibodies and the 
activity of thymic hormones that affect the host defense 
mechanism against toxoplasmosis(10). Despite zinc's well-
established role in the immune system, little is known 
about how it affects immunological parameters in people 
infected with T. gondii(11). The study of the relation 
between zinc and the immune system in toxoplasma 
patients is important because of the prevalence of zinc 
deficiency in the majority of developing nations and the 
global significance of toxoplasmosis(12). Different levels 
of zinc concentrations that influence the humoral and cell-
mediated immunity in patients with toxoplasmosis are 
uncertain. This study will compare and evaluate zinc 
levels, IgG, and IgM antibodies with CD4 and CD8 in 
toxoplasmosis patients. 

METHODS AND MATERIALS 

Study Design and Sample Collection 
Totally 102 samples of serum and EDTA were collected 
from patients (male and females) from clinical laboratories 
in Erbil and Duhok cities, Amer, King, Smart, Ariyo, and 
Floria labs. The duration of collection sample was about 
two months, the samples were enrolled for toxoplasmosis 
screening IgG and IgM by Cobas E411 device (Roche, 
Germany) and for T-cell subset test by Flowcytometery in 
Amer lab. 

Inclusion and Exclusion Criteria 
Patients aged bigger than 18 years were either positive or 
negative for toxoplasmosis, serum were collected for 
toxoplasmosis IgG, IgM and EDTA for T-cell subset test 
(CD4 and CD8), pregnant women, and patients with 
autoimmune disease, chronic infection, cancer, receiving 
zinc supplement or immunotherapy, and hemolyzed 
samples were excluded from this study. 

 

Laboratory Analysis 
Toxoplasmosis IgG and IgM antibodies were enrolled on 
Cobas E411(Roche, Germany). Zinc level test was 
measured in a spectrophotometer (EMC Lab) using Lab 
Kit reagents (China). Furthermore for CD4 and CD8 test 
EDTA samples were sent to Amer lab to analyze T-cell 
subset test by flocytometery device. Other data such as age 
and gender were recorded for all patients. 

Material and Equipment 

Table 1: shows the devices and materials with brand 
and source. 

Equipment Brand Source 
Centrifuge Hettich Germany 

Micropipettes Physio Care USA 
Water Bath GFL Germany 

Freeze – – 
EDTA Tubes ISMS China 
Serum Tubes ISMS China 
Cobas E411 Roche Germany 

Spectrophotometer EMC Lab – 
Zinc Reagent LABKIT China 

Yellow Pipette Tips ISMA China 
Blue Pipette Tips ISMS China 

Khan Tubes Physio Care USA 
Zinc and T Cell Subset Analysis Procedures 

Zinc procedure 
Zinc levels were enrolled manually by Lab Kit reagent and 
results were measured by spectrophotometer device. 

1- Three khan tubes were prepared by adding 1 ml of the 
zinc reagent. First tube was used as bland, second tube 
for standard and last tube for the patient’s serum. 
 

2- In blank tube 50µL of distilled water was added, in 
standard tube 50µL of standard solution was added, 
and in patient tube 50µL of patient serum was added to 
the khans’ tubes. 

 
3- The three tubes were left in incubation for 5 minutes at 

37°C or in room temperature for 10 minutes 
 

4- The three tubes were measured by spectrophotometer 
at 580 nm. 

 
5- . Zinc level was calculated using the formula: (Sample 

Absorbance / Standard Absorbance) × 200 (µg/dL). 
 
T-cell subtest test procedure 
For measuring T-cell subset specifically CD4 and CD8 
count by flowcytometry, EDTA samples were sent for Dr, 
Amer lab in Duhok city 

Statistical Analysis 
The statistical analysis of this study was measured by 
Jamovi (version X.X) program which provide functions 
same to SPSS program for linear, logistic regressions and 
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correlation analysis(13). The descriptive statistics which 
include mean. median and ± SD for IgG and IgM and zinc 
levels were analyzed (Table 2). Pearson correlation 
coefficient (r), T-test, and linear regression was analyzed 

to assess the relation between zinc and IgG, IgM, CD4, 
CD8 levels, R² is the proportion of variance in IgG 
accounted for by zinc was also analyzed. 

RESULTS

 

Table 2, shows the descriptive data mean, median, and ± SD of IgG, IgM, and zinc levels. 
Descriptive statistic IgG IgM Zinc Level 

Mean 134 8.58 92.1 
Median 0.456 0.206 88.9 

Standard Deviation 290 45 22.7 
minimum 0.100 0.0100 54.0 
maximum 2014 342 168 

 

 
Figure 1. Shows correlation in a scatter plot between zinc serum levels and IgG antibody titers in Toxoplasma gondii-
infected subjects (p < 0.05). correlations between zinc levels and IgM p = 0.596, CD4 p-value=0.016, and CD8 p-value 

=.0.002 
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Figure 2, A/ shows Linear regression analysis between serum zinc levels and IgG concentrations B/ shows the linear 

regression between zinc levels and IgM. C/ shows the linear regression between zinc and CD4, and D/ shows the linear 
regression between zinc level and CD8. 

Table 3. shows the statistical data (T-Test, correlation matrix, and linear regression) between zinc and immune cells. 
Correlation T-test 

p-value 
Correlation 

matrix 
Linear regression 

Zinc and IgG <0.001 R=0.461 R=0.461 AIC= 1426 
 

BIC=1434  
P= <0.001 

R²= 0.212 
P= >0.005 

 
Zinc and IgM 

 
0.596 

R=0.009 R=0.0088 AIC=1056 
R²= 0.000078  

BIC=1064 P= 0.930 P= 0.931 
 

zinc and CD4 
 

 
………………. 

R=0.943 R=0.0045  
…………… P=0.016 R²= 0.000845 

P= 0.001 
 

zinc and CD8 
 

……………….. 
R=0.987 R=0.0079  

……….. P=0.002 R²= 0.000467 
P= 0.032 

DISCUSSION 
In this study, 102 samples were analyzed, and the mean 
levels of IgG, IgM, and zinc were 134 IU/mL, 8.58 
IU/mL, and 92.1 µg/dL, respectively; in addition, the 
median levels were of IgG, IgM, and zinc were 0.456 
IU/mL, 0.206 IU/mL and 88.9 for zinc level. For the 
standard deviation of IgG = 290, IgM = 45, and zinc levels 
= 22.7. In general, the median was lower, which reflects a 
deviation in the distribution, which means a very small 
population had increased antibody responses (Table 2). 
This pattern is common in groups with predominantly 
seronegative or latent infections, where a small fraction 
has current or recent immunity to Toxoplasma gondii. The 
zinc level ranged from 54 to 168 µg/dL. As zinc is a very 
important component in enhancing humoral and cellular 
immunity, especially T and B lymphocytes. This variation 
could affect individual immune status. The wide range of 
observed IgG and zinc levels points to a possible 

biological relationship between immunological response 
and zinc status(14-16). Furthermore, scatter plot analysis 
showed a very strong relationship between zinc levels and 
IgG levels. This finding would suggest a connection 
between higher zinc levels and stronger IgG-mediated 
immunity against Toxoplasma gondii(17). However, there 
were no relationships detected between zinc and IgM, 
CD4⁺, or CD8⁺ levels(18). This suggests that zinc is 
unlikely to have a significant impact on acute-phase 
antibody levels or T-cell subpopulation counts in this 
population, which is consistent with the findings of this 
study. These findings support the theory that zinc does not 
impact every component of the immune system and 
instead selectively increases humoral immune memory 
(IgG)(19). According to these results, zinc selectively 
boosts humoral immune memory (IgG) rather than 
affecting all immune system components (Figure 1).An 
independent t-test was performed to confirm the 
relationship between zinc levels and IgG Participants with 
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high and low IgG levels had significantly different zinc 
levels (p < 0.001), supporting the scatter plot's results The 
idea that zinc status may affect or reflect the strength of 
long-term humoral immunity against exposure to 
Toxoplasma gondii is supported by the finding that rats 
with elevated IgG levels also have significantly higher 
zinc levels(20). On the other hand, the analysis showed no 
significant differences between zinc levels and IgM 
concentration (p=0.596), which would suggest that zinc is 
not responsible for the acute phase antibody response 
within this study. These results support the idea that IgG 
represents a longer-lasting, more stable immunological 
memory that may be maintained by micronutrients like 
zinc, while IgM is more likely to be temporary and less 
reliant on nutrition(21) (Table 3). The correlation matrix 
test revealed some associations between immunological 
markers and zinc concentrations. Zinc concentrations and 
IgG showed a substantial positive association (r = 0.461, p 
<.001) according to the test, but zinc levels did not 
significantly correlate with IgM (r = -0.009, p = 0.930), 
suggesting that zinc may not play a significant role in the 
acute phase antibody response. In addition, significant 
negative associations between zinc levels and CD4 (r = -
0.943, p = 0.016) and CD8 (r = -0.987, p = 0.002) T-cell 
counts were discovered within cellular immunological 
markers, this result stands against other studies, which 
suggest that zinc is related to increasing CD4 and CD8 
cells(22). This inverse correlation between zinc and CD4, 
CD8 is due to the small sample size (n=5), this low sample 
size restricts the validity of the results. Furthermore, rather 
than distinct actions by zinc, the highly significant 
correlation between CD4 and CD8 (r = 0.983, p = 0.003) 
may suggest a synergistic immunoregulatory mechanism. 
(Table 3). Due to this inverse relation between zinc and 
CD4, CD8, this needs more study on a larger sample size, 
because our findings are against the hypothesis of other 
studies that suggest zinc increases levels of IgG, CD4, and 
CD8, which means zinc affects not only humoral 
immunity but also increases cell-mediated immunity(23-
25). Serum zinc levels and IgG levels were found to be 
significantly correlated by linear regression analysis. With 
a statistically significant p-value <.001 and a moderate 
effect size (R = 0.461, R2 = 0.212), the model indicates 
that zinc concentration accounts for roughly 21.2% of the 
variability in IgG levels. The AIC (1426) and BIC (1434) 
results indicated that the model fit was considered 
adequate. This study's results provide credence to the idea 
that zinc maintains humoral immune responses, 
specifically IgG synthesis, In those who have been 
exposed to Toxoplasma gondii. In contrast, linear 
regression analysis between zinc levels and IgM showed 
an insignificant relationship (R = 0.0088, R² = 0.000078, p 
= 0.930), with considerably poorer indicators for model fit 
(AIC = 1056, BIC = 1064) (Figure 2) (Table 3). According 
to this study, zinc does not affect the acute-phase antibody 

response, which is the production of IgM, but it may have 
an impact on long-term immunity, IgG. These opposing 
effects demonstrate zinc's selective immunomodulatory 
role, which is in immunological memory preservation 
rather than the induction of early immune responses. 

CONCLUSION 
The study found a favorable relationship between serum 
zinc levels and IgG, suggesting that zinc may be 
responsible for the improvement of humoral immunity 
over the long term in people who had previously been 
exposed to Toxoplasma gondii. The lack of a link between 
zinc and IgM levels indicates that zinc's role in acute-
phase antibody responses is restricted. Zinc levels were 
also found to have inverse correlations with T-cell markers 
(CD4 and CD8); however, due to the limited number of 
samples examined for cell-mediated immunity, these 
results should be interpreted cautiously. The limited 
sample size would have diminished the results' validity 
and statistical power, underscoring the need for more 
extensive data to draw definitive conclusions on zinc's 
effect on cellular immune function. 
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