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ABSTRACT 
Background: Toxoplasma gondii is an obligate intracellular parasite that can cause variable clinical symptoms or can even be 
asymptomatic in immunocompetent individuals. The parasite is known to cause congenital diseases, ocular,  and miscarriage in 
pregnant women. Primary infections are dangerous in pregnant women, that occurring usually asymptomatically, especially in 
the first trimester. Different rates of pregnant women are infected with Toxoplasma gondii in different countries. Primary 
infections in pregnant women result in transmission of Toxoplasma. gondii through the placenta to the fetus and then in 
congenital infections, and it is not the only reason for miscarriage, the activity of Toll -like receptors in defense against 
Toxoplasma gondii infections was observed such as Toll-like receptor5 molecule, and some cytokines (such as IL-6, and IL-12 ), 
maybe lead to abortion. Several single-nucleotide polymorphisms (SNPs) residing in genes encoding these receptors were 
reported as significant genetic modifications of Toll- like receptors and correlated with miscarriage. 
Objectives : Study the correlation of TLR-5 gene polymorphism in pregnant women infected with toxoplasmosis, and study 
association of TLR-5 polymorphisms with the serum level of TLR-5 and cytokines (IL-6, IL-12) in pregnant women infected with 
toxoplasmosis.  
Methods: The present Case-control study was conducted on 100 women, of which fifty pregnant women seropositive (IgG, IgM) 
for Toxoplasma gondii (Group1), fifty pregnant women seronegative (IgG, IgM) for Toxoplasma gondii (Group2), as a control 
group, collected in the period from January 2021 to  December 2021. 
 All patients were recruited from Obstetrics and Gynecology Department of Balad General 
Hospital in  Balad city / Salah al-Din province/Iraq, and all women participating in the study were under the supervision of a 
consultant specialist gynecologist and obstetrician. All IgM and IgG seropositive samples for Toxoplasma gondii by rapid test 
were subjected for detection of IgM and IgG level by ELISA technique to confirm the diagnosis of toxoplasmosis. The serum 
level of TLR5 and cytokines (IL-6, IL-12) was measurement by ELISA technique. The selected SNPs (rs2072493, rs5744168) in 
Toll- like receptors 5 were detection by using real-time polymerase chain reaction (RT-PCR).  
Results: The frequency of the heterozygous genotype (TC) for polymorphism of TLR-5 gene (rs2072493) was higher in 
pregnant women seropositive 20(40%) than pregnant women seronegative 2(4%) with high significant difference p=0.004 
(OR=16, CI=3.48 to 73.4), at allelic level, the frequency of mutant allele (allele C) was in pregnant women seropositive and 
pregnant women seronegative (20% versus 2%) with high significant difference also p=0.009 (OR=12.25, CI=0. 2.77 to 53.99).  
 The frequency of the heterozygous genotype (GA) was higher in pregnant women 
seropositive 10(20%) than pregnant women seronegative 4(8%) with no significant difference (p=0.093) (OR=2.87, CI=0.83 to 
9.88), at allelic level, in mutant allele (allele A) was in in pregnant women seropositive and pregnant women seronegative (10% 
versus 4%) with no significant difference p=0.10 also (OR=2.66, CI=0.80 to 8.80). 
 There are  increase serum level of TLR-5, IL-6 and IL-12 in pregnant women seropositive. 
The  pregnant women seropositive with  rs5744168 show a positive correlation among TLR-5, IL-6 and IL-12. As well as, with  
rs2072493 show a negative correlation between TLR-5 and IL-6, but,  IL-12 was positive correlation in pregnant women 
seropositive. 
Conclusion: Overall, there was significant association of toxoplasmosis with mutant allele (allele C), however, the mutant allele 
(C) of the SNP rs2072493 may be considered as a risk factor for toxoplasmosis and stimulate miscarriage in pregnant women, 
whereas, the SNP rs5744168 was not considered as a risk factor for toxoplasmosis. There is a significant increase serum 
soluble level of TLR-5, IL-6 and IL-12 in pregnant women seropositive.  
Keywords: TLR-5, polymorphism, Toxoplasma gondii, IL-6, IL-12. 

 

INTRODUCTION 
Toxoplasmosis infection is rarely symptomatic in immune - 
competent individuals, but in immunocompromised host may result 
in a sever disease or even lethal damage [1], it is caused by 
Toxoplasma gondii is an obligate intracellular protozoan parasite 
and considered the most common global parasite [2]. 
Toxoplasmosis is one of the most frequent pregnancy infections 
transmitted from mother to child and the major cause of perinatal 
morbidity and mortality [3].  
 T. gondii derived pathogen–associated molecular pattern 
(PAMPs), namely profilin which recognized by receptors present 
on macrophages and dendritic cells, triggering cell activation and 
production of proinflammatory cytokines, including IL-6 and IL-12 
[2].  
 Profilin has been shown to mediate powerful production from 
mouse dendritic cells via activation of  TLR11 , but in human 
TLR11 gene has several stop codons, which lead to transcription 
of it does not produce afunctional protein [4].  

 Human TLR5 and mouse TLR11 are part of an ancient 
cluster within the TLR phylogenetic tree, therefore human TLR5 
could have conserved mouse TLR11 biological function and 
mediate T. gondii profilin recognition [5-6]. Flagellin and profilin 
share common binding sites within the ectodomain of human TLR5 
[6].  
 The gene encoding TLR-5 is housed in the long arm of 
human chromosome 1 (hCh1q) and comprises six exons. So far, 
nine potential polymorphisms encompassing the promoter and 
coding regions of the gene were reported [7], the functional TLR 
gene polymorphisms (rs2072493, rs5744168) are within exon 
region [8]. 
 

METHODS 
Fifty pregnant women seropositive (IgG, IgM) for Toxoplasma 
gondii and fifty pregnant women seronegative (IgG, IgM) for 
Toxoplasma gondii as a control group were inclusion in this study, 
collected in the period from January 2021 to  December 2021. All 
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patients were recruited from Obstetrics and Gynecology 
Department of Balad General Hospital in  Balad city / Salah al-Din 
province/Iraq, and all women participating in the study were under 
the supervision of a consultant specialist gynecologist and 
obstetrician . 
 Five ml of whole venous blood was taken from each patient,  
which it was leftover of blood from the laboratory, and patients 
information was taken from the data  recorded. Two ml was 
collected in an ethylene diamine tetra acetic acid (EDTA) tube for 
extraction of DNA, and it was stored at -20 ºC until use, and the 
extracted DNA was stored at -20 ºC until use. The other three ml of 
blood collected in plain gel tube for separation of serum and stored 
at -20 ºC until use . All samples whether positive or negative for 
anti-T. gondii Abs, were subjected for detection of  IgM and IgG 
level by ELISA technique to confirm the diagnosis of 
toxoplasmosis. Measurement the serum level of TLR5 and 
cytokines (IL-6, IL-12) by ELISA technique. The selected SNPs 
(rs2072493, rs5744168)  in Toll- like receptors 5 were detection by 
using real-time polymerase chain reaction (RT-PCR) with specific 
primers .  
Statistical analysis: The well- known statistical system (Graph 
Pad prism ver. 7) was adopted, and the analysis of variance table 
one – way anova (by Tukey´s multiple comparisons test) was used 
for the comparison among subdivided groups in the measured 
parameters and SNPs numbers. The results were expressed as 
(Mean ± Standard Error). Nominal variables were presented as 
frequency and percentage (%) were compared between studied 
groups using the Chi-square test.  
 Nominal regression data was expressed as odds ratios 
(OR), 95% confidence intervals (CI), and p values; Significance of 
differences was detected at (p<0.05) and is calculated by the 
MedCalc program. Correlation coefficients were calculated to 
estimate the correlation between markers. The descriptive 
statistics and correlation coefficients were performed by using 
mega stat (Version v 10.12) for excel 2010 [9].  
 

RESULTS 
Age Groups and Study Groups: The study groups were pregnant 
women seropositive (IgG, IgM) for T. gondii (Group1) and pregnant 
women seronegative (IgG, IgM) for T. gondii (Group2), where each 
group were 50 cases, so that the total number of cases are 100 
case; the mean age of study groups were 30.36 ± 0.43 years, the 
age minimum is 18 year and the age maximum is 43 table (1).  
 
Table 1: Age Groups and Study Groups. 

 
Age stage 

 

Total 
More 
than 40 

31-40 20-30 
Less 
than 20 

Groups 

50 
(100%) 

2 (4%) 21 (42%) 25 (50%) 2 (4%) Group1 

50 
(100%) 

0 
(0.0%) 

21 (42%) 26 (52%) 3 (6%) Group2 

 
TLR-5 Gene Polymorphism rs5744168: Genetic polymorphism of 
TLR-5 gene (rs5744168) which was observed with two genotypes 
(AG and GG) only, in all study groups figure (1). The frequency of 
the heterozygous genotype (AG) was higher in Group1 10(20%) 
than Group2 4(8%) with no significant difference (OR=2.87, 
CI=0.83 to 9.88) (p=0.093), and the homozygous genotype GG 
frequency 40 (80%) was no significant (OR=0.34 CI=0.10 to 1.19) 
(p=0.0936) in Group1 compared to Group2  46(92%), but  
homozygous genotype AA was not recorded any frequency 0(0%) 
in both groups. 
 At allelic level, the frequency of mutant allele (allele A) was 
in Group1 and Group2 (10% versus 4%) with no significant 
difference also (OR=2.66, CI=0.80 to 8.80, p=0.10), while in 
normal allele (allele G) was in Group1 and Group2 (90% versus 
94%) with no significant difference also (OR=0.37, CI=0.11 to 1.23, 
p=0.10) as shown in table (2) . 
 

 
Figure 1: RT-PCR Result for Genetic Polymorphism of TLR-5 gene 
(rs5744168). 

 
Table 2: Genotypes and alleles of TLR-5 Gene Polymorphism rs5744168 in 
Group1 and Group2. 

P-
value 

OR (95 % 
CI) 

Group2 
(n=50) 

Group1 
(n=50) 

rs574
4168 

 

0.093 

0.34 (0.10 
to 1.19) 

46 (92%) 40 (80%) GG 

Genotypes 2.87 (0.83 
to 9.88) 

4 (8%) 10 (20%) GA 

 
0 (0.0%) 0 (0.0%) AA 

0.10 

0.37 (0.11 
to 1.23) 

96 (96%) 90 (90%) G 

Alleles 
2.66 (0.80 
to 8.80) 

4 (4%) 10 (10%) A 

n = number of samples,  OR = odds ratios, CI = confidence intervals. 

 
TLR-5 Gene Polymorphism rs2072493: Genetic polymorphism of 
TLR-5 gene (rs2072493) which was observed with three 
genotypes (TT, TC and CC) figure (2). The frequency of the 
heterozygous genotype (TC) was higher in Group1  20(40%) than 
Group2 2(4%) with high significant difference (OR=16, CI=3.48 to 
73.4, p=0.0004), and the homozygous genotype (TT) frequency 30 
(60%) was high significant difference (OR=0.06, CI=0.01 to 0.28, 
p=0.0004) in Group1 compared to Group2  48(96%), but  
homozygous genotype CC was not recorded any frequency 0(0%) 
in both groups. 
 

 
Figure 2: RT-PCR Result for Genetic Polymorphism of TLR-5 gene 
(rs2072493). 

 
Table 3: Genotypes and alleles of TLR-5 Gene Polymorphism rs2072493 in 
Group1 and Group2. 

 rs20724
93 

Group1 
(n=50) 

Group2 
(n=50) 

OR (95 % 
CI) 

P-
value 

Genotypes 
TT 30 (60%) 48 (96%) 

0.06 (0.01 
to 0.28) 

0.0004 

TC 20 (40%) 2 (4%) 
16.00 
(3.48 to 
73.41) 

CC 0 (0.0%) 0 (0.0%)  

Alleles 
T 80 (80%) 98 (98%) 

0.08 (0.01 
to 0.35) 

0.0009 

C 20 (20%) 2 (2%) 
12.25 
(2.77 to 
53.99) 
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 At allelic level, the frequency of mutant allele (allele C) was 
in Group1 and Group2 (20% versus 2%) with high significant 
difference also (OR=12.25, CI=0. 2.77 to 53.99, p=0.0009), while 
in normal allele (allele T) was in Group1 and Group2 (80% versus 
98%) with high significant difference also (OR= 0.08, CI=0.01 to 
0.35, p=0.0009) as shown in table (3). 
The Serum Soluble Level of TLR-5, IL-6 and Il-12: Table 4 
showing the results of TLR-5 ,IL-6 and Il-12 .There were 
significantly higher  in Group1(48.43, 151.1, 27.71 ) than Group2 
(14.72, 151.1, 27.71) respectively. 
 
Table 4: The Serum Soluble Level of TLR-5, IL-6 and Il-12 

Groups 
TLR-5 
ng/L 

IL-6 
ng/L 

IL-12 
ng/L 

P value 

Group1 
48.43 
± 3.7 

151.1 
± 17.42 

27.71 
± 2.22 

p<0.05 

Group2 
14.72 
± 2.2 

83.45 
± 7.5 

15.77 
± 2.28 

 
Correlations Among TLR-5, IL-6 and IL-12 and  rs5744168 in 
Group1: As shown in table  (4) the results of the present study 
revealed a positive correlation and significant difference (p<0.01) 
between TLR-5 and rs5744168, while positive correlation and no 
significant difference (p>0.01) among IL-6,  IL-12 and rs5744168; 
and positive correlation and no significant difference (p>0.01) 
among TLR-5 and IL-6 and IL-12, while positive correlation and 
significant difference (p<0.01) between IL-6 and IL-12. 
 
Table 4: Correlations Among TLR-5, IL-6 and IL-12 and  rs5744168 in 
Group1. 

 
rs574
4168 

TLR5 IL12 IL6 

Spearm
an's rho 

rs57
4416
8 

Correlation 
Coefficient 

1.000 
0.582*

* 
0.08
0 

0.005 

Sig. (2-tailed) . 0.001 
0.58
2 

0.971 

TLR
5 

Correlation 
Coefficient 

 1.000 
0.07
0 

0.142 

Sig. (2-tailed)  . 
0.62
7 

0.325 

IL12 Correlation 
Coefficient 

  
1.00
0 

0.831*

* 

Sig. (2-tailed)   . 0.001 

IL6 Correlation 
Coefficient 

   1.000 

Sig. (2-tailed)    . 

Correlation is significant at the 0.01 level (2-tailed). 
 

Correlations Among TLR-5, IL-6 and IL-12 and  rs2072493 in 
Group1: As shown in table  (5) the results of the present study 
revealed a negative correlation and no significant difference 
(p>0.01) among TLR-5, IL-6 and rs2072493, while positive 
correlation and no significant difference (p>0.01) between IL-12 
and rs2072493; also positive correlation and no significant 
difference (p>0.01) among TLR-5, IL-6 and IL-12, while positive 
correlation and  significant difference (p<0.01)  between IL-6 and 
IL-12. 
 
Table 5: Correlations Among TLR-5, IL-6 and IL-12 and  rs2072493 in 
Group1. 

 
rs207
2493 

TLR5 IL12 IL6 

Spearm
an's rho 

rs20
7249
3 

Correlation 
Coefficient 

1.000 -0.255 
0.07
6 

-0.025 

Sig. (2-tailed) . 0.074 
0.59
8 

0.861 

TLR
5 

Correlation 
Coefficient 

 1.000 
0.07
0 

0.142 

Sig. (2-tailed)  . 
0.62
7 

0.325 

IL12 Correlation 
Coefficient 

  
1.00
0 

0.831*

* 

Sig. (2-tailed)   . 0.000 

IL6 Correlation    1.000 

Coefficient 

Sig. (2-tailed)    . 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
Correlations Among TLR-5, IL-6 and IL-12 and  rs5744168 in 
Group2: As shown in table  (6) the results of the present study 
revealed a positive correlation and significant difference (p<0.01) 
among TLR-5, IL-6 and rs5744168, while negative correlation and 
no significant difference (p>0.01) between IL-12 and rs5744168; 
also positive correlation and significant difference (p<0.01) among 
TLR-5 and IL-6, while negative correlation and no significant 
difference (p>0.01) between TLR-5 and IL-12, while positive 
correlation and no significant difference (p>0.01)  between IL-6 
and IL-12. 
 
Table 6: Correlations Among TLR-5, IL-6 and IL-12 and  rs5744168 in 
Group2. 

 
rs574
4168 

TLR5 IL12 IL6 

Spearm
an's rho 

rs57
4416
8 

Correlation 
Coefficient 

1.000 
0.465*

* 

-
0.16
1 

0.434*

* 

Sig. (2-tailed) . 0.001 
0.26
4 

0.002 

TLR
5 

Correlation 
Coefficient 

 1.000 
-
0.03
2 

0.745*

* 

Sig. (2-tailed)  . 
0.82
8 

0.001 

IL12 Correlation 
Coefficient 

  
1.00
0 

0.120 

Sig. (2-tailed)   . 0.405 

IL6 Correlation 
Coefficient 

   1.000 

Sig. (2-tailed)    . 

Correlation is significant at the 0.01 level (2-tailed). 
 
Correlations Among TLR-5, IL-6 and IL-12 and  rs2072493 in 
Group2: As shown in table  (7) the results of the present study 
revealed a positive correlation and no significant difference 
(p>0.01) among TLR-5, IL-6, IL-12 and rs2072493, while negative 
correlation and no significant difference (p>0.01) between TLR-5 
and IL-12, and positive correlation and significant difference 
(p<0.01) between TLR-5 and IL-6, while positive correlation and no 
significant difference (p>0.01)  between IL-6 and IL-12. 
 
Table 7: Correlations Among TLR-5, IL-6 and IL-12 and  rs2072493 in 
Group2. 

 
rs207
2493 

TLR5 IL12 IL6 

Spearm
an's rho 

rs20
7249
3 

Correlation 
Coefficient 

1.000 0.202 
0.01
4 

0.057 

Sig. (2-tailed) . 0.160 
0.92
2 

0.696 

TLR
5 

Correlation 
Coefficient 

 1.000 
-
0.03
2 

0.745*

* 

Sig. (2-tailed)  . 
0.82
8 

0.001 

IL12 Correlation 
Coefficient 

  
1.00
0 

0.120 

Sig. (2-tailed)   . 0.405 

IL6 Correlation 
Coefficient 

   1.000 

Sig. (2-tailed)    . 

Correlation is significant at the 0.01 level (2-tailed). 
 

DISCUSSION 
One of the main factors that increases the likelihood of abortion is 
maternal acute toxoplasmosis or congenital toxoplasmosis during 
pregnancy. Toxoplasmosis has a significant frequency worldwide, 
according to serological evidence [10, 11, 12] Innate immunity has 
a major role in toxoplasmosis and recurrent miscarriages, including 
TLR-5 and some cytokines, both human and mouse TLR5 seemed 
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to be evolutionarily the oldest relatives of mouse TLR11, therefore 
human TLR5 could have conserved mouse TLR11 biological 
function and mediate T. gondii profilin recognition. Flagellin and 
profilin share common binding sites within the ectodomain of 
human TLR5 [5].  
 TLR5 might play important role in the pathogenesis of 
unexplained recurrent spontaneous abortion since TLR5 signaling 
could result in inflammatory cytokine production (such as IL-6, IL-
12) [13],especially when there is no reason for the miscarriages, 
so T. gondii infection could be considered a potential risk factor for 
abortion. In addition to the pathogen's virulence factors, host 
genetics have a significant influence in defining disease 
susceptibility, clinical symptoms, treatment response, and disease 
outcome.  
Age Groups and Study Groups: The current study showed the 
distribution of toxoplasmosis among age groups was converged. 
These findings were agreed with Batool et al. 2019, who reported 
that the distribution among these ages was converged, maybe 
because the women participating in this study were in the 
reproductive stage [14].  
TLR-5 Gene Polymorphism: Throughout the human genome, a 
huge number of single nucleotide polymorphisms (SNPs) have 
been discovered. SNPs are becoming more important and useful 
in the search for the causes of human diseases and features, as 
well as in drug development and the research of human treatment 
response, and may affect the innate immune response by 
changing the amplitude and quality of intracellular signaling 
cascades, which has consequences for infection susceptibility and 
disease outcomes. This is backed up by a growing body of 
evidence [15].  
 The current study showed no significant association between 
the TLR-5 gene polymorphism rs5744168  with the susceptibility to 
toxoplasmosis in Group1. As similar studies are very rare to 
support of evidence, so this study is considered one of the recent 
studies which addressed this issue, in other studies, SNP 
rs5744168 was associated with various infectious, breast cancer 
and autoimmune diseases, such as Crohn’s disease SLE [16]. 
 This finding was agreed with the majority of researches 
regard out that polymorphism rs5744168 was no significant 
association with the susceptibility to some diseases or infection 
[16, 17, 18],  may be because rs5744168 has a stop codon, so 
produces a premature protein and the mutant allele frequency was 
very low in population. According to these researches, it is 
reasonable TLR-5 rs5744168  polymorphism is associated with a 
reduced interaction between TLR-5  and the of pathogen-
associated molecular patterns of T. gondii, with reduction in the 
signaling cascade which limit the immune response.  
 TLR-5 signaling is inhibited when the SNP rs5744168 
encodes a stop codon at codon 392 (TLR5r392x) of the TLR5 
gene, resulting in truncation of the TLR5 transmembrane signaling 
domain. Because TLR-5 is normally a homodimer, the TLR5r392x 
variation may also inhibit TLR5 from assembling and localizing, 
limiting immunological responses [19].   
 Furthermore, there was a significant association between the 
heterozygous genotype (TC) of TLR-5 gene polymorphism 
rs2072493  and susceptibility to toxoplasmosis in Group1. This 
implies that carrier of  (TC) genotype of this polymorphism are 
higher risk of having the disease compared with (TT) genotype 
carrier, causes according to odd ratio by (16) under 95% CI (3.48 
to 73.4). While it showed no significant  between the heterozygous 
genotype (TC) of TLR-5 gene Polymorphism rs2072493  and 
susceptibility to toxoplasmosis in Group2.  
 There are very  a few studies that have researched into this 
topic (TLR-5 gene polymorphism with toxoplasmosis ) globally. 
The observed allele frequency for (rs2072493) polymorphism in 
the current study  were 40%  in Group1, these results were 
disagreed with some researches ,who the reported  allele 
frequencies in Caucasians were 15% [20], Chinese were 26% 
[21], and north Indians were 12 % [22], maybe because these 
researches used a population sample, as well the genetic 

heterogeneity among different ethnicities, diversity can be 
attributed to the differences in the minor allele frequencies, and 
SNP rs2072493 was associated with various infectious such as 
colorectal cancer, graves' disease, and chronic hepatitis B virus 
(HBV) infection [23, 24, 25].      
The Serum Soluble Level of TLR-5: In the current study, the 
serum soluble level of TLR-5 was a significant increase (p<0.05) 
more in the Group1, this results were agreed with Feryal, et al. 
2014, who indicated that the expressions of TLR-5 was 
significantly increased in both maternal part, although it used the 
expression for TLR-5, the results were agree, TLR-5 ligation 
activates the production of pro-inflammatory cytokines via the NF-
κB pathway, regardless of the trigger factors or ligands, and 
chronic inflammation is thought to be a primary contributor to the 
progression of abortion [26].   
 According to Rosa Maria, et al.2014, this result is maybe 
accordance with the hypothesis that human TLR-5 is involved in 
innate recognition and induction of cytokine production by 
Toxoplasma gondii - derived profiling [6].  
The Serum  Level of IL-6: In the current study, the serum  level of 
IL-6 a significant increase (p<0.05) more in the serum of Group1, 
this finding was agree with Meixiang et al.2017, Tyagi and Nahed 
2020, who indicated that  plasma concentrations of IL-6, IL-10, and 
IL-18 are higher in women with successful pregnancies than in 

women with recurrent pregnancy loss, and IL‑6 was decreased in 
pregnant women with a history of recurrent spontaneous 
miscarriage patients. 
 IL-6 plays a role In trophoblast proliferation, differentiation, 
and invasion, as well as follicle development and embryonic 
implantation, the IL-6 protein is also involved in the first spiral 
artery remodeling process, which necessitates the production of 
vascular smooth muscle cells and morphological changes. IL-6 
levels that are lower inhibit trophoblast invasion and spiral artery 
remodeling [28].      
 Therefore in this regard,  the current result is consistent with 
numerous earlier investigations [29, 30].  
 The general rule is that Th2 cytokines, such as IL-6, are 
thought to encourage a normal pregnancy, IL-6 functions as a 
messenger for notifying the body to the occurrence of an 
unexpected event. In an infected lesion, IL-6 is produced and 
transmits a warning signal throughout the body.  Increased or 
decreased levels of this cytokine in serum or gestational tissues 
appear to have negative consequences for pregnancy. Excessive 
IL-6 may limit the development of CD4+T regulator cells, which are 
essential for pregnancy tolerance, according to one theory [31].  
The Serum  Level of IL-12: In the current study, the serum  level 
of IL-12 a significant increase (p<0.05) more in the serum of 
Grou1,  this result was disagree with Tyagi, and Nahed 2020, who 

reported that Th1 activity (including IL‑12) was higher in pregnant 
women with a history of recurrent spontaneous miscarriage 
irrespective of whether continuing their pregnancy or aborting in 
comparison to healthy pregnant, maybe this disagree because that  
might be a persistent imbalance of Th1/Th2 in pregnant women. 
 The generation of IFN- γ by interleukin-12 (IL-12) causes 
Th1 cells to differentiate. Because Th1-dependent processes are 
potentially involved in allograft rejection, researchers have 
revealed that Th1-type immunity may be detrimental during 
pregnancy, then  an augmented Th1-type cytokine response may 
result in pregnancy loss [32], also according to a study K. 
Rezende-Oliveira, et al. 2012, it was suggested that 
immunomodulation, which was observed during pregnancy, was 
involved in Toxoplasma gondii evading the immune response[33].  
 IL-12 level in the blood were shown to be higher in failing 
pregnancies than in normal pregnancies. Patients with a history of 
miscarriage had higher levels of IL-12 in their blood and tissues,  
cytokines had significant regulatory functions during pregnancy; an 
excessive decrease or increase  of these cytokines may result in 
spontaneous abortion, implantation failure, or preeclampsia [34].    
 Therefore in this regard,  the current result is consistent with 
numerous earlier investigations [32, 33, 34]. This concordance, 
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however, does not fit the IL-12 results in Group2, may be because 
different in study group.   
 According to our knowledge there is no any previous studies 
included study the correlations among TLR-5, IL-6 and IL-12 and 
SNPs  (rs5744168 and rs2072493) in pregnant women. To the 
best of our knowledge, this study is the first to suggest. 
 

CONCLUSIONS 
1 There are a significant correlation between the heterozygous 
genotype (TC) of TLR-5 gene polymorphism rs2072493  and 
susceptibility to toxoplasmosis in pregnant women seropositive 
group. 
2 There are no significant correlation between the 
heterozygous genotype (AG) of TLR-5 gene polymorphism 
rs5744168  and susceptibility to toxoplasmosis in both group 
pregnant women seropositive. 
3 There is a significant increase serum soluble level of TLR-5 
IL-6 and IL-12   in group pregnant women seropositive.  
5 The pregnant women seropositive with  rs5744168 in the 
current study show a positive correlation among TLR-5, IL-6 and 
IL-12.  
6 Thepregnant women seropositive with  rs2072493 in the 
current study show a negative correlation between TLR-5 and IL-6, 
but,  IL-12 was a positive correlation.  
Acknowledgments: First of all, I thank Allah who gave me the 
power and health patience and willingness to establish this work.  
 I am sincerely indebted and grateful to my supervisor the 
assistant professor Dr. Huda Dhaher Al-marsomy for hers 
scientific guidance, kind advice, continuous follow up, and support 
throughout and generous help and continuous guidance 
throughout the course of this study. 
 

REFERENCES 
1 S. A. Elmore, J. L. Jones, P. A. Conrad, S. Patton, D. S. Lindsay, J. 

Dubey. Toxoplasma gondii: epidemiology, feline clinical aspects, and 
prevention, Trends in parasitology, (2010). 26 190-196. 

2 A. M. Tenter, A. R. Heckeroth, L. M. Weiss. Toxoplasma gondii: from 
animals to humans, International journal for parasitology, (2000). 30 1217-
1258.  

3 W. Wujcicka & J. Wilczyński & D. Nowakowska. SNPs in toll-like receptor 
(TLR) genes as new genetic alterations associated with congenital 
toxoplasmosis?. Eur J Clin Microbiol Infect Dis, (2013).  32:503–511. 

4 Yarovinsky F, Andersen JF, King LR, Caspar P, Aliberti J, Golding H, Sher 
A. Structural determinants of the anti-HIV activity of a CCR5 antagonist 
derived from Toxoplasma gondii. J Biol Chem, (2004). 279: 53635–53642. 
.  

5 Takeda K, Kaisho T, Akira S. Toll-like receptors. Annu Rev Immunol. 
(2003). 21:335-376. 

6 Rosa Maria, Salazar Gonzalez, Hesham Shehata, Michael J. O’Connell 
Yanfen Yang, Maria E. Moreno-Fernandez, et al. Toxoplasma gondii- 
Derived Profilin Triggers Human Toll-Like Receptor 5-Dependent Cytokine 
Production, Journal of Innate Immunity, (2014).  6:685–694. 

7 Zeng HM, Kai FP, Yang Z, et al. Genetic variants of toll-like receptor 2 and 
5, Helicobacter pylori infection, and risk of gastric cancer and its 
precursors in a Chinese population. Cancer. Epidemiol Biomarkers Prev, 
(2011).  20, 2594–602. 

8 Hosik Seok, Byung-Cheol Lee, Young Ock Kim, Joo-Ho Chung. 
Association between Exonic SNPs of TLR5 and Benign Prostate 
Hyperplasia in Korean Population. Cooperative Research Program for 
Agriculture Science & Technology Development, 21.4 (2013): 331-337.  

9 Motulsky, H.J. and Christopoulos, A. Fitting Models to Biological Data 
Using Linear and Nonlinear Regression: A Practical Guide to Curve Fitting. 
GraphPad Software Inc., San Diego. (2003).  

10 Kheirandish F, Ezatpour B, Fallahi SH, Tarahi MJ, Hosseini P, Karimi 
Rouzbahani A, Seyyed Tabaei SJ, et al. Toxoplasma Serology Status and 
Risk of Miscarriage, A Case-Control Study among Women with A History 
of Spontaneous Abortion. Int J Fertil Steril. 2019 Oct;13(3):184-189.   

11 Robert-Gangneux F, Darde´ ML. Epidemiology of and diagnostic strategies 
for toxoplasmosis. Clin Microbiol Rev. 2012;25(2):264–296.   

12 Almushait MA, Bin Dajem SM, Elsherbiny NM, et al. Seroprevalence and 
risk factors of Toxoplasma gondii infection among pregnant women in 
south western Saudi Arabia J Parasit Dis. 2014;38(1):4-10. 

13 Amirchaghmaghi, E., Rezaei A., Hafezi M., Moini A., Aflatoonian R..  TLR5 
Gene Expression In Endometrium Of Women With Unexplained Recurrent 
Spontaneous Abortion. FERTILITY AND STERILITY.   (2012): 106-106. 

14 Batool A. Ahmed, Basheer. Abd. Nasralla, Salwa S. Muhsen . "Alteration of 
genetic sequence of Toxoplasma gondii by using the bands missing in 
ppGalNAc strains as a treatment." Journal of Pharmaceutical Sciences and 
Research 11.2 (2019): 527-530. 

15 Robert, Francis, and Jerry Pelletier. "Exploring the impact of single-
nucleotide polymorphisms on translation." Frontiers in genetics 9 (2018): 
507.  

16 Shuang C, Weiguang Y, Zhenkun F, Yike H, Jiankun Y, Jing X, Xinghan L, 
et al. Toll-like receptor 5 gene polymorphism is associated with breast 
cancer susceptibility. Oncotarget. 2017 Aug 14;8(51):88622-88629. 

17 Gharbia, O.M., Bassiouni, S.A.R., Zaki, M.E.S. et al. Toll-like receptor 5 
and Toll-like receptor 9 single nucleotide polymorphisms and risk of 
systemic lupus erythematosus and nephritis in Egyptian patients. Egypt 
Rheumatol Rehabil. (2021). 48, 49.   

18 Vaishnavi Goda, Megala Jayaraman, Rekha Loganathan, Mehnaz Nazeer, 
Mohammed Ali, Premkumar Karunakaran & Panneer Devaraju.  TLR5 
Polymorphisms rs2072493, rs5744174, and rs5744168 Are Not Genetic 
Risk Factors for Chronic Helicobacter pylori Infection in Indian Tamils, 
Immunological Investigations, (2017).46:6, 537-543. 

19 Panjaporn Chaichana, Narisara Chantratita, Florian Brod, et al. "A 
nonsense mutation in TLR5 is associated with survival and reduced IL-10 
and TNF-α levels in human melioidosis." PLoS neglected tropical diseases 
11.5 (2017): e0005587. 

20 Hawn TR, Verbon A, Lettinga KD, et al. (2003). A common dominant TLR5 
stop codon polymorphism abolishes flagellin signaling and is associated 
with susceptibility to Legionnaire’s disease. J Exp Med, 198, 1563–72.   

21 Zeng HM, Kai FP, Yang Z, et al. Genetic variants of toll-like receptor 2 and 
5, Helicobacter pylori infection, and risk of gastric cancer and its 
precursors in a Chinese population. Cancer. Epidemiol Biomarkers Prev, 
(2011). 20, 2594–602.  

22 Meena NK, Ahuja V, Meena K, Paul J. Association of TLR5 gene 
polymorphisms in ulcerative colitis patients of north India and their role in 
cytokine homeostasis. Plos One, (2015). 10, e0120697. 

23 Klimosch, S. N., Foersti, A., Eckert, J., et al. "Functional TLR5 Genetic 
Variants Affect Human Colorectal Cancer SurvivalTLR Variants Affect 
Colorectal Cancer Survival." Cancer research 73.24 (2013): 7232-7242. 

24 Xiao, W., Liu, Z., Lin, J., et al. Association of TLR4 and TLR5 gene 
polymorphisms with Graves’ disease in Chinese Cantonese population. 
Human immunology, (2014). 75(7), 609-613.  

25 Cao, L., Zhang, T., Zhu, J., et al. Polymorphism of TLR 5 rs5744174 is 
associated with disease progression in Chinese patients with chronic HBV 
infection. Apmis, (2017). 125(8), 708-716. 

26 Feryal Dabagh-Gorjani, Fahimeh Anvari, Jaleh Zolghadri , et al. 
"Differences in the expression of TLRs and inflammatory cytokines in pre-
eclamptic compared with healthy pregnant women." Iranian Journal of 
Immunology 11.4 (2014): 233-245.  

27 Meixiang Zhang ,Jiawei Xu ,Xiao Bao, et al. Association between Genetic 
Polymorphisms in Interleukin Genes and Recurrent Pregnancy Loss – A 
Systematic Review and Meta-Analysis. PLoS ONE. (2017)  12(1): 
e0169891. 

28 Pitman H, Innes BA, Robson SC, Bulmer JN, Lash GE. Altered expression 
of interleukin-6, interleukin-8 and their receptors in decidua of women with 
sporadic miscarriage. Human reproduction. 2013;28(8):2075–86.  

29 Pernas L, Ramirez R, Holmes TH, Montoya JG, Boothroyd JC. Immune 
profiling of pregnant Toxoplasma-infected US and Colombia patients 
reveals surprising impacts of infection on peripheral blood cytokines. J 
Infect Dis. 2014 Sep 15;210(6):923-31.   

30 Waleed K. El-Hashimia, Hutham I. Khalila, Qasim S. Al-Mayahb and Nada 
M. Al-Bashierb. The role of cytokines, TNF-α, IL-6 and pregnancy 
associated hormones in Toxoplasma gondii induced abortion. European 
Journal of Experimental Biology, 2014, 4(6):98-104.     

31 Jelmer R. Prins, Nardhy Gomez-Lopez, Sarah A. Robertson, Interleukin-6 
in pregnancy and gestational disorders, Journal of Reproductive 
Immunology, 2012, Pages 1-14, ISSN 0165-0378.  

32 Tyagi, Poonam, and Nahed Sail Alharthi. "Evaluation of pro-inflammatory 
cytokine level in cases of idiopathic recurrent spontaneous miscarriage in 
Saudi Arabia." Biomedical and Biotechnology Research Journal (BBRJ) 
4.3 (2020): 225.   

33 K. Rezende-Oliveira, N.M. Silva, J.R. Mineo, V. Rodrigues Junior, 
Cytokines and chemokines production by mononuclear cells from 
parturient women after stimulation with live Toxoplasma gondii, Placenta. 
(2012).33 (9), 682-687.    

34 Cihan Comba, M.D. Ercan Bastu, M.D.  Ozlem Dural, M.D. et al. Role of 
inflammatory mediators in patients with recurrent pregnancy loss. 
September 11, 2015. P1467-1474.E1.    

 


