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Abstract

This study was to evaluate the correlation between the persistence of Toxoplasma
gondii and the use of immunological markers in pregnant women, especially serum
concentration of cytokines. Methodology :Case study that targeted 160 pregnant
women in Ramadi, Iraq in a maternity and children hospital. The participants were
randomly divided into two groups: 80 women with known infection (IgG-positive)
and 80 seronegative healthy controls. ELISA detect anti-Toxoplasma gondii
antibody (IgG & IgM) and the level of cytokine was measured. Results: showed that
there was no significant difference between the ages of both groups (p = 0.34). The
percentage of infected subjects (100) were positive with regards to IgG antibodies
and percentage of controls being negative showed that there are very significant
difference (P < 0.001). Both groups did not have IgM antibodies. Moreover, there
was significant increase of serum levels of IL-6, IL-8, and IL-10 in the infected
group than controls (p < 0.05). In particular, there was a significant increase in IL-6
(4.8vs. 1.1 pg/ml), IL-8 (11.6 vs. 2.9 pg/ml), and IL-10 (7.4 vs. 2.9 pg/ml) indicating
better inflammatory and regulatory immune responses. E. coli was the most common
bacterial pathogen isolated (24/52, 46.2%) of the total bacterial growth; hence the
organism was found to be prevalent among all the bacteria recovered. This was
followed by Klebsiella Pneumoniae (11), Proteus Mirabilis (8), Staphylococcus
Aureus (6) and Pseudomonas Aeruginosa (3). These results show that Gram-
negative species were the predominant with the highest number of infections, with
E. coli still being the most important bacterial infection-causing agent among the
pregnant population studied. Conclusion: Conclusion: chronic Toxoplasma gondii
infection among pregnant women is related to significant changes in the cytokine
profiles that include the increase of the pro-inflammatory) and the anti-inflammatory
cytokines. These results demonstrate the existence of an intricate immune regulation
process, which consists of both activation and regulation, with IgG antibodies being
a sure indication of previous infection. Moreover, chronic T. gondii infection may
be related to increased risk of bacterial co-infection, pointing to a possible interplay
between susceptibility of bacteria and parasitic infection in pregnant women.
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1 Introduction

Toxoplasma gondii infection is a compulsory intracellular protozoan parasite
infecting almost a third of the world population [27] Human beings tend to contract
the infection by eating undercooked meat is contaminated with oocysts [39]. Even
though the infection is not very symptomatic in immunocompromised people, it is
especially hazardous in pregnancy since it may be passed on to the unborn baby
resulting in severe birth defects [25]The changes in the maternal immune system
during pregnancy are complex and enable the tolerance of the fetus whilst still
permitting the immune system to combat infections [16,18,28] . Toxoplasma gondii
infection involves the immune response in regulating the growth of the parasite;
nevertheless, the immune response can be dysregulated and influence the
progression of the disease and the outcomes of pregnancy [40]. The elevation of pro-
inflammatory cytokines could help to increase parasite clearance but also may play
a role in undesirable effects like preterm birth or fetal damage [3]. Conversely, high
levels of IL-10 can weaken the defense mechanism and enable the parasite to survive
[19]Although toxoplasmosis is a condition with clinical significance in pregnancy,
the mechanisms in cytokine regulation remain unclear. Thus, the proposed research
Is designed to assess how the Toxoplasma gondii infection affects the concentration
of IL-6, IL-8, and IL-10 in pregnant women to gain a more comprehensive
understanding of the alterations in immunological response and how this might
affect the health of the mothers and their babies [21].
2 Materials and Methods

Study Design and Population

To examine the effect of chronic Toxoplasma gondii infection and the related
bacterial infections on serum level of interleukin in pregnant women, this case-
control study was performed at the Maternity and Children Hospital in Ramadi city,
Iraq.The study included 160 pregnant women between 16-40 years of age who were
attending for routine antenatal care. Subjects were sorted into two groups based on
their T. gondii serological status:

Infected Group (Cases)

The 80 pregnant women in this group were those with anti-Toxoplasma gondii
IgG antibody positivity, suggesting chronic or past infections.

Control Group

The women belonging to this group were apparently healthy pregnant women
who had negative antibody levels against anti-Toxoplasma gondii and did not have
any clinical history of toxoplasmosis All women gave informed consent before the
collection of samples and the study protocol was approved by the appropriate
institutional ethics committee.

Sample Collection

A total of 5 mL of venous blood was aseptically obtained from each subject
by using sterile disposable syringes for routine clinical examinations. Blood samples
were then placed in sterile plain sample tubes and marked with unique identification
numbers ensuring confidentiality and proper tracking of the samples.Samples were
left at room temperature to clot for 20-30 minutes and then centrifuged at 3000 rpm
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for 10 minutes. The separated serum was carefully transferred into sterile Eppendorf
tubes and stored at —20°C, for further serological and immunological
analyses.Besides, midstream urine samples were obtained from all subjects in sterile
bacteriological container for analysis. Samples were collected and processed within
two hours of sampling and transported immediately to the microbiology laboratory.

Serological Detection of Toxoplasma gondii Infection

Anti-Toxoplasma gondii 1gG antibodies were tested for chronic infections.
IgM antibody was also assessed as deemed appropriate to rule-out acute/recente
infections.In short, the serum samples, controls, and standards were placed into the
wells of the microplate pre-coated with Toxoplasma gondii antigens. After the
incubation and washing, enzyme conjugated secondary antibodies were added. A
chromogenic substrate was added afterwards and the intensity of the colour
produced was related to the amount of antibody present.

Measurement of Cytokines (IL-6, IL-8, and IL-10)

Levels of cytokine in the serum were determined quantitatively using
commercially available ELISA kits.Prior to analysis, the frozen serum samples were
thawed slowly at room temperature. Microplate wells were pre-coated with
monoclonal antibodies specific for each cytokine, and then standards, controls and
serum samples were added. After incubation, the cytokines contained in the samples
were bound to the immobilized antibodies.Enzyme-linked secondary antibodies
were added to the secondary antibody-antigen-antibody sandwiches after multiple
washing steps. A chromogenic substrate solution was then added which resulted in
a colour reaction directly related to the amount of cytokine present. Stop solution
was then added, and absorbance was then read at 450 nm in a microplate reader.

Bacteriological Examination

Urine samples were taken for the purpose of screening for bacterial infection
related to pregnancy. The standard streak plate technique was used to inoculate each
sample onto Blood Agar and MacConkey Agar plates. Inoculated plates were then
aerobically incubated at 37°C for 24-48 hours. Bacterial growth was observed after
incubation for colony morphology, pigmentation, hemolytic activity and lactose
fermentation characteristics. Significant bacteriuria was considered bacterial growth
of >10° colony forming units (CFU)/mL. Bacterial strains were characterized by the
conventional microbiological methods which include Gram staining and
biochemical tests like catalase, oxidase, indole, citrate utilization, urease, motility
and Triple Sugar Iron (TSI) agar reactions. Bacterial species were identified using
commercial identification kits, when necessary.The frequency of the bacterial strains
(Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas
aeruginosa and Staphylococcus aureus) was documented and compared among the
study groups.

Statistical Analysis

The statistical analysis was done on SPSS version 24.0 on a Microsoft
windows operating system. The data were presented in terms of means with standard
deviation (SD). The KolmogorovSmirnov test was used to determine the normality
of the variables. To compare the two independent groups that had normally
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distributed data, the independent samples t- test was used, and paired t-test was used
to determine the difference in the level of biomarkers between the acute phase and
recovery phase.

3 Result

The number of pregnant women that were enrolled to participate in the current
study was 160, and they were grouped in two equal groups according to their
Toxoplasma gondii serological status. The former group (infected group) was 80
pregnant women who were seropositive in anti-Toxoplasma gondii IgG antibodies;
that is, previously exposed and chronically infected. As the control group, there were
80 pregnant women who did not have the Toxoplasma gondii antibodies on the
serum, which shows they had no previous or present infection. This balanced
representation of both groups to equal numbers was aimed at the comparability and
to increase the reliability of statistical analysis ..

Demographic Characteristics

Tests the age distribution in the infected group versus the control group, 80
participants in both groups. The ages of the participants are treated as individual
dots, and the distribution summarized by the boxplots. The mean age in the infected
group is a little bit more (28 years) than in the control group (27 years). The mean
ages are also similar (27.8 £5.6 vs. 26.9 £5.2). The two groups are comparable
in terms of age as shown figure 1.

Serological Findings

Comparative study of the IgG and IgM antibody responses of an infected
group (n =80) and a control group (n = 80). The findings reveal that everyone in the
infected group (80/80, 100) had IgG positivity, but no one in the control group (0/80,
0) had IgG positivity. The Chi-square ( 2 ) statistical test showed a very significant
difference (P < 0.001) indicating a great association between the IgG antibodies and
previous infection. Conversely, no IgM antibodies were found in either of the groups
(0/80, 0%), and there was no significant difference between them. That is an
indication that there is no recent or acute infection at the time of the sampling
because IgM is usually a sign of early immune response. In general, the results
indicate that IgG is a good indicator of previous exposure, and the absence of IgM
indicates the non-presence of an ongoing infection. Shown figure 2.

Cytokine Levels (IL-6, IL-8, IL-10)

The level of cytokines in the infected and the control group was quantitatively
determined to analyze the inflammatory and immune responses. The findings
showed that IL-6, a major pro-inflammatory cytokine, was significantly higher in
the infected group than the control group (p < 0.05), which proves the existence of
an active inflammatory response related to infection. Likewise, IL-8, which
contributes significantly to neutrophil recruitment and activation, also statistically
significantly increased in the infected group (p < 0.05) lending further support to the
fact that an augmented inflammatory condition was present .Moreover, the levels
of the anti-inflammatory cytokine IL-10 were also significantly increased in infected
individuals as compared to controls (p < 0.05) which indicates the presence of
regulatory processes that had been activated in an attempt to curb excessive
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inflammation. On the whole, these results indicate a complicated immune reaction
with the concomitant activation of pro-inflammatory and anti-inflammatory
responses in infected individuals. Figure 3 represents these results.

Relation between anti-Toxoplasma gondii and serum cytokine levels

The comparative analysis of the histogram shows the disparities in the levels
of serum cytokines of the infected and control groups. The bars in the figure are used
to indicate the infected population using green bars and the control population using
blue bars. The data show that the average IL-6 concentration in the serum samples
of the infected group (4.8 pg/ml) was significantly higher than the average IL-6
concentration in the serum samples of the control group (1.1 pg/ml), which is a
significant inflammatory activity increase.The same was seen with IL-8, with an
average of the infected group (11.6 pg/ml) being considerably higher than the control
group(2.9 pg/ml) implying increased chemotactic signaling and inflammatory
reactions in response to infection. Moreover, the IL-10, an anti-inflammatory
cytokine, significantly increased in the infected group (7.4 pg/ml) over those in
controls (2.9 pg/ml), which showed that the control of inflammation through
regulatory mechanisms was activated. The availability of error bars shows
variability in the measurements, whereas the asterisks on top of the bars of the
infected group represent statistically significant differences when compared to the
control group (p < 0.05). Figure 4 shows.

Prevalence of Bacterial Infections

Based on the bacteriological results, Escherichia coli had the highest number
of isolates (24/46.2%) among all the positive cultured samples, thus signifying the
predominant role played by it as the leading causative agent of UTlIs in the studied
pregnant population. This predominance is in line with its well-defined
uropathogenic properties, such as its high adhesion properties, ability to form
biofilms and increased ability to colonize the urinary tract.Klebsiella pneumoniae
was the second most isolated organism found in 11 (21.2%) cases. It is an organism
known for opportunism and for the ability to produce community acquired as well
as healthcare associated infection, especially in immunocompromised states like
during pregnancy.Proteus mirabilis was isolated in 8 cases (15.4%) and is known to
produce urease leading to urinary alkalinisation and possible stone formation and
chronic infection.A Gram-positive pathogen, Staphylococcus aureus accounted for
6 of which were isolated (11.5%) and can colonize the urinary and reproductive tract
especially when immune response is altered. The least common organism was
Pseudomonas aeruginosa with 3 cases (5.7%). When present, it is a sign of
opportunistic infection and frequently related with hospital exposure and antibiotic
resistance as revealed in table 1.

Distribution of Bacterial Isolates

Well known opportunistic gram negative bacteria that can cause urinary
tract infection, and other systemic infection especially in people with altered
Immune responses like pregnant women.Proteus mirabilis 8 isolates (15.4%) is
known for its high urease activity which breaks down urea into ammonia causing
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a rise in the pH of urine, stone formation and persistent or recurrent infections.
In 6 cases (11.5%) Staphylococcus aureus, a gram-positive organism was
isolated. It's occurrence in urine cultures could be due to ascending infection or
contamination dependent on situation, but it is now known to be a true pathogen
in urinary and reproductive tract infections under conditions of immune
modulation as shown table2.

Overall statistical analysis: y> =24.15, df =4, P <0.001

Association Between Bacterial Infection and Cytokine Levels

Pregnant women with bacterial co-infection had significantly higher
levels of serum pro-inflammatory cytokines IL-6 and IL-8 than non-bacterial
infected pregnant women. This rise is indicative of a strong innate immune
response, that both IL-6 and IL-8 are playing important roles in the early
inflammatory cascade. IL-6 is a key stimulator of the production of acute-
phase proteins and of systemic inflammatory responses, and IL-8 is mainly a
chemokine that binds and activates neutrophils at the site of infection to
increase clearance of the bacteria.The levels of these cytokines were also
elevated, indicating that bacterial co-infection during pregnancy causes a
strong systemic inflammatory response that, in conjunction with chronic
Toxoplasma gondii infection, could lead to immune dysfunction.Besides,
mean serum levels of IL-10 were also increased in co-infected group. IL-10, a
strong anti-inflammatory cytokine, is a regulatory cytokine that helps to
prevent excessive activation of the immune system and subsequent tissue
damage from uncontrolled immune responses. This increase in infected people
may reflect a counter-regulatory mechanism of the immune system to
compensate for the increased pro-inflammatory response caused by bacterial
pathogens, as shown in table 3.

Correlation Between Chronic Toxoplasmosis and Bacterial Infection

This table illustrates the relationship between chronic Toxoplasma gondii
infection, bacterial co-infection, and serum cytokine levels (IL-6, IL-8, and IL-10)
among pregnant women.Regarding bacterial infection, the results show that the
prevalence was higher in the Toxoplasma-infected group (42.5%; 34/80) compared
with the control group (22.5%; 18/80). This suggests that women with chronic T.
gondii infection may have an increased susceptibility to bacterial infections.In terms
of pro-inflammatory cytokines, both IL-6 and IL-8 levels were markedly elevated
across the studied groups, with the highest concentrations observed in the co-
infection group (T. gondii + bacterial infection). This elevation reflects a strong
activation of the innate immune response, as IL-6 is involved in systemic
inflammatory signaling and acute-phase response, while IL-8 plays a key role in
neutrophil recruitment and activation during infection.Conversely, IL-10 levels,
which represent an anti-inflammatory regulatory cytokine, were also increased,
particularly in the co-infected group. This pattern suggests a compensatory immune
regulatory mechanism aimed at limiting excessive inflammatory damage and
maintaining immune homeostasis during infection,shown table 4.
4 Discussion
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The current research showed that the age difference between the infected and
the control group was not statistically significant (p = 0.34) meaning that the two
groups were well-matched and similar in terms of age. The significance of this
finding is that it minimizes the chances of age being a confounding factor in the
observed differences in immunological differences. l.e., the changes in cytokine
levels and serological markers in this study could be better explained by Toxoplasma
gondii infection but not by the age. These results are in line with a number of earlier
studies that also negatively found no significant relation between age and
toxoplasmosis seropositivity in pregnant women. An example would be a study that
discovered that the rates of infection were more prevalent in the 2534 year age group
though no statistically significant differences between age groups were found[31].
On the same note, there was also no significant difference in 1gG seroprevalence in
various maternal ages [7]. in another study. These findings confirm the existing fact
that age might not be a determinant factor in the determination of infection status in
some populations. Conversely, other researchers have also found conflicting
evidence and indicated that age might also be a risk factor. Indicatively, the recent
studies noted that the risk of infections of Toxoplasma gondii is greater in older age
(especially in women aged 36 45 years) [1] . This has been attributed to cumulative
exposure with time because the risk of exposure to contaminated sources is more as
one grows older [24] . Also, in another study, the rates of infection were increased
in women of the age >30 years [17,20]The difference in the studies could be
explained by the variations in geographical location, environmental exposure, diet,
socioeconomic status, and sample size. Age can have a stronger association with
infection in areas where exposure risk factors (e.g., eating undercooked meat or
coming into contact with contaminated soil) are widespread. On the contrary, in a
relatively homogeneous population of risk of exposure, like in the present case, one
might not see any statistically significant age difference. The current research
showed that IgG antibodies were positive in all the pregnant women (100 percent)
and none of the control group possessed 1gG positivity with highly significant
difference (P < 0.001) [2,36]. Conversely, IgM antibodies were not seen in either
group and this shows that there was no recent or acute infection. These results are a
good indication that the observed cases are chronic (latent) infection whereby 1gG
remains intact with a reduction in IgM with time.his finding is entirely in line with
the immunological pattern of Toxoplasma gondii infection, in which IgG antibodies
are observed following acute infection and persist throughout life as an excellent
indicator of previous exposure, and IgM antibodies are short-lived and are generally
eliminated within the span of months following infection. Thus, the fact that IgM
was not present in this study proves the fact that the infections were not recent, which
is consistent with the fact that the cases were classified as chronic infections. The
results of this study coincide with a number of recent studies. A study in 2024 found
that about 98% of infected women were 1gG positive with very low levels of IgM
(about 1.9%), and all controls were negative to both antibodies. Likewise, a recent
study indicated that IgG seropositivity, but not IgM, was strongly linked with
infected persons, which supports the dependability of IgG as a diagnostic tool.
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Activation of the host immune system is indicated by the elevated concentrations of
IL-6 and IL-8, which are the two major pro-inflammatory cytokines. IL-6 is also
crucial in controlling the immune response to inflammation whereas IL-8 is required
to recruit and activate neutrophils at infection sites. Conversely, the marked increase
in IL-10, an anti-inflammatory cytokine, indicates the involvement of regulatory
mechanisms in the effort to contain overreacting inflammation and damage of tissues
.These results are in line with some of other recent reports that have indicated that
infection of Toxoplasma gondii is linked with increased amounts of cytokines.
Recent research proved that IL-6 and IL-8 levels of infected individuals were greatly
raised as a manifestation of active immune response against the parasite [6]. On the
same note, other studies have demonstrated that the levels of IL-10 rise
simultaneously with pro-inflammatory cytokines as an immunoregulatory process in
order to break immune balance and avoid immunopathology [33]. These findings
confirm the dual immune response that was found in the current study. Conversely,
past studies have also shown that extreme high IL-6 levels can be linked to poor
pregnancy outcomes such as preterm birth and complications of the fetus [34]. In
the meantime, augmented amounts of IL-10 can halt the successful immune reaction,
and this could enable the continuity of the parasite in the host tissues [30]. This
emphasizes the fine line between maternal immunity and immune regulation in
pregnancy. Moreover, it has been noted that the profiles of cytokines in Toxoplasma
gondii infection might also change according to the stage of infection. The cytokines
that are usually increased during active infection are pro-inflammatory but anti-
inflammatory cytokines are usually more dominant during chronic infection
including IL-10 [26] .This would conform to the present study where the subjects
were defined as having chronic infection (IgG positive and IgM negative
Relationship Between Anti-Toxoplasma gondii Antibodies and Cytokine Levels he
current results had shown that Toxoplasma gondii infection (IgG positivity) was
significantly correlated with the presence of Toxoplasma gondii infection in the
control group with a significant difference in serum levels of IL-6, IL-8 and IL-10
when compared with the controls (p < 0.05). This trend represents a synchronized
immune reaction where both pro and anti-inflammatory (IL-6, IL-8 and IL-10)
pathways are co-stimulated. The significant increase in IL-6 (4.8 vs. 1.1 pg/ml) and
IL-8 (11.6 vs. 2.9 pg/ml) represents an increase in inflammatory and chemotactic
activity to contain the parasite, whereas the higher levels of IL-10 (7.4 vs. 2.9 pg/ml)
represent a counter-mechanism to avoid excessive immune-mediated. Such findings
can be attributed to earlier research indicating that chronic Toxoplasma gondii
infection is linked to chronic immune activation, with the up-regulation of pro-
inflammatory cytokines, as well as increased levels of regulatory cytokines. A more
recent study demonstrated much more IL-6 and IL-8 in infected individuals,
confirming their role in mediating host defense against intracellular parasites [29].
Equally, a second research study established that the level of IL-10 is raised in
parallel with the pro-inflammatory cytokines to regulate the immune responses and
homeostasis in the process of chronic infection [9]. Such a dual response is believed
to be critical in maintaining a balance between control of the parasite and tissue
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protection. Moreover, the detected cytokine pattern correlates with the results of
recent immunological research that showed that 1gG seropositivity is frequently
associated with the distortion of cytokine expression, especially in chronic
toxoplasmosis. High levels of IL-6 have been associated with prolonged
inflammatory signaling, and IL-8 helps to recruit and activate leukocytes at the sites
of infections [13] At the same time, elevated levels of IL-10 are important to
suppress excessive inflammation, but excessive IL-10 levels may contribute to the
persistence of parasites by blocking the clearance of the good[ 35].The analysis
herein corroborates the hypothesis presented in previous findings of this research
that the cytokine imbalance is highly associated with serological conditions in
particular 1gG positivity, which represents the chronic type of infection. Although
the earlier sections established that the cytokine elevation happens specifically in the
absence of humoral immunity, this relationship analysis shows that there is a direct
relationship between humoral immunity and cytokine response to provide a more
combined perspective of the host immune dynamics. Other more recent reports also
dispute how much cytokine is raised or not and other factors may play a role, such
as the host's immune system, the duration of the infection, as well as the interaction
with the environment which may have led to the slight variation between studies
[10] The overall pattern, however, remained the same, supporting the notion of a
moderate, but chronic immune response, during chronic Toxoplasma gondii
infection, the present study has shown that Escherichia coli was the most common
bacterial isolate among pregnant women, responsible for 46.2% of the total positive
cultures. This is in line with the epidemiology of urinary tract infection (UTI)
worldwide, where uropathogenic E. coli is known to be the most common pathogen
owing to its high virulence characteristics, which include its adhesive properties,
ability to form biofilms and immune evasion mechanisms. The predominance of E.
coli is consistent with regional studies which have found that 40-60% of the isolates
in pregnant populations consist of E. coli [11,22] .Klebsiella pneumoinea was the
second most common organism (21.2%) as reported earlier which is a major
opportunistic gram-negative pathogen in urinary infections during pregnancy. It has
a capsule structure that allows it to persist in the community and hospital setting and
it has become increasingly antimicrobial resistant (30,31).Proteus mirabilis (15.4%)
was also a significant isolate. Its clinical significance is related to production of
urease, which raises urinary alkalinity leading to stone formation and recurrent
urinary infections. The proportion observed in this study is a little higher than that
observed in other international studies ranging between 5-12% (29), which may be
explained by issues of environmental and hygienic conditions in the locality that
drive the spread of the bacteria.Staphylococcus aureus (11.5%) is a gram-positive
organism which can colonize the urinary tract when immune mechanisms of the
body are altered, such as pregnancy. It is less frequently observed as a uropathogen
than the Gram-negative bacteria, but there has been a growing number of cases
reported in clinical studies demonstrating the rising potential as an opportunistic
uropathogen [12].Finally, Pseudomonas aeruginosa (5.7%) was the least common
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organism isolated. It is usually linked to HAI, and intrinsically resistant to a number
of antibiotics. ,

The bacteriological profile in the present study showed that the most
predominant isolate was Escherichia coli (24 isolates) which made up 46.2% of all
positive urine cultures. This is in line with the epidemiology of urinary tract
infections (UTIs) worldwide and in the region, which shows uropathogenic E. coli
as the main cause of these infections, as it possessed proven virulence factors such
as fimbrial adhesins, biofilms and increased capacity to escape host immune
response. A similar predominance has been seen in studies of pregnant women from
Middle Eastern populations, where E. coli accounted for 40% to 65% of the cases,
suggesting that E. coli has remained dominant in community-acquired UTIs (CUTIs)
[14,41].Klebsiella pneumoniae was the second most common isolate (21.2%)
consistent with the previous studies that reported it as a major opportunistic Gram
negative pathogen in UTI during pregnancy. It has a polysaccharide capsule that
increases resistance to phagocytosis and aids its survival in both hospital and
community environments. Similar frequencies (15%-25%) have been reported in
comparable studies, especially in populations with higher antibiotic usage or
lowered resistance[41]. Proteus mirabilis (15.4%) was also a significant isolate in
this study. Its clinical significance is related to its high urease activity that results in
formation of ammonia, alkalinisation of the urine and eventual formation of renal
stones. The prevalence of these bacteria was higher than reported in previous studies
(5-12%) and the difference might have been related to environmental, hygienic,
and/or antibiotic resistance factors that affect the persistence of these bacteria in the
urinary tract [14] . A Gram-positive organism, Staphylococcus aureus (11.5%) was
detected, possibly representing true infection or colonization. S. aureus has been
thought to be an uncommon source of UTIs, but recent reports have shown a rise in
the isolation of S. aureus in urine, especially in pregnant women with compromised
immune systems, indicating its emerging opportunistic role in urinary tract
colonization [41] .Finally, Pseudomonas aeruginosa (5.7%) was the least common
organism isolated. This is similar to the previous literature which showed that P.
aeruginosa is more likely to be associated with HAI than community acquired UTI
[38]. This is in line with earlier research showing that bacterial infection, especially
urinary tract infection, is closely linked to the activation of innate immune pathways
and secretion of IL-6 and IL-8. This is also consistent with clinical trials showing
high IL-6 and IL-8 concentrations correlate well with the bacterial load and severity
of infection in pregnant women [8,32]. Moreover, the chronic inflammatory state
and parasitic infections like Toxoplasma gondii may trigger an exaggerated immune
response by promoting the overproduction of cytokines. It has been observed that
increased levels of IL-10 is a compensatory mechanism to reestablish immune
homeostasis after bacterial infections, such as during pregnancy when immune
tolerance is physiologically elevated [5].The results of the present study indicate that
the prevalence of bacterial infection was higher in pregnant women with chronic
Toxoplasma gondii infection (42.5%) than in seronegative (22.5%). Thus, a possible
link between chronic toxoplasmosis and increased vulnerability to bacterial co-
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infections is indicated. This is consistent with previous studies demonstrating that
chronic parasitic infections can lead to long-term modulation of host immune
responses, which may impair the mechanisms of bacterial clearance and make hosts
more susceptible to secondary bacterial infections (38,39).As previously reported,
the levels of both IL-6 and IL-8 were significantly higher, especially in co-infected
group (T. gondii and bacterial infection). This is indicative of a high innate immune
response. IL-6 is a well-known central mediator of acute inflammatory responses
and is known to induce the hepatic acute-phase proteins, and IL-8 is a major
chemokine which is involved in the chemotaxis and activation of neutrophils during
bacterial infections. Similar investigations have shown that co-infections can have a
synergic inflammatory effect, with the production of pro-inflammatory cytokines
being much higher in the co-infection than in the respective monoinfections [14,23]
.Moreover, the observed rise in IL-10 levels in co-infected women is in line with
earlier studies that identified the importance of IL-10 as an important anti-
inflammatory cytokine in regulating excessive immune activation. IL-10 suppresses
the production of pro-inflammatory cytokines and helps to prevent damage to tissues
from uncontrolled inflammation. Previous studies have demonstrated that high
levels of IL-10 have been commonly observed in response to increased
inflammatory activity, as a compensatory mechanism to restore immune balance,
especially in pregnancy where immune tolerance is physiologically regulated [4,14].
5 Conclusion

In this study, the immunological changes in chronically infected pregnant
women with T. gondii have been clearly demonstrated. Although there was
no significant difference in age between the serologically infected and control
populations, all of the infected persons were seropositive for 1gG antibodies and
seronegative for IgM, suggesting past (chronic) infection, rather than current
exposure. This is a complex and balanced immune response, in which inflammatory
mechanisms are turned on to control the parasite and regulatory pathways are also
stimulated to stop excessive tissue damage and ensure pregnancy
stability.Furthermore, bacteriological results showed that women with chronic T.
gondii infection had also more bacterial co-infection than seronegative controls,
indicating the possibility that chronic parasitic infections may be associated with
susceptibility to bacterial infections. Among the organisms isolated, Escherichia coli
was the most common organism followed by Klebsiella pneumoniae, Proteus
mirabilis, Staphylococcus aureus and Pseudomonasaeuginosa showing that Gram
negative uropathogen predominated in the population studied.This co-association of
IgG seropositivity, bacterial co-infection and increased cytokine levels suggests that
there might be a link between humoral immunity, bacterial infection and cytokine
mediated immune responses in chronic toxoplasmosis. These results suggest that the
overall immunological state that Toxoplasma gondii infection triggers is one of
prolonged activation and regulation of the immune system, which can be further
enhanced by bacterial co-infection.Finally, 1gG antibody is a good indicator of
chronic infection; and the presence of elevated levels of the cytokines IL-6, IL-8 and
IL-10 are indicative of the adaptive immune response, which is important in the
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host—parasite—bacteria interaction during pregnancy. These findings help to clarify
the immunopathogenesis of toxoplasmosis and its relationship to bacterial infections
and may aid in future monitoring and management of co-infections among pregnant
women.



TABJINLIbI

Table 1. Prevalence of bacterial infection among study groups

Study Group | Positive Culture n | Negative Culture n | Total [¢> |P-
(%) (%) value

Chronic 34 (42.5%) 46 (57.5%) 80

Toxoplasmosis|, | || e | memees

Control 18 (22.5%) 62 (77.5%) 80 | ----- |-

Total 52 (32.5%) 108 (67.5%) 160 6.41]0.011

Table 2. Distribution of bacterial isolates among positive cultures
Bacterial Species No. of Isolates | Percentage 95% Cl
(n=52) (%) (%)

Escherichia coli 24 46.2 32.6 —59.7

Klebsiella pneumoniae | 11 21.2 10.1 - 32.3

Proteus mirabilis 8 154 56-—25.2

Staphylococcus aureus | 6 11.5 2.8 —-20.2

Pseudomonas 3 5.7 0.0-12.0

aeruginosa

Total 52 100.0 —

Table 3. Cytokine levels according to bacterial infection status

Cytokine | Positive Culture (Mean * | Negative Culture (Mean | P-value

(pg/mL) | SD) + SD)

IL-6 48.6 £9.8 247+£72 <0.001

IL-8 654+ 12.1 31.9+£8.5 <0.001

IL-10 18.3+4.7 10.6 £3.1 <0.01




Table 4: Relationship between chronic Toxoplasma gondii infection, bacterial infection, and cytokine profiles in pregnant women

Study Group N | Bacterial Infection n | IL-6 (pg/mL) Mean | IL-8 (pg/mL) Mean
(%) + SD + SD

Control (no | 80| 18 (22.5%) 247 +7.2 31.9+£8.5

infection)

T. gondii only 80 | 34 (42.5%) 38.7+8.9 542 +10.5

Co-infection — | — 523+104 71.6 £12.8

(T. gondii +

bacteria)
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Figure 3. Serum cytokine levels in infected vs control pregnant women
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