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Abstract

Background. Toxoplasma gondii is an intracellular parasite with a global prevalence,
capable of establishing chronic infections in humans. While 7. gondii is traditionally
considered asymptomatic in immunocompetent individuals, emerging evidence suggests
that it may contribute to immune dysregulation, potentially triggering or exacerbating
autoimmune processes. Therefore, this study investigated the relationship between T.
gondii infection and the presence of anti-nuclear antibodies (ANA).

Methods. A total of 284 blood samples, including 142 ANA-positive individuals and 142
healthy controls, were analyzed for the immunoglobulin (Ig) G and IgM antibodies of 7.
gondii using an enzyme-linked immunosorbent assay. Additionally, polymerase chain
reaction (PCR) was performed on IgM" positive samples to confirm the presence of 7.
gondii DNA.

Results. The results demonstrated the significantly higher prevalence of 7. gondii IgG
antibodies in ANA" positive individuals (47.3%) compared to controls (11.3%)
(P<0.001), suggesting a potential link between chronic toxoplasmosis and immune
dysregulation. While IgM positivity was rare, PCR confirmed the presence of 7. gondii
DNA in an IgM-positive ANA patient.

Conclusion. Overall, these findings support the hypothesis that persistent 7. gondii
infection may influence autoimmune pathways, warranting further investigation into its
role as an environmental factor in autoimmunity.

Practical Implications. The findings suggest that chronic 7. gondii infection may be
linked to the increased production of ANA and immune dysregulation. This association
could position 7. gondii as an environmental factor in the onset or exacerbation of
autoimmune diseases. In addition, the results highlight the importance of screening and
monitoring 7. gondii infection in individuals with autoimmune markers, such as ANA,
and underscore the need for further research into the underlying mechanisms. It is hoped
that such insights pave the way for targeted preventive and therapeutic strategies in
autoimmune disorders.
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Extended Abstract

Background

remaining latent in tissues such as the brain, muscles,

Toxoplasma gondii is an obligate intracellular
parasite with a worldwide prevalence, infecting
approximately one-third of the global population. It
leads to chronic infections in humans, often

and eyes. Although T gondii is traditionally viewed
as asymptomatic in immunocompetent hosts, recent
evidence indicates that this parasite may disrupt
immune regulation, potentially initiating or
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exacerbating  autoimmune  processes through
different mechanisms, such as molecular mimicry,
chronic inflammation, and Toll-like receptor
activation. Anti-nuclear antibodies (ANA) serve as
common biomarkers for autoimmunity, present in
conditions like systemic lupus erythematosus and
rheumatoid arthritis. Epidemiological studies have
linked higher 7' gondii seropositivity to autoimmune
diseases, including systemic lupus erythematosus and
multiple sclerosis, with meta-analyses demonstrating
increased odds ratios in affected individuals. This
study explores the association between 7. gondii
antibodies and ANA positivity in adults,
hypothesizing that chronic toxoplasmosis contributes
to immune dysregulation and autoimmunity
pathogenesis. By comparing seroprevalence in ANA"
positive individuals versus healthy controls, the
research aims to elucidate the role of 7. gondii as an
environmental  trigger, addressing gaps in
understanding infection-induced autoimmunity.

Methods

This cross-sectional descriptive-analytical study
was conducted with ethical approval from the Ethics
Committee of Urmia University of Medical Sciences
(IR.UMSU.REC.1402.177). A total of 284 blood
samples were collected from diagnostic laboratories
in Tehran, Iran, between April and September 2023.
The sample size was calculated to compare
immunoglobulin (Ig) G seroprevalence between
ANA" positive and control groups, with an 80%
statistical power and a 95% confidence level.
Participants were divided into the ANA’positive
group (n=142), consisting of individuals with
positive ANA results via indirect
immunofluorescence, and the healthy control group
(n=142), comprising individuals without an
autoimmune history and negative ANA tests.

Serological analysis for 7. gondii exposure
involved enzyme-linked immunosorbent assay
(ELISA) using commercial kits (Pishtaz Teb, Iran)
for IgG and IgM antibodies. The blood samples were
collected in plain tubes, allowed to clot at room
temperature, and centrifuged at 3,000rpm for 10
minutes to separate serum, which was stored at -20°C
until testing. Microtiter plates coated with 7. gondii

antigens were used in the ELISA procedure. Diluted
serum samples (100uL) were added to wells and
incubated at 37°C for 30 minutes. The wells were
washed three times with phosphate-buffered saline
containing 0.05% Tween-20 to remove unbound
antibodies. In addition, enzyme-conjugated anti-
human IgG/IgM antibodies (100puL) were added,
followed by another 30-minute incubation at 37°C.
After washing, the tetramethylbenzidine substrate
(100uL) was added and incubated in the dark for 15
minutes. The reaction was stopped with 50uL
sulfuric acid, and optical density was measured at
450nm using an ELISA reader. The samples with IgG
or IgM levels exceeding 1.1 IU/mL were considered
positive, reflecting the kits’ high sensitivity and
specificity.

For molecular confirmation, DNA was extracted
from the buffy coat layers of IgMpositive samples
using the QIAamp DNA Blood Mini Kit (Qiagen,
Iran). Blood samples in EDTA tubes were
centrifuged at 3,000 rpm for 10 minutes to isolate the
buffy coat. Further, lysis buffer (400uL) was added,
vortexed, and incubated at 56°C for 10 minutes.
Moreover, absolute ethanol (200uL) was added for
DNA precipitation, and the mixture was vortexed for
15 seconds before transfer to spin columns. One-
minute centrifugation at 8,000rpm bound DNA to the
column membrane. Two wash steps with specific
buffers followed, and DNA was eluted in a 100uL
elution buffer. Then, purity and concentration were
assessed via NanoDrop spectrophotometry at
260/280nm. Finally, polymerase chain reaction
(PCR) targeted 7' gondii DNA in these extracts to
confirm active or recent infection.

The obtained data were statistically analyzed
using SPSS software, version 26. Chi-square tests
were used to compare seroprevalence frequencies
between groups, with P<0.05 considered statistically
significant. Demographic data (e.g., age and gender)
were summarized as meanststandard deviations
(SD).

Results

The study cohort included 42 males (14.8%) and 242
females (85.2%). Mean ages were 35.2+1.4 years for
males and 33.6+2.6 years for females. No data were
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recorded on specific underlying autoimmune
diseases, limiting subtype analysis. Serum IgG and
IgM antibody levels were quantified, with positivity
thresholds set at >11 pg/dL and >0.1 pg/dL for IgG
and IgM, respectively. The mean+SD values for IgG
and IgM in ANApositive versus ANAnegative
groups are detailed in Table 1 (as per the original
manuscript, though exact numerical means were not
provided beyond positivity rates).

Among the 142 ANA'positive individuals, 67
(47.3%) tested positive for 7. gondii IgG antibodies,
indicating prior or chronic exposure. In contrast, only
16 (11.3%) out of the 142 healthy controls were IgG
positive. This difference was statistically significant
(P<0.001), supporting a potential association
between chronic toxoplasmosis and immune
dysregulation. Table 2 presents the frequency
distribution. The ANA™positive group showed 67
positives and 75 negatives for IgG, while controls
had 16 positives and 126 negatives.

IgM positivity, indicative of recent infection, was
rare across both groups. Based on the results (Table
3), only one ANApositive individual and one control
were IgMmositive. PCR analysis confirmed the
presence of 7. gondii DNA in the [gMpositive ANA
patient but not in the control, highlighting active
infection in the autoimmune marker group. However,
due to the low prevalence of IgM, these findings lack
statistical power and are observational.
Gender-stratified analysis revealed pronounced
differences. Among 242 females, IgG positivity was
50% (62/124) in ANApositive women versus 9.3%

(11/118) in healthy controls, with a significant
difference (P<0.001). For the 42 males, 27.8% (5/18)
of ANA-positive men were IgGpositive compared to
20.8% (5/24) in controls, which was also significant
(P<0.001). Figure 1 compares these frequencies by
gender and group, highlighting higher rates in ANA"
positive females.

Overall, the results underscore a markedly higher 70
gondii 1gG seroprevalence in ANA™positive adults,
particularly females, with molecular evidence in one
acute case. No significant differences in IgM
distribution were observed beyond the isolated PCR
confirmation.

Conclusion

This study provides compelling evidence of a
significant association between chronic 7. gondii
infection and ANA positivity, with an IgG
seroprevalence of 47.3% in ANA" positive
individuals versus 11.3% in controls (P<0.001).
While causality remains unproven, the findings
indicated that T. gondii may act as an environmental
factor in autoimmune pathogenesis through immune
dysregulation. Rare IgM positivity and PCR
confirmation in one ANA case warrant caution but
highlight potential acute contributions. Accordingly,
future longitudinal studies should examine
mechanisms such as molecular mimicry and genetic
predispositions, alongside screening strategies for
high-risk  populations, to inform preventive
interventions in autoimmunity.
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