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Background: No doubt, type 1 diabetes mellitus (TLDM) is one of the most common
endocrine and metabolic conditions in children increasing their vulnerability and risk
for various infectious diseases. Toxoplasma gondii is an intracellular opportunistic
protozoan parasite causing risky complications, especially in immune-compromised
humans. Objectives: This study aimed to evaluate the seroprevalence of T. gondii (IgG &
IgM) among known diabetes mellitus children with type I, and risk factors between both
groups (diabetic and non-diabetic). Methodology: A total of 200 blood samples were
taken from children who attended the Outpatient Clinic of Pediatric Endocrinology, at
Menoufia University Hospitals. Blood samples were taken from 100 known T1DM
patients, and 100 apparently healthy ones. All samples were examined for random blood
glucose, glycated hemoglobin (HBA1C), and anti-T. gondii antibodies (IgG & IgM) by
ELISA. Results: The results didn't show a significant difference in anti-T. gondii 1gG
between diabetic patients (10%) and controls (15%), without IgM positivity in either
case. But seropositive 1gG was significantly associated with higher HBALC levels in
diabetic patients (P< 0.001). Environmental factors such as residence, soil, and/or cat
contact were major determinants of seropositivity in both groups. Conclusions: We
conclude that T. gondii 1gG seroprevalence does not significantly differ between diabetic
and non-diabetic children; however, it is associated with poor glycemic control in
diabetics. Environmental factors, including soil and cat contact, play a critical role in
exposure risk.

INTRODUCTION

Toxoplasmosis, a parasitic infection caused by T.
gondii is still a significant global health issue,
particularly in immunocompromised individuals, such
as those with diabetes mellitus. This protozoan infection
is commonly acquired through contaminated food or
water or via vertical transmission from mother to fetus
during pregnancy’. While toxoplasmosis can present
asymptomatically in immunocompetent individuals, it
can cause severe health complications in patients with
weakened immune systems, including those with
diabetes, making them particularly vulnerable to the
adverse effects of this parasitic infection?.

Diabetes mellitus, especially T1DM, exacerbates the
risk and severity of infections by altering immunity®.
Diabetic patients exhibit a reduced ability to effective
immunity against T. gondii, increasing their
susceptibility to infection®. Diabetic children are
particularly at risk due to their age-related immune
immaturity and the long-term immunological impacts of

hyperglycemia, which contribute to more susceptibility
to opportunistic infectious diseases, particularly
toxoplasmosis, this is apart from the congenital
toxoplasmosis encountered worldwide as well as
Egypt°.

In diabetic patients, hyperglycemia negatively
affects neutrophil function, phagocytosis, and cytokines
production for controlling parasites such as
toxoplasmosis®. This impaired immune response can
lead to severe manifestations of toxoplasmosis, such as
ocular toxoplasmosis, encephalitis, or systemic
infection’. Also, diabetes-induced complications such as
nephropathy, retinopathy, and cardiovascular disease
may complicate the management of toxoplasmosis in
children®.

Diagnosis and management of toxoplasmosis in
diabetic  children pose unique  challenges.
Immunological changes in diabetic patients may cause
delays in the recognition of T. gondii infection, leading
to a more aggressive disease course’. Early diagnosis
and prompt management are essential to prevent long-
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term complications in diabetic children affected by
toxoplasmosis '°. This study aimed to evaluate the
seroprevalence of T. gondii (IgG & IgM) among known
diabetes mellitus children with type I, and risk factors
between both groups.

METHODOLOGY

Patient selection: This cross-sectional study was
conducted on 200 children recruited from the Pediatric
Endocrinology  Outpatient  Clinic, at Menoufia
University Hospitals. Children were divided into two
groups of 100 each. Gl: Diabetic children (T1DM), and
GII: non-diabetic healthy controls.

Ethical consideration:

The study protocol was approved by the Ethics
Committee of the National Liver Institute (IRB No:
00652/2024). After explaining the aim of the study and
assuring that the outcome data will be confidential, each
parent gave an assigned written informed consent.

All children with T1IDM under 18 vyears old
diagnosed based on WHO criteria for diabetes
classification and diagnosis (fasting plasma glucose
[FPG] >126 mg/dL or 2 h post 75 g glucose intake [2-h
PG] >200 mg/dL during oral glucose tolerance test or
HbAIC >6.5% or random plasma glucose >200 in a
patient with classic symptoms of hyperglycemia or
taking any glucose-lowering medications)**  were
enrolled in the study. Those who were with T2DM, and
those with diabetes secondary to post-surgical
pancreatectomy, steroid therapy, cystic fibrosis, or any
chronic or autoimmune diseases were excluded.

Patients in the current study were interviewed using
an organized questionnaire that included the following
items: name, age, gender, residence (urban/rural), and
risk factors for toxoplasmosis: contact with cats and
contact with soil (gardening or agricultural).

Sample collection:

6 ml of venous blood was collected after fasting 8hrs

under complete aseptic conditions and divided as

follows: 4 ml of blood were delivered to a vacutainer
plain tube, left for 30 minutes to clot, and then
centrifuged for 10 minutes at 3000 rpm. Sera were
separated into two aliquots, one for measurement of T.
gondii IgG and IgM, and stored in the freezer until the
test was performed. The other aliquot for measurement
of random blood glucose (RBG), 2 ml was collected
into an EDTA-containing tube for glycated hemoglobin
(HBALC) to confirm the diagnosis of diabetes.

The following laboratory investigations were
performed: glycated hemoglobin by Roche Diagnostics
(Colchester, Switzerland), RBG test was done by the
autoanalyzer AU 680 (Beckman Coulter, Fullerton,
USA).

Serum levels of T. gondii 1gG and IgM were assayed
using an ELISA kit supplied by Sunred Co (Sunred Co.,
Ltd, Shanghai, China) (Cat. No. 201-12-1845), based on
the principle that certain antibodies can recognize the
presence and level of antigen binding by binding to a
specific target antigen. Plates were coated with high-
affinity antibodies to improve sensitivity and accuracy.
Statistical analysis:

Data were collected, tabulated, and statistically
analysed using an IBM-compatible personal computer
running SPSS Statistical Package Version 26. Student’s
t-test and Chi-squared test (%) were used. P-value <0.05
was considered a significant difference.

RESULTS

The anti-T. gondii IgG antibodies in diabetic patients
and negative control were 10% & 15% respectively, but
without significant differences (P> 0.05). None of the
diabetic children or non-diabetic control showed
seropositivity for T. gondii IgM antibodies. Fig 1.

A significant difference (P <0.001) was between T.
gondii IgG and HBALC levels but, non-significant was
between HBALC level and IgM (P = 0.163). Fig 1,2.
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Fig. 1: 1gG and IgM levels among groups
Chi-square tested qualitative values and an independent sample t-test for quantitative values, P < 0.05* significance
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Fig. 2: (a) Correlation between HBA1C and 1gG in the diabetic group. (b) Correlation between HBA1C and
IgM in the diabetic group.

Socio-demographic characters showed anti-T. gondii
IgG positivity among T1DM children. There was a
significant difference between IgG positivity &
negativity as to residence, DM family history, and
contact with soil and/or cats (P = <0.001, <0.001, 0.019

difference as to age and sex Table 1. The negative
control showed a significant difference between IgG-
negative and IgG-positive as to sex, residence, and
contact with soil and/or cats (P <0.001), but without
significant differences as to ages. Table 1,2

& <0.001 respectively), but without a significant

Table 1: Socio-demographic factors & IgG level in the diabetic group

Parameters 1gG -ve (n=90) | 1gG +ve (n=10) | Chi-square test P value
Age in years (x £ SD) 7.77£3.11 9.40+ 4.06 1.514# 0.133
Female 49(56.7%) 6(60.0%)
Male 41(43.3%) 4(40.0%) 0.112 0.738
Residence:
Rural 23(25.6%) 10(100.0%)
Urban 67(74.4%) 0(0.00%) 22.559 <0.001*
DM family history:
Negative 44(48.9%) 1(10.0%)
Positive 46(51.1%) 9(90.0%) 5.499 0.019*
Contact with soil or cats: 89.889 <0.001*
Negative 89(98.9%) 0(0.00%)
Positive 1(1.1%) 10(100.0%)
*P < 0.05 significance
Table 2: Socio-demographic factors and IgG level in the control group
Parameters 1gG -ve (n=85) IgG +ve (n=15) | Chi-square test P value
Age in years (X + SD) 8.49+ 2.47 9.53+ 2.34 1.509# 0.135
Female 35(41.2%) 13(86.7%)
Male 50(58.8%) 2(13.3%) 10.571 <0.001*
Residence:
Rural 0(0.0%) 15(100.0%)
Urban 85(100.0%) 0(0.00%) 100.00 <0.001*
DM family history:
Negative 85(48.9%) 15(10.0%)
Positive 0(51.1%) 0(90.0%) | = e | -
Contact with soil or cats:
Negative 85(100.0%) 0(0.00%)
Positive 0(0.0%) 15(100.0%) 100.00 <0.001*
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DISCUSSION

Toxoplasma gondii infections are among the most
frequent parasitic diseases in humans. Diabetes is a
hazardous disease that increases the risk of developing
other diseases 3. In terms of the qualitative results
(seropositive or seronegative) for anti-T. gondii IgG and
IgM  antibodies among the study groups, the
seropositivity for anti-T. gondii 1gG antibodies in the
study groups were 10% in diabetic patients and 15% in
the control, but without significant difference (P>0.05).

In the present study, none of the diabetics or healthy
controls tested positive for T. gondii IgM antibodies.
Similarly, our results align with the lack of association
between the incidence of T. gondii infection and T1DM
as found in a study done by Siyadatpanah et al.*?, who
reported that there was no statistically significant
difference in the incidence of toxoplasmosis in diabetic
and non-diabetic individuals. Also, Krause et al.**
agreed with our study and reported significantly low
levels of antibodies against T. gondii (P=0.001) in
T1DM patients.

However, Gokce et a reported that the incidence
of toxoplasmosis in diabetic patients showed a
significant relation with T. gondii infection, where the
overall seroprevalence of anti- T. gondii IgG was
56.62% in DM patients and 22.4% in controls.
Moreover, a systematic review by Ashley et al. ™
suggests that T. gondii infection might be positively
associated with TIDM.

According to Maryam et al.™, there is no statistically
significant difference in positive serology for anti-T.
gondii immunoglobulins between type | and Il diabetic
and non-diabetic populations. On the other hand,
Shirbazou et al. '’ discovered that diabetes mellitus is a
significant risk factor for opportunistic infections. T.
gondii may also be responsible for diabetes. The
presence of T. gondii in the pancreas has the potential to
directly weaken beta cells. Insulin secretion may be
impaired if B cells are damaged. Contrary to our
findings, Hemida et al.® reported that Toxoplasma
antibodies were significantly higher in diabetic than
non-diabetic Egyptian patients. Also, Khattab et al. *°
reported that anti-Toxoplasma 1gG antibodies were 45%
in type | diabetes mellitus patients and 23.3% in the
controls, with a significant difference between both.
Ahmed et al.?° reported that the total seroprevalence of
T. gondii antibodies in Minia City was significantly
higher in diabetic patients (p<0.0001) than in healthy
controls.

Also, in contrast to age- and gender-matched case-
control research in Iran’’ and a study conducted by
Elkholy et al. # reported a considerably high prevalence
of T. gondii infection in diabetic patients compared to
healthy individuals.

|14

|.16
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In the present study, there was a significant positive
association between HBAIC level and 1gG, that means
patients with high levels of HBALC > 7%, poorly
controlled diabetes according to American Diabetes
Association?, are more liable for diabetes complications
such as toxoplasmosis due to the occurrence of
hyperglycemic-associated immune dysfunction that
agreed with the results of Seino et al.”® and Zeng et al. ®
who detected the correlation between hyperglycemia
and infection.

In the present study, positive T. gondii IgG among
diabetic patients was 40% in males and 60% in females,
but without significant difference. However, in the non-
diabetic males and females were 13.3% and 86.7%
respectively with significant differences. This agreed
with Harker et al.*, who found that T. gondii
seropositive rates of men and women were 6.3 and
7.2%, respectively, but without significant differences
for anti- T. gondii 1gG positivity among the diabetic
patients (P=0.20, P=0.16). Also, this agreed with
Soltani et al. °, who found that the seropositivity for
anti- T. gondii antibodies was higher in women but
disagreed with Li et al.? found that toxoplasmosis was
higher in men.

In the present study, as to contact with soil and/or
cats, there was a significant difference in seroprevalence
between rural and urban diabetic and non-diabetic ones.
This agreed with Saadatina and Golkar %, who found
that those living in rural regions suffered from
toxoplasmosis more than those living in cities. Also,
there was a significant correlation between T. gondii
infection and cat contact. This agreed with Pappas et
al® in the United States who reported a highly
significant correlation between contact with cats and T.
gondii infection. This disagreed with Hampton?’, who
didn't find a significant correlation between those with
or without cat contact.

In the present study, all diabetic patients in rural
areas showed anti-T. gondii 1gG compared to zero in
urban areas (p<0.001). This agreed with Khattab et al.
% who reported that in the rural lifestyle, there was
inadequate sanitation with exposure to domestic and
farm animals caused high toxoplasmosis prevalence.
Yildirim et al.?®® reported that sporulated oocysts
dropped from cats can contaminate the soil for several
months or even the whole year.

CONCLUSION

The lack of a significant difference in 19G
prevalence between diabetic and control groups
suggests that T. gondii exposure risk may not be directly
influenced by diabetes status. However, the significant
correlation between 1gG positivity and HbA1C levels in
diabetics could imply that chronic infection impacts
metabolic control or that poorly controlled diabetes
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increases  susceptibility to  latent infections.
Environmental factors (e.g., contact with soil and cats,
residency) are critical in determining T. gondii exposure
risk, irrespective of diabetes status. We might consider
further exploring potential immunological mechanisms
linking T. gondii seropositivity and glycaemic control,
as well as performing multivariate analyses to control
for confounding factors.
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