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Backgound: In some recent studies, it has been suggested that there may be a relationship between Toxoplasma
gondii (T. gondii) and type 2 diabetes mellitus (T2DM). T. gondii is of greater signiﬁcance in these patients.
Objectives: In the present study, it was aimed to investigate the seroprevalence of T. gondii in T2DM patients.
Methods: To deﬁne Toxoplasma IgG and IgM seropositivity and determine the seroprevalence of toxoplasmosis in
patients presenting at the Internal Diseases outpatient clinic of the Healthcare Application and Research
Hospital, where the ELISA method was used. 200 T2DM patients and 100 healthy individuals with no complaints
took part in the study.
Results: Toxoplasma IgG positivity was determined in 53% of the 200 T2DM patients and Toxoplasma IgM positivity in 13%. While in the control group, Toxoplasma IgG positivity was determined in 27% and Toxoplasma
IgM positivity in 1%. The risk of toxoplasmosis infection in T2DM patients was two folds higher than healthy
controls according to the IgG results. IgM results were further diﬀerentiated.
Conclusions: We believe that the seroprevalence of T. gondii is high in the T2DM patient group and that the
causes should be investigated in more detail.

1. Introduction
Toxoplasma gondii (T. gondii) is an obligate intracellular parasite
which creates infection in mammals and some bird species. T. gondii
spreads to humans through the intake of food contaminated with oocysts found in cat feces or tissue cysts containing bradyzoites.1 It can
also be spread by the consumption of infected raw or undercooked meat
which can be spread by hand contact with infected meat. Mothers infected with T. gondii during pregnancy may pass the infection to the
infant and the time of contracting the infection aﬀects the degree of
infection in the infant.2 The disease may be spread through various
routes such as the placental route, blood transfusion or tissue transplantation. When the contagion pathways to humans are taken into
consideration, the hands must be well washed with soap and water after
contact with cats, gardening or any contact with soil bradyzoites.1
The rate of toxoplasmosis seropositivity in Turkey varies from region to region and according to research groups.3–5 In individuals with
a healthy immune system, toxoplasmosis is generally seen to be
asymptomatic. However, in patients with a suppressed immune system,
a severe course is seen, and it may be fatal. By impairing both cellular
and humoral immunity, malignant diseases, immunosuppressive treatment, corticosteroids, splenectomy, and radiotherapy may lead to
∗

reactivation of T. gondii in a latent state.6 Although there are a large
number of studies on neurological disorders and cancer association
with T. gondii, there is a minimal number of studies on the relationship
with diabetes.7,8 Cellular immunity plays a role in the basis of the immune response of the host to T. gondii. T. gondii creates a dominant Thelper type 1 (Th1) cell-mediated inﬂammatory response.9 The ability
of the host to control T. gondii depends on the subsequent production of
interleukin (IL)-12 by macrophages and dendritic cells by Toll-like receptors. Also, IL-12 stimulates natural killer cells and CD4+and
CD8+T cells to release interferon gamma (IFN-γ). This situation provides the host resistance against T. gondii. IL-10, TGF-β, and IL-27 are
vital down-regulators that prevent the overproduction of Th1-type cytokines, thereby regulating inﬂammation.9 Strong Th1 immune response leads to tachyzoites which turn into bradyzoites and leads to
prolonged immunity. The infected host is asymptomatic at this time.9
Diabetes, which is currently widespread, is a chronic disease which
develops with hyperglycemia and forms as a result of deﬁciencies in
insulin hormone or an insuﬃcient eﬀect. There are two types of diabetes; insulin dependent (Type I) and non-insulin dependent (Type
II).10 The main problem in Type I diabetes is the destruction of beta
cells, Type II diabetes is associated with a family history and excessive
body weight. Type II diabetes originates from the ineﬀective use of
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substrate was added to all the wells and incubated in the dark at room
temperature for 20 min. Absorbance plate wells were read at a wavelength of 450 nm with a plate reader (Labomed EMR-500, USA).

insulin in the body. Beta cell damage is a problem in both types of
diabetes.10 Diabetes is among the diseases causing death in Turkey,
following cardiovascular diseases and cancer. According to the results
of the Turkish Diabetes Epidemiology II report (TURDEP), the rate of
diabetic patients in Turkey is 13.7%. The results of a study by the
Turkish Ministry of Health stated that the prevalence of diabetes increased proportionally to age, and was seen at the rate of 30% in the
65–74 years age group.11 Proinﬂammatory cytokines have also been
shown to be released in type 2 diabetes mellitus (T2DM). In T2DM
patients, CD8 and CD16 values, which are markers for NK cells and
suppressor T-cells in cellular immunity, in particular, are known to be
lower than those of healthy individuals.9
In this study, the presence of T. gondii antibody was investigated in
blood samples from 200 T2DM patients and 100 healthy control subjects in order to investigate the relationship between diabetes and T.
gondii.

2.3. Statistical analysis
The row data was entered and analyzed by the SPSS v22.0 statistics
program. In the evaluation of the data, as the parametric test assumptions were not met, the Kruskal Wallis test, the Mann Whitney U test,
and the Chi-Square test were used. A value of p < 0.05 was accepted
as statistically signiﬁcant.
3. Results
Serum samples collected from 200 T2DM patients were examined
for T. gondii antibodies with the ELISA method. The results were compared with those of serum samples collected from 100 healthy individuals.
Toxoplasma Ig antibodies were found to be positive with the ELISA
method in 106 (53.0%) of the 200 T2DM patients. This rate was determined as 27% in the control group. There was a signiﬁcant diﬀerence between the groups (p < 0.05). The distribution of Toxoplasma
IgG results of diabetic and control groups according to gender is shown
in Table 1.
Toxoplasma IgM antibody positivity was determined in 26 (13%)
patients of the patient group and only 1 of the control group. There was
a signiﬁcant diﬀerence between the groups (p < 0.05). The distribution of Toxoplasma IgM results of diabetic and control groups is shown
in Table 2. In 15 patients of the T2DM group, positivity was determined
in both antibodies. Distribution of all results obtained with ELISA of the
diabetic and control groups is shown in Table 3.
In the T2DM patient group, IgG positivity alone was determined in
81 (40.5%) patients demonstrating the previous toxoplasmosis. It can
be said that 15 patients were infected. The IgM positivity alone was
determined in 11 patients which necessitated the evaluation of these
results together with clinical signs. In this evaluation, it should not be
forgotten that toxoplasmosis may be seen as asymptomatic.

2. Methods
This cross-sectional study was performed on diabetic patients referred to Internal Diseases outpatient clinic of Healthcare Application
and Research Hospital. All patients who were referred to the diabetes
center and would like to contribute in our study were questioned about
demographic characteristics, abortion, the habit of feeding cats and
consumption of raw or undercooked meat. All patients and healthy
individuals who gave written consent were recruited in this study using
the convenience sampling method.
The study included the samples from 200 T2DM patients aged from
18 to 80 years old and samples from 100 healthy individuals as a
control group. A blood sample of 2–3 ml was taken from patients aged.
The blood sample was centrifuged at 1500 rpm for 10 min for separation of the serum. The serum samples were stored at −20 °C until assay.
The Toxo-IgG and Toxo-IgM antibodies were investigated in the test
serums with the ELISA method using Dia Pro (Italy) commercial kits.
The ELISA was performed and evaluated according to the Dia Pro
(Italy) kits procedure.
2.1. Detection of Toxo-IgG

4. Discussion

The serums stored at −20 °C and the kits stored at 2°-8 °C were
taken to room temperature. The patient samples were diluted at the rate
of 1:101 with 1000 μl sample diluent+10 μl sample and 100 μl was
pipetted into wells from positive and negative controls and calibrators
(1–6). The wells were marked and covered, then incubated at 37 °C for
60 min. They were then washed 5 times in the washing device and
100 μl enzyme conjugate was added to the wells and incubated again at
37 °C for 60 min. They were then washed 5 times in the washing device
and 100 μl chromogen substrate was added to the wells and incubated
in the dark at room temperature (18°-24 °C) for 20 min. Stop solution of
100 μl was added to all the wells and the samples were then examined
with the ELISA reader (Labomed EMR-500, USA) at 450 nm wavelength.

This study found out that, 53% of T2DM patients and 27% of nondiabetic controls were positive for the Toxoplasma IgG antibodies. Also,
13% of T2DM patients and 1.0% healthy controls were positive for the
anti-IgM antibodies. According to the hypotheses put forward in this
respect, either T. gondii is caused by diabetes, or T. gondii may be more
easily found in patients with diabetes. This association is the ability of
T. gondii to spread quickly to all nucleated cells and to replicate rapidly
in the presence of glucose. There are very few epidemiological studies
referring to this association.12–17 When these publications are evaluated, the following information was reached and summarized in
Table 4.
Hokelek et al.13 a group of 56 T2DM patients, treated and followed

2.2. Detection of Toxo-IgM

Table 1
Distribution of the anti-Toxo IgG results of the diabetic and control groups (N:
Number).

The serums stored at −20 °C and the kits stored at 2°-8 °C were
taken to room temperature. The patient samples were diluted at the rate
of 1:101 with 1000 μl sample diluent+10 μl sample and 100 μl was
pipetted into wells from the controls and calibrators and 100 μl was
added from the diluent. The samples were kept at 37 °C for 60 min then
washed 5 times with 60 ml Washbuf 1200 ml distilled water. Diluent of
1.9 μl was added to Toxo IgM Ag and antigen antibody complex was
formed by adding 100 μl from the conjugate to each of the Toxo Ag.
From the prepared antigen-antibody complexes, 100 μl was added to
each of the wells and they were kept at 37 °C for 60 min, then washed 5
times with 60 ml Washbuf 1200 ml distilled water. 100 μl chromogen

Group

ELISA IgG

Total

Pozitive

Diabetes
Control
Total

Negative

N

%

N

%

N

%

108*
66*
174

54.0
66.0

92
34
126

46.0
34.0

200
100
300

100
100
100

*; p < 0.05, Chi square test.
900

Clinical Epidemiology and Global Health 8 (2020) 899–902

S. Ozcelik, et al.

(acute phase) was determined, in 49.6%, IgG (+) but IgM (−) (chronic
phase) and in 13.8%, false positivity. The relationship between toxoplasmosis and diabetes was evaluated using the Chi-square test
(p < 0.05). A statistical diﬀerence was determined in respect of age,
gender, meat consumption, fasting blood glucose and the presence of
Toxoplasma antibodies (p < 0.05). The seroprevalence of Toxoplasma
IgM and IgG antibodies was observed to be high in females. It was reported that toxoplasmosis could not be fully controlled in diabetic patients and therefore, it was necessary to periodically monitor the antibody level against T. gondii in the patient group.14
In the current study of 200 T2DM patients, Toxoplasma IgG positivity was determined in 106 (53.0%) patients and the control group,
positivity was determined in 27 (27.0%). There was a signiﬁcant difference between the two groups was found to be statistically.
Toxoplasma IgM seropositivity was determined at the rate of 13% in
the patient group and 1.0% in the control group. This result was statistically diﬀerent. From the result that IgG positivity alone was determined in 81 (40.5%), it was understood that these individuals had
previously experienced toxoplasmosis. It was concluded that in 26
cases, the infection was at the initial stage and 15 cases were infected.
Evaluation of these results together with clinical signs is required. The
risk of toxoplasmosis was seen to be two-fold higher in diabetic patients
than in the control group. The results were seen to be consistent with
the ﬁndings of previous studies. This study is important because it
shows the relationship between Toxoplasmosis and T2DM. Also, the
relationship between Toxoplasmosis and T2DM can be conﬁrmed by a
larger sample group and high-precision analyzes like PCR.

Table 2
Distribution of the anti-Toxo IgM results of the diabetic and control groups.
Group

ELISA IgG

Total

Pozitive

Diabetes
Control

Negative

N

%

N

%

N

%

26*
1*

13.0
1.0

174
99

87.0
99.0

200
100

100
100

*; p < 0.05, Fisher's exact test.
Table 3
Distribution of the results obtained with ELISA of the diabetic and control
groups (N: Number).
Group

Diabetes
Control

IgG + IgM

IgG

IgM

(−)

N

%

N

%

N

%

N

%

15
1

7.5
1.0

81
26

40.5
26.0

11
0

5.5
0.0

83
73

41.5
73.0

up at the endocrinology outpatient clinic, and a control group of 46
healthy individuals was examined. The mean age was 59.1 years. IgG
seropositivity was determined in 41 (73.2%) of the 56 patients and IgM
seropositivity in 1(1.8%) while the rates in the control group were 1/46
(2.2%) for IgG seropositivity and no IgM seropositivity was determined.
The rate of IgG seropositivity determined in the T2DM patient group
compared to the control group was evaluated as statistically diﬀerent.
Even though the possibility of T. gondii is increased at an older age, the
IgG seropositivity was at a higher level compared to the control group.
Gokce et al.12 aimed to determine the seroprevalence of Toxoplasma
antibodies using the micro enzyme-linked immunosorbent assay and
indirect ﬂuorescent antibody technique in 85 T2DM patients and 85
healthy individuals. Toxoplasma IgG seropositivity was determined in
49 (56.62%) of the T2DM patients and 18 (21.2%) of the control group.
This result was found to be highly statistically diﬀerent. IgM was determined negative in both groups. It was stated that parasitology
follow-up was necessary for the patient group. In another previous
study in Iran of 184 serum samples from 91 diabetic patients and 93
control groups, were studied using the ELISA method. The risk of T.
gondii infection in diabetic patients was reported to be 2-fold higher
than in the healthy control group. Toxoplasma IgG antibody prevalence
was determined as 60.43% in the diabetic patient group and 38% in the
control group. According to this result, patients with toxoplasmosis
were reported to be more sensitive than those without diabetes. It was
reported that diabetes which could occur through T. gondii caused damage to the nerve cells and directly to the pancreas cells in the presence
of T. gondii and with the elimination of beta cells, insulin expression
was more aﬀected.16 In another study in Iran, the presence of Toxoplasma antibodies was examined in 205 blood samples taken from
diabetic patients, comprising 42 males and 163 females, aged 13–60
years. Of these cases, 60 (29.3%) were reported seronegative, and 145
(70.7%) were seropositive. In 36.6% of patients IgG + IgM positivity

5. Conclusion
Opportunistic infections such as toxoplasmosis are more often encountered in diabetic patients than in healthy individuals. These individuals are more prone to infections. It would, therefore, be appropriate to evaluate these patients periodically in respect of
toxoplasmosis. Routine screening for T. gondii infection in T2DM patients would add to the risk prediction.
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Table 4
Studies on serprevalence of T.gondii in T2DM patients.
Reference

N

Age

Diagnostic method

Control T.gondii IgG+

Control T.gondii
IgM+

T2DM and T.gondii
IgG+

T2DM and T.gondii IgM+

Hokelek et al., 200013
Gokce et al., 200812
Shirbazou et al., 201316
Siyadatpanah et al., 201317
Modrek et al., 201514
Saki et al., 201615
Present study

56 + 46
85 + 85
91 + 93
150 + 150
205 + 0
110 + 110
200 + 100

Adults
Adults
Adults
Adults
13–60
Adults
Adults

ELISA
ELISA and IFAT
ELISA IgG
ELISA
ELISA
ELISA
ELISA

1/46(2.2%)
18/85(21.2%)
36/93(38.0%)
79/150(52.6%)
47/110(42.7%)
27/100(27%)

no
no
Not studied
1/100(1%)

41/56(73.3%)
49/85(56.6%)
55/9160.43%
76/150(50.6%)
125/205(70.7%)
24/110(21.8%)
106/200(53%)

1/56(1.8%)
no
Not studied
73/205(35.6%)
26/200(13%)
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