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Toxoplasma gondii (T. gondii) is an important opportunistic parasite which can leads to severe 
complications, even death in immuno-deficient patients. Diabetes is a systemic disease; considers an 
important factor that increases susceptibility and risk of various infections in the host by affecting the 
host's immune system. The aim of the current study was to determine possible relations between 
toxoplasma IgG antibodies titer and the level of glycemic control and vascular complications in type 2 
diabetic patients. In this case control study, serum for 122 samples was analyzed using ELISA for the 
presence of anti-Toxoplasma- IgG-antibodies (Abs) in both type 2 diabetic patients (62) and controls (60). 
A1c titer (level of diabetic control) was estimated in all diabetic cases. Full history and examination were 
performed after all contributors' consents. Anti-Toxoplasma IgG-Abs were detected in 56.45 % of diabetic 
patients and in 36.67% of the controls. Toxoplasmosis was significantly found more prevalent in diabetics 
associated with hypertension than controls (P=0.005). Among diabetics, patients with positive anti T. 
gondii IgG have significant long duration of diabetes versus those with negative anti T. gondii IgG 
(7.14±2.962 vs.3.26±1.583 years, respectively; P<0.001). No relations were found between types of diabetic 
vascular complication, level of glycemic control based on HbA1c level and occurrence of toxoplasmosis. 
We concluded that despite of high prevalence of anti T. gondii IgG in diabetic patients, it has no relation 
to diabetic complication and glycemic control. 

lobally, diabetes mellitus (DM) is 

one of the most serious public health 

problems in the 21
st 

century. The 

incidence of type 2 DM has increased 

significantly, not only in 

developed countries, but also in developing 

countries [1]. According to the International 

Diabetes Federation (IDF) 2017; Egypt, one 

of the 19 countries and territories in the 

Middle East and North Africa region, where 

8,9 million diabetes cases were detected in 

Egypt in 2017[2]. 

Diabetes, like other immunodeficiency 

disorders, can lead to opportunistic 

infections. Several reports show that diabetic 

patients have increased sensitivity to many 

specific infections such as toxoplasmosis[3]. 

Toxoplasma gondii is an obligate coccidian 

and intracellular parasite belonging to the 

phylum Apicomplexa, which is responsible 

for toxoplasmosis infections worldwide [4]. 

The infection by T. gondii is usually 

asymptomatic. However, some infected 

groups such as immunocompromised 

patients, suffer from potentially fatal 

outcome [5]. 

The effect of coexistence of T. gondii and 

type 2 diabetes mellitus pathogenesis 

remains a mystery. One possible explanation 

could be the inflammation-induced by 

toxoplasmosis might lead to destruction of 

β-cells in the pancreas, which leads to the 

decrease in β-cell mass and failure of 

production enough insulin [6, 7]. Another 
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explanation that diabetic patients are more 

prone to parasitic infections because of the 

likelihood of an immune system 

suppression, neuropathy, and reduced blood 

perfusion [8, 9]. Also, Shirbazou et al., 

(2013) reported that toxoplasmosis patients 

are more susceptible to develop diabetes 

than those without T. gondii infection as 

result of 3 phase destruction of the pancreas 

by tachyzoites [3]. Hyperactive phase 

(hyper-period) in which β-cell destruction of 

nerve cells often resulting in low blood 

sugar, or a too low blood sugar [3]. 

Disordered phase (compensatory phase), in 

which neurons and pancreatic β-cells have a 

considerable amount of damage, secretion of 

insulin will be inadequate, the body will start 

the compensatory function [4]. Decline 

phase (recession), in which nerve cells and 

β-cells destruction of more compensatory 

function reached its limits[3]. 

Due to paucity of studies demonstrating 

association between T. gondii infection and 

type 2 diabetes mellitus, we performed this 

case control study to determine whether 

there is an association between T. gondii 

infection and glycemic control in type 2 

diabetes mellitus. 

Patients and Methods 

Study design and Sample Collection 

This case-control study was carried out between the 

periods of January 2018 to October 2018. Totally, the 

study population consisted of 122 subjects. These 
included 62 diabetic patients who were followed at 

diabetic clinic of the Internal Medicine Department at 

Assiut University Hospitals and 60 apparently healthy 

volunteers. Patients with type 1diabetes mellitus were 

excluded. 

Sociodemographic data were collected including 

age, sex, duration of diabetes. Also, type of diabetic 

therapy, smoking status, history of hypertension, 

presence of diabetic complications was recorded. 

Ethics Aspects 

The Ethical Committee of the Assiut University 
Hospital reviewed and approved the study protocol. 

Participation in the study was voluntary, and a written 

informed consent was obtained from all participants. 

All participants were above age of 18 years old as 

basic for type II diabetes. 

Assessment of diabetic microvascular and 
macrovascular complication 

Patients were diagnosed with Coronary artery Disease 

(CAD) if they had resting electrocardiogram ischemic 

changes, history of myocardial infarction, angina, or 

coronary angiography. Ophthalmologists evaluated 

diabetic retinopathy and graded it according to the 
International Clinical Classification of Diabetic 

Retinopathy [10]. As regard to assessment of Diabetic 

nephropathy which is characterized by history of 

diabetes with the presence of albuminuria, reduced 

glomerular filtration rate, or both [11]. A single 

morning urine sample for albuminuria was taken 

from subjects and albuminuria defined if equal to or 

greater than 30 mcg / mg Creatinine (mcg/mg 

Cr)[12]. Assessment of Diabetic neuropathy was 

based on abnormalities detected during the 

neuropathic screening test (vibration sense testing, 
temperature sensing, perception of pain, 

monofilament testing and reflex testing). 

Serological Assay 

 An Enzyme-Linked Immunosorbent Assay 
(ELISA) 

In this study serum samples were collected from all 

participants and screened for T. gondii antibodies. 

Approximately 5 mL of venous blood sample was 

collected. Blood samples were left overnight at room 

temperature to allow clotting, then centrifuged at 

approximately 1000 xg for five minutes. Serum 

samples were divided into Eppendorf tubes and kept 

at-20 °C until used. Serum samples were analyzed for 

presence of anti-Toxoplasma IgG antibodies (Abs) by 

an ELISA method using a commercially available kit. 

(Genesis Diagnostics, Cat# GD080, UK) according to 

themanufacturer’s instructions, positive titer was >10 
IU/ml. Positive and negative serum controls were 

included in every plate. To avoid bias of results, the 

serology test was performed double blinded. Samples 

from diabetes mellitus patients and the control group 

were blindly examined [13, 14]. Briefly, patient and 

control samples were diluted 1:100 with sample 

diluent. For qualitative determinations, 100 μL of the 

negative control, the positive control and the diluted 
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serum samples dispensed into the wells. For semi-

quantitative determinations, use sample diluent as 0 
IU/ml and additionally dispense the 15, 50 and 150 

IU/ml standards. The wells were incubated for 20 

minutes at room temperature. Then plated were 

washed and 100 μL of Conjugated rabbit anti-human 

IgG were dispensed into each well. Plates were 

incubated for 20 minutes at room temperature. Then, 

wells were washed. Aliquots of 100 μL of TMB (tetra 

methyl blue) substrate solution were added to each 

well and plates incubated for exactly 15 minutes at 

room temperature in the dark. The reaction was 

stopped by addition of 100 μL of stop solution. 

Absorbance of plate wells were read at a wavelength 
of 450 - 620 nm with TECAN Sunrise Absorbance 

reader (Tecan Sunrise™, Switzerland) within 30 

minutes.  

 Estimating HBA1ctiter 

Circulating levels of glycosylated hemoglobin 

(HbA1c), a clinical indicator of blood glucose 

control, were measured by Hitachi 911 autoanalyzer 

(Hitachi Co. Ltd., Tokyo, Japan). Regarding HbA1c, 

the participants were divided into three categories 

that include good glycemic control (HbA1c≤7%), 

moderate glycemic control (HbA1c from 7.1–9%), 

and poor glycemic control (HbA1c>9%). 

Statistical Analysis  

Data were collected and analyzed by computer 
program SPSS" ver. 19" (SPSS Inc., Chicago, 

Illinois, USA). Continuous variables were expressed 

as mean ± Standard deviation (SD); categorical 
variables were expressed as number and percentage. 

Chi2 test was used to compare categorical variables 

and Mann–Whitney test was used for non-normally 

distributed continuous variables. Correlations were 

performed using the Spearman bivariate correlation. 

P value less than 0.05 was considered significant. 

Results 

In this study 122 subjects were recruited 

(62 diabetic patients and 60 controls), Serum 

samples collected from all participants were 

analyzed for the presence of anti-

Toxoplasma IgG-Abs. A significant high 

prevalence of anti-Toxoplasma IgG-Abs was 

observed in sera of diabetic patients when 

compared to controls (56.45 % vs. 36.67%, 

respectively; X
2
=4.795; P=0.029). 

Characteristics of all participants are 

illustrated in Table 1. There was no 

significant difference regarding gender in 

seropositivity of anti-Toxoplasma IgG-Abs 

between controls and diabetic patients 

(P=0.116) Table 2. 

Table 1. Demographic characteristics among diabetic and non-diabetic groups. 

Parameter 
Diabetic group 

N=62 

Control group 

N=60 
P value 

Age (years) 42.53±12.47 40.77±11.70 NS 

Sex (Male/Female) 35/27 38/22 NS 

Weight (Kg) 77.10±14.64 76.70±15.95 NS 

Presence of hypertension 30.6% 10% 0.005 

Smoker  12.9% 16.7% NS 

Presence of anti T. gondii IgG 56.45% 36.67% 0.029 

P>0.05 is not significant (NS) 

Table 2. Distribution of toxoplasmosis according to gender of study subjects. 

Group 
Positive for Anti T. gondii IgG Negative for Anti T. gondii IgG 

P value 
Male Female Male Female 

Study Controls 12 (31.57%) 10 (45.45%) 26 (68.42%) 12(54.54%) 
NS 

Diabetic Cases 20 (57.14%) 15 (55.65) 15(42.85%) 12(44.44%) 

Total (n) 32 25 41 24  

P>0.05 is not significant (NS) 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjh0tPsjpLqAhVr6uAKHXESB5AQFjACegQICxAG&url=https%3A%2F%2Fwww.abacusdx.com%2Flife-science%2Ftecan-sunrise-a-reliable-absorbance-reader-you-can-trust%2F&usg=AOvVaw1UsVHhQXw1_yH0bUaEGX2m
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Diabetic patients were divided into 2 groups 

according to presence or absence of anti T. 

gondii IgG. Diabetic patients with positive 

anti T. gondii IgG have significantly longer 

duration of diabetes and increased body 

weight than diabetic patients with negative 

anti T. gondii IgG (P=0.023 and <0.001; 

respectively). In the diabetic group, there 

was no relationship between types of 

diabetes therapy nor diabetic vascular 

complication and occurrence of 

toxoplasmosis Table 3. As regard to 

glycemic control in diabetic patients with 

toxoplasmosis; there were no significant 

association (p=0.086) Figure 1. Furthermore, 

there was no inverse relationship between 

anti T. gondii IgG titer and HbA1c (r=-

0.101; P =0.437) Figure 2. 

Table 3. Comparison between diabetic patients with and without Anti-T. gondii IgG antibodies 

Parameters 
Diabetic patients with Anti-

Toxoplasma IgG-
antibodies(n=35) 

Diabetic patients without Anti-
Toxoplasma IgG-antibodies 

(n=27) 
P value 

Age (years) 45.57±13.526 38.59±9.854 NS 

Sex (Male/Female)  20/15 15/12 NS 

Weight (Kg) 80.46±14.823 72.74±13.450 0.023 

Duration of DM (years) 7.14±2.962 3.26±1.583 <0.001 

Hypertension (yes/No) 9/26 10/17 NS 

Smoking (yes/No) 3/32 5/22 NS 

HbA1c% 8.163±0.9043 8.563±1.3804 NS 

Glycemic control 

Good control 

Moderate control 

Poor control 

3 

28 

4 

3 

15 

9 

NS 

Antidiabetic treatment 

Oral hypoglycemic  

Insulin Therapy 

Both (Oral and Insulin Therapy) 

7 

11 

17 

7 

9 

11 

NS 

Diabetic complication 

No complication 

Microvascular complication 

Macrovascular complication 

Both micro and macrovascular 

9 

12 

6 

8 

6 

13 

5 

3 

NS 

P>0.05 is not significant (NS) 
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Figure 1. Comparison between diabetic patients with and without anti-toxoplasmosis IgG antibodies with regard 
to glycemic control. 

 

Figure 2. Correlation between anti T. gondii IgG titer and HbA1c. 
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Discussion 

In the present study, seroprevalence of anti-

Toxoplasma IgG Abs were assessed in 122 

serum samples (62 diabetic patients and 60 

non-diabetic controls) and A1c levels 

estimated in all diabetic cases. The results 

demonstrated that the presence of anti-

Toxoplasma IgG-Abs was significantly 

lower (36.67%) in non-diabetic controls 

compared to diabetic patients (56.45 %) 

(P<0.029). This finding is consistent with a 

survey done in Iraq by Saheb, (2017); in 

which they investigated anti T. gondii IgG in 

diabetic patients and controls. Their results 

demonstrated that 55.81% of diabetic 

patients were seropositive to T. gondii IgG 

Abs compared to 38.78% in apparently 

healthy controls [15]. In addition, results 

obtained by Arshad et al., (2017) are also 

comparable with the current study. They 

reported more prevalence of toxoplasmosis 

infection in Pakistan diabetic patients 

(P<0.05) than non-diabetic individuals [16]. 

Also, similar findings were reported by other 

studies including Goekce et al. (2008), 

Sharad & AL-Hamairy (2015), [17-19]. On 

the other hand, seropositivity of IgG 

recorded among diabetic patients in the 

current study was relatively lower than these 

shown by Shirbazou et al. (2013), Modrek et 

al.(2015) and Molan & Ismail (2016) [3,20, 

21]; they reported percentage of 60.43%, 

70.7% and 66%; respectively. The 

difference between data of these studies may 

be due to variation in the geographic, 

environmental, lifestyle habits, eating 

practices, socioeconomic status, pollutants, 

and various types of viral, bacterial, and 

parasitic infections. 

The higher seroprevalence of Toxoplasma 

infection among the diabetic patients in 

comparison to non-diabetic individuals 

could be explained by the damage of β-cells 

caused by Toxoplasma infection affecting 

insulin secretion. Hyperactive phase of 

Toxoplasma infection is associated with 

hyperactive state of pancreas with excessive 

secretion of insulin resulting in low blood 

sugar, this stage is often during adolescence 

[22]. During acute infection of 

toxoplasmosis, the tissue necrosis occurs in 

the pancreas [23]. Thus, Toxoplasma 

infection could be a plausible cause for 

chronic pancreatitis and the insufficiency of 

the levels of insulin [24]. In addition, a 

meta-analysis of seven studies about the 

association of toxoplasmosis and diabetes 

mellitus concluded that chronic 

toxoplasmosis could bea possible risk factor 

for type 2 diabetes mellitus [25]. 

As regard to relation between glycemic 

control and T. gondii infection in diabetic 

patient; this study showed that there was no 

difference in glycemic control between 

diabetic patient with and without 

toxoplasmosis (P=0.086). Furthermore, there 

was no relationship between Anti T. gondii 

IgG titer and HbA1c (r=-0.101; P =0.437). 

However, monitored T. gondii diabetic rats 

showed a significant increase in the number 

of T. gondii cysts (in the brain) and level of 

blood glucose in the infected diabetic group 

when compared to the uninfected-diabetic 

group [16]. Similarly, Mohey et al., 2014 

indicated that the degree of hyperglycemia 

(effect of glucotoxicity) was associated with 

an increase in the formation of new T. gondii 

cysts and increased production of reactive 

oxygen and nitric oxide that trigger the 

inflammatory process in the rat host [26]. 

The current study apparently showed that 

gender plays no role (P>0.05) in infection 

with T. gondii, these results are in 

concordance with data of a study conducted 

by Saheb et al., (2017) [15] which reported 

that 50% of diabetic females and 50% of 
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diabetic males were T. gondii IgG-Abs 

positive. Also, results by Khalil et al., 

(2018), indicated that there is no difference 

between male and female (P>0.3)[27]. In 

contrast, Jones et al., (2006) found that men 

were at an increased risk for T. gondii 

infection, they suggested that such increase 

could be related to increased soil contact by 

men[28]. 

The present study indicated that 

seropositivity of anti-Toxoplasma IgG in 

patients on insulin treatment is more 

prevalent than those receiving oral 

treatment. Such finding is in line with 

previous results by Arshad et al., (2017), 

whose results also showed that insulin level 

was higher in individuals with chronic 

Toxoplasma infection [16]. This can be 

explained by the stimulatory effect of insulin 

on T. gondii replication that has lately been 

stated [26]. The number of the replicated 

tachyzoites increases rapidly when the 

insulin concentrations are between 10–2 and 

10–1 μg/ml in vitro[29]. 

The results of this study showed that 

there was no difference in prevalence of 

hypertension among diabetic patients with 

and without toxoplasmosis (P=0.338). Such 

finding came in contrast to data of Han Y et 

al., (2018) study that revealed T. gondii 

might be a risk factor associated with 

hypertension in diabetic patients[30].  

There is evidence that renin angiotensin 

activating (RAS) system stimulation play a 

vital role in increase the insulin resistance, 

cytokine secretion and hypertension [31-33]. 

One of the potential limitations of this 

study is the small sample size which limited 

the probability of detecting associations 

between T. gondii and glycemic control as 

well as diabetic complications. A study with 

larger sample size would help to resolve the 

seissues. Another limitation is the use of a 

diagnostic method based only on detection 

of T. gondii antibodies. 

In conclusion, our provided knowledge 

about T. gondii and glycemic control in type 

2 DM, the total seroprevalence of 

toxoplasmosis in diabetic patients was 56.45 

%. Also T. gondii may be a risk factor for 

hypertension in diabetic patients. No 

association could be established between 

Toxoplasma gondii infection and diabetic 

complication as well as glycemic control. 
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