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Association of Toxoplasma Gondii Infection With Diabetes 
Mellitus Using Nested-PCR and Sequencing 

Background: Toxoplasmosis is a global public health concern with severe complications, particularly 
in pregnant women and immunosuppressed patients. Herein, we revealed the first genotypic evidence 
of Toxoplasma gondii (T. gondii) in diabetic and non-diabetic individuals referred to Imam Sajjad 
Hospital, Tehran, Iran, using nested-Polymerase Chain Reaction (PCR) and sequencing.

Materials and Methods: We collected 98, 95, and 94 blood samples from Type-1 Diabetes Mellitus 
(T1DM), Type-2 Diabetes Mellitus (T2DM), and control subjects from February to August 2018, and 
their DNA was extracted. After amplification and visualization of dense granule antigen 6 gene (344 
bp) using external and internal primer pairs, the positive samples were sent for sequencing.

Results: Among 287 individuals, three T1DM patients (two IgG, one IgM) and one T2DM patient 
(IgG) were found positive by molecular method, which proved to be type III strain by sequencing.

Conclusion: To the best of our knowledge, this is the first genotyping investigation on T. gondii 
in diabetic individuals. Further research should be done to better realize the association between 
Toxoplasma genotypes and the outcome of diabetes mellitus.
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Introduction

oxoplasmosis, due to Toxoplasma gondii 
(T. gondii), is a worldwide infection that 
affects a wide range of warm-blooded 
animals with adverse clinical outcomes, 
particularly in domestic livestock and 

humans [1, 2]. One-third of the global human population 
is assumed to be seropositive regarding T. gondii infec-
tion, rendering it a public health concern [3-5]. Based on 
ethnicity and or geographical location, three major routes 
for transmitting Toxoplasma are meat products containing 

viable tissue cysts, oocyst-contaminated food/water, and 
congenital disease [6, 7]. The clinical symptoms of toxo-
plasmosis in immunocompetent individuals are frequent-
ly mild and self-limiting comprising malaise, fever, and 
lymphadenopathy [8]. However, infection is more severe 
in pregnant women and immunocompromised individuals 
such as HIV/AIDS patients, representing harsh outcomes, 
such as retinochoroiditis, encephalitis, fetal abortion, pneu-
monitis, and splenomegaly [9]. The pathogenesis of T. 
gondii is predominantly affected by the number of invasive 
tachyzoites and the host’s genetic background [10]. Para-
site genotyping and strain identification by means of vari-
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ous molecular techniques are invaluable in epidemiological 
investigations for better understanding of disease outcome 
and its prognosis [11]. In this context, an array of molecular 
methods have been employed, including polymerase chain 
reaction-restriction fragment length polymorphism (PCR-
RFLP), high-resolution melting analysis, multilocus se-
quence typing, microsatellite analysis, Random Amplified 
Polymorphic (RAPD), and sequencing [12, 13]. The diver-
sity of genotyping methods has led to the multiplicity of 
the isolates designation. Initial genotypic evidence based on 
France and USA isolates showed a clonal population com-
position with three main genotypes, namely type I, II, and 
III [14]. Further investigations demonstrated other strains, 
including recombinant, exotic, atypical or non-archetypal 
genotypes [15, 16]. 

People on high-calorie diets with inappropriate life-
styles and specific genetic backgrounds are more ex-
posed to obesity and overweight [17]. This metabolic 
condition may render serious health outcomes such as 
Diabetes Mellitus (DM), which is caused either by dys-
function in insulin hormone release (Type 1 Diabetes 
[T1DM]) or decreased sensitivity of target cells to insu-
lin (Type 2 Diabetes [T2DM]). By 2030, the morbidity 
rate of DM will reach 522 million cases [18]. Besides, 
DM pathogenesis may be associated with infectious 
agents such as Helicobacter pylori [19] and Coxsackie 
B4 virus [20]. In this sense, T. gondii parasitic infection 
has been assumed to be involved in DM casualty, as 
demonstrated by seroprevalence data from Iraq, Egypt, 
Turkey, and Czech Republic [21-27]. In this case-control 
study, we shed light on the possible strain(s) of Toxo-
plasma isolated from diabetic patients referred to Imam 
Sajjad Hospital, Tehran, Iran, using nested-PCR and se-
quencing technologies. 

Materials and Methods

Study design and sampling procedure

The current study was a sequel to our recently-published 
case-control seroprevalence investigation on T1DM and 
T2DM patients with typical clinical symptoms, referred 
to Imam Sajjad Hospital in Tehran, Iran. We intended to 
understand the genotypic impact of T. gondii in these in-
dividuals using molecular methods. Blood samples were 
taken from 287 participants (235 men and 52 women), 
including 98, 95, and 94 subjects in T1DM, T2DM, and 
control groups, respectively, from February to August 
2018 [28]. These individuals were matched in terms of 
sex and age. Besides, the control group individuals had 
negative tests regarding routine blood glucose assays 
for diabetic patients. The average age of the participants 

was 24.06 (T1DM), 55.84 (T2DM), and 24.43 (control) 
years. Of note, oral consent was taken from all partici-
pants in the study. 

DNA extraction and nested-PCR amplification

DNA extraction and purification were done with an ini-
tial volume of 1 mL of participant’s blood, based on the 
instructions of the FavorPrep™ Blood Genomic DNA 
extraction mini Kit (FAVORGEN Biotech Corp., Tai-
wan). The final purified product was eluted in 50 µL of 
pre-warmed elution buffer and stored at -20oC for ampli-
fication test. The nested-PCR assay on the GRA6 gene of 
T. gondii was performed using external (F1: 5′-ATTTGT-
GTTTCCGAGCAGGT-3′ / R1: 5′-GCACCTTCGCTT-
GTGGTT-3′) and internal (F2: 5′-TTTCCGAGCAGGT-
GACCT-3′ / R2: 5′-TCGCCGAAGAGTTGACATAG-3′) 
primer pairs in Bio-Rad thermal cycler device (Bio-Rad 
Laboratories, Hercules, USA). 

The first-round PCR was prepared in a total volume 
of 15 µL, comprising 7.5 µL MasterMix 2 (Ampliqon, 
Denmark), 0.5 µL of each primer pair (specific to the 
first round), 1 µL of extracted DNA, and 5.5 µL of sterile 
distilled water. Next, 1 µL of the first-round PCR prod-
uct (1:100 diluted in sterile distilled water) was added 
to the previous reaction mixture as a DNA template and 
amplified by primer pairs specific to the second round. 
Details of the first and second rounds of nested-PCR are 
illustrated in Table 1. Finally, PCR products of the sec-
ond round were run on 1% agarose gel electrophoresis, 
and possible DNA bands (344 bp) were visualized using 
gel-doc apparatus. 

Sequencing and phylogenetic analysis

Positive DNA bands were excised from the gel and puri-
fied using GeneAll Expin™ Combo GP kit (GeneAll, South 
Korea), according to the manufacturer’s protocol. The final 
purified bands were eluted in 50 µL of pre-warmed ster-
ile distilled water and sent for sequencing purposes. The 
obtained sequences were analyzed by Sequencher (ver-
sion 4.1.4). Multiple alignments were done to evaluate the 
genetic diversity between isolates in the current study and 
those registered in the GenBank. Ultimately, the respec-
tive phylogenetic tree was drawn using the neighbor-
joining method in MEGA 7.0 bioinformatics software. 

Results

According to our nested-PCR assay on blood samples 
from diabetic patients and non-diabetic control groups, 
only 3 out of 98 T1DM patients were positive regarding 
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T. gondii GRA6 gene amplification. Among these, two 
cases were IgG positive (chronic), and a single case was 
IgM positive (acute), based on our previous seropreva-
lence study [28]. Additionally, 1 out of 95 T2DM indi-
viduals showed a specific 344 bp DNA band, previously 
proved to be seropositive for anti-T. gondii IgG (chronic) 
[28] (Figure 1). Sequencing results showed that all four 
clinical isolates from diabetic patients in our study be-
longed to the type III genotype of Toxoplasma, accessi-
ble under accession numbers MN604251 to MN604254 
in GenBank database (https://www.ncbi.nlm.nih.gov/
genbank). Also, the phylogenetic tree of the identified 
isolates was drawn in Figure 2. 

Discussion

Toxoplasma is a widespread organism, as it virtually 
infects all warm-blooded species, including humans. 
Among human populations, the infection is highlighted 
chiefly in pregnant women and immunocompromised 
individuals [29]. While the humoral and cell-mediated 
immune functions are subdued, T. gondii tachyzoites 
could propagate in different host cells and give rise to 
cellular dysfunction and severe clinical outcomes, based 
on the involved organs [30]. This organism can ma-
nipulate the host’s immunity and survive the harsh mo-
lecular milieu in the body [31]. In addition, Toxoplasma 
has been speculated to be involved in triggering and or 
progression of pathophysiological processes of some au-
toimmune disorders, including DM [26, 32, 33]. Until 
now, chronic toxoplasmosis has been significantly cor-
related to thyroid disease, systemic sclerosis, rheumatoid 
arthritis, inflammatory bowel syndrome, and hyperten-
sion in T2DM patients [34, 35]. 

There have been several seromolecular studies between 
T. gondii and DM [21, 22, 25, 27, 36-38]. We previously 
performed a case-control serological investigation using 
ELISA test regarding such association, suggesting that 
16/98 T1DM, 55/95 T2DM patients, and 16/94 control 

subjects had previous exposure to Toxoplasma. It was 
deduced that seroprevalence of anti-T. gondii IgG is 
higher in T2DM cases than in the controls (P<0.0001). 
Accordingly, two meta-analysis studies have empha-
sized a potent association between Toxoplasma exposure 
and T2DM, but not T1DM [32, 33]. The current study 
aimed to address the involved genotypes of T. gondii in 
the above groups using the nested-PCR technique and 
sequencing. Accordingly, amplification of the GRA6 
gene was detected in 3 of 98 T1DM patients and only 
in 1 case of T2DM patients. Also, all PCR results for 
control individuals were negative.

Compared with our serological findings, PCR-based 
assays demonstrate much reliability in correlating ex-
posure to Toxoplasma gondii infection and DM as a se-
vere outcome. This issue should be considered in future 
research studies. The number of inoculated parasites 
and genetic diversity play a crucial role in Toxoplasma 
pathogenesis [39]. However, to the best of our knowl-
edge, there was no molecular genotyping study on toxo-
plasmosis among DM cases previously, and this investi-
gation would open new doors towards the first genetic 
evidence of the parasite in these individuals. Mousavi 
et al. had already used nested-PCR assay to amplify 
Toxoplasma B1 and Repeat Element (RE) gene targets 
in DM patients in southeastern Iran, without subsequent 
genotyping [40]. Although B1 is the most utilized gene 
target in Toxoplasma infection diagnosis [11], we em-
ployed GRA6 for molecular typing. It is a single copy 
gene with adequate polymorphism in its coding region 
to distinguish various genotypes (type I, II, and III) using 
the PCR-RFLP method [41]. 

First insights into the molecular typing of Toxoplasma 
in DM patients showed that type III is predominant 
among all four clinical isolates. Lineages of type I are 
noxious for mice with a complete lethal dose (LD100) of 
1 parasite per mouse. Notwithstanding, lineages of type 
II are intermediately virulent, and type III are considered 

 Toxoplasma in Diabetic Patients

Res Mol Med. 2021; 9(2):73-80

Table 1. Characteristics of various steps of nested-PCR assay in thermal cycler device

Second-round PCRFirst-round PCR 

94oC - 5 min94oC - 5 min

94oC – 30 s

35 cycles

94oC – 30 s

35 cycles 57.5oC – 30 s62oC – 30 s

72oC – 30 s72oC – 30 s

72oC – 10 min72oC – 10 min
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avirulent [29]. The distribution of genotypes varies ac-
cording to geographical region and patient groups [42]. 
According to Hosseini et al. [12], the highest rates of 
type I were reported in the Americas (19.6%), while the 

lowest rates were found in Africa (6.3%). Furthermore, 
the highest prevalence of type II and III of T. gondii were 
reported from Europe (69.4%) and America (12.4%), 
respectively. Also, type III genotype was the third most 

Figure 1. Visualization of amplified 344 bp bands by nested-PCR assay
M: 50 bp DNA marker; N: Negative control; PC: Positive control; PS: Positive sample; N: Negative sample.

Figure 2. Phylogenetic tree of four T. gondii clinical isolates obtained in our investigation

Res Mol Med. 2021; 9(2):73-80
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common strain (10.7%) found in HIV/AIDS patients, as 
the most studied group of immunocompromised individu-
als, after types II (64.3%) and I (21.4%). The authors also 
reported less genetic diversity for T. gondii isolates in Asian 
and African regions than Americas [12]. Another compre-
hensive evaluation by Ajzenberg et al. on 88 Toxoplasma 
isolates in immunocompromised subjects showed that type 
III is the second most common genotype in such individu-
als, which is widely distributed in the Americas, Europe, 
Africa, and Asia [43]. 

The pathogenicity of T. gondii strains is multifactorial, 
comprising the inoculation route, host’s genetic back-
ground, and life cycle stage [29]. The parasite elicits in-
flammatory markers such as tumor necrosis factor-α, tissue 
growth actor-β (TGF-β), nitric oxide synthase, and reactive 
oxygen species (ROS), which in turn establish chronic in-
flammatory condition [26]. On the other hand, the risk of 
insulin resistance and T2DM progression are remarkably 
associated with nitric oxide, ROS, and pro-inflammatory 
cytokines [26, 32, 44]. T. gondii infects all nucleated host 
cells, including fat tissue cells, which modifies inflammato-
ry fat distribution and confers obesity as a primary risk fac-
tor of T2DM [45, 46]. Moreover, parasite manipulation in 
dopaminergic pathways would cause over-eating, obesity, 
and the subsequent T2DM [46-48]. It has been noted that 
TGF-β encourages parasite intracellular replication while 
acting as an anti-inflammatory agent [26]. Substances with 
anti-Toxoplasma activity and or immunomodulatory role, 
such as vitamin D, are protective, while their deficiency 
would contribute to DM development. There have been 
many other reasons for the association between T. gondii 
infection and DM remarked by Prandota; all of them im-
plicitly declare this association [26]. 

Conclusion

We revealed the first molecular evidence of T. gondii 
genotypes in DM patients. Three out of four PCR positive 
individuals were found in T1DM patients, and three cases 
were associated with a chronic Toxoplasma infection (IgG 
positive). These findings may indicate the plausible associ-
ation between toxoplasmosis and T1DM; also, higher IgG 
titers show that chronicity of T. gondii infection may have 
a substantial effect on diabetes initiation and or progres-
sion, which should be excavated in future research. All four 
clinical isolates in the current study were type III, being 
considered avirulent in laboratory mice. Due to the absence 
of molecular data on this topic, we could not compare our 
findings with those from other regions. Hence, we strongly 
recommend focused, collaborative and coordinated stud-
ies to determine Toxoplasma genotypes in diabetic patients 
and disease outcomes worldwide. 
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