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Abstract

Background: Very little is known about the association between in-
fection with Toxoplasma gondii (T. gondii) and diabetes mellitus. We 
perform an age- and gender-matched case-control study to determine 
the association of T. gondii infection and diabetes mellitus.

Methods: Cases included 156 patients with diabetes mellitus and 156 
controls without diabetes mellitus who attended in two public clinics 
in Durango City, Mexico. Sera of cases and controls were tested for 
the presence of anti-Toxoplasma IgG and IgM antibodies using com-
mercially available enzyme-linked fluorescence assays (ELFA).

Results: Anti-T. gondii IgG antibodies were found in 10 (6.4%) of the 
156 cases and in five (3.2%) of the 156 controls (odds ratio (OR): 2.06; 
95% confidence interval (CI): 0.69 - 6.19; P = 0.18). The frequency 
of high (> 150 IU/mL) anti-T. gondii IgG levels in seropositive cases 
(1/10: 10.0%) was comparable to the one (1/5: 20%) in seropositive 
controls (OR: 0.44; 95% CI: 0.02 - 9.03; P = 1.00). None of the 10 
cases and five controls with seropositivity to anti-T. gondii IgG anti-
bodies were positive for anti-T. gondii IgM antibodies. Stratification 
by gender showed similar frequencies of T. gondii infection in female 
cases (7/107: 6.5%) and female controls (4/107: 3.7%) (OR: 1.80; 
95% CI: 0.51 - 6.34; P = 0.53), and in male cases (3/49: 6.1%) and 

male controls (1/49: 2.0%) (OR: 3.13; 95% CI: 0.31 - 31.19; P = 0.61).

Conclusions: We conclude that there is not serological evidence of 
an association between T. gondii infection and diabetes mellitus in the 
studied subjects in Durango City, Mexico. Further studies to elucidate 
the role of T. gondii in diabetes should be conducted.
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Introduction

Toxoplasma gondii (T. gondii) is a coccidian parasite causing 
infections all around the world [1]. There are two main routes 
of T. gondii transmission to humans: ingestion of food or water 
contaminated with oocysts shed by T. gondii infected cats, and 
eating raw or undercooked meat containing tissue cysts [2, 3]. 
Vertical transmission may also occur when a primary infection 
is acquired during pregnancy [2, 4]. Most T. gondii infections 
are asymptomatic [5]. Some infected individuals may develop 
clinical manifestations of toxoplasmosis including lymphad-
enopathy, chorioretinitis, and meningoencephalitis [2, 5, 6]. A 
reactivation of a T. gondii infection in immunocompromised 
patients may lead to a life-threatening disease with involvement 
of the central nervous system [2, 5]. After infection, T. gon-
dii spreads to many organs of the host [7]. The presence of T. 
gondii infection in pancreas has been reported in humans and 
animals. In humans, T. gondii infection may cause pancreatitis 
[8]. In a series of 18 autopsy cases of acquired toxoplasmosis 
in New York City, three cases had dissemination of T. gondii to 
pancreas [9]. In fatal toxoplasmic pancreatitis in AIDS patients, 
autopsies demonstrated pancreatic necrosis with free parasitic 
forms or tachyzoites [10], and cysts [11]. In animals, fatal acute 
toxoplasmosis involving pancreas has been observed in experi-
mentally infected mice [12], a naturally infected Valley quail 
[13], a sand fox [14], and 11 sugar gliders [15].

It is unclear whether involvement of pancreas during T. 
gondii infection may lead to diabetes mellitus. In a Korean 
study, diabetes mellitus was a major coincidental disease in 
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T. gondii IgG seropositive patients [16]. In contrast, signifi-
cantly lower levels of antibodies against T. gondii were found 
in Colombian patients with type 1 diabetes mellitus [17]. In 
a prospective cohort of Latino elderly in the USA, individu-
als seropositive to T. gondii did not show an increased rate 
of diabetes [18]. In an age- and gender-matched case-control 
study of 91 diabetic cases and 93 healthy non-diabetic controls 
in Iran, researchers found a higher seroprevalence of IgG an-
tibodies against T. gondii in diabetic patients than in healthy 
controls [19]. In a meta-analysis of studies on the association 
between chronic toxoplasmosis and diabetes mellitus, re-
searchers found that chronic toxoplasmosis was a possible risk 
factor for type 2 diabetes mellitus, and no association between 
T. gondii and type 1 diabetes mellitus [20]. Since results of 
studies about the association of T. gondii infection and diabetes 
mellitus are controversial, we decided to perform a matched 
case-control study to determine whether T. gondii seropositiv-
ity is associated with diabetes mellitus in subjects attending in 
a public health institution in Durango City, Mexico.

Materials and Methods

Study design and populations studied

We performed an age- and gender-matched case-control study 
of 156 patients with diabetes mellitus and 156 individuals 
without diabetes mellitus. Patients were enrolled in a public 
clinic for diabetes care (Clinica de Diabetes), and controls 
were enrolled in a public health center (Centro de Salud de 
Servicios Ampliados 450) in Durango City, Mexico. Both clin-
ics belong to the same health institution (Secretaria de Salud). 
This study was performed from February 2015 to March 2017. 
Inclusion criteria for enrollment of cases were: 1) individu-
als with diabetes mellitus attending in a public diabetes care 
center (Clinica de Diabetes) in Durango City, Mexico; 2) aged 
18 years and older; and 3) who accepted to participate in the 
study. Gender, occupation and socioeconomic status were not 
restrictive criteria for enrollment. In total, 107 (68.6%) females 
and 49 (31.4%) males with diabetes mellitus were enrolled in 
the study. Mean age in cases was 56.0 ± 11.1 (range 18 - 83) 
years old. Of the 156 patients, 151 had type II diabetes and five 
had type I diabetes. Control individuals were matched with 
cases for age and gender. Control individuals were randomly 
selected. Inclusion criteria for enrollment of controls were: 1) 
individuals without diabetes mellitus attending in public health 
center of the Secretary of Health (Centro de Salud de Servicios 
Ampliados 450); 2) aged 18 years and older; and 3) who ac-
cepted to participate in the study. The control group included 
107 (68.6%) females and 49 (31.4%) males. Mean age in con-
trol subjects was 55.5 ± 11.8 (range 20 - 85) years old. Cases 
and controls had similar age (P = 0.70).

Detection of anti-T. gondii IgG and IgM antibodies

Serum samples from cases and controls were obtained and 
kept frozen at -20 °C until analyzed. Serum samples were 

analyzed for anti-T. gondii IgG antibodies using the commer-
cially available enzyme-linked fluorescent assay (ELFA) kit 
“VIDAS Toxo IgG II” (BioMerieux, Marcy-l’Etoile, France). 
All serum samples with positive results in the IgG ELFA were 
further tested for anti-T. gondii IgM antibodies using the com-
mercially available ELFA kit “VIDAS Toxo IgM” (BioMer-
ieux, Marcy-l’Etoile, France). Both IgG and IgM ELFA were 
performed following the manufacturer’s instructions.

Statistical analysis

Analysis of data was performed using the software Epi Info 7 
and SPSS 15.0 (SPSS Inc., Chicago, IL). For the sample size 
calculation, we used the following values: a 95% confidence 
level, a power of 80%, a 1:1 proportion of cases and controls, 
and a reference seroprevalence of 6.1% [21] as the expected 
frequency of exposure in controls. Thus, a sample size of 155 
cases and 155 controls was obtained. We used the Student’s 
t-test to compare age values among cases and controls. The 
association between T. gondii infection and diabetes mellitus 
was analyzed with the two-tailed Pearson’s Chi-squared test or 
the Fisher exact test (for small values). Odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated, and statistical 
significance was set at a P value less than 0.05.

Ethics aspects

The Ethics Committee of the General Hospital of the Secretary 
of Health in Durango City, Mexico approved this study. Par-
ticipation in the study was voluntary, and a written informed 
consent was obtained from all participants.

Results

Anti-T. gondii IgG antibodies were found in 10 (6.4%) of the 
156 cases and in five (3.2%) of the 156 controls. The seroprev-
alence of T. gondii infection in cases was similar to the one in 
controls (OR: 2.06; 95% CI: 0.69 - 6.19; P = 0.18). Of the 10 
anti-T. gondii IgG positive cases, one (10.0%) had IgG levels 
higher than 150 IU/mL, and nine (90.0%) between 8 and 99 
IU/mL. Whereas, of the five anti-T. gondii IgG positive con-
trols, one (20.0%) had IgG levels higher than 150 IU/mL, and 
four (80.0%) between 8 and 99 IU/mL. The frequency of high 
(> 150 IU/mL) anti-T. gondii IgG levels in cases was similar to 
the one in controls (OR: 0.44; 95% CI: 0.02 - 9.03; P = 1.00). 
None of the 10 cases and five controls with seropositivity to 
anti-T. gondii IgG antibodies were positive for anti-T. gondii 
IgM antibodies by ELFA. Stratification by gender showed sim-
ilar frequencies of T. gondii infection in female cases (7/107: 
6.5%) and female controls (4/107: 3.7%) (OR: 1.80; 95% CI: 
0.51 - 6.34; P = 0.53). The frequency of T. gondii infection in 
male cases (3/49: 6.1%) was similar to the one in male controls 
(1/49: 2.0%) (OR: 3.13; 95% CI: 0.31 - 31.19; P = 0.61). Of the 
151 patients with type II diabetes, nine (6.0%) were positive to 
IgG against T. gondii, whereas one (20%) of the five patients 
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with type I diabetes had IgG antibodies against T. gondii (P = 
0.28).

Discussion

Whether T. gondii infection is associated with diabetes mel-
litus is still a matter of controversy. A limited number of stud-
ies about this association exist, and have reported conflicting 
results. Therefore, we sought to determine whether T. gondii 
infection is associated with diabetes mellitus in a sample of 
adult patients attending in a public clinic for diabetes care 
in Durango City, Mexico. For this purpose, we assessed the 
frequency of IgG and IgM antibodies against T. gondii, and 
the anti-T. gondii IgG antibody levels. Results of the current 
study indicate that patients with diabetes mellitus have equal 
frequencies of IgG and IgM antibodies against T. gondii, and 
anti-T. gondii IgG antibody levels as age- and gender-matched 
control subjects without diabetes. Therefore, our findings 
based on serological methods do not support an association 
between diabetes mellitus and T. gondii infection. Our results 
agree with the low (9%) seroprevalence of T. gondii infection 
reported in Mexican Americans from San Antonio Texas, USA 
that suffered from high rates of obesity and type 2 diabetes 
mellitus [22], and with low levels of antibodies against T. gon-
dii found in Colombian patients with type 1 diabetes mellitus 
[17]. In addition, our results are in line with the lack of associa-
tion between T. gondii infection and incident diabetes found in 
a prospective cohort of Latino elderly in New York, USA [18]. 
On the other hand, findings in favor of an association between 
T. gondii seropositivity and diabetes mellitus include a high 
seroprevalence of T. gondii infection found in patients with 
diabetes mellitus in general hospitals in Daejeon, Korea [16], 
and a significantly higher seroprevalence of T. gondii infection 
in patients with diabetes than in healthy controls found in an 
age- and gender-matched case-control study in Iran [19]. In 
addition, a meta-analysis of seven studies about the associa-
tion of chronic toxoplasmosis and diabetes mellitus concluded 
that chronic toxoplasmosis was a possible risk factor for type 
2 diabetes mellitus [20].

For a fair comparison of our results obtained under an age- 
and gender-matched case-control study design, we searched 
for similar studies in the medical literature. We were able to 
find only one age- and gender-matched case-control study 
about the association of T. gondii seropositivity and diabetes 
mellitus. In such study, researchers found a positive associa-
tion between T. gondii infection and diabetes in Iran [19]. It is 
not clear why there were differences in the associations among 
the studies. It is likely that differences in the characteristics of 
the studied populations among the studies might explain the 
differences in the association. For instance, differences in age 
and gender among the studied populations might influence the 
seroprevalence of T. gondii infection. We could not compare 
the age and gender variables of our studied population with 
those of the Iranian study because no description of these vari-
ables was found in the Iranian study. A clear difference among 
the studies was the laboratory methods used. We used ELFA 
to determine antibodies against T. gondii whereas an enzyme-

linked immunosorbent assay was used in the Iranian study 
[19]. Sensitivity and specificity of the IgG tests used in the 
studies are comparable. A 100% sensitivity and a 99% speci-
ficity of the enzyme-linked immunosorbent assay used were 
reported in the Iranian study [19]. According to the insert, the 
ELFA used in our study has a 99.65% sensitivity and a 99.92% 
specificity. The numbers of cases and controls were different 
among the studies. We enrolled 156 cases and 156 controls 
whereas 91 cases and 93 controls were included in the Iranian 
study [19].

The present study has limitations: we studied only dia-
betic outpatients from a single public clinic for diabetes care. 
The great majority of patients attending in this clinic have low 
socioeconomic status. The severity of diabetes in outpatients 
may be milder than in inpatients. Therefore, additional studies 
with diabetic inpatients, of diverse socioeconomic status, in 
several clinics should be conducted to further determine the 
association between T. gondii infection and diabetes mellitus.

Conclusions

We conclude that there was not serological evidence of an 
association between T. gondii infection and diabetes in adult 
patients attending in a public diabetes care center in Durango 
City, Mexico. Further studies to elucidate the role of T. gondii 
in diabetes should be conducted.
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