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Abstract: This study aimed to determine the association between suicide and Toxoplasma gondii
(T. gondii) seropositivity. Serum samples of 89 decedents who committed suicide (cases) and 58
decedents who did not commit suicide (controls) were tested for anti-T. gondii IgG and IgM antibodies
using enzyme-linked immunosorbent assays. Anti-T. gondii IgM antibodies were further detected
by enzyme-linked fluorescence assay (ELFA). A total of 8 (9.0%) of the 89 cases and 6 (10.3%) of
the 58 controls were positive for anti-T. gondii IgG antibodies (OR: 0.85; 95% CI: 0.28–2.60; p = 0.78).
Anti-T. gondii IgG levels were higher than 150 IU/mL in two (2.2%) cases and in five (8.6%) controls
(OR: 0.24; 95% CI: 0.04–1.30; p = 0.11). Anti-T. gondii IgM antibodies were not found in any case
or control using the enzyme immunoassay and were found in only one (1.7%) control using ELFA
(p = 0.39). Rates of IgG seropositivity and high levels of anti-T. gondii antibodies were similar in
cases and in controls regardless of their sex or age groups. The results do not support an association
between T. gondii seropositivity and suicide. However, the statistical power of the test was low.
Further research is necessary to confirm this lack of association.
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1. Introduction

The apicomplexan protozoan Toxoplasma gondii (T. gondii) can infect any nucleated cell
in any warm-blooded animal and causes a disease called toxoplasmosis [1]. The disease
is an important zoonosis with medical and veterinary importance worldwide [2]. The
main routes of T. gondii transmission are by ingestion of tissue cysts in raw or undercooked
meat of infected animals, ingestion of water of raw vegetables contaminated with T. gondii
oocysts from cat feces, and transplacental transmission [3]. Toxoplasmosis is one of the
most common infections in the world due to the lifelong persistence of T. gondii in a latent
stage [4]. Primary infection is usually subclinical, but some patients may develop cervical
lymphadenopathy or ocular disease [5]. Acute infection with T. gondii during pregnancy
is detrimental to the developing fetus [6]. In immunocompromised patients, reactivation
of the latent disease can cause life-threatening encephalitis [5]. T. gondii can persist in
the central nervous system leading to behavioral changes of the host [7]. Subacute and
chronic infections with T. gondii are associated with an increased risk of psychiatric diseases
such as schizophrenia [8]. Seroprevalence of infection with T. gondii has been associated
with bipolar disorder [9], mixed anxiety and depressive disorder [10], aggression and
impulsivity [11], obsessive–compulsive disorder, addiction [12], mental retardation [13],
and generalized anxiety disorder [14]. In addition, infection with T. gondii has been linked
to suicide attempts. Seroprevalence of T. gondii infection was higher in suicide attempters
than in healthy controls in studies in Korea [15] and Turkey [16]. High levels of anti-
T. gondii IgG antibodies were associated with suicide attempts in psychiatric outpatients
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in Mexico [17]. There is scarce information about the link between T. gondii seropositivity
and suicide. Therefore, this study aimed to determine the association between T. gondii
seropositivity and suicide in decedents in a forensic setting in Mexico City.

2. Results

A total of 8 (9.0%) of the 89 cases and 6 (10.3%) of the 58 controls were positive for anti-
T. gondii IgG antibodies. The frequency of anti-T. gondii IgG antibodies in cases was similar
to that found in controls (OR: 0.85; 95% CI: 0.28–2.60; p = 0.78). Anti-T. gondii IgG levels
were higher than 150 IU/mL in two (2.2%) cases and in five (8.6%) controls. The frequency
of high (>150 IU/mL) anti-T. gondii IgG antibody levels in cases was similar to that found
in controls (OR: 0.24; 95% CI: 0.04–1.30; p = 0.11). Anti-T. gondii IgM antibodies were not
found in any case or control using the enzyme immunoassay, whereas anti-T. gondii IgM
antibodies were found in only one (1.7%) control using ELFA (p = 0.39). Stratification by
age and sex of seroprevalence of T. gondii infection in cases and controls is shown in Table 1.

Table 1. Association between suicide and T. gondii seropositivity: stratification by sex and age groups.

Cases Controls

Seropositivity Seropositivity 95%
No. To T. gondii No. To T. gondii Confidence p

Characteristic Tested No. % Tested No. % OR Interval Value

Sex
Male 68 6 8.8 48 6 12.5 0.67 0.20–2.24 0.52

Female 21 2 9.5 10 0 0.0 - - 1.00
Age (years)

≤30 43 6 14.0 35 3 8.6 1.72 0.39–7.48 0.50
31–50 30 1 3.3 15 1 6.7 0.48 0.02–8.29 1.00
>50 16 1 6.3 8 2 25.0 0.20 0.01–2.64 0.24
All 89 8 9.0 58 6 10.3 0.85 0.28–2.60 0.78

IgG seropositivity rates were similar in cases and controls regardless of their sex or age
groups. Stratification by age and sex of the frequency of high (>150 IU/mL) anti-T. gondii
IgG antibody levels in cases and controls is shown in Table 2. No association between
the rates of high levels of anti-T. gondii antibodies and suicide among sex or age groups
was found.

Table 2. Association between suicide and high (>150 IU/mL) levels of anti-T. gondii IgG: stratification by sex and age.

Cases Controls

>150 IU/mL >150 IU/mL 95%
No. Of IgG No. Of IgG Confidence p

Characteristic Tested No. % Tested No. % OR Interval Value

Sex
Male 68 1 1.5 48 5 10.4 0.12 0.01–1.13 0.08

Female 21 1 4.8 10 0 0.0 - - 1.00
Age (years)

≤30 43 2 4.7 35 2 5.7 0.80 0.10–6.02 1.00
31–50 30 0 0.0 15 1 6.7 - - 0.33
>50 16 0 0.0 8 2 25.0 - - 0.10
All 89 2 2.2 58 5 8.6 0.24 0.04–1.30 0.11

3. Discussion

Seropositivity to T. gondii or high anti-T. gondii IgG antibody levels have been associ-
ated with suicide attempts in several studies [15–17]; however, the link between suicide
and T. gondii seroprevalence and serointensity has been poorly studied. Therefore, in this
case–control study, we sought to determine the association between T. gondii seropositivity
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and serointensity and suicide in a forensic setting in Mexico City. We found a comparable
seroprevalence of T. gondii infection in decedents who died by suicide and in decedents
who did not die by suicide. In addition, we found a similar frequency of high levels
of anti-T. gondii IgG antibodies in cases and in controls. Furthermore, the frequency of
anti-T. gondii IgM antibodies in cases was similar to that found in controls. Thus, the results
suggest that seropositivity and serointensity of T. gondii was not associated with suicide in
the decedents studied in Mexico City. Our results conflict with those found in a study of
women in 20 European countries where researchers identified statistically significant rela-
tionships between T. gondii seropositivity and suicide rates in women of postmenopausal
age [18]. Our results also conflict with those found in a study of decedents in Poland where
investigators observed a significantly higher seroprevalence (71.4%) of T. gondii infection in
decedents 38–58 years old whose deaths resulted from suicide compared to the seropreva-
lence (44.4%) found in control groups [19]. Differences in the findings between the studies
might be due to differences in the design of the studies and the study populations. In the
current study, male and female decedents were included in the study, whereas only women
were included in the study of 20 European countries [18]. Our study was performed in a
low-T. gondii-seroprevalence population, whereas the study in Poland was performed in a
high-T. gondii-seroprevalence population [19]. Mexico City (formerly called the Federal
District) has an intermediate (31.0%) seroprevalence of T. gondii infection compared to other
Mexican states, where the lowest (17.1%) seroprevalence is in the state of Baja California
Sur and the highest (67.5%) seroprevalence is in the state of Tabasco using the indirect
immunofluorescence assay [20]. It is unclear why the population of Mexico City has a
relatively low seroprevalence of T. gondii infection. Studies are necessary to determine the
risk factors associated with T. gondii infection in population groups in Mexico City. On the
other hand, our results conflict with those reported in some studies of living populations
where suicide attempts have been associated with T. gondii seropositivity or serointensity.
For instance, T. gondii seropositivity was associated with suicide attempts in psychiatric
patients in Korea [15], and T. gondii serointensity was associated with suicide attempts in
patients with recurrent mood disorders in the USA [21], and psychiatric patients in Mex-
ico [17]. In contrast, our results agree with a lack of association between T. gondii exposure
and suicidal ideation found in a study of patients suffering from mental and behavioral dis-
orders due to psychoactive substance use in Mexico [22], and a lack of association between
T. gondii seropositivity and suicide attempts in adolescents in Turkey [23]. In addition, in a
longitudinal general population study in Finland, suicidal outcomes were not associated
with T. gondii seropositivity [24]. The negative result found in the present study does not
indicate that there is not any association between T. gondii infection and completed suicide.
Firstly, seropositivity does not indicate that T. gondii has infected the brain and has led to
behavioral changes including suicidal behavior. Secondly, toxoplasmosis has been involved
not only in suicidal behavior, but also in a number of diseases that could be present in cases
as well as in controls; for instance, T. gondii infection has been linked to heart disease [25],
and heart disease was present in some controls. In addition, the real statistical power of
the test was low. The low sample size, and low statistical power of the test, increased the
likelihood of a type II error. Therefore, our study may not be able to detect a true effect.
Stratification by sex and age groups did not show a difference in T. gondii seropositivity or
serointensity between cases and controls. It raises the question of whether factors other
than sex and age might be involved in a link between suicide and T. gondii infection. It is
unknown whether decedents included in the control group had had suicidal behavior in
life. Recent studies in Mexico have shown an association between T. gondii seropositivity
and suicidal behavior in several population groups including patients attending primary
health care clinics [26] and people with alcohol consumption [27]. Further studies including
a wide range of sociodemographic, clinical, and behavioral variables to determine the
association between T. gondii infection and suicide should be conducted.

In the present study, the number of controls was smaller than the number of cases.
Decedents who died by traffic accidents were not enrolled as controls in the study because
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this factor has been linked to T. gondii exposure [28]. The establishment of an exclusion
criterion in controls but not in cases reduced the availability of controls. Results found in
the 58 controls made us understand that even increasing the number of controls to 89 (the
same as the number of cases) would not have changed the lack of a positive association
between T. gondii seropositivity and suicide.

4. Materials and Methods

Through a case–control study design, we studied decedents who died because of
suicide (cases) and decedents who died by causes other than suicide (controls). Cases and
controls were studied at a forensic setting (Instituto de Ciencias Forenses) in Mexico City,
Mexico, from November 2015 to December 2016. Inclusion criteria for cases were decedents
who died by suicide, male or female, and of any age. Inclusion criteria for controls were
decedents who died by causes other than suicide, male or female, and of comparable age
to cases. In total, 89 cases and 58 controls were included in the study. Of the cases, 68 were
men and 21 were women, and their mean age was 35.21 ± 17.48 (range 10–90) years. Of the
controls, 48 were men and 10 were women, and their mean age was 31.82 ± 15.01 (range
8–75) years. There was no difference in age (p = 0.24) or gender (p = 0.35) between cases and
controls. Data about age, sex, and cause of death of decedents were obtained from records.
Causes of death in control decedents included alcohol poisoning, asphyxia, burns, carbon
monoxide poisoning, electrocution, gas embolism, generalized visceral congestion, gunshot
wounds, heart infarction, hypoglycemia, injuries, knife wounds, meningitis, pneumonia,
pulmonary edema, strangulation, suffocation, and traumatic brain injury. The exclusion
criterion for controls was decedents who died by traffic accidents.

Blood samples of decedents were collected more than 12 h after death. After blood
centrifugation, serum was obtained and frozen down at −20 ◦C, then analyzed. All
serum samples were analyzed for anti-T. gondii IgG and IgM antibodies using the commer-
cially available enzyme immunoassays “Toxoplasma gondii IgG” kit (Diagnostic Automa-
tion/Cortez Diagnostics, Inc., Woodland Hills, CA. USA) and “Toxoplasma gondii IgM” kit
(Diagnostic Automation/Cortez Diagnostics, Inc.), respectively. Anti-T. gondii IgG antibody
levels were expressed as International Units (IU)/mL, and a value of 8 IU/mL was used as
a cut-off for seropositivity. Anti-T. gondii IgG antibody levels were arbitrarily considered
as “high” when found at >150 IU/mL. We selected this high antibody level because the
highest calibrator provided in the commercially available enzyme immunoassay used was
150 IU/mL and for comparison purposes with other studies in the region that have used
this high antibody level. In addition, anti-T. gondii IgM antibodies were further detected
using the commercially available enzyme-linked fluorescent assay (ELFA) kit “VIDAS Toxo
IgM” (BioMérieux, Marcy-l’Etoile, France). All assays were performed according to the
instructions of the manufacturers.

Statistical analysis was performed with the aid of the software Epi Info version 7
and Microsoft Excel. We calculated the sample size using the following parameters: a
two-sided confidence level of 95%, a power of 80%, a 0.65 ratio of controls to cases, a
reference seroprevalence of 27.97% [29] as the percentage outcome of exposure in controls,
and an odds ratio of 2.7. The result of the sample size calculation with the Fleiss method
was 88 cases and 57 controls. The Student’s t-test was used to compare the age of cases and
controls. The seropositivity rates between the groups were compared with the Pearson’s
Chi-square test or the Fisher exact test (when a value was ≤5). We calculated the odd
ratios (OR) and 95% confidence intervals (CI), and a p value less than 0.05 was considered
statistically significant. An additional statistical analysis to determine the statistical power
of the test was performed. For this purpose, we used the following data: a sample size of
89 cases and 58 controls, a 10.3% seroprevalence of T. gondii infection, an OR of 2.7, and a
significance level of 0.05. The actual power of the test was 53.5%.
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5. Conclusions

The results of this study of decedents in Mexico City do not support an association
between T. gondii seropositivity and suicide. Further research is necessary to confirm this
lack of association.
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14. Akaltun, İ.; Kara, S.S.; Kara, T. The relationship between Toxoplasma gondii IgG antibodies and generalized anxiety disorder and
obsessive-compulsive disorder in children and adolescents: A new approach. Nord. J. Psychiatry 2018, 72, 57–62. [CrossRef]

15. Bak, J.; Shim, S.H.; Kwon, Y.J.; Lee, H.Y.; Kim, J.S.; Yoon, H.; Lee, Y.J. The Association between Suicide Attempts and Toxoplasma
gondii Infection. Clin. Psychopharmacol. Neurosci. 2018, 16, 95–102. [CrossRef]

16. Yagmur, F.; Yazar, S.; Temel, H.O.; Cavusoglu, M. May Toxoplasma gondii increase suicide attempt-preliminary results in Turkish
subjects? Forensic. Sci. Int. 2010, 199, 15–17. [CrossRef]

http://doi.org/10.1016/j.ijpara.2020.11.001
http://doi.org/10.1186/s13071-015-0902-6
http://www.ncbi.nlm.nih.gov/pubmed/26017718
http://doi.org/10.1016/j.rvsc.2020.10.019
http://doi.org/10.1007/s00018-019-03267-2
http://doi.org/10.1016/S0140-6736(04)16412-X
http://doi.org/10.1891/0730-0832.34.5.274
http://doi.org/10.1111/pim.12157
http://www.ncbi.nlm.nih.gov/pubmed/25376390
http://doi.org/10.1371/journal.pone.0220560
http://www.ncbi.nlm.nih.gov/pubmed/31404078
http://doi.org/10.1016/j.actatropica.2019.02.001
http://www.ncbi.nlm.nih.gov/pubmed/30731066
http://doi.org/10.14740/jocmr2576w
http://www.ncbi.nlm.nih.gov/pubmed/27298660
http://doi.org/10.4088/JCP.14m09621
http://www.ncbi.nlm.nih.gov/pubmed/27046307
http://doi.org/10.1111/acps.12423
http://www.ncbi.nlm.nih.gov/pubmed/17435677
http://doi.org/10.1080/08039488.2017.1385850
http://doi.org/10.9758/cpn.2018.16.1.95
http://doi.org/10.1016/j.forsciint.2010.02.020


Pathogens 2021, 10, 1094 6 of 6

17. Alvarado-Esquivel, C.; Sánchez-Anguiano, L.F.; Arnaud-Gil, C.A.; López-Longoria, J.C.; Molina-Espinoza, L.F.; Estrada-Martínez,
S.; Liesenfeld, O.; Hernández-Tinoco, J.; Sifuentes-Álvarez, A.; Salas-Martínez, C. Toxoplasma gondii infection and suicide
attempts: A case-control study in psychiatric outpatients. J. Nerv. Ment. Dis. 2013, 201, 948–952. [CrossRef]

18. Ling, V.J.; Lester, D.; Mortensen, P.B.; Langenberg, P.W.; Postolache, T.T. Toxoplasma gondii seropositivity and suicide rates in
women. J. Nerv. Ment. Dis. 2011, 199, 440–444. [CrossRef]

19. Samojłowicz, D.; Borowska-Solonynko, A.; Gołab, E. Prevalence of Toxoplasma gondii parasite infection among people who died
due to sudden death in the capital city of Warsaw and its vicinity. Przegl. Epidemiol. 2013, 67, 29–33. [PubMed]

20. Velasco-Castrejón, O.; Salvatierra-Izaba, B.; Valdespino, J.L.; Sedano-Laram, A.M.; Galindo-Virgen, S.; Magos, C.; Llausás,
A.; Tapia-Conyer, R.; Gutiérrez, G.; Sepúlveda, J. Seroepidemiología de la toxoplasmosis en México [Seroepidemiology of
toxoplasmosis in Mexico]. Salud Publica Mex. 1992, 34, 222–229.

21. Arling, T.A.; Yolken, R.H.; Lapidus, M.; Langenberg, P.; Dickerson, F.B.; Zimmerman, S.A.; Balis, T.; Cabassa, J.A.; Scrandis, D.A.;
Tonelli, L.H.; et al. Toxoplasma gondii antibody titers and history of suicide attempts in patients with recurrent mood disorders.
J. Nerv. Ment. Dis. 2009, 197, 905–908. [CrossRef]

22. Alvarado-Esquivel, C.; Carrillo-Oropeza, D.; Pacheco-Vega, S.J.; Hernández-Tinoco, J.; Salcedo-Jaquez, M.; Sánchez-Anguiano,
L.F.; Ortiz-Jurado, M.N.; Alarcón-Alvarado, Y.; Liesenfeld, O.; Beristain-García, I. Toxoplasma gondii exposure in patients
suffering from mental and behavioral disorders due to psychoactive substance use. BMC Infect. Dis. 2015, 15, 172. [CrossRef]
[PubMed]

23. Sari, S.A.; Kara, A. Association of suicide attempt with seroprevalence of Toxoplasma gondii in adolescents. J. Nerv. Ment. Dis.
2019, 207, 1025–1030. [CrossRef] [PubMed]

24. Lindgren, M.; Holm, M.; Markkula, N.; Härkänen, T.; Dickerson, F.; Yolken, R.H.; Suvisaari, J. Exposure to common infections and
risk of suicide and self-harm: A longitudinal general population study. Eur. Arch. Psychiatry Clin. Neurosci. 2020, 270, 829–839.
[CrossRef] [PubMed]

25. Alvarado-Esquivel, C.; Salcedo-Jaquez, M.; Sanchez-Anguiano, L.F.; Hernandez-Tinoco, J.; Rabago-Sanchez, E.; Beristain-Garcia,
I.; Liesenfeld, O.; Estrada-Martinez, S.; Perez-Alamos, A.R.; Alvarado-Soto, E. Association between Toxoplasma gondii exposure
and heart disease: A case-control study. J. Clin. Med. Res. 2016, 8, 402–409. [CrossRef]

26. Alvarado-Esquivel, C.; Estrada-Martínez, S.; Ramos-Nevárez, A.; Pérez-Álamos, A.R.; Beristain-García, I.; Alvarado-Félix, Á.O.;
Cerrillo-Soto, S.M.; Sifuentes-Álvarez, A.; Alvarado-Félix, G.A.; Guido-Arreola, C.A.; et al. Association between Toxoplasma
gondii exposure and suicidal behavior in patients attending primary health care clinics. Pathogens 2021, 10, 677. [CrossRef]

27. Alvarado-Esquivel, C.; Estrada-Martínez, S.; Pérez-Álamos, A.R.; Beristain-García, I.; Alvarado-Félix, Á.O.; Alvarado-Félix, G.A.;
Sifuentes-Álvarez, A. Toxoplasma gondii Infection and suicidal behavior in people with alcohol consumption. Pathogens 2021, 10,
734. [CrossRef]

28. Flegr, J.; Havlícek, J.; Kodym, P.; Malý, M.; Smahel, Z. Increased risk of traffic accidents in subjects with latent toxoplasmosis: A
retrospective case-control study. BMC Infect. Dis. 2002, 2, 11. [CrossRef]

29. Galvan-Ramirez Mde, L.; Troyo, R.; Roman, S.; Calvillo-Sanchez, C.; Bernal-Redondo, R. A systematic review and meta-analysis
of Toxoplasma gondii infection among the Mexican population. Parasites Vectors 2012, 5, 271. [CrossRef]

http://doi.org/10.1097/NMD.0000000000000037
http://doi.org/10.1097/NMD.0b013e318221416e
http://www.ncbi.nlm.nih.gov/pubmed/23745372
http://doi.org/10.1097/NMD.0b013e3181c29a23
http://doi.org/10.1186/s12879-015-0912-1
http://www.ncbi.nlm.nih.gov/pubmed/25886154
http://doi.org/10.1097/NMD.0000000000001046
http://www.ncbi.nlm.nih.gov/pubmed/31688493
http://doi.org/10.1007/s00406-020-01120-3
http://www.ncbi.nlm.nih.gov/pubmed/32219505
http://doi.org/10.14740/jocmr2525w
http://doi.org/10.3390/pathogens10060677
http://doi.org/10.3390/pathogens10060734
http://doi.org/10.1186/1471-2334-2-11
http://doi.org/10.1186/1756-3305-5-271

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Conclusions 
	References

