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ABSTRACT
Objective: The primary aim was to relate Toxoplasma 
gondii seropositivity and serointensity to scores on the 
self-rated Suicide Assessment Scale (SUAS-S). Another 
aim was to reevaluate the previously reported positive 
association between T gondii serointensity and a history 
of nonfatal suicidal self-directed violence.

Method: This cross-sectional, observational study 
compared T gondii serointensity and seropositivity  
in plasma from 54 adult suicide attempters (inpatients  
at Lund University Hospital, Lund, Sweden) and 30  
adult control subjects (randomly selected from the 
municipal population register in Lund, Sweden)  
recruited between 2006 and 2010. The potential of 
patients and controls for self-directed violence was 
evaluated with the SUAS-S. Psychiatric diagnoses were 
made according to DSM-IV criteria. Plasma samples were 
tested for immunoglobulin G antibodies to T gondii, 
cytomegalovirus, and herpes simplex virus type 1. Data 
were analyzed using multivariable logistic regression to 
investigate the association between T gondii serointensity 
or seropositivity and a history of nonfatal suicidal self-
directed violence; multivariable linear regression was 
used to explore the relationship between T gondii 
serointensity or seropositivity and the SUAS-S. Both 
regression models included sex, age, and body mass 
index as covariates.

Results: Seropositivity of T gondii (adjusted odds ratio 
[OR] = 7.12; 95% CI, 1.66–30.6; P = .008) and serointensity 
of T gondii (adjusted OR = 2.01; 95% CI, 1.09–3.71; P = .03) 
were positively associated with a history of nonfatal 
suicidal self-directed violence. Seropositivity of T gondii 
was associated with higher SUAS-S scores, a relationship 
significant for the whole sample (P = .026), but not for 
suicide attempters only. No significant associations with 
other pathogens were identified.

Conclusions: These results are consistent with previous 
reports on the association between T gondii infection and 
nonfatal suicidal self-directed violence. Confirming these 
results in future large longitudinal studies and including 
suicide as an outcome may lead to novel individualized 
approaches in suicide prevention.
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Suicide is a major public health problem. In the United States, 
36,909 suicide deaths were reported in 2009, with 1 death every 

14.2 minutes.1 Globally, suicide accounts for almost 1 million deaths 
every year.2 An estimated 90% of people who commit suicide have 
a diagnosed psychiatric disorder.3 Furthermore, a history of nonfa-
tal suicidal self-directed violence is one of the most significant risk  
factors for suicide.3,4

Toxoplasma gondii is an intracellular parasite that can reproduce 
sexually in the lumen of the gut of its definitive host—any member of 
the cat family. The common route of infection in humans is ingestion 
of the parasite’s oocysts (eg, food or water contaminated by feces of 
infected cats, and, to some degree, handling of cats’ litter) or T gondii 
tissue cysts present in undercooked or raw meat or in raw food (eg, 
salad) that is contaminated by tools (eg, knives) used to process raw 
meat. Up to one-third of the world’s population is infected with  
T gondii.5 The prevalence of immunoglobulin G (IgG) antibodies to 
T gondii in the United States is estimated to be 10.8% of the popu-
lation between the ages of 6 and 49 years,6,7 and, in Sweden, the 
prevalence is 23%.8 The symptoms of the infection depend mainly 
on the host’s immune response. In immunocompromised9 individu-
als and fetuses,10 severe neuropathology (eg, encephalitis), including 
potential death, has been documented. On the other hand, the far 
more common chronic toxoplasmosis in immunocompetent hosts 
is traditionally considered minimally symptomatic11 or even asymp-
tomatic.12 However, an emerging body of research has revealed the 
potential association between latent toxoplasmosis and certain 
psychiatric conditions. For instance, the prevalence of T gondii sero-
positivity was found to be higher in schizophrenia patients13 as well 
as patients with personality disorders,14 as compared to controls. 
Additionally, T gondii seropositivity has been found to be associated 
with higher rates of car crashes15,16 and personality features,17,18 and 
its reactivation was proposed to be one of the mechanisms leading 
to migraine headaches.19–21

The first report of an association of T gondii with nonfatal sui-
cidal self-directed violence was made by Arling et al22 in a sample of 
patients with recurrent mood disorders in the Baltimore, Maryland/
Washington, DC area. These results were confirmed in psychiat-
ric patients in a case-control study carried out in Turkey.23 The 
association of T gondii and nonfatal suicidal self-directed violence 
was further confirmed in younger patients with schizophrenia in 
Germany.24 Additionally, Ling et al25 found an association between 
European national rates of T gondii infection and suicide in women 
of menopausal age.

The above studies have focused on nonfatal suicidal self-directed 
violence, except for the study by Ling et al,25 which linked T gondii 
to fatalities. However, the Ling et al25 study can have only restricted 
impact given the inherent limitations of its ecological design. In the 
absence of cohorts containing sufficient numbers of suicide cases 
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with adequate preexisting biological material and funding 
allowing testing for T gondii antibodies, a surrogate method 
is to use predictors of suicide completion among suicide 
attempters. Up to this point, there has been no study relat-
ing T gondii seropositivity to a suicidality severity scale 
used to predict future suicide. Thus, the primary goal of the 
current project was to test a hypothesized positive relation-
ship between markers of chronic infection with T gondii 
and suicidality scores on a validated suicidality scale. As a 
secondary goal, we reevaluated the previously reported asso-
ciation between nonfatal suicidal self-directed violence and 
T gondii IgG antibodies.

METHOD

In this cross-sectional, observational study, we compared 
T gondii antibody titers in plasma from 54 adult suicide 
attempters and 30 adult control subjects recruited between 
2006 and 2010 in Lund, Sweden. The serum samples were 
collected in Lund, Sweden, with serologic analysis performed 
blindly at the University of Maryland Institute of Virology, 
Baltimore, Maryland. The study was approved by the Ethical 
Review Board for human studies, Lund/Malmoe, Sweden 
and was exempted by the Institutional Review Board of the 
University of Maryland, Baltimore.

The participants with a history of self-directed violence 
were inpatients at the Lund University Hospital and were 
admitted for suicide attempt, which was a priori defined 
as “situations in which a person has performed an actually 
or seemingly life-threatening behavior with the intent of 
jeopardizing his/her life or to give the appearance of such 
intent, but which has not resulted in death.”26(p1062) How-
ever, all suicide attempters who were included in the study 
expressed suicidal intent explicitly. We have converted the 
terminology to match the recent guidelines of the Centers 
for Disease Control and Prevention for uniform definitions 
of self-directed violence.27

Control participants were randomly selected from the 
municipal population register in Lund, Sweden. Exclusion 
criteria were as follows: previous or ongoing psychiatric or 
somatic disorder; prior suicide attempts; prior psychiatric 
treatment, including psychotherapy; ongoing somatic illness 
or treatment, including painkillers or antibiotics; pregnancy; 
suicide or nonfatal suicidal self-directed violence in a first-
degree relative; and sporadic recent drug use.

Subjects who did not meet any exclusion criteria at the 
phone interview were further assessed for psychiatric and 
somatic pathology during an appointment with a research 
nurse and a resident or specialist in psychiatry. These sub-
jects were checked for alcohol abuse using the Alcohol Use 
Disorders Identification Test28; participants who scored 8 or 
above were excluded. They were further assessed for possible 
suicidality as described below. All participants underwent 
a general physical examination including blood pressure 
measurement, pulmonary and cardiovascular history and 
examination, and detailed neurologic examination. The 
laboratory examination included hemoglobin, white blood 

cell count, C-reactive protein, blood glucose, thyroid status, 
blood lipids, and urine sample analysis.

Psychiatric diagnosis was made according to DSM-IV, 
using the Structured Clinical Interview for DSM-IV Axis 
I Disorders29 and the Structured Clinical Interview for 
DSM-IV Axis II Personality Disorders.30 Diagnoses among 
the sample of suicide attempters were as follows: major 
depressive disorder (n = 7), bipolar I disorder (n = 4), bipo-
lar II disorder (n = 10), dysthymia (n = 2), depression not 
otherwise specified (n = 3), generalized anxiety disorder 
(n = 1), anxiety not otherwise specified (n = 4), psychotic 
disorder not otherwise specified (n = 1), schizoaffective dis-
order (n = 2), alcohol abuse (n = 5), nonalcohol substance 
abuse (n = 2), adjustment disorder (n = 4), and personality 
disorder not otherwise specified (n = 25). Medications used 
by the suicide attempters included neuroleptics (n = 10), 
selective serotonin reuptake inhibitors (n = 24), serotonin-
norepinephrine reuptake inhibitors (n = 19), antiepileptics 
(n = 8), hydroxyzine (n = 10), propiomazine (n = 19), and 
benzodiazepines (n = 34).

The somatic diagnoses included allergy (n = 1), arthrosis 
(n = 2), asthma (n = 2), diabetes (n = 3), fibromyalgia (n = 1), 
high blood pressure (n = 2), hyperthyroidism (n = 1), hypo-
thyroidism (n = 1), migraine (n = 3), multiple sclerosis (n = 1), 
obesity (n = 1), pain syndrome (n = 1), polycystic ovary syn-
drome (n = 1), and tinnitus (n = 1).

All participants were evaluated using the self-rated ver-
sion of the Suicide Assessment Scale (SUAS-S), constructed 
from the original interview-based scale31; it consists of 20 
items assessing signs and symptoms related to suicidality 
and has a maximum score of 80.32 The SUAS is sensitive to 
change over time.33 The scale was initially designed to be 
used in treatment studies, regardless of psychiatric diagno-
sis. Later studies indicated that high scores might predict 
future suicidal self-directed violence. For instance, Waern 
et al34 showed that high SUAS scores were associated with 
repetition of nonfatal suicidal self-directed violence, and 
Holmstrand et al35 reported that suicide completers had 
significantly higher prior SUAS scores compared to suicide 

The study confirms an association between  ■ Toxoplasma 
gondii seropositivity and nonfatal suicidal self-directed 
violence, the most important predictor of fatal suicidal 
self-directed violence.

A positive association between  ■ T gondii seropositivity 
and higher scores on the self-rated Suicide Assessment 
Scale, previously reported to predict subsequent 
suicidal behavior, emphasizes the need for further 
research to confirm the prognostic role of testing for 
T gondii in patients at risk for suicide and to consider 
this widespread neurotropic infection, in concert with 
other suicide risk factors, as a target for prophylaxis and 
treatment.

Clinical Points
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noncompleters who were matched according to sex, age, and 
diagnosis.

In addition, the Montgomery-Asberg Depression Rating 
Scale (MADRS)36 was administered to all participants. The 
MADRS consists of 10 items and was derived from the  
Comprehensive Psychopathological Rating Scale (CPRS). 
The MADRS has adequate validity with respect to the  
Hamilton Depression Rating Scale.37

Blood Samples
Blood samples were collected between 7:30 am and 8:00 

am after a night of fasting and bed rest. The same conditions 
applied to all the samples. The blood was placed on ice and 
centrifuged (3,000 revolutions per minute at +4°C) within 
1 hour. Plasma was collected and stored at −80°C within  
1 hour after sampling.

Toxoplasma gondii Analysis
Plasma samples were tested for IgG antibodies to T gondii 

(TOXO), cytomegalovirus (CMV), and herpes simplex virus 
type 1 (HSV-1) using Enzyme-Linked Immunosorbent 
Assay (ELISA) kits (Diagnostic Automation Inc, Calabasas, 
California). The ELISA kits included positive and nega-
tive controls; goat antihuman IgG peroxidase conjugate; 
3,3′,5,5′-tetramethylbenzidine (TMB); inactivated Toxo-
plasma antigen; inactivated CMV antigen (strain AD169); 
and inactivated HSV-1 antigen (strain F). Procedures for the 
3 ELISAs were identical and are briefly described: 10 μL of 
plasma was diluted 1:21; calibrators and appropriate posi-
tive and negative controls were included; a goat antihuman 
IgG peroxidase conjugate with TMB substrate was incorpo-
rated; and the sample was read spectrophotometrically at  
450 nm (spectrophotometer: PowerWave X 340; software: KC 
junior, version 1.31.5, Rev M; both from BioTek Instruments, 

Winooski, Vermont). The TOXO test 
used inactivated Toxoplasma antigen, the 
CMV test used inactivated CMV antigen 
(strain AD169), and the HSV-1 assay 
used inactivated HSV-1 antigen (strain 
F). A threshold optical density reading, 
determined by the manufacturer and cor-
related to the calibrator, was used with a 
correction factor to determine a cutoff 
value for positive samples and to correct 
for slight day-to-day variations.

For the TOXO test, optical density 
ratios were converted to IU/mL by mul-
tiplying the optical density ratio by 20, 
as recommended by the manufacturer. 
Samples having IU/mL ≥ 22 were con-
sidered positive for T gondii; the assay 
is linear and correlates with the World 
Health Organization’s standard between 
0 and 35 IU/mL. The personnel involved 
in manipulating plasma and testing anti-
bodies to neurotropic pathogens were 
blinded to individual histories of nonfatal 

suicidal self-directed violence status, suicidal scale measures, 
diagnoses, and demographic information.

Statistical Analysis
We employed both exploratory and descriptive analyses, 

including calculating means and standard deviations for 
continuous variables as well as calculating proportions for 
categorical variables. The distribution of T gondii titer was 
found to be highly skewed and bimodal. Log- transformation 
of T gondii titer was used to reduce skewness. Suicide attempt-
ers and controls were compared on baseline characteristics 
and on seropositivity and serointensity to T gondii using the 
χ2 test for categorical variables and the t test for continuous 
variables.

Multivariable logistic regression analyses were performed 
to examine the association between history of nonfatal sui-
cidal self-directed violence and log-transformed T gondii 
titer (serointensity) as well as T gondii seropositivity, with 
adjustment for sex, age, and body mass index. The same 
analysis was also applied to CMV and HSV-1. Multivariable 
linear regression was used to model the relationship between 
the SUAS-S and T gondii serointensity or T gondii seroposi-
tivity, adjusted for the same variables as described above. The 
statistical software used was SAS, version 9.2 (SAS Institute 
Inc, Cary, North Carolina).

RESULTS

Demographic and Clinical Characteristics
Table 1 compares patients with history of nonfatal suicidal 

self-directed violence and healthy controls on demographic 
characteristics. The 2 groups did not differ significantly on 
sex, age, HSV-1 titer, or CMV titer. Crude (unadjusted) dif-
ferences on seropositivity and age-adjusted log-transformed 

Table 1. Characteristics of the Sample of 54 Suicide Attempters and 30 Controls

Variable
Total Sample 

(N = 84)

Suicide 
Attempters 

(n = 54)

Healthy 
Controls 
(n = 30) P Valuea

Sex, % .60
Male 63.2 42.6 36.7
Female 36.8 57.4 63.3

Age, mean ± SD, y 38.9 ± 14.3 38.4 ± 14.4 39.8 ± 14.2 .67
Body mass index, mean ± SD (kg/m2) 24.7 ± 4.2 25.8 ± 4.4 23.1 ± 3.5 .007
Suicide Assessment Scale score, mean ± SD 26.8 ± 21.5 39.3 ± 16.6 4.7 ± 4.1 < .0001
Age-adjusted Toxoplasma gondii titer  

(on a log scale), mean ± SD
NA 3.0 ± 0.1 2.6 ± 0.2 < .0001

T gondii immunoglobulin G status, n (%)
Positive 28 (33.3) 22 (40.7) 6 (20.0)
Negative 56 (66.7) 32 (59.3) 24 (80.0)

Herpes simplex virus type 1 (HSV-1) titer, 
mean ± SD

101.9 ± 86.9 107.3 ± 90.9 92.2 ± 79.8 .45

HSV-1 immunoglobulin G status, nb

Positive 65 42 23
Negative 17 11 6

Cytomegalovirus (CMV) titer, mean ± SD 96.6 ± 88.3 99.5 ± 86.9 91.3 ± 92.0 .68
CMV immunoglobulin G status, nb

Positive 49 33 16
Negative 33 20 13

aχ2 test for categorical variables; t test for continuous variables.
bThe suicide group and the healthy group each had 1 participant with equivocal HSV-1 or CMV 

seropositivity.
Abbreviation: NA = not applicable.
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serointensity were of borderline significance (P = .055 and 
P = .04, respectively). Patients with nonfatal suicidal self-
directed violence had a higher body mass index than the 
healthy controls (P = .007).

Toxoplasma gondii Serointensity and Seropositivity 
and History of Nonfatal Suicidal Self-Directed Violence

After controlling for sex, age, and body mass index using 
a multivariable logistic regression model, a strong and 
significant association was found between T gondii seroposi-
tivity (adjusted odds ratio [OR] = 7.12; 95% CI, 1.66–30.6; 
P = .008) and history of nonfatal suicidal self-directed vio-
lence (Table 2). A somewhat weaker association between 
T gondii serointensity and history of nonfatal suicidal self-
directed violence also emerged (adjusted OR = 2.01; 95% CI, 
1.09–3.71; P = .03).

The SUAS-S and MADRS Rating Scales
In multivariable linear regression models, a significant 

association of SUAS-S with T gondii seropositivity was 
observed only when the analysis included both groups. Par-
ticipants with a positive T gondii antibody had a mean score 
13 units higher than those with a negative T gondii antibody 
(P = .026). This association was not significant when the 
analysis included only the group with nonfatal suicidal self-
directed violence (P = .39).

There were no significant associations of T gondii seroin-
tensity with the SUAS-S (P = .15 for all participants; P = .08 
for suicide attempters only). No association was observed 
between depression symptoms (based on MADRS scores) 
and either T gondii seropositivity (P = .37) or T gondii sero-
intensity (P = .41).

Pathogens Other Than T gondii
Seropositivity for CMV (OR = 0.69; 95% CI, 0.25–1.93) or 

HSV-1 (OR = 1.51; 95% CI, 0.42–5.50) was not significantly 
associated with history of nonfatal suicidal self-directed 
violence.

DISCUSSION

The associations of T gondii seropositivity and serointen-
sity with history of nonfatal suicidal self-directed violence 

in this study add to the growing body of evidence linking 
this protozoan parasite with nonfatal suicidal self-directed 
violence. Specifically, the current findings are consistent 
with previous reports showing similar associations in young 
patients with schizophrenia,24 patients with mood disor-
ders,22 and patients with general psychiatric conditions.23 
The consistency of T gondii’s association with nonfatal 
suicidal self-directed violence across studies, regardless of 
the patient sample and DSM-IV diagnostic category, is note-
worthy, as it lends further credence to the hypothesis that 
the link is independent of mental illness specificity or sever-
ity. Although the sensitivity for suicide-attempt history of  
T gondii seropositivity in the current study was low (ie, 0.41; 
95% CI, 0.28–0.54), the specificity was satisfactory (ie, 0.80; 
95% CI, 0.66–0.94), not dissimilar to our previous studies. 
In Okusaga et al,24 we obtained a sensitivity of 0.42 (95% 
CI, 0.36–0.47) and a specificity of 0.62 (95% CI, 0.58–0.66), 
while, in Arling et al,22 the sensitivity was 0.15 (95% CI, 
0.08–0.22) and the specificity was 0.90 (95% CI, 0.85–0.95). 
Furthermore, the adjusted OR (7.12; 95% CI, 1.66–30.6) 
for nonfatal suicidal self-directed violence by seropositiv-
ity in this study was much higher than the adjusted OR of 
1.62 (95% CI, 0.72–3.65) in Arling et al22 and 1.57 (95% CI, 
1.03–2.38) in Okusaga et al.24

These differences may be due to the stricter exclusion and 
inclusion criteria used in recruitment for the current study 
and a much more precise selection of suicide attempters 
(ie, all must have been admitted to an inpatient psychiatric 
unit for recent nonfatal suicidal self-directed violence—and 
explicit intent must have been present and confirmed by a 
clinician using history, interview, and collateral informa-
tion), in contrast to the Arling et al22 and Okusaga et al24 
studies, in which, for the majority of those with a history of 
suicidal self-directed violence, the attempts were in the past, 
sometimes in the more distant past. Alternatively, however, 
using nonpsychiatric controls, in fact supercontrols (with 
no family history of nonfatal suicidal self-directed violence), 
may have also contributed to the high odds ratios in our 
current report.

In addition to confirming previous literature, we found 
for the first time, to our knowledge, that seropositivity (but 
not serointensity) for T gondii was associated with higher 
scores on the SUAS-S. This result should be interpreted 
with caution since it was significant only when the analy-
sis included both groups—but not suicide attempters only. 
However, if replicated in future studies, this result could be 
meaningful for suicide prediction. The utility of the SUAS-S 
in predicting repeat nonfatal suicidal self-directed violence 
and suicide has been validated previously, and higher scores, 
in combination with other specific patient characteristics, 
are significant predictors of suicide.32–34 Since there is a posi-
tive relationship between T gondii seropositivity and higher 
SUAS-S scores, it is reasonable to speculate that T gondii 
seropositivity could become a potential predictor for suicide. 
The association with nonfatal suicidal self-directed violence 
seems to be specific for T gondii infection since we could not 
detect any association with the serointensity or seropositivity 

Table 2. Adjusted Odds Ratios From Logistic Regression 
Analysis Comparing Suicide Attempters (n = 54) With 
Controls (n = 30) on Toxoplasma gondii Titer and T gondii 
Seropositivity, Adjusted for Sex, Age, and Body Mass Index

Variable
Adjusted  

Odds Ratio 95% CI P Value
Log T gondii titer, 1 unit increase 2.01 1.09–3.71 .03

Sex, male vs female 0.97 0.32–2.90 .96
Age, 10 years older 0.59 0.35–0.98 .04
Body mass index, 1 unit higher 1.26 1.07–1.49 .006

T gondii, positive vs negative 7.12 1.66–30.6 .008
Sex, male vs female 1.14 0.37–3.45 .82
Age, 10 years older 0.55 0.32–0.93 .02
Body mass index, 1 unit higher 1.27 1.07–1.51 .006
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of other neurotropic pathogens such as CMV or HSV-1. This 
finding is consistent with the results reported by Okusaga et 
al,24 who also observed the association with T gondii but not 
with other neurotropic pathogens. These observations sug-
gest that the mechanism of the association between T gondii 
and nonfatal suicidal self-directed violence is not based on a 
nonspecific, global immune activation.

How representative was the sample in regard to sero-
positivity rates in the general population? The percentage of  
T gondii seropositivity in our sample was consistent with 
the general prevalence in Sweden and was comparable to 
previous studies. The prevalence of T gondii in Sweden is 
23%,8 while, in the United States, the prevalence is estimated 
to be 10.8%.6,7 In our sample, the rate of seropositivity for 
healthy controls was 20%, concordant with the rate (23%) 
reported by Birgisdóttir et al.8 In the study by Arling et al,22 
the percentage of seropositivity in individuals without a his-
tory of nonfatal suicidal self-directed violence was 11.1%, 
consistent with the prevalence in the United States.6,7 In the 
study by Okusaga et al24 of schizophrenia patients recruited 
in the Munich metropolitan area, 37.7% of the patients with-
out a history of nonfatal suicidal self-directed violence were 
seropositive, concordant with T gondii chronic infection 
prevalence previously reported in Germany.14

The pathophysiologic mechanisms mediating the asso-
ciation between T gondii infection and nonfatal suicidal 
self-directed violence have not yet been elucidated. It is 
unclear whether T gondii itself or the immune response 
to the infection is linked to nonfatal suicidal self-directed 
violence.

By which mechanisms could T gondii induce behavioral 
and emotional changes? Animal research shows that after 
infection, T gondii eventually localizes in the brain (in addi-
tion to muscle), including the prefrontal cortex and the 
amygdala,38 which are involved in emotional and behavioral 
regulation and dysregulation and have shown major histo-
pathological changes in victims of suicide.39 Brain activity 
could potentially be altered by T gondii via its effect on the 
bioavailability of dopamine. Tyrosine hydroxylase, the rate-
limiting enzyme in dopamine synthesis, is encoded by 2 
genes of T gondii.40 The expression of these 2 genes increases 
dopamine, which may mediate behaviors such as increased 
aggression and impulsivity that have been conceptualized as 
intermediate phenotypes for nonfatal suicidal self-directed 
violence.41 In addition, intermittent reactivation of latent 
infection with T gondii could be an alternative pathway lead-
ing to nonfatal suicidal self-directed violence, as has been 
previously proposed for psychiatric manifestations in immu-
nosuppressed patients42,43 as well as for migraine headaches 
in immunocompetent patients.19–21

Nonfatal suicidal self-directed violence, a major risk 
factor for fatal suicidal self-directed violence (ie, suicide), 
has been previously associated with markers of immune acti-
vation,44 such as elevation in certain cytokines like tumor 
necrosis factor–α and interleukin-6 in the plasma45 and  
interleukin- 6 in the cerebrospinal fluid.46 Moreover, micro-
glial activation47 and increased cytokine gene expression in 

the brain48 have also been reported in victims of suicide. 
Certain immunologic parameters related to nonfatal suicidal 
self-directed violence are among the very ones involved 
either in protection against T gondii (pro inflammatory 
cytokines) or in limiting immune-mediated brain pathology 
(anti-inflammatory cytokines).49 In a study on peripartum 
depression,50 indeed, the tumor necrosis factor–α level was 
increased in women who were seropositive for T gondii.

Elevation in proinflammatory cytokines may reduce 
availability of tryptophan—and thus reduce serotonin 
synthesis—and also increase levels of certain tryptophan 
metabolites that have potential neurophysiologic alter-
ing effects. Under normal conditions, most of the body’s 
tryptophan is metabolized by tryptophan dioxygenase  
in the liver, but a small portion is degraded by indole-
amine 2,3-dioxygenase (IDO) extrahepatically.51 However, 
IDO activity increases significantly with the presence of 
proinflammatory cytokines.52 After T gondii infection, 
proinflammatory cytokines interferon-γ and interleukin-12 
are produced as part of the innate immune response—as 
well as to eventually mediate the adaptive immune response 
to effectively control both acute and chronic T gondii infec-
tion.53 In addition, the catalysis of tryptophan breakdown 
by activation of the IDO by these cytokines also deprives  
T gondii of tryptophan, which is essential for its growth.53,54 
Reduction of the availability of tryptophan subsequently 
decreases synthesis of serotonin. Postmortem, the levels 
of serotonin and its metabolite 5-hydroxyindoleacetic acid 
(5-HIAA) have been previously found to be decreased in 
victims of suicide.55,56 Furthermore, lower cerebrospinal 
fluid levels of 5-HIAA have been associated with suicide 
attempts,57–59 although these findings have not been con-
sistently replicated.60

In addition, IDO catabolizes tryptophan into kynurenine, 
which is further metabolized into neuroactive metabolites 
with opposite effects on the N-methyl-d-aspartate receptor: 
kynurenic acid (antagonist, astrocytic origin, involved in 
neuroprotection) and quinolinic acid (agonist, glial origin, 
involved in neurotoxicity), previously implicated in psychi-
atric psychopathology,61–69 including histopathologically in 
victims of suicide with a history of severe depression.70 More 
recently, elevated kynurenine level was associated with a his-
tory of nonfatal suicidal self-directed violence in patients 
with major depression.71

The observational nature of this study and its cross-
 sectional design preclude the inference of a causal relationship. 
Another limitation, in addition to the relatively small sample 
size, is that we could not control for mental illness, as the 
study did not include a group of psychiatric patients with no 
history of nonfatal suicidal self-directed violence. One might 
argue that mental illness is a confounding factor that medi-
ates the relationship between nonfatal suicidal self-directed 
violence and T gondii. Additionally, the history of suicidal 
self-directed violence could be understood as a marker for a 
more severe condition, and, if the severity of illness were to 
be associated with the infection, then the relationship with 
suicide attempts could be spurious. However, this possibility 
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is not likely considering that, in all previous studies22–24 that 
had a psychiatric control group, the association between 
T gondii antibodies and nonfatal suicidal self-directed vio-
lence was significant independent of psychiatric conditions 
and even controlling for severity of symptoms. Moreover, 
in the current study, while seropositivity was related to 
self-directed violence and the SUAS-S, it was not signifi-
cantly related to severity of depression as assessed by the 
MADRS. Nevertheless, there remains a possibility that the 
high odds ratios from this study are due at least in part to an 
increased risk of becoming infected with T gondii because 
of (unmeasured) differences in exposure to dust, hygienic 
food preparation, and proximity to cats between patients 
with mental illness and healthy controls.

The strengths of this study include its hypothesis-driven 
approach and the strict inclusion and exclusion criteria. 
Additionally, researchers who analyzed the blood samples 
for T gondii antibodies were blind to the nonfatal suicidal 
self-directed violence status information. Also, this study 
is the first to our knowledge to demonstrate a positive 
correlation between T gondii antibodies and a score on a 
scale designed to predict nonfatal suicidal self-directed 
violence.

Future replication of T gondii–related nonfatal suicidal 
self-directed violence in prospective studies could poten-
tially have public health impact. Additionally, studying the 
outcome of fatal self-directed violence in a large cohort, as 
well as uncovering mechanisms involved in the association 
with T gondii, may have future therapeutic and preventive 
impact. First of all, people who have elevated suicide risk 
may be advised to take prophylactic approaches against  
T gondii infection more seriously. Individuals at increased 
risk for suicide might need routine screening for T gondii 
antibodies. An effective vaccine, chemotherapeutic agents 
to prevent reactivations, and immune-targeting therapies 
would be potential options for development after mecha-
nisms mediating a confirmed relationship between T gondii 
and nonfatal suicidal self-directed violence are identified.

CONCLUSIONS

This study replicated the association between T gondii 
IgG antibodies and nonfatal suicidal self-directed violence. 
In particular, in this attentively screened sample chosen 
on the basis of a protocol focused specifically on nonfatal 
suicidal self-directed violence, a 7-fold increase in nonfatal 
suicidal self-directed violence was found in persons who 
tested positive for T gondii IgG antibodies versus those who 
tested negative, as compared to the odds ratios of approxi-
mately 1.5 reported in previous studies not primarily focused 
on self-directed violence. This association was specific to 
T gondii antibodies as compared with antibodies to other 
neurotropic organisms, such as CMV or HSV-1. In the long 
term, T gondii antibodies might become a candidate marker 
to improve our ability to estimate risk of nonfatal suicidal 
self-directed violence and to individualize interventions in 
suicide prevention.
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