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Abstract

Introduction: Toxoplasma gondii (T. gondii) is an obligate intracellular parasite that is
estimated to be carried by one-third of the world population. Latent T. gondii infection
has been linked to several neuropsychiatric mood disorders and behaviours. The aim
of the present study was to examine whether T. gondii seropositivity is associated
with affective disorders, as well as with aggression reactivity and suicidal thoughts.

Methods: In the Netherlands Study of Depression and Anxiety (NESDA), T. gondii
antibodies were assessed in patients with current depressive (n = 133), anxiety (n=
188), comorbid depressive and anxiety (n = 148), and remitted disorders (n = 889),
as well as in healthy controls (n = 373) based on DSM-IV criteria. Seropositivity was
analysed in relation to disorder status, aggression reactivity and suicidal thoughts
using multivariate analyses of covariance and regression analyses.

Results: Participants were on average 51.2 years (SD = 13.2), and 64.4% were female.
Seropositivity was found in 673 participants (38.9%). A strong positive association
between T. gondii seropositivity and age was observed. No significant associations
were found between T. gondii seropositivity and disorder status, aggression reactivity
and suicidal thoughts. The adjusted odds ratio (OR) for any remitted disorder versus
controls was 1.13 (95% Cl: 0.87-1.49), and for any current disorder versus controls was
0.94 (95% Cl: 0.69-1.28).

Conclusions: No evidence was found for a relationship between affective disorders
and T. gondii infection in the current sample.

108



T. gondii and affective disorders

Introduction

Toxoplasma gondii (T. gondii) is an obligate intracellular parasite estimated to be
carried by one-third of the world’s population, making it one of the most successful
human parasites 2. It can infect mammals and many other warm-blooded animals,
with cats and other felidae as its definitive hosts for sexual reproduction and the only
mammals known to shed T. gondii oocysts with their faeces ©. In the intermediate
host, the parasite can lead to a lifelong, latent infection in various tissues, including
muscles, the eye, and the central nervous system, where it forms persistent cysts.
Humans are infected by swallowing T. gondii tissue cysts in contaminated food (un-
dercooked infected meat) or oocysts in water, or through environmental exposure
(e.g., through gardening).

While an acute infection is commonly asymptomatic or presenting with nonspecific
symptoms like fatigue or lymphadenopathy, it can in some cases lead to toxoplasmic
encephalitis. In case of a congenital toxoplasmosis, most lesions will be seen in the
eyesand in the brain (e.g., intracranial calcifications, hydrocephalus). The parasite will
not be cleared, and, after an acute symptomatic phase, the parasite will be present
as a latent infection that is commonly thought to be asymptomatic . However, there
are indications of more subtle behavioural or psychological consequences. Evidence
is also accumulating for an association between T. gondii infection and schizophre-
nia ©. Additionally, an increase in T. gondii immunoglobulin G (IgG) titers, but not in
immunoglobulin M (IgM), was found among patients with schizophrenia ©7). This may
implicate a latent T. gondii infection rather than an acute infection where both IgG
and IgM titers would have increased. Increased IgG titers are thought to represent
reactivation with release of tachyzoites, which may lead to psychopathology ©. The
interest in the possible link between T. gondii and depression was sparked by a case
report®, describing a depressed patient who possibly remitted after antibiotic treat-
ment of his latent T. gondii infection. Subsequent studies investigated the possible link
between T. gondii infection and depression, yet provided no clear consensus on this
association. Several studies found positive associations between depressive symp-
toms and T. gondii seropositivity 112, Additionally, two studies found a dose-response
relationship, with higher IgG titers associated with higher depressive symptoms ®*
) However, a negative association between diagnoses of depression and T. gondii
seropositivity in women was observed in a cross-sectional study of 1486 subjects %,
Taking both genders togetherin one analysis, however, the association with T. gondii
seropositivity did not longer persist. In concordance, a systematic review including
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ten studies with data on major depressive disorder (MDD), found no support for a
significant association between T. gondii infection and depression, with an odds ratio
(OR) of only 1.21 (95% confidence interval [Cl]: 0.86-1.70) 9, which isin line with recent
cross-sectional studies on MDD and T. gondii infection #7219,

Besides depression, anxiety disorders have also been studied in relation to T. gondii
infection. An association between T. gondii seropositivity and generalized anxiety
disorder (GAD) has been reported, with ORs ranging from 2.05 to 2.25 41418 'with an
even higher OR of 4.17 among children @, On the other hand, a large population-based
cross-sectional study of 1846 participants " reported no significant associations
between T. gondii infection and GAD or panic disorder (PD).

Furthermore, latent T. gondii infection has been linked to behavioural changes
such as increased feelings of aggression and anger #2222 and self-directed violence
(e.g., suicide attempts, completed suicide, and self-directed violence) %2327, A study
of 1000 participants without any psychiatric diagnoses showed an association be-
tween T. gondii seropositivity and trait reactive aggression among women 22, which
was in line with a smaller study among 70 female veterans showing a relationship
between T. gondii seropositivity and higher anger scores “2. Another previous study on
T. gondii seropositivity and anger included both healthy participants and psychiatric
patients. This cross-sectional study of 358 adults found an association between T.
gondii seropositivity and higher aggression and impulsivity. Additionally, seroposi-
tivity was highest in subjects with intermittent explosive disorder (21.8% of n = 110),
compared to healthy controls (9.1% of n = 110), and other psychiatric patients (16.7%
of n=138) @, Several studies on self-harm have also been conducted. Cross-sectional
and case-control studies focusing on suicide attempts and T. gondii infection found
evidence for a relationship with seropositivity, with ORs ranging from 1.57 to 7.12
2528 ‘and antibody titers, meaning that higher IgG titers were associated with suicide
attempts 232528 |n a large register-based prospective cohort study among 45,788
women after childbirth, T. gondii-infected mothers had a relative risk of self-directed
violence of 1.53 (95% Cl, 1.27-1.85) versus non-infected counterparts @, Thus, there
seems to be an association between T. gondii latent infection on the one hand and
(self-directed) aggression and suicidality on the other hand.

We aimed to further examine the link between T. gondii infection and (comorbid)
depressive and anxiety disorders in a large cohort study. Based on existing literature,
we hypothesized [1] that T. gondii seropositivity is associated with the presence and
severity of depressive and anxiety disorders, and [2] that T. gondii seropositivity is
associated with aggression reactivity and suicidal thoughts.
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Methods

Participants

Participants were selected from the Netherlands Study of Depression and Anxiety
(NESDA), an ongoing multisite, naturalistic, longitudinal cohort study. NESDA was
designed to examine the long-term course and consequences of depressive and anx-
iety disorders. A total of 2981 participants (18-65 years) were enrolled at baseline.
This population was composed of participants with current or remitted depressive
and anxiety disorders, and comorbid depressive and anxiety disorders. The control
group consisted of participants without lifetime psychiatric disorders. Participants
were recruited from the community, primary care, and specialized (mental) health care
in the vicinity of the clinical sites (i.e., Amsterdam [Northwest], Leiden [Southwest],
Groningen [Northeast]). Exclusion criteria were (1) the presence of other psychiat-
ric disorders (e.g., psychotic, obsessive-compulsive, bipolar, or severe addiction
disorder): and (2) not being fluent in Dutch. All participants gave written informed
consent before enrolment, and the ethical committees of participating universities (VU
University Medical Centre, Leiden University Medical Centre, and University Medical
Centre Groningen) granted ethical approval. Amore detailed description of NESDA is
given elsewhere @9,

For the current cross-sectional study, data was gathered at the 6th wave at 9-year
follow-up between 2014 and 2017. Participants who completed the 6th wave totalled
2069 (69.4%), of whom 1731 titers were obtained and used for the current analyses.
Excluded participants were younger (p = 0.004), more often women (p <0.001) and had
more fear symptoms (p <0.001) compared to the sample included in the current study.

Measurements

Toxoplasma gondii IgG antibodies

Citrated plasma samples were kept frozen at -80 °C until essayed for T. gondii IgG
antibodies. In response to the parasite, T. gondii 1gG antibodies are produced within
the first two to three weeks after infection, peaks at 3 months and, although it can
decrease slowly, remains detectable over the individual’s lifetime. IgG antibody levels
were assayed in duplicate in plasma using a sandwich Enzyme Linked Immunosorbent
Assay (ELISA) with a plasma dilution of 1:20 (adapted from a previously described
method @), Detection of IgG antibodies in citrated plasma was first validated in a
subpopulation of 100 participants, by comparing T. gondii seropositivity in citrated
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plasma from the 6th wave with serum samples from the 5th wave. The agreement
for 1gG antibodies in serum and citrated plasma was 100% (Suppl. Fig. 1). The time
span between blood collection at these waves ranged from 28 to 56 months. The
sensitivity and specificity of the ELISA were 99-100% and 90-99% respectively. The
antigen is derived from a crude extract of a Toxoplasma RH strain, the conjugate is a
peroxidase-labelled anti-human IgG conjugate (Dako, Denmark). A cut-off serum was
used, and its optical density (OD) value was allowed to vary between 0.10 and 0.30.
The extinction value of the tested sample and the cut-off serum was used to calculate
a ratio. A subject with a ratio of at least 1.0 was considered to be seropositive for T.
gondii GV,

Depressive and anxiety disorders

Diagnoses of depression (i.e., MDD, dysthymia) and anxiety disorders (i.e., social phobia
[SP], PD, GAD, agoraphobia [AP]) were established with the Composite International
Diagnostic Interview (CIDI; WHO version 2.1). The CIDI is a fully structured clinical in-
terview based on criteria of the fourth edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV ©?). Based on the CIDI information, all 1731 NESDA partici-
pants were divided into the following psychopathology groups: [1] healthy participants
who have no current and past history of psychiatric disorders (n = 373); [2] participants
with a lifetime history of a depressive or anxiety disorder, but not in the last 6 months
(n=889); [3] patients with a current depressive (n = 133) or [4] anxiety disorder (n=
188); and [5] patients with current comorbid depressive and anxiety disorders (n =
148). The CIDI was established at the same day of blood collection.

Symptom severity

The severity of depressive symptoms was assessed with the Inventory of Depressive
Symptomatology (self-report version; IDS-SR) ©334, The IDS-SR is a 30-item question-
naire scored on a 4-point Likert scale (0-3), with sum scores ranging from 0 to 84
(28 out of 30 items are rated). The internal consistency (i.e., Cronbach’s alpha) of the
IDS-SRin our sample was 0.89. The Beck Anxiety Inventory (BAI) is a 21-item self-report
questionnaire for measuring the somatic symptoms of anxiety ©°. It uses a 4-point
Likert scale (0-3), with total scores ranging from 0 to 63. The current sample showed an
internal consistency (i.e., Cronbach’s alpha) of 0.92. Additionally, the 15-item self-rat-
ing Fear Questionnaire (FQ) was obtained to measure phobias and, particularly, related
avoidance © on a 9-point Likert scale (0-8), with total scores ranging from 0 to 120
and a Cronbach’s alpha of 0.89 in the current sample. The abbreviated 11-item version
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of the Penn State Worry Questionnaire (PSWQ) was assessed to measure pathological
worry and general anxiety ®. Items are scored on a 5-point Likert scale (1-5), with
sum score ranging from 11 to 55. Our sample presented an internal consistency (i.e.,
Cronbach’s alpha) of 0.96.

Cognitive reactivity

The revised Leiden Index of Depression Sensitivity (LEIDS-R) is a 34-item self-report
questionnaire developed to measure cognitive reactivity to sad mood %39, [tems are
divided into six reactivity subscales, of which the subscales aggression and hopeless-
ness/suicidality were used in the current wave. Items are filled out on a 5-point Likert
scale ranging from 0 to 4. The aggression subscale constitutes of 6 items (e.g., ‘In a sad
mood, I am bothered more by aggressive thoughts’), with a maximum score of 24. The
hopelessness/suicidality subscale constitutes of 5 items (e.g., ‘When | feel sad, more
thoughts of dying or harming myself go through my mind’), with a maximum score of
20. The internal consistency (i.e., Cronbach’s alpha) of the LEIDS-R subscales in our
sample were 0.83 and 0.87, respectively.

Covariates

Sociodemographic covariates consisted of sex, age, education (in years), North
European ancestry (yes/no), and clinical site location (i.e., Amsterdam, Leiden,
Groningen). Age was divided into four age groups (i.e., 40 and younger; 41-50; 51-60;
61 and older). Body Mass Index (BMI) was calculated based on measured weight and
height.

Statistical analyses

Sociodemographic characteristics were described within the T. gondii seronegative
and seropositive groups using chi-squared tests for categorical variables and t-tests
(ANOVA) for continuous variables. We also performed multivariable logistic regression
analyses to examine the associations of T. gondii seropositivity according to demo-
graphic characteristics.

Chi-squared tests for independent samples were conducted to compare the
prevalence of seropositivity among psychiatric disorders. Using multivariable logistic
regression, these comparisons were repeated, adjusting for sex, age, level of edu-
cation, North European ancestry, BMI, and clinical site location. Subsequently, we
adjusted the full model according to previous mentioned sociodemographic variables
and healthy controls, remitted depression and/or anxiety, and current dysthymia,
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MDD, SP, PD, AP, and GAD. A forest plot was used to examine the OR (with 95% Cl) of
seropositivity among psychiatric diagnoses. In addition to testing for dichotomous
seropositivity, sensitivity analyses were performed using multivariable linear regres-
sion for the continuous level of T. gondii IgG antibodies expressed as the ratio of OD
values. The level of T. gondii IgG antibodies was naturally log transformed in order for
its distribution to approach normality.

We also performed t-tests forindependent samples to examine the association of
symptom severity measures and cognitive reactivity (i.e., aggression and suicidality)
with seropositivity. Using analysis of covariance (ANCOVA), analyses were repeated
adjusting for sex, age, level of education, North European ancestry, BMI, and clinical
site location. A second forest plot was used to examine the association of seropositiv-
ity with symptom severity and cognitive reactivity. Subsequently, sensitivity analyses
were performed for the transformed level of T. gondii IgG antibodies in multivariable
linear regression. A two-tailed significance level of p <0.05 was considered statistically
significant for all analyses. The Benjamini-Hochberg (B-H) correction was performed
in order to correct for a false discovery rate (FDR) in multiple comparisons “°. Analyses
were performed using IBM SPSS statistical software (version 25, IBM Corp.).

Results

The mean age of the participants (N = 1731) was 51.2 years (SD = 13.2), and 64.4%
were female. As shown in Fig. 1, 673 participants (38.9%) were seropositive for T.
gondii antibodies. The odds of being seropositive for T. gondii increased strongly
with age. T. gondii seroprevalence differed per clinical site location, ranging from
30.0% in Groningen (Northeast), 41.9% in Amsterdam (Northwest), to 44.6% in Leiden
(Southwest). The area remained independently associated with T. gondii infection
after adjustment for demographic characteristics. However, this was only true for
Groningen compared to Amsterdam and Leiden, but not for Amsterdam and Leiden
compared to each other.

Fig. 2 shows the adjusted odds of being seropositive for depressive and anxiety
disorders. Healthy controls were taken as the reference group in Model 1. No asso-
ciations were found between seropositivity and depressive and anxiety diagnoses
after adjusting for sociodemographic variables. The odds ratio (OR) for any remitted
disorder versus controls was 1.13 (95% Cl: 0.87-1.49), and for any current disorder
versus controls was 0.94 (95% ClI: 0.69-1.28). The fully adjusted model only showed
a significant negative association between T. gondii seropositivity and SP (OR = 0.62;
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95% Cl: 0.39-0.96). However, after B-H correction, the result was no longer deemed sta-
tistically significant. When these analyses were repeated for T. gondii IgG antibodies,
no significant associations were found in the models adjusting for sociodemographic
variables. The fully adjusted model resulted in a significant negative association with
T. gondii and MDD (8=-0.09; p = 0.008), and with T. gondii and SP (8=-0.06; p = 0.03;
Suppl. Table 2). Again, these associations were no longer deemed statistically signif-
icant after B-H correction.

As shown in Fig. 3, no mean differences were found between seropositive and sero-
negative subjects on symptom severity measures (i.e., IDS-SR, BAI, FQ, and PSWQ),
aggression reactivity and suicidal thoughts. These associations remained non-sig-
nificant after adjustment for sociodemographic variables. All severity measures were
also tested for seropositivity in diagnostic strata (i.e., controls, remitted, and current
psychopathology), in which no important differences in effect sizes among the groups
were found, and none of the comparisons were statistically significant (data not
shown). Analyses for a crude and adjusted model were repeated for antibody levels
and also found no significant relationships (Suppl. Table 2).
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Discussion

This study aimed to examine the link between T. gondii specific IgG antibodies and
disorder status, aggression reactivity and suicidal thoughts. No significant association
was found for T. gondii seropositivity in relation to disorder status. Similarly, no sig-
nificant associations were found for T. gondii seropositivity in relation to aggression
reactivity or suicidal thoughts. T. gondii seropositivity was strongly associated with
older age.

Our findings of a lack of the association between T. gondii seropositivity and de-
pression diagnosis is in line with the before-mentioned meta-analysis *® and several
population-based cross-sectional studies %, We extended their findings by showing
that there was no association neither with self-reported depressive symptoms nor
with observer-rated depression diagnoses through standardized diagnostic psychiat-
ric interviews. Although, some significant associations between seroprevalence and
depressive symptoms were found in some studies, these findings were done in studies
with smaller sample sizes of at most 51 seropositive subjects, increasing the risk of
chance findings 2, A dose-response relationship, with higher antibody titers being
associated with an increase in depressive symptoms, was reported in two studies
13,14 The majority of studies, however, did not find any associations ®- "8 which
was in line with our findings. Previous inconsistencies could be explained neither by
differences in age distribution nor by the strain hypothesis which states that strains
of T. gondii differ in virulence and in ability to influence human behaviour *#J, Hence,
the current study bolsters the rejection of the hypothesis that T. gondii seropositivity
is associated with the presence and severity of major depression.

In line with our findings on depressive status, we did not find associations be-
tween T. gondii seropositivity and anxiety disorders. This was concordant with pop-
ulation-based studies of 1846 and 7712 participants respectively that did not find
an association between T. gondii and GAD or PD *" and between T. gondii and PD,
AP, or SP ™, as established with the CIDI. The latter study only found a significant
relationship between T. gondii seropositivity and GAD, yet no corrections for multiple
comparisons were used ™. Two other large population-based studies reported a sig-
nificant relationship between T. gondii seropositivity and GAD as established with a
telephone survey #® and general anxiety based on a screening tool *Y. These results
contradict animal studies that suggest reduced anxiety-like behaviour in T. gondii
infected rodents “#49),

118



T. gondii and affective disorders

The association of seropositivity with aggression reactivity was inconsistent with
previously reported studies on self-reported anger and aggressive behaviour 1221:22),
However, those studies used other but related constructs (i.e., anger mood, aggres-
sive tendencies as a personality trait, and a history of actual aggressive behaviour),
although one study also measured aggression reactivity ??. The latter study found
significant results only among women. Importantly, aggressive reactivity measures
thoughts rather than actual behaviour like the history of aggression. The current study
also took into account self-directed aggression by measuring suicidal thoughts. No
differences were found between seropositive and seronegative subjects, which con-
tradicts the previous studies that found an association between T. gondii infection and
suicidality 1232628 However, some of these studies reported inconsistent findings,
with a significant relationship of suicide attempts with seropositivity but not with
antibody levels 19, or the inverse 2324, Furthermore, the significant associations that
were reported in Okusaga et al. (2011) were only found among patients under 38, while
no association for seropositivity or antibody levels was found among older patients.
In addition, as most of these studies had a cross-sectional design, there remains the
possibility of reverse causation, meaning that disorder status or behavioural traits
may have affected the risk of T. gondii infection 182227,

The seroprevalence of T. gondii strongly increased with age, which is a result of
cumulative seropositivity and is in line with previous studies %349, Although some
studies found differences between males and females %22, others, including ours, did
not *¥, Our finding that seroprevalence was independently associated with geograph-
ical regions was concordant with previous results from the Netherlands ©V. These
previous results indicated highest seroprevalence rates in the Northwest (43%) and
Southwest (37%) regions, compared to other provinces in the Netherlands. They also
found a steepest rise in seroprevalence in the age group 15-49 years. Importantly, the
current sample had a mean age of 51.2 years. Furthermore, a substantial part of the
sample was recruited in Western regions. These two factors may explain our relatively
high seroprevalence rate of 38.9%.

This study has several strengths. We investigated seroprevalence in a large cohort
thatincluded patients without lifetime psychiatric disorders (“control subjects”), with
(current and remitted) depressive and anxiety disorders, or comorbid depressive
and anxiety disorders. Diagnoses were established with the CIDI (WHO version 2.1),
a comprehensive observer-rated instrument with high interrater reliability “7, high
test-retest reliability “® and high validity for depressive and anxiety disorders 359,
Moreover, we not only stratified participants according to their diagnosis, but also
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studied symptom severity levels. Furthermore, blood samples were assayed according
to areliable standardized in-house ELISA protocol of the RIVM, with a sensitivity and
specificity of 99-100% and 90-99% respectively. The methods, antigens and controls
have not altered over the past 35 years, making the results of the different studies
comparable.

Limitations of the current study must also be mentioned. The cross-sectional
design of the current study hampers inferences of causation, therefore prospective
studies are still needed. A second limitation is that the difference between strains (i.e.,
Types |, Il, Ill, and atypical or recombinant strains) which causes chronic infection is
not accounted for. Since we assume that infections with distinct strains all result in
increased titers, seropositivity itself cannot be used to differentiate between strains
or help to unravel differences in (neuro)virulence between strains. We also did not
exclude other infections and immune system diseases. Some studies suggest that T.
gondii antibodies may only be an indicator of previous contacts with cats, with these
cats carrying other pathogens such as Bartonella henselae affecting mental health
53 A last limitation is that we did not study actual suicidal and aggressive behaviours.

In conclusion, the current study does not support the hypothesis that T. gondii
seropositivity is associated with depressive or anxiety disorders, or with aggressive
and suicidal thoughts. In light of previous studies and our new findings, it seems un-
likely that T. gondii seropositivity plays a major role in the risk of affective disorders,
suicidality and aggressive thoughts.
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Supplementary Fig. 1. Ratio of T. gondii IgG antibodies (on a log scale) in serum and citrated plasma in
a subpopulation of 100 participants
T Adjusted for sex, age, level of education, North European ancestry, BMI, and clinical site location.
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Supplementary Table 1. T. gondii IgG antibody levels according to diagnosis groups

Diagnosis groups Model 11 Model 2*

B Pvalue B Pvalue
Healthy controls 1.00 (ref) -0.06 0.15
Remitted depression and/or anxiety 0.03 0.50 -0.06 0.25
Any current depression and/or anxiety disorder ~ 0.09 0.11
Current Dysthymia 0.03 0.76 0.02 0.38
Current Major Depressive Disorder -0.008 0.91 -0.09 0.008
Current Social Phobia 0.05 0.54 -0.06 0.03
Current Panic Disorder 0.12 0.13 -0.01 0.58
Current Agoraphobia 0.08 0.30 0.03 0.36
Current Generalized Anxiety Disorder 0.05 0.52 -0.004 0.87

"Adjusted for sex, age, level of education, North European ancestry, BMI, and clinical site location.
*Adjusted for the beforementioned sociodemographic variables, healthy controls, remitted depression
and/or anxiety, and current dysthymia, MDD, SP, PD, AP, and GAD.

Supplementary Table 2. T. gondii |gG antibody levels according to severity measures

Severity measure Crude Adjusted Model'
B Pvalue B Adjusted P
value
Depression:
IDS-SR 0.002 0.93 -0.03 0.21
Anxiety:
BAI 0.02 0.40 0.004 0.88
FQ -0.008 0.74 -0.02 0.47
PSWQ -0.03 0.24 -0.02 0.49
Cognitive reactivity (LEIDS-R):
Aggression -0.04 0.08 -0.01 0.75
Hopelessness / suicidality -0.01 0.63 -0.01 0.65

TAdjusted for sex, age, level of education, North European ancestry, BMI, and clinical site location.
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