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Abstract

Toxoplasma gondii (TOXO) is a neuroinvasive protozoan parasite that induces the formation of 

persistent cysts in mammalian brains. It infects approximately 1.1 million people in the United 

States annually. Latent TOXO infection is implicated in the etiology of psychiatric disorders, 

especially schizophrenia (Scz), and has been correlated with modestly impaired cognition. The 

acoustic startle response (ASR) is a reflex seen in all mammals. It is mediated by a simple 

subcortical circuit, and provides an indicator of neural function. We previously reported the 

association of TOXO with slowed acoustic startle latency, an index of neural processing speed, in 

a sample of schizophrenia and healthy control subjects. The alterations in neurobiology with 

TOXO latent infection may not be specific to schizophrenia. Therefore we examined TOXO in 

relation to acoustic startle in an urban, predominately African American, population with mixed 

psychiatric diagnoses, and healthy controls. Physiological and diagnostic data along with blood 

samples were collected from 364 outpatients treated at an inner-city hospital. TOXO status was 

determined with an ELISA assay for TOXO-specific IgG. A discrete titer was calculated based on 

standard cut-points as an indicator of seropositivity, and the TOXO-specific IgG concentration 

served as serointensity. A series of linear regression models were used to assess the association of 

TOXO seropositivity and serointensity with ASR magnitude and latency in models adjusting for 

demographics and psychiatric diagnoses (PTSD, major depression, schizophrenia, psychosis, 

substance abuse). ASR magnitude was 11.5% higher in TOXO seropositive subjects compared to 

seronegative individuals (p=0.01). This effect was more pronounced in models with TOXO 

serointensity that adjusted for sociodemographic covariates (F=7.41, p=.0068; F=10.05, 
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p=0.0017), and remained significant when psychiatric diagnoses were stepped into the models. 

TOXO showed no association with startle latency (t=0.49, p=0.63) in an unadjusted model, nor 

was TOXO associated with latency in models that included demographic factors. After stepping in 

individual psychiatric disorders, we found a significant association of latency with a diagnosis of 

PTSD (F=5.15, p=0.024), but no other psychiatric diagnoses, such that subjects with PTSD had 

longer startle latency. The mechanism by which TOXO infection is associated with high startle 

magnitude is not known, but possible mechanisms include TOXO cyst burden in the brain, parasite 

recrudescence, or molecular mimicry of a host epitope by TOXO. Future studies will focus on the 

neurobiology underlying the effects of latent TOXO infection as a potential inroad to the 

development of novel treatment targets for psychiatric disease.
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1. Introduction

Toxoplasma gondii (TOXO), a neurotropic protozoan parasite, can infect virtually all warm-

blooded animals. Felines are the definitive host of TOXO and usually acquire the parasite 

through consumption of infected rodents who have latent TOXO in their muscle and brain 

tissue (Dubey and Jones 2008). The sexual reproductive phase of TOXO occurs in the feline 

intestine where highly infectious oocysts are generated and then spread by defecation to 

intermediate hosts. The life cycle is complete when a feline eats an intermediate host (e.g. a 

rodent). Humans are also intermediate hosts of TOXO, and often acquire the parasite 

through oral ingestion of oocysts from the soil or unwashed produce, or by eating 

undercooked meat or shellfish, or by vertical congenital transmission (Jones et al. 2009).

TOXO is neuroinvasive, and the majority of people infected by TOXO will harbor cysts in 

their brains for life. Typically, the parasite remains relatively quiescent in immunocompetent 

adult hosts (Suzuki 2002). However, there is substantial evidence that TOXO can cause 

subtle behavioral dysfunction in rodents (Webster et al. 1994) and humans (Flegr and Hrdý 

1994), and probably plays an important role in serious mental health disorders (Yolken et al. 

2001). This has been thoroughly reviewed by Webster and McConkey (2010), Flegr et al. 

(2013) and Yolken et al. (2009). This has been evaluated through studies conducted by Flegr 

et al. (2013) and Webster and McConkey (2010) which examined the influence of TOXO 

infection on rodent behavior. TOXO can alter rodent behavior by reducing their fear of cats, 

which provides an evolutionary advantage to TOXO, as TOXO relies on the predation of 

rodents by felines (Berdoy et al. 2000, Webster and McConkey 2010). From an evolutionary 

viewpoint, TOXO would be advantaged by any changes in an infected host that promotes 

passage of TOXO along its life cycle from prey to predator and back to prey.

While humans are predominately irrelevant to continuation of the TOXO life cycle in 

modern times, a multitude of epidemiological studies (Sutterland et al. 2015), and recent 

experiments in non-human primates (Poirotte et al. 2016), suggest that TOXO can also affect 

the human brain. TOXO's effect on the human brain is most strongly suggested by the 
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association between TOXO and schizophrenia (Scz) as confirmed in several meta-analyses 

(Sutterland et al. 2015; Torrey and Yolken 2007; Torrey and Yolkin 2012). Latent TOXO 

infection is also associated with a heightened risk for bipolar disorder, suicidal self-directed 

violence, aggression, and impulsivity (Arling et al. 2009; Coccaro et al. 2016; Cook et al. 

2015: Hamdani et al. 2013; Okusaga et al. 2011; Pearce et al. 2012; Pedersen et al. 2012). 

However, not all psychiatric diagnoses are associated with TOXO. Several large-scale 

studies suggest that TOXO infection is not associated with unipolar major depressive 

disorder (MDD) (Gale et al. 2014; Markovitz et al. 2015; Pearce et al. 2012). A meta-

analysis indicated a possible connection between TOXO and substance use disorders, but 

potential confounds render this finding inconclusive (Sutterland et al. 2015). Two studies to 

date have examined the relationship between PTSD and TOXO infection, and neither 

detected an association (Duffy et al. 2015; Markovitz et al. 2015).

Cognition may also be affected by TOXO, as serological studies indicate that recent or 

persistent TOXO infection correlates with lower scores on cognitive testing, including 

processing speed (Dickerson et al. 2014; Havlíček et al. 2001; Hamdani et al. 2015; Mendy 

et al. 2015; Pearce et al. 2014) and intelligence (Flegr et al. 2003). We previously examined 

the association of TOXO with neural processing speed in a sample of subjects with 

schizophrenia and psychiatrically healthy controls (Pearce et al., 2013), because of the 

importance of information processing in many psychiatric disorders, and findings which 

indicate that a latent TOXO infection can alter neurobiology. This neurobiological alteration 

can be measured through the acoustic startle response (ASR). The ASR is an involuntary 

reflex elicited by a sudden, intense auditory stimulus, mediated by a simple subcortical 

circuit (Koch 1999). Latency of the ASR is the time required to generate the reflex after the 

stimulus, and provides an easily measured index of neural processing speed. In our previous 

study of subjects with schizophrenia compared to controls, latency is longer, i.e. slower, in 

TOXO seropositive individuals as compared to TOXO seronegative individuals in both 

diagnostic groups (Pearce et al. 2013).

The effects of TOXO on neural processing as measured by the ASR may not be specific to 

psychiatric disorders, and may also be influenced by sociodemographic factors. It is already 

known that the rates of TOXO infection are higher in those born outside of the United 

States, and in US residents who have a lower socioeconomic status, or lower level of 

educational attainment (Jones et al. 2001). Even so, few studies of TOXO have focused on 

urban US populations with high levels of socioeconomic risk factors. Therefore, the purpose 

of the current study was to examine the effects of latent TOXO infection on the ASR, as an 

index of early information processing, in an urban, predominately African American, 

impoverished population with high levels of trauma exposure and psychiatric morbidity.

2. Methods

2.1. Subjects

Subjects were recruited from the primary care and obstetric-gynecological outpatient 

medical clinics at Grady Memorial Hospital in Atlanta, Georgia for participation in the 

Grady Trauma Project (GTP). This is a cross-sectional study of highly traumatized minority 

urban population who is of low socioeconomic status with a diverse set of psychiatric 
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diagnoses. The primary objective of the GTP is to study the neurobiology and genetics of 

trauma related pathology in this population (Ressler 2016). Prior to the initiation of any 

study procedures, the subjects gave their consent as indicated by their signature written on 

an informed consent approved by the Emory University Institutional Review Board and the 

Grady Hospital Research Oversight Committee (Nylocks et al. 2015; Kaminsky et al. 2015). 

Inclusion criteria were male or female sex, ages 18 and 65 years old, and sufficient 

proficiency in English to participate in diagnostic interviews and symptom ratings.

Sociodemographic data was collected from the subjects by means of an interview which 

obtained age, sex, race, employment status, education, and income. Highest education 

achieved was ascertained and a dichotomous variable constructed based upon whether or not 

the subject graduated from high school or obtained their GED. Current income was collected 

and a dichotomous variable was created based on income above or below the federal poverty 

level income of $12,000 per year (GDoC).

2.2. Symptom and diagnostic ascertainment

The presence of a current or past Axis I psychiatric disorder was determined by 

administration of the Structured Clinical Interview for DSM-IV (SCID-I; First et al. 2001) or 

the Mini International Neuropsychiatric Interview (MINI; Sheehan et al. 1998). A history of 

current or past substance use disorders was additionally determined by means of the Kreek-

McHugh-Schluger-Kellogg scale (KMSK; Kellogg et al. 2003) and the Drug Abuse 

Screening Test (DAST; Skinner 1982). The data from these instruments were used to 

classify subjects into diagnostic categories by the construction of dichotomous variables. For 

each of the following diagnoses they were coded for the current or previous presence of a 

diagnosis of: schizophrenia (SCZ), major depression (MDD), posttraumatic stress disorder 

(PTSD), and any substance use disorder (including alcohol or any drug of abuse). Because 

of our prior published findings of low startle magnitude in cocaine addicted subjects 

(Efferen et al. 2000; Corcoran et al. 2011) we also created a specific dichotomous variable to 

define whether or not subjects had current or past history of cocaine use disorder. Finally, a 

composite dichotomous variable was created to define whether subjects had current or past 

history of any primary psychotic diagnosis on the SCID or MINI interview (including DSM-

IV schizophrenia, schizoaffective disorder, schizotypal disorder, delusional disorder, brief 

psychotic disorder, unspecified psychosis). Those subjects without any Axis I disorder 

elicited by SCID or MINI interview were classified as psychiatrically healthy controls.

2.3 Venous Blood Collection and Processing

Human blood was drawn and collected into EDTA tubes. Upon collection of the sample, 

they were inverted 5-10 times in order to properly mix the blood and additive. The EDTA 

tubes were then immediately placed on ice. The EDTA plasma tubes were centrifuged at 

3000 rpm for 15 minutes. The plasma was aliquoted into 1mL cryovials which were stored 

at -80°C.

2.4 Ascertainment of TOXO status

Venous blood was collected and assayed for TOXO IgG antibodies as per manufacturer's 

instructions (Bio-Rad, Catalog# 25175, Redmond, WA). Seropositivity was determined 
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through a quotient of a weakly positive single calibrator index value and its absorbance at 

405nm, multiplied by the absorbance of the sample, in order to find the sample index. An 

index value greater than 0.9 was indicative of TOXO seropositivity. For all seropositive 

subjects, a discrete titer was determined using a three-point curve of the blank, the weakly 

positive calibrator, and the strongly positive calibrator, as per manufacturer's instructions. 

TOXO serointensity was discerned from a direct calculation of absorbance against this three-

point curve according to instructions provided by the manufacturer. The diagnostic criteria 

for TOXO positivity provided by the manufacturer was set at a value of greater than 33 

IU/mL, whereas a value greater than 27 IU/mL, but less than 33 IU/mL was indicative of 

equivocality. A concentration less than 27 IU/mL was an indicator of negative seropositivity. 

For the purpose of this study both those who were positive and equivocal were grouped 

together given that subjects with the oldest infections have the lowest concentration of 

antibodies (Kodym et al. 2007) and that subjects within the equivocal group, due to the 

latent infection, are reported to have the most modified behavior and personality (Flegr 

2013). Therefore, we decided a priori to include them with the TOXO positive subjects as 

compared to the TOXO negative subjects.

2.5. Acoustic startle testing

Procedures for startle testing were in accord with our previously published methods 

(Jovanovic et al. 2005; Jovanovic et al. 2006). The subjects were seated in a sound 

attenuating booth and asked to look straight ahead with their eyes open during the course of 

the session. Acoustic stimuli were delivered binaurally through headphones (Maico, 

TDH-39-P). The startle session began with 60 seconds of 70 dB white noise that persisted 

throughout the session. The startle probes were 108 dB, 40 ms bursts of broadband white 

noise with 0 s rise time. The session, designed to assess startle magnitude, startle latency, 

and fear potentiation of startle, began with seven startle probes. Magnitude and latency data 

were extracted from the session prior to the fear potentiation portion.

The eyeblink component of the acoustic startle response was recorded from two 5 mm Ag/

AgCl electrodes placed over the right orbicularis oculi muscle, approximately 1 cm under 

the pupil and 1 cm below the lateral canthus. Electromyographic (EMG) activity of this eye-

blink was recorded using the Biopac MP150 for Windows (Biopac Systems, Inc., Aero 

Camino, CA). The impedances for all participants were less than 6 kilo-ohms. EMG data 

was sampled at 1,000 Hz and amplified using the Biopac system. The acquired EMG signal 

was filtered with low- and high-frequency cutoffs at 28 and 500 Hz, respectively, and then 

rectified and smoothed using MindWare software (MindWare Technologies, Inc., Gahanna, 

OH). Startle magnitude was assessed as the peak magnitude of the EMG contraction, and the 

latency was assessed as the time of the peak magnitude following the acoustic stimulus 

(Glover et al. 2012).

2.6. Statistical methods

A series of binary logistic regression models were used to evaluate the association between 

TOXO seropositivity and dichotomous psychiatric diagnosis variables. A secondary series of 

binary logistic regression models assessing the same relationship between TOXO positivity 

and psychiatric diagnoses was also conducted adjusting for demographic variables.
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The variables startle magnitude and latency were logarithmically transformed in order to 

account for a non-normal distribution. T-tests were conducted to assess the association 

between TOXO positivity and both acoustic startle magnitude and latency. A series of linear 

regression models were created to assess the association between TOXO positivity and 

either acoustic startle magnitude or latency, adjusting for demographics and psychiatric 

diagnoses. All regression models were assessed via backwards elimination in a stepwise 

manner. All statistics and data cleaning were completed using SAS 9.4 (Cary, North 

Carolina). Figures were created using Microsoft Office (2013, Redmond, Washington) and 

GraphPad Prism (La Jolla, CA).

3. Results

3.1. Demographics

Complete data was available for 364 subjects. Demographic characteristics of the subjects 

are described in Table 1. 13.46% of the study participants were TOXO seropositive. The 

average age of TOXO positive individuals was 44.02 years (SD=11.89), whereas the average 

of TOXO negative individuals was 41.32 years (SD=11.46; t=1.48, p=0.14). The majority of 

the subjects were of African American descent (94.23%) and there were more women 

(69.51%) than men in the sample. Most had a monthly income of less than $1000 per month 

(68.13%), were unemployed (78.85%), and had either less than a 12th grade education, 

graduated from high school, or completed GED requirements (86.54%) (Table 1). There was 

no statistically significant difference in TOXO seropositivity between subjects based on 

these demographic variables.

Psychiatric and substance abuse characteristics of the study subjects can be seen in Table S1. 

Approximately half of the participants had a substance use disorder currently or by history 

(n=185, 50.82%), and approximately 29.4% (n=107) were had a current or past cocaine use 

disorder. The most common psychiatric diagnosis in the study population was PTSD 

(57.42%, n= 209), followed by MDD (42.03% n=153), any primary Axis 1 psychosis 

(16.76%, n= 57), and SCZ (8.24%, n=30). A minority of the study sample did not have any 

psychiatric diagnoses, including any substance use disorder, and were designated the 

psychiatrically healthy control group (CON, 11.81%, n= 43). There was a significant 

comorbidity of substance use disorders and other psychiatric diagnoses such that 38% of 

those with a primary Axis 1 psychiatric disorder also had a substance use disorder currently 

or by history.

3.2. Seroprevalence and Seropositivity

The highest level of TOXO seroprevalence was found in the CON group, while the lowest 

level was in the MDD group. Because this difference could be due to age or other 

demographic factors, we further examined the association of TOXO with these psychiatric 

disorders in logistic regression analysis adjusting for demographic covariates (Table 2).

When comparing those with a given diagnosis to the CON group in regressions adjusting for 

demographics, there was an inverse association with TOXO seropositivity in those with 

MDD, i.e. the rate of TOXO positivity was lower in MDD subjects than in CON subjects 
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(OR=0.23, 95% CI= (0.087, 0.613)). A similar inverse association with TOXO was seen 

among those with PTSD (OR=0.385, 95% CI= (0.163, 0.91)). Other diagnostic variables 

were not significantly related to TOXO seropositivity (Table 2).

3.3. Acoustic startle magnitude and latency

An initial analysis of the distribution of startle magnitude and latency was conducted to find 

the relative distribution of each outcome variable. The mean magnitude was 100.85 μV 

(SD=140.17), with a corresponding average latency of 75.32 ms (SD=31.67) among the 

whole cohort. The distribution of both magnitude and latency were right skewed, and were 

therefor normalized via Log10 transformation prior to analysis. The range of values of 

serointensity are from 0.5 IU/mL to 423, and the mean serointensity for those considered 

seropositive was 113 IU/mL (SD= 88.54) as compared to those considered seronegative, 

3.80 IU/mL (SD=4.24).

To test the association of TOXO seropositivity with acoustic startle magnitude and latency, t-

tests were conducted comparing those who were seropositive to those who were 

seronegative (Figure 1). TOXO seropositivity, before adjusting for any covariates, was 

associated with acoustic startle magnitude (t=2.87, p=0.014). The mean acoustic startle 

magnitude was significantly higher for TOXO seropositive, as compared to seronegative 

subjects (Figure 1). TOXO seropositivity remained significantly and positively associated 

with startle magnitude in a regression model adjusted for age, race, sex, education, income, 

and employment (Table 3). TOXO seropositivity did not show an association with acoustic 

startle latency in either a t-test (t=0.49, p=0.6252), or in a regression adjusted for 

demographic variables.

Given the high level of psychiatric morbidity in the sample we further examined the 

relationship of TOXO seropositivity with startle magnitude in a series of regression models 

in which each psychiatric and substance use variable (PTSD, MDD, SCZ, Psychosis, 

SUBST, COC), as well as CON group status were included individually in the models along 

with demographic factors (Tables S2-S8). The CON subjects, i.e. those without any 

psychiatric diagnosis, were compared in these models to those with ≥1 of the psychiatric 

diagnoses. In all these models, TOXO seropositivity remained significantly and 

independently associated with higher startle magnitude, with p values ranging from 0.004 to 

0.015. There were similar effect sizes for the association of TOXO seropositivity with startle 

magnitude regardless of the psychiatric diagnosis that was stepped into the model (0.197 to 

0.216; see Tables S2-S8). Furthermore, the association of TOXO seropositivity with startle 

magnitude remained significant in the regression models in which the reference group was 

dichotomized as mentally healthy versus having a history of any psychiatric illness (S8, 

p=0.0142, B=0.210). A sensitivity analysis was also conducted using a self-reported 

smoking variable, which was non-significant in all the models of startle magnitude. 

Specifically, in models with demographic covariates and TOXO seropositivity, current 

smoking was not associated with startle magnitude (p=0.42) but TOXO seropositivity 

remained a significant predictor of startle magnitude (p= 0.0335)

TOXO seropositivity was not associated with acoustic startle latency in a model with 

demographic factors (p=0.6305) (Table 4). The next series of analyses included the 
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demographic covariates, and stepped in each psychiatric and substance abuse variable 

individually (PTSD, MDD, SSZ, substance abuse, Cocaine Use, Psychosis), as well as CON 

status. In contrast to our findings from similar models of startle magnitude, all of these 

models using startle latency with each individual psychiatric disorder found no significant 

association with TOXO. However, these models revealed a significant association of startle 

latency with the presence of PTSD (Table 5) such that latency was slower in subjects with 

PTSD (Beta = 0.037, p = 0.024). The rest of the psychiatric and substance use covariates all 

yielded p>0.05 for their respective associations with latency.

3.4. TOXO Serointensity

Serointensity is a measure of TOXO titer and hence co-varies with dichotomized 

seropositivity, but provides additional information about the intensity of TOXO IgG immune 

response in a given serum specimen. From a subset of 341 subjects, from whom we had 

serointensity data, we ran similar analyses on startle magnitude and latency. In a model 

adjusting for demographic variables, non-African American race and TOXO serointensity 

were significant and independent contributors to a higher startle magnitude (Table 6.). In all 

subsequent analyses stepping in psychiatric covariates TOXO serointensity remained 

significantly associated with an increase in magnitude (S9-S15). Being of non-African 

American race also remained significantly associated with an increase in startle magnitude 

in these serointensity models except when the SCZ and CON variables were individually 

stepped into the models (S9-S15). Furthermore, we conducted a sensitivity analysis among 

the TOXO seropositive individuals only, and found a statistically non-significant positive 

association between serointensity and ASR (β=0.001, p=0.26, in a model adjusting for 

demographic covariates).

In our analyses with TOXO serointensity we did not find a statistically-significant 

association with startle latency, and the association of PTSD with slower latency was slightly 

attenuated in this model compared to the model with seropositivity (S16, S17).

4. Discussion

We report a robust association between TOXO seropositivity and ASR magnitude. Although 

the literature includes numerous studies investigating the relationship between TOXO and 

psychiatric disorders, few studies have examined this involuntary startle response, which 

provides an index of neurocircuitry function that is less contaminated by various poorly-

defined intervening variables affecting the relationship between TOXO and complex 

behaviors (Hinze-Selch et al. 2007; Pearce et al. 2013; Stock et al. 2014). In our study, 

startle magnitude was elevated in TOXO seropositive individuals even in analyses that 

adjusted for demographic variables and psychiatric diagnoses. Thus, the putative effect of 

TOXO on startle magnitude is not likely a secondary effect of TOXO on psychiatric illness, 

but rather more of an endophenotype that is detectable with this neurophysiological 

paradigm. Prior studies examining the effect of TOXO on visual motor reaction time have 

emphasized the potential role of socioeconomic confounders, but the current study found no 

significant effect of socioeconomic status on the relationship between TOXO seropositivity 

or serointensity and ASR magnitude (Gale et al. 2015; Pearce et al. 2014).
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Several prior studies of TOXO in psychiatric illness, including SCZ and self-directed 

violence, have pointed to a more important role for high TOXO IgG titers (serointensity) as 

compared to seropositivity per se (Arling et al. 2009; Pedersen et al. 2012; Sutterland et al. 

2015). Throughout the course of our analyses, TOXO serointensity and seropositivity 

contributed significantly to an increase in ASR magnitude. The mechanism by which a high 

TOXO serointensity might be correlated with this neurobehavioral outcome has not been 

established, but possible mechanisms include high neural cyst burden, parasite 

recrudescence, or molecular mimicry by TOXO of a host epitope (Pedersen et al. 2012). 

Hester at al. (2012) found that IgG antibodies to only a certain T. gondii antigens can 

identify mice with cerebral tachyzoite proliferation, which suggests that a more detailed 

assessment of IgG antibody specificities could elucidate mechanisms for the association 

between TOXO-titer and ASR in humans.

Most human studies of latent TOXO infection and behavior have relied on specialized 

populations such as students, military members, or hospitalized psychiatric patients. A 

strength of our study is that it has broader representation of an inner-city population. Our 

sample was predominately African American, and in some of our regression models, a 

significantly higher ASR magnitude was found among non-African American compared to 

African American race. This is in accord with our previously published finding (Hasenkamp 

et al. 2008). Nevertheless, TOXO remained a significant independent predictor of higher 

magnitude in models that included race.

Previous work focused on US veterans found a significant increase in ASR latency among 

those with TOXO as compared to those who were seronegative (Pearce et al. 2013). Another 

study conducted by Příplatová et al., found that TOXO had a significant effect on the latency 

of an acoustic reaction time test among those without a prepulse stimulus (Příplatová et al. 

2014). The results of these two studies led us to hypothesize that TOXO seropositivity would 

have a significant impact on the ASR latency among members of this cohort. However, we 

did not detect any association between ASR latency and TOXO.

On the other hand, participants with PTSD had longer startle latency but no increase in ASR 

magnitude. Other studies of ASR latency and magnitude in PTSD have not reached a 

consensus. While the association between PTSD and longer startle latency in our population 

contrasts with a study conducted by Vrana et al., which found faster latency in PTSD, that 

study did not consider the effects of TOXO (Vrana et al. 2013). The literature on ASR 

magnitude in PTSD is also inconclusive. Butler et al. saw an increased ASR magnitude 

among PTSD patients as compared to controls, whereas Jovanovic et al. saw no association 

between ASR magnitude and the presence of PTSD among their population (Butler et al. 

1990; Jovanovic et al. 2009). Similar to Jovanovic et al., we did not see a significant effect 

of PTSD on startle magnitude, even when TOXO was excluded from the model (Jovanovic 

et al. 2009). Thus the literature is inconclusive on the relationship between PTSD and ASR, 

perhaps because of ambiguities due to the unmeasured variability of the contextual threat 

potentially contributing to such inconsistencies (Pole 2007).

The mechanism for higher ASR magnitude among TOXO-infected participants is not 

known. ASR magnitude, a measure of habituation in response to repeated stimuli, has been 
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found to be under partial control of amygdalar circuits and is potentially modulated by 

corticotropin releasing hormone, a component of the HPA axis (Poli and Angrilli 2015). 

Several authors have argued that the amygdala is targeted by TOXO, which might explain 

the ability of this parasitic infection in rodents to reduce fear of felines (Hari Dass and Vyas 

2014; House et al. 2011; Mitra et al. 2013). Moreover, the HPA axis is activated by 

inflammatory cytokines such as (IL-6), tumor necrosis factor-α (TNF- α), and interferon-γ 
(IFN- γ), which are part of the inflammatory response to TOXO leading to the production of 

glucocorticoids. These glucocorticoids in turn influence neuroplasticity (Fabiani et al. 2015). 

TOXO directly alters neurotransmission by upregulating the production of dopamine, this 

upregulation of dopamine has been seen in animal models to elicit a similar effect in the 

magnitude of the ASR as compared to schizophrenia patients (Parlog et al. 2015; Swerdlow 

et al. 1986). A similar modulatory effect may derive from the ability of TOXO to induce the 

production of kynurenic acid, a known NMDA antagonist (Fabiani et al. 2015). However, 

the effects of NMDA antagonism on the ASR and pre-pulse inhibition are complex, and 

likely dependent upon the neuroanatomical locations involved (Koch 1999; Webster and 

McConkey 2010). Given the interconnectivity of both the HPA axis and amygdalar control 

of the fear response systems, and the way in which TOXO could affect both of these systems 

as well as certain neurotransmitters, more research is needed on the mechanisms by which 

TOXO modulates the fear response (Fabiani et al. 2015; Mitra et al. 2013; Weidenfeld et al. 

2002).

Interestingly, we found an inverse association between TOXO and PTSD. This is consistent 

with a modulation of fear circuits by TOXO. However, we also found an inverse association 

of TOXO and MDD. All the while, our mentally healthy control group had the highest rate 

of TOXO seropositivity. The negative association found between TOXO and both PTSD and 

MDD was of particular interest in light of a study conducted by Markovitz et al. which is 

drawn from a comparable study population of inner city residents with similar 

demographics. Markovitz et al. found no association between TOXO seropositivity and 

PTSD or MDD, but found an association with general anxiety disorder (Markovitz et al. 

2015). A recent study published while our current paper was under review, by Flegr and 

Escudero (2016), found an inverse association with TOXO seropositivity with MDD in a 

cohort of Eastern Europeans. While the effect in their large-scale cross-sectional study was 

not statistically significant for both genders, they were significant when stratified by sex. 

Given the larger proportion of females in our cohort, this supports our findings of an inverse 

association between MDD and TOXO, even though prior large-scale studies had previously 

found no association between TOXO and MDD (Cetinkaya et al. 2007; Hinze-Selch et al. 

2007; Pearce et al. 2012; Sugden et al. 2016).

The present study is novel in that TOXO-associated differences in ASR magnitude have not 

been reported when assessing the acoustic startle response. While our sample size of 

individuals with neurophysiological response measures is large, our findings may not be 

generalizable to other populations in that our subject population was predominantly African 

American, impoverished, poorly educated, and highly traumatized. Other limitations are the 

lack of identified temporality in regards to both psychiatric conditions and TOXO infection, 

the significant comorbidity in both psychiatric and substance abuse conditions, and the 

cross-sectional study design. We cannot discern whether the positive association of TOXO 
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serointensity with ASR is being driven by a long-established latent infection or a subclinical 

reactivation of the infection. The later possibility is suggested indirectly by the (n.s.) positive 

association between TOXO serointensity and ASR in analysis limited to the seropositive 

individuals. In the future, we would like to more effectively correlate particular PTSD 

psychiatric symptoms with the ASR, and account for TOXO as a potential modifier of either 

behavior or the ASR in this population. Furthermore, a biomolecular analysis of cytokines 

and other biomarkers from this population could help discern neurobehavioral mechanisms 

of TOXO.
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Highlights

• T. gondii seropositivity was significantly associated with elevated acoustic 

startle response magnitude regardless of psychiatric diagnosis.

• Acoustic startle response latency was significantly longer in participants with 

PTSD, as compared to those without PTSD.

• Those with major depressive disorder were significantly less likely to be 

infected with T. gondii as compared to controls adjusting for demographic 

variables.
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Figure 1. 
Two T-tests assessing the effect of Toxoplasma seropositivity on both Magnitude (T=2.53, 

p=0.014) and Latency (T=0.49, p=0.6252). * denotes significance at a level of p< 0.05
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Table 2

The Association of TOXO with each psychiatric condition adjusting for demographics1.

OR 95% CI aOR 95% CI

Substance Use2 0.54 (0.24, 1.23) 0.52 (0.215, 1.252)

Cocaine Use 0.67 (0.28, 1.59) 0.72 (0.26, 2.00)

Psychosis3 0.36 (0.12, 1.08) 0.31 (0.09, 1.06)

Schizophrenia4 0.51 (0.14, 1.81) 0.53 (0.136, 2.09)

PTSD4 0.45 (0.20, 1.02) 0.39 (0.16, 0.91)

MDD4 0.31 (0.1, 0.76) 0.23 (0.09, 0.61)

CON Subjects5 Ref

1
Demographic variables include age, race, sex, education, income, and employment.

2
Includes any drug of abuse and/or alcohol.

3
Includes subjects diagnosed with a primary psychotic disorder on SCID or MINI diagnostic interview.

4
Includes subjects diagnosed with the disorder on SCID or MINI diagnostic interview.

5
Includes any subject without a psychiatric disorder and no reported substance abuse. If they were missing any one of the psychiatric illness 

indicators, they were considered missing.
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