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Abstract

NIH-PA Author Manuscript

The prevalence of Toxoplasma gondii (TOXO) infection in schizophrenia (SCZ) is elevated
compared to controls (odds ratio=2.73). TOXO infection is associated with psychomotor slowing
in rodents and non-psychiatric humans. Latency of the acoustic startle response, an index of neural
processing speed, is the time it takes for a startling stimulus to elicit the reflexive response through
a three-synapse subcortical circuit. We report a significant slowing of latency in TOXO
seropositive SCZ vs. seronegative SCZ, and in TOXO seropositive controls vs. seronegative
controls. Latency was likewise slower in SCZ subjects than in controls. These findings indicate a
slowing of neural processing speed with chronic TOXO infection; the slowest startle latency was
seen in the TOXO seropositive SCZ group.
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1. Introduction
Infectious agents figure prominently among environmental factors linked with schizophrenia
(SCZ; Yolken and Torrey, 2008). Toxoplasma gondii (TOXO), an obligate intracellular
parasite, has arguably the most compelling link (Yolken and Torrey, 2008).
Although infection is typically asymptomatic in immune competent individuals, a chronic
infection commonly develops wherein TOXO cysts form in muscle and widely distributed
areas of brain (Gonzalez et al., 2007; Vyas et al., 2007). TOXO infected rodents show
impaired psychomotor performance (Hutchison et al., 1980; Witting, 1979) and learning
(Piekarski, 1981; Witting, 1979). Psychomotor slowing (Havlicek et al., 2001) and impaired
learning (Yolken et al., 2009) are likewise reported in TOXO seropositive humans without
psychiatric illness. Asymptomatic people with chronic TOXO infection have increased rates
of motor vehicle accidents (Flegr et al., 2002; Flegr et al., 2009; Kocazeybek et al., 2009;
Yereli et al., 2006).
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Patients with SCZ show elevated prevalence of TOXO infections. A recent meta-analysis of
23 methodologically sound studies reported a risk for TOXO seropositivity 2.7 times higher
in SCZ patients than the general population (Torrey et al., 2007).
The acoustic startle reflex has been extensively studied in SCZ. It is a simple reflex elicited
by a sudden intense stimulus. Latency of the startle response is the time required for a
startling stimulus to elicit the reflexive response. It is preattentive and mediated by a simple
three-synapse subcortical circuit (Koch, 1999), hence providing an index of neural
processing speed. Several studies indicate that latency is prolonged in SCZ (Braff et al.,
1978; Braff et al., 1999; Geyer and Braff, 1982; Braff et al., 1999; Hasenkamp et al., 2010;
Swerdlow et al., 2006), although there are also negative findings reported (Braff et al. 1992;
Parwani et al., 2000). Latency is highly heritable in SCZ and healthy control families
(Hasenkamp et al., 2010).
In light of the psychomotor slowing seen with TOXO infection, we hypothesized that neural
processing speed as indexed by acoustic startle latency might be slowed in SCZ subjects
who are chronically infected with TOXO. Hence we conducted a study of startle latency and
TOXO seropositivity in SCZ subjects and healthy controls.
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2. Materials and Methods
2.1. Subjects
The study was carried out in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki). 183 adult SCZ patients and 137 healthy controls
(CON) met study inclusion criteria and signed a consent form approved by the Institutional
Review Board at Emory University and the Atlanta VA Research and Development
Committee. Some subjects were also included in an overlapping study (Hasenkamp et al.,
2010); hence inclusion and exclusion criteria were similar. Diagnosis was confirmed by the
Structured Clinical Interview for DSM-IV, Axis-I (SCID-I; First, 2001). Exclusion criteria
for all subjects were current substance dependence, positive urine toxicology, history of
sustained loss of consciousness, and major neurological or medical illness. CON subjects
were excluded for any Axis I disorder and psychotic disorder in first-degree relatives.
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Subjects were screened to ensure normal hearing acuity using a Grason-Stadler audiometer
(Model GS1710).
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2.2. Acoustic Startle Measurement
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2.3. TOXO assays

Methodology for measuring the acoustic startle reflex was similar to that of Braff and
colleagues (Braff et al., 1992), and to that used previously in our laboratory (Hasenkamp et
al, 2008; Hasenkamp et al., 2010). Further description of methodology can be found in
Supplementary Methods. Briefly, subjects were seated in an audiology booth and asked to
look straight ahead and keep their eyes open during the test session. Acoustic stimuli were
delivered binaurally through headphones (Maico, TDH-39-P). The startle session began with
a 60 second (s) acclimation period consisting of 70 dB white noise that continued as
background throughout the session. The pulse-alone stimuli were116 dB, 40-ms white noise
bursts; the prepulse stimuli were 85 dB, 20-millisecond (ms) white noise bursts presented
30, 60, and 120 ms prior to the startle stimulus. The session began with a habituation block
of six pulse alone stimuli (HAB1). The main part of the session consisted of three blocks
each containing three pulse-alone trials and three prepulse+pulse trials at each of the three
designated prepulse intervals (30-, 60- and 120-ms), for a total of 36 startle stimuli presented
in a pseudorandom order. Finally, a second habituation block of six pulse alone stimuli was
presented at the end (HAB2) of the session. Inter-trial intervals were 10–25 s (average 15 s).

Specimens were tested for TOXO specific IgG using the Toxoplasma IgG EIA (Bio-Rad,
Redmond, WA) according to manufacturer’s instructions. This EIA demonstrated 100%
agreement with the established CDC serum panel tested before the study. See Supplement
for further methods.
2.4. Statistical methods
Initial startle reactivity, habituation, and pulse-alone startle magnitude were analyzed with
univariate ANCOVAs with between-subjects factors of TOXO status (seropositive vs.
seronegative) and Diagnosis (SCZ vs. CON). Onset latency and prepulse inhibition of startle
were analyzed using mixed model ANCOVAs with the same between-subjects factors and a
within-subjects factor of Trial Type. Age was used as a covariate in both sets of ANCOVAs.

3. Results
3.1. Demographics
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The mean age of the subjects was 44.9±10.3 years for the SCZ group and 37.7±14.2 years
for the CON group (Independent samples t-test, t(318)=−7.27, p<0.001). Since increased age
can increase risk for TOXO infection, age was used as a covariate in analyses. The SCZ
group was 65% male; the CON group was 31% male (Fisher’s Exact Test, p < 0.001).
71.6% of the SCZ subjects were treated with second-generation antipsychotics, 10.9% were
on a second-generation plus a first-generation agent, 9.8% were on a first-generation agent
only, and 7.1% were on no antipsychotic medication.
3.2. Group Differences in TOXO serointensity
A two-part Poisson regression model for continuous data (Afifi et al., 2007) was fit to
TOXO serointensity and indicated that SCZ subjects had more TOXO specific IgG than
CON subjects (Wald Chi-Square on psychiatric Diagnosis, controlling for age=285.68,
p<0.001), replicating prior work (Torrey et al., 2007). 11.5% of the SCZ group was TOXO
positive; 9.5% of the CON group was seropositive. The groups did not differ by Fisher’s
Exact Test (p = 0.71) on rates of TOXO seropositivity.
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3.3. Startle latency
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In planned comparisons within each trial type, TOXO positive subjects had longer latency in
the 30ms prepulse+pulse trials than TOXO negative subjects (for both SCZ and CON
subjects analyzed separately, p=0.04). SCZ subjects had longer latency than CON in the
pulse-alone and the 30ms prepulse+pulse trials (for both TOXO positive and TOXO
negative groups analyzed separately, p=0.01). In order to further investigate main effects
and interactions, a mixed model ANCOVA on onset latency with between-group factors of
TOXO status (seropositive vs. seronegative) and Diagnosis (SCZ vs. CON) and within
subjects factor of Trial Type (pulse-alone trials, prepulse+pulse trials with interstimulus
intervals of 30, 60, and 120 ms) and age as a covariate was performed. The model was
significant for Trial Type (F(3,486)=3.21, p=0.02) and Diagnosis (F(1,162)=6.24, p=0.01).
Other factors and interactions for the overall model were not significant, although age
reached trend-level significance (F(1,162)=3.45, p=0.07). We estimated separate a similarly
structured exploratory ANCOVA model with the added covariate of sex. In this model sex
was not significant, nor were there significant interactions with this covariate.
3.4. Analysis of other startle variables
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In a univariate model, initial startle reactivity (startle magnitude in the first six pulse-alone
trials) did not differ between TOXO positive and TOXO negative subjects, between SCZ
and CON subjects, nor was the interaction of TOXO status and Diagnosis significant.
Similarly, habituation (percent decline in startle magnitude between HAB1 and HAB2) and
startle magnitude to pulse-alone trials in BLOCKS 1–3 did not differ between TOXO
positive and TOXO negative subjects, between SCZ and CON subjects, nor were
interactions of TOXO status and Diagnosis significant. Finally, in a mixed model
ANCOVA, prepulse inhibition differed significantly between trial types as expected
(F(2,474)=8.05, p<0.001) but the model was not significant for the between-group factors of
TOXO status, Diagnosis, nor for the interaction of these two factors with Trial Type.

4. Discussion
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Prolonged acoustic startle latency is associated with TOXO seropositivity in SCZ and CON
subjects. Prolonged latency in SCZ reported previously (Braff et al., 1978; Braff et al.,1999;
Geyer and Braff, 1982; Hasenkamp et al., 2010; Swerdlow et al., 2006) was also confirmed
in this dataset. The association of TOXO seropositivity and startle latency, a measure of
neural processing speed, is conceptually consistent with findings of psychomotor slowing in
rodents and nonpsychiatric TOXO positive humans. TOXO seropositivity was associated
with prolonged latency in both SCZ and CON subjects but the interaction of TOXO status
and diagnostic group (SCZ vs. CON) was not significant in our mixed model ANCOVA.
However, the group with the slowest latency were those SCZ subjects who were TOXO
seropositive.
Regarding mechanism, TOXO cysts are widely distributed in brains of infected animal hosts
(Gonzalez et al., 2007; Vyas et al., 2007). Although the persistence of TOXO cysts in the
brain after initial infection in humans with and without SCZ must remain speculative,
evidence indicates that mice and rats remain chronically infected with TOXO (Dubey, 1997)
and cysts were seen in infected guinea pigs for up to five years, the longest period observed
(Lainson, 1959). Regarding possible mechanisms whereby TOXO cysts could affect startle
latency, the TOXO genome contains two genes that code for the enzyme tyrosine
hydroxylase, the rate limiting enzyme in dopamine synthesis (Gaskell et al., 2009). TOXO
derived tyrosine hydroxylase is active in the host (Yolken et al., 2009), leading to increased
dopamine synthesis (Webster and McConkey, 2010). A common dopamine D3 receptor
polymorphism determining D3 receptor gain of function is associated with latency
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differences in human subjects (Roussos et al., 2008). Earlier work demonstrated that D1 or
D2 agonists prolong latency (Naudin et al., 1990; Svensson, 1990). Hence slowed latency is
linked to the pharmacology of dopamine. Thus the TOXO organism could lead to a slowing
of startle latency by inducing a state of hyperdopaminergia.
Another potential mechanism for prolonged latency stems from the host immune response to
TOXO infection. TOXO replication requires host tryptophan; the host cytokine interferon
gamma shunts tryptophan degradation along the kynurenine pathway into kynurenine and
kynurenic acid (KYNA), thereby depleting tryptophan. KYNA is an inhibitor at the Nmethyl-D-aspartate subtype of glutamate receptor and the alpha7 nicotinic acetylcholine
receptor (Schwarcz and Hunter, 2007). It is possible that KYNA induced antagonism at
either of these receptors results in slowing of neural processing by an as yet unknown
mechanism.
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A limitation of the study is that we did not assess personality differences or differences in
socioeconomic status between subject groups and therefore cannot rule out these factors as
potential confounds. We had speculated that TOXO seropositivity would differentially
prolong latency in SCZ subjects specifically, but this was not supported by our data.
However, given the known association of TOXO infection with elevated risk of SCZ, and
since the slowest latency was seen in our TOXO seropositive SCZ group, it is possible that
slowing of neural processing in the context of TOXO infection may be a marker of a
pathophysiological process in SCZ. Further research is needed to understand the connections
between SCZ risk, TOXO infection, and slowing of startle latency as an index of slowed
neural processing.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Effects of TOXO status and diagnosis on startle latency
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Each panel shows startle latency in milliseconds (ms) on the Y-axis and Trial Type on the
X-axis. Stars indicate p<0.05 (*) or p<0.01 (**) for planned comparisons between groups
displayed as lines for the Trial Type designated. (a) TOXO positive vs. TOXO negative SCZ
subjects; (b) TOXO positive vs. TOXO negative CON subjects; (c) TOXO positive SCZ vs.
TOXO positive CON subjects; (d) TOXO negative SCZ vs. TOXO negative CON subjects.
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