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Abstract

Prenatal exposure to maternal Toxoplasma gondii (T. gondii) IgG antibody titer has been 

associated previously with an increased risk of offspring schizophrenia (SZ) and cognitive 

impairment. We examined maternal T. gondii, offspring bipolar disorder (BP) and childhood 

cognition using a population-based birth cohort. Maternal sera, drawn in the third trimester, were 

analyzed for T. gondii IgG antibody titer, and offspring cognition at ages 5 and 9–11 was 

measured with the Peabody Picture Vocabulary Test (PPVT) and the Raven Matrices (Raven). Raw 

scores were standardized and the ages combined. Potential cases with BP from the cohort were 

identified by database linkages. This protocol identified 85 cases who were matched 1:2 to 

controls. Maternal T. gondii IgG was not associated with the risk of BP in offspring. Neither 

moderate [HR = 1.43 (CI: 0.49, 4.17)] nor high IgG titer [HR = 1.6 [CI: 0.74, 3.48)] were 

associated with offspring BP. Associations were not observed between maternal T. gondii and BP 

with psychotic features or BP type 1. In addition, maternal T. gondii was not associated with 

childhood cognition. Our study suggests that T. gondii may be specific to SZ among major 

psychotic disorders, though further studies with larger sample sizes are required.
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1. Introduction

Prenatal exposure to maternal Toxoplasma gondii (T. gondii), a ubiquitous intracellular 

parasite (Remington, 2011; Scheld et al., 2004), has been associated previously with an 

increased risk of offspring schizophrenia (SZ) and cognitive impairment (Mwaniki et al., 

2012; Sever et al., 1988; Torrey et al., 2012). In the present investigation, we examined the 

relationship between this exposure during pregnancy and the occurrence of offspring bipolar 

disorder (BP) and childhood cognitive functioning. Only primary infection with T. gondii 
crosses the placental barrier to cause congenital malformations (Sullivan and Jeffers, 2012), 

and enables its own spread throughout the central nervous system, causing neuropsychiatric 

disorders, including psychiatric illnesses (Carruthers and Suzuki, 2007; Fekadu et al., 2010). 

Prospective studies which followed offspring of exposed mothers into adulthood found an 

association between serologically documented maternal T. gondii IgG antibody during 

pregnancy and an increased risk of offspring schizophrenia spectrum disorder (Brown et al., 

2005). Brown et al found a 2.6-fold increased risk for SZ among offspring of mothers with 

high T. gondii IgG antibody titers in archived maternal sera from the Child Health and 

Development Study (CHDS). That finding has been replicated in other cohorts (Blomstrom 

et al., 2012; Mortensen et al., 2007a) and confirmed in two meta-analyses (Sutterland et al., 

2015; Torrey et al., 2012).

However, only three previous studies have examined maternal T. gondii and affective 

psychosis or bipolar disorder (BP) in offspring (Simanek and Meier, 2015). No association 

was observed between maternal T. gondii IgG antibody titers and offspring BP in a 

population based study from Denmark (Mortensen et al., 2011). In that study, IgG antibody 

levels were based on dried filter paper blood spots obtained from the infant rather than 

maternal sera obtained during pregnancy. This approach to determining exposure could 

differ from direct measurement of maternal sera if placental transfer of IgG diluted the 

measurable effect. A second study, with a smaller Danish sample, also found no association 

between maternal T. gondii IgG antibody levels and offspring BP (Mortensen et al., 2007b). 

However, a third study, based on the Collaborative Perinatal Project, reported a significant 

association between maternal exposure to the type I strain of T. gondii and an increased risk 

of offspring affective psychoses (Xiao et al., 2009). The finding was strong for cases with 

affective psychoses, although BP was not examined specifically. Because that study did not 

examine BP and the finding was specific to a particular strain of T. gondii, it is not directly 

comparable to the other studies. A recent review suggested T. gondii may have potential as a 

biomarker for SZ but not BP because the weight of evidence strongly supports an 

association between maternal T. gondii and SZ, but seemingly not between maternal T. 
gondii and BP (Brown, 2015).

In a previous study, Brown et al reported an association of maternal infections, including T. 
gondii and impaired executive functioning in adults with SZ (Brown et al., 2009). Both 

animal models and observational studies suggest an association between exposure to T. 
gondii and cognitive impairment (Kannan and Pletnikov, 2012). One prior study found that 

children exposed prenatally to T. gondii and treated with pyrimethamine and sulfadiazine for 

approximately one year had significant neurologic and cognitive impairment through 

childhood (Roizen et al., 1995), and evidence indicates that T. gondii continues to cause 
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damage to the fetal brain once the maternal immune system responds to the infection 

(Ferguson et al., 2013). A large, prospectively followed cohort of children found that those 

born to mothers who tested positive for T. gondii antibodies during pregnancy had increased 

risks for microcephaly and intellectual disability at age seven (Sever et al., 1988). A recent 

international meta-analysis found an association between T. gondii and learning difficulties, 

developmental delays, impaired cognition, and visual deficits in children with congenital 

exposure (Mwaniki et al., 2012).

A number of meta-analyses and reviews have reported domain specific cognitive impairment 

in patients with BP (Bearden et al., 2001; Bearden et al., 2010; Daban et al., 2006; Goodwin 

et al., 2008; Harvey et al., 2010; Lim et al., 2013; Quraishi and Frangou, 2002; Savitz et al., 

2005; Stefanopoulou et al., 2009). The cognitive domains in which deficits were observed 

are executive functioning, verbal learning, verbal memory, sustained attention, and 

psychomotor speed. The effect sizes were moderate and large in these domains, but also tend 

to be less severe than those observed in SZ (Consortium, 2013; Keshavan et al., 2004; 

Mesholam-Gately et al., 2009; Olvet et al., 2013; Reichenberg and Harvey, 2007; 

Woodberry et al., 2008). In SZ, cognitive impairments are observed in nearly all domains 

and are consistently worse than in BP (Arts et al., 2008; Seidman et al., 2013; Urfer-Parnas 

et al., 2010; Zanelli et al., 2010).

On average, individuals who are later diagnosed with BP have cognitive impairment during 

all phases of illness, including during the premorbid period of development (Bearden et al., 

2010; Daban et al., 2006; Goodwin et al., 2008; Harvey et al., 2010; Hill et al., 2013; Kurtz 

and Gerraty, 2009; Martinez-Aran et al., 2004; Pol et al., 2012; Reichenberg et al., 2009; 

Reichenberg et al., 2002). A review of population based studies, however, concluded that the 

evidence did not yet support premorbid cognitive impairment as a trait of later BP (Kravariti 

et al., 2009). Draft board studies which examined premorbid functioning in those who later 

develop BP reported conflicting findings (Sorensen et al., 2012; Tiihonen et al., 2005). 

However, an analysis of four birth cohorts found that the subjects who later developed BP 

performed better than the general population on verbal, spatial, and inductive reasoning 

(MacCabe et al., 2013). Similarly, our group previously reported that childhood cognition 

was also not associated with BP in the CHDS birth cohort in a study of perinatally 

administered oxytocin and BP (Freedman et al., 2015).

In this paper we addressed the following: 1) the association between maternal T. gondii and 

offspring BP; and 2) the association between maternal T. gondii and offspring cognitive 

performance in childhood. With regard to the latter aim, we sought to improve upon prior 

studies which used school performance as a proxy for cognition with direct measures of 

cognitive ability.

2. Method

BP cases and matched controls were drawn from the Child Health and Development Study 

(CHDS) birth cohort. The CHDS recruited nearly all pregnant women receiving obstetric 

care (N=19,004) from the Kaiser Permanente Medical Care Plan, Northern California 

Region (KPNC) in Alameda County, California between 1959 and 1966 and followed them 
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prospectively (van den Berg et al., 1988). Comprehensive data were collected from maternal 

medical records and interviews, child assessments, and other sources. KPNC enrolled 

approximately 30% of the population of the Bay Area of California at the time. This birth 

cohort has been extensively studied for prenatal and other early developmental risk factors 

for SZ (Brown et al., 2004; Brown et al., 2005; Brown et al., 2009; Freedman et al., 2011; 

Perrin et al., 2007).

2.1 Case Identification

Ascertainment of cases and controls has been described previously (Brown et al., 2013; 

Canetta et al., 2014; Freedman et al., 2015). Subjects with potential DSM-IV-TR BP, which 

included BP I, BP II, BP NOS, and BP with psychotic features, were ascertained from three 

sources: the KPNC electronic medical records database, the Alameda County Behavioral 

Health Care Services (ABHCS) database, and a mailed survey to the entire living CHDS 

birth cohort (mothers and children). This ascertainment would have reached all CHDS 

cohort members who belonged to KPNC when first treated and subjects who left KPNC 

prior to the first treatment of BP, but who resided in Alameda County and did not have other 

health insurance. The mailed survey would have ascertained subjects not obtained otherwise. 

Letters were mailed to all living mothers (N=6,971) and cohort members (N=13,009) with 

known addresses in the entire CHDS cohort (excluding families in which potential cases had 

already been identified), along with a questionnaire on mental and physical health. This was 

conducted from 2009–11.

Subjects identified by these methods were invited to participate in the study, receiving a 

letter to the most recent address. Those who did not refuse contact by returning a postcard, 

were contacted to arrange a diagnostic interview. Several repeat appointments were 

scheduled for subjects who failed to attend the interview. Extensive efforts were made to 

locate individuals who were no longer living at the most recent listed address, including 

using Department of Motor Vehicles (DMV) records, telephone directories, and contacting 

the subjects’ parents or siblings from CHDS or KPNC files. Mortality records, reverse 

directories, jail searches, and visits to previous addresses were also used as necessary.

The ascertainment process identified 448 subjects who potentially met the criteria for BP 

and/or other psychotic disorders.

2.2 Diagnostic protocol

A total of 214 subjects (48% of those ascertained) were interviewed using the Structured 

Clinical Interview for DSM-IV-TR (SCID). The reasons that some subjects were not 

interviewed were: 100 could not be contacted, 80 refused or failed to keep the appointment, 

and 54 could not be interviewed because he/she had died, was incarcerated, was too 

psychotic or mentally disabled, or permission from the physician could not be obtained. 

Comparing the interviewed to those not interviewed demonstrated few differences (Table 1). 

Although both maternal and paternal age differ, the amount of difference in mean age is 2 

years for fathers and 1 year for mothers. Similarly, gestational age differs by 4 days. These 

differences are not considered to be significant clinically. No differences exist on the 

exposures of interest for this study. Nevertheless, as with all longitudinal studies, loss to 
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follow-up may be a potential bias for this study. The ascertainment process was conducted to 

capture as many potential cases as possible and every effort was made to locate and 

interview each. While few meaningful demographic differences were observed, it is not 

possible to calculate the extent to which bias from loss to follow-up might be having an 

effect or the direction of that hypothetical effect. It is important to note, however, that the 

prevalence of BP cases identified in this study comports with national and international rates 

(Merikangas et al., 2007; Merikangas et al., 2011), providing some confidence that few cases 

have been missed.

Study interviewers had a minimum of a master’s degree in a mental health field and were 

trained to reliably administer the SCID. DSM-IV-TR diagnoses including diagnostic 

qualifiers representing subtypes of BP were systematically assigned by consensus of three 

experienced clinicians (psychiatrists/Ph.D. psychologist), based on review of the SCID and 

medical records. This yielded 72 total BP cases. Among those interviewed, consensus 

diagnoses of non-BP disorders included SZ (n=61); major depressive disorder (n=62); and 

other diagnoses (n=19). These non-BP categories were not included in the present study. 

Although unipolar major depressive disorder was not included in the screening procedure, 

the diagnostic protocol enabled us to exclude subjects with database diagnoses of BP and/or 

psychotic disorders who were found instead to have unipolar depressive disorder in accord 

with structured research criteria.

In addition, some cases of BP had been ascertained through KPNC records by an earlier 

study (Prenatal Determinants of Schizophrenia I, PDS I) and were included in the present 

study (Susser et al., 2000). The PDS I enrolled people with SZ, but identified some people 

with BP during the diagnostic interview in that study. The protocol for the PDS I included 

the same electronic linkages with the KPNC inpatient, outpatient, and pharmacy databases, 

and utilized the same ICD-9 diagnostic codes (295–298). Ascertainment covered the period 

from 1981–1998. The only other differences in the screening methods are that the PDS I did 

not include review of pharmacy records for treatment with mood stabilizers, and the PDS I 

included a second screening step, which involved psychiatrist review of abstracted data from 

inpatient/outpatient records for symptoms of psychosis. The Diagnostic Interview for 

Genetic Studies (DIGS), rather than the SCID, was used for interviewing potential subjects 

in the PDS I. There were 23 BP cases diagnosed in the PDS I study.

In total, then, 95 cases with BP were diagnosed following ascertainment from all sources 

and clinical interview (Figure 1).

2.3 Control Selection

In order to ensure that controls would have been equally likely (as the cases to whom they 

are matched) to be ascertained if they had been treated for BP in KPNC or ABHCS, controls 

were matched to cases on membership in KPNC (for cases ascertained through KPNC 

records) or residence in Alameda County (for cases ascertained through ABHCS or by 

CHDS mailing survey) in the year the case was first treated as reported in the SCID. For 

KPNC, membership in the plan at first treatment of the case was used for control matching, 

since they would have been in KPNC databases if they sought care for BP. For ABHCS and 

mailed survey cases, DMV records indicating residence in Alameda County at the time of 
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case diagnosis was used, since these subjects would have represented the population at risk 

for treatment at same time.

Birth cohort members who screened positive for potential BP or psychotic disorders but did 

not have BP (N=376) were excluded as potential control subjects. Siblings of selected 

controls were excluded from further control selection, so that controls were independent 

observations, each representing a single family or pregnant woman. Control matching 

criteria included: date of birth (+/− 30 days), sex, and availability of maternal archived sera. 

A ratio of 1:8 case to controls was achieved.

This protocol yielded 754 matched controls. Of the potential matched controls for each case, 

two were randomly selected to derive the matched case-control sets, resulting in 170 control 

subjects.

2.4 Analytic Sample

Two of the initial 95 bipolar disorder case subjects were siblings and one of these siblings 

was excluded at random, resulting in 94 case subjects. Eighty-five of these subjects had 

maternal archived sera available for the present study. We compared those with sera 

available to those without and found no significant differences [chi sq group comparison of 

maternal race (p = 0.74); maternal education (p = 0.77); offspring sex (p = 0.91); and family 

psychiatric history (p = 0.69). Case subjects were matched with comparison subjects at a 1:2 

ratio as described above. Thus, 85 case subjects and 170 comparison subjects comprised the 

analytic sample for this study. These 85 cases of bipolar disorder included 36 with psychotic 

features. The majority had bipolar disorder I (N = 71), 10 had bipolar disorder II, and 4 had 

bipolar disorder not otherwise specified.

After a complete description of the study was provided to the subjects, written informed 

consent was obtained. The study protocol was approved by the Institutional Review Boards 

of the New York State Psychiatric Institute and KPNC.

2.5 Measurement of T. gondii antibody titers

The CHDS aimed to obtain maternal sera for each pregnancy during multiple time points. 

Maternal sera were drawn and stored frozen for almost all pregnancies. For the current 

analyses of T. gondii, serum samples drawn in the third trimester were analyzed. Three 

assays were used in accord with a standard protocol. The first two concern the assessment of 

T. gondii IgG antibody titer. Samples were first screened for the presence of IgG antibody 

titer. Following this step, the Sabin-Feldman dye test (Sabin and Feldman, 1948) was 

performed in the samples that screened positive. T. gondii IgM antibody, which is indicative 

of recent infection, was also assayed, using the double sandwich enzyme-linked 

immunosorbent test (IgM-ELISA). The dye test IgG titers were classified into three groups: 

negative (<1:16) (reference), moderate titer (1:16–1:64), and high titer (≥1:128) in accord 

with our previous publication on T. gondii and SZ (Brown et al., 2005).
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2.6 Cognitive measures

Cognitive testing of randomly selected, large subsets of the CHDS birth cohort was 

conducted at age 5 and ages 9–11. Random sampling from the birth cohort reduces the 

chance of bias. Childhood cognitive measures included the Peabody Picture Vocabulary Test 

(PPVT) and the Raven Progressive Matrices and Raven Coloured Matrices (Raven), and 

both tests were given at each time period. For the subjects in the present study, fifty cases 

and 215 matched controls received the cognitive tests in childhood. Cognitive testing was 

available at only one time point for each subject as none of the subjects tested at age 5 was 

also tested at ages 9–11. Because subjects were not all tested at the same age, but no subject 

was tested at both periods, the results on the Raven and the PPVT were converted to 

standardized scores by age; then, the standardized Raven scores for age 5 were combined 

with the standardized Raven scores for ages 9–11, and standardized PPVT scores for age 5 

with standardized PPVT scores for ages 9–11.

The PPVT is a well-known, commonly used test which estimates receptive verbal ability 

(Dunn, 1965; Strauss et al., 2006). The examinee is shown a plate with four pictures, the 

examiner speaks a word describing one of the four, and the examinee selects the correct 

picture either by speaking or pointing. In the CHDS, the PPVT was given to 3,413 children 

at age 5 and 3,737 at ages 9–11. Standardization of the PPVT for this sample was performed 

by converting raw scores to standard scores (z scores) by using the mean and standard 

deviation observed in each tested sample by age group. For the PPVT, the mean was set at 

100, standard deviation of 15, as is the common practice for measures which estimate IQ. 

Once standardized, testing for ages 5 and 9–11 were combined to increase statistical power 

and analyzed as a continuous variable.

The Raven instruments assess visual-spatial processing, inductive reasoning, relational 

reasoning and problem solving (Raven, 1956, 1960; Strauss et al., 2006). Each question 

displays a pattern with a block missing, and four choices, one of which accurately completes 

the pattern. In the CHDS, at age 5 children were administered the Raven Coloured Matrices, 

which consists of 21 plates. Twenty-one plates were shown to each child, and they were 

asked to choose among the four options to complete the pattern in the picture. At age 9–11, 

the age appropriate Raven Progressive Matrices were given. Children were shown 60 plates 

and asked, for each, to select the pattern that completes the image from among four options. 

A total of 3,412 five year olds, and 3,737 children at ages 9–11, were assessed with the 

Raven. For these analyses, cohort norms for the Raven have been calculated using a mean 

set at 0 and a standard deviation of 1. As with the PPVT, after converting the scores into 

standard units based on the proportion correct, the results of the Raven were combined for 

ages 5 and 9–11 to gain statistical power and analyzed as a continuous variable.

As a result of standardizing the scoring for both the PPVT and the Raven, differences 

between groups are measured and reported in standard deviation units. Fifty youth who later 

developed BP were cognitively tested. We compared those case subjects with the 44 who 

were not tested, finding no significant differences [chi sq group comparison of maternal race 

(p = 0.94); maternal education (p = 0.41); offspring sex (p = 0.16); and family psychiatric 

history (p = 0.52).
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2.7 Statistical analyses and covariates

Cases and controls were compared on potential confounders selected from the literature 

based on associations with T. gondii and/or BP (Brown et al., 2005; Jones et al., 2001; 

Mortensen et al., 2011). These included maternal age (<35 [reference], ≥35), maternal and 

paternal ethnicity (Caucasian [reference], African American, other), maternal and paternal 

educational achievement (defined as maternal education: <high school, high school only 

[reference], some college/college graduate), parity, maternal psychiatric history, birth weight 

and gestational age of the serum sample (in days after last menstrual period). Each of these 

potential confounders was tested for its possible association with both the exposure (T. 
gondii) and the outcomes (BP and cognitive performance).

Conditional logistic regression models, utilizing proportional hazards regression which 

maintained the integrity of the matching scheme described above, were used for the matched 

case-control data with BP and cognition as outcomes. This included analyses for 

relationships between T. gondii and BP, with BP as the outcome, and T. gondii and 

childhood cognition, with cognition as the outcome. Point and interval estimates of hazard 

ratios were obtained. Statistical significance was judged at α=0.05.

3. Results

3.1 Maternal T. gondii and offspring bipolar disorder

With respect to potential confounding, cases and controls in the analytic sample did not 

differ on any of the demographic covariates (Table 2). Therefore, none of the covariates was 

associated with case status and none were included in the statistical models as confounders 

affecting the potential association between T. gondii and BP. The seroprevalence of IgG 

antibody was 33/170 (19.4%) in controls. This value is similar to the 17.5% seroprevalence 

found in a large previous study of T. gondii in reproductive-aged women (Jones et al., 2001). 

None of the subjects tested positive for IgM. Screen agglutination which compared BP cases 

and matched controls with regard to seropositivity revealed no significant difference [HR = 

1.55 (CI: 0.89, 2.3) p = 0.12]. As shown in Table 3, compared to the reference titer, neither 

moderate IgG titer [HR = 1.43 (CI: 0.491, 4.17) p = 0.51] nor high IgG titer [HR = 1.6 [CI: 

0.74, 3.48) p = 0.23] were significantly associated with BP.

For BP with psychotic features, neither the moderate T. gondii IgG antibody titer [HR = 0.32 

(CI: 0.04, 2.70) p = 0.29] nor the high titer [HR = 2.16 (CI: 0.84, 5.6) p = 0.11] were 

associated with the outcome. Similarly, for BP type I, neither the moderate titer [HR = 0.99 

(CI:0.33, 2.94) p = 0.99] nor the high titer [HR = 1.89 (CI: 0.9, 3.98) p = 0.09] were 

associated with the outcome.

3.2 Premorbid cognition and T. gondii

Childhood cognition was not significantly associated with maternal T. gondii IgG antibody 

titer. As shown in Table 4, neither the moderate T. gondii IgG antibody titer (p = 0.8) nor the 

high titer (p = 0.66) were associated with performance on the PPVT. Similarly, there were no 

associations between the moderate titer (p = 0.63) and high titer (p = 0.81) and performance 

on the Raven.
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4. Discussion

Overall, no statistically significant association was observed between exposure to maternal 

T. gondii IgG antibody and offspring BP. Separate examination of T. gondii IgG antibody 

titer and BP subtypes including BP I and BP with psychotic features also did not reveal 

significant associations. Although not statistically significant, a possible trend towards 

significance was observed for BP with psychosis, suggesting the possibility that there may 

also be a relationship between T. gondii and BP with psychosis. The findings concerning T. 
gondii in relation to specific subtypes of BP have not been reported previously. Our result 

for BP is consistent with that reported by Mortensen et al (Mortensen et al., 2011) using an 

independent birth cohort and a different methodology for assessing exposure to T. gondii. 
That study, as noted above, analyzed dried blood spots on filter paper obtained from the 

infant while the present study was based on maternal sera obtained during late pregnancy.

The significant association reported in the study based on the Collaborative Perinatal Project 

(Xiao et al., 2009) may have resulted in part from the broader range of psychotic disorders 

considered. This heterogeneity may limit comparability with our study, in which the 

diagnostic outcome was limited to BP. Additionally, the positive association in that study 

was specific to one strain of T. gondii while our study did not differentiate between strains.

T. gondii IgG antibody titer has been mostly found to increase the risk for SZ (Blomstrom et 

al., 2012; Brown et al., 2005; Brown et al., 2009; Mortensen et al., 2007a), although not in 

the Xiao et al study (Xiao et al., 2009). While there are several similarities between BP and 

SZ with regard to potential etiologies, neurodevelopmental trajectories and psychotic 

symptoms (Demjaha et al., 2012; Hall et al., 2012; Howes et al., 2011; Murray et al., 2004; 

Sanches et al., 2008; Skjelstad et al., 2010), there are also major differences including 

affective symptomatology, course of illness, severity of neurocognitive dysfunction, and 

morphologic and pathophysiologic alterations (Arnone et al., 2009; Baumann and Bogerts, 

1999; Bearden et al., 2001; Goodwin et al., 2007; Goodwin et al., 2008; Kasai et al., 2003; 

Strakowski et al., 2000). The identification of risk factors specific for each of these disorders 

offers the potential for unique preventive, early intervention, and treatment approaches 

(Brown, 2015). Our study suggests the possibility that T. gondii may be one exposure that is 

specific to SZ among major psychotic disorders, though further studies with larger sample 

sizes are required given that the relative number of studies of T. gondii and BP is 

considerably fewer than those for SZ. As the field moves toward elucidating the mechanisms 

that underlie neurodevelopmental illnesses (Insel, 2014), the specificity of etiologies could 

become critical in that they may help to elucidate unique biological mechanisms between 

disorders despite similarities in symptomatic manifestations.

Our second finding is that maternal T. gondii IgG antibody exposure was not associated with 

childhood cognitive performance, at least as measured with the Raven and PPVT. The 

cognitive domains covered by these instruments include visual-spatial processing, inductive 

reasoning, relational reasoning, problem solving, and receptive verbal ability. This differs 

from some of the previous, albeit limited, research on T. gondii and cognitive outcomes in 

offspring. As noted, however, only a few studies have documented cognitive deficits in 

offspring following perinatal exposure to T. gondii (Brown et al., 2009; Mwaniki et al., 
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2012). A recent review, which included studies of latent maternal T. gondii exposure and 

offspring cognition and development, suggested that T. gondii’s effect on dopamine systems 

in offspring may explain why offspring had delayed motor development, an increased 

prevalence of mental retardation and cognitive delays as well as increased risks of some 

neuropsychiatric illnesses (Abdoli et al., 2014).

Another study, which prospectively followed a large cohort of children born to mothers 

tested for acute T. gondii infection during pregnancy, reported increased risks for 

microcephaly and intellectual disability at age seven (Sever et al., 1988). The authors 

reported that T. gondii infection increased the number of offspring with IQ’s below 70 by 

30% and increased the risk of microcephaly by 60%. Additionally, Mwaniki et al’s meta-

analysis of prenatal exposure to T. gondii included five studies (N = 512) which assessed 

maternal exposure to T. gondii and offspring cognition (Mwaniki et al., 2012). They reported 

that congenital T. gondii was related to cognitive difficulties or developmental delay in 33% 

of subjects. However, specific measures of cognition were not reported. Inclusion criteria for 

maternal exposure in that study were broad and considered several markers of congenital T. 
gondii infection. The differences in the identification of maternal exposure (elevated IgG 

titer versus congenital infection) and in assessment of cognitive functioning (specific versus 

general measures of cognitive performance) may explain the differences in results between 

these studies and our own.

As noted, our group previously reported that childhood cognitive performance was not 

associated with later BP in this birth cohort (Freedman et al., 2015), though cases had a 

higher mean PPVT score compared to controls (103.1 versus 100.1) and a lower mean score 

on the Raven (0.0237 versus 0.0254), the significance levels were as follows (PPVT: p = 

0.19; Raven: p = 0.93). Although prior research reported that premorbid cognitive 

impairments are observed in BP, they are domain-specific rather than generalized (Bearden 

et al., 2001; Bearden et al., 2010; Daban et al., 2006; Goodwin et al., 2008; Harvey et al., 

2010; Lim et al., 2013; Quraishi and Frangou, 2002; Savitz et al., 2005; Stefanopoulou et al., 

2009). The PPVT and Raven do not fully measure the breadth of cognitive domains which 

have been found to be impaired during the premorbid period in BP. The PPVT assesses 

receptive verbal ability. One previous study reported receptive language to be low at ages 3 

and 9, but high at ages 5 and 7 in 20 people who later developed mania (Cannon et al., 

2002). Few other studies have studied premorbid receptive language performance in BP, 

perhaps because it is not considered a domain that is impaired in BP (Goodwin et al., 2008; 

Olvet et al., 2010). A few studies have examined executive functioning during the premorbid 

period in BP (Martino et al., 2015; Meyer et al., 2004; Tiihonen et al., 2005). The Raven 

captures some aspects of executive functioning, similar to the visuospatial component 

testing assessed at military induction by Tiihonen et al, which found deficits among those 

who later developed BP (Tiihonen et al., 2005). A second conscript study reported that those 

who later developed BP had the same performance as controls on the visuospatial portion of 

the conscript battery (Reichenberg et al., 2002). While the Raven captures some aspects of 

executive functioning, the evidence for deficits during the premorbid period remains 

inconclusive. Our findings suggest that for visual-spatial processing, inductive reasoning, 

relational reasoning and problem solving during childhood, those who later develop BP do 

not perform worse than controls.
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This study has a number of strengths. First, T. gondii antibody was measured during the 

third trimester and prospective data were collected on offspring bipolar disorder and 

cognition. This direct measure of maternal T. gondii infection in mothers during pregnancy 

eliminates temporal ambiguity in the association. Second, research diagnoses of BP derived 

from systematic ascertainment and consensus diagnoses from clinical interview, which 

reduces the risk of diagnostic misclassification. Finally, performance on cognitive testing in 

childhood is not affected by social and environmental factors which occur later in life, for 

instance premorbid and prodromal disease course, or duration and quality of education 

acquired subsequent to this early assessment.

The main limitation was the modest sample size for both the analysis of T. gondii as a risk 

factor for BP and cognitive deficits. This may have explained the non-significant results. 

This study had 80% power to detect a moderate association (OR = 2.7, p = .05), similar to 

the effect size previously observed in the study of maternal T. gondii IgG and SZ in this 

cohort (Brown et al., 2005). However, though our findings were not significant, there was 

evidence of a trend relationship between T. gondii and BP. In addition, there was 80% power 

to detect a moderate association between maternal T. gondii IgG and cognitive performance 

(OR = 2.8, p = .05). On standardized cognitive measures, this difference is quite large, 

requiring differences in performance significantly larger than those observed for any domain 

in BP. Larger samples sizes are therefore needed to obtain sufficient power to observe 

differences in cognitive functioning. Additionally, analyzed maternal sera for T. gondii IgG, 

which provides a measure of infection at a point in the past but is unlikely to identify 

infection with this parasite given the rarity of its occurrence over the course of a pregnancy. 

Consequently, we are unable to determine when the infection occurred in relation to the 

pregnancy or birth.

Despite these limitations, the findings of this study suggest that future efforts are necessary 

to delineate the effects of particular exposures on specific psychiatric and neurocognitive 

outcomes. Our study only considered the latent maternal exposure and effects on offspring. 

We postulate that latent exposure may have consequences for maternal immune activation 

during gestation on offspring odds of BP, though further work on immune mechanisms 

relevant to this phenomenon is necessary. Further research in large, prospectively followed 

birth cohorts is necessary to realize this goal. Such research would best be conducted in birth 

cohorts which assess risk factors for both BP and SZ for direct comparison. Analyses which 

combined existing cohorts to increase statistical power would also provide needed additional 

evidence. T. gondii is an established risk factor for SZ and as such merits further 

consideration in studies of other psychiatric illnesses.
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Highlights

Exposure to maternal T. gondii does not increase the risk of offspring BP

Exposure to maternal T. gondii was not associated with BP subtypes

Exposure to maternal T. gondii may be a risk factor specific to SZ and not 

BP

Exposure to maternal T. gondii is not associated with offspring cognitive 

performance
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Figure 1. 
Case Ascertainment Flow Chart
*Includes deceased, incarcerated, and those who repeatedly failed to keep appointments.
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Table 1

Characteristics of potential BP disorder case subjects interviewed and not interviewed.

Characteristics Potential cases interviewed (N=214) Potential cases not interviewed (N=234) p value*

Maternal age, mean years (SD) 27.7 (6.7) 26.5 (6.5) 0.06

Paternal age, mean years (SD) 32.2 (7.7) 30.1 (7.5) 0.01

Maternal race, N (%) 0.48a

 White 119 (55.9) 118 (51.1)

 Black 76 (35.7) 87 (37.7)

 Other 18 (8.4) 26 (11.2)

Maternal education, N (%) 0.75a

 Less than high school 47 (24.2) 52 (25.2)

 High school graduate 76 (39.2) 86 (41.8)

 Some college/college graduate 71 (36.6) 68 (33.0)

Gestational age, mean days (SD) 282.5 (17.7) 278.6 (19.5) 0.03

Any maternal psychiatric history, N (%) 0.73

 Yes 21 (10.1) 25 (11.1)

 No 188 (90.0) 201 (88.9)

Childhood Raven number tested (mean) 105 (−0.2) 97 (−0.11) 0.5

Childhood Peabody number tested (mean) 107 (96.68) 97 (97.79) 0.62

*
Reported p value indicates the level of statistical significance from Chi Square comparisons of the difference between groups.

a
Maternal race and maternal education p values indicates Chi square comparison between the groupings, testing for overall difference between 

groups.
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Table 2

Demographic comparison of the analytic sample

Bipolar Cases (N = 85) Comparison Subjects (N = 170) p value*

Maternal age at child’s birth, Mean (SD)a 27.5 (6.6) 28.2 (6.0) 0.37

Maternal education, N (%)b 0.641

 < High school 16 (20.2) 26 (16.1)

 High school graduate 30 (38.0) 59 (36.7)

 Some college or college graduate 33 (41.8) 76 (47.2)

Maternal race, N (%)a 0.201

 white 58 (69.0) 109 (64.1)

 African-American 22 (26.2) 41 (24.1)

 other 4 (4.8) 20 (11.8)

Maternal psychiatric history, N (%)c,d 22 (26.2) 35 (20.7) 0.33

Gestational age in days, Mean (SD)a 281.4 (16.3) 280.5 (16.5) 0.68

a
Data missing for one case subject

b
Data missing for six case subjects and nine comparison subjects

c
Data missing for one case subject and one comparison subject

d
Maternal psychiatric history was defined as psychoses, schizophrenia, affective disorder, anxiety, alcohol/substance abuse, mental deficiency, or 

other mental disorder

*
Reported p value indicates the level of statistical significance from Chi Square comparisons of the difference between groups.

1
Maternal race and maternal education p values indicates Chi square comparison between the groupings, testing for overall difference between 

groups.

Psychiatry Res. Author manuscript; available in PMC 2017 September 30.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Freedman et al. Page 21

Ta
b

le
 3

M
at

er
na

l T
. g

on
di

i t
ite

r 
le

ve
ls

 a
nd

 r
is

k 
of

 B
P 

di
so

rd
er

 in
 o

ff
sp

ri
ng

R
is

k 
of

 B
P

 (
N

 =
 8

5)
R

is
k 

of
 B

P
 1

 (
N

 =
 2

6)
R

is
k 

of
 B

P
 w

it
h 

ps
yc

ho
ti

c 
fe

at
ur

es
 (

N
 =

 1
4)

H
az

ar
d 

R
at

io
 (

95
%

 C
I)

*
p 

va
lu

e
H

az
ar

d 
R

at
io

 (
95

%
 C

I)
p 

va
lu

e
H

az
ar

d 
R

at
io

 (
95

%
 C

I)
p 

va
lu

e

L
ow

 T
ite

r 
(N

 =
 2

00
: C

as
es

 =
 6

3 
C

on
tr

ol
s 

=
 1

37
)

R
ef

er
en

ce
 g

ro
up

--
R

ef
er

en
ce

 g
ro

up
--

R
ef

er
en

ce
 g

ro
up

--

M
od

er
at

e 
T

ite
r 

(N
 =

 2
0:

 C
as

es
 =

 7
 C

on
tr

ol
s 

=
 1

3)
1.

43
 (

0.
49

, 4
.1

7)
p 

=
 0

.5
1

0.
99

 (
0.

33
, 2

.9
4)

0.
99

0.
32

 (
0.

04
, 2

.7
0)

0.
29

H
ig

h 
T

ite
r 

(N
 =

 3
5:

 C
as

es
 =

 1
5 

C
on

tr
ol

s 
=

 2
0)

1.
6 

(0
.7

4,
 3

.4
8)

p 
=

 0
.2

3
1.

89
 (

0.
9,

 3
.9

8)
0.

09
2.

16
 (

0.
84

, 5
.6

)
0.

11

* H
az

ar
d 

R
at

io
’s

 a
nd

 p
 v

al
ue

s 
in

di
ca

te
 th

e 
co

m
pa

ri
so

n 
of

 th
e 

tit
er

 g
ro

up
 c

om
pa

re
d 

to
 th

e 
re

fe
re

nc
e 

gr
ou

p 
(L

ow
 T

ite
r)

Psychiatry Res. Author manuscript; available in PMC 2017 September 30.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Freedman et al. Page 22

Ta
b

le
 4

M
at

er
na

l T
. g

on
di

i I
gG

 ti
te

r 
le

ve
ls

 a
nd

 c
hi

ld
ho

od
 c

og
ni

tio
n

C
om

pa
re

d 
to

 R
ef

er
en

ce
 T

it
er

 (
<1

:1
6)

P
ar

am
et

er
 E

st
im

at
e

H
R

95
%

 C
on

fi
de

nc
e 

In
te

rv
al

p 
va

lu
e*

PP
V

T
 (

N
 =

 2
50

)
M

od
er

at
e 

(1
:1

6–
1:

64
)

0.
1

1.
1

(0
.5

2,
 2

.3
5)

0.
8

H
ig

h 
(1

:1
28

–1
:5

12
)

0.
3

0.
88

(0
.4

9,
 1

.5
6)

0.
66

R
av

en
 (

N
 =

 1
46

)
M

od
er

at
e 

(1
:1

6–
1:

64
0.

37
1.

45
(0

.3
2,

 6
.6

0)
0.

63

H
ig

h 
(1

:1
28

–1
:5

12
)

−
0.

1
0.

9
(0

.3
9,

 2
.0

8)
0.

81

* P 
va

lu
e 

re
po

rt
s 

tit
er

 le
ve

l c
om

pa
re

d 
to

 th
e 

re
fe

re
nc

e 
w

hi
ch

 is
 L

ow
 T

ite
r.

Psychiatry Res. Author manuscript; available in PMC 2017 September 30.


	Abstract
	1. Introduction
	2. Method
	2.1 Case Identification
	2.2 Diagnostic protocol
	2.3 Control Selection
	2.4 Analytic Sample
	2.5 Measurement of T. gondii antibody titers
	2.6 Cognitive measures
	2.7 Statistical analyses and covariates

	3. Results
	3.1 Maternal T. gondii and offspring bipolar disorder
	3.2 Premorbid cognition and T. gondii

	4. Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4

