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Abstract

Background—Previous studies have linked prenatal influenza exposure to increased risk of

schizophrenia; however, no study has examined the neurodevelopmental sequelae of this prenatal

insult before the onset of psychotic symptoms using serological evidence of infection. This study

sought to examine the contribution of prenatal influenza A and B exposure to cognitive

performance among children who developed psychoses in adulthood versus nonpsychiatric control

children.

Methods—Subjects were 111 cases (70 with schizophrenia and 41 with affective psychoses) and

333 matched control subjects followed from gestation until age 7 through the Collaborative

Perinatal Project. The Wechsler Intelligence Scale for Children (age 7) was administered and adult

psychiatric morbidity was assessed by medical records review and confirmed by a validation

study. Assays were conducted from archived prenatal maternal sera collected at birth, and

influenza infection was determined by immunoglobulin G (IgG) antibody titers >75th percentile.

Results—Significant decreases in verbal IQ and the information subtest, as well as similar

nonsignificant reductions in full scale IQ scores and vocabulary, comprehension, digit span, and
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picture arrangement subtests were found among cases who were prenatally exposed to influenza B

versus cases who were not exposed. Fetal exposure to influenza B did not lead to any significant

differences in cognitive performance among control children.

Conclusions—Cumulatively, these findings suggest that a genetic and/or an environmental

factor associated with psychosis rendered the fetal brain particularly vulnerable to the effects of

influenza B, leading to poorer cognitive performance even before symptom onset.
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Collaborative Perinatal Project; cognitive outcomes; infection; influenza; IQ; obstetric
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Abnormalities in cognitive performance have been documented as a common occurrence in

the premorbid period of schizophrenia, including decreased IQs, delayed language

development, and reductions in scores on the Wechsler Intelligence Scale for Children

(WISC) subtests picture arrangement, vocabulary, and coding (1–5). Despite these findings,

it remains unclear whether premorbid cognitive difficulties are a result of a genetic

vulnerability for schizophrenia, environmental risk factors, and/or a combination of genetic

and environmental risk factors.

Of the potential environmental contributors, fetal exposures to infectious agents, especially

the influenza virus, have been prominent risk factors for schizophrenia (6 –11). Some, but

not all, studies have reported that women who were pregnant during influenza epidemics

were more likely to give birth to offspring who later developed psychosis, although in these

epidemiological studies it was not known whether pregnant women were actually infected

(7–9). However, a serological study by Brown et al. (6) found an association between

influenza infection during the first trimester of pregnancy and increased risk of

schizophrenia spectrum disorders (SSDs). Nevertheless, no study has explored whether fetal

exposure to influenza (using serological indicators of infection) is associated with cognitive

abnormalities in the premorbid period of psychosis. Examining individuals before the onset

of psychotic symptoms not only is key in identifying targets for early intervention/

prevention strategies, it also provides an opportunity to parse apart genetic and

environmental contributors to cognitive difficulties among individuals with psychotic

disorders without the potential confounding effects of medications and symptoms.

The primary aim of this study was to examine whether third trimester prenatal influenza

exposure was associated with decreased performance on WISC IQ measures among 7-year-

old children who developed psychosis in adulthood versus control children. In keeping with

the gene-environment interaction model of the role of obstetric complications (OCs) in the

etiology of schizophrenia, children who later developed psychoses were expected to show a

differential sensitivity to fetal exposure to influenza compared with control subjects, as

evidenced by worsened performance on WISC measures at age 7. Further, the present study

sought to determine whether fetal exposure to influenza in the third trimester of pregnancy

led to increased incidence of psychosis, as opposed to the first trimester, which was

observed in the Brown et al. study (6).
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Methods and Materials

Cohort Formation

The Collaborative Perinatal Project (CPP) was a prospective study aimed at investigating

prenatal and perinatal contributors to adverse infant and child development. From 1959 to

1966, over 50,000 women were followed during the course of pregnancy at multiple sites

throughout the United States (12). Cohort offspring underwent a series of physical,

cognitive, and psychosocial evaluations from birth to age 7. The present study used cohort

members from the Philadelphia site of the CPP, which consisted of 9236 offspring of 6753

mothers who delivered at two inner-city hospitals—the Pennsylvania Hospital and the

Children's Hospital of Philadelphia (90% of deliveries at hospitals) (12). The hospitals for

the Philadelphia cohort were chosen to ensure a predominantly African American sample

(88%), thereby permitting ethnic balance across the CPP sites.

Identification of Psychotic Offspring

In 1996 (CPP members ages 30–37), a search of the Penn Longitudinal Database was

conducted to identify CPP participants (13). This database contained information pertaining

to patient contacts with public mental health facilities in Philadelphia from 1985 to 1995.

The search yielded 1197 individuals, and of these individuals 339 had a previous diagnosis

of a psychotic disorder and 858 individuals received other psychiatric diagnoses (for specific

diagnoses, see 14). To verify psychotic disorder register diagnoses, a validation study was

conducted using psychiatric medical records.

Records for 144 patients were obtained. Using a standard coding form based on DSM-IV

criteria, six raters (two psychiatrists, two clinical psychologists, and two advanced clinical

psychology graduate students) conducted chart reviews. There were no exclusion criteria for

cases, except those specified in the DSM-IV (15). Ten charts were used for training and 56

cases were selected randomly for interrater reliability (Kappa = .85; 93% simple agreement).

To confirm chart diagnoses, 14 individuals diagnosed with a psychotic disorder were

interviewed (confirmed in 13 cases). There was only moderate agreement between chart-

based and register-based diagnoses (Kappa = .63); thus, only chart-based diagnoses are used

in this study. Out of 144 chart reviews, 72 received a diagnosis of schizophrenia or

schizoaffective disorder-depressed type (.8% of cohort), 41 were diagnosed with a psychotic

form of major depression or bipolar disorder (.4 % of cohort), and 31 were diagnosed with

other diagnoses (for specific diagnoses, see [14]).

Three control subjects were matched to each case to maximize the detection of abnormalities

with potentially small effect sizes. Control subjects were selected by matching them to cases

based on the following criteria: 1) from the same hospital as cases; 2) same sex and race as

cases; 3) no sibling in the analytic sample; and 4) being the next 3 CPP births (i.e., closest in

date of birth) that match on these criteria. Specifically, 111 subjects who were diagnosed

with psychoses in adulthood (70 with schizophrenia and 41 with affective psychoses) and

333 matched control subjects had available prenatal maternal sera and were used in the

present study. Demographic characteristics for the sample are displayed in Table 1.
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Socioeconomic status reflects the occupation and income of the primary wage earner on a

scale of 1 (unemployed, on public assistance) to 9 (professional, upper middle class).

Childhood Variables

Three hundred seventy children (96 cases, 60 diagnosed with schizophrenia) were evaluated

at age 7 (mean = 7.54, SD = 1.46) with 7 of the 10 subtests of the WISC (information,

vocabulary, comprehension, digit span, picture completion, block design, and coding) (16).

Verbal IQ (VIQ), performance IQ (PIQ), full scale IQ (FIQ), and scaled scores for subtests

were calculated using published norms (16). Lateral dominance was measured at ages 4 and

7 by recording which hand the child used while writing and manipulating objects.

Ambiguous cases were identified as left-handed (Table 1).

Processing of Serum and Antibody Measurements

Maternal blood samples were collected at the time of birth and serum samples were stored at

the National Institutes of Health repository. All assays were carried out in the Stanley

Laboratory of Developmental Neurovirology at Johns Hopkins University Medical Center

under the supervision of Dr. Robert Yolken.

Levels of specific immunoglobulin G (IgG) class antibodies to influenza A and influenza B

were measured by solid-phase enzyme immunoassays. Reagents were obtained from IBL

Corp (Hamburg, Germany) (enzyme-linked immunosorbent assay [ELISA], kits RE56541

and RE5651). Wells of microtiter plates coated with target antigens for influenza A and B

were reacted with 100 μL of test serum diluted 1:101 with diluent buffer containing

phosphate-buffered saline (PBS) buffer, bovine serum albumin (BSA), <.1 % sodium azide

(NaN3). Plates were covered with adhesive foil and incubated for 60 minutes at 18°C to

25°C. Adhesive foil was removed and incubation solution was discarded. Plates were

washed three times with 300 μL of diluted wash buffer (PBS buffer, Tween 20). Excess

solution was removed by tapping the inverted plate on a paper towel. A total of 100 μL of

anti-human IgG, conjugated to peroxidase, protein-containing buffer, stabilizers was

pipetted into each well. Plates were covered with new adhesive foil and then wells were

incubated for 30 minutes at 18°C to 25°C. Adhesive foil was removed, incubation solution

was discarded, and plates were washed three times with 300 μL of diluted wash buffer (PBS

buffer, Tween 20). Excess solution was removed by tapping the inverted plate on a paper

towel. TMB Substrate Solution (100 μL) was pipetted into each well and then incubated for

20 minutes at 18°C to 25°C in the dark (without adhesive foil). Substrate reactions were

stopped by adding 100 μL of TMB Stop Solution into each well (.5 mol/L sulfuric acid

[H2SO4]). Contents were mixed by gently shaking the plate. Optical densities were

measured with a photometer at 450 nm (reference-wavelength: 600–650 nm) within 60

minutes after pipetting of the Stop Solution.

Most individuals have been exposed to both influenza A and B and therefore are

seropositive (carry antibodies) for both. The present study used IgG antibody levels, as

measured by optical density values, of greater than the 75th percentile to indicate the

probability of an active infection. An increase in IgG antibodies occurs in response to

influenza if an individual has been previously exposed to influenza (17). This elevation in
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levels of IgG persists for approximately 7 to 21 days in healthy adults (17) and data suggest

that the IgG response to infection in pregnant women does not differ from nonpregnant

women (18). Women with IgG antibodies greater than the 75th percentile had an increased

likelihood of having an active influenza infection at some point during the third trimester,

given that the samples were collected at birth. All samples were analyzed under code, with

the laboratory performing the studies blind to clinical statuses of participants.

Statistical Analyses

Given limited cases exposed to infection (Table 1), individuals who were diagnosed with

schizophrenia, schizoaffective disorder, and affective psychoses in adulthood were

combined to maximize power to detect significant results. Nevertheless, supplementary

analyses were conducted to determine if results differed by diagnostic category, although

these results were viewed as preliminary. All statistical analyses were conducted in SAS 9.1

(SAS, Inc., Cary, North Carolina) and all analyses controlled for maternal social status,

infant sex, and child's race, being that many of these variables are known to affect the risk of

OCs and have associations with schizophrenia (15,19–21). Further, maternal social status

can be used as a proxy for postnatal adversity to help parse apart pre- versus postnatal

influences on key dependent variables.

To determine if influenza A and/or B significantly predicted case status, logistic regressions

were conducted. Coefficients in logistic regression analyses were exponentiated to

determine odds ratios and Wald tests were used to test the significance of each coefficient.

Analyses of covariance (ANCOVAs) were conducted to determine the relationship between

case status and influenza A and B on cognitive variables. All models included influenza by

case status interaction terms to determine whether this interaction improved the fit of the

models. Three post hoc analyses were conducted: 1) unexposed control subjects were

compared with exposed control subjects to determine whether fetal exposure to influenza led

to decreases in cognitive performance among children at presumed low genetic risk for

psychosis; 2) unexposed cases were compared with unexposed control subjects to determine

whether there were significant differences in performance on cognitive measures in the

absence of exposure to influenza; and 3) unexposed cases were compared with exposed

cases to determine whether cases were preferentially sensitive to influenza exposure. All

analyses were conducted separately for influenza A and influenza B due to potential

differences in the severity of the strains. Handedness also was controlled for in cognitive

analyses due to a significant difference in handedness between case and control children and

the potential for handedness to affect cognitive performance (22) (Table 1). Least square

mean scores were computed for all of the dependent variables and Cohen's d effect sizes

were computed for all post hoc comparisons, such that effect sizes of .0 to .2 were

considered small, .3 to .5 were considered medium, and greater than .5 were considered

large (23). Any effect size greater than or equal to .25 was considered of importance in

interpretations. Analyses were viewed as exploratory and therefore unadjusted for multiple

comparisons with p values less than .05 considered significant.
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Results

There were no significant associations of fetal exposure to influenza A with any of the

dependent variables; therefore, influenza B results will be discussed herein. Results

indicated that while controlling for social status, sex, and race, prenatal exposure to

influenza B was associated with a 1.5 times increase in the odds of being diagnosed with a

psychotic disorder versus no diagnosis, although this association did not reach significance

(χ2 = 2.798, df = 1, p = .09; 95% confidence interval [CI] = .932, 2.446). Influenza B

exposure was associated with a 1.702 times increases in the odds of a schizophrenia

diagnosis compared with control status (χ2 = 2.896, df = 1, p = .089; 95% CI = .922, 3.141),

whereas there was no significant relationship between influenza B exposure and affective

psychosis status (χ2 = .127, df = 1, p = .722; 95% CI = .515, 2.604).

Intelligence Quotient Results

Results from ANCOVA analyses are presented in Table 2 and Figures 1 and 2. There were

nonsignificant interactions between case status and fetal exposure to influenza B for FIQ

scores (F = 3.34, df = 1, p = .068) and a significant interaction for VIQ scores (F = 6.75, df =

1, p = .010). There was not a significant interaction for PIQ scores (F = 1.66, df = 1, p = .

198). Post hoc analyses indicated stepwise decreases on all IQ scores according to genetic

loading and influenza exposure, with unexposed cases performing worse than unexposed

control subjects and exposed cases performing worse than unexposed cases, although some

of these differences did not reach significance. Specifically, there were only nonsignificant

decreases in FIQ scores (p = .054, Cohen's d = .186) and VIQ scores (p = .294, Cohen's d = .

102) and a significant difference in PIQ between unexposed cases and unexposed control

subjects (p = .041, Cohen's d = .199). Further, results indicated nonsignificant decreases in

FIQ scores (p = .172, Cohen's d = .246), significant decreases in VIQ scores (p = .024,

Cohen's d = .408), and no differences in PIQ scores (p = .2146, Cohen's d = .223) among

cases who were exposed prenatally to influenza B compared with cases unexposed.

Interestingly, fetal exposure to influenza B led to no significant differences in IQ scores in

control subjects.

WISC Subtest Results

ANCOVA analyses (Table 2 and Figures 3 and 4) m indicated that there were significant

interactions between case status and fetal exposure to influenza B for the WISC subscales

information (F = 8.05, df = 1, p = .005) and digit span (F = 5.01, df = 1, p = .026) and

interactions approached significance for vocabulary (F = 3.28, df = 1, p = .071) and picture

arrangement (F = 3.53, df = 1, p = .06). In contrast, there were no significant interactions

between case status and fetal exposure to influenza B for the subscales comprehension (F =

2.17, df = 1, p = .142), block design (F = .04, df = 1, p = .851), and coding (F = .36, df = 1, p

= .551).

Post hoc comparisons indicated significant decreases among exposed cases compared with

unexposed cases on information (p = .040, Cohen's d = .370) and nonsignificant decreases

on digit span (p = .080, Cohen's d = .315), vocabulary (p = .103, Cohen's d = .294), and

picture arrangement (p = .146, Cohen's d = .262). Interestingly, after controlling for the
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other variables in the model, unexposed cases compared with unexposed control subjects

only showed significant differences in scores on vocabulary (p = .025, Cohen's d = .221) and

block design (p = .021, Cohen's d = .227). There were no significant differences between

unexposed cases and unexposed control subjects on information, comprehension, digit span,

and picture arrangement. In addition, there were no significant differences on any of the

subtests between unexposed and exposed control subjects.

Diagnostic Specificity

Supplementary analyses indicated that the cases who developed schizophrenia in adulthood

appeared to primarily contribute to the decreases in IQ scores, with these cases being

preferentially sensitive to fetal exposure to influenza B (Table 3). The two exceptions were

on the subtests digit span, where fetal exposure to influenza B only led to decreases in scores

among cases who developed affective psychosis in adulthood (small effect size), and the

subtest vocabulary, where nonsignificant decreases in scores were observed among exposed

cases who developed both affective psychosis and schizophrenia in adulthood compared

with respective unexposed cases (small effect sizes). After controlling for the other variables

in the model, unexposed children who developed schizophrenia in adulthood compared with

unexposed control children showed nonsignificant decreases in FIQ, vocabulary, and block

design; however, unexposed children who developed affective psychosis in adulthood

compared with unexposed control subjects showed nonsignificant decreases on PIQ, block

design, and coding.

Discussion

The results of this study provide the first evidence that fetal exposure to influenza is

associated with preferential decreases in cognitive performance among children who

develop psychosis in adulthood compared with unexposed cases. Interestingly, fetal

exposure to influenza did not result in any decrements in cognitive performance among

control children at presumed low genetic risk for psychosis. These findings suggest that a

genetic and/or an additional environmental factor associated with psychosis likely rendered

the fetal brain vulnerable to the effects of influenza.

Decreases in cognitive performance among influenza exposed cases were primarily

restricted to verbal tasks, with significant decreases in VIQ scores and the subtest

information and nonsignificant decreases in FIQ, comprehension, vocabulary, digit span,

and picture arrangement scores. During this period of childhood (i.e., around age 7), verbal

tasks primarily tap into the child's acquired knowledge, verbal ability, and verbal

comprehension, but also involve attention, working memory, and multiple other cognitive

domains (24). The results from the present study raise the possibility that early risk factors,

such as fetal exposure to influenza B, may partially explain the occurrence of deficits in

language acquisition and decreased performance on verbal IQ tasks during the premorbid

period of schizophrenia (5,25). The findings from the present study also are likely specific to

fetal infection exposure, given that hypoxia-associated OCs were found to be unrelated to

language acquisition deficits in the premorbid period (5).
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In addition, verbal subtests measure the child's acquired knowledge in word meaning and a

variety of disciplines (24), which can provide insight into the child's ability to store and

retrieve acquired knowledge (26). Findings from animal studies (mice and rats) suggest that

although the influenza virus rarely crosses the placenta, the maternal antiviral responses to

infection, such as increases in proinflammatory cytokines, can lead to morphological

changes in the hippocampus (e.g., shrinkage of pyramidal cells) and correlated problems in

learning and memory, which may partially explain the findings related to verbal scales

involving acquired knowledge (27–30). In addition to hippocampal and learning

abnormalities, offspring of pregnant rodents injected with polyinosinic:polycytidylic acid

(poly I:C), a nonviral inducer of interferon, show similar neuronal and cognitive

abnormalities in adulthood as those found among schizophrenic patients, such as increased

dopamine turnover and decreased receptor binding of D2-like receptors (but not D1) in the

striatum; increased sensitivity to the locomotor-stimulating effects of an N-methyl-D-

aspartate (NMDA) receptor antagonist, MK-801, implicating alterations of the dopaminergic

and/or glutamatergic systems; deficits in prepulse inhibition (PPI); excessive behavioral

switching; loss of latent inhibition; and rapid reversal learning (28,30–32). Moreover,

treatment with the anti-psychotic, clozapine, ameliorated most of these deficits, including

rapid reversal learning, latent inhibition, and PPI (28,31). Cumulatively, these findings

suggest that prenatal exposure to influenza can have long-lasting neurobehavioral effects

that persist until adulthood.

Contrary to previous case-control differences on the subtests picture arrangement and coding

from the Philadelphia site of the CPP, the present study found that unexposed cases

compared with unexposed control subjects only demonstrated significantly decreased scores

on PIQ and the vocabulary subtest (1). Although there were fewer matching criteria for

control subjects in the present study compared with previous investigations, leading to a

slightly different control group, the results from the present study suggest that previous

findings partially may have been due to fetal exposure to infection. What was previously

thought of as an intermediate endophenotype (i.e., poorer premorbid verbal performance)

likely represents a combination of environmental and genetic risk factors, which should be

considered in future studies and prevention strategies.

Fetal exposure to influenza A did not result in a similar pattern of results as with influenza

B, which raises the possibility that exposure to infection is not sufficient to cause

neurodevelopmental sequelae. Although we do not have information on the exact strains of

influenza A and B that women were exposed to, the present study suggests that the virulence

of the influenza strain, as well as the associated maternal antiviral responses to the infection,

likely determine the degree of teratogenicity. Differences in virulence of infections may

explain conflicting findings linking various prenatal infections to risk of schizophrenia, but

further research with information pertaining to the virulence of the infection is necessary

(33,34).

Similar to previous findings (6), the present study found a relationship between fetal

exposure to influenza B and psychotic outcome in offspring, although this relationship fell

just short of significance. It is possible that the timing of exposure to infection plays a role in

determining increased risk for psychosis, given that the Brown et al. study (6) only found an
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association between first trimester influenza exposure and increased risk for SSD, whereas

the present study measured infection during the third trimester of pregnancy, possibly

decreasing our power to detect a significant effect (17).

Of particular note was that results seemed to be restricted to cases who developed

schizophrenia in adulthood versus those who developed affective psychosis, although these

findings should be tentatively interpreted given that there were only 13 cases of affective

psychosis who had been exposure to influenza B. Future research is necessary to examine

whether fetal exposure to influenza only increases risk for schizophrenia and/or increases

risk for many related psychological and neurodevelopmental sequelae.

There are multiple limitations of this study that future studies should address. Specifically,

due to the possibility of type 1 errors and the limited sample size, only the gene-

environment/environment-environment interaction model was possible to test in the present

study; whereas, it is possible that prenatal exposure to influenza additively influences risk

for schizophrenia and premorbid abnormalities among cases. Moreover, multiple tests were

conducted without adjusting for multiple comparisons, which increases the probability of

type 1 errors. Future studies with larger sample sizes are necessary to test whether our

results are resilient under more conservative p values and whether fetal exposure to

influenza acts additively, interactively, epigenetically (or as a combination of these

possibilities) within the neurodevelopmental course of the disorder.

Although there have been multiple studies using the CPP cohort linking cognitive deficits in

the premorbid period of schizophrenia to schizophrenic outcome (1,4), it is important to

consider that the measures used were designed to assess general intellectual functioning and

were not intended to tap into specific cognitive domains associated with OCs or psychiatric

diagnoses. There could be many contributors to cognitive functioning besides a genetic

vulnerability for schizophrenia and/or OCs, such as sex, race, handedness, socioeconomic

status, education, and other life experiences (1,4). Nevertheless, many of these

environmental contributors were controlled for in the present study and differences in

cognitive performance were still observed. Even so, our study included predominantly

African American participants, who have been previously shown to be at increased risk for

schizophrenia (21). The present results may have reduced generalizability to other ethnic/

racial groups but provide potential clues about the contributors to racial disparities in

schizophrenia that should be examined by future investigations. Further, when conducting

analyses stratifying by maternal social status (data not shown), results were more

pronounced for cases in lower SES strata, supporting theories that there is likely an

interaction between prenatal exposures and later environmental adversity (35). Despite these

findings, results were in the same direction for cases in higher SES strata, suggesting that

prenatal influenza exposure has an independent influence on premorbid childhood cognitive

functioning.

There also is a possibility of psychiatric morbidity among control subjects that were not

ascertained by screening for reasons such as not being able to identify female patients whose

last name changed after marriage, not being able to identify patients who sought treatment

during a period other than the ascertainment period, not being able to identify patients who
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moved, and so on. Although the extent of misclassification cannot be determined precisely,

the prevalence of schizophrenia was .8% within the Philadelphia cohort, which is reasonably

high given that the most common prevalence estimates of schizophrenia are around 1% (36).

Misclassification of some control subjects creates the possibility that the results of the

present study are an underestimation of the association between fetal exposure to influenza

and premorbid cognitive functioning.

An additional caveat is that serum samples used in this study have been frozen for more than

40 years, raising concerns about the stability of IgG antibodies over time. Careful

procedures were used to ensure that samples remained frozen and undisturbed, which

considerably protects against the breakdown of proteins. Further, all of the sera were

handled uniformly for cases and control subjects; therefore, differences found among these

groups should not be attributable to decay over time. In addition, multiple antibodies to

infections have been assayed from maternal sera from the CPP and have shown significant

relationships with psychotic outcome in offspring, suggesting that the maternal sera are in

good condition (34,37).

The present study is the first study to suggest that previously determined premorbid

endophenotypes for schizophrenia may be partially explained by exposure to environmental

risk factors. Moreover, the effects of these exposures likely vary depending on the severity

and mechanisms of action of the given teratogen. Efforts to delineate the causes of

neuropsychological disruption in schizophrenia, as well as efforts to adopt early treatment

and prevention strategies, would benefit greatly from consideration of additive, interactive,

or epigenetic effects of prenatal exposures in genetically susceptible individuals.
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Figure 1.
ANCOVA age 7 WISC performance and verbal IQ scores by influenza B and group status.

Figure displays least square mean values for WISC VIQ and PIQ scores by influenza B and

case status. p values and Cohen's d effect sizes are presented for significant post hoc

comparisons, as well as post hoc comparisons that approached significance. All analyses

controlled for child's handedness, maternal social class, child's race, and child's sex.

ANCOVA, analysis of covariance; VIQ, verbal IQ; PIQ, performance IQ; WISC, Wechsler

Intelligence Scale for Children.
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Figure 2.
ANCOVA analyses for age 7 full scale WISCIQ scores by influenza B and case status.

Figure displays least square mean values for WISC FIQ scores by influenza B and case

status. p values and Cohen's d effect sizes are presented for significant post hoc

comparisons, as well as post hoc comparisons that approached significance. All analyses

controlled for child's handedness, maternal social class, child's race, and child's sex.

ANCOVA, analysis of covariance; FIQ, full scale IQ; WISC, Wechsler Intelligence Scale

for Children.
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Figure 3.
ANCOVA analyses for age 7WISC verbal subscales by influenza B and case status. Figure

displays least square mean values for verbal subscales of the WISC by influenza B and case

status. p values and Cohen's d effect sizes are presented for significant post hoc

comparisons, as well as post hoc comparisons that approached significance. All analyses

controlled for child's handedness, maternal social class, child's race, and child's sex.

ANCOVA, analysis of covariance; WISC, Wechsler Intelligence Scale for Children.
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Figure 4.
ANCOVA analyses for age 7 WISC performance subscales by influenza B and case status.

Figure displays least square mean values for performance subscales of the WISC by

influenza B and case status. p values and Cohen's d effect sizes are presented for significant

post hoc comparisons, as well as post hoc comparisons that approached significance. All

analyses controlled for child's handedness, maternal social class, child's race, and child's sex.

ANCOVA, analysis of covariance; WISC, Wechsler Intelligence Scale for Children.
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