
Infections in Children with Autism Spectrum Disorder: Study to 
Explore Early Development (SEED)

Katherine R. Sabourin, Ann Reynolds, Diana Schendel, Steven Rosenberg, Lisa A. Croen, 
Jennifer A. Pinto-Martin, Laura A. Schieve, Craig Newschaffer, Li-Ching Lee, Carolyn 
DiGuiseppi
Department of Epidemiology, Colorado School of Public Health, University of Colorado Anschutz 
Medical Campus, Aurora, Colorado; Department of Pediatrics, School of Medicine, University of 
Colorado Anschutz Medical Campus, Aurora, Colorado; Lundbeck Foundation Initiative for 
Integrative Psychiatric Research, iPSYCH; National Centre for Register-based Research; Section 
for Epidemiology, Department of Public Health, Aarhus University, Aarhus, Denmark; Department 
of Psychiatry, School of Medicine, University of Colorado Anschutz Medical Campus, Aurora, 
Colorado; Kaiser Permanente Division of Research, Oakland, California; University of 
Pennsylvania School of Nursing and Perelman School of Medicine, Philadelphia, Pennsylvania; 
National Center on Birth Defects and Developmental Disabilities, Centers for Disease Control and 
Prevention, Atlanta, Georgia; AJ Drexel Autism Institute, Drexel University, Philadelphia, 
Pennsylvania; Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, 
Baltimore, Maryland

Abstract

Immune system abnormalities have been widely reported among children with autism spectrum 

disorder (ASD), which may increase the risk of childhood infections. The Study to Explore Early 

Development (SEED) is a multisite case-control study of children aged 30–69 months, born in 

2003–2006. Cases are children previously diagnosed and newly identified with ASD enrolled from 

education and clinical settings. Children with a previously diagnosed non-ASD developmental 

condition were included in the developmental delay/disorder (DD) control group. The population 

(POP) control group included children randomly sampled from birth certificates. Clinical illness 

from infection during the first 28 days (“neonatal,” from medical records) and first three years of 

life (caregiver report) in cases was compared to DD and POP controls; and between cases with and 

without regression. Children with ASD had greater odds of neonatal (OR = 1.8; 95%CI: 1.1, 2.9) 

and early childhood infection (OR = 1.7; 95%CI: 1.5, 1.9) compared to POP children, and greater 

odds of neonatal infection (OR = 1.5; 95%CI: 1.1, 2.0) compared to DD children. Cases with 

regression had 1.6 times the odds (95%CI: 1.1, 2.3) of caregiver-reported infection during the first 

year of life compared to cases without regression, but neonatal infection risk and overall early 

childhood infection risk did not differ. Our results support the hypothesis that children with ASD 
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are more likely to have infection early in life compared to the general population and to children 

with other developmental conditions. Future studies should examine the contributions of different 

causes, timing, frequency, and severity of infection to ASD risk.

Lay Summary:

We looked at infections during early childhood in relation to autism spectrum disorder (ASD). We 

found that children with ASD were more likely to have an infection in the first 28 days of life and 

before age three compared to children with typical development. Children with ASD were also 

more likely than children with other developmental delays or disorders to have an infection in the 

first 28 days of life.
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childhood infection; temperature dysregulation; autism spectrum disorder; developmental 
disabilities; autism regression

Introduction

Autism spectrum disorder (ASD) is characterized by persistent difficulties with social 

communication and restricted and repetitive behaviors and interests. Research to date 

suggests that ASD etiology is multifactorial and includes both genetic and environmental 

components [Lyall et al., 2017]. Infection, inflammation, and immune activation may be 

related elements in the ASD causal pathway. Studies have shown that children with ASD 

have increased incidence of autoimmune disorders and altered levels of immune mediators 

suggesting ongoing immune dysfunction [Estes & McAllister, 2015;Singh, 2009]. Other 

studies indicate an association between the expression of genes related to immune function 

and ASD [Korvatska, Van de Water, Anders, & Gershwin, 2002].

Additionally, previous studies have found a link between levels of viral [Gentile et al., 

2014b;Nicolson, Gan, Nicolson, & Haier, 2007] and bacterial [Nicolson et al., 2007] 

seromarkers and ASD, and between viral seromarkers and autism [Singh, 2009; Lintas, 

Altieri, Lombardi, Sacco, & Persico, 2010]. ASD has been associated with increased 

diagnosis of ear infections, risk of diarrhea and the common cold, and rates of infection 

during the first 30 days of life [Atladóttir, Schendel, Lauritsen, Henriksen, & Parner, 

2012;Rosen, Yoshida, & Croen, 2007;Atladóttir, Henriksen, Schendel, & Parner, 

2012;Adams et al., 2016; Rosenhall, Nordin, Sandström, Ahlsén, & Gillberg, 1999; Inscoe 

& Bones, 2016]. However, several studies found no association between childhood infection 

and either ASD or autism [Burbelo et al., 2013;Ajamian, Kosofsky, Wormser, Rajadhyaksha, 

& Alaedini, 2013;D’Souza, Fombonne, & Ward, 2006;Gentile et al., 2014a;Satterfield, 

Garcia, Gurrieri, & Schwartz, 2010; Lintas et al., 2011;Libbey et al., 2007;Rosen et al., 

2007]. Overall, the data available on occurrence of infections in children with ASD are 

conflicting and limited by small sample sizes, inadequate comparison groups, or lack of 

well-defined ASD diagnostic criteria. Previous studies also did not examine whether 

associations between childhood infection and ASD varied across behavioral or 

developmental subgroups of children with ASD.
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The current study of childhood infection and ASD used data from the Study to Explore 

Early Development (SEED) to address these gaps in study design. SEED is a multisite case-

control study that combines a large sample size, multiple comparison groups, a diverse 

sample, and cohorts of cases and controls that are well defined based on rigorous 

assessments [Schendel et al., 2012]. Our primary aim was to examine whether children with 

ASD were more likely to have experienced clinical illness from infection during the neonatal 

period and the first three years of life than typically developing children or children with 

other non-ASD developmental delays or disorders. Using a non-ASD developmentally 

delayed/disordered control group was intended to differentiate the effects of ASD from those 

of neurodevelopmental disorders more generally and to control for recall bias. We also 

assessed whether the association varied according to the age at which clinical illness 

occurred. Additionally, we explored whether children with ASD who experience a loss in 

previously acquired language or social skills (i.e., regression, which occurs in approximately 

32% of all children with ASD) [Barger, Campbell, & McDonough, 2013;0zonoff et al., 

2010] are more likely than those without regression to have experienced clinical infection 

during the neonatal period or first three years of life.

Methods

SEED Study Design and Enrollment

The SEED case-control study enrolled children born from September 1, 2003 through 

August 31, 2006 at one of six sites across the country. To be eligible, children must have 

been born and resided in a study catchment area at first contact. Only those with a caregiver 

aged at least 18 years who lived with and cared for the child from six months of age and 

spoke either English (all sites) or Spanish (two sites) were enrolled. Demographics of the 

study population have been described [DiGuiseppi et al., 2016]. To ensure the appropriate 

use of validated instruments, enrolled children were 30.0–68.9 months old at the time of 

clinical evaluation, i.e., the age range for which the measures were normed. Study methods 

have been detailed elsewhere [Schendel et al., 2012]. Institutional Review Boards at the 

Centers for Disease Control and Prevention and each SEED site approved the study. All 

procedures were performed in accordance with the ethical standards of the institutional and 

national research committees and with the 1964 Helsinki declaration, and its later 

amendments or comparable ethical standards.

Cases and Controls

All eligible families were administered the Social Communication Questionnaire (SCQ) 

[Rutter, Bailey, & Lord, 2003a] to screen for children with undiagnosed ASD [Allen, Silove, 

Williams, & Hutchins, 2007;Lee, David, Rusyniak, Landa, & Newschaffer, 2007]. Only 

those children assessed in person were administered the Mullen Scales of Early Learning 

(MSEL) test [Mullen, 1995]. Children with a previous diagnosis of ASD, SCQ score ≥ 11, 

or ASD symptoms observed during the MSEL test were administered the ADOS [Lord, 

Rutter, Dilavore, & Risi, 1999;Gotham, Risi, Pickles, & Lord, 2007] and ADI-R [Lord, 

Rutter, & Le Couteur, 1994;Rutter, Le Couteur, & Lord, 2003b];children who met 

established cutoff scores were classified as ASD (cases). Children with incomplete or 

indeterminate developmental assessments (n = 569) were classified as “possible cases” and 
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excluded from this analysis. Children with a previously diagnosed non-ASD developmental 

delay/disorder, an SCQ< 11 and no symptoms of ASD demonstrated during administration 

of the Mullen were classified as DD without ASD characteristics (DD controls). Children 

who met criteria for a full ASD evaluation but did not meet case criteria (n = 306) were 

classified as DD with ASD characteristics and were excluded from this analysis. Children in 

the ASD and DD groups were recruited from educational and clinical settings serving 

children with developmental disabilities or other disorders. Children from the general 

population (POP) were randomly sampled from birth certificates and were included in the 

POP control group if they did not have a developmental delay/disorder and had a SCQ score 

< 11. Detailed methods for classification of cases and controls have previously been 

described [Wiggins et al., 2015].

Regression

Regression in children with ASD was defined as any loss of language or social skills noted 

on the ADI-R that persisted at least 3 months. Children with ASD who did not experience 

either a loss of language or loss of social skills persisting three or more months were 

considered not to have regression.

Exposures

Clinical infections were ascertained in two ways: (a) report by the primary caregiver of 

infection diagnosed by a doctor or other healthcare professional before the child’s third 

birthday and (b) diagnosis of infection, fever or hypothermia recorded in neonatal medical 

records. We included neonatal hypothermia only if documented after the first 24 hours of 

life, which generally indicates an infection, usually septicemia [Kumar, Shearer, Kumar, & 

Darmstadt, 2009]. Low temperatures in the first day of life are more often the consequence 

of environmental factors, including actions taken by medical staff, or neonatal 

characteristics, such as low birthweight and preterm delivery [Smales & Kime, 1978], and 

were excluded from this analysis.

Data Collection:

Caregiver interview (CGI).—Each child’s primary caregiver (the biological mother in 

98% of enrolled families) completed the CGI, which included questions about family, child 

and household characteristics. Caregivers were asked if their child had ever had an infection 

or other condition diagnosed by a doctor or other healthcare professional between birth and 

age three years. A list of infections and other conditions was provided as a prompt. 

Respondents were also instructed to report any disorders not included on the list, which were 

recorded as free text. Two SEED investigators, including a pediatrician, categorized all 

reported conditions as infection (fungal, bacterial, viral, other defined infection, or probable 

infection of unknown origin [e.g., ear infection]) or no infection. A third investigator 

reviewed responses with discordant categorization between the initial two investigators. 

Children with a CGI considered to be complete based on study completion criteria were 

included in the analyses of caregiver-reported infections.

For each reported infection, caregivers were asked whether it occurred before the child’s 

first birthday (first year of life), between the child’s first and second birthday (second year of 
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life), between the child’s second and third birthday (third year of life), or during multiple 

time periods. Because of the instrument design, if the child had multiple occurrences of the 

same type of infection during any single year of life (e.g., two ear infections before the first 

birthday), the infection was only captured once for that year.

Neonatal medical records.—Information on infections occurring during the period from 

birth to the time the child was discharged was abstracted from medical records from the 

child’s hospital of delivery or any hospital to which the child was directly transferred. 

Abstractors matched disorders in medical records to a previously defined list of infections 

and other disorders. Those not found on this list were collected as open text responses. 

Neonatal infections and disorders were classified as infection or no infection as described 

above. Abnormally low temperatures (hypothermia defined as skin and axillary temperatures 

<35.5 °C and rectal temperatures <36.0 °C) and high temperatures (fever defined as skin and 

axillary temperatures >37.5 °C and rectal temperatures >38.0 °C) were also collected. 

Infections and abnormal temperatures documented to have occurred within the first 28 days 

of life were considered neonatal events. All children with a medical record abstraction were 

included in the analyses regarding neonatal record data.

Covariates.—We assessed variables known or likely to be associated with both case status 

and childhood infection as potential confounders. Maternal race/ethnicity, maternal 

education, maternal age at birth, child sex, child age at enrollment, current household 

income, number of children <18 years old living in the household, duration of breast 

feeding, and maternal psychiatric conditions were collected from CGI reports and 

categorized as shown in Table 1. Gestational age and birthweight were obtained from birth 

records. Selected congenital malformations were collected from abstracted neonatal medical 

records and categorized as “none” vs. “any.” “Any” congenital malformation included 

malformations with a prevalence over 3.0 per 10,000 live births in the United States and a 

known association with infection risk either due to the condition itself or its treatment (e.g., 

hypospadias, Down syndrome, pulmonary valve atresia and/or stenosis, cleft palate, and/or 

lip) [Parker et al., 2010;Mai et al., 2015;Centers for Disease Control and Prevention, 2017]. 

We also considered the number of days from birth to child’s neonatal hospital discharge, 

truncated at 28 days, as a potential mediator or confounder of the relationship between ASD 

and neonatal infection.

Analysis

Odds ratios (OR) and 95% confidence intervals (95%CI) were calculated using mixed 

effects multivariable logistic regression generalized estimating equation models that 

accounted for correlation by enrollment site. All models assumed an independent correlation 

structure. Outcomes were defined as ASD vs. POP or ASD vs. DD;and among cases, 

regression vs. no regression. It could not be determined whether infections recorded in 

neonatal medical records were the same infections reported by the caregiver as occurring 

during a child’s first year. Therefore, infections identified from the CGI and from medical 

records were analyzed separately. Exposures of interest included any CGI-reported infection, 

CGI-reported age of infection (compared to those who never had an infection) and, from 

neonatal medical records, any infection, neonatal hypothermia, and neonatal fever.
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Model Building

A base model examining each exposure in cases vs. controls included adjustment for child 

sex and maternal race/ethnicity, education, and age at child’s birth. Associations of potential 

confounders with outcome and exposure were assessed using chi-square or t-tests 

accounting for unequal variance using the Satterthwaite method. Variables associated with 

both the exposure and outcome of interest at P < .20 were tested and retained in the final 

model if the OR estimate of interest changed by ≥10%. For all analyses, P-values <.05 were 

considered statistically significant. All analyses were performed using SAS 9.4.

Exploratory and Sensitivity Analyses

Neonatal infection, hypothermia and birthweight.—Although hypothermia in the 

first day of life is more often the consequence of environmental factors or neonatal 

characteristics, e.g., low birthweight, it may also be a marker of infection. We explored 

whether hypothermia was associated with neonatal infection or low birthweight in the first 

day of life using Fisher’s exact test.

Length of hospital stay.—We explored estimates of the association between ASD and 

neonatal infections before and after adjustment for length of hospital stay. Because nearly 

9% of children with a neonatal medical record were missing data on days to discharge, these 

analyses were restricted to those with complete data on hospital stay.

Preterm birth.—As preterm birth is a risk factor for both ASD and other developmental 

disorders, we examined the association between ASD cases vs. DD controls and neonatal 

infections stratified by preterm (<37 months) and nonpreterm birth (37+ months).

In-person assessment.—All individuals suspected to have ASD were required to 

complete an in-person developmental assessment to validate ASD classification; however, 

individuals could have received a classification of DD or POP without an in-person 

assessment. Because of potential bias due to differences between those who did and did not 

complete an in-person visit, we performed a sensitivity analysis restricting our sample to 

children assessed in person.

Results

Of the 3769 children enrolled in SEED, 2445 children met all inclusion criteria for this 

analysis (Fig. 1), consisting of 699 ASD, 980 POP, and 766 DD children. Among ASD 

cases, 672 (96%) had ADI-R regression data. Of those, 178 (26%) had indicators of 

regression and 494 (74%) did not. We included 1959 children with a neonatal medical 

record abstraction in analyses of neonatal exposures.

Characteristics of Cases and Controls

Selected characteristics of cases and controls are shown in Table 1. In addition to group 

differences previously described [Diguiseppi et al., 2016;Wiggins et al., 2015], children with 

ASD were less likely to have been breastfed more than 12 months compared to DD and POP 

children, and mothers of children with ASD were more likely to have a psychiatric diagnosis 
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compared to DD and POP group mothers. Children in the ASD group had lower mean 

birthweight and were more likely to be preterm and to have a congenital malformation than 

POP children. Compared to DD children, children with ASD were more often full-term and 

less likely to have a congenital malformation. Children with ASD were less likely than DD 

children but more likely than POP children to remain in the hospital more than 5 days after 

birth.

Infections in ASD vs. POP.—ASD cases were at significantly higher odds of having an 

infection during the first three years of life and during the neonatal period compared to POP 

controls, after adjustment for sociodemographic and other confounding variables (Table 2). 

Cases were also significantly more likely than POP controls to have an infection during the 

first year of life only, third year of life only, and during multiple time periods. In addition, 

children with ASD were more likely to experience hypothermia during the neonatal period 

compared to their POP counterparts.

Infections in ASD vs. DD.—Compared to DD controls, cases were more likely to have 

an infection during the neonatal period, in adjusted analyses (Table 2). However, cases and 

DD controls did not differ in their likelihood of having a caregiver-reported infection during 

the first three years of life or in the likelihood of having abnormal temperatures during the 

neonatal period.

Infections in ASD cases with vs. without regression.—In the ASD group, children 

with and without regression did not differ significantly for any of the explored exposures, 

except that cases with regression had significantly higher odds of having an infection during 

the first year of life in adjusted analysis (Table 3).

Exploratory and sensitivity analyses.—Neonatal hypothermia in the first day of life 

was associated with low birthweight (P = 0.0004) but not neonatal infection (P = 0.0535). 

We compared estimates of the association between neonatal infection and ASD with and 

without adjustment for length of hospital stay, and saw no substantive differences in the 

magnitude, direction, or statistical significance of the estimates compared to either POP or 

DD controls (Supporting Information Table S1). We also saw no difference in the likelihood 

of neonatal infection among children with ASD compared to DD when stratified by preterm 

(OR: 1.31;95%CI: 0.65–2.67) and nonpreterm birth (OR: 1.38;95%CI: 0.75–2.55).

We performed a sensitivity analysis that excluded children without an in-person assessment 

(n = 83 DD, 89 POP). Relative to both control groups, the associations between infection 

and ASD were similar in direction, magnitude, and statistical significance (Supporting 

Information Table S2).

Discussion

Our findings suggest that children with ASD are more likely to have an infection in the 

neonatal period compared to typically developing (POP) children and to children with non-

ASD developmental disorders (DD), and in the first three years of life compared to typically 

developing children. The association between ASD and infection was similar in magnitude 
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whether based on caregiver report (first three years) or medical records (neonatal period), 

when compared to POP controls. During the neonatal period, children with ASD were also 

more likely to have a hypothermic event compared to the POP group. The association of 

ASD with neonatal infection when compared to DD children was substantially smaller than 

when compared to POP children, and there was no evidence that caregiver-reported infection 

risk before age three differed in the ASD vs. DD groups.

Our findings that children with ASD were at higher odds of having an infection before age 

three compared to POP children is similar to other studies. Atladóttir et al. [2010] found that 

children hospitalized for infection were more likely to be diagnosed with ASD compared to 

those hospitalized for a noninfectious reason. Atladóttir, Schendel, et al. [2012] also found 

that children who had either an inpatient or outpatient hospital contact for any infection were 

at increased risk of subsequent ASD diagnosis. However, both studies also found that 

children with hospital contact for noninfectious somatic disease were more likely to receive 

an ASD diagnosis, suggesting that hospital contact itself was associated with ASD 

diagnosis, rather than specifically those children with infection-related events. In contrast, 

Rosen et al. [2007] found no association between ASD and ever having an infection and 

found slightly lower odds of infection among ASD cases in the first two years of life.

Half of ASD and DD group children and over 40% of POP group children had at least one 

caregiver-reported diagnosis of infection by age three. This is likely to be an underestimate. 

In a case-control study of ASD and early infection, 97% of all children had at least one 

medically diagnosed infection by age two [Rosen et al., 2007] and in a UK-based national 

cohort study, 100% of children had one or more symptoms of infection by 57 months, of 

whom 97% sought medical care [Hay et al., 2005]. Unfortunately, our study did not have 

access to postnatal medical records to validate caregiver-reported infection rates. Future 

studies should consider using both caregiver reports and medical records as sources for data 

collection.

Children with ASD were more likely than either control group to have a neonatal infection 

and more likely than POP children to have a neonatal hypothermic event and an infection 

during the first year of life. These findings suggest the increased likelihood of infection in 

the first year of life among children with ASD may be driven by an increased rate of 

infection during the neonatal/early postnatal period. At birth, the central nervous system is 

not fully developed and is susceptible to damage by immune responses to infection, such as 

cytokine production and inflammation [Libbey, Sweeten, McMahon, & Fujinami, 2005]. 

Rosen et al. [2007] found no difference between cases and controls in rates of infection from 

the first month through the first year of life but found slightly higher odds of having an 

infection in the first 30 days of life among individuals with ASD. In addition, behavioral 

changes parallel to ASD have been seen in animal models after viral infection shortly after 

birth [Hornig, Weissenböck, Horscroft, & Lipkin, 1999]. Our findings could also be the 

result of a continued in utero infection. Infection and fever in utero are potentially important 

factors in the development of ASD [Brucato et al., 2017;Hornig et al., 2018;Zerbo et al., 

2015] and are being examined by another forthcoming SEED paper. From an etiological 

standpoint, the first 30 days of life could be particularly important for environmental effects, 
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including infection or thermodysregulation, on neurodevelopment among children with ASD 

and should be evaluated in future studies.

We found only one other epidemiological study to date that has examined infection in 

relation to regression status in ASD. Christopher et al. [2004] reported no difference in risk 

of perinatal infections between children with ASD with and without regression but did not 

explore postnatal infections. Among children with ASD, we found that those with regression 

were more likely to have an infection during the first year of life only. Since postnatal 

infections were collected from caregiver report, this finding may be due to caregivers of 

children with ASD and regression more often recalling their child’s past infections. 

Confidence intervals were wide for all comparisons due to the small number of affected 

children; thus, we could not exclude important differences between groups for other 

measured exposures. If true, this finding in addition to associations found between children 

with ASD vs. POP and DD controls, supports the potential importance of early life 

exposures on neurodevelopment among children with ASD. Our study identified regression 

through use of the ADI-R; other tools for regression identification might have yielded 

different results. Future studies might consider validating our findings using a different 

measure of regression in ASD.

Although our sample size ensured adequate power to detect differences in infections 

between groups, it was too small to adequately examine specific types of infections, 

particularly fungal, and bacterial infections, which may be etiologically important. We also 

did not have sufficient data to evaluate the severity of infection. Future analyses that 

incorporate data from subsequent phases of SEED will be important contributions to this 

work. Future studies should also examine childhood infections in the context of how and 

with what they are treated.

The CGI questionnaire did not allow for calculation of total numbers of infections. 

Nevertheless, we were able to collect detailed data on childhood infections from multiple 

postnatal time periods using caregiver report. In using a questionnaire that asked specifically 

about diagnosed disorders, this study focused on symptomatic infections diagnosed by a 

healthcare professional and their relation to ASD. Therefore, neither asymptomatic 

infections nor minor infections that did not result in a medical care visit were captured. 

Asymptomatic and minor infections may also be associated with ASD development. A study 

conducted by Lintas et al. [2010] found polyomavirus, a typically asymptomatic infection, 

more frequently in the brains of patients with ASD compared to controls without ASD. 

Asymptomatic infections induce an immune response, even though disease is not present, 

and could still affect neurodevelopment. Our study was not designed to explore how 

asymptomatic infections might relate to ASD. Further studies testing the hypothesis that 

immune response affects neurodevelopment among individuals with ASD are warranted.

We explored whether length of hospital stay after birth influenced the association between 

autism and neonatal infection. Children with ASD were more likely to have longer stays in 

the hospital before discharge than POP children, which could provide more opportunities to 

diagnose and document infection, biasing results away from the null. A longer hospital stay 

could also have increased the risk of acquiring infection, thus potentially explaining the 
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higher risk in this group. However, length of hospital stay did not appear to contribute 

significantly as either a confounder or a mediator of the relationships studied. Further, the 

fact that children with ASD were less likely to stay five days or more in the hospital 

compared to DD controls, yet still had a significantly greater risk of neonatal infection, 

suggests identified differences were not solely attributable to length of hospitalization.

We performed a sensitivity analysis restricted to children assessed in person. Mothers of 

SEED children without an in-person assessment were more likely to be of minority race and 

lower education [Bradley et al., 2017], both of which are associated with a higher burden of 

infection [Centers for Disease Control and Prevention, 2005]. By including all DD and POP 

children whether or not assessed in person, the association between ASD and childhood 

infection may have been biased towards the null due to differences in sociodemographic or 

other characteristics; but also could have been biased away from the null, if children in the 

ASD group had more complete information on infection history. However, we saw no 

differences in the magnitude, direction, or significance of effect estimates in these sensitivity 

analyses.

One of the strengths of SEED is its use of a consistent, rigorous clinical diagnostic protocol 

to evaluate, and classify children with ASD and its inclusion of children with ASD who had 

not previously received an ASD diagnosis. Another strength is the racially, ethnically, and 

socioeconomically diverse study population from multiple catchment areas, which increased 

the external validity and generalizability of our results. To include a diverse population, 

children with ASD and DD were identified from multiple clinical and educational 

organizations that serve populations with developmental disabilities, while POP controls 

were randomly sampled from birth certificates. Due to our recruitment approach, some 

families identified for inclusion in the study were not located or could not be contacted. 

Such families may not have met a priori criteria for eligibility into the study, which required 

that families reside in the catchment area at both the time of birth and enrollment. However, 

the difference in recruitment strategies may have introduced some selection bias into our 

study. At one study site that had data on all nonresponders, nonresponse was associated with 

younger maternal age, lower maternal education, and non-white race, but was not associated 

with any perinatal factors [unpublished data]. Of those children enrolled in the SEED study, 

we excluded 35% who did not complete the study or the CGI questionnaire. Differences 

between families who did and did not meet completion criteria have been thoroughly 

described and discussed in Bradley et al. [2017]. Briefly, lower study and CGI completion 

were associated with lower maternal education, younger age, and non-white race, which 

may have influenced our results as these characteristics are also associated with a higher risk 

of childhood infection [Centers for Disease Control and Prevention, 2005].

This study used two methods to ascertain infections, both of which have potential strengths 

and limitations. The caregiver interview enabled us to capture infections throughout the first 

three years of life but was subject to recall bias, if caregivers of children with ASD and DD 

were more likely to recall childhood infections because of their child’s diagnoses. However, 

use of two control groups (DD and POP) allowed us to differentiate between an association 

with ASD or with neurodevelopmental disorders in general and provided a means of 

controlling for recall bias. By using neonatal medical records, we were able to examine the 
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likelihood of infection without potential recall bias, although only for the period of initial 

neonatal hospitalization as we did not have medical record data for the remaining first three 

years of life. Neonatal medical record abstractors were not blinded to child’s case status, 

though case status would not have been apparent in the medical records. All abstractors were 

thoroughly trained and used standardized forms to abstract neonatal records. Quality control 

was carried out on 5% of medical record abstractions, 100% of which had a ≥90% reliability 

[Schendel et al., 2012]. Therefore, although infections reported by caregivers during their 

interview were subject to recall bias, the fact that we saw similar associations based on 

review of medical records supports the validity of our findings.

Overall, our results support the hypothesis that children with ASD are more likely to have an 

infection compared to POP and DD children though there were fewer, smaller differences in 

children with ASD compared to DD children. Further, our study showed that childhood 

infection appears to be unrelated to ASD regression status except possibly for infections 

occurring in the first year of life. Future studies on ASD should focus on examining 

thermodysregulation during the neonatal period, the impact of the immune response to 

symptomatic and asymptomatic infection on neurodevelopment, and the association of 

different causes, timing, frequency, and severity of infections on risk for ASD. Subsequent 

research should work to minimize the effects of recall bias on the investigation of childhood 

infection and ASD and further examine infection in relation to regression status in children 

with ASD using larger samples.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of children included in seed analyses of childhood infection and autism 

spectrum disorder.
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