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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%Cl: 1.1, 2.9)
and early childhood infection (OR = 1.7; 95%CIl: 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%CIl: 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.

Keywords

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 [Atladoéttir, Schendel, Lauritsen, Henriksen, & Parner,
2012;Rosen, Yoshida, & Croen, 2007;Atladdéttir, Henriksen, Schendel, & Parner,
2012;Adams et al., 2016; Rosenhall, Nordin, Sandstréom, 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.

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 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.

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 (CGIl).—Each child’s primary caregiver (the biological mother in
98% of enrolled families) completed the CGlI, 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 CGlI 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.

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 CGl-reported infection,
CGl-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 £tests
accounting for unequal variance using the Satterthwaite method. Variables associated with
both the exposure and outcome of interest at £ < .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

Results

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.

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 (2= 0.0004) but not neonatal infection (= 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%Cl: 0.65-2.67) and nonpreterm birth (OR: 1.38;95%ClI: 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. Atladéttir 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. Atladdttir, 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, Weissenbdck, 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 290% 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.
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All enrolled children excluding siblings
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Children with final classification
(excluding incomplete/ indeterminate
cases)

n=3200 (85%)

I

Children in selected study groups
(excluding DD w/ ASD characteristics)

n=2894 (77%)

l
| |

Children with a complete Children with a medical
Caregiver Interview (CGI) record abstract
n=2445 (65%) n=1959 (50%)

Notes: ASD = Autism Spectrum Disorder; DD = Non-ASD Developmental Delays or
Disorders.

Figure 1.
Flow diagram of children included in seed analyses of childhood infection and autism

spectrum disorder.

Autism Res. Author manuscript; available in PMC 2020 May 04.

Page 15



Page 16

Sabourin et al.

(9vT)eL (z'am)Lz (T'11)88 (9eT)eet (7'v1)T0T vd
(zsT)SL (621)ET (7°02)9sT (9212t (Ly1)e0T ON
(0'sT)vL (T'6T)¥E (9eT)v0T (OvT)erT (5'sT)80T an
(T'22)e0T (L'sT)82 (§'12)s9t1 (g'8m)181T (261T)8€T VO
(0°81)68 (e'T2)8E (zLT)eeT (e'02)66T (cod)tyt 02
(z'sm)sL (L'sT)8e (z'9m)ver (§'sT)estT (5'sT)80T VO
321 JuswW|joJu3
(T62)LeT (Tsavy (rze)see (s28)L8¢ (r'82)T6T +000'06$
(e'e€)L5T (9'82)os (z'9e)e9z (s'vedeze (T'ze)ate 000'06$-000'05$
(928111 (e'or)18 (r'1€)82e (0'82).29¢2 (5'6€)992 000'05$ >
Qwodul pjoyssnoH
(e'TT)SS (L'sT)8e (e2T)e (9'8)8 (eeT)S8 eUle/ounET/o1URdSIH
(8'z€)oot (6'0€)55 (e'22)69t1 (6'02)€02 (0ze)eee o1uedsIH-UON J3yio
(6'59)eL2 (7°€5)56 (5°59)26% (502)e89 (2°g5)98¢ oluedsIH-UON BHUM
Apluyp poel euRBE N
(T'12)E0T (e'T2)8e (6'L2)eT2 (9'62)68¢ (S'12)6VT ajenpelo
(e0e)8rT (5°TE)9S (9°ee)9se (g'5e)9ve (soe)ete slojayeg
(L'8v)8ee (z'Lv)¥8 (g'8e)v6e (6've)TIE (0'gp)eee s10]3ydeg ey ssa]
uolirednps feuie N
(cz8)90v (6'08)v¥1 (Tz9)aLy (res)ees (8'18)2LS I
(8'21)88 (T'6T)¥E (6'2€)062 (9'9v)L5v (z8T)LeT alewsad
(%)u (%)u (%)u (%)u (%)u X35 PIIyd
(99)6'1E (Tg)90e (s9)zee (r9e1e (59)91E (1A) ya1q e 3be jeuE N
(cz8)vyie (Tv9)Lvee (c98)9zTE (6€9)TCEE (tzo)Lite (wB) bemyLIg
(8'9)1°95 (0LYs (r'2)Lss (9°1)9's5 (6'9)L'SS (ow) e ue Teabe pjyd
(ps)Bny (ps)Bny (ps)Bny (ps)Bny (ps)Bny

(¥6¥ = U) UoSaIBBY INOYIIM ASY (8T =u) UossaIbey YIM asy (992=u)aa (086=u)dOd (669 =U) ASY

(cL9
= U) (uoissaifay ON '$4 uoIssaifay) snieis uoissaifiay Aq ASY Yum uaip(iyd buowy pue {(Giyyz = u) sjouo) siapiosiq 1o sAejaq [ewuswdojansg AsSY
-UON UHIM UBIP[IYD pUe S]013U0D uole|ndod [eIauas) 'SA JapJosIg Wini1oads WSiNy YIM ualpjiyDd) sniels ased Ag sonsLialoereyd pliyd pue [eulsieln

‘TalqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Autism Res. Author manuscript; available in PMC 2020 May 04.



Page 17

Sabourin et al.

(2'8)L¢ (zem)st ('8)0s (9'8)99 (9'6)L8 Buissin
(T61)18 (zg)et (rze)eet (L8)SL (c91)96 +82-G
(6'€2)T0T (6227 (rvo)svt (S'v2)e8T (6'v2)8rT r—¢
(56€)29T (S'TP)T9 (5e€)66T (g'ap)TSe (6'6€).€2 14

(28)Le (com)st (e'TT)L9 (2'11)06 (r'6)95 s

(€zy = u) uossaBou oYM @Sy (LT =u) uossasboryumasy  (eS=u)aa (12.=u)dod (6S=U)dSY (Ajuospiods. fereucsu) b reyssip oyskeq
y1)TL (62T)eT (9'11)68 (8192 (6'€T).L6 Buissin
(921)29 (e91)62 (6'L1)LET (0'ze)ote (9°€1)56 syuow +€T
(702)t01 (8'02)L€ (rea)6Lt (0'62)v82 (6'02)97T syuow Z1—,
(r'sT)oL (Lm)ie (5'ST)6TT [UR:19)7%¢) (99m)9TT syuow 9
(sza)TtT (c02)9e (6'8T)S¥T (9vT)evT (0T2)LpT sypuow -1
(8vT)EL (renee (LzT)L6 (6'6).6 (0v1)86 pajiseaig 19ASN

Buipssyisealq Jo uolreIng
(599)8L2 (c:09)901 (9:09)98¢ (T'29)509 (¥°,5)66€ (sypuow +6¢€) wiisy 4
(g'92)zeT (0savy (6'L2)ETC (e'82)9Le (z9g)est (stpuow ge—/€) wiay Are3
(L'9T)z8 (8'v1)9z (S'12)Y9T (5'6)e6 (roT)vTT (sypuow /€>) widraid
abe reuoireseD
(096)vLr (7'66)LLT (Tv6)T2L (8'86)896 (0°26)8L9 ON

(o'v)oe (90)1 (6'3)sy (A 9ras (0e)1e SOA

cho:mE_EBE reliusbuod

(L9)8¢ (L9t (8'6)52 (622 (e9)vy Bussin
(8'v9)oce (6'€5)96 (8'€9)68Y (9'02)z69 (2'19)1EY ON
(9°'62)9v1 (e°68)0L (r92)e0e (sT2)TTC (0zelvee SIA

mm_mo:mm_u o11eIyofsd eulIe N
(T TIPS (0'6)9T (r'om)6L (9'6)c6 (VX119}7] +
(T'6T)E6 (092)9r (6'52)96T (8'52)052 (r'12)8YT )
(8'8v)8ee (9'v)6L (8'sp)Lve (19867 (s'Lv)6ee 4
(T'12)e0T (e'02)9e (8'L1)SET (Ten)iet (7'02)TrT T
Qwioy Ul uaJIp|Iyd Jo ,BquinN
(ps)PAY (ps)bny (ps)PAY (ps)PAY (ps)bny
{vév = u) uosSS B INOYIM QSY (8T = U) oSSl UIM ASY  (99.=u)ad (086=U)dOd (669 = U) ASY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Autism Res. Author manuscript; available in PMC 2020 May 04.



Page 18

Sabourin et al.

‘saliale 1ealf ayl Jo uonsodsuri) pue ‘siIsousls/eISaile [eullsaiul [fews ‘Ajeydaousue INoylIMm epiyiq eulds ‘sisous)s/eisalle Jeunsaiul able| pue [e1oa1 10|14 40 ABojeia) 1989 UOIYSNI [RIPJEIOPUD

N198)8p [e1das JenoLIIUBAOLIE ‘SISIYOS0AISeD “elioe ay) JO UoNeIoIe0d ‘dif Jo/pue ajefed 1ajo ‘SISOUs)S Jo/pue eisalle aAfeA Areuow|nd ‘swoipuhs umoq ‘seipedsodAy :apnjoul suoiewIoyew _S_:mmcooQ

*ap1oIns pardwaie 4o “aplosip dasjs ‘Joineyaq
snoun(ui-y1as ‘erusiydoziyds ‘uaplosip Anfeuosiad ‘Uspiosip aAIS|NdWOD dAISS3SqO “Iapaosip Buries ‘uoissaidap ‘Japlosip Jejodiq ‘AIBIXUE Y pasoubelp J8A3 se Paulyap UoIIPU0d dLIeIyoASd [eUsBIEIN,,

“(umoys asou 104 1080X8 BIRp %4G> BuISSIW S3|qRLIEA [[2) B1ep Buissiw 0) anp S|eiol 0) ppe Jou Aew sisquinN

'$19pJOSIP 10 sAe|ap RIUBWAO[BASP ASY-UON = Ad ‘uoneindod [eIauss) = dOd ‘4apJosip Wniioads WSy = gSY :SUONRIARIGY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2020 May 04.

Autism Res. Author manuscript



Page 19

Sabourin et al.

"011B1 SPPO = HO ‘sJapIosip 1o sAejap [eruswdojansp ASV-UON = dd ‘uoneindod [eiauss) = 4Od 4opJosip Wwiniioads wsniny = Sy SUONRIAIGY

(€0'T-L7'0)0L°0
(S0°0T-€8'0)88°2
o(€0Z-S0T)9v'T
(12 %g6) , 40 persn[py

(¥0'1-62'0)06°0

(Le7-88°0)71'T

(92°1-19°0)80°T

(LLT-L20)TT
434

(€€ T-€8°0)S0'T

(12 %g6) , 40 pewn[py
(£8T-06'0)62'T
5(8072-59T)0E9
5062211087

(12 %56) , 40 pesnlpy
o(20T-28T)8LT
SESTHTT)ZET

(PL'2-19°0)S€'T

STLTITTILT

434

S8 T-LYT)99'T

(T0'T-67°0)0L°0
(18'6-76'0)€0°€
(87'1-26°0)LT'T
(1D %S6) 4O 8pN.ID
(80'T-08°0)€6°0
(L0z-v80)TET
(¥S'T-v2'0)20'T
(69 T-2L°0)0T'T
434

(ze1-28°0)%0°T
(10 %S6) 4O 8pn.ID

(Tr'1-v8'0)80°'T
5 (Pr'8T-06'1)26'S
0TG5z 1)82°2
(12 %56) YO 3PN IO
SWE TSP T)L9T
505 T-10'T)E2’T

(ve'2-09'0)6T'T
SWLTTTTNLT

434

5(6LT-9E'T)9S'T

(L7)8e
(s0)e
(zv)se

(¥65 =u) aa

(e0e)zee
(rv)ve
(To)Ly
(s6)EL

(9'6v)08E

('05)98¢
(99, =u) aa

(Te)ve
(e0)z

(et
(T2 =u)dod
(e02)86T
(£°9)9s

(2'9)59
(1L

(0°09)v85

(v"ov)96e

(re)oe
(5T)6
(6'7)62

(#65 = u) aSvV

(0°82)e6T
(8's)ov
(5'9)s¥

(om)zL

(e'6v)ove

(r'19)65¢E
(669 = u) asv

(reoz
(516

(6v)6C
(v6s = u) Asv
(0'82)e6T
(8's)ov

(§'9)sv
(rom)zL

(e'6v)ove

(r'19)65¢

alnyesadway ybiH
ainjeladwal moT]

UonIaJul JBA
o Jul Jeng

SPJ0%9.J [ereuosN

sporiad awn ajdijnw Bulinp uondayu|
aJ1] Jo Jeak pa1y} Ul Ajuo uondau|

a}1] JO Jeak puooas ul Ajuo uonoau|
9}1] JO JeaA 15114 Ul AJUo UORIBJU|
UoI193jul JaASN

Qco:owt__ 10 aby

uonodJUI 13N

SMBIABIUL JOAIBD feD

alnyesadwsl ybiH

ainyesadwa) Mo
,uonoajut iang
SP U029 [eTeUOSN
spouiad awn ajdnjnw Buunp uondayu|
a}1] Jo Jeak paiy1 ul Ajuo uonoau|

3411 40 JeaA puodas U1 Ajuo uondByu|

3411 J0 Jeak 1814 U1 Ajuo uondsyu|

01198} Ul JBASN

NNco_UEE 10 aby

U01198juI 18AT

(12 %56) ,4O PeBNIPY

(10 %S6) 4O 8pni1D

(%) u (086 = u) dOd

(%) u (669 = U) ASY

SMBIABIUI JoAIBs 1D

(sjo.u09

Add 'sA dSV pue s]o1uod dOd ‘SA dSV) sneis ase)d Ag poliad [ereuoaN ayl Buiinp pue aji JO SIeaA 834yl 1S114 8yl Bulinp uondajuj ue BuiaeH Jo SppO

Author Manuscript

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Autism Res. Author manuscript; available in PMC 2020 May 04.



Page 20

Sabourin et al.

Jueayubis Ajjeonsiels .,

"abe [euonelsab s,pl1yo pue awodul AjiweS ;o) uawisnipe _m:o_:%{~NN
WBIIMULIG PIIYD 104 JusunsnIpe [euomppy,

"UaJpIYd dOd 9 PUe ‘ad

0 ‘dSV 6 40} Buissiw uonosyul 40 abe U0NDBJUI UR PRy JaABU OUYM 8soy) 01 A106a1ed Jey) ul ualp|iyd Butiedwoo ‘A1ofsres abe yoes 1oy Ajereledss pare|nojes aJe s, 4O ‘8]qeLIeA [9A3]-8Al) B SI UONJ8)UI JO wm,qQ

*311S JUaW||0Jus AQ UOIIE|31100 10} PEIUN0IJL PUe ‘YuIq 18 abe [eulalew pue ‘A1o1uyIa/soe. [BUISIRW ‘UOITRINPS [euIalew ‘Xas Pl1yd oy palsnipe sjapow v,

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Autism Res. Author manuscript; available in PMC 2020 May 04.



Page 21

Sabourin et al.

‘Jueoiubis \A__mU_m_Em\u

WBramUIG PIIYD 104 Juawisnipe [euonIppy,

"UoIssalBal INOYIM SV UM UBIP[IYD 8 pue uoissaifal Yim sy Yum

PIYd T 104 Buissiw uonoaul Jo abe ‘uondassul Ue pey JaAsu oym asoyl 03 A106a1ed Jey ul uaipjiyd Burredwod ‘A106a1ed abe yoes 1oy Ajaresedas parejnajed ale s, 40 ‘8|gelien [aAs]-aAl) € SI UoI1dajul JO mm<q

"8)1S JUBWI|0JUB AQ UOIR[31102 10} PBIUN0IJE PUB ‘Yiiig 18 abe [eulsiew pue ‘A)oIuyia/aoe [BUIslew ‘UOIBINDS [euIsIewW ‘Xas P1yd 104 paisnipe sjspow v,

"0138J SPPO = YO “48pJ0SIp WN1ads WSHANY = ASY :SUONRINBIGYY

(z0's-16'0)12°C n@mmlwodwm.m (2ot ()8 ainyesadway ybiH

(66'8-11'0)26'0 (98'9-01°0)28°0 L 1)z ,2Amesadwal Mo

(18'2-2€'0)96'0 (erz-9z0)rL0 (r)ee (T'v)9 ,Uon34UI 1onT

(12 %56) , 40 pesnipy (10 %G6) HOPNID  (€zy = U) UosselfeloN  (2¢T = U) Uossa by SPJ0%BJ [efeuodN
(55°17-98°0)9T'T (#ST-28°0)9T'T (z12)zeT (6'62)€S spowiad swin ajdninw Butnp uonosyu
(6£'2-60°0)L7°0 (6T'2-€T0)250 (8'9)ee (r'€)9 a1 4o seak paiyy ur Ajuo uonosyu|
(89'1-£2°0)L9°0 (9°'1-€£0)7L0 (z1)se (196 41 40 teak puogas ut Ajuo uonosyu|
nam_mli.:oﬁ mANH_NAN.:g.H (T (Tv1)se 811 J0 Jeak 3811y U1 Ajuo uonosgul
434 434 (8'6v)ere (§'2v)v8 uoIa8jul JanaN

Qco:owt__ 10 aby

(97 T-¥L0%0'T (ev'1-18°0)20'T (0'19)28¢2 (8'29)v6 uonoayul 1ang

(%) u (%) u
(10 9%56) LHO PPENIDY (15 9466) WO 8PNID ’ ’ SMBIARIUI JBAIBe 1eD)

(¥67 = u) uossaUBBION  (8/T = U) UOKSSa JBY

uolissaifiay INoyum asy yum
uaJIp|IyD "sA uoissalbiay yim dsSy YU uaip[iy) Joj poLiad [ereuosN ayl Buiinp pue aji JO SIesA 834y 1S114 ayl Bulinp uonoajuj ue BuiaeH Jo SppO

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Autism Res. Author manuscript; available in PMC 2020 May 04.



	Abstract
	Lay Summary:
	Introduction
	Methods
	SEED Study Design and Enrollment
	Cases and Controls
	Regression
	Exposures
	Data Collection:
	Caregiver interview (CGI).
	Neonatal medical records.
	Covariates.

	Analysis
	Model Building
	Exploratory and Sensitivity Analyses
	Neonatal infection, hypothermia and birthweight.
	Length of hospital stay.
	Preterm birth.
	In-person assessment.


	Results
	Characteristics of Cases and Controls
	Infections in ASD vs. POP.
	Infections in ASD vs. DD.
	Infections in ASD cases with vs. without regression.
	Exploratory and sensitivity analyses.


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

