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Abstract

We conducted a nested case-control study including 407 cases and 2075 frequency matched 

controls to investigate the association between maternal infections during pregnancy and risk of 

autism spectrum disorders (ASD). Cases, controls, and maternal infections were ascertained from 

Kaiser Permanente Northern California clinical databases. No overall association between 

diagnoses of any maternal infection during pregnancy and ASD (adjusted odds ratio [ORadj] = 

1.15, 95% confidence interval [CI] 0.92 – 1.43). However, women with infections diagnosed 

during a hospital admission (ORadj= 1.48, 95% CI1.07 – 2.04), particularly bacterial infections 

(ORadj = 1.58, 95% CI 1.06 – 2.37), were at increased risk of delivering a child with ASD. 

Multiple infections during pregnancy were associated with ASD (ORadj = 1.36, 95% CI 1.05 – 

1.78).
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Autism spectrum disorders (ASD) are a group of behaviorally-defined neurodevelopmental 

disorders characterized by impairments in social interaction and communication in 

combination with stereotyped or restricted behaviors and interests. Although not typically 

diagnosed until after the second year of life, evidence from neuropathology studies indicates 

that the biological processes leading to ASD begins during fetal development.(Arndt et al., 

2005) While genetic susceptibility undoubtedly underlies autism etiology in many cases 
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(Abrahams and Geschwind, 2008), non-genetic factors likely play a role as well (Hallmayer 

et al., 2011) and may contribute to the increase in diagnosed ASD that has been widely 

reported during the past two decades.(Croen et al., 2002; Hertz-Picciotto and Delwiche, 

2009)

Previous epidemiological studies indicate that prenatal exposure to viral infections is a 

possible pathway through which autism spectrum disorders (ASD) could be initiated in 

some children. Cases of autism following congenital cytomegalovirus, perinatal herpes 

simplex virus, and congenital rubella infections have been reported.(Chess, 1971; Deykin 

and MacMahon, 1979; Ghaziuddin et al., 1992; Yamashita et al., 2003) Gestational exposure 

to measles, rubella, and mumps and postnatal exposure to mumps and varicella were 

associated with higher autism risk in a large epidemiologic study.(Mason-Brothers et al., 

1990) Recently, maternal fever during pregnancy has been linked to increased risk of ASD.

(Zerbo et al., 2012) Animal model studies have also shown that autistic-like behaviors can 

be induced by maternal infectious exposure during gestation (Shi et al., 2003) and, in the 

absence of viral antigens, by stimulation during gestation of the maternal immune response.

(Hsiao and Patterson, 2012; Malkova et al., 2012; Shi et al., 2009) Maternal antibodies 

raised in response to viruses or bacteria may cross the placenta and disrupt fetal 

neurodevelopment by cross-reacting with fetal brain antigens via molecular mimicry.

(Braunschweig and Van de Water, 2012; Shi, et al., 2003) In mice, autistic-like brain 

structure and behavioral patterns were induced in the offspring of dams injected during 

pregnancy with serum antibodies obtained from a mother of children with autism.(Dalton et 

al., 2003) However, in humans, higher levels of immunoglobulins in newborn blood was 

associated with lower risk for autism, a finding which may be inconsistent with the 

hypothesis that maternal infection is a risk factor for autism. (Grether et al., 2010) 

Therefore, additional human studies are needed to clarify the possible association between 

maternal infections or markers of infections and risk of autism.

We conducted a case-control study to investigate the potential association between maternal 

infection during pregnancy and risk of delivering an infant subsequently diagnosed with an 

ASD.

Methods

Study Population

Our study population was drawn from the Childhood Autism Perinatal Study (CHAPS), a 

large case-control study examining pre-, peri-, and neonatal risk factors for ASDs among the 

membership of Kaiser Permanente of Northern California (KPNC).(Croen et al., 2005) 

KPNC is a group model, integrated health plan that provides care for over 3.2 million 

northern California residents. The KPNC membership represents approximately 30% of the 

insured population in the region and is demographically similar to the residents of the 

counties served by KPNC, except that the very poor and very wealthy are underrepresented.

(Krieger, 1992) Cases and controls were identified from the cohort of infants born at a 

KPNC facility between January 1995 and June 1999 who remained KPNC members for at 

least 2 years following birth. Cases (n = 420) were defined as children with at least one 

diagnosis of an ASD, including autism (International Classification of Diseases, 9th 
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Revision, Clinical Modification [ICD-9-CM] code 299.0) and Asperger disorder or 

Pervasive Developmental Disorder Not Otherwise Specified (PDD_NOS) (ICD-9-CM code 

299.8) recorded anytime between January 1995 and December 2002.

ASD diagnoses were identified by electronically scanning the KPNC outpatient clinical 

databases, which contain all diagnoses made at outpatient visits occurring at plan facilities 

and outside approved facilities. Five controls per case (n = 2,100) were randomly selected 

from the cohort of KPNC births without an ASD diagnosis, frequency matched to cases on 

sex, birth year, and delivery hospital.

To insure independence of observations with respect to characteristics of the mother, we 

sampled one child from each woman for inclusion in the final analytic file as follows: if a 

woman had one child with autism and the other without autism, we selected the child with 

autism (n=13); if two control children, we randomly selected one (n=5). None of the 13 case 

mothers had two children with autism. In addition, we excluded 20 children originally 

sampled as controls and who were subsequently diagnosed with an ASD. The final analytic 

sample consisted of 407 cases and 2,075 controls.

Maternal Infections

The type and timing of maternal infections during pregnancy were ascertained from KPNC 

databases, which prospectively capture all diagnoses made during inpatient hospitalizations 

and outpatient clinic visits within KPNC and approved outside facilities. All infections 

diagnosed from 30 days prior to conception through the date of delivery were included.

Infections, defined by ICD-9-CM codes, were grouped according to two broad categories: 

organism-specific infections (viral, bacterial, mycosal, parasitic, unknown) and organ-

specific infections (cardiovascular, ear, eye, gastrointestinal, genitourinary, lower 

respiratory, upper respiratory, skin, other, unknown). Each ICD-9-CM code was assigned to 

one organism and one organ category. Infections for which the type of organism or affected 

organ could not be determined with certainty were assigned to the unknown category. 

Specific ICD-9-CM codes included in each category are displayed in Table 1. We also 

determined the total number of maternal infections diagnosed during pregnancy and total 

number within each infection category and time period of exposure. Infections in the same 

category diagnosed less than 30 days apart were considered the same infection and counted 

only once.

Four time periods of exposure were defined: preconception (the 30 days prior to the last 

menstrual period (LMP)), first trimester (90 days post-LMP), second trimester (90 – 179 

days post-LMP), and third trimester (180 days post-LMP to date of delivery). “Any time 

during pregnancy” was defined as the time between the LMP and the date of delivery, and 

excluded the preconception period. To account for possible inaccuracies in LMP date, and to 

capture infections diagnosed prior to conception that may have still been active after 

conception, the preconception period was included as a proxy for very early pregnancy 

exposure. Infections in the same category diagnosed in separate time periods were counted 

in each time period, even if also occurring in a prior or later time period. Information on 

maternal exposure to anti-infective medications was ascertained from the KPNC pharmacy 
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database, which records all dispensed prescriptions for KPNC members. All prescriptions in 

the 30 days before conception through the end of the pregnancy with the study child were 

identified. Medications were grouped according to the type of organism they were targeting 

(e.g., antibiotic, antiviral, antiparasitic, antifungal). Exposure to medication during a given 

time period was assumed if a prescription was dispensed during that time period.

Covariates

Information on several maternal characteristics (age at delivery, race/ethnicity, educational 

attainment at delivery, parity) and infant characteristics (sex, birth weight, gestational age, 

plurality [i.e., singleton or multiple]) was obtained from medical records and health plan and 

vital statistics databases.

Statistical Analysis

Characteristics of cases and controls were compared using contingency tables. 

Unconditional logistic regression analysis was conducted to produce odds ratios as a 

measure of association between ASD and maternal infection during pregnancy. For each 

exposure definition (organism-specific, organ-specific), we examined associations by time 

period of exposure (anytime during pregnancy, preconception, 1st trimester, 2nd trimester, 

3rd trimester). Logistic regression models were run for infections diagnosed during inpatient 

and outpatient visits combined, and separately for infections diagnosed during inpatient 

visits. We also conducted analyses stratified by medication use to treat infections. Women 

with no infections for the entire period from 30 days before LMP through the end of 

pregnancy were considered unexposed for all analyses. Maternal and infant characteristics 

associated with both case-control status and maternal infection during pregnancy were 

considered potential confounders and entered in multivariate models predicting ASD. We 

fitted a series of multivariate regression models to the data, initially including the main 

exposure and all potential confounders identified in the bivariate analysis. Covariates were 

retained in the model only if they changed the magnitude of the odds ratio of maternal 

infection by at least 10 %. All matching variables (gender, birth year, hospital of birth) were 

included in all multivariate analyses regardless of impact on the odds ratios. As preterm 

birth may be intermediary between maternal infection (Cram et al., 2002) and autism (Pinto-

Martin et al., 2011), analyses were not stratified by gestational age. Stratifying on a variable 

that can be a marker for exposure would lead to biased results. (Hernan et al., 2002; 

Weinberg, 1993) Risk estimates were calculated only for infection categories for which at 

least 5 cases and 5 controls were exposed.

Study procedures were approved by the KPNC Institutional Review Board and the 

California State Committee for the Protection of Human Subjects.

Results

Children with autism spectrum disorder (ASD) were more likely than control children to be 

multiple births (twin or triplet), born at <37 weeks gestation and to have a mother who was 

older at delivery, had a higher level of education, and was white, non-Hispanic (Table 2). 

Among controls, mothers with any infection during pregnancy were more likely than those 
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without diagnosed infections to be younger and be white, non-Hispanic or black. In all 

reported measures of association (odds ratios), we adjusted for maternal age and race/

ethnicity, in addition to the matching variables (child sex, birth hospital and birth year). 

Maternal education and plurality did not affect the measure of association between ASD and 

maternal infection in multivariable analyses, and therefore were not included in the final 

adjusted models.

All infections combined

Nearly 50% of both case and control mothers had at least one infection diagnosed as an 

outpatient or inpatient at any time during pregnancy. The frequency of maternal infection 

anytime during the pregnancy period, for the preconception period, and for each trimester 

was similar for cases and controls (Table 3).

Organ-specific infections

Genitourinary (GU) infections were among the more commonly diagnosed infections during 

pregnancy among both case and control mothers (Table 4). During the entire pregnancy 

period and during the 2nd and 3rd trimesters, GU infections were diagnosed somewhat more 

often in case than control mothers but risk estimates were of borderline significance (Table 

4). The most frequently diagnosed GU infections during pregnancy were Candida 

Vulvovaginitis (ICD-9-CM 112.1), Urinary Tract Infection Not Otherwise Specified (NOS) 

(ICD-9-CM 599.0) and Vaginitis NOS (ICD-9-CM 616.10).

Skin infections diagnosed in the preconception period and infections of unknown organ 

system diagnosed anytime during pregnancy and the 2nd trimester were also more common 

in case mothers compared with controls (Table 4).

Organism-specific infections

Maternal bacterial infections during pregnancy, during the second trimester and the third 

trimester were associated with moderately increased ASD risk (<2-fold) of borderline 

statistical significance (Table 5). The vast majority of bacterial infections occurred during 

the third trimester. The most common bacterial infections during this period were Urinary 

Tract Infection NOS (ICD-9-CM 599.0), Amniotic Infection at Delivery (ICD-9-CM 

658.41), and Major Puerperal Infection (ICD-9-CM 670.02).

Mothers of children with ASD were diagnosed with viral infections no more often than 

mothers of control children at any time during pregnancy, or during any trimester (Table 5). 

There were no diagnoses of cytomegalovirus or measles in this study population, and other 

specific viral infections previously reported to be associated with risk of ASD were 

diagnosed infrequently (Herpes Simples: 3 cases, 21 controls; Influenza: 3 cases, 19 

controls; Rubella: 0 cases, 1 control; Varicella: 0 cases, 4 controls).

Mycosal infections during pregnancy were marginally associated with increased risk of ASD 

(Table 5). Parasitic infections were rare and only observed in control mothers.
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Infections diagnosed during hospitalizations

Case mothers were about 50% more likely than control mothers to have an infection 

diagnosed during a hospital admission at some point during pregnancy (Table 6). Most 

inpatient infections occurred in the third trimester and were diagnosed on the day of delivery 

(49/59 among cases, 214/242 among controls). Although not very common, inpatient 

infections diagnosed during the second trimester were associated with the highest risk of 

ASD (Table 6). Bacterial infections accounted for the majority of infections diagnosed 

during a hospital admission, and were associated with increased risk of ASD (Table 6). The 

majority of bacterial infections were diagnosed in the third trimester. Genitourinary 

infections (50% cases vs.44% controls), urinary tract infections (23% cases vs.14% controls) 

and amniotic fluid infections at delivery (40% cases vs.51% controls) were the most 

commonly-diagnosed bacterial infections. A very small percentage of bacterial infections in 

the third trimester were diagnosed as bacterial vaginosis (1/35 mothers of cases and 6/144 

mothers of controls).

Numbers of infections

Mothers of ASD children were more likely than mothers of controls to have two or more 

infections during pregnancy (34.5% vs.29.1% ORadj = 1.36, 95% CI 1.05 – 1.78). Two or 

more infections diagnosed in the third trimester of pregnancy was associated with even 

higher increased risk of ASD (16.5% vs. 10.6% ORadj =1.76, 95% CI 1.25 – 2.48)

Treatment

Treatment of infection in an outpatient setting did not change the association between 

maternal infection during pregnancy and risk of ASD. ASD risk was statistically similar for 

mothers who treated their infection (94 cases and 444 controls, ORadj = 1.14, 95% CI 0.86 – 

1.50) and for mothers who did not treat their infection (104 cases and 516 controls, ORadj = 

1.13, 95% CI 0.86 – 1.47).

Discussion

In our study population, about 50% of women had a documented infection during 

pregnancy. This proportion is similar to the 64% reported earlier by Collier et al. (2009). We 

did not find an overall association between diagnoses of any maternal infection during 

pregnancy and ASD in the child. However, women with any infections diagnosed during a 

hospital admission, particularly bacterial infections, were at increased risk of delivering a 

child who was diagnosed with ASD. The most commonly- diagnosed bacterial infections in 

our study were urinary tract infections. A previous study that found an association between 

bacterial infection diagnosed during a hospitalization and ASD also reported urinary tract 

infections as the most common bacterial infection.(Atladottir et al., 2010) Infections 

diagnosed in the inpatient setting are likely more severe than those diagnosed in the 

outpatient setting. Our findings that mothers with 2 or more diagnosed infections were at 

higher risk of having a child with autism also supports the suggestion that more severe 

infections during pregnancy may increase the risk of ASD. In the present study, the 

proportion of women with infection diagnosed during a hospitalization (16% of case 

mothers and 12% of control mothers) is much higher than that reported by two previous 

Zerbo et al. Page 6

J Autism Dev Disord. Author manuscript; available in PMC 2016 December 01.

A
utism

 S
peaks A

uthor M
anuscript

A
utism

 S
peaks A

uthor M
anuscript



Danish studies which reported respectively only 1.3% (Atladottir, et al., 2010) and 2%. 

(Abdallah et al., 2011)

We did not observe an association between maternal viral infections during pregnancy and 

ASD risk. This is in contrast to previous case reports and small studies indicating that 

rubella, cytomegalovirus, and influenza increased risk of ASD. (Chess, 1971; Deykin and 

MacMahon, 1979; Yamashita, et al., 2003) There were no diagnoses of cytomegalovirus and 

rubella infections documented in medical records in our study population. Our results are 

also inconsistent with those of two recent Danish studies. The first reported an association 

between maternal viral infection in the first trimester and ASD in the offspring (Atladottir, et 

al., 2010) and the second found an increased risk of infantile autism associated with 

maternal influenza infection during pregnancy.(Atladottir et al., 2012) Although both studies 

included large sample sizes, the results of the second study were based on self-reported 

influenza infection collected from women shortly after they became pregnant rather than 

physician-documented diagnoses. Self-reported data on infection may suffer from over-

counting or under-counting, depending on severity and characteristics of the mothers related 

to access to health care and care-seeking behavior. It is also possible that medical records 

may undercount viral infections, since physicians discourage seeking their services for 

viruses.

Women who had an infection 30 days before conception had a non-statistically elevated risk 

of having a child diagnosed with autism. This suggests that maternal immune activation 

around the time of conception may adversely impact fetal neurodevelopment

Our study had several strengths, including large numbers of subjects, population-based 

identification of cases and controls from the same birth cohort, the use of prospectively-

collected information on diagnoses documented in medical records, and an appropriately 

matched internal comparison group with no documented ASD diagnoses. We were also able 

to examine the risk for specific periods during pregnancy and to adjust for several important 

covariates.

Despite these strengths, our findings must be considered in the context of several study 

limitations. ASD status was determined by diagnoses recorded in medical records, and not 

validated by a standardized clinical assessment for all cases. However, in a subset of 50 

children evaluated with the Autism Diagnostic Interview-Revised (ADI-R) (Lord et al., 

1994) and the Autism Diagnostic Observation Schedule-Generic (ADOS-G) (Lord et al., 

2000), 94% met criteria for ASD on both instruments, and 100% met criteria on at least one 

instrument. (Croen et al., 2008) In addition, record-review validation studies conducted by 

the investigators have demonstrated that at least 90% of children with an ASD diagnosis 

recorded in the KPNC electronic databases have documentation consistent with a diagnosis 

of autism based on DSM-IV criteria.(Croen, et al., 2008) We were unable to evaluate 

phenotypic subgroups of cases, based on severity of ASD or other characteristics, such as 

presence of intellectual disability as the data in medical records were not sufficient to 

accurately and completely make these distinctions.
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Infections included in our study were restricted to those documented in medical records, and 

based on ICD9 diagnostic codes, rather than serologic evidence. Subclinical infections or 

illnesses for which women did not seek medical attention were not counted. Information on 

treatment was limited to prescription medications picked up at a KPNC pharmacy, and may 

not accurately reflect actual exposure to all medication use during pregnancy. Our analysis 

may have missed over-the-counter medications such as fever reducers or anti-inflammatory 

drugs, and undercounted medication given to women during their hospitalization. We did 

not have information on possible confounding factors, such as alcohol intake or vitamin 

supplementation. Our analysis was also hampered by small numbers in some cells, which is 

reflected in the wide confidence intervals around some of the point estimates. Moreover, 

because of the relatively small sample size, we had limited power to distinguish the effect of 

treatment from that of infection on risk of ASD. Finally, because we were interested in 

identifying all possible associations, we did not correct the results for multiple comparisons. 

Due to the number of analyses we conducted, our findings could be due to chance, and 

require follow-up in larger studies.

The mechanism by which maternal infection during pregnancy might lead to 

neurodevelopmental disorders such as autism is unclear. Previous studies have suggested 

both direct effects via the passage of infectious organisms across the placenta and entering 

the fetal environment (Aronsson et al., 2002) or indirect effects via maternal immune 

activation.(Hsiao et al., 2012; Malkova, et al., 2012; Patterson, 2011) Activation of the 

maternal immune system by viral or bacterial mimics (Ashdown et al., 2006) in the absence 

of the actual organisms is sufficient to induce abnormal brain structure and behavior in 

animal offspring.(Shi, et al., 2009; Short et al., 2010; Soumiya et al., 2011) Cytokines and 

chemokines play a role in neurodevelopment including neuronal migration and synaptic 

plasticity during development.(Bauer et al., 2007; Rostene et al., 2007) However, in some 

instances they can be detrimental to the developing fetus. In animal models, injection of the 

cytokine interleukin (IL) 6 into pregnant mice led to the development of neurodevelopment 

abnormalities in the offspring. Animal model studies have suggested that the association 

between maternal influenza infection and neurodevelopmental disorders like autism may be 

mediated through IL-6.(Smith et al., 2007) However, such findings have not been replicated 

in human studies. It is not known how maternal immune activation (MIA) through elevated 

levels of maternal cytokines may lead to developmental abnormalities like autism. Three 

possible pathways have been proposed: a) cytokines of maternal origin cross the placenta 

and act on the fetal central nervous system leading to later neurodevelopmental disorders, b) 

MIA induces a placental inflammatory state leading to placental cytokine secretion which 

can pass to the fetus and lead to autism, or c) MIA can trigger a fetal inflammatory response 

which has been reported in children with autism.(Jonakait, 2007; Parker-Athill and Tan, 

2010) A recent animal model experiment suggested that maternal immune activation during 

pregnancy leads to permanently altered peripheral immune cells in the offspring.(Hsiao, et 

al., 2012) It is possible that a combination of all three pathways, upon reaching a threshold 

response, converge to affect the developmental trajectory. However, future studies will be 

needed to evaluate this hypothesis.

Another potential mechanism by which maternal infection could increase risk of ASD is via 

pregnancy and delivery complications. (Reviewed in Guinchat et al., 2012) There is strong 
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evidence that maternal infection during pregnancy is associated with preterm delivery (Cram 

et al., 2002), and evidence that preterm delivery is associated with autism risk. (Pinto-Martin 

et al., 2011) Cytokines such as TNF-α or IL-6 produced in response to intrauterine 

infections have been suggested to contribute to both preterm birth and periventricular white 

matter damage. (Dammann and O’Shea, 2008) In some cases of autism, abnormal white 

matter has been reported. (Cheng et al., 2010)

Previously, we found that elevated levels of the cytokines interferon γ (IFN-γ), IL-4 and 

IL-5 in mid- pregnancy serum was associated with increased risk of ASD in children.

(Goines et al., 2011) A recent study also reported an association between amniotic fluid 

cytokines (IL-4, IL-10, TNF- α and TNF- β), chemokines (MCP-1) and autism.(Abdallah, et 

al., 2011; Abdallah et al., 2012) More studies are needed to elucidate the biologic 

mechanisms underlying the associations between maternal infection, preterm delivery, and 

autism.

Conclusion

Multiple maternal infections and bacterial infections occurring during late pregnancy, 

particularly those diagnosed in a hospital setting, were associated with a higher risk of 

autism. Future studies designed to overcome the limitations of this study and tease apart the 

underlying biologic mechanisms leading to this observation are warranted.
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Table 1

List of ICD-9-CM Codes Included in Each Infection Category, Childhood Autism Perinatal Study, 1995 – 

1999

Infection Categories ICD-9 Codes

Organism-specific Infection Categories

Bacterial infections 001–005, 008.0–008.5, 010–018, 020–027, 030–041, 079.9, 079.98, 080–083,088.0, 090–098, 
320–322, 373.11, 424, 461, 481, 482, 483, 537.9, 540,542, 567, 574.00, 575.1, 590, 595, 597, 
599.0, 614, 616, 646.5, 647.0, 647.1, 647.3, 658.4, 659.31, 670.02, 681, 682, 684, 686, 795.5, 
919.5

Mycoses 110–118

Parasitic infections 006, 007, 084–087, 088.8, 120–129, 130–136, 647.4, 647.8

Viral infections 008.6, 008.8, 042, 045–049, 050–057, 060–066, 070–077, 079.0– 079.89, 079.99, 460, 466, 480, 
487, 571.4, 573.1–573.3, 647.5, 647.6

Unknown organism 099.9, 350.2, 351.0, 370.20, 371.00, 372.00, 372.3, 372.30, 373.00, 380.10, 380.23, 381.3, 381.4, 
382.9, 462, 463, 464.0, 465.9, 466.0, 472.0, 473.9, 486, 490, 491.9, 528.0, 530.1, 530.10, 533.90, 
535.0, 535.00, 535.50, 575.8, 575.9, 597.80, 599.7, 616.0, 616.10, 646.61–646.63, 647.23, 647.81, 
647.83, 647.91, 686.9, 730.90

Organ-specific Infection Categories

Cardiovascular 421,422.0, 424

Skin 035, 053, 078.0, 078.1, 110, 111, 117.1, 117.2, 133, 680–682, 684--686,

Ear 380–382

Eye 054.4, 076, 370–373

Gastrointestinal 001–009, 040.2, 041.4, 070, 072 112.0, 123.0, 123.2–123.9, 528.0, 528.1, 528.3, 530.1, 530.2, 
531.9, 531–533, 535, 537.9, 540, 542, 570–573, 574.00, 575.0, 575.1, 575.8, 575.9, 577.0, 577.1

Genitourinary 041.6, 054, 078.1, 079.9, 079.98, 098.0–098.3, 112.1, 131.00–131.02, 132.2, 590, 599, 614, 616, 
646

Lower Respiratory 010–012, 115, 466,480–487, 490, 491, 795.5

Upper Respiratory 032, 033, 040.1, 041.5, 460–465, 472, 473, 476

Unknown organ 038.0, 038.11, 047.9, 041.04, 041.10, 041.11, 041.19, 041.85, 041.89, 041.9, 052.9, 054.8, 054.9, 
079.89, 079.99, 097.1, 099.9, 112.9, 134.9, 350.2, 351.0, 567.2, 647.01, 647.23, 647.61, 647.63, 
647.51, 647.81, 647.83, 647.91, 658.41, 659.31, 670.02, 730.90, 919.5, 998.5
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Table 2

Characteristics of Study Population, Kaiser Permanente Northern California Childhood Autism Perinatal 

Study, 1995 – 1999

Cases (N = 407)
n (%)

Controls (N = 2075)
n (%)

 Female 74 (18.2) 385 (18.5)

 Male 333 (81.8) 1690 (81.4)

Plurality

 Singleton 383 (94.1) 2010 (96.8)

 Multiple (twin or triplet) 24 (5.9) 57 (2.7)

Maternal Age (years)

 <20 6 (1.5) 85 (4.1)

 20–24 45 (11.0) 298 (14.4)

 25–29 100 (24.6) 584 (28.1)

 30–34 137 (33.7) 660 (31.8)

 35–39 99 (24.3) 374 (18.0)

 ≥40 20 (4.9) 74 (3.6)

Maternal Education

 <High school 21 (5.2) 206 (9.9)

 High school graduate 79 (19.4) 597 (28.8)

 College 223 (54.8) 983 (47.4)

 Post-graduate 81 (19.9) 256 (12.3)

 Unknown 3 (0.7) 25 (1.2)

Maternal Race/Ethnicity

 White, non-Hispanic 210 (51.6) 936 (45.1)

 White, Hispanic 66 (16.2) 471 (22.7)

 Black 35 (8.6) 186 (8.9)

 Asian 42 (10.3) 215 (10.4)

 Other 54 (13.3) 267 (12.9)

Gestational Age

 < 37 Weeks 42 (10.3) 134 (6.5)

 ≥37 Weeks 365 (89.7) 1941 (93.5)

Birth Weight

 < 2500 grams 28 (6.9) 101 (4.9)

 ≥2500 grams 379 (93.1) 1974 (95.1)

Parity

 Primiparous 172 (42.3) 891 (42.9)

 Multiparous 234 (57.5) 1176 (56.7)

Missing 1 (0.2) 8(0.4)

Birth Year

 1995 119 (29.2) 607 (29.3)

 1996 106 (26.0) 550 (26.5)

 1997 78 (19.2) 387 (18.7)
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Cases (N = 407)
n (%)

Controls (N = 2075)
n (%)

 1998 77 (18.9) 396 (19.1)

 1999 27 (6.6) 135 (6.5)
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Table 3

Crude and Adjusted Odds Ratios (ORadj) and 95% Confidence Intervals (CIs) for Autism Spectrum Disorders 

(ASD) Associated with Any Maternal Infection, Kaiser Permanente Northern California Childhood Autism 

Perinatal Study, 1995 – 1999

Exposure* ASD Cases (N= 407)
n (%)

Controls (N= 2075)
n (%)

Crude OR (95%) ORadj ** (95% CI)

Unexposed group*** 199 (48.9) 1080 (52.0) reference reference

Any infection

 30 Days Pre Conception 33 (8.1) 124 (6.0) 1.44 (0.96 – 2.18) 1.41 (0.92 – 2.18)

 Pregnancy period1 198 (49.0) 960 (46.3) 1.12 (0.90 – 1.39) 1.15 (0.92 – 1.43)

 1st Trimester 75 (18.4) 408 (19.7) 1.00 (0.75 – 1.33) 1.07 (0.79 – 1.45)

 2nd Trimester 81 (19.9) 369 (17.8) 1.19 (0.90 – 1.58) 1.21 (0.90 – 1.63)

 3rd Trimester 109 (26.8) 512 (24.7) 1.15 (0.89 – 1.49) 1.17 (0.90 – 1.52)

 3rd Trimester minus Delivery Day 72 (17.7) 326 (15.7) 1.20 (0.89 – 1.60) 1.16 (0.86 – 1.58)

*
Maternal infections diagnosed during an inpatient hospitalization or outpatient clinic visit during pregnancy.

**
All ORs were adjusted for the matching variables (child sex, year of birth and hospital of birth) in addition to maternal age and race/ethnicity.

***
The unexposed group had no diagnosed infections during the period from 30 days before pregnancy to delivery

1
The pregnancy period is defined as the time between the last menstrual period date and the date of delivery.
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Table 4

Crude and Adjusted Odds Ratios (ORadj) and 95% Confidence Intervals (CIs) for Autism Spectrum Disorders 

(ASD) Associated with Organ Specific Infections, Kaiser Permanente Northern California Childhood Autism 

Perinatal Study, 1995 – 1999

Exposure* ASD Cases (N=407)
n (%)

Controls (N=2075)
n (%)

Crude OR (95% CI) ORadj** (95% CI)

Unexposed group*** 199 (48.9) 1080 (52.0) reference reference

Genitourinary infection

 30 Days Pre Conception 6 (1.5) 31 (1.5) 1.05 (0.43 – 2.55) 1.07 (0.42 – 2.67)

 Pregnancy period1 73 (17.9) 299 (14.4) 1.32 (0.98 – 1.78) 1.39 (1.02 – 1.90)

 1st Trimester 16 (3.9) 94 (4.5) 0.92 (0.53 – 1.60) 0.98 (0.54 – 1.77)

 2nd Trimester 23 (5.6) 83 (4.0) 1.50 (0.92 – 2.44) 1.58 (0.95 – 2.63)

 3rd Trimester 40 (9.8) 156 (7.5) 1.39 (0.95 – 2.03) 1.47 (0.99 – 2.17)

Lower respiratory infection

 30 Days Pre Conception 3 (0.7) 15 (0.7) - -

 Pregnancy period1 35 (8.6) 153 (7.4) 1.24 (0.83 – 1.85) 1.20 (0.80 – 1.81)

 1st Trimester 10 (2.5) 45 (2.2) 1.21 (0.60 – 2.43) 1.22 (0.60 – 2.51)

 2nd Trimester 11 (2.7) 55 (2.6) 1.08 (0.56 – 2.11) 1.05 (0.52 – 2.08)

 3rd Trimester 14 (3.4) 68 (3.3) 1.12 (0.62 – 2.02) 1.01 (0.54 – 1.87)

Upper respiratory infection

 30 Days Pre Conception 12 (2.9) 58 (2.8) 1.12 (0.59 – 2.13) 1.03 (0.53 – 1.99)

 Pregnancy period1 76 (18.7) 386 (18.6) 1.07 (0.80 – 1.43) 1.05 (0.78 – 1.42)

 1st Trimester 26 (6.4) 129 (6.2) 1.09 (0.70 – 1.71) 1.09 (0.69 – 1.74)

 2nd Trimester 31 (7.6) 163 (7.8) 1.03 (0.68 – 1.56) 1.00 (0.65 – 1.53)

 3rd Trimester 33 (8.1) 150 (7.2) 1.19 (0.79 – 1.79) 1.15 (0.76 – 1.75)

Skin infection

 30 Days Pre Conception 6 (1.5) 11 (0.5) 2.96 (1.08 – 8.10) 3.43 (1.21 – 9.70)

 Pregnancy period1 13 (3.2) 91 (4.4) 0.77 (0.42 – 1.41) 0.80 (0.43 – 1.47)

 1st Trimester 4 (1.0) 36 (1.7) - -

 2nd Trimester 6 (1.5) 39 (1.9) 0.83 (0.35 – 2.0) 0.83 (0.34 – 2.02)

 3rd Trimester 7 (1.7) 29 (1.4) 1.31 (0.57 – 3.03) 1.45 (0.60 – 3.48)

Unknown

 30 Days Pre Conception 2 (0.50) 15 (0.7) - -

 Pregnancy period1 88 (21.6) 383 (18.5) 1.25 (0.94 – 1.64) 1.36 (1.01 – 1.83)

 1st Trimester 32 (7.8) 154 (7.4) 1.13 (0.75 – 1.70) 1.33 (0.83 – 2.11)

 2nd Trimester 20 (4.9) 69 (3.3) 1.57 (0.93 – 2.65) 1.80 (1.04 – 3.13)

 3rd Trimester 43 (10.60) 197 (9.50) 1.185 (0.82 – 1.70) 1.20 (0.82 – 1.75)

*
Maternal infections diagnosed during an inpatient hospitalization or outpatient clinic visit during pregnancy.

**
All ORs were adjusted for the matching variables (child sex, year of birth and hospital of birth) in addition to maternal age and race/ethnicity.

***
The unexposed group had no diagnosed infections during the period from 30 days before pregnancy to delivery.

J Autism Dev Disord. Author manuscript; available in PMC 2016 December 01.



A
utism

 S
peaks A

uthor M
anuscript

A
utism

 S
peaks A

uthor M
anuscript

Zerbo et al. Page 17

1
The pregnancy period is defined as the time between the LMP and the date of delivery.
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Table 5

Crude and Adjusted Odds Ratios (ORadj) and 95% Confidence Intervals (CIs) for Autism Spectrum Disorders 

(ASDs) Associated With Selected Organism Specific Infections, Kaiser Permanente Northern California 

Childhood Autism Perinatal Study, 1995 – 1999

Exposure* ASD Cases (N = 407)
n(%)

Controls (N=2075)
n (%)

Crude OR (95% CI) ORadj**(95% CI)

Unexposed group*** 199 (48.9) 1080 (52.0) reference reference

Bacterial Infection

 30 Days Pre Conception 6 (1.5) 35 (1.7) 0.93 (0.39–2.24) 0.89 (0.36 – 2.20)

 Pregnancy period1 67 (16.5) 292 (14.1) 1.24 (0.92–1.69) 1.31 (0.96 –1.80)

 1st Trimester 12 (2.9) 69 (3.3) 0.94 (0.50–1.77) 0.95 (0.49 – 1.84)

 2nd Trimester 20 (4.9) 61 (2.9) 1.78 (1.05–3.01) 1.71 (0.99 – 2.96)

 3rd Trimester 45 (11.1) 186 (8.9) 1.31 (0.92–1.88) 1.42 (0.98 – 2.06)

Viral infection

 30 Days Pre Conception 2(0.5) 11 (0.5) - -

 Pregnancy period1 40 (9.8) 184 (8.9) 1.18 (0.81–1.71) 1.15 (0.78 – 1.68)

 1st Trimester 5 (1.2) 45 (2.2) 0.60 (0.24–1.54) 0.63 (0.24 – 1.65)

 2nd Trimester 12 (2.9) 57 (2.7) 1.14 (0.60–2.17) 1.06 (0.55 – 2.04)

 3rd Trimester 27 (6.6) 104 (5.0) 1.41 (0.90–2.21) 1.35 (0.85 – 2.15)

Mycoses Infection

 30 Days Pre Conception 4 (0.9) 10 (0.5) - -

 Pregnancy period1 32 (7.8) 116 (5.6) 1.50 (0.98–2.28) 1.53 (0.98 – 2.96)

 1st Trimester 9 (2.2) 33 (1.6) 1.48 (0.70–3.14) 1.56 (0.71 – 3.41)

 2nd Trimester 11 (2.7) 40 (1.9) 1.49 (0.75–2.96) 1.46 (0.71 – 2.98)

 3rd Trimester 14 (3.4) 48 (2.3) 1.58 (0.86–2.92) 1.64 (0.87 – 3.10)

Unknown Infection

 30 Days Pre Conception 22 (5.4) 79 (3.8) 1.51 (0.92–2.48) 1.42 (0.84 – 2.39)

 Pregnancy period1 142 (34.9) 690 (33.3) 1.15 (0.88–1.41) 1.16 (0.91 – 1.48)

 1st Trimester 61 (15.0) 312 (15.0) 1.06 (0.77–1.45) 1.14 (0.81 – 1.58)

 2nd Trimester 55 (13.5) 259 (12.5) 1.15 (0.83–1.60) 1.22 (0.87 – 1.72)

 3rd Trimester 64 (15.7) 290 (14.0) 1.20 (0.89–1.63) 1.22 (0.89 – 1.68)

*
Maternal infections diagnosed during an inpatient hospitalization or outpatient clinic visit during pregnancy.

**
All ORs were adjusted for the matching variables (child sex, year of birth and hospital of birth) in addition to maternal age and race/ethnicity.

***
The unexposed group had no diagnosed infections during the period from 30 days before pregnancy to delivery.

1
The pregnancy period is defined as the time between the LMP and the date of delivery.
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Table 6

Crude and Adjusted Odds Ratios (ORadj) and 95% Confidence Intervals (CIs) for Autism Spectrum Disorders 

(ASDs) Associated with Maternal Infections Diagnosed during an Inpatient Hospitalization, Kaiser 

Permanente Northern California Childhood Autism Perinatal Study, 1995 – 1999

Exposure ASD Cases (N = 407)
n(%)

Controls (N=2075)
n (%)

Crude OR (95% CI) OR adj* (95% CI)

Unexposed group** 199 (48.9) 1080 (52.0) reference reference

Any infection

 Pregnancy period1 64 (15.7) 249 (12.0) 1.39 (1.02 – 1.91) 1.48 (1.07 – 2.04)

 1st Trimester 2 (0.5) 1 (0.0) - -

 2nd Trimester 6 (1.5) 11 (0.5) 2.96 (1.08 – 8.10) 3.80 (1.31 – 11.08)

 3rd Trimester 59 (14.5) 242 (11.7) 1.32 (0.96 – 1.83) 1.39 (1.0 – 1.94)

Bacterial Infection

 Pregnancy period1 38 (9.3) 150 (7.2) 1.38 (0.93 – 2.03) 1.58 (1.06 – 2.37)

 1st Trimester 0 1 - -

 2nd Trimester 4 (0.9) 8 (0.4) - -

 3rd Trimester 35 (8.6) 144 (6.9) 1.32 (0.89 – 1.97) 1.50 (1.00 – 2.27)

*
All ORs were adjusted for the matching variables (child sex, year of birth and hospital of birth) in addition to maternal age and race/ethnicity.

**
The unexposed group had no diagnosed infections during the period from 30 days before pregnancy to delivery.

1
The pregnancy period is defined as the time between the LMP and the date of delivery.
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