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Background: Lifetime prevalence of anxiety disorders is over 30% among U.S.

adolescents, warranting further investigation into early life risk factors for such conditions.

We conducted a pilot study to examine the role that maternal herpesvirus infection may

play in the pathway between maternal trauma and stress during pregnancy and offspring

generalized anxiety disorder (GAD).

Methods: Participants included 69 women in the Detroit Neighborhood Health Study

with data on past exposure to 19 potentially traumatic (PTEs) and 9 stressful life

events (SLEs). Lifetime history of GAD in the youngest biologic child between 6 and

17 years old born in Michigan (i.e., index child) of each woman was ascertained via

the Diagnostic Interview Schedule for Children, 4th edition, parent version. We obtained

written informed consent from participants for retrieval of archived neonatal bloodspot

samples corresponding to their index child from the Michigan Neonatal Biobank (MNB)

and testing of these samples for markers of maternal herpes simplex virus (HSV)-1

and cytomegalovirus (CMV) seropositivity. Logistic regression was used to examine the

association between maternal PTEs or SLEs during pregnancy and offspring GAD.

Results: A total of 18.1 and 31.9% of women experienced ≥1 PTE or SLE during

pregnancy, respectively, and 10.8% of offspring met the criteria for lifetime history of

GAD. We obtained maternal consent for retrieval of and tested bloodspot samples

corresponding to the index child of 22 women (38.0%), of which 4.5 and 40.9%

were seropositive for HSV-1 and CMV, respectively. We observed positive, although

not statistically significant associations between ≥1 PTE or SLE during pregnancy and

offspring lifetime history of GAD. While a greater proportion of offspring with lifetime
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history of GADwere born to women seropositive for CMV and HSV-1, compared to those

without lifetime history, these differences were not statistically significant and we did not

further examine the mediating role of maternal herpesvirus seropositivity in this pathway.

Conclusion: Findings from this study support the feasibility of utilizing neonatal

bloodspots archived in the MNB to examine the role of herpesviruses as mediators

between maternal trauma or stress during pregnancy and offspring anxiety disorders

in larger Michigan cohorts.

Keywords: prenatal, trauma, stress, herpesvirus, offspring, generalized anxiety disorder

INTRODUCTION

Nearly 32% of adolescents in the U.S. are estimated to have
experienced an anxiety disorder in their lifetime, with a median
age of onset of 6 years (Merikangas et al., 2010). While much
research has focused on the role that early life trauma plays in the
development of anxiety disorders among children (Stein et al.,
1996; Pynoos et al., 1999; Heim and Nemeroff, 2001; Hovens
et al., 2010, 2012, 2015; Lochner et al., 2010; Klauke et al., 2011;
Kuo et al., 2011; Zikic et al., 2015), a growing body of studies
suggest that the adverse effects of traumatic events as well as other
stressors on the development of anxiety disorders in childrenmay
begin before birth (Yehuda et al., 2001; Najman et al., 2010; Rice
et al., 2010; Davis and Sandman, 2012; Betts et al., 2014; Park
et al., 2014). Researchers have hypothesized that excess exposure
to maternal stress hormones during gestation plays a key role
in fetal programming of offspring anxiety disorders via causing
permanent alterations to hypothalamic-pituitary-adrenal (HPA)
axis function and/or via contributing to epigenetic modifications
that adversely shape offspring stress reactivity (Weaver et al.,
2004; Skinner et al., 2008; Glover et al., 2010; Davis et al., 2011;
Radtke et al., 2011; Perroud et al., 2014). Alternatively, trauma or
stress during pregnancy may influence maternal health behaviors
for which prenatal exposure has also been associated with
anxiety disorders in offspring such as tobacco and alcohol use
(Indredavik et al., 2007; Ashford et al., 2008; Ekblad et al., 2010;
Hellemans et al., 2010; Moylan et al., 2015). The adverse effects of
stress on immune function are, however, also well-documented
(Segerstrom andMiller, 2004) and a converging body of evidence
suggests that maternal infection during pregnancy may serve as
an alternative pathway by which prenatal exposure to trauma
and life stressors adversely shapes the development of offspring
mental health disorders, including anxiety.

First, maternal immunoglobulin G (IgG) antibodies triggered

in response to infection can be transferred across the placenta

beginning in the second trimester (Simister, 2003) and cross-

reaction of maternal antibodies with fetal tissues during

critical periods of development is thought to adversely affect

neurodevelopment and contribute to morphologic changes to
the brain that influence the development of neuropsychiatric
disorders (Marques et al., 2013). Indeed, maternal exposure
to bacterial and viral mimics during pregnancy have been
shown in murine models to impact neurodevelopment in the
amygdala and prefrontal cortex (Machado et al., 2015; Zhou,
2015)–regions of the brain for which increased activity has been

observed in human populations with anxiety disorders (Miguel-
Hidalgo, 2013). Second, pro-inflammatory cytokines triggered by
maternal infection can also cross the placental barrier and may
adversely affect neurodevelopment via inducing inflammation
in fetal brain tissues (Dammann and Leviton, 1997). While
we are unaware of any human studies that examine the
association between maternal inflammation during pregnancy
and offspring anxiety disorders, numerous animal-based studies
have demonstrated that maternal immune activation during
pregnancy is associated with anxiety-like behaviors in offspring
(Enayati et al., 2012; Babri et al., 2014; Depino, 2015). Given
that individuals undergoing increased psychosocial stress are
more susceptible to and have worse immunologic control of
infections once acquired (Segerstrom andMiller, 2004), maternal
infection may represent a key biologic mechanism by which the
adverse effects of maternal trauma and stress during pregnancy
contribute to the development of anxiety disorders across
generations.

While acute infections elicit a short-term immune response,
latent infections such as herpesviruses, are never cleared from
the body (Glaser and Kiecolt-Glaser, 1994; Pedersen et al., 2010;
Uddin et al., 2010) and have been shown to reactivate over
time-particularly in response to stress (Glaser and Kiecolt-Glaser,
1994). Reactivation has, in turn, been hypothesized to trigger
increased production of antibodies specific for such pathogens
(Dowd et al., 2008, 2012; Dowd and Aiello, 2009; Christian
et al., 2012; Rector et al., 2014), and contribute to elevated
levels of circulating pro-inflammatory cytokines such as C-
reactive protein and interleukin-6 (Nazmi et al., 2010; Bennett
et al., 2012). To our knowledge no studies have examined
the association between maternal infection with herpesviruses
and offspring anxiety disorders, however, prenatal exposure to
such pathogens have been implicated in the etiology of other
neuropsychiatric disorders such as schizophrenia (Buka et al.,
2008). Taken together, herpesviruses may represent a particularly
salient maternal infection in the etiology of offspring anxiety
disorders and therefore, an important mediator of the association
between maternal trauma and/or stress during pregnancy and
such outcomes.

Since July 1984, filter paper cards containing leftover
bloodspots collected from newborns as part of the Michigan
Newborn Screening Program have been transferred from the
Michigan Department of Health and Human Services (MDHHS)
public health laboratory to the Michigan Neonatal Biobank
(MNB) for long-term storage and are available for use in research.
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These archived neonatal bloodspots serve as a valuable resource
for assessing markers of maternal infection during pregnancy as
antibodies detected in neonatal blood at birth reflect those of
maternal origin that have crossed the placenta during gestation
in the otherwise immunologically naïve neonate (Schelonka and
Infante, 1998). The aims of the present pilot study were to (1) re-
contact 369 women in the Detroit Neighborhood Health Study
(DNHS) with existing data on lifetime history of potentially
traumatic (PTEs) or SLEs and re-interview those with minor
children born in Michigan to ascertain data on lifetime history
of generalized anxiety disorder (GAD) in their youngest child
between the ages of 6–17 (i.e., index child), (2) obtain maternal
consent for retrieval and testing of neonatal bloodspot samples
archived in the MNB corresponding to each woman’s index
child for markers of maternal infection with cytomegalovirus
(CMV) and herpes simplex virus (HSV)-1, and (3) examine
whether maternal herpesvirus seropositivity partially mediates
the association betweenmaternal PTEs or SLEs during pregnancy
and offspring GAD.

MATERIALS AND METHODS

Study Population and Design
The DNHS is a longitudinal, population-based study designed
to investigate correlates of mental health disorders among
individuals living in the city of Detroit, MI. A probability sample
of 1547 individuals (aged ≥ 18 years) living within the Detroit
city limits was recruited from 2008 to 2009 and individuals
participated in up to 4 follow-up visits. During Wave 5 of
DNHS (2013), we identified 369 female DNHS participants who
previously reported living with children under 18 years of age to
be re-contacted to determine eligibility for participation in the
present pilot study. Eligibility criteria included having a biologic
child between the ages of 6–17 for whom lifetime history of GAD
could therefore be ascertained via parental interview and who
was born in Michigan and therefore had neonatal bloodspots
archived in the MNB that were available for use in research. Of
the 369 women identified as potentially eligible for the study, 140
(37.9%) were successfully re-contacted via telephone, 76 (54.3%)
of whom met the above eligibility criteria. Of those eligible for
participation, 69 (90.8%) women agreed to participate in the
telephone interview portion of the pilot study during which
women were asked to recall whether any PTEs or SLEs previously
reported during their lifetime at baseline (2008–2009), occurred
during their pregnancy with their youngest child between the
ages of 6–17 born in Michigan (i.e., index child). Women were
also interviewed regarding their index child’s lifetime history
of GAD and invited to provide written informed consent for
retrieval and testing of the index child’s neonatal bloodspots
that were archived in the MNB. A total of 54 (78.3%) women
interviewed agreed to be mailed a consent form for retrieval and
testing of archived neonatal bloodspot samples corresponding to
their index child for markers of maternal herpesvirus infection.
Of these women, 24 (44.4%) provided written informed consent
for the bloodspot portion of the study and bloodspot samples
corresponding to the index child of 22 (91.7%) women were
tested for markers of maternal herpesvirus infection.

Ethics Approval
TheDNHSwas approved by the institutional review boards (IRB)
at the University of Michigan and University of North Carolina
and the present pilot study conducted during Wave 5 of DNHS
was also approved by the MDHHS IRB as well as the Biotrust
for Health, Inc. Scientific Advisory Board and Community Values
Advisory Board. All participants provided oral informed consent
for participation in the DNHS Wave 5 telephone interview.
Women eligible for the pilot study portion of the studywere given
the opportunity to provide written informed consent for retrieval
and testing of their index child’s neonatal bloodspots archived in
the MNB under a waiver of child assent. Participants were mailed
consent materials with a pre-paid return envelope and provided
a nominal monetary incentive for the time required to review
and return consent materials to study staff via mail or during a
home visit. Individuals could also, at any time, have opted-out
of use of archived neonatal bloodspot samples corresponding to
their offspring in all research studies by submitting a request to
MDHHS. Last, in the event that the index child of a pilot study
participant turned 18 years of age before testing of their samples
was completed, we obtained informed written consent directly
from that individual for testing of their samples (N = 2).

Measures
Maternal PTEs and SLEs during pregnancy were the main
exposures of interest in this study. During Wave 1 of DNHS
(2008–2009) data on lifetime history of 19 PTEs based upon
a set of traumatic events that had been used in prior research
in the Detroit metropolitan area (Breslau et al., 1998), and that
met Criterion A of the Diagnostic and Statistical Manual of
Mental Disorders-IV (American Psychiatric Association, 1994)
PTSD diagnosis was ascertained via telephone interview. PTEs
included events that can be characterized as (1) assaultive
violence, (2) other injuries or shocking experiences, (3) learning
of traumatic events experienced by close friends or relatives, or
(4) the sudden, unexpected death of a close friend or relative
and individuals were also asked to report the occurrence of any
other traumatic event (Breslau et al., 1998). Individuals were
also asked about lifetime history of nine non-traumatic stressors,
including events such as divorce or “break up” with a significant
other, serious drug or alcohol problem of a parent or close
relative, emotional mistreatment, serious financial problems,
legal problems, and problems accessing health care which were
modified from previous studies (Boardman, 2004). During Wave
5 of DNHS (2013), participants in the present pilot study were
asked as part of a telephone interview to recall whether any PTEs
or SLEs previously reported, occurred specifically during their
pregnancy with their index child. Women were categorized as
having experienced 0 vs. ≥ 1 PTE or SLE during pregnancy with
the index child, respectively.

The outcome of interest in this study was offspring lifetime
history of GAD. During Wave 5 of DNHS (2013), pilot study
participants were administered, via telephone, the Diagnostic
Interview Schedule for Children, 4th edition (DISC-IV), parent
version: a comprehensive, structured interview that covers 36
mental health disorders for children and adolescents aged 6–
18 years, based upon DSM-IV criteria (American Psychiatric
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Association, 1994). For the purpose of this study, we limited
the interview to contain questions from the diagnostic section
pertaining to GAD and included the “whole life” module, which
determines whether diagnoses not present in the past year
occurred prior to the past year but after age 5. Offspring who met
the criteria for GAD in the past year or based upon the “whole
life” module were categorized as having a lifetime history of GAD
and those not meeting the criteria were categorized as having no
lifetime history of GAD.

Maternal HSV-1 and CMV seropositivity were the mediators
of interest in this study. Two, 3.22mm punches from archived
bloodspot samples corresponding to the index child of each
pilot study participant, that had been stored in temperature and
humidity controlled space in the MNB, were shipped to Stanley
Laboratory of Developmental Neurovirology at Johns Hopkins
University School of Medicine. Samples were tested for presence
and level of IgG antibodies targeted against HSV-1 and CMV
using a solid phase enzyme immunoassay as described previously
(Mortensen et al., 2007). Briefly, the bloodspots were eluted in
200 ul of phosphate buffered saline PH7.4 for 1 h at 35 degrees
and overnight at room temperature. Eluates were collected and
assayed for IgG class antibodies to HSV-1 and CMV using
commercially available assays (Focus Diagnostic Assays, Cypress,
CA, and Immuno-Biological Laboratories Inc, Minneapolis,
MN, respectively). Antibody binding was manifested by the
conversion of visual enzyme substrate as quantified by means
of a microplate colorimeter. HSV-1 and CMV IgG antibody
levels were computed by subtracting the absorbance generated
by a blank sample from that generated by the test sample.
Individuals with levels ≥ 0.02 absorbance units were categorized
as seropositive.

Several covariates of interest were also collected in this study.
During the Wave 5 phone interview, participants self-reported
several factors we hypothesize as potential confounders including
age (years) at time of birth of their child, race/ethnicity (Non-
Hispanic white, black, or other), household income level during
12 months prior to the birth of their child (<$15000, $15000-
$35000, >$35000), and current education level (< High School,
High School and > High School). Women also self-reported
several other behavioral characteristics of interest including
smoking status and alcohol use during pregnancy and were
categorized as ever verses never smoked and ever vs. never drank
alcohol. Offspring sociodemographic characteristics reported
by women during the phone interview included gestational
age at birth (reported as weeks or months and converted to
corresponding weeks), current age (years), and gender (female
vs. male).

Statistical Analyses
Univariate distributions of sociodemographic and behavioral
characteristics of women and offspring as well as the bivariate
associations between covariates of interest and offspring lifetime
history of GAD were estimated. For continuous, but non-
normally distributed variables (i.e., maternal age, CMV, and
HSV-1 IgG antibody level, income level and offspring age
at interview) Wilcoxon rank sum tests were performed and
median and interquartile range (IQR) was estimated for each

group. Differences in proportions for categorical variables
were estimated using Fisher’s exact tests to accommodate
small cell sizes. Logistic regression was used to estimate the
association between maternal exposure to ≥1 PTE or SLE
during pregnancy and lifetime history of GAD in offspring,
respectively. Models were first unadjusted and then adjusted for
hypothesized confounders of interest including maternal age at
time of offspring birth, race/ethnicity and education level. While
hypothesized as a potential confounder, we did not control for
household income level during the 12months prior to their index
child’s birth as 27.5% of individuals were missing data on this
variable. Statistical analyses were carried out using SAS, version
9.2 (SAS Institute, Cary, NC).

RESULTS

Descriptive characteristics of women and offspring as well as
the bivariate relationships between covariates of interested and
offspring lifetime history of GAD are shown in Table 1. Of the
69 women who participated in our pilot study, the median age
at time of their index child’s birth was 31 years (IQR: 25–35.5),
82.6% self-identified as African-American or Black, 22.1% had
≤ high school education, 4.4% drank alcohol during pregnancy,
8.7% smoked during pregnancy, and 18.2 and 31.9% experienced
≥1 PTE or SLE during pregnancy, respectively. PTEs experienced
by women during pregnancy included “other injuries or shocking
experiences” such as a natural disaster or witnessing violence
directed at someone else (e.g., someone being killed; N = 3),
“learning of traumatic events to close friends or relatives” (e.g.,
learning that a close friend or relative was raped or sexually
assaulted, seriously physically attacked, or seriously injured in
another type of accident; N = 4), and/or experiencing the
“sudden, unexpected death of a close friend or relative”(N = 5).
Among women who experienced SLEs during pregnancy (N =

22), the greatest proportion experienced socioeconomic stressors
(59.1%; e.g., job loss, seeking employment for at least 3 months,
or serious financial problems) and/or inter-personal stressors
(54.5%; e.g., parent or a family member who had a problem
with drugs or alcohol, divorce or “break up,” or emotional
mistreatment). Of the women for whom neonatal bloodspots
corresponding to their index child were retrieved and tested
(N = 22), 40.9 and 4.5% were seropositive for CMV and
HSV-1, respectively. The majority of offspring included in our
study had a gestational age of 37 (range 26–42) weeks or greater
(78.3%), the median (IQR) age of offspring at time of maternal
interview was 12.0 (8–15) years, 50.7% were female, and 1.5%
and 10.8% met the criteria for past year and lifetime history of
GAD, respectively. Lower maternal education level (p = 0.1001)
and younger gestational age (p = 0.0664) were the only factors
to be marginally statistically significantly associated with lifetime
history of GAD in offspring.

The association between maternal experience of ≥1 PTE
and SLE during pregnancy and offspring GAD, respectively,
are shown in Table 2. We identified a positive, although not
statistically significant association between maternal experience
of≥1 PTE or SLE during pregnancy and lifetime history of GAD
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TABLE 1 | Sociodemographic characteristics of a subset of women in the

Detroit Neighborhood Health Study and their children.

Offspring lifetime history of GADa

N = 69 No

(N = 58)

Yes

(N = 7)

P-

valueb

MATERNAL CHARACTERISTICS

Age at delivery

(years), median (IQR)

31

(25–35.5)

32 (27–35) 29 (23–38) 0.9142

Race/ethnicity, N (%)

Non-Hispanic White 3 (4.4) 2 (3.5) 1 (14.3) 0.1232

African-American or

Black

57 (82.6) 49 (84.5) 4 (57.1)

Other 9 (13.0) 7 (12.0) 2 (28.6)

Education level, N (%)

<High school 1 (1.5) 0 (0.0) 1 (14.3) 0.1001

High School 14 (20.6) 12 (21.1) 2 (28.6)

>High school 53 (77.9) 45 (78.9) 4 (57.1)

Income (12 months before index child’s birth), N (%)c

$0-20 K 16 (32.0) 14 (32.6) 1 (20.0) 0.5032

$20,001-50 K 17 (34.0) 16 (37.2) 1 (20.0)

$50,001-150 K 17 (34.0) 13 (30.2) 3 (60.0)

Smoking status during pregnancy

No 63 (91.3) 52 (89.7) 7 (100.0) 1.0000

Yes 6 (8.7) 6 (10.3) 0 (0.00)

Alcohol use during pregnancy

No 66 (95.7) 55 (94.8) 7 (100.0) 1.0000

Yes 3 (4.3) 3 (5.2) 0 (0.0)

PTEs during pregnancyd

0 54 (81.9) 46 (82.1) 5 (71.4) 0.6094

≥1 12 (18.1) 10 (17.9) 2 (28.6)

SLEs during pregnancy

0 47 (68.1) 40 (69.0) 3 (42.9) 0.2150

≥1 22 (31.9) 18 (31.0) 4 (57.1)

CMV serostatus, N (%)e

Negative 13 (59.1) 11 (68.8) 2 (50.0) 0.5868

Positive 9 (40.9) 5 (31.2) 2 (50.0)

HSV-1 serostatus, N (%)e

Negative 21 (95.5) 16 (100.0) 3 (75.0) 0.2000

Positive 1 (4.5) 0 (0.0) 1 (25.0)

OFFSPRING CHARACTERISTICS

Age (years), median

(IQR)

12 (8–15) 12 (9–15) 11 (8–13) 0.2411

Gender, N (%)

Female 34 (49.3) 30 (51.7) 3 (42.9) 0.7085

Male 35 (50.7) 28 (48.3) 4 (57.1)

Gestational Age (weeks), N (%)

<36 15 (21.7) 11 (19.0) 2 (28.6) 0.0664*

37–39 13 (18.8) 9 (15.5) 3 (42.9)

40 41 (59.5) 38 (65.5) 2 (28.6)

CMV, cytomegalovirus; GAD, generalized anxiety disorder; HSV-1, herpes simplex virus-

1; IQR, interquartile range; PTE, potentially traumatic event; SLE, stressful life event.
aN = 65; 4 individuals missing data necessary to evaluate criteria for lifetime history of

GAD.
bWilcoxon rank sum tests were performed to test difference in median (IQR) and Fisher’s

exact tests were performed to test differences in proportions for categorical variables.
cN = 50; 19 individuals missing data on income level.
dN = 66, 3 individuals missing data on potentially traumatic events.
eN = 22; 47 individuals missing data on CMV and HSV-1 seropositivity.

*P < 0.10.

TABLE 2 | Associations between maternal PTEs and SLEs during

pregnancy and offspring lifetime history of GAD among a subset of

women in the Detroit Neighborhood Health Study and their children.

Odds ratio (95% confidence interval)

Model 1† Model 2‡

PTEs

0 1.0 1.0

≥1 1.84 (0.31, 10.88) 1.78 (0.25, 12.87)

SLEs

0 1.0 1.0

≥1 2.96 (0.60, 14.63) 3.84 (0.68, 21.63)

GAD, generalized anxiety disorder; PTE, potentially traumatic events; SLE, stressful life

events.
†
Model 1unadjusted (N = 62 for PTEs and N = 65 for SLEs).

‡
Model 2 adjusted for maternal age at time of offspring birth, race/ethnicity and education

level (N = 63 for PTEs and N = 64 for SLEs).

in offspring [odds ratio (OR) 1.78, 95% confidence interval (CI):
0.25, 12.87, and OR 3.84, 95% CI: 0.68, 21.63, respectively], in
models controlling for maternal age at time of offspring birth,
race/ethnicity and current education level. A greater proportion
of offspring whomet the criteria for lifetime history of GADwere
born to women seropositive for CMV and HSV-1, compared
to those without lifetime history, but these differences were not
statistically significant (see Table 1). Given the limited number
of individuals for which samples were tested for maternal HSV-
1 and CMV seropositivity and lack of statistically significant
findings, we did not further examine the mediating role of
herpesvirus seropositivity in the pathway betweenmaternal PTEs
or SLEs during pregnancy and lifetime history of GAD in
offspring.

DISCUSSION

In this pilot study, we aimed to (1) re-contact women in DNHS
with existing data on lifetime history of PTEs or SLEs and
ascertain data on lifetime history of GAD in their youngest child
between the ages of 6–17 born in Michigan (i.e., index child),
(2) obtain maternal consent for retrieval and testing of neonatal
bloodspot samples archived in the MNB corresponding to each
index child and testing for markers of maternal CMV and HSV-
1 seropositivity, and (3) examine whether maternal herpesvirus
infection partially mediates the association between maternal
PTEs or SLEs during pregnancy and offspring GAD.

Recent community-based surveys conducted across several
cities in Michigan indicate that many individuals are not aware
they or their children have archived bloodspot samples stored in
the MNB and that there is lack of consensus among Michigan
residents about use of these samples in research and ideal
consent policies and practices (Duquette et al., 2012; Platt et al.,
2014; Thiel et al., 2014). We took several measures to foster
knowledge regarding the storage and use of neonatal bloodspots
as well as options for consent among participants in our study.
For example, we included an informational pamphlet, After
Newborn Screening, provided by MDHHS, with the consent
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materials mailed to individuals in our study. We also conducted
follow-up phone calls to study participants to answer questions
and/or provide assistance with filling-out the consent materials
and offered for study staff pick-up consent materials directly
from participants. While 78.3% of women who completed the
interview portion of the pilot study were willing to be mailed
consent materials for participation in the bloodspot portion of
our study, only 44.4% returned the consent form to study staff.
It is possible that alternative processes for obtaining individual
consent for use of bloodspot samples archived in the MNB, such
as a recently proposed web-based portal (Thiel et al., 2015), could
both serve as a more effective medium for providing participants
information about consent options and increase participation
rates in future studies by lowering participant burden.

Although participation in the bloodspot portion of our study
was limited, we successfully tested retrieved samples that had
been stored in temperature and humidity controlled conditions
for maternal IgG antibodies specific for HSV-1 and CMV.
Seroprevalence of HSV-1 and CMV among those tested in our
sample was slightly lower than U.S. population-based estimates
amongwomen of childbearing age (Bate et al., 2010; Bradley et al.,
2014). Lower than expected seroprevalence of these infections in
our samplemay be explained by self-selection bias as women who
consented to retrieval and testing of their index child’s bloodspot
samples had characteristics associated with lower seroprevalence
[i.e., were slightly younger and a greater proportion self-reported
Non-HispanicWhite race compared to those that did not provide
consent (data not shown)]; (Schillinger et al., 2004; Dowd et al.,
2009). While modified elution methods, reaction conditions, or
sample volumesmay serve to optimize results in future studies we
have importantly established that samples stored in temperature
and humidity controlled conditions in the MNB can reasonably
be utilized to detect maternal IgG antibodies targeted against
herpesviruses. This finding is important given the majority of
available neonatal bloodspots (i.e., those obtained from those
born before 2009) have been stored under these conditions.

The last aim of our study was to examine the mediating role
of maternal herpesvirus seropositivity in the association between
maternal PTEs and SLEs during pregnancy and offspring GAD.
While we were underpowered to detect statistically significant
associations betweenmaternal experience of PTEs or SLEs during
pregnancy and offspring GAD due to limited sample size, effect
estimates observed in our study were in the expected direction.
Indeed, several other studies that have identified a positive
association between maternal trauma or stress during pregnancy
and anxiety disorders in offspring during childhood (Najman
et al., 2010; Davis and Sandman, 2012; Betts et al., 2014; Park
et al., 2014). For example, Davis et al. recently examined the
association between maternal perceived stress during pregnancy
and offspring anxiety at ages 6 and 9 assessed via the Anxiety
Problems subscale of the Child Behavior Checklist (CBC) among
a longitudinal cohort of 178 mother-child pairs recruited from
obstetric clinics in Southern California (Davis and Sandman,
2012). The authors found that higher average perceived stress
during pregnancy (assessed at 19, 25, and 31 gestational weeks)
was associated with higher anxiety score in offspring 6–9 years
of age [beta = 0.20, F(4, 177) = 7.1, p < 0.05], adjusting for
child’s sex, gestational age at birth, maternal education level as

well asmaternal stress at time of assessment (Davis and Sandman,
2012). The authors also found that 20 weeks of gestation may
be a particularly sensitive period during which fetal exposure
to elevated maternal perceived stress increases risk for offspring
anxiety (Davis and Sandman, 2012). In another study by Najman
et al. the authors examined the association between maternal
poverty during pregnancy and offspring anxiety assessed via the
Youth Self-Report and Young Adult Self-Report questionnaires
at age 14 and 21, respectively, among a longitudinal cohort
of individuals born in Brisbane, Australia between 1981 and
1984 (Najman et al., 2010). The authors found that maternal
poverty during pregnancy was associated with increased odds of
anxiety reported at both ages (OR 1.7, 95% CI: 1.2, 1.5) (Najman
et al., 2010). This association was, however, no longer statistically
significant after adjusting for postnatal poverty and maternal
distress (Najman et al., 2010). Taken together future studies
which examine the association between a wider array of prenatal
stressors and offspring anxiety disorders and also investigate
whether prenatal exposure to maternal stress during particular
periods of gestation and independent of postnatal stressors, poses
increased risk for such disorders are warranted to clarify these
associations.

We found that a greater proportion of offspring who
met the criteria for lifetime history of GAD were born to
women seropositive for CMV and HSV-1, compared to those
without lifetime history. These associations were, however, not
statistically significant and given limited participation in the
bloodspot portion of the study, we did not further assess
the mediating role of maternal herpesvirus infection in this
pathway. While previous studies have examined the association
between maternal herpesvirus infection and offspring mental
health outcomes including schizophrenia (Buka et al., 2008) and
mood disorders (Simanek and Meier, 2015), we are unaware
of any studies that have assessed the role of such pathogens
in the etiology of offspring anxiety disorders. A recent study
by Betts et al. however, examined the association between self-
reported genital infection among women during pregnancy and
offspring anxiety disorders including GAD, social and specific
phobias, panic disorders and PTSD among participants in
the Mater University Study of pregnancy (Betts et al., 2015).
The authors found that self-reported maternal genital infection
during pregnancy was statistically significantly associated with
offspring PTSD (OR 2.38, 95% CI: 1.14, 4.95) and social
phobia (OR 1.93, 95% CI: 1.03, 3.61), but not GAD or panic
disorders in models adjusting for antenatal maternal anxiety and
depression, maternal age, smoking status, alcohol use, parity,
and education level as well as offspring birth weight and gender
(Betts et al., 2015). The association between maternal genital
infection during pregnancy and PTSDwas statistically significant
and even stronger among male offspring, but not among females
(Betts et al., 2015). These findings are consistent with some
(Enayati et al., 2012), but not all (Babri et al., 2014), animal-
based studies that have examined sex-specific effects of maternal
immune activation during pregnancy and anxiety-like behaviors
in offspring. Given the limited number of women that consented
for retrieval and testing of their index child’s bloodspots and
lack of statistically significant findings, we did not further assess
whether HSV-1 or CMV seropositivity mediated the association
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between maternal exposure to PTEs or SLEs during pregnancy
and GAD in offspring. Future studies examining the association
between maternal trauma and stress as well as infection with
herpesviruses as well as other pathogens during pregnancy and
a wider array of offspring anxiety disorders that are conducted
among larger cohorts are warranted to clarify these relationships.

In addition to small sample size, there are a few other
limitations to consider in the present pilot study. First,
ascertainment of data on PTEs and SLEs among women during
pregnancy as well as experiences of their children related to
criteria for GAD could be subject to recall bias. Indeed, it
has been demonstrated that memory impairment is a common
sequelae of trauma exposure (Bremner, 2006). If women who
experienced PTEs or SLEs during pregnancy were less likely to
recall experiences of their child relevant to the GAD criteria,
compared to women who did not, this could have served to bias
our results toward the null. Another limitation of the present
study was that psychometric performance of the “whole life”
modules of the DISC-IV has not, to date, been evaluated (Shaffer
et al., 2000). Furthermore, other mental health disorders and
substance abuse disorders ormedical conditions are not ruled out
as part of the diagnostic criteria for GAD (Columbia University
DISC Development Group, 2006a). Nonetheless, use of DISC-
IV, parent version was advantageous as it is designed to be
administered by interviewers with no formal clinical training
(Columbia University DISC Development Group, 2006b) and we
successfully adapted this tool be administered via a telephone
interview.

The exact timing of acquisition of herpesvirus infection
among women in our study could also not be determined
and moreover, we did not assess herpesvirus infection in the
index children of participants. For this reason questions remain
regarding the role of timing of maternal infection and we
cannot rule out the contribution of perinatal transmission of
these infections in this pathway. We also cannot rule out the
role of potentially heritable genetic polymorphisms that may
both predispose women and their offspring to an exacerbated
stress response (Ming et al., 2015), as an explanation for
the associations observed. Last, while we adjusted for current
maternal education level, we did not control for other postnatal
experiences that may also increase risk for the onset of anxiety
in offspring. For this reason, future studies should consider
assessing markers of herpesvirus infection in offspring as well as
women both before and during pregnancy and take into account
genetic as well as postnatal risk factors for anxiety to clarify the
role of these prenatal exposures of interest in the etiology of
offspring anxiety disorders.

Overall, the growing body of human and animal-based
research suggesting that maternal trauma and stress (Yehuda
et al., 2001; Najman et al., 2010; Rice et al., 2010; Davis and
Sandman, 2012) as well as infections (Enayati et al., 2012;
Babri et al., 2014; Betts et al., 2015; Depino, 2015) during
pregnancy may play a key role in the etiology of offspring
anxiety disorders warrants further study of these relationships. If
herpesviruses are identified in future studies as novel mediators
in the pathway between maternal trauma or stress and offspring
anxiety disorders, interventions aimed at infection prevention

and/or improving stress-induced immune alterations during
pregnancy may serve to decrease the onset of such conditions
across generations. Importantly, neonatal bloodspot samples
archived in biobanks such as the MNB, can serve as a novel
alternative to more costly and invasive collection of maternal
blood samples during pregnancy for studying the role of maternal
infection in the etiology of offspring anxiety disorders as well as
other neuropsychiatric outcomes.
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