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Maternal Immune Activation in Nonhuman Primates Alters Social
Attention in Juvenile Offspring

Christopher J. Machado, Alexander M. Whitaker, Stephen E.P. Smith, Paul H. Patterson,
Melissa D. Bauman

Department of Psychiatry and Behavioral Sciences (CJM, AMW, MDB), University of California,
Davis, Sacramento; California National Primate Research Center (CIJM, AMW, MDB), Davis,
Sacramento; Division of Biology (SEPS, PHP), California Institute of Technology, Pasadena; and
The MIND Institute (MDB), University of California, Davis, Sacramento, California

Abstract

BACKGROUND: Sickness during pregnancy is associated with an increased risk of offspring
neurodevelopmental disorders. Rodent models have played a critical role in establishing causal
relationships and identifying mechanisms of altered brain and behavior development in pups
prenatally exposed to maternal immune activation (MIA). We recently developed a novel
nonhuman primate model to bridge the gap between human epidemiological studies and rodent
models of prenatal immune challenge. Our initial results demonstrated that rhesus monkeys given
the viral mimic synthetic double-stranded RNA (polyinosinic:polycytidylic acid stabilized with
poly-I-lysine) during pregnancy produce offspring with abnormal repetitive behaviors, altered
communication, and atypical social interactions.

METHODS: We utilized noninvasive infrared eye tracking to further evaluate social processing
capabilities in a subset of the first trimester MIA-exposed offspring (/7= 4) and control animals (n
= 4) from our previous study.

RESULTS: As juveniles, the MIA offspring differed from control animals on several measures of
social attention, particularly when viewing macaque faces depicting the fear grimace facial
expression. Compared with control animals, MIA offspring had a longer latency before fixating on
the eyes, had fewer fixations directed at the eyes, and spent less total time fixating on the eyes of
the fear grimace images.

CONCLUSIONS: In the rhesus monkey model, exposure to MIA at the end of the first trimester
results in abnormal gaze patterns to salient social information. The use of noninvasive eye tracking
extends the findings from rodent MIA models to more human-like behaviors resembling those in
both autism spectrum disorder and schizophrenia.

Address correspondence to Melissa D. Bauman, Ph.D., University of California, Davis, The MIND Institute, 2825 50th Street #1416,
Sacramento, CA 95817; mdbauman@ucdavis.edu.
Deceased (PHP).
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The prenatal environment and, in particular, the maternal immune system may have a
profound effect on fetal neurodevelopment (1-4). In humans, exposure to infections during
pregnancy may increase the risk of giving birth to a child who will later develop an autism
spectrum disorder (ASD) or schizophrenia (SZ) (5-14). Animal models have demonstrated
that exposing pregnant dams to prenatal challenges, such as influenza (15-18) or the
bacterial endotoxin lipopolysaccharide (19-22), produce offspring with behavioral
abnormalities and neuropathology relevant to both SZ and ASD. The diversity of infections
associated with alterations in neurodevelopment suggests that the maternal immune
response, rather than a specific pathogen, drives changes in fetal brain development. The
emerging maternal immune activation (MIA) hypothesis has been directly tested in animal
models by artificially activating the immune system of pregnant rodents with the viral
mimic, synthetic double stranded RNA (polyinosinic: polycytidylic acid [poly IC]), a toll-
like receptor-3 agonist that stimulates an inflammatory response in the absence of a specific
pathogen (23). Rodent pups born to dams treated with poly IC at mid gestation demonstrate
behavioral abnormalities, neuropathology, and altered gene expression relevant to both ASD
and SZ [reviewed in (24-28)].

It is important to emphasize that sickness during pregnancy is not uncommon (29,30), and
clearly, not all women who experience infection during pregnancy have children later
diagnosed with a neurodevelopmental disorder (31). A number of factors, including genetic
susceptibility, the intensity and timing of the infection, and exposure to additional postnatal
challenges, all may influence the degree to which the prenatal immune challenge alters
neurobehavioral development (32). Translational animal models provide a powerful tool to
systematically examine how these factors contribute to offspring pathophysiology following
MIA. In the rodent MIA model, the effects of poly IC on brain and behavior development
appear to be mediated by the maternal cytokine response, in particular interleukin-6 (33,34),
and exacerbated by postnatal environmental stressors (35).

While rodent models have provided compelling evidence for a causal relationship between
MIA and aberrant brain and behavioral development in the offspring (36—40), there are
limitations in relying solely on rodent models to study complex human brain disorders.
Nonhuman primates, such as the rhesus macaque (Macaca mulatta), can provide a more
direct comparison with human brain and behavior pathologies to determine the clinical
relevance of the MIA model to human neurodevelopmental disorders (41-43). Previous
primate models have documented changes in brain and behavior development of macaque
offspring following third trimester exposure to influenza or lipopolysaccharide (18,19);
however, the effects of MIA at earlier gestational time points have not been explored. We
have developed a novel, nonhuman primate model of maternal immune activation using a
modified form of poly IC (poly IC stabilized with poly-I-lysine [poly ICLC]) that is
recognized by the primate immune system and induces a transient innate inflammatory
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response (44,45). Pregnant rhesus monkeys injected with poly ICLC at the end of either the
first or second trimester produce offspring with abnormal motor stereotypies and repetitive
behaviors (46). While both first and second trimester MIA offspring produced fewer
affiliative vocalizations than control animals, only the first trimester MIA offspring showed
signs of atypical social interactions with unfamiliar peers. Given that both ASD and SZ are
characterized by changes in social cognition and emotion (47), as well as altered visual
attention devoted to facial expressions (48,49), we initiated a series of noninvasive eye-
tracking studies to provide further insight into the nature of the social impairments observed
in the MIA offspring. Here, we present the initial results from these eye-tracking studies
demonstrating abnormal patterns of social attention in the macaque offspring exposed to
MIA in the first trimester.

METHODS AND MATERIALS

All experimental procedures were developed in collaboration with the veterinary, animal
husbandry, and environmental enrichment staff at the California National Primate Research
Center and approved by the University of California, Davis Institutional Animal Care and
Use Committee. All attempts were made (in terms of social housing, enriched diet, use of
positive reinforcement strategies, and minimizing the duration of daily training/testing
sessions) to promote the psychological wellbeing of the animals that participated in this
research. Additional methodological details are provided in Supplement 1.

Subjects and Living Conditions

Noninvasive eye tracking was used to evaluate social attention in a subset of juvenile
macaqgue monkeys from our previous study (46) before puberty, when the animals were
approximately 2.5 years of age. All control (CON) (n7= 4) and first trimester MIA exposed
male animals (77 =5) were selected to participate in the current series of experiments to
follow-up on the social behavior differences described in our earlier report. One of the MIA
animals did not habituate to the testing procedures and was therefore dropped from the
study, yielding a final sample size of 7= 4 for the MIA group. The MIA offspring were born
to dams injected with .25 mg/kg synthetic double-stranded RNA (poly ICLC; Oncovir, Inc.,
Washington, DC) via intravenous injection while temporarily restrained by trained
technicians at the end of the first trimester on gestational days 43, 44, and 46. CON offspring
were born to dams injected with saline at these same time points or at the end of the second
trimester (gestational days 100, 101, and 103) or had no manipulation at all during
pregnancy. Preliminary analyses revealed that the behavioral profiles of the male saline-
treated control monkeys (7= 1 first trimester, 7= 2 second trimester) and the male untreated
control monkey (n= 1) were very similar and thus pooled to form a single control group.
While we detected no differences in first trimester, second trimester, and untreated control
animals in our previous report (46), it is important to note that repeated, daily prenatal stress
has been shown to alter neurobehavioral development in nonhuman primates (50-54). To
minimize the influence of prenatal stress, MIA and saline-control dams were preselected for
their willingness to receive intravenous injections and followed identical procedures for
routine ultrasounds, housing, and prenatal care.
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Noninvasive Eye Tracking

All data collection occurred while the animals sat in a modified primate chair with a slanted
top (Crist Instrument Co., Inc., Damascus, Maryland). Visual stimuli were presented to each
monkey using a personal computer running the Eprime 2.0 Professional software package
(Psychology Software Tools, Pittsburgh, Pennsylvania). All gaze data were collected using
the Eye-Trac 6 .NET User Interface program (Applied Science Laboratories Bedford,
Massachusetts) on a separate personal computer.

Experiment 1: Facial Expressions

The animal viewed 40 color photographs of unfamiliar adult male and female macaque
facial expressions that are used for social communication. These facial expressions included
neutral (n=10), lipsmack (r7=10), fear grimace (n = 10), and open-mouth threat (7= 10).
Each face stimulus was presented for 5 seconds and was preceded and followed by a blank,
black screen (5 seconds). The experimental animals saw the same 40 facial expression
stimuli on each of the 5 days of this experiment but in a random order each day. Figure 1A
shows a schematic of an eye-tracking trial and Figure 1B shows examples of facial
expression categories.

Experiment 2: Facial Expressions Embedded in Complex Scenes

Similar to experiments involving patients with ASD (55), the animals viewed 50 color
photographs showing 10 different nature scenes. Each nature scene was seen five times
during a testing session, once each with a neutral, lipsmack, fear grimace, or threat face
embedded at a random spatial location and once without any embedded face (Figure 2). The
experimental animals saw the same 50 images on each of the 5 days of this experiment but
in a random order each day. These stimuli were presented in the same trial structure and for
the same duration as the stimuli used for experiment 1.

Data Analysis

Each animal’s total fixation duration, total frequency of fixations, average fixation duration,
average gaze dwell duration, and average pupil diameter were measured for each stimulus in
experiments 1 and 2 using the ASL Results Plus software package (Applied Science
Laboratories). This software also calculated the conditional probability of a fixation shifting
from one area of interest (AOI) within an image to another. For experiment 1, eye-tracking
parameters were computed for rectangular AOls that encompassed the entire face or the
eyes, nose, and mouth separately. For experiment 2, results were generated for AOIs that
encompassed the small embedded face and the entire scene background.

Each dependent variable was summarized as an average across all four face categories or
with each category considered separately. The data were first examined with Shapiro-Wilk
tests and found to be largely not normally distributed. All measures were therefore logyg(X
+ 1) transformed before parametric statistical analyses, but nontransformed values were used
for all figures. Data were analyzed using anaylses of variance (ANOVAS) with groups as a
between-subjects factor and day as within-subjects factors with repeated measures. A
Huynh-Feldt correction was used to adjust the degrees of freedom if the group variance did
not remain equal across days. Post hoc tests for significant group x day interactions included
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one-way ANOVAs and paired-sample t tests. Because the number of post hoc comparisons
was five or fewer for each variable, we did not correct p values for multiple comparisons.
For all analyses, alpha was set at p < .05. Because main effects of day did not indicate
differences between the two experimental groups, discussion of those effects has been
omitted from the following sections.

RESULTS

Experiment 1: Facial Expressions

When data were averaged across all facial expressions, only one difference between CON
and offspring of dams treated with poly ICLC at the end of the first trimester (MIAL) was
found. There was a significant group x day interaction for average fixation duration when
animals looked at an AOI that encompassed the entire face (/g = 2.892, p< .05, npzz .
325; Figure 3). The two groups did not differ significantly on any given day, but MIA®
showed a significant decrease in average fixation duration between day 1 and day 2 (& =
3.952; p<.05) with additional, but nonsignificant, decreases until day 4. By contrast, CON
showed largely consistent levels of average fixation duration on the faces until a significant
decrease was detected between day 4 and day 5 (% = 3.077; p=.05).

Face categories were then analyzed separately. A majority of the differences between the
groups were found for fear grimace expressions, particularly with visual attention directed
toward the eyes AOI. CON directed a greater frequency (group main effect; £ g = 7.839, p
< .05, n,? = .566; Figure 4A) and duration (group main effect; 7 g = 10.117, p< .05, 7, =.
628; Figure 4B) of fixations at the eyes of conspecifics displaying fear grimaces than MIAZL,
The average dwell duration on the eyes AOI for CON also increased significantly between
day 1 and day 2, but such values for MIA! did not change (group x day effect; F404=3.111,
p<.05, ,7=.341; day 1 vs. day 2, & = 3.169, p = .05). In fact, by day 4, the average dwell
duration directed at the eyes AOI for CON was significantly greater than MIA (one-way
ANOVA,; F 5 =9.135, p<.05).

The temporal sequence of fixations also differentiated the groups. The latency from the
beginning of a trial until a fixation was directed at the eyes AOI was also shorter for CON
relative to MIA® (group main effect; £ g = 7.994, p< .05, 5,7 = 571; Figure 5A). By
contrast, MIA® had a shorter latency until a fixation was directed at the mouth AOI relative
to CON (group main effect; F; g = 6.442, p< .05, npzz .517; Figure 5B). A supplementary
video is available online showing the difference in fixations directed at a composite image of
all 10 fear grimace stimuli by CON and MIA? animals. Still frames from the first 1500 msec
(at 500 msec intervals) are shown in Figure 6 for each group. It was during this brief time
frame at the beginning of a stimulus presentation when the groups seemed to differ most in
visual attention to fear grimaces. Fixations for CON animals quickly converge on the face
and around the eyes in particular within the first 500 msec and remain largely clustered there
and on the mouth for the subsequent 1000 msec. By contrast, fixations for MIAL animals
also converge quickly on the face but are directed more quickly at the nose and mouth areas
than the eyes. Over the next 1000 msec, fixations for MIA® animals are far more scattered
throughout the face and black background relative to CON.
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Only two additional differences were found between the groups when facial expressions
were analyzed separately. For open-mouth threat facial expressions, MIA? directed a greater
frequency of fixations at the nose AOI than CON (group main effect; /1 g =7.111, p< .05,
Tlp2: .542). The probability of gaze shifting from one AOI to another also differentiated the
groups. When macaques and humans view faces, gaze moves quickly to the eyes but then
shifts to other parts of the face, particularly the mouth and nose, then back to the eyes. We
found that for neutral facial expressions, the probability of gaze shifting from the eyes to the
mouth was significantly greater for CON relative to MIA® (group main effect; F1 6 =10.585,
p<.05, npzz .638) and that difference was particularly strong on day 1 (group x day effect;
Fa04 = 2.83, p< .05, 7,7 = .320; one-way ANOVA, £ ¢ = 9.961, p< .05). No differences
were found between the groups in all other comparisons, including average pupil diameter.

Consistency of Individual Differences

In addition to the abnormalities in visual attention described here, MIA® monkeys also
previously displayed a heightened tendency to approach, contact, and remain in close
proximity to an unfamiliar conspecific relative to CON animals (46). This result was
interpreted as MIA® animals being unrestrained or inappropriately social in a context where
normal animals typically chose to be more restrained or hesitant. We hypothesized that the
lack of social restraint displayed by MIA® animals in our previous study may be related to
their abnormally low levels of visual attention directed at the eyes of a conspecific
(frequency and duration of fixation) and their elevated latency to fixate on the eyes in the
current study. To assess the generality and consistency of behavioral measures during a
dyadic social interaction session with an unfamiliar conspecific and the eye-tracking study
described here, we further analyzed a total of six measures that differentiated MIA® and
CON animals in these two experiments: 1) the frequency of fixations directed at the eyes of
fear grimace expressions; 2) the duration of fixations directed at the eyes of fear grimace
expressions; 3) the latency to fixate on the eyes of fear grimace expressions; 4) the combined
duration of arms-reach proximity and contact with an unfamiliar conspecific; 5) the
frequency of approaching to within arms-reach of an unfamiliar conspecific; and 6) the
frequency of sitting in arms-reach proximity with an unfamiliar conspecific. The data for
each of these measures were transformed into ranks (1 = lowest measure, 8 = highest
measure) and subjected to Kendall’s coefficient of concordance (W) analysis. This non-
parametric test assesses the agreement or consistency across multiple measures and is not
impacted by tied ranks. This analysis was conducted for each group separately. The outcome
of this test indicated substantial stability of individual responsiveness for MIAL (W = .625,
x25 = 12.5, p< .05) but not for CON animals (W =.406, x?5 = 8.12, p=.150). This result
indicates that MIA® animals were consistently inappropriate (i.e., low visual attention to the
eyes and high tendency to approach) across two very different social situations, a controlled
setting where animals looked at pictures of fear grimace facial expressions and a semi-
naturalistic context where animals encountered an unfamiliar conspecific. CON animals, by
contrast, were not consistent across these two conditions, implying an ability to regulate
their behavior differentially depending on the context (nonthreatening pictures of facial
expressions vs. a potentially dangerous, unfamiliar conspecific). This finding indicates that
MIAL animals may lack an important ability to regulate their social behavior adaptively
across contexts.
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Experiment 2: Facial Expressions Embedded in Complex Scenes

Analysis of the background images without an embedded face did not reveal any significant
differences between the groups or group x day interactions for the total number of fixations,
total duration of fixations, average duration of fixations, average dwell duration, or average
pupil diameter. Likewise, when faces were embedded into the backgrounds, there were also
no significant differences between the groups or group x day interactions for any of these
variables for AOIs that encompassed the entire background or the embedded face, both when
all facial expressions were considered together or separately. There were no significant
differences between the groups or group x day interactions for the conditional probability of
shifting fixation between the background AOI and the face AOL.

DISCUSSION

We previously demonstrated that nonhuman primates prenatally exposed to MIA in the first
trimester demonstrate abnormal behaviors, including deviation from species-typical social
interactions (46). Here, we utilized noninvasive eye tracking to determine if these same
MIA-exposed macaque offspring demonstrate abnormal attention to salient social
information (i.e., still images of faces). Much like humans, macaque monkeys have evolved
a sophisticated social communication system that includes a variety of facial expressions,
body postures, and vocalizations (56,57). Among these social signals, the use of facial
expressions is one of the most salient features of macaque social behavior and the most
similar to our own social communication (58-60). Our experiments were therefore designed
to maximize translational potential between the nonhuman primate model and gaze-
processing abnormalities observed in human neurodevelopmental disorders.

We first measured gaze patterns when juvenile offspring of control dams (untreated and
saline-treated) and age-/sex-matched offspring of dams treated with poly ICLC at the end of
the first trimester viewed faces of unfamiliar conspecifics displaying four basic facial
expressions used for macaque social communication. The expressions consisted of faces
showing a neutral expression, faces depicting affiliative/submissive expressions (i.e.,
lipsmack), faces depicting submissive/fearful expressions (i.e., fear grimaces), and faces
showing an open-mouth threat. We found several important differences in gaze between the
control and MIA® animals. When all expressions were considered as a single category, the
MIA! animals showed a significant drop in average fixation duration after the first
presentation, while the control animals did not show such a drop until after their fourth
presentation. When the animals looked at fear grimace expressions, MIA® animals took
longer to direct their attention at the eyes than control animals and ultimately looked less at
the eyes (in terms of frequency and duration) than control animals. MIA® animals looked
more at the nose of open-mouth threat expressions relative to control animals. The MIA?
animals were also less likely to shift their gaze from the eyes to the mouth when looking at
neutral expressions than control animals. In our second experiment, we tracked eye gaze as
the animals looked at complex, naturalistic scenes with monkey faces embedded at random
locations. Both groups were able to locate and fixate on the faces embedded in the scenes
and showed similar levels of visual attention directed at the backgrounds and the embedded
faces. Thus, differences in gaze patterns between the groups did not appear to reflect a
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global inability to locate and attend to social cues but rather specific abnormalities related to
sustained social attention and the fine-scale analysis of salient social features, particularly
when viewing fear grimace faces.

It is interesting that the observed differences in gaze allocation between the two groups were
most pronounced for facial expressions of fear or submission. It has been hypothesized in
the human literature that fearful faces require more cognitive processing than other faces that
also signal threat, like angry facial expressions (61-63). The amygdala has been identified as
a critical neural structure for evaluating the emotional content of human (64-68) and
macaque faces (69,70) and plays an essential role in directing attention to the eye region to
evaluate fearful faces (71). It is possible that maternal immune activation during the first
trimester of fetal development disrupted fetal amygdala development during a critical period
of growth. The end of the first trimester is a time when neurogenesis occurs rapidly in the
macaque amygdala (72). This was precisely the time point when MIA® mothers were
exposed to poly ICLC in the present experiment. It is therefore plausible that maternal
immune activation during the first trimester disrupted normal amygdala development in
fetuses, which manifested later in offspring as a fairly selective deficit in visual attention
when viewing faces used to convey fear or subordination in social settings. Histologic
evaluation of brain pathology in the MIA-exposed offspring is underway and may provide
additional insight into the behavioral deficits.

Given that impaired social functioning is a hallmark feature of both ASD and SZ, we would
expect a valid animal model to also produce impairments in social processing that resemble
features of these disorders. The lack of attention to the eye region exhibited by MIA®
animals represents a significant departure from social processing in normal macaques and
typically developing humans (73-76) and parallels findings in both ASD and SZ clinical
populations (48,49). While the developmental courses of ASD and SZ are quite different—
ASD is diagnosed in early childhood (77), while the onset of psychotic symptoms in SZ
typically occurs during the transition from adolescence to adulthood (78)-many clinically
relevant behaviors are similar (79-81). The manifestations of ASD diagnostic social
impairments (82) have been extensively studied, with numerous empirical studies
documenting deficits in social interaction, theory of mind, and imitation. Many individuals
with ASD also demonstrate abnormal fixation patterns when viewing faces, characterized by
a lack of fixation in the eye region and a possible compensatory strategy of fixating on the
mouth region (83-88). SZ is also characterized by persistent and severe social deficits,
though these behavioral changes are first observable in adolescence and progressively
become worse as one approaches illness onset (89-93). Individuals with SZ demonstrate
deficits in theory of mind, face processing, and social perception (94,95), as well as impaired
emotion recognition (96-99). Moreover, scan path analyses consistently demonstrate a
restricted scanning strategy adopted by SZ patients when viewing pictures of faces,
characterized by fewer fixations of increased duration, a shorter scan path length, and a
marked avoidance of salient facial features (100-104). The gaze patterns demonstrated by
the MIA-exposed macaque offspring resemble features of both ASD and SZ and are being
further explored in ongoing experiments.
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The data presented here indicate that MIA? offspring consistently demonstrate aberrant
behavior across two very different social situations: a controlled setting where animals
looked at pictures (MIA? offspring demonstrated abnormal attention to social information)
and a semi-naturalistic context where animals encountered an unfamiliar conspecific (MIA
offspring failed to show species-typical hesitation to approach a novel social partner) (46).
The atypical gaze patterns demonstrated by the adolescent MIA? offspring raise the
possibility that the inappropriate social interactions demonstrated in our earlier studies may
have been due to an inability to attend to and process salient social information conveyed in
the face. This study lends support to the hypothesis that prenatal infection acts as a
neurodevelopmental disease primer that is possibly relevant to a number of
neurodevelopmental disorders (32). Additional brain imaging and histologic studies will be
needed to further evaluate the relevance of the monkey MIA model to both ASD and SZ.

While the rhesus monkey provides an animal model that closely parallels human brain
organization and cognitive and social functioning, there are ethical and pragmatic limitations
in the development of a nonhuman primate model. The primary limitation of the current
study is the sample size, and replication in a larger cohort will be essential. Moreover, we
are at the earliest stages of evaluating prenatal immune challenge in the nonhuman primate
model and have not yet evaluated additional environmental adversities that exacerbate (35)
or therapeutic interventions that ameliorate (105) behavioral pathologies in mouse models.
The use of noninvasive eye tracking in the nonhuman primate MIA model will provide a
powerful tool to evaluate these novel preventative and therapeutic interventions in future
studies and can improve translation from animal models to clinical populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Schematic of a typical testing trial (A). A 5-second black screen preceded and followed each

face stimulus. Animals were also required to fixate a center and peripheral pulsating star
target for >500 msec to receive a juice reward and proceed to the next trial. Examples of the
four face stimulus categories (neutral, lipsmack, fear grimace, and open-mouth threat) are
also shown (B).
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Figure 2.
Four examples of visual stimuli used for experiment 2 are shown. Each background was

downloaded from the internet and a neutral, lipsmack, fear grimace, or open-mouth threat
facial expression was added at a pseudorandom spatial location (balanced across all stimuli)
using Adobe Photoshop software.

Biol Psychiatry. Author manuscript; available in PMC 2020 February 10.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Machado et al. Page 18

o
o

—é—CON
—fi—MIA*

o
N

o
o

o
3]

S
B

¢
W

=
N

Day1 Day2 Day3 Day4 Day$5

Figure 3.
The average fixation duration directed at the face area of interest for control (CON) and

offspring of dams treated with poly ICLC at the end of the first trimester (MIAL) animals,
regardless of facial expression (i.e., all expressions averaged). MIA® showed a significant
decrease between day 1 and day 2 and then remained generally constant after that. Average
fixation duration for CON animals remained constant until a significant decrease between
day 4 and day 5. *p < .05.
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Figure 4.

The total frequency (A) and duration (B) of fixations directed at the eyes area of interest of
fear grimace expressions. Offspring of dams treated with poly ICLC at the end of the first
trimester (MIAL) directed fewer fixations at the eyes and those fixations totaled less time
than control (CON) animals. *p < .05.
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Figureb.
The average latency from the start of a trial until the first fixation was registered in the eyes

area of interest (A) or the mouth area of interest (B) for fear grimace expressions. The
offspring of dams treated with poly ICLC at the end of the first trimester (MIAL) animals
showed a significantly longer latency before fixating on the eyes and significantly shorter
latency before fixating the mouth relative to control (CON) animals. *p < .05.
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Figure6.
Each image shown is a composite of the 10 fear grimace facial expressions included in

experiment 1. The 10 images were made semi-transparent and then overlaid on each other.
The point of gaze for all offspring of dams treated with poly ICLC at the end of the first
trimester (MIAL) or control (CON) animals on days 1 through 5 were then mapped onto
these images at 0 msec, 500 msec, 1000 msec, and 1500 msec to show the general
distribution of gaze for the two groups when viewing fear grimaces. Notice that CON
animals largely direct their gaze at the eyes by 500 msec into the presentation. During the
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next 1000 msec, their gaze is split between the eyes and the mouth. By contrast, MIA?
animals largely direct their gaze at the nose at 500 msec, and their gaze generally disperses
to many different parts of the face and background by 1500 msec into the presentation. A
supplemental video is available online showing a comparison between the CON and MIA?
animals for the entire 5-second presentation of the fear grimace composite image.
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