Modeling of long-term behavioral defects in mice exposed to ZikV early in life.
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The congenital brain malformations associated with ZikV infections early in pregnancy
are well documented, however the potential neurodevelopmental defects associated
with infections in late pregnancy and early post-natal period, which are key to brain
development, are less well characterized. To explore the effects of perinatal ZikV
infections we used neonatal C57BL6 mice, which are at a neurodevelopmental stage
corresponding to a 24-28 weeks for a human pregnancy. The mice develop acute
neurological symptoms, including ataxia, kinetic tremors, and seizures that are peak at
15dpi and resolve by 25-30 days post-infection (DPI). Despite extensive apoptotic and
neurodegenerative damage during the acute disease, convalescent mice appear
outwardly indistinguishable from age-matched, uninfected controls in their cages.
However, MRI shows reduced cerebellar volume and immunohistochemical imaging of
the CNS at 60, 180 and 360 DPI revealed persistent lesions. Lastly, the brains of
convalescent animals showed a subtle, but persistent proinflammatory pattern of gene
expression as compared to age matched controls. To understand the long-term
consequences of the neonatal infection we conducted a set of 5 behavioral tests that
examine anxiety, memory and mobility in adult mice and then correlated the results
with the changes observed in the MRI and the persistence of proinflammatory pattern of
gene expression. Despite appearing normal in their cages, Zika infected adults showed
significant defects in balance and coordination, as well as hyperactivity and decreased
anxiety compared to age-matched uninfected controls. The model suggests that ZikV
infection results in life-long behavioral deficits and provides a tool to test therapeutics
candidates designed to ameliorate the long-term consequences of early ZikV infections.
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Results and Discussion
Figure 1: Lesions and virus can be seen in the brain through IHC
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Immunohistochemistry shows clearance of virus and long- term lesions in the brain. A. Virus and Inflammation in cerebellum present during acute infection. B.
Viral pockets in the brain during peak infection. C. Long-term sequela in the cerebellum.
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Magnetic Resonance Imaging (MRI) shows differences correlations between infected and uninfected groups in behavioral tests. A. MRI brain scans in 3D Slicer software.
B. 3D reconstruction of MRI images. C. Correlation for Open Field Test (OFT) total distance vs cerebellum volume. D. Correlation for Elevated Plus Maze (EPM) time in
open arm vs cerebellum volume.

Figure 4: Cytokine and chemokine correlations to behavioral
testing

Figure 2: Behavioral changes in Zika infected mice
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Introduction
•
•
•
•

Zika Virus originated in Uganda and is commonly spread through mosquitoes
Infants born from Zika-infected mothers can develop significant CNS pathology,
including but not limited to microcephaly, hearing loss, seizures, visual impairment,
stiff muscles. These are collectively referred to as Congenital Zika Syndrome
Severe symptoms occur in approximately 5 % of children born of ZikV infected
mothers
• independent of the mother showing symptoms of Zika infection.
We developed an animal model for ZikV pathogenesis where the mice develop
transient neurological symptoms but survive the infection, which allows us evaluate
the long-term consequences of ZikV induced neuropathology and ultimately test
therapeutics to ameliorate the neurological sequelae.
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Materials and Methods
•
•
•

Animals infected 1 day after birth, we see increased viral load and behavioral defects
till 30DPI
Lesions and virus can be seen in the brain through IHC
• Seems to diminish after the acute infection
To monitor and confirm recovery, behavioral tests started at 60 dpi

Increased inflammatory cytokines show correlation with behavioral tasks. A. Cytokine and chemokine expression during acute infection. B. Inflammatory cytokine
expression in aged Zika infected mice (Blue = 60DPI, Red = Adults, Green = Aged). C. Positive correlations in certain cytokines and chemokines in relation to
behavioral test abnormalities.

Behavioral impairments at 60 days, adult, and aged mice. A. Rotarod demonstrates deficiencies in motor coordination. B. Results from OFT on the distance
traveled and time spent in center. C. Elevated Plus Maze highlights decreased anxiety.

Figure 3: Volumetric and fluid differences in mice
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Conclusion
• Neonatally ZikV-infected mice have long-lasting neurodevelopmental defects despite overall
normal behavior in their home cage environment
• MRI shows persistently reduced cerebellar volume and increased fluid in CNS that correlates
with motor and behavioral deficits
• MRI and behavioral data show that the structural changes are associated with altered behavior
patterns
• These data suggest that apparently asymptomatic babies that were exposed to Zika in utero
could develop life-long deficits and should be monitored long-term for neurologic and
behavioral problems.
• This model may be used to test therapeutics that could ameliorate neurological sequelae

