Neonatal Zika virus infection results in long-term neuropathy and a reservoir for
long-term ZikV infection of the CNS.

Derek D.C. Ireland, Mohanraj Manangeeswaran, Kaliroi J. Engel, Aaron Lewkowicz, and Daniela Verthelyi
CDER/OPQ/OBP/DBRRIII, White Oak Bldg 52/72, room 2146

Abstract

Results

Zika virus (ZIKV) and its association with neurological disorders and
congenital defects has created an urgent need to develop animal models that
allow the elucidation of pathogenesis following ZIKV infection and to develop
and test therapeutic agents that will prevent or eliminate CNS disease. The
acute symptoms of ZikV in neonatal patients are well documented. However,
the consequences of late-term infections are not as well described. We have
shown that immunocompetent WT mice infected at one day of age (similar in
development to late term human pregnancy), develop neurological disease
that includes: unsteady gait, kinetic tremors, severe ataxia and seizures by
12-15 day post-infection (dpi) that the majority of animals survive.
Importantly, we have recently demonstrated that the observed neuropathies
and inflammation, though reduced from the peak of disease, persist long-term
and are associated with long-term behavioral abnormalities. These data also
indicated a long-term reservoir of infectious virus in the CNS of these
convalescent mice. Further, this model provides a platform in which to
therapies to eliminate the virus reservoir from the CNS and/or reduce
persistent inflammation in the brain. In ongoing studies, we will test the
safety and efficacy of using nanoparticles to deliver anti-viral and immune
modulating compounds directly to the CNS in the context of an ongoing viral
infection and chronic inflammation.
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Figure 1:

Figure 1. ZikV infected animals return to normal weight after recovery. Left. The vast majority of infected
animals survive ZikV infection. Center. Infected animals show significant weight loss during the acute phase of
infection (6 dpi-15dpi). Right. By 60 dpi, the recovered animals do not show significant differences in weight.
Adult and Aged ZikV infected animals are indistinguishable from their uninfected counterparts.
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Figure 4. Chronic inflammation primarily in the cerebellum of ZikV infected animals. Cerebellum and were isolated from the CNS of adult and aged ZikVinfected animals and gene expression analyzed by real-time PCR. Genes linked to antigen presentation (Ag Pres), T cell specific genes, chemokines and proinflammatory cytokines were upregulated, indicating chronic inflammation in the CNS.
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Introduction
Zika Virus first isolated in 1947 from a sentinel monkey in Zika forest,
Uganda
Arthropod borne virus spread through Aedes mosquitoes.
Until 2007, sporadic cases of Zika infection in Africa and Southeast Asia
Outbreaks in 2016, especially in South America; and links to increases in
Guillain-Barre Syndrome and microcephaly in newborn patients lead to
WHO declaring a public health emergency

Figure 2. Inflammatory, apoptotic lesions are formed during resolution of acute disease. A.
Immunofluorescence immunohistochemistry (IF-IHC) demonstrates widespread apoptosis, immune cell
infiltration (top row) and gliosis (bottom row) coinciding with the onset of symptoms at 12 dpi. As the animals
recover, CNS inflammation contracts to focal regions primarily within the cerebellum. By 30 dpi, lesions defined
by TUNEL+ apoptotic cells, immune (CD45+) cell infiltration and local gliosis (Iba-1) form tight cerebellar foci.
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Studies have shown that ZikV infection of a fetus after the first trimester
can result in neurological defects that have not been fully characterized,
including: motor deficiencies, learning deficits, vision deficits, loss of
muscle tone. Collectively, these symptoms constitute Zika Congenital
Syndrome

Figure 5. ZikV persists in cerebellar lesions for the life of the animal and appears to establish a CNS reservoir. A. IF-IHC using Tyramide Signal amplification
in combination with anti-ZikV E protein (red) detected virus within persisting lesions of the cerebellum that are surrounded by activated microglia (green), indicating a
potential ZikV reservoir within the CNS. B. Real-time PCR for viral genome detects ZikV RNA in the CNS of exposed animals through 1 ypi. C. Strand-specific realtime PCR on RNA isolated from ZikV infected cerebellum (Cbx) indicates ZikV-positive and -negative sense RNA, suggesting active replication. D. Homogenates of
Aged Cbx were used to inoculate Vero-E6 cells, in vitro. Unlike control, uninfected Cbx homogenate, homogenate from ZikV-infected animals resulted in detectable
ZikV+ cells, indicating live virus in the Aged cerebellum.
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Understanding the nature of the neurological damage caused by ZikV
infection will lead to greater understanding of neurological deficits and
provide a model in which we can test potential therapeutic strategies in the
CNS
This study explores the long-term neurological consequences of ZikV
infection of CNS of neonatally infected mice and provides a platform to
test the safety and efficacy of therapeutics delivered to the CNS.

Model:

Conclusions + Future applications
Life-long lesions and inflammation in the CNS of adult and aged mice despite outward recovery from the acute disease, suggesting an on- going,
active process in the CNS.
• IF-IHC and qPCR for ZikV confirmed ZikV RNA and antigen, respectively in Adult and Aged cerebellum.
• Detection of short-lived, negative sense viral RNA strands in the cerebellum of ZikV inoculated animals, strongly suggests ongoing
virus replication.
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Inoculating cells in vitro with cerebellum homogenates from infected animals resulted in the detection of infected cells, confirmed a
viral reservoir of ZikV in the CNS.

These data suggest that patients known to exposed to ZikV during late-term pregnancy or shortly after birth may require long-term monitoring for CNS
complications, particularly in immune-compromised patients, where this is a greater potential for recrudescence.
The studies provide a platform to test therapeutics aimed at clearing virus from the CNS.

We are currently initiating studies that will use this model as a platform to test the safety and efficacy of use nanoparticle (AuNP) technologies to deliver
across the blood-brain barrier (BBB)

• This model provides a platform in which therapeutics that target the CNS

can be tested for safety and efficacy, in either eliminating the virus reservoir
from the CNS and/or reducing chronic inflammation in the CNS

Figure 3. Neuropathology of the cerebellum persists for the life of the animal. A. Apoptotic foci
(TUNEL+, green) continue to be found in the CNS at 60 dpi and at 1 year post-infection. These lesions are
surrounded by activated astrocytes (GFAP+, red). B. Confocal microscopy of these lesions indicates apoptosis
(TUNEL+, green), activated astrocytes (GFAP+, red) surrounding the lesions and activated microglia proximal
to and within the lesions (Iba-1+, red). Infiltrating immune cells (CD45+, red), not observed in the control CNS
are also found in cerebellum of ZikV-infected mice. These data indicate a chronic inflammatory process in the
cerebellum that continues for the life of the animal.
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Chronic inflammation and ongoing ZikV infection in the CNS may weaken
integrity of the BBB
The safety of NP delivery to the inflamed CNS will be explored

NP’s will be used to deliver anti-viral & anti-inflammatory compounds that are
normally excluded by the BBB in chronically inflamed tissue.

