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Intermittent Infection Impacts on Brain

Aging is associated with shifts in neurobiology,
cognitive ability and immune function st et . 2017: surke ang

Barnes, 2006; Franceschi and Campisi, 2014; Riley, 2013)

Experience with infection is common but not
shared equitably across the populatioNn essereta. wm rsen

et al., 2016; Deitrich et al., 2021)

Acute infection affects cognition in humans (i.e.,
delirum) and laboratory rodents; age potentiates
These effeCTS (Chen et al., 2008; Tarr et al., 2011; Van Gool et al., 2010)

Long-term cognitive consequences of acute
infections are not well studied

increased infection burden exacerbates age-related
cognitive decline, especially in ‘dementia’-susceptible

OrganiSMS (pe chiara et al., 2019; Katan et al., 2013; Strandberg et al., 2004; Sy et al., 2011)

Does intermittent experience with inflammatory immune activation
alter the trajectory of cognitive aginge
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Age-related cognitive decline, a common component of the brain aging process, is associated with
significant impairment in daily functioning and quality of life among geriatric adults. While the < Title & authors
wn ‘ complexity of mechanisms underlying cognitive aging are still being elucidated, microbial exposure
and the multifactorial inflammatory cascades associated with systemic infections are emerging as
o. Abstract

potential drivers of neurological senescence. The negative cognitive and neurobiological
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Repeated intermittent LPS ‘infection’ reliably

iInduces sickness behavior

Healthy Adult
Males

Health/Sickness Screen S i F F FF

Baseline Exposure 1 Exposure 2 Exposure 3 Exposure 4 Exposure 5
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Healthy Sick Healthy Sick Healthy Sick Healthy Sick Healthy Sick Healthy

General Appearance Normal

Groomed, healthy appearing fur, pink mucous and ear lobes

Mild Abnormal

Wildly fur, slightly less well-groomed, light pink mucous lobes, minimal porforin staining, slightly squinted eyes
Moderate Abnormal

Vehicle

poor grooming, pale mucous and ear lobes, squinted eyes

[ Y N Y

Severe Abnormal
Very rough fur, no evidence of grooming, white mucous membranes and ear lobes, substantial porforin staining, severely squinted or closed eyes

Posture Normal
Slight Hunch
Spine slightly curved
Moderate Hunch
Spine curved, paws slightly under body
Severe Hunch
Spine dramatically curved, paws tucked under body, head angled downward
Body Condition Normal [
Thin 1
slight ion of vertebrae, dorsal pelvic bones are more prominent, slight ion (skin pinch test response is slightly delayed)
Emaciated 2
Prominent vertebrae and skeletal bones that are readily palpable, dehydrated (skin pinch test results in skin remaining tented)
Respiration Normal [
Altered 1
Increased rate and/or effort
Abnormal/Distressed
Very increased rate or gasping/labored breathing, irregular
Body Temperature Normal/No change
1-4 degree C
5-8 degree C
9-12 degree C
Body Weight | 0-5% change
| 5.1-10% change
| 10.1-15% change
| 15.1-20% change

>20.1% change.
Spontaneous Normal
L i Active and interacting with cage-mate(s)
Interaction Mild Abnormal
still tivity and some peer interaction but reduced
Moderate Abnormal
Lethargic (may need probing via tapping on cage or cage tilt) and minimal peer interaction
Severe Abnormal
Immobile and no peer interaction

LPS
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Engler-Chiurazzi et al., 2023 « LPSreliably induced a moderate sickness
Brain Behavior & Immunity  Animals made a full recovery from each exposure*



Intermittent ‘Infections’ Subtly Impair Retention

of Learned Information
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« No differences in learning new information*
« LPS impaired overnight retention between days during the
early training period

Brain Behavior & Immunity




Intermittent Infections Alter Neuronal
Function

Reed Lab
Glutamatergic Activity

Miller/O’'Callaghan Labs
Brain Cytokines

Schreurs Lab

Konat Lab \ / L ; fentiati

Brgin Chemokinves\ ong-rerm porentidaltion
Enaler-Chiurazzi Lab

/ WVU Rodent Behavior Core
Dukhlallah Lab Cognitive Testing \ Simpkins Lab

Autophagy Gene Methylation MicroRNAS

Tulane

Supported by the West Virginia Clinical and Translational Sciences Institute



Intermittent Infections Alter Neuronal
Function
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Single or Intermittent Mild Infection Worsens Stroke

m National Library of Medicine
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Lipopolysaccharide exacerbates infarct size and
results in worsened post-stroke behavioral outcomes
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Abstract

Background: A third of ischemic stroke cases have no traditional underlying causes such as
hypertension, diabetes, atherosclerosis, obesity, or age. Moreover, thirty to forty percent of,
occur durin
season. We
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Significantly Increases Cortical Infarct Size and
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SARS-CoV-2 mediated neuroinflammation and the
impact of COVID-19 in neurological disorders
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Abstract

SARS-CoV-2 is a novel coronavirus that severely affects the respiratory system, is the cause of the
COVID-19 pandemic, and is projected to result in the deaths of 2 million people worldwide. Recent
reports suggest that SARS-CoV-2 also affects the central nervous system along with other organs.
COVID-19-associated complications are observed in older people with underlying neurological
canditions like stroke, Alzheimer's disease, and Parkinson's disease. Hence, we discuss SARS-CoV-2
viral replication and its inflammation-mediated infection. This review also focuses on COVID-19
associated neurological complications in individuals with those complications as well as other groups

of people. Finally, we also briefly discuss the current therapies available to treat patients, as well as
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ELSEVIER that neurological symptoms of COVID-19 are common and potentially profound. This is particularly OTHER FORMATS
o problematic given that previous coronavirus infections, including MERS and SARS, did not report PubReader | PDF (.

PMC Fullﬁeﬂ ; significant CNS-targeted complications [105]. -

o ACTIONS
2 7.1.COVID-19 and stroke

ACTIONS = ¢ Cite
i Stroke is emerging as a common and potentially devastating complication following SARS-CoV-2

m ; infection. Indeed, 2-6 % of hospitalized patients with COVID 19 have suffered an acute v Favorites
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Favorites relatedstroke is commonly ischemic in nature, although there have heen a few hemorrhagic cases SHARE

? [107]. Further, strokes were more likely in COVID-19 patients who were older, hypertensive, had

- g higher D-dimer and C-reactive protein levels, and a more severe clinical course of COVID 19 o o e
| infection [107]. The mechanisms by which SARS-CoV-2 can cause strokes are varied and include RESOURCES

° o @ coagulopathy, myocardial damage with cerebral embolism, or destabilization of pre-existing
m atheroma plaque [108]. Viruses lead to thrombosis by triggering immune system responses Similar articles in Pt
j invelving endothelium, platelets, and coagulation. In addition, the “cytokine storm” produced in

BAGE NAVIGATION lu response to SARS-CoV-2 can increase D-dimers and affect coagulation, prompting stroke. The virus
% may also damage the heart, causing viral myocarditis, leading to cardioembolic stroke. Inflammation

¢ Title & authors % may additionally destabilize the fibrous capsule around the atheroma plaque, which could expose
i the thrombogenic clotting material, thus prompting clogging of the arteries, which in turn would
7 also cause stroke [108].

Abstract g

One study found that COVID-19 patients with a history of stroke have a worse prognosis and are

Conflict of interest three times more likely to die than individuals without stroke history [108]. Even among non-

statement Z infected patients, indirect consequences of the COVID-19 pandemic could be increasing stroke

morbidity and mortality. Fear of going to hospitals, along with hospital resources being focused on
COVID-19 patients could indirectly lead to increases in stroke incidence [108]. Management of
stroke in the setting of concurrent COVID-19 should follow the standard of care for non-COVID
stroke. Hemorrhagic strokes may be caused by the cytokine storm or by SARS-COV-2 binding to
ACE2 receptors in endothelial and arterial smooth muscle cells of the brain, which damages

intracranial arteries to the point of rupture [107].
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Intermittent cytomegalovirus infection alters
neurobiological metabolism and induces cognitive
deficits in mice
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Risk factors contributing to dementia are multifactorial. Accumulating evidence suggests a role for
pathogens as risk factors, but data is largely correlative with few causal relationships. Here, we
demonstrate that intermittent murine cytomegalovirus (MCMV) infection of mice, alters blood brain
barrier (BBB) permeability and metabolic pathways. Increased basal mitochondrial function is
observed in brain microvessels cells (BMV) exposed to intermittent MCMV infection and is
accompanied by elevated levels of superoxide. Further, mice score lower in cognitive assays
compared to age-matched controls who were never administered MCMV. Our data show that
repeated systemic infection with MCMV, increases markers of neuroinflammation, alters
mitochondrial function, increases markers of oxidative stress and impacts cognition. Together, this

Cognitive Function

suggests that viral burden may be a risk factor for dementia. These observations provide possible
mechanistic insights through which pathogens may contribute to the progression or exacerbation
of dementia.

Ricardo Mostany
Brain Aging & Hippocampal
Long-term Potentiation

Kevin Zwezdaryk
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Intermittent CMV + Aging Working Group

‘Microbial origins of Alzheimer's disease/dementia’ and ‘Anti-microbial role of amyloid-beta’
theoriEs (haris ana Haris 2015 moret al, 2018

Herpes simpleX 1 e craoero, 20 o 2001 Lovot ancnauit, 2020
Cytomegalovirus (CMV)

High (60-80%) seroposifivity levels e,
Neurological consequences are poorly studied and confliCting sane: o, 2015 o et 2013 oren-cenera, 2019
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CMV Induces Cognitive Impairment
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CMYV Increases Hippocampal Barrier Permeability
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CMYV Increases Hippocampal Barrier Permeability
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Recurrent Viral Infection-induced Brain &
Cognitive Aging
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Determine how viral infection perturbbs metabolic
function of cells at the brain-immune interface

Discern impacts of infermittent systemic viral
infection to neuronal function

Evaluate how intermittent viral infection affects the
interplay of neurons and other supporting neural
cell types

ldentify how systemic and/or central immune
responses to intermittent viral infection conftribute
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CMV Induces Cognitive Impairment
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~ Harrison et al., 2024
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CMYV Increases Hippocampal Neuroinflammation

Hippocamps

Mock MCMV Mock MCMV

1 MPI 12 MPI

" Hippocampus

Intermittent cytomegalovirus nfection alters
nearobioloical metabolism and induces cognitive
deficits in mice

Harrison et al., 2024
Brain Behavior & Immunity




CMYV Increases Hippocampal Neuroinflammation
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CMYV Increases Hippocampal Barrier Permeability
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