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Rocky 
Mountain 
Laboratories

Laboratory of Virology: Ebola virus, Marburg virus, Coronavirus, CCHF, Nipah

Laboratory of Neurological Infection and Immunity: Prions, West Nile Virus, 
Lacrosse Virus

Laboratory of Bacteriology: Yersinia pestis, Coxiella Burnetii, Staphylococcus, 
Borrelia, Rickettsia, Chlamydia, Francisella tularensis

The Impact of 
Respiratory 
Diseases on 
Human Health

The Lung is 
Architecturally 
and 
Immunologically 
Complex

• Major Cell types/Spaces
Airway Epithelial
Alveolar Cells
Pneumocytes
Interstitial Connective 
Tissue
Hematopoietic and 
Lymphoid Tissue
Vascular Endothelium
Lymphatics
Pleura
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Tularemia:
History in 
Montana

+

Dr. Robert Cooley

Dr. Ralph Parker
• Cooley and Parker connection through Massachusetts Agricultural College
• 1914 Cooley invites Parker to Montana to study flies and typhoid
• 1915 Parker obtains PhD and joins the Montana State Entomology Board
• 1918 Parker moves to the Bitterroot Valley to study RMSF
• Works with Dr. Roscoe Spencer at Hygienic Lab at NIH to develop RMSF vaccine
• Parker interest in ticks and Tularemia
• 1923 Parker and Dr. Edward Francis published first report the tularemia was a 

vectored pathogen
• 1940 Parker publishes widespread contamination of Francisella in natural streams

Francisella
tularensis and 
Tularemia

Tularemia:
Forms and 
Presentation

• Acute Onset
• Exposure to the outdoors

• Hiking, hunting, camping
• Agricultural Setting
• Fever
• Malaise
• Cough (end stage) Acute Phase Resolved
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Bosio CM et al, 2007, J Immunol, 178:4538

Acute Phase Resolved

Add LPS

Assess inflammation

Features of Innate and Adaptive Immune Responses to Virulent Francisella

Tarnvik and Berglund, 2003, Eur Respir J, 21:361

Francisella Evades and Suppress Innate Responses

McCrumb, F., Bacteriol Rev. 1961, 25:262

Features of Innate and Adaptive Immune Responses to Virulent Francisella

Live Vaccine Strain (LVS) Fails to Provide Durable Protection 

Humans

Mouse

Changes in 
Metabolism are 
Central and Key 
Features of 
Developing 
Immune 
Responses
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Changes in lipid metabolism are central and key features of initiation and 
resolution of inflammatory responses
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Cohort Details

Figure generated BioRender.com Schwarz, B. et. al. (2020) JImmunol

Obesity and SARS-CoV-2 outcome in humans

EPA ALOX15 Products

• Less severe disease featured increased prostaglandins and ALOX 
15 products

• Increases in ALOX5 and CYP450 were associated with more 
severe disease

LM pattern of severe COVID-19 dependent on specific oxygenase enzymes 

Schwarz, B. et. al. (2020) JImmunol

Figure generated BioRender.com

COVID-19 comorbidities may drive disease severity through eicosanoid and 
docosanoid lipid mediators independently of other markers of inflammation

Strongest Co-morbidity 
= Obesity
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Obesity is a 
metabolic 
disorder and a 
pandemic 
problem

https://www.cdc.gov/obesity/data/adult.html

USA: 
-41.9% in 2017.

-Medical cost: 
$173 billion 
dollars in 2019.

World: 
-13% adults in 
2016.
650 million 
adults

How does obesity contribute to pulmonary infection
Generation of Diet Induced 

Obese Mice
Experimental Design

Schwarz B et al, J Immunol, 2022

Differential Susceptibility to Acute Bacterial and Viral Pulmonary Infections Among Obese Mice

F. tularensis
SchuS4

SARS-
CoV-2

1000 
pfu

25 cfu

Schwarz B et al, J Immunol, 2022
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X

X X

X

Arc of inflammatory responses – a little is enough

IL-1β IL-6 TNF-α

X
X X

X

MIP-1α MCP-1 KC

Obese Mice Produce Less Pro-inflammatory Cytokines and Chemokines in 
Response to Acute Pulmonary Bacterial Infection
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Schwarz B et al, J Immunol, 2022

SchuS4 SARS-CoV-2

Increased survival associated with early production of COX products 
(prostaglandins) 

Early inhibition of Cox-2 reverses protective phenotype during SchuS4 and SARS-CoV-2 infection

SchuS4

SARS-CoV-2

Schwarz B et al, J Immunol, 2022
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Early inhibition of Cox-2 in DIO mice increases bacterial load and reverses dampened cytokine 
response

Schwarz B et al, J Immunol, 2022
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Does the obesity advantage extend to other 
bacterial infection?

Bordetella pertussis: 
Whooping cough

Target cells
Ciliated epithelial 
cells

Transmission
Highly contagious.
Person to person.
Affect all age groups

Characteristics
Gram (-) Coccobacillus
Strictly aerobic
Pertussis toxin
Adenylate cyclase toxin
Tracheal toxin

Public Health
Life threatening in newborns 
and young children
24 million cases
161 000 death/year

One of the leading 
causes of vaccine-

preventable 
deaths.

*https://www.cdc.gov/vaccines/pubs/pinkbook/pert.html. *Frenkel LD. Allergy Asthma Proc. 2021

Heightened Resistance to Pulmonary Bacterial Infections is a Common Feature in the Obese Host 

Monica Valtierra

Monocytes
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Heightened Resistance to Pulmonary Bacterial Infections is a Common Feature in the Obese Host 
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-1

β
 (

p
g

/m
L

)

Lower CCL-2, CCL-3, CXCL-1, and 
MMP-9 levels in DIO mice at day 14. 

Monica Valtierra

Heightened Resistance to B. pertussis Infections Correlates with Specific LM profiles

PUFA’s
RW DIO

RW DIO

z-
sc

al
e

COX-2

z-
sc

al
e

RW DIOALOX12/15

Associated with dampening 
inflammatory cytokine Pro-resolving LMs

Monica Valtierra

Failure to remove cellular debris exacerbates inflammation
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RW mice:
↓PGs
↑Dead cells
↑Efferocytosis acƟvity
Insufficient to limit 
inflammation

DIO mice:
↑PGs
↓Dead cells
↓Efferocytosis acƟvity 
Damped inflammation

PGs are protectives against cell death

Lalier L, et al., Cell Death Differ. 2011.

Glioblastoma cells treated with STS or UV-B irradiation 
1h after PGD2 treatment.

✱
TNF-α

Initiation of cell death is correlated with induction of inflammatory response

Hypothesis

Monica Valtierra

Rate of efferocytosis is an indicator of level of cell death

Inflammation resolution
Return to homeostasis

Adapted from Yurdagul A, et al Front.Cardiovasc. Med. 2018. Zhao J, et al Front. Cell Dev. Biol. 2021.

Transition to necrotic cells
Chronic inflammation

“Find me” signal releasing “Eat me” signal binding Engulfment Digestion

Trem2
Axl

MerTK
ABCA1

Monica Valtierra

RW mice have greater up-regulation of efferocytosis markers after Ftt infection
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RW mock or RW S4+ RW/DIO mock dead cells
DIO mock or DIO S4+ RW/DIO mock dead cells

Heightened efferocytosis in RW compared to DIO mice after Ftt infection

Functional in vitro assay
RW mock or RW S4+ RW mock dead cells
DIO mock or DIO S4+ DIO mock dead cells
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Monica Valtierra

Summary 

Do PGs protect 
against cell death 
in DIO?

Who is 
making LMs?

Which cells 
die in RW?

ALOX12/15- LMs 
improve Bp infection 
resolution?

Yersinia pestis
Klebsiella pneumoniae

What about infections 
at peripheral sites?

Monica Valtierra

QUESTIONS?


