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OUTLINE

Particulate matter pollution 

ÍHazardous PM

ÍEnvironmentally persistent free radicals (EPFRs)

Exposure to EPFRs increases severity of RTVI (infant/pediatric models)

ÍEpithelial injury

ÍImmunosuppression 

ÍFailure to repair
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CENTRAL HYPOTHESIS
Adult respiratory diseases result, in part, from environmental insult(s) that occur during a 
critical phase of pulmonary immuno-maturation.
ÍEnvironment

ÍViral 

ÍAllergen

Infant

RSV

Adult Airways 

Disease

InfluenzaPM

Allergen



INFANTSHIGHLYVULNERABLETO AIRBORNEEXPOSURES

Lungs & immune systems are still developing

High respiratory rate

Particle deposition is 35% higher compared to adolescents and adults (normalized to surface area)

10 X 106 

Alveoli
300 X 106 Alveoli

(age 8)

Dieter,t 2000



Infant CD4+ T cells are poised for rapid Th2 effector function
ÍHypomethylation(Hyper) at Th2 (Th1) cytokine regulatory region ðCNS-1 (Rose et al. JI 2007)

ÍSecondary allergen challenge  induces Th1apoptosis (Li et al.  Immunity 2004)

Infant CD8+ T responses are distinct from adults
ÍNeonatal CD8+ T cells are functionally immature (You et al.  JI  2008) 

ÍRequire additional stimuli (McCarron et al. Hum Immunol2010)

ÍEpitope dominance appears to be age-dependent (10 dpi; Ruckwardtet al. PLoSPathogens 2011)

ÍElevated Tc2 and Th2 cells elevated in infants w RSV severity (Siefker et al. 2020 AJRCCM)

Infant DCs 
ÍRecruitment attenuated (Nelson et al. JI 1995; Uphamet al. IAI 2006)

ÍAbsolute number and subsets different (Cormier et al. JVI 2014)

ÍDiminished IL-12 synthesis (Lee et al. JEM 2007; Ripple et al.  JI  2010)

Innate lymphoid cells
ÍIL33 responses are enhanced in infants (Saravia et al. PLoSPathog2015)

ÍElevated ILC2 predicts severity (Vu et al. AJRCCM 2019)

RSV-specific IgA (Hijano et al. Scientific Reports 2018)
ÍLevels attenuated compared to adult

ÍIncreased by IFNhsupplementation to adult levels 

THE INFANT IMMUNE SYSTEM



THE BURDEN OF AIR POLLUTION
×Ambient air pollution is the 5th leading cause of death worldwide. 
Contributing to: 

~ 4.2 million deaths worldwide

~400 000 deaths of children under five

ÅHealth Effects Institute. 2019. State of Global Air



NOT A LOCAL PROBLEM

Wildfire smoke map, 5:24 a.m. MDT September 4, 2017. The icons represent the locations of some of the 
large uncontained wildfires.



NOT JUST AN OUTDOOR CONCERN

Shrestaet al. Int J Environ Res Public Health. 2019



EVERYYEAR, 1.96 MILLIONPEOPLEDIEFROMARISASA

RESULTOFINDOORAIRPOLLUTION

Source: ARIAtlas.org, World Lung Foundation 2010

Grigg. 2011. Clinical & Experimental Allergy. 41: 1072-1075

http://onlinelibrary.wiley.com/doi/10.1111/cea.2011.41.issue-8/issuetoc


Mobile Sources

(vehicles)

Stationary Sources 

(power plants, factories, fireplaces)

Personal Sources

(cigarettes)

Natural Sources 

(forest fires, volcanoes)

COMBUSTION DERIVED PARTICULATE MATTER 
(PM)



A. Valavanidis2004

COMBUSTION-GENERATED PM CONTAINS 
RADICALS

Dellinger & Lomnicki

T.E. Sussanet al 2015

T.E. Sussanet al PLOS One 2015

CS tar: 1e16 radicals/g

E-cig TPM: 2.6e15 radicals/g

PM2.5:1e16 - 1e17 radicals/g (BR); 1e17 ð1e19 radicals/g (Memphis)  Oyana TJ et al. ES&T. 2017



ENVIRONMENTALLY PERSISTENT 
FREE RADICALS (EPFRS)

T1/2 = 21d

Baton Rouge PM2.5

Gehlinget al. 2013
T.E. Sussanet al PLOS One 2015

CS tar: 1e16 radicals/g

E-cig TPM: 2.6e15 radicals/g

PM2.5:1e16 - 1e17 radicals/g (BR); 1e17 ð1e19 radicals/g (Memphis)  Oyana TJ et al. ES&T. 2017



PERSISTENCE OF EPFRS IN BIOLOGICAL SOLUTIONS

Saravia et al., 2012

Kelley et al., ChemRes Toxicol, 2013

Dugas Cormier
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