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The What
A I R P O L L U T I O N V S C O V I D

Short-term and long-term exposure to air pollution (esp PM2.5 and NO2) 
may contribute  to higher rates of COVID-19 infection and mortality.



Disease Similarities

Risk of COVID hospitalization

Air Pollution

COVID

 Asthma
 Hypertension
 Obesity
 Heart Attack
 Diabetes



Air Pollution and COVID: Widespread Inflammatory Impacts 
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Courtesy of nasa.gov

PM2.5 Levels Worldwide



Science News, 29 set. 2018. v. 194, n. 6, p. 32.

PM2.5 is shortening lives around the world
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Breathing more polluted air worsen the effects of COVID-19

 China study of 120 cities and found a significant relationship between air pollution and COVID-19 infection. 
(Zhu, 2020)

 NO2 increased by 10 ug/m3 in the five years before the pandemic had 22% more Covid-19 cases vs PM 
had a 15% increase. (Tian, 2020; Wang, 2020)

 Yao et al found that air pollution was positively associated with increased COVID-19 mortality. (Yao, 2020)
 NO2 associated with the transmission ability of COVID-19. (Yao, 2021)
 The United Kingdom’s Office for National Statistics found that without controlling for ethnicity, long-term 

exposure to fine particulate matter could increase the risk of contracting and dying from COVID-19 by up to 
7%. (United Kingdom’s Office for National Statistics, August 13, 2020)

 1 μg/m3 PM2.5 x 9.4 more COVID-19 cases, 3 more hospital admissions, and 2.3 more deaths in 
Netherlands city (Cole, 2020)

 For deaths in 66 regions of Italy, Spain, France & Germany, 78% of them occurred in most polluted 5 
regions (Ogen, 2020)

 Mortality in northern Italy assoc w/ with the highest levels of air pollution. (Conticini, 2020)
 Petroni et al found an increase in exposure to hazardous air pollutants (HAPs) is associated with a 9% 

increase in COVID-19 mortality. (Environmental Research Letters, September 11, 2020)
 US long-term elevated pollution assoc with 8% increase in mortality for every 1 ug/m3 increase in PM2.5  

(Wu, 2020)
 4.6 ppb increase NO2 from traffic assoc w/ 11% increase in mortality. (Liang, 2020)
 Increase in NO2 of 8.7 ppb assoc w/ 35–60% increase in incidence & mortality in LA County (Lipsitt, 2021).

https://www.sciencedirect.com/science/article/pii/S004896972032221X?via%3Dihub
https://www.medrxiv.org/content/10.1101/2020.04.21.20073700v1
https://www.sciencedirect.com/science/article/pii/S0013935120308367
https://www.sciencedirect.com/science/article/pii/S0147651320312586
https://www.eenews.net/assets/2020/08/13/document_gw_07.pdf
https://link.springer.com/article/10.1007/s10640-020-00491-4
https://www.sciencedirect.com/science/article/pii/S0048969720321215
https://www.sciencedirect.com/science/article/pii/S0269749120320601?via%3Dihub=
https://iopscience.iop.org/article/10.1088/1748-9326/abaf86
https://advances.sciencemag.org/content/6/45/eabd4049?utm_source=newsletter&utm_medium=email&utm_campaign=newsletter_axiosfutureofwork&stream=future
https://www.cell.com/the-innovation/fulltext/S2666-6758(20)30050-3
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SARS

 Highly polluted area of China twice as likely to die from SARS than someone in an area with cleaner air (Cui, 2003)

 SARS epidemic - increases in particulate matter air pollution increased risks of dying from the disease (Kan, 2019)

MERS

Influenza

 Researchers have found that several viruses, including adenovirus and influenza virus, can be carried on air particles. 

Zhao et al found that particulate matter likely contributed to the spread of the 2015 avian influenza. (Scientific Reports, 

August 13, 2019)

 Chen et al found that air pollution can accelerate the spread of respiratory infections. (Environment International, 

January 2017)

Air Pollution associated with prior epidemics and influenza

https://www.nature.com/articles/s41598-019-47788-z
https://www.ncbi.nlm.nih.gov/pubmed/27745688


Smoking increases respiratory 
infections, including COVID

Smoking doubles your risk of developing respiratory infections.
 Healthy volunteers (n=391) had 1 of 5 respiratory viruses, including a coronavirus, 

dropped in a liquid into their noses. Smokers were twice as likely to develop an 
infection (Cohen, 1993)

 Exposures to SHS and air pollution are associated with significant hypermethylation 
and decreased expression of IFN-γ in Teffs and Foxp3 in Tregs (Nadeau, 2012).

Smoking doubles your risk of getting sicker from COVID-19 
• Smoking is associated with getting sicker with COVID-19. In the largest study of 

1099 people with COVID-19, people who smoke were 2.4 times more likely to be 
admitted to ICU, need mechanical ventilation or dying compared to those who did 
not smoke (Guan, 2020). 

Smoking increases ACE2 receptors.
 Goblet cells (mucus-producing) make the most ACE2 receptors.
 Smoking increases goblet cells, increasing the amount of ACE2 in the lungs 

(Sheltzer, 2020)



The Why

Air pollution exposure impairs the immune systems ability to defend against COVID

T H E I M M U N E S Y S T E M



(Ferrari, 2019)

Depth of Inhalation Varies with Size



Epithelial Cell

Macrophage

Dendritic Cell

Wildfire Smoke Inhalation: Alveolar 
Barrier

Krug, 2011



Alveolar Macrophages

Hiraiwa, 2013 

• Interact with other lung cells (e.g. 
bronchial epithelial cells and dendritic 
cells) to try to clear the PM from the 
lung

• mobilization of inflammatory cells from 
the bone marrow into the circulatory 
system

• production of acute phase proteins by 
the liver

• increase in circulating inflammatory 
mediators



COVID 19 biomarkers
In Lung

Courtesy of visualcapitalist.com





Cutting Edge Technology



Immune Cell Plot



Air pollution exposure is linked with methylation of immunoregulatory genes, altered immune cell profiles, and increased blood 
pressure in children. (Prunicki, 2021).

Inflammatory Biomarkers are Assoc with Air Pollution and COVID

https://doi.org/10.1038/s41598-021-83577-3
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Clinical and Laboratory Team, Collaborators and funding
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