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Background
• Acute lower respiratory infections (ALRI)
include pneumonia (infection of the lung
alveoli), as well as infections affecting the
lower airways such as acute bronchitis and
bronchiolitis (infants and young children).
• These conditions are a leading cause of illness
and death in children and adults/elderly across
the world.

Lower respiratory infections
• Respiratory infection is usually caused by viruses (e.g. rhinovirus, respiratory syncytial
virus (RSV); influenza; parainfluenza; and adenovirus) and bacteria. The most commonly
identified pathogen for pneumonia is Streptococcus pneumoniae followed by Haemophilus
influenzae, Staphylococcus aureus, and Chlamydia pneumoniae
• There is an equilibrium between the virome/microbiome (viruses and bacteria) and hostrelated factors; alterations of the immune system can subsequently increase susceptibility
to viral infection and disease
• Chronic mucus hypersecretion is an important host factor that favors respiratory
infections, this is the reason why viral infections are the major precipitants of acute
exacerbations of asthma and COPD
• Viruses promote a pro-inflammatory mucosal response that accelerates the growth of
potential pathogens such as S pneumoniae and Haemophilus influenzae
• Bronchitis and bacterial pneumonia occur commonly as secondary to viral infections

The London Smog, December 1952
Deaths from pneumonia increased threefold (very
young and the elderly). Notifications for
pneumonia increased 1.4-fold during the smog
event, and 2.4- to 2.7-fold in the subsequent 2
weeks (compared same weeks 1947–1951).
Logan WP. Mortality in the London fog incident, 1952. Lancet
1953;1: 336–338.

Further Observations on London
Fog, Waller & Lawther, BMJ 1957
The first panel study:
- Daily measurement of smoke at
St. Bartolomew's hospital
- Daily diary of respiratory
conditions to 180 patients with
chonic bronchitis (or COPD, as
we call it today).

2020

Stimulatory effect
of sprinkled
pollutant on the
growth of H.
influenzae on
blood agar.

How air pollution could work?

• Bacteria/virus:

• enhances bacterial growth and colonization

• Airways:
•
•
•
•
•

causes pulmonary oxidative damage and inflammation
damages the mucociliary system
suppresses alveolar macrophage uptake
impairs microbial clearance
enhance pneumococcal adherence to airway epithelial cells

• Immune system:
• increases susceptibility to both viral and bacterial infections via
dysregulation of immune tolerance and antimicrobial responses

Pneumonia children, long-term exposure
PM2.5 Systematic review,
Metha et al 2013

ELAPSE study, 10 EU
birth cohorts
MacIntyre et al, 2014

HEI Traffic Review: Long-term exposure to
TRAP and Acute Lower Respiratory Infections
in children

Metanalysis of long-term NO2 exposure and ALRI in children

Strenght of the evidence: moderate to high

Based on NO2 metanalysis and supporting evidence from EC and studies based on
indirect measures of TRAP

Pneumonia adults, long-term exposure
Few studies on hospitalizations,
e.g. Medicare
Danesh Yazdi et al, 2019

Neupane et al, 2010
Case-control in Ontario

Liu et al, 2022
ELAPSE pneumonia mortality

Pneumonia children,
Short-term exposure

Pnumonia adults,
Short-term exposure

The lag time of the effect
Ann Am
Thorac Soc,
2019

498,118 adult New York State residents with a primary diagnosis of influenza, bacterial pneumonia, or
culture-negative pneumonia upon hospitalization or emergency department (ED) visit (2005–2016).

Risk modification by air pollutants on viral mediated
ALRI (bronchiolitis) risk
• Case-cross over in Utah, (n
= 112,467 0-2 years).
• Triangles, circles, squares,
and diamonds are odds
ratios for PM2.5 0–6, 7–13,
14–20, and 21–27 days
before the day of event

(Horne et al, AJRCCM 2018)

- Largest effect at 14-20 days lag
- Incubation period for RSV is 5 days
- Air pollution exposure precedes RSV infection

The Lancet.
2003

• A cohort of 114 asthmatic children (8
and 11 years) with daily upper and
lower respiratory tract symptoms,
peak expiratory flow (PEF), and
measured personal NO2 exposures
every week for up to 13 months.
• Nasal aspirates during reported
episodes of upper respiratory-tract
illness and test for infection (RT-PCR
assays).

Air Quality and COVID-19, 2021 Imperial
Report

• Some plausibility that both long and shortterm exposure could increase incidence and
severity of Covid-19.
• Early ecological studies were useful to
generate hypotheses, but had methodological
limitations.
• Studies are unclear if air pollution increases
the risk of infection with COVID-19
• Long-term exposure to air pollution prepandemic increases the risk of hospitalisation
in people already infected with COVID-19

Recent individual studies on AP and COVID-19 severity

• Long-term exposure
• Bowe et al, Env Int 2021; 169,000 Covid-19 cases US Veterans.
Annual 1.9 ug/m3 PM2.5 related to Covid-19 hospitalization, RR
1.10 (CI 1.08-1.12)
• Kogevinas et al, EHP 2021; 9000 subjects in Catalonia, annual 1.86
ug/m3 PM2.5 associated with antibody levels and more severe
Covid-19, RR 1.51 (CI 1.06-2.16)
• Bozack et al, AJRCCM 2021; 6000 hospitalized subjects in NYC,
annual 1.0 ug/m3 PM2.5 , RR 1.11 (CI 1.02-1.21) for mortality, RR
1.13 (CI 1.0-1.28) for ICU admission
• Nobile et al, ERJ (in press); 1.5 million subjects from Rome, annual
1.0 ug/m3 PM2.5 was not related to Covid-19 incidence but to
Covid-19 mortality, RR 1.08 (CI 1.03, 1.13).

Recent individual studies on AP and COVID-19 severity
• Short-term exposure
• Lavigne et al, Thorax 2022; casecrossover study of 78,255 Covid19 ED visits in Alberta and
Ontario, Canada (March 2020 to
March 2021). The association
between PM2.5 and ED visits was
stronger among those
hospitalised following an ED visit.

Summary
• Strong evidence that both long and short-term
exposures to AP are associated with incidence of ALRI
• Suggestive evidence that both long and short term
exposures to AP are associated with a severe Covid-19
• Need for human and animal studies on:
• susceptibility to infection
• severity of the resultant disease progression
• impaired vaccine efficacy

The future in 2003

“While there is emerging evidence
confirming that air pollutants are
intimately related to infections, the
challenges for epidemiologists and
clinical scientists remain to go beyond
the short-term triggering phenomena
and consider how the increase in
susceptibility to air pollutants reflects
fundamental interactions with cofactors……. The challenges remain to
unravel the mechanisms that drive
such effects of air pollution”
Chauhan & Johnston, British Medical
Bulletin, 2003

The future in 2022

• Combine chronic disease epidemiology
approach with infectious disease
epidemiology
• Set up large population cohort studies to
detect infections
• Combine information from
epidemiological and mechanistic studies
on viruses/ pollutants interaction
• Lab data to assess the nature of the
infection and the immune status of the
population
• New designs to evaluate the effects on
trasmission, severity, and vaccine efficacy
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