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Pneumonia

• Acute respiratory 
infection that affects 
lungs

• Alveoli filled with pus 
and fluid



Pneumonia
• Symptoms

• Fever, cough, fatigue 
shortness of breath 
etc.

• Transmission

• Inhalation

• Air-borne droplets 
from cough or sneeze

• Blood

• During or shortly 
after birth



Pneumonia 
statistics

• Lower respiratory tract infections including pneumonia 
and bronchiolitis affected 489 million people globally.

• Caused 2.5 million deaths, including 740,180 children in 
2019

• According to WHO, 14% of all deaths of children were 
under 5 years old in 2019.

Source: HealthyHK 



Classification of pneumonia

Community-acquired 
pneumonia (CAP)

Hospital-acquired 
pneumonia (HAP)

Ventilator-associated 
pneumonia (VAP)

Aspiration pneumonia



Common causes of pneumonia

Bacteria

• Streptococcus pneumoniae

• Haemophilus influenzae type b

• Staphylococcus aureus

Viruses

• Respiratory syncytial virus

• Influenza virus

• Coronavirus (COVID-19)

Fungi

• Pneumocystis jiroveci (HIV-infected infants)

Source: CDC



“Atypical” pneumonia

• Mycoplasma pneumoniae

• usually infects people < 40 years old

• the illness is often mild enough to go 
undetected 

• walking pneumonia

• Chlamydophila pneumoniae

• mild form of pneumonia.

• Legionella pneumophila

• Legionnaire's disease, causes Pontiac fever

• commonly transmitted by exposure to 
contaminated water from cooling towers, 
whirlpool spas, and outdoor fountains.

M. pneumoniae

C. pneumoniae

L. pneumophila

Source: CDC



What microbes are there in 
healthy respiratory tract?



Respiratory tract microbiota

Bacteria

• Proteobacteria (e.g., 
Moraxella spp. , Neisseria
spp. and Haemophilus
spp.)

• Firmicutes (e.g., 
Streptococcus, 
Staphylococcus, 
Veilonella and 
Dolosigranulum spp.)

• Actinobacteria (e.g., 
Corynebacterium and 
Rothia spp.)

• Bacteroidetes (e.g., 
Prevotella spp.)

Viruses 

Rhinovirus

Bocavirus

Adenovirus

Polymavirus

Bacteriophages 

Fungi 

Candida spp.



Respiratory tract microbiota

Presence of germs is permanent in respiratory tract of a 
healthy person

Microecosystem of commensal, symbiotic and pathogenic 
microbes

Healthy person have low density and high diversity of 
bacterial colonies

(Santacroce et al., 2020)



Respiratory tract microbiota

Relationship 
between 
species

Population 
of each 
species

Types of 
microbes

(Santacroce et al., 2020)



Respiratory tract microbiota

(Man, de Steenhuijsen Piters, & Bogaert, 2017)



Microbiota 
development 
and incidence 
of community-
acquired 
pneumonia

(Thibeault, Suttorp, & Opitz, 2021)



Beneficial 
microbes

• Microbes that can fight against 
pathogens

• Releasing or inducing inhibition of 
pathogen growth

• Dolosigranulum and Corynebacterium

• Inhibit growth of S. aureus and S. 
pneumoniae (Brugger et al., 
2020)

Source: Rezeda Safina/Istock/Getty Images Plus



Beneficial 
microbes

• C. accolens 

• hydrolyses 
triolein releasing 
oleic acid

• inhibits 
pneumococcal 
growth

(Bomar et al., 2016)



Beneficial microbes

S. epidermidis

• Secrete extracellular serine 
protease, Esp to induce 
production of antimicrobial 
peptides that inhibit 
carriage of S. aureus and 
other pathogens Representative culture images of samples from test persons after

administration of inhibitory S. epidermidis (JK16, wild-type strain). The
nasal swabs from the volunteers were cultured on mannitol salt agar
with egg yolk

(Iwase et al., 2010)



• S. mitis and S. salivirius
• Produce bacteriocins that inhibit S. pneumoniae growth

Beneficial microbes



Gut-lung axis 
in pneumonia



Gut-lung axis

(Zhang et al., 2020)

• The gut microbiota has been 
shown to affect pulmonary 
immunity via the gut-lung axis

• This axis allows the passage of 
endotoxins, microbial 
metabolites, cytokines, and 
hormones into the bloodstream 
connecting the gut and the 
lungs

• The axis is bidirectional



• Mice with a depleted gut microbiota 
have increased bacterial 
dissemination, inflammation, and 
organ failure

• Faecal microbiota transplantation to 
the mice 

• normalisation of pulmonary 
bacterial counts, tumour necrosis 
factor-α and interleukin-10 levels 6 
h after pneumococcal infection

Gut microbiota



Gut microbiota

Segmented filamentous bacteria (SFB)

➢A group of host-adapted, commensal organisms 

➢Candidatus Savagella

➢Bind to surface of absorptive intestinal epithelium

➢Promoting adaptive and innate immunity in mice and rats

➢Helping in clearance of pathogens



• In immunocompromised host, gut 
commensal SFB may help in defense 

• promoting neutrophil resolution in 
pneumococcal pneumonia (Felix et 
al., 2018)

• Another study 
• SFB induces pulmonary type 17 immunity 

and resistance to S. aureus pneumonia 
(Gauguet et al., 2015)

Gut microbiota



Factors affecting microbiota

• Environment

• Air condition (e.g., air pollution, smoking habits)

• E.g., A smoker’s body develop chronic inflammation at 
the lung area as well as other areas due to long 
exposure to cigarette smoke

• Aging

• As the body ages, intestinal permeability is increased 
and an elevation in inflammatory cytokines 

• Antibiotics

• Broad-spectrum antibiotics 

• Partly compromise host’s antimicrobial defense 
negatively shown in mouse studies

• May further promote risk for HAP and VAP

• However, effects of clinically used antibiotic regimens on 
antimicrobial defence in patients remains less 
understood



Microbial defense boost 
against pneumonia

Rational use of antibiotics to reduce 
collateral damage on the microbiota

• Prevent HAP and VAP

• Develop new pathogen-specific antibiotics 
and/or its alternatives

Prebiotics, probiotics and synbiotics

• Boost or maintain the microbiota’s beneficial 
functions in susceptible individuals (the young 
and elderly)

• Protect against CAP

• Several trials showed they can reduce incidence 
of CAP in infants  (Panigrahi et al., 2017; Luoto et 
al., 2014)



Microbial defense boost 
against pneumonia

Total repopulation of the gut and possibly upper 
respiratory tract

• Fecal microbiota transplant

• Prevent CAP, HAP, VAP

• Mice studies showed repopulation can restore pulmonary 
immune response (Schuijt et al., 2016; Brown, Sequeira, & 
Clarke, 2017)

• Further studies and trials needed

Deregulation of certain Immune pathway

• Have potential for specific vulnerable patients

• E.g., local applications of IgA or IL-22 or antibodies that block 
IL-10 protect microbiota-depleted and germ-free mice from 
bacterial pneumonia (Fagundes et al., 2012; Robak et al., 
2018; Gray et al., 2017)



Afterthoughts

• Understand more about 
antagonistic interactions 
between different microbes

• Help in regulating microbiota in 
respiratory tract

• Will the combination of the 
beneficial microbes helps prevent 
pathogen infections?



Thank You!
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