Lecture 16
Lung Infection

Dr Rob Wilson (r.wilson@rbht.nhs.uk) 

Learning objectives
1. To learn about the healthy lungs defences against infection.  We are continually exposed to infectious agents during breathing, but the healthy lung is sterile from the first bronchial division.

2. To understand how the host defences can be compromised; congenital or acquired. Three examples: primary ciliary dyskinesia, viral infection, cigarette smoking.

3. To understand the differences in pathogenesis between acute and chronic lung infections. Two examples: pneumococcal lobar pneumonia and bronchiectasis.
Learning objectives


· Lung bacterial infections occur when a host-bacterial interaction results in a bacterium overcoming the host defences and growing within the lung.

· This outcome may result because an interaction involves a virulent bacterium which overcomes intact host defences, or may be more likely if the host defences are weakened.

· Broadly speaking infections occur in the airway (causing bronchitis) or alveoli (causing pneumonia).

· The host defences of the lung can be thought of as

· mechanical e.g. mucociliary clearance and cough  

· local e.g. immunoglobulin A and alveolar macrophages 

· systemic e.g. neutrophils and circulating antibodies

· Weakened host defences are either

· 1( (hereditary) e.g. primary ciliary dyskinesia (Kartagener’s syndrome), cystic fibrosis  

· 2( (acquired) e.g. cigarette smoking, viral infection

· Mucociliary clearance and other Lung Host Defences – see text

· Primary ciliary dyskinesia  - see text
Primary ciliary dyskinesia is rare and is thought to be an autosomal recessive condition with incomplete penetrance. There are usually ultrastructural abnormalities in the cilia, causing them to be immotile, or to move in a slow disordered fashion.  Most commonly there is absence of one or both of the dynein arms, but abnormalities of the microtubules or radial spokes have also been reported.  Some patients with the clinical features of primary ciliary dyskinesia have normal ultrastructure and normal or near normal beat frequency.  The cause of the disease in these patients is uncertain, and it may be that the ultrastructural abnormality is beyond the resolution of the electron microscope.  Ciliary disorientation, which means that the cilia beat in different directions, has been described in such patients but, since this abnormality can occur at sites of inflammation in chronic rhinosinusitis and following viral infections its relevance is uncertain, and it may be a secondary phenomena.

Cilia line the nose, paranasal sinuses, middle ear and eustachian tube, and bronchi as far as the respiratory bronchioles, and also form the tail of spermatozoa.  Impaired ciliary function occurs at all these sites, and diffuse bronchiectasis is usually associated with chronic sinusitis, middle ear disease, and often but not invariably, male infertility.  The condition may present in the neonatal period with pneumonia or segmental collapse due to mucus impaction, or more commonly in childhood with recurrent infections.  About 50% of cases have dextrocardia and a smaller percentage full situs inversus, which is thought to be due to abnormal cellular microtubules that are involved in rotation of the organs in the embryo.  When primary ciliary dyskinesia causes the clinical triad of bronchiectasis, dextrocardia and chronic sinusitis the condition is known as Kartagener’s syndrome after the German paediatrician who first described it.

· Effects of viral infection and cigarette smoking on mucociliary clearance – viral infection leads to loss of ciliated cells and increased watery secretions that are not easily moved by ciliary beat; cigarette smoke also kills ciliated cells and causes increased sticky secretions that are not easily moved by cilia

· The outcomes of a bacterial infection are – 

· the host defences win: bacterial eradication

· The bacterium wins: serious illness or death

· Bacterial persistence: lung abscess or chronic airway infection

· Antibiotics kill large numbers of bacteria, but are dependent on the host defences to mop up those bacteria that remain

· Chronic airway infection leads to chronic inflammation. This causes progressive damage to the airway wall leading to bronchiectasis
The vicious circle hypothesis proposes that bacteria stimulated host-mediated inflammation causes progressive lung damage – see text 
Mucus is poorly cleared from the bronchiectatic areas for several reasons.  There is pooling in the abnormal dilated airways; ciliated cells are lost when the epithelium is damaged; the mucus is less elastic and more viscous making it difficult to clear by ciliary beat or cough.  Bacteria adhere avidly to mucus where they multiply so that bacterial counts in sputum often exceed 109-colony forming units (cfu) per millilitre.  Large number of neutrophils are attracted from the bloodstream into the bronchial lumen in response to bacterial infection, by chemotactic products of bacteria themselves and also mediators from host cells (e.g. interleukin-8, C5a, leukotriene B4).  Serum levels of the adhesion molecules E-selectin, intercellular adhesion molecule (ICAM)-1 and vascular adhesion molecule (VCAM)-1 are elevated, suggesting that endothelial activation occurs, probably within the lung.  The failure of the inflammatory response to eradicate the infection once it is established in patients with bronchiectasis is due to a combination of impaired local host defences, some properties of bacteria themselves and the high bacterial number.
Although local host defences are impaired, in most patients the systemic inflammatory response is intact and persistent bacterial infection leads to exuberant chronic inflammation which damages the lung.  Neutrophils spill proteolytic enzymes such as elastase and reactive oxygen species during phagocytosis that cause tissue damage in the affected area.  The infection and inflammation may spread to involve adjacent areas of normal bystander lung, in time causing extension of the bronchiectasis.  Immune complexes are formed between antibodies that are produced locally, and those arriving via transudation, and bacterial antigens.  These stimulate other inflammatory processes.  The lung defences are weakened by the damage caused by inflammation, and this in turn promotes continued infection which perpetuates the inflammatory response.  Epithelial cells, lymphocytes and macrophages release cytokines and other factors which orchestrate and perpetuate this sequence of events which has been termed a "vicious circle".  Bronchiectatic secretions have increased amounts of interleukin (IL)-1( and IL-1(, tumour necrosis factor (, IL-6, IL-8 and granulocyte colony-stimulating factor.  The levels of IL-8 are particularly high.
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· Lung infections are common

· Patients with infection severe enough to be admitted to hospital are the tip of the iceberg

· The majority of infections are trivial and do not require treatment

· However despite medical advances about 5 percent of those admitted to hospital with pneumonia die
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· The lung is the bodies open window to the environment

· Whilst breathing we are constantly exposed to potential infectious agents

· The lung is well protected by multilayered defences : mechanical, local in the lung, systemic

· The healthy lung is sterile from the first bronchial division
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· Clilia are an example of a mechanical defence

· They are part of the mucociliary system which protects the upper and lower airways all the way distally to the respiratory bronchioles
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· Sticky mucus layer

· Floats on top of watery periciliary fluid

· Cilia beat within the periciliary fluid

· 200 cilia per cell, intact epithelium with tight junctions sealing the gaps between cells
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· Coordinated ciliary beating

· Stiff downstroke propels mucus forward

· Curved backstroke within the periciliary fluid underneath the mucus

· About 14 beats per second 
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· Claws at the ciliary tip engage the mucus
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· Microtubules, 9 + 2 pattern, slide up and down each other to cause ciliary movement

· ATP ase in the dynein arms provides the energy for movement
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· When an infection occurs either the infectious agent overcomes the lung defences
· Or the defences are weakened in some way to allow the infectious agent in – the weakness can be inherited or acquired

· Or most commonly a bit of both
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· Cigarettes: perturb mucociliary clearance

· Destroy the cilia 

· Stimulate more mucus production (morning cough)

· Make the mucus produced more sticky and difficult to move by those cilia that remain
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· Viruses: perturb mucociliary clearance 

· Destroy cilia

· Stimulate more mucus production (runny nose)

· Make the mucus watery so the cilia have nothing to get hold of

· Break up the epithelium – separate the tight junctions

· Kill the epithelial cells
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· Compound cilia

· Ultrastructural abnormalities occur at sites of inflammation

· Weakness of the defences can be temporary (virus) or long-standing (cigarettes)

· When you stop smoking it takes about six months for the epithelium to repair itself

· Alveoli don’t re-grow!
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· When should you think about something being wrong with the lung defences?

· Very virulent infections are uncommon so if overwhelming infection occurs might be due to weak defences

· Recurrent infections (especially pneumonia)

· Chronic infections – if the body is unable to get rid of the infection even with the help of treatment
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· There are hereditary (as well as acquired – viruses, cigarette smoking) causes of reduced lung defences

· Kartegener’s syndrome, (Dextracardia, Bronchiectasis, Sinusitis), primary ciliary dyskinesia

· Cilia don’t beat properly so mucociliary clearance doesn’t work

· Some men are infertile because sperm tails are cilia
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· Absent dynein arms, no energy, no movement

· Other ultrastructural abnormalities involve the microtubules – disorganised beating
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· How do we diagnose abnormal cilia – by taking a “painless” nasal brushing!
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· Nitric oxide provides an excellent screening test and saves a lot of sore noses
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· Broadly speaking bacterial pathogens of the lung fall into two groups

· Virulent species that cause pneumonia e.g. Streptococcus pneumoniae

· Less virulent species that cause bronchitis are equipped to chronically infect airways in which the host defences have been compromised e.g. unencapsulated Haemophilus influenzae
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· Haemophilus influenzae, the commonest cause of airway infections

· About a quarter of smokers have this bacterium chronically infecting their airways

· The hair-like structures are called fimbriae

· Fimbriae reach out and anchor the bacterium to the epithelial cells to stop the bacterium being moved away by ciliary beat
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· Scanning electron microscopy of he healthy bronchial mucosa 

· Most of it is ciliated

· Mucus is not a complete blanket – “lily pads”

Slide 20

· Infected bronchial mucosa by Haemophilus influenzae

· Bacteria adhere in the damaged areas

· They can’t get hold of the healthy ciliated cell

· Bacterial infection stimulates more mucus production and bacteria bind avidly to mucus

· In an episode of bronchitis the inflammatory response + antibiotics clear infection
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· Bacteria are equipped with ways of avoiding elimination by the bodies defences

· They either produce factors which impair the defences

· Or find ways of “hiding” from the defences
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· Video nasty

· Wilson in the 80s !

· Imagine yourself as a bacterium coming into the airway trying to get a hold of the epithelium

· Sticky mucus blanket which carries you out of the lung

· Cilia beating stops you getting to the surface

· Intact epithelium – tight junctions between cells, stops you invading
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· Pneumonia

· Infection of the alveoli

· Much more serious illness than infection of the airways

· 5% of those sick enough to get into hospital die
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· Histology of pneumonia

· Alveoli filled with inflammatory cells, fibrin, cell debris and bacteria 

· Invasion (bacteraemia)
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· Clinical features of pneumonia

· Much more severe symptoms than bronchitis
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· Diplococci

· Streptococcus pneumoniae the commonest cause of pneumonia
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· Virulent invasive bacterium

· Produces a toxin called pneumolysin which punches holes into cell membranes killing the cell
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· Infected tissue by Streptococcus pneumoniae 

· Dead cells with bacteria invading between them
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· Case history

· Lung infections from childhood suggests a problem with the lungs defences

· Bronchiectasis is dilated airways in which the structural proteins have been damaged
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· Chronic productive cough

· Daily physiotherapy

· Long list of medicines
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· CT scan showing bronchiectatic airways and nodules which are airways plugged with mucus
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· Common complaints of bronchiectasis patients

· Cough and sputum

· Recurrent infections

· Breathlessness
· Fatigue
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· Twice a day patients with bronchiectasis perform postural physiotherapy to get the phlegm out of the lungs

· Reasons patients get bronchiectasis

· Congenital e.g. born with airways that are structurally abnormal

· Something happens to cause damage e.g. infection (tuberculosis) or smoke inhalation

· Something wrong with bodies ability to fight infection, and recurrent infections cause damage e.g. primary ciliary dyskinesia and cystic fibrosis*

· Too much inflammation e.g. ABPA, post-transplant

· *= cause of bronchiectasis in above case report
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· Chronic airway infection

· Chronic inflammation itself causes more damage to the lung

· The vicious circle hypothesis
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· Protease / anti protease balance

· When phagocytes engulf bacteria they spill a little protease enzyme which is normally inside the cell to kill the bacteria

· This is usually neutralised by antiproteases in the mucus

· In chronic infection so much protease is spilled it overwhelms the ability of the antiproteases to neutralise it
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· Normal epithelium
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· Protease enzyme chews away at the epithelium damaging it
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· Normal bronchial wall

· The chocolate brown material is the structural protein elastin
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· In the bronchiectatic airway wall the structural protein elastin has been digested away by protease enzymes released by neutrophils as they traffic into the airway lumen from the bloodstream attracted by the bacteria
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· Good news

· With treatment case report lung function improved
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