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Microbes in the lung – new-news ?

• Bagpipe lung  ̶  ‘identifiable fungal exposure, as a potential trigger 
for the development of hypersensitivity pneumonitis’ 1

• Royal Society Summer Science Exhibition, July 2016 - Killer Fungus

̶ "Fungi are extremely tough and manipulate the immune system to 
prevent themselves being recognised, they are very slippery 
customers." 2

̶ "Most people know about mild fungal infections, but nobody's ever 
died from athlete's foot …  a million people die a year from fungal 
infections and we need to understand … how to deal with them." 2

1. King J et al. Thorax 2016 doi: 10.1136/thoraxjnl-2016-208751
2. Professor Neil Gow, University of Aberdeen. BBC interview, 5 July 2016.



Microbes in the lung – why not news ?

• Pseudomonas, Klebsiella spp., Staphylococcus spp. in valved 
holding chamber bodies and face masks 3

̶ "Pseudomonas species and Klebsiella are relatively common human 
pathogens, but other bacteria found in our study are also capable of 
causing pneumonia, especially in immune-compromised patients 
and patients with asthma, cystic fibrosis, and chronic lung disease.”

̶ “Bacterial contamination is common in spacer devices." 4

3. Cohen & Cohen. JAMA 2003; 290 (2): 195-196
4. Cohen et al. J Asthma 2005; 42 (3): 169-172.



Microbial survival– Clement Clarke work

5. Sanders & Bruin. J Aerosol Med Pulmon Drug Del 2014; 27 (6): A-8
6. Sanders & Bruin. Prim Care Respir J 2016; 26 (16022): 16



Current work – Aspergillus fumigatus

• A. fumigatus - ubiquitous opportunistic fungal pathogen

• main route of exposure = inhalation

• routine daily exposure does not challenge a robust immune 
system, but immune-compromised patients are at risk, with 
ABPA (allergic bronchopulmonary aspergillosis) most 
commonly seen in asthmatic and cystic fibrosis patients

• fungus hosted in spacer  high spore ‘challenge’ in seconds ?



Current work – Aspergillus fumigatus

• A2A Spacer and Able Spacer-2 
contain ~1wt% silver ions

• antimicrobial polymer effect 
(Klebsiella pneumoniae)

• standard ~1wt% and 
development 4wt% silver ion 
Spacers tested

~1% 4%



Fungal activity and Drug delivery effects

• modified ISO 22196:2011 methodology

• body-polymer discs: ~1wt%, 4wt%, Control (no ions)

• surface inoculum 100L  A. fumigatus (5.0x105 spores/mL) 

• 24h incubation at 35°C / ≥95% RH

• incubated samples neutralized to inactivate ions

• additional non-inoculated Control discs for 0-hour data 

• Colony forming units (CFU) enumerated by spiral dilution



Fungal activity and Drug delivery effects

Sample material 

(n=3)

24h A. fumigatus

CFU/cm2

(geometric mean)

Log10 reduction 

compared

with Control (%)

Sterile Control 4.20 x 103 —

Able Spacer-2 ~1wt% 2.80 x 103 0.2 (33.5%)

Able Spacer-2   4wt% 4.50 x 102 1.0 (89.3%)



Fungal activity and Drug delivery effects

• salbutamol pMDI dose 
characteristics and APSD

• NGI at 30L/min

• Validated procedures: 
preparation, priming, 
testing, data presentation

• ~1wt% and development 
4wt% Spacers tested



Fungal activity and Drug delivery effects

Aerosol property
(mean ± SD)

Able Spacer-2

~1wt% silver ion 4wt% silver ion 

Metered weight (mg) 74.0 ± 0.3 73.8 ± 0.6

Metered dose (g) 108.6 ± 9.4 107.4 ± 9.2

Emitted dose (g) 95.9 ± 11.0 94.9 ± 9.1

FPF (% <5.0 m) 54.0 ± 4.3 53.6 ± 1.9

MMAD (m) 2.22 ± 0.05 2.18 ± 0.04

GSD (σg) 1.66 ± 0.02 1.67 ± 0.01

FPD (g <5.0 m) 52.0 ± 8.7 50.7 ± 3.8

On Actuator (g) 12.8 ± 3.6 12.6 ± 1.6



Fungal activity and Drug delivery effects



Discussion

• 4wt% silver ion  better effect in reducing A. fumigatus
spore activity in vitro

• is a higher silver ion concentration required to combat 
fungus (Aspergillus) than bacterium (Klebsiella) ?

• 4wt% silver ion  did not alter aerosol performance

• Aspergillus identified in nebulisers.7 Data from spacers ?

• aerosolisation within the chamber, and one-way valve ?

7.     Jadhav et al. J Clin Diagn Res 2013; 7 (6): 1021-1026



Biofilm development

1 2 3 4 5
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attachment

Irreversible 
attachment

Maturation I Maturation II Dispersion

Source By D. Davis - From: Looking for Chinks in the Armor of Bacterial Biofilms Monroe D PLoS 
Biology Vol. 5, No. 11, e307 doi:10.1371/journal.pbio.0050307 
http://biology.plosjournals.org/perlserv/?request=slideshow&type=figure&doi=10.1371/journal.pbi
o.0050307&id=89595, CC BY 2.5,https://commons.wikimedia.org/w/index.php?curid=3364284



Clinical relevance ?

• VHCs, spacers, face masks microbial contamination

• Aspergillus and Klebsiella can survive on VHC-body samples

• presence of drug can promote microbial growth in vitro

• hygiene and storage

• further research  contamination–infection link

• VHCs with anti-microbial properties in at-risk patients ?





Summary 

~1wt%       [silver ion]          4wt%  


