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AMR and Respiratory Tract Infections
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Pseudomonas aeruginosa (P. aeruginosa) causes many types of healthcare-associated infections, including
pneumonia, bloodstream infections, urinary tract infections, and surgical site infections.
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Acinetobacter bacteria can survive a long time on surfaces. Nearly all carbapenem-resistant Acinetobacter
infections happen in patients who recently received care in a healthcare facility.

Centers for Disease Control and Prevention, 2019 Antibiotic Resistance Threats in the United
States
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Inhalation

— ﬂ- ==Y

Example #1: Nebulised gentamicin N T
Pharmacokinetics of intravenous and nebulized v
gentamicin in critically ill patients @ \

% _ Drug Aerosol

Journal of Antimicrobial Chemotherapy, Volume 73, Issue 10, October 2018, Pages : Rabcaiton i
2830-2837, https://doi.org/10.1093/jac/dky239
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Inhaled therapy for respiratory infections

Example #2: Tobramycin in cystic fibrosis (&%2/d

patients with P. aeruginosa infection
Maselli et al., 2017 Int J Mol Sci 18(5):1062
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IV therapy
« Poor penetration into the sputum (“}2ff), @& +=&2| <12%

« P.aeruginosaE F0|7| YiME =2 52 2EX 2R (25 xMIC)
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Inhaled therapy

« Tobramycin inhalation solution (Tobi, Novartis)

« Tobramycin inhalation powder (Tobi Podhaler, Novartis)
* Improved health outcomes in CF patients
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Bacteriophage (phage)

- Virus of bacteria (bacteria eaters)

- The most abundant organism (103! virus particles on Earth)

- Commonly isolated from ot S&, &, EY, A X etc

- First discovered by Felix d’'Herelle and Frederik Twort in early 1900s

www.europeanpharmaceuticalreview.com/article/165703/w
hat-to-consider-when-formulating-bacteriophages/

Capsid/head containing genetic material

Neck
Tail/sheath/body Collar

Tail fibers

Pins/teeth Base plate

Doss et al.. 2017 Viruses 9:50 Dion et al., 2020 Nat Rev Microbiol 18:125-138



Lytic and lysogenic life cycles

Lytic phage
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Eliava phage therapy centre in Georgia



Famous Tom Patterson case (UCSD)

« 69AM| UCSD W=, & 74 d (MDR A. baumannii) (December 3
2015)
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HLI usmg phage cocktail (March 15 2016)
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Engineered bacteriophages for treatment of a patient
with a disseminated drug-resistant Mycobacterium
abscessus nNature Medicine 25, 730-733 (2019) |
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« Three-phage cocktail 2 natural phages + 1 genetically engineered phage
(screened >10,000 phages in the library)

« |V 10° PFU every 12h for 32 weeks
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Inhaled phage therapy (Clinical case)
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microbial
biotechnology

Microbial Biotechnology (2011) 4(5), 643-850 doi:10.1111/.1

Evaluation of lytic activity of staphylococcal
bacteriophage Sb-1 against freshly isolated
clinical pathogens

e A YEM MO= X}
« P. aeruginosa (8x10° CFU/mL in sputum) and S. aureus (1x107
CFU/mL) & &
« Broad spectrum 244 A X| & A I}
* Pyophage treatment by nebuliser (9 times, 4-6 week interval)
- P aerugmosa S 24 (<104 CFU/mL), SHX| Bt S, aureus ==
= (10% CFU/mL)
. Pyophageoﬂ phage Sb-1E M 7}5t1 nebuliser2 £ (5 times)
e 103-10°CFU/mL for S. aureus and 10-100 CFU/mL for P. aeruginosa

The University of Sydney
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THE LANCET
Infectious Diseases

Possible reasons

o Multi-species infection

S Phages formulation 2| =2t (actual dose given: 102 PFU/mL)
o ZElHZ|e] ZX (mX|7t BB &0 ZElES

The University of Sydney



Formulation & Delivery for Inhaled Phage Therapy

Liquid vs powder formulations

Liquid
Formulation

* Relatively easy to formulate
o HEE 2 &= (cold chain, $3)

Delivery
* Bulky

« MIIERE

« Can be expensive

« Transmission of aerosol-borne
Infectious agents
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Powder

Formulation development
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Small, portable, hand-held device
No need for electricity for
operation

Cheap

_ HandiHaler*




Titer Reduction [log,,(pfu/mL)]

Inhaled Phage Therapy (8¢ O}X] Q%)

» Aerogen solo vibrating mesh nebuliser 5 @
« Pari LC Sprint air-jet nebuliser % I
« Respimat soft mist inhaler <
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Anti-Tuberculosis Bacteriophage D29 Delivery with a
Vibrating Mesh Nebulizer, Jet Nebulizer, and Soft Mist
Inhaler

Nicholas B. Carrigy, Rachel Y. Chang, Sharon 5. Y. Leung, Melissa Harrison, Zaritza Petrova, Welkin H.

Pope, Graham F. Hatfull, Warwick J. Britton, Hak-Kim Chan, Dominic Sauvageau, Warren H. Finlay &
Reinhard Vehring

Pharmaceutical Research 34, 2084-2096 (2017) | Cite this article
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Vibrating Mesh Nebulizer  Jet Nebulizer Soft Mist Inhaler




Chang et al. 2018 Eur J Pharm Biopharm 121:1-13
Inhalable phage powders

« AM|=: Pseudomonas aeruginosa
« IL}X|: PEV1, PEV20 and PEV61 (90 AU clinical MDR P. aeruginosa
isolates B0 >70%E L = US

Characterisations
1. In vitro biological activity

)| =2), AL gEl, 28K, 29
vitro phage release
3. 2 2 Stability over time

« Biological (M E&™) & Physicochemical (& 2|2}8 %) stabilities: X &6t
23X 2] A, biologics-friendly spray drying conditions
* Inhalable 5t stable ¢t TtA| T2 E & Bt 22 JEHOA 4EH+ Q- &



Chang et al. 2018 Antimicrob Agents Chemother 62(2):e01714-17
In vivo efficacy (MX| L 25

2SS
- M EZN HRS eXtel Mo AR CHELEA P
aeruginosa strain

- & B Lung infection model in neutropenic mice
- LpX| It E: PEV20 with lactose and leucine

Day -4 Dav -1 Day 1, Day 1, Day 1, Day 2,
S 2L = Al P in'e?:/tion of T=-2h T=0h (T=4h) (T= 24 h)
IP injection of ) IT instillation IT delivery of Sample Sample
CP : )
CP (100 mgkg) of Pa phage powder collection and collection and
(150 mg/kg) 9’kg

[]:r (~10° CFU) []:r (MOI:100) []:r

analysis []:l> analysis

The University of Sydney

Intratracheal route
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PennCentury™ 2017



Bacterial load (log10 CFU/lung)
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Chang et al. 2018 Antimicrob Agents Chemother 62(2):e01714-17

In vivo efficacy
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Chow and Chang et al. 2021 Antimicrob Agents Chemother 65:e01470-20

In vivo time-kill of inhaled phage therapy

Bacteria load (CFU/lung)

Female BALB/c mice

Intra-tracheal (7| 2L} B =) administration of P. aeruginosa (2 x 10°
CFU)

Intra-tracheal delivery of PEV31 (10° PFU) or PBS at 2h post-infection
Lung collection, viricide treatment and then colony counting
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Chang et al. 2022 Clin Microb Infect (ahead of print)

The effects of different doses

o YMX O H|SH OtA! mtX| H|2tm|0f CHol RPE=AS WS
« %0 S}L}= dose response effect

» Intra-tracheal administration of P. aeruginosa (2 x 10* CFU)
* Intra-tracheal PEV31 or PBS treatment at 2h post-infection
o Group A: 7x104PFU
o Group B: 5x10° PFU
o Group C:5x108 PFU
+ IR T A QoA 2t B ME 4
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The University of Sydney
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Bacterial load in lung
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A o] = S cytokine X

(A) IL-18 in BALF (B) IL-6 in BALF
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Overcoming phage resistance

1. Phage cocktail (a mixture of two or more phages)

Broaden host range

THX| L4 SI#0|o| =

EXO 2 ot miX|S
OpX| LHA o &4 A AH
therapy)
2. Innate immune system (immunophage synergy)
HY AL ThX| o] A|HX| 2aF (ThX| L BrE| 2| OF X[ )
3. Phage antibiotic combination (phage antibody synergy)
gt 24 Aot
mrX| Sl A W8 S0 = 4aa
Imposition of two (or more) selective pressures on bacteria

a4 (2| 2| 0t2e| CFE receptors

-

o
8)
=

It X| 2 cocktail Bt (personalised

H 2=

The University of Sydney



Lin et al. 2019 Eur J Pharm Biopharm 142:543-552

Phage-ciprofloxacin combination i

] -cé-)l- E §J__I|- %I- §|- ' + ﬁbiotic i i;

- IOpX| 3 2l LY — Sy
SHBO|e =3 &a

Ho] s M2 sk
Neutropenic mouse model intra- —
tracheally infected with P.
aeruginosa (10% CFU)
Treatment
- Ciprofloxacin only (0.33 mg)
- PEV20 powder (10° PFU)
- Combination of the two
- No treatment

*
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Lungs harvested at 24 h for & &£ o
bacterial colony counting 3

The University of Sydney



=20l OFgt Challenges

Doss et al., 2017

Putting together a team of experts Viruses 9:50

Multidisciplinary team C}SHA| Bl O] 5149 £[OF&: infectious disease

specialist, microbiologists, phage biologists, phage formulation scientists,

and pharmacologists
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4, ANEL OX|F 2tXp7t & H*" A DX | BFZE AL (synergy is
good, but antagonism is bad)

5. M=Z2& Sdll XI2& MY
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Challenges (compassionate use)

Doss et al., 2017
Viruses 9:50

Regulatory hurdles
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The University of Sydney
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