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Bad Bugs: The Urgent Need For Drugs

'!:"j'_fﬁ___.f Centers for Disease Confrol and Prevention Multi-drug Resistant Pathogens
i@ CDC 24/7: Saving Lives, Protecting People™

Enterococcus faecium
NN . GARBAPENEM-RESISTANT Staphylococcus aureus
™ ENTEROBAGTERIAGEAE
k A0\ SE LNIIE S Y B  Acinetobacter baumannii
0 SN 557,900 88 1,40055 Pseudomonas aeruginosa

..’-_- \ .l| e -
20 W CRE HAVE BECOME RESISTANT T0 ALL
ol RN

LT ICRAAN N Enterobacter species

-
[ THREAT LEVEL e
URGENT
This bacteria mediate pu
th J it and aggr

bkt

» Klebsiella pneumoniae is among the top 3 critical pathogens (WHO)
High mortality rates reported ranging from 26% to 44%

Bush K et al. Curr Opin Microbiol. 2010 Oct;13(5):558-64.
Falgas M et al. Energ Infect Dise. 2014 Jul;20(7):1170-1175 2

https://www.cdc.gov/drugresistance/biggest_threats.html



Need for Optimized Antibiotic Dosing Strategies
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» Current empiric approach to selecting and dosing antibiotics increasingly ineffective

« Combination therapy would be beneficial for the treatment of infections due to ‘superbugs’,
however empiric use of combinations also leads to resistance.

- Need better approaches to optimise treatment regimens based on bacterial and host
characteristics
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Ventola CL. P T. 2015 Apr;40(4):277-83.

Agyeman AA, Bergen PJ, Rao GG, Nation RL, Landersdorfer CB.(Under review Antimicrob Agents Chemother. Feb 2019)



Study Design

 Antibiotics:
* Polymyxin B (PMB)
* Chloramphenicol (CHL)

 NDM-1 producing Klebsiella
pneumoniae clinical isolate
+ MIC PMB: 0.5 mg/L
« MIC CHL: 16 mg/L

* Objective: Develop a mechanism

based model describing the impact of

PMB and CHL on the bacterial
dynamics of NDM-1 Klebsiella

pneumoniae informed by multi-omics

network analysis.

Yu, Z. Biomed Res Int. 2015 Jan.
Poirel, L. Clin Microbiol Rev. 2017 Apr. 30(2):557-596
Brunton, L.L. Pharmacological Basis of Therapeutics. 2016: Chap. 55
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Methods

» Static Time-kill Study LC-MS In vitro Time-Kill Model
* Initial bacteria |nocuIunainaﬂ-';‘fs‘l-;()6 CoTony'EB?Ming Units (CFU)/mL _
o Duration: 24 h 7=
« Bacterial Qlﬂ‘?ntiblqatlon 0,05,1,2,4,6,and 24 h
etabolites
. MO”Othefapy%ample Significant
* Polymypir@ira8ién 1, and 2 mg/L metabolites

mphenicol: 4, 8, and 16 mg/L Y Pathways with

Genome 3 S
. Omblnatl n: Multi- associations
n vitro scale

pR/pBolympxin B (1 and 2 mg/L) with Chloramphenicol (4, §, and R md/L) omics _ between DEGs
network and significant

analysis mef78ak8°One Cofnpartment
(VANTEMfection Nlodel

mndgfolym xin B (0.5 mg/L) with Chloramphenicol (16 mg/Ljetwork

Compartment Infection Model; (©MN)
- Initial bacteria joculum of 108 CFU/mL Differentially

* Duration? 24 raction expressed

* Omics Quantification: 0, 0.25, 1, 4, and fﬁ"ﬁs {RECS)

» Polymyxin B: 1 mg/L as continuous infusion
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« LC-MS was emp Ioged for metabolomics All omics analysis were performed in the laboratory of Dr. Jian Li,
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Metabolites with 22-fold changes in
levels (P<0.05) were deemed

significant metabolites.
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Genes with log2 fold change in expression>1.0
and false discovery rate(FDR) of <0.05 were 6
considered DEGs.
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Re S u I tS Logur rr Log,, mutation frequency of -16.4
population resistant to both

PMB and CHL

Logur rs Log,, mutation frequency of -4.67 252
FmB Dose: 0 FmB Dose: 0.5 FuB Dose: 1 FPmB Dose: 2 - population resistant to CHL only

Logur sr Log,, mutation frequency of -4.16 2.87
population resistant to PMB
only

CHL Dase: 0

KCso.pmB.s PMB concentration resulting in 0.826 35.5
50% of Kyax pvs in the
susceptible population

KCso pmeR PMB concentration resulting in 339 57.0
50% of Kyax pug in the resistant
population

CHL Diose: 4

KCs pmB,R cOMBO PMB concentration resulting in 329 27.9
50% of Kyax pug in the resistant
population with PMB in
combination with CHL

ZHL Dose: 8

KCso.chLs CHL concentration resulting in 2.27 34.1
50% of Kyax cr in the
susceptible population
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KCso.cHLR CHL concentration causing 445 153
50% of Kyax cru in the resistant
population
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I ) IS S AR SN, SN AU ) . SN A Kuvax pvs Maximum Kkilling rate constant 94.6 19.0
0 4 812162024 0 4 812162024 0 4 812162024 0 4 8 121620 24 of PMB

Time (hours) . Strain: SO1 Kax cHL Maximum killing rate constant 6.34 9.27

of CHL

« CHL MIC: 16 mg/L
*Unpublished Data Hanafin, Rahim, Jian, Rao, 2019 « PMB MIC: 0.5 mg/L 8



Conclusion and Future Directions
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