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Main mechanisms of antibiotic resistance in Gram-(-) bacteria

acquired: gene acquisition; mutations; change in expression
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Gene mutations in the CC274 P. aeruginosa clone

— Mutations commonly involved in resistance ....
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Gene mutations in the CC274 P. aeruginosa clone

- Uncommon mutations frequent in CF clones ....
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Main mechanisms of antibiotic resistance in Pseudomonas

acquired: gene acquisition; mutations; change in expression
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Main mechanisms of antibiotic resistance in Gram-(-) bacteria

RESISTANCE <

acquired: gene acquisition; mutations; change in expression

intrinsic: poor penetration < constitutive expression of efflux pumps
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Role of efflux in intrinsic/acquired resistance

Old Faithful Geyser, Yellowstone
=0 ! LORI

£55  o7/06/2018 ECSF 2018 - Belgrade




old faithful - http://www.archive.org/details/old_faithful




1 Antibiotic efflux pumps in P. aeruginosa

> Outer Membrane protein: Opr M —=J—-N-M

Membrane Fusion protein: MexA—C—-E - X

— Efflux transporter: MexB—D—F -Y

Table 1. RND major multidrug efflux systems of Pseudomonas aeruginosa and their substrates.!

m fusion m.mbnne upregulation
mm protein efflux protein
MexAB-OprM  mexR MexB MexA OprM nalB (affects mexR) and BL, FQ, CM, TC, NV, TP, SM,
nalC (lies outside mexR) ML, EB, AC, CV, SDS, AH,
n mOS’t HL,CL TL IR, TS
0\(5, MexCD-Opr)  nfxB MexD MexC Opr) nixB BL, FQ, CM, TC, NV, TP,
textho
W ML, CV
\.0 ce EB, AC, SDS, AH, CL, TS
reS\sta“ MexEF-OprN  mexT MexF MexE OprN nfxC FQ,CM, TP, AH, TS
\e\le | MexXY-OprM  mexZ MexY MexX OprM ParRS® FQ, AG, TC,ER
n instances where only one member of a class nbmicrot enits has beer ted or is known to be a substrate for a given efflux pump, that member is identif
T -c_]-il._‘l ‘3-11;'.
o7 _]-N~'. Mutat s in the response requiator ParR of the sensor kinase ParS of the tw mpanent regulatory system ParRS lead 1o MexXY overexpressior
A mescsb Ar B la N v yital
" rolide M
Ucpf«;é?‘g_ El Zowalaty et al, Future Microbiol. 2015; 10:1683-1706. LDR?
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Efflux and high level resistance to carbapenems ?

Meropenem, a broad spectrum antibiotic | _ resistant to most ESBLs:

OH susceptible to carbapenemases
Hsc/k = spectrum XXL
HC = often last resort
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Efflux and high level resistance to carbapenems ?

Elevated MICs to meropenem in CF isolates as in ICU isolates ....
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Efflux and high level resistance to carbapenems ?

Influence of a broad-efflux pump inhibitor

cT clinical

Active efflux + porin defect also confer high level resistance
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Efflux and high level resistance to carbapenems ?

Meropenem, a broad spectrum antibiotic

= resistant to most ESBLs;

OH susceptible to carbapenemases
Hsc/k = spectrum XXL
HC = often last resort
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Efflux and intrinsic resistance to temocillin ?

Temocillin, an ‘old-revived’ antibiotic = resistant to most ESBLs
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Role of MexAB-OprM in intrinsic
resistance of Pseudomonas aeruginosa
to temocillin and impact on the
susceptibility of strains isolated from
patients suffering from cystic fibrosis
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Efflux and acquired susceptibility to temocillin

Strain/genotype MIC
L
(me/L) Correlation between TMO MICs

PAO1 256 and efflux speed of a MexAB substrate
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Efflux and acquired susceptibility to temocillin

Reason for altered efflux?

A non negligible proportion of CF isolates have natural

mutations in efflux pumps restoring TMO activity

MIC vs. mutations NPN efflux vs. mutations
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Efflux and acquired susceptibility to temocillin

Isogenic isolates collected from patients in different countries

@ Patient ID, country and T™MO Protein length E ded MexA Encoded MexB

@ ; ncoded Mex ncoded Mex

5 date of collection MIC (AA)

7]

@ (mg/L) | MexA | MexB Side view Top view Side view Top view
AG3 JP, UK (May 2006) 8 arz 1046 Synonymous mutations
128 DAF69, Belgium (Oct. 2010) 1024 383 1046 Synonymous mutations
129-6 129, Germany (July 2012) 1024 383 1046 Synonymous mutations Synonymous mutations

Diversity of mutations in isogenic isolates ...

Chalhoub et al, Sci Reports 2017; 7:40208 LDR?
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Efflux and acquired susceptibility to temocillin

Isogenic isolates collected from different patients in a single country

Protein length

@ Patient ID, country and date TMO
o of collection Encoded MexA Encoded MexB
= MIC (AA)
o
» (mg/L) | MexA | MexB Side view Top view Side view Top view
135-1 135, Germany (July 2012) 8 383 719
208-3 208, Germany (Aug. 2012) 256 383 | 1045
Diversity of mutations in isogenic isolates ...
UCL;’»‘\E Chalhoub et al, Sci Reports 2017; 7:40208 )
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Efflux and intrinsic / acquired resistance to macrolides

Macrolides are widely used in CF patients, although inactive on P. aeruginosa
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Efflux and intrinsic / acquired resistance to macrolides

Macrolides are widely used in CF patients, although inactive on P. aeruginosa... BUT...

@ Fur Respir J 2017 RESPIRET%&LNIANI_FEAERSF&JE
Acquired resistance to macrolides In

Pseudomonas aeruginosa from cystic
fibrosis patients

Muhammad-Hariri Mustafa®?, Shaunak Khandekar', Michael M. Tunneya,
J. Stuart Elborn®, Barbara C. Kahl?*, Olivier Denis®, Patrick Plésiat®,
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Efflux and intrinsic / acquired resistance to macrolides

Macrolides inactive on Pa
due to active efflux
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Efflux and intrinsic / acquired resistance to macrolides

& RPMI-OprM(+) - MHB-OprM(+) Activity recovered in RPMI-1640
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azithromycin MIC

100+

N
(&)
1

50+

25+

cumulative percentage

..llllllllllllllllll“

*
st
EEEEEEEEENEEEEEESR

W A SRRl MHB RPMI-1640

MIC (mg/L) high MIC low MIC

Buyck et al. Clin Infect. Dis. 2012; 55:534-542 LDR?
07/06/2018 ECSF 2018 - Belgrade 21 et



Efflux and intrinsic / acquired resistance to macrolides

Clinical relevance ?
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Efflux and intrinsic / acquired resistance to macrolides

Clinical relevance ?
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Efflux and intrinsic / acquired resistance to macrolides

Why this difference between CF and HAP isolates ?
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Efflux and intrinsic / acquired resistance to macrolides

Ribosomal mutations ?

HAP B HAP; no mutations
® CF
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Efflux and intrinsic / acquired resistance to macrolides

Ribosomal mutations ? ® CF: no mutations

HAP B HAP; no mutations
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Efflux and intrinsic / acquired resistance to macrolides

L] L] ?
Ribosomal mutations e CF: no mutations
HAP B HAP; no mutations
® CF ® CF; mutations

100 100
g_’ )
(@)

S 754 S 751
c c
Qo ]
2 ~
) )
o o

) BOececccccccescccefocccccccsccacancne ) 50+
2 >
© ©
:Es E

E 25 £ 25
O O

4 n=333
O+ T T T T T T T T 0 T T T T T T

'v
N VX DO A0 A N VY % D0 A XD O A
7

MIC AZM (mg/L) MIC (mg/L)
Active efflux may have selected for ribosomal mutations in

patients exposed to macrolides ...

MIC measured in RPMI-1640 + 10 % serum
UCL /4 Mustafa et al. Eur. Respir. J. 2017; 49:1601847
— ORI

—— = fﬁ‘a
Université § i
catholique %47
delouvain

< 07/06/2018 ECSF 2018 - Belgrade




Efflux and intrinsic / acquired resistance to macrolides

Link with macrolide use ?

MIC distributions for UK-DE strains
40

AZM treatment
Hl YES (n=53)

o 301 NO (n=113)
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Efflux and intrinsic / acquired resistance to macrolides

Link with macrolide use ?

MIC distributions for UK-DE strains UK & DE strains LES clone
40
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AZM treatment associated with resistance
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Conclusions

e Resistance in CF pathogens may proceed from other mechanisms
than in isolates from other origins:
other clones, other evolution ....

e Efflux can play a preponderant role in acquired/intrinsic resistance to
antibiotics and help to select for other resistance mechanisms
(target mutations)

e Mutations in efflux systems may also confer “acquired susceptibility

III

e Resistance in CF is complex
e Adaptability plays a key role !

New ways of thinking are needed... lf,i
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