Carbapenemases: pessimisme ET optimisme
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Emergence of carbapenemases
In Enterobacteriaceae
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The bla,,--borne transposon
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Emergence of Oxacillinase-Mediated Resistance to Imipenem in
Klebsiella pneumoniae
Laurent Poirel,' Claire Héritier,! Venus Toliin,?> and Patrice Nordmann'*




High frequency transfer of the OXA-48 gene

K. pneumoniae

Derepressed Transfer Properties Leading to the Efficient Spread of the
Plasmid Encoding Carbapenemase OXA-48

? Laurent Poirel,*® Patrice Nordmann®”
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.\ Distribution CPE per type of carbapenemase in France 2015

CND

RESISTANCE AUX
ANTIBIOTIQUES

Bicétre Hospital

Carbapenemases n
OXA-48 like 983
KPC 31
NDM 185
VIM 50
IMP 3
IMI 6
OXA-48-like + NDM 14
OXA-48-like + VIM 0
NDM + VIM 0
total 1272
OXA-48-like + NDM KPC
1,1% 2,3%
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.-\ Evolution of CPE isolates confirmed at the NationaReference Centre,
Belgium, January 2007 - June 2015 (n=1502)
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Courtesy Y.6Glupczynski and S.Malhotra



Travel-related CPE cases:
1/1/2012 — 30/6/2014 (n= 85 patients)

W OXA-48

m KPC
NDM

M Several

Countries Cases |OXA-48|KPC|VIM|NDM |Several Africa
(n=40 cases)

African Continent 35

Morocco 20

Egypt
Tunisia
Senegal

Libya and Tunisia

Guinea

6
7
1
Algeria 2
1
1
2

African country (n.s.) Asia © OXA-48

19
3
7
1
2
1
2
Asiancontinent | 20 | 12 | 1| |6 | 1 (n=20 cases) mkec
Indi 1
ndia m Several

Pakistan
Thailand
Vietnam

R R B N WU

Iran
Turkey (Eurasia) 10

9 |1
22 | 5 Jw0/3] 3] 1

Greece 12 3 6 1 2

Europe " OXA-48

(n=22 cases) m KPC
VIM

Italy
Romania

France
Serbie
Spain
Albania

nn----

TOTAL

P R R =R NN

13
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k CPE received at the
Spanish reference laboratory

600

500 -
400 -
o 2009
200 02010
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Oteo et al., 2015
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CPE In Italy, 2011

W OXA-48
" VIM-1

WKPC

K.pneumoniae

Enterobacter spp.

E.coli

Giani et al, 2013



Italy

BVGIN=)
1
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B AKAO Plazo Model, reforecast 2014-04
M ECDC, 201412

B TEST, 2013

[l TEST, 2014-10 {hospital seftings only)
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Carbapenemresistant K. pneumoniae

2009

Percentage resistance
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B 1to < 5%
I 5to < 10%
Hm 10 to < 25%

. 25 to < 50%
- = 50%

mm No datareported orless than 10 isolates
[ Notincluded

mm Liechtenstein
I Luxembourg
= Malta

Percentage resistance
- < 1%

B 1to < 5%
[ Sto < 10%
B 10to < 25%

mm 25to < 50%
- = 50%

. No datareported orless than 10 isolates
[ Notincluded

mm Liechtenstein
= Luxembourg e
== Malta




‘swauadequed 0] due)sISat

Jeuonippe yiim gay juelsisal-bnipninw
Yyim pajoajul sjuaniied 1oj 13| aJe
suondo maj Asap ‘sdnousb dnoignue Jayyo
0] 2oue)SISaL |euonyippe pey sajdwes
juelsisal-wauadeqed ay) Jo Ajuolew
1SeA 9] "SJedA Jnoj I1Se| 3yl J2A0
Apueoyiubis paseasnul sey |9A9) v33/N3
2y) je swauadeqsed 0] IDUrR)SISAI

‘GT0Z Ul S21I3UNO0D }SOW J0J S|DA3)

Mmo| Je paulewsalt (umoys) sabejuadiad
2oue)sisal wauadeqled ybnoyyy
"uowwod si sdnoub cnpoigrue ajdynw
03 22ue)siSal pauiquwo) “adoin3 ul
2ouepodw) Buiseasoul JO UIBDUO0D Yljeay
J1qnd e S1 gajy ul @Jue)SISaI JN0IgRUY

'S)ea4qino |ejdsoy Jo asned juanbayy

e s| pue sbuiyas aseoyyeay ul syuaned
uaamiaq Ajpides peasds ued 3 "SUOIRJUI
weaJtspoo|q pue e Alojenidsal

‘JoeJ4) AJBULIN JO BSNED UOWWOD B S| ‘qa)
paj|ed sawnawos ‘aewownaud ejaIsqay

adoing wiayinog

adomng
wIdjses

adoing wayuoN

sonoiquue wauadeqaed 03
ADUR]SISAI YIIM SIIR[OST DAISBAUL JO 3FeIUdID]

aviuownaud v]]a15qQary

adoung
w1)sap




Carbapenemase-producing Enterobacteriaceae in
Europe: assessment by national experts from 38

countries, May 2015 Eurosurveillance

Epldemliological stages, 2014-2015

Countries not participating

Bl Mo case reported (Stage o)
Sporadic occurence (Stage 1)
Single hosplital outbreak (Stage 2a)
Sporadic hospital outbreaks (Stage 2b)

Bl Reglonal spread (Stage 3)

Bl Inter-regional spread (Stage 4)

Bl Endemic sltuatlon (Stage g)




Emergence of carbapenemases
In Enterobacteriacegae2017, Europe
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% KPCs In the USA

[ KPC enryme
This map was last updated on February 2015



—N NDMs in the USA
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—N OXA-48s in the USA
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K. pneumoniae producing KPCs Iin South

America
b

Cuba
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wa
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Brasil
KPC-2
GES-5, BKC-1
Argentina
KPC-2 Courtesy A.Galas and S.Vega

http://www.paho.org/hg/index.php?option=com_docman&task=doc_view&gid=24471



MBLS In
South America

NDM

Maya JJ, Ruiz SJ, Blanco VM, Gotuzzo E, Guzman-Blanco M, Labarca J, et al.
Current status of carbapenemases in Latin America.
Expert Rev Anti Infect Ther. 2013;11(7):657-67.



OXAS In
South America

OXA-48 - E. cloacae

‘ OXA-163 - K pneumoniae
@) OXA-24T7 - K pneumoniae

‘ OXA-370 - K. pneumoniae

Maya JJ, Ruiz SJ, Blanco VM, Gotuzzo E, Guzman-Blanco M, Labarca J, et al.
Current status of carbapenemases in Latin America.
Expert Rev Anti Infect Ther. 2013;11(7):657-67.

BN

Céurfesy M. V. Villegas and A.é&alas



INDIA

Kasturba Hospital, Manipal, Karnataka,

June 2015 —December 2015

Isolates (N=160)

140 | [VALUE] N=160
(78%)
120 [VALUE]
(61%)
100
84 (53%)
80
60
40
[VALUE]

2 (9%) [VALUE]

(4 5%)
0

MP NDM+
¥ K.pneumoniae " E.coli KPC

“ Enterobacter spp

Courtesy S.Malhotra



Antibiotic resistance ofEscherichia coli in India
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Center for Diseases Dynamics, Economics & Policy (cddep.org)



Antibiotic resistance ofKlebsiella
pneumoniae in India

% Resistant (invasive isolates)
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India, the reasons of the successh

Antibiotics: misuse and
overuse,
over-the-counter sale

Spread of NDM-1 producers
in E. coli, K. pneumoniae..

..and then higher mortality rate and length of hospitalization, overuse of

broad-spectrum of antibiotics...




Compartmentalization of sectors is not valid anymoe
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Carbapenem consumption in India

20 4

o
|

74

Standard Units (Millions)
o
|

L%
|

37

Meropenem

31

24 23 2.5 2.5 Imipenem
0.3 0.4 0.5 05 0.4 Doripenem/
0 ——0— @ 0— @ Ertapenem
2000 © 20m ' 2012 ' 208 ' 2014
Year

Oral
?

carbapenem !

Gandra S et al. Clin Infect Dis. 2016;62:1050-2.
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KPC producers- Enterobacteriaceae, 2017

: [ ] Unknown distribution of KPC producers
Key points: ] Sporadic spread of KPC producers
-High level resistance to carbapenems Outbreaks due to KPC producers

-Still mostly in K. pneumoniae, rarely in E. col ] Endemicity of KPC producers

- Several South American countries
Italy and Greece are now endemic countries



OXA-48-like producers-Enterobacteriaceae, 2017

T e
g ‘@
Ke Unknown distribution of OXA-48-like produceﬁ'
y : Sporadic spread of OXA-48-like producers
Variable resistance levels to carbapenems .
: ) ) : Outbreaks due to OXA-48-like producers
Main known reservoirs; North Africa, Middle . :
: Endemicity of OXA-48-like producers
East, Turkey and India

Community aquisition and easy transfer (++)
K. pneumoniae, E.cloacae, E.coli (++) Nordmann & Poirel, 2014 Clin Microb Infect,



NDM producers- Enterobacteriaceae, 2017

: Unknown distribution of NDM producers
Key points: Sporadic spread of NDM producers

- Variable resistance levels to carbapens Outbreaks due to NDM producers

-K. pneumoniae, E. coli, E.cloacae... Endemicity of NDM producers

-Secondary reservoirs; Balkans
and the Middle East



Three Iirreversible resistance waves towards
pandrug resistance inEnterobacteriaceae

1960's-70's

Penicillinases 60-70%

SR 10-50°
1990's-20008\, ~oo- 10-80%

Carbapenemases

2010.... 0.01-30 ?%




CDC-USA, 2015
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IJI’:GHIT e 9 e e CRE HAVE BECOME RESISTANT TO AL
_ | OR NEARLY ALL AVAILABLE ANTIBIOTICS




Carbapenemase producers are spreading now In
the community; NDM and OXA-48-like producers




Plasticity of the carbapenemase genes; from the
environment to colonized, infected and hospitalized
patients

E. coli (OXA-48-like, NDM K. pneumonia@XA-48-like, NDM )
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I\/Ioblle genes )

Successful Clones
Travellers




842 millions airplane tickets -2013

Globalization




Future spread of carbapenemase iEknterobacteriaceae

OXA-48-like

2017
OXA-48: E. coli++, community-acquired, highly transferable plasmid
NDM: Enterobacteriacegaecommunity- and hospital-acquired
KPC; K. pneumoniaghospital-acquired



Our future ?

Multidrug-
resistant
bacteria




Multidrug-
resistant
bacteria

AND
novel
powerful

Our future ?




Ceftazidime- Ceftolozane -tazobactam
avibactam

Forces

Faiblesses

Courtesy, JP Bedos

Activité sur :
e BLSE +++

e AmpC
(hyperproduction des EB)

e Carbapénemases
(KPC, OXA 48)

» P. aeruginosa cefta R
et imipéneme R

Pas d’activité sur :
» Anaérobies

» Metallo-
carbapénemases

» Oxacillinases
d’Acinetobacter

e CG+??7?7=0

Activité sur :
 BLSE (E.coli +++, Kp *) ...

» P. aeruginosa - R cefta et
imipéneme
Pas d’activite sur :

 La plupart de anaérobies
(B. fragilis+)

» Entérocoques
» Staphylocoques
e Carbapénemases

« AmpC hyperproduction des
EB

e Oxacillinases
d’Acinetobacter



Novel B-lactams/inhibitor

ESBL | Amp Carbapenemases Pseudomo
C nas spp

KPC Oxa-48 IMIBL

Ceftaroline/avibac ++ ++ + - - - -
tam

Aztréonam/avibac  ++ 4+ ++ + ++ + - 2
tam

Imip/relebactam ++ 4+  ++ - - + _ 3
(MK 7655)

Mero/vaborbacta ++ 4+  ++ - - +/- - 3
m

(RPX 7009)

Cefépime/zidebact ++ +4+ 4+ ++ ++ ++ _ p)
am (WCK 5222)

Céfidérocol (S ++  ++ ++ ++ ++ ++ + 3
649266)

(sidérophore
cephalosporin AB)

Courtesy, JP Bedos ... and others such as plazomicin



WHQ's 'priority pathogens' list
highlights urgent need for new drugs
Feb 27, 2017

Priority 1: Critical

» Enterobacteriaceae, carbapenem-resistant, ESBL
producers

*Acinetobacter baumannicarbapenem-resistant.
*Pseudomonas aerugingsarbapenem-resistant.

Priority 2: High

« Enterococcus faeciumwvancomycin-resistant.

» Staphylococcus aureusiethicillin-resistant,
vancomycin-intermediate and resistant.

» Helicobacter pylorj clarithromycin-resistant.

« Campylobacter spp., fluoroquinolone-resistant.
« Salmonellafluoroquinolone-resistant.

* Neisseria gonorrhoea&ephalosporin-resistant,
fluoroquinolone-resistant.

Priority 3: Medium

* Streptococcus pneumonijgeenicillin-non-
susceptible.

« Haemophilus influenza@ampicillin-resistant.
 Shigellaspp., fluoroquinolone-resistant.



