1"

BIOMEDICAL
CENTER

Multirezistentnich gramnegativni tycCky:
zaklady epidemiologie antibioticke rezistence

Jaroslav Hrabak

Q’ )} i ; &7F% CHARLES
12 o www.biomedic-plzen.cz [@ UNIVERSITY
INVESTING IN YOUR FUTURE Development for Innovation ‘ IN PRAGUE




® . :
‘. CENTER www.biomedic-plzen.cz

19.4.2016

Obsah prezentace

Jaké multirezistentni gramnegativni tycky nas (nase pacienty)
ohrozuji

Zaklady epidemiologie antibiotické rezistence
Rizikové faktory Sifeni rezistence

Situace ve svété a Ceské republice

Zaver

T
"5 FACULTY OF MEDICINE IN PILSEN
% L5 CHARLES UNIVERSITY IN PRAGUE

BIOMEDICAL



R ———I———————————————
19.4.2016

Jaké multirezistentni
gramnegativni tycky nas ohrozuji?
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Co je to multirezistence

e Multirezistence (MDR):
* Necitlivost alespon k jedné latce ve trech rlznych skupin
antibiotik.

* Extenzivni rezistence (XDR):
* Necitlivost alespon k jedné latce u témér vsech skupin antibiotik
(antibiotika z pouze jedné maximalné dvou

skupin zGstavaiji v citlivé kategorii).

* Panrezistence (PDR):
* Necitlivost ke vSem skupinam antibiotik.

MNot MDR.

FIG. |. Diagram showing the relationship of MDR, XDR and PDR
to each other.

. . . . . Pandrug Resistance (PDR), i i i i i i
Multidrug-resistant, extensively drug-resistant and pandrug-resistant Extensi?:e Dru Resis(tanc:; medical terms, to denote the inclusion of | Table 1. List of common biomedical
. . . . . g ¥ all parts or aspects of an entity (table 1) | terms in which the prefix “pan” is used to
bacteria: an international expert proposal for interim standard (XDR), and Multidrug R « . signify involvement of all constituents.
Resistance (MDR) among [6]. In this respect, the term “panresist- gnify
definitions for acquired resistance . e  op ; »
q Gram-Negative Bacilli: ance” or “pandrug resistance” (PDR) can- neyton
Need for International not be interpreted in a sense other than | [ o
A.-P. Magiorakos', A. Srinivasan®, R. B. Carey”, Y. Carmeli’, M. E. Falagas**, C. G. Giske®, S. Harbarth’, J. F. Hindler®, G. Hﬂl‘m_OI'lllatlﬂl'l in signifying resistance to all antibiotics [4, | p,nancephalitis
Kahlmeter?, B. Olsson-Liljequist'®, D. L. Paterson'’, L. B. Rice'?, J. Stelling'?, M. J. Struelens', A. Vatopoulos'?, J. T. Weber? Termlnﬂlogy 7,8]. o
and D. L. Monnet! > Panhypopituitarism
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Jak vznika rezistence na antibiotika

e Adaptivni rezistence:
* Obvykle mutace v cilovych mistech antibiotik, zmény ve strukture
bunécné stény atp.

* Nedochazi k vyraznym zménam ve velikosti bakterialniho genomu

e Ziskana rezistence:
e Akvizice mobilnich genetickych elementl kddujicich determinanty
rezistence (nejcastéji plazmidy)

e V pripadé nékterych plazmidl a bakteridlnich druhl (napf. z celedi
Enterobacteriaceae) lze horizontalni prenos genetické informace
pozorovat v realném case.
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Mechanizmy vzniku a Sireni rezistence na
antibiotika

Vznik antibiotické

rezistence Selekce

' Sije Sodkromi.. iRovy Hustoch 3 iehdtiu? Hord i BTG RoSvede B R Ale no to to?!7?
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Evoluce antibiotické rezistence

As new antibiotics come on the market (upward arrows), Imipenem ACCELERATING
resistance develops (downward arrows), but the drugs introduced RESISTANCE
continue to be used. The growing collection of antibiotics A
over time is offset by the increasing resistance. Gentamicin v
introduced Enterobacteriaceae
A Introduced W Resistance resistance
Erythromycin Enterococcus
introduced resistance
— Levofloxacin
v introduced
Staphylococcus A
- resistance !
enicillin .
' Ceftaroline
introduced Ceftazidime Pngutmococcus introduced
A introduced B ERED A
A 1
Staphylococcus Pneumonia -' )/
resistance resistance | Staphylococcus
Enterobacteriaceae resistance
‘ resistance Linezolid
Tetracycline introduced
introduced A
'y m—
— Vancomycin hd
Shigella introduced Stapftlylococc us
resistance _A ESISTEREE
v
Enterococcus
resistance
Methicillin
introduced
Staphylococcus
resistance
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Klinicky vyznamna antibioticka rezistence

 MRSA — methicillin-rezistentni Staphylococcus aureus
* GRSA — Staphylococcus aureus rezistentni ke glykopeptidiim

* VRE - vankomycin-rezistentni Enterococcus spp.

« MDR/XDR/PDR gramnegativni bakterie (Enterobacteriaceae, Pseudomonas
spp., Acinetobacter spp.)
* Produkce B-laktamaz

* MDR Mycobacterium tuberculosis
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Zaklady epidemiologie ATB rezistence
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Schéma Sireni antibiotické rezistence

Bakterialni druh s inherentne Gen
pritomnym genem rezistence

rezistence

Mobilizace genu rezistence I(onjugativni
tra NSpPoZon

Sifeni rezistentnich
bakterialnich kmend,

dalsi mutace v genech
rezistence

Bakterialni Bakterialni Bakterialni
druh A druh B druh C
] ]

Epidemicky

’ W

uspésny klon
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Genetické aspekty sireni rezistence

« Siteni epidemicky Uuspé&gnych klon(

Horizontalni prenos genetické informace
« Siteni mobilnich genetickych elementd (plazmidy,

transpozony aj.)

* Genetické elementy sdruzujici geny rezistence

)
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Plazmidy, transpozony, integrony
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Joumnal of Antimicrobial Chemotherapy (2007) 60, 258 -262
doiz10.1093/jac/dkm 171
Advance Access publication 31 May 2007

Characterization of the IncA/C plasmid pCC416 encoding
VIM-4 and CMY-4 $-lactamases

Céline Colinon', Vivi Miriagou?*, Alessandra Carattoli®, Francesco Luzzaro*
and Gian Maria Rossolini'
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Sifeni antibiotické rezistence
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Rezervoary antibioticka rezistence

e Zdravotnicka zarizeni

* Komunita
* Farmy
* Potraviny

e Domaci
mazlicci

* Divoce zijici

zZvirata

* Prostredi
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Lettersin
Applied Microbiology

Letters in Applied Micrabiology 1SS 0266-8254

ORIGINAL ARTICLE

Extended-spectrum beta-lactamase-producing Escherichia
coli in turkey meat production farms in the Czech Republic:
National survey reveals widespread isolates with blasyy.12
genes on IncFll plasmids

M. Dolejska™2, M. Matulova®, L. Kohoutova®, |. Literak'?, ). Bardon® and A. Cizek®

RESEARCH ARTICLE

Extended spectrum beta-lactamase and fluoroquinolone
resistance genes and plasmids among Escherichia coli isolates
from zoo animals, Czech Republic

Hana Dobiasova’?, Monika Dolejska"z, Ivana Jamborova', Eva Brhelova', Lucie Blazkova',
Ivo Papousek’, Marketa Kozlova', Jiri Klimes', Alois Cizek®* & Ivan Literak'-?

Dissemination of NDM-1 positive bacteria in the New Delhi @
environment and its implications for human health: an

environmental point prevalence study

Timothy RWalsh, Janis Weeks, David M Livermore, Mark A Toleman

www.biomedic-plzen.cz

ew Delhi centre and surrounding areas
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Faktory zodpovedné za Sireni antibiotické
rezistence

USE OF ANTIBIOTICS VARIES DRAMATICALLY

Antibiotic prescribing practices in the European Union and European
Economic Area vary widely, highlighting the need for standardized
prescribing practices to reduce the spread of resistant bacteria.
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Consumption (defined as daily doses per 1,000 inhabitants)
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 “Tragedy of the commons”

What Skall Wo Masimize?

Pupulation, a3 Maldhus sai, satirslly
e 1o g “pcmetrcall,” o, 45 W

The Tragedy of the Commons

“The population problem hus 1o technical solution;
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Nosicstvi CPE u navrativSich se turistu

Follow-up
Month1 Month 2 Month 3

Beta-lactamases Co-resistances Return

Strain

Traveller ID Species

C4-049Ec1 Escherichia coli CTX-M group 1 TE
C4-049Ec2 Escherichia coli CTX-M group 1 FQ, SXT, TE

1 (C4-049) C4-049EC3 Escherichia coli CTX-M group 1 FQ, TE
Cy4-049Ecy Escherichia coli | 0XA-181 and CTX-M group 1 FQ
Ca-049Eck Escherichia coli CTX-M group 1 GM, FQ, SXT, TE

2 (Co4ra17) Ca-417EC1 Escherichia coli CTX-M group 1 FQ, TE
C4-417Ec2 Escherichia coli 0XA-181 FQ
C4-422Eca Escherichia coli CTX-M group 1 FQ
Cy-422Ec2 Escherichia coli CTX-M group 1 and pAmpcC GM, FQ, TE

3 (C4-422) C4-422Ec3 Escherichia coli CTX-M group 1 FQ, TE
Ca-422Ecy Escherichia coli CTX-M group 1 FQ, SXT, TE
C4-422Eck Escherichia coli pAmpC FQ, SXT, TE
Cy-422Ec6 Escherichia coli NDM-1 and CTX-M group 1 FQ, AN, GM, SXT, TE

e Rocni studie 2012/2013

RAPID COMMUNICATIONS

Acquisition of carbapenemase-producing

* 574 dobrovolniku Enterobacteriaceae by healthy travellers to India, France,
February 2012 to March 2013
e 5 7 C e Stova I O d O I n d I e ERuppé (etienne.ruppe@gmail.com)*?3, L Armand-Lefévre'?, C Estellats5, A El-Mniai*, Y Boussadia®*, P H Consigny®, P M Girard’,

D Vitt_efqg_“, I()_Bc_)ugl'l_qu_d?, G Pialoux‘j’, M. Eg_pos[tq-faré_sef, B Cgignard“,l C Lucet?3*2, A Andremont*23, S Matheron3*3
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Situace ve svété a v Ceské republice

(Aktualni problematika karbapenemaz)
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VCasné nasazeni spravne antibioticke terapie

 Pediatricka JIP 2012 - 2013

60 -

Frequency
[ %] w E = i
= o (=] [ =]

—
o
i

MNurmn of Patients
M ortality

[ Survivors

B Non-survivors

<1hr

24
8.3%

Lto€2hrs

a1
B.5%
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2to<3hrs >3 hrs
23 52
Published in final edited form as:
4 3% 21 2% Crit Care Med. 2014 November ; 42(11): 2409-2417. doi:10.1097/CCM.0000000000000509.
Delayed Antimicrobial Therapy Increases Mortality and Organ
Dysfunction Duration in Pediatric Sepsis
Scott L. Weiss, MD', Julie C. Fitzgerald, MD, PhD', Fran Balamuth, MD, PhD?, Elizabeth R.
Alpern, MD, MSCE?, Jane Lavelle, MD2, Marianne Chilutti, MS*, Robert Grundmeier, MD*5,
Vinay M. Nadkarni, MD, MS', and Neal J. Thomas, MD, MSc®
i*“"“@,ﬁ
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ProC nas zajimaji producenti
karbapenemaz

* Snadné Sireni na mobilnich genetickych elementech

 Vyznamné je klonalni Sifeni, ale i HGT (horizontalni prenos genetické
informace)

* Obvykle MDR a XDR (neni vyjimkou ani PDR)
e z(ucinnych) antibiotik obvykle zGstava pouze kolistin a tigecyklin

* rezistence vSak narusta...
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Situace v Evropé (K. pneumoniae cef 3 R)

Percentage resistance

5 '."" E'

. < 1%

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

25 to < 50%
. = 50%

Bl Mo datareported orless than 10 is olates
1 Motincluded

mm Liechtenstein
mm Luxembourg L

- Malta {QHij_:ﬂmﬂ_q,s1r EARS-Net 2014
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Situace v Evropé (K. pneumoniae carba R)

* CPE - Carbapenemase-Producing Enterobacteriaceae

T

Percentage resistance
- < 1%

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

N 25 to < 50%
. = 50%
B Mo datareported orless than 10 isolates
1 Motincluded
7

s

mm Liechtenstein

=i \ - EARS-Net 2014

m Malta
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Situace v Evropé — ltalie

EARS-Net 2014 — Klebsiella pneumoniae carba R
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Studie EUSCAPE

Prevalence study on carbapenemase-producing
Escherichia coli and Klebsiella pneumoniae
isolates in Czech hospitals - results from Czech
Part of European Survey on Carbapenemase-
-Producing Enterobacteriaceae (EuSCAPE)

Hrabak J.!, Studentova V.', Jakubui V.2, Adamkova V.3, Dvorakova L.%, Balejova M.%, Bergerova T.,
Chmelafova E.%, JeZzek P.7, Kabelikova P.%, Kold¥ M.%, Paterova P."°, Tejkalova R.", Papagiannitsis C.',

Zemlickova H.2

'Department of Microbiology, Faculty of Medicine and University Hospital in Plzen, Plzen, Czech Republic

’National Reference Laboratory for Antibiotics, National Institute of Public Health, Prague, Czech Republic

*Department of Clinical Microbiology, General University Hospital, Prague, Czech Republic

‘Department of Microbiology, Masaryk’s Hospital, Usti nad Labem, Czech Republic

sLaboratory of Bacteriology, Ceské Budéjovice Hospital, Ceské Budgjovice, Czech Republic

SDepartment of Microbiclogy, Institute of Public Health, Ostrava, Czech Republic

"Department of Microbiology, Regional Hospital in Pribram, Pfibram, Czech Republic

#Department of Medical Microbiology, Matol University Hospital, Charles University, Prague, Czech Republic

9Department of Microbiclogy. Faculty of Medicine and Dentistry, Palacky University Clomouc and University Hospital °mouc,
Qlomouc, Czech Republic

Sumarni
soucashosti
publikaci

evropska

data

pripravovana

v
k

Vysoka rezistence ke kolistinu a
producentu

tigecyklinu
karbapenemaz

u

“Department of Clinical Microbiology, Faculty of Medicine and University Hospital in Hradl
University, Czech Republic
"Department of Microbiology, Faculty of Medicine, Masaryk University and St. Anne's Uniy,

Hospital

Estimated
catchment
population

Admissions
per year

Bty (2013)

Average
Number of bed
occupancy
(2013) [%]

Average
length of stay
per admission

(2013)

Number
of non-
susceptible
isolates’

Tabulka 1. Pocet izolatl zahrnutych ve studii identifikovanych v jednotlivych nemocnicich véetné charakteristiky spadové oblasti

Number of
CPEs (type)

Ceské Budéjovice Hospital 637 000 1175 52792 719 6,10 1

General University Hospital in Prague | 1247 000 1539 50907 748 510 9

Masaryk’s Hospital in Usti nad Labem 828 000 2840 127672 66.9 497 0

Regional Hospital in Pfibram 250000 255 18 659 70.5 6.20 0

St. Anna University Hospital 1167 000 913 27 230 727 8.63 0

University Hospital in Hradec Kralove 554 000 1500 40957 73,0 8,50 5 0
University Hospital in Motol 1247 000 2316 76 000 75,0 6,10 10 1(NDM-1)
University Hospital in Olomouc 639 000 1184 47 593 745 6,10

University Hospital in Ostrava 1231000 1187 45872 78,1 6,50 0

University Hospital in Plzen: 572000 1689 63136 74,0 748 5 1(OXA-48)
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Number of CPE isolates
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Situace v Africe

100 O OXA-48-like
901 _ W OXA-58 30
80 VIM
70 1 B NDM 25
60 H IMP
501 KPC 20

404 [ DIM

30
20

Number of published studies
=
(¥, ]

10 10
o_ﬁ T - T ‘l_‘ T £ T s - et 7
2006 2007 2008 2009 2010 2011 2012 2013 2014 5
Year
] V4 AV4 ] L[] V4 ﬂ_
([ J
AfrICke Zeme JSOU Jednlm Z 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

rezervoaru karbapenemaz

Figure 2. Number of studies reporting carbapenemase-producing
bacteria in Africa per year (until February 2014).

* Neexistuje zadna koordinovana
epidemiologicka studie Journal of

L3 . L3
J Antimicrob Chemother 2015; 70: 23-40 AntlmlcrOblal
doi:10.1093/jac/dku356 Advance Access publication 26 September 2014 Chemotherapy

° Prl Im pO rtu pa clentu z Afrl ky Je The spread of cqrbapenemase-.prodtfcing bacteria in
potfeba zvysené opatrnosti... Africa: a systematic review

Rendani I. Manenzhe?!, Heather J. Zar?3, Mark P. Nicol*** and Mamadou Kabal.4*
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Situace ve svété

[] unknown distribution of NDM producers

[ unknown distribution of KPC producers ] Sporadic spread of NDM producers
] Sporadic spread of KPC producers

Outbreaks caused by KPC producers
I Endemicity of KPC producers

QOutbreaks caused by NDM producers
[ Endemicity of NDM producers

[ Unknown distribution of OXA-48 producers
[ sporadic spread of OXA-48 producers

Outbreaks caused by OXA-48 producers
[ Endemicity of OXA-48 producers

REVIEW

The difficult-to-control spread of carbapenemase producers among
Enterobacteriaceae worldwide

P. Nordmann'*?* and L. Poirel'?

1) Medical and Molecular Microbiology Unit, Department of Medicine, Faculty of Science, University of Fribourg, 2) Hoépital Fribourgeos — Hapital Cantonal de
Fribourg, Fribourg, Switzerland and 3) INSERM U914, South-Paris Medical School, K.-Bicétre, France
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Zeme s endemickym vyskytem CPE

CPE = Carbapenemase-Producing Enterobacteriaceae
*Indie (NDM, OXA-48)

*Afrika (OXA-48, NDM, KPC?)

*USA (KPC)

*Balkanské staty (NDM, KPC, VIM)

e|talie a Izrael (KPC)

lq‘,
% FACULTY OF MEDICINE IN PILSEN
Gk CHARLES UNIVERSITY IN PRAGUE

.' . .
‘. BIOMEDICAL www.biomedic-plzen.cz

CENTER



R ———I———————————————
19.4.2016

Perspektivy a zaver

l 3 FACULTY OF MEDICINE IN PILSEN

® : .
BIOMEDICAL _
‘. CENTER www.biomedic plzen.cz 3 CHARLES UNIVERSITY IN PRAGUE



Epidemiological stage for

19.4.2016

Vyskyt CPE v Evropé - trendy

Iceland o] o o -
Ireland 1 1 4 1
Israel i i ﬂ 4
Italy 4 5 5 1
Kosovo’ NA 1 3 NA
Latvia 1 NA 1 -
Lithuania 1 NA 1 -
Luxembourg NA 1 1 NA
Malta 1 NA L  §
Montenegro NA 1 0 —£
Netherlands 2a 2b 2b t
Norway 2a 2a 2a -»
Poland 4 4 3 -
Portugal 1 1 1 -»>
Romania 1 1 1 -
Serbia NA 1 1 NA
Slovakia NA NA 2b NA

spread of CPE Direction
of change
Gruentdar?ann Cantonet com(:g:é)d to
2010‘; al., 2012° 3 2013)¢

Albania NA NA 2a NA
Austria 0 1 2b L]
Belgium 2b 3 3 1t
Hersogovina 1 v >
Bulgaria o} NA 2a 1
Croatia 1 1 3 L
Cyprus 2a NA 2a -
Czech Republic 1 1 2b 1
Denmark 1 1 1 -
Estonia o NA 2a Ll
Finland 1 1 2a 1
France 3 4 3 _e
Germany 3 3 3 -
Greece 5 L 5 -
Hungary 3 2a 4 1
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RAPID COMMUNICATIONS

Carbapenemase-producing Enterobacteriaceae in
Europe: a survey among national experts from 39

countries, February 2013

CGlasner?, BAlbIgev’ G Buist*, A Tambié Andra3evié?, R Canton*s, Y Carmeli‘ AW Friedrich, C G Giske®, Y Glnptzynskl

M Gniadkowski®, D M Livermore®+, P Nordmann4 L Poirel, G M , H Seifert*, A

N Woodlavd" T Donker DL Monnel HGr
pean Survey on Car p P

nl)*
oducing Entewbaclenaceae (quCAPE) working group*

CHARLES UNIVERSITY IN PRAGUE
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Vyskyt CPE v Evropé — doporucené
postupy

National
recommendation
or guideline
for submitting
isolates to
national expert

Agreed criteria National

or a policy for . National
submitting recomtrjrll.ent:gtlon recommendation
isolates to ?r obligation or guideline on

national expert : or_r_epo_rtlng infection control
or reference (notification) to measures

Officially
National nominated

system for national
surveillance reference
laboratory

f;rbr(?::trg:}gz laboratories? health authorities
Albania
Austria ° ° ° ° o° °
Belgium ® ° e ° o’ e
Bosnia and Herzegovina
Bulgaria ° o
Croatia L] ] ] [} [ °
Cyprus L]
Czech Republic ® ° ® ° [ & ®
Denmark L] [} L] [}
Estonia -d
Finland ] ° ° ° ®
France ] [ ° ® [ & °
Germany ] ° ° ®
Greece ] [ ] [} [ ®°
Hungary ] ° ° ° ® °
Iceland L] ] ° ] [ °
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METODICKY POSTUP

Kontrola vyskytu importovanych pfipadii kolonizace a/nebo infekce enterobakteriemi produkujicimi
karbapenemazu (CPE — Carbapenemase Producing Enterobacteriaceae)

Jednim z nejzavaznéjSich typu rezistence k antibiotikiim u gramnegativnich baktérii je rezistence ke kar-
bapenemtim (napi. meropenem, imipenem). Z epidemiologického hlediska je nejvyznamnéjsim mechaniz-
mem rezistence produkce enzymi degradujicich karbapenemy — karbapenemaz. Enterobakterie produkujici
karbapenemazy (dale jen CPE) jsou obvykle rezistentni ke vsem dostupnym antibiotikiim a moznosti u¢inné
1é¢by jimi vyvolanych infekei jsou minimalni. Vyskyt téchto kment je v souc¢asnosti v CR vyjimeény, v roce
2011 vsak byly zjistény prvni importovane piipady pii repatriaci pacienti hospitalizovanych v zahrani¢nich
zdravotnickych zafizenich. Kviili omezenym moznostem lécby a vysoké mortalité infekci vyvolanych CPE
je nutné formulovat a zavest do praxe nezbytna opatieni zajistujici véasnou identifikaci pacientil s pozitivnim
nalezem CPE a omezujici $ifeni téchto bakterii.
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Vyskyt CPE — Ize omezit?

Rehovot, Israel

Pnina Ciobotaro, MD,* Maly Oved, MA,* Eyal Nadir, MD, MSc,* Rita Bardenstein, MSc,” and Oren Zimhony, MD*

An effective intervention to limit 9
the spread of an epidemic .
carbapenem-resistant Klebsiella
pneumoniae strain in an acute care
setting: From theory to practice

672 Ciobotaro et al.

American journal of Infection Control
October 2011
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Vyskyt CPE — Ize omezit?

o Launch of intervention
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Clinical Infectious Diseases Advance Access published December 4, 2013
1

An Ongoing National Intervention to Contain the Spread of

Carbapenem-Resistant Enterobacteriaceae

Mitchell J. Schwaber, Yehuda Carmeli
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1. Rezistence na antibiotika predstavuje jeden z nejzavaznéjsich
problému soucasné mediciny

Pouzitim aktivni surveillance muze byt Sireni rezistence

omezeno |

3. Situace v CR dosud neni alarmuijici, ale...

4. Molekularné-genetické metody
mohou zodpovedeéet radu otazek
v epidemiologii ATB rezistence
(napf. skryté zdroje, rizikové
faktory, cesty Sireni)
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