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Figure: 1 Timeline showing antibiotics reaching the clinic.
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Karbapenemler

ESBL pozitif Gram negatif
bakterilerden
kaynaklanan siddetli

infeksiyonlarda hayat kurtarici !!




TABLE 2 | The first report of representative carbapenem-resistant K. pneumoniae (CRKP).

Strain Year Country Ambler structural Molecular epidemiology  Reference
class

KPC-1-KP (1534) 1996 United States A Tnd401 Yigit et al., 2001

NDM-1-KP (05-506) 2008 India B N plasmids Yong et al., 2009

OXA-48-KP (11978) 2001 Turkey D Tn1999 Poirel et al., 2004

Chang D, et al. Front Microbiol 2021;22 (12): 750662
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Karbapenem
Direncli Gram
Negatif Bakteriler

**Tedavi secenekleri sinirli

**Mortalite oranlari yiksek

Sarah S, et al. Antimicrob Agents and Chemother 2021; 65(12): e01105-21.
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Karbapenemlerde diren¢c mekanizmalari
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FIG. 4. Crystal structures of the carbapenemase, KPC-2 (Protein Data Bank [PDB| identifier 20V5), present in the periplasm, P. aeruginosa
porin, OprD (substrate binding loops highlighted in yellow) (PDB identifier 20DJ) present in the outer membrane, P. aeruginosa efflux pump
components, MexA, MexB, and OprM (PDB identifiers 1VF7, 2V50, and 3D5K), spanning the inner membrane and periplasmic and outer
membranes, and P. aeruginosa PBP3 (PDB identifier 3PBN), anchored to the inner membrane.

Papp-Wallace KM, et al. Antimicrob Agents Chemother. 2011 Nov;55(11):4943-60



Karbapenemazlar

* Karbapenemazlar, yalnizca karbapenemleri degil, ayni zamanda genis
spektrumlu penisilinleri, oksimino-sefalosporinleri ve sefamisinleri de

hidrolize edebilir




Ambler Classification of B-Lactamases

CLASS ACTIVESITE ENZYME TYPE SUBSTRATES EXAMPLE
A Serine Penicillinases:
Broad-spectrum Benzylpenicillin, aminopenicillins, PC1 in Staphylococcus aureus
carboxypenicillins, ureidopenicillins, TEM-1, SHV-1 in Escherichia coli, Klebsiella
narrow-spectrum cephalosporins pneumoniae, other gram-negative bacteria
Extended-spectrum (3- | Substrates of broad-spectrum plus oxymino-$3- | In Enterobacteriaceae: TEM-derived, SHV-derived,
lactamase) lactams (cefotaxime, ceftazidime, CTX-M-derived; PER-1, VEB-1, VEB-2, GES-1, GES-
ceftriaxone) and aztreonam 2, IBC-2 in Pseudomonas aeruginosa
Carbapenemases Substrates of extended-spectrum plus KPC-1, KPC-2, KPC-3)in K. pneumoniae] NMC/IMI, SME
cephamycins and carbapenems family
B Metallo-3- Carbapenemases Substrates of extended-spectrum plus NDM-1jin Enterobacteriacea¢, IMP, VIM, GIM, SPM,
ses cephamycins and carbapenems SIM lindages in P. aeruginosa, Acinetobacter spp.
Zn<"
C Serine Cephalosporinases Substrates of extended-spectrum plus AmpC-type enzymes in Enterobacteriaceae,
cephamycins Acinetobacter spp.
D Serine Oxacillinases:
Broad-spectrum Aminopenicillins, ureidopenicillin, cloxacillin, I OXA-family|in P. aeruginosa
methicillin, oxacillin, and some narrow-
spectrum cephalosporins
Extended-spectrum Substrates of broad-spectrum plus oxymino-3- | OXA-derived in P. aeruginosa
lactams and monobactams
Carbapenemases Substrates of extended-spectrum plus OXA-derived in Acinetobacter spp.
cephamycins and carbapenems




(a) Unknown
Sporadic spread

Ambler sinif A karbapenemazlar il |

* KPC-1, KPC-2, KPC-3,
NMC/IMI,
SME

* Envyaygin K. pneumoniae karbapenemaz (KPC)

 KPC; E. coli, Citrobacter, Enterobacter, Salmonella,

_ . _ . Brink AJ. Curr Opin Infect Dis 2019; 32: 609-16
Serratia ve nadiren P. aeruginosa (nadir)
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Novel Carbapenem-Hydrolyzing B-Lactamase, KPC-1, from a
Carbapenem-Resistant Strain of Klebsiella pneumoniae
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2001 yilinda yayinlanan calisma
Amerika’da ilk KPC-1

Journal of Hospital Infection 122 (2022) 217-219

. ‘,Q‘i{,{‘?;},’*{i Available online at www .sciencedirect.com
PR Journal of Hospital Infection 15 N

Letter to the Editor

Outbreak of ceftazidime-
avibactam resistant Klebsiella
pneumoniae carbapenemase
(KPC)-producing Klebsiella
pneumoniae in a COVID-19
intensive care unit, Italy: urgent
need for updated diagnostic
protocols of surveillance cultures

Cis

journal homepage: www.elsevier.com/locate/jhin

(Copan, Brescia, Italy), were inoculated on Brilliance CRE
medium (Oxoid Ltd, Hampshire, UK) by automated direct plating
using Wasp® instrument (Copan, Brescia, Italy). Bacterial species
identification was performed on overnight colonies using matrix-
assisted laser desorption/ionization time-of-flight (MALDI-TOF)
analysis (Bruker DALTONIK GmbH, Bremen, Germany) and car-
bapenemase production in EB isolates was investigated by the
genotypic assay Xpert Carba-R on GeneXpert platform (Cepheid,
Sunnyvale, CA, USA). KPC-EB fsolates were tested for suscepti-
bility to CZA by E-test method (BioMérieux, Marcy ['Etoile,
France) whereas susceptibility to major antimicrobials was
performed using a commercial microdilution system (Panel
NMDR, Microscan WalkAway 96 Plus, Beckman Coulter, Switzer-
land). KPC-producing Klebsiella pneumoniae (KPC-Kp) was the
predominant carbapenemase-producing EB identified by rectal

]

21 hasta seftazidim-avibaktam direncli

KPC susu ile kolonize

Bianco G, et al. J Hosp Infect 2022;122:217-219.



Sinif B karbapenemazlar

« NDM-1 (Enterobacterales)
* IMP, VIM, GIM, SPM, SIM
(Acinetobacter spp. ve P. aeruginosa’da)

Sporadic spread
NDM producers ] Outbreaks reported
Endemicity
‘ " ";"-.7\' . :‘.}'.

Brink AJ. Curr Opin Infect Dis 2019; 32: 609-16




Molecular Epidemiology of Carbapenem-
resistant Klebsiella pneumoniae Isolates

Karbapeneme Direncli Klebsiella pneumoniae
Suslarinin MoleklUler Epidemiyolojisi

Abstract

Aim: Carbapenem-resistant Klebsiella pneumoniae infection has become an important clinical prob
lem with reduced therapeutic options. This study aimed to investigate the carbapenem resis

stance
rates and ’(‘!l‘)()l\:ill)l(' resistance genes in K pneurnoniacs |!;()|.'l‘(‘fi dernived from (le’]l(:-'l’ !Hl”\')l(‘!i col-
lected in Istanbul

Materials and Methods: This prospective study included a total of 1452 K. pneumoniae isolates from
patients admitted to our hospital between July 2013 and July 2014. VITEK-2 (bioMérieux, Marcy-

Ismail Davarci', Seniha Senbayrak?,
Sebahat Aksaray”, M. Esra
Kocoglu®, Mert Ahhmet Kuskucu®,
Mustafa Samasti*
Erzincan University, Menglucek Gazi
Traaming and Research Hospital, Medical
Microbiology Laboratory
Haydarpagsa Numune Training and
Research Hospital, Infectious Diseases

A and Chmnical Microbiology
I'Etoile, France) was used for microbial identification and antimicrobial susceptibility testing. The

carbapenem-resistant isolates identified by VITEK-2 were also found to be resistant to ertapenem
by the ertapenem gradient test. Resis

Haydarpasa Numune Traimning and
Rescarch Hospital, Medical Microbiology

tance mechanisms of the carbapenem-resistant isolates were Laboratory

Istanbul Medeniyet University, Faculty
of Medicine, Department of Medical
Microbiology

nvestigated using real time-polymerase chain reaction

Results: Of the 1452 K. pneumoniae isolates, 45 (3.1%) were carbapenem-resi
(71.1%) were bla -positive, 9 (20%) l)lilv‘.m,*[)():;lll\/(', and 1 (2.2%) l)luwu
genes bla .. and blal_ .. The greatest susceptibility by the isolated carbapenemase-producing K
pneumoniae was shown to the antimicrobials amikacin and gentamicin

Discussion and Conclusion: In our hospital, there are several mechanisms causing carbapenem re
sistance, and the bla_,

ant, Of these, 32
-positive. None had the

Cerrahpasa School of Medicine
Department of Medical Microbiology

YA -AD

wnan POSItiVity rate of 71.1% s significant. This resistance may spread rapidly and,
through enzymatic resistance gene transfer, lead to hospital epidemics difficult to manage. For this
reason, accurate and rapid laboratory diagnosis is important in infection control, For faster results,

molecular methods : well as phenotypic methods, must be included in the hospital infrastructure

* Klinik orneklerden izole edilen total 1452 K. pneumoniae susu
e Suslardan %3.1’inde karbapenem direncli
* 45 susun %71’'inde blagya g, %20’sinde nom, %02.2°sinde  blay,,, pozitif

Davareci i ve ark. Anatol Clin. 2019; 24(1)



Sinif D karbapenemazlar

e OXA ailesi
* Acinetobacter spp ve P. aeruginosa
nadiren Enterobacterales’te

Codjoe F, et al. Med Sci (Basel). 2017 Dec 21;6(1):1.

()

] Unknown

[ Sporadic spread
OXA-48:like producers = othreaks reported

B Endemicity

Brink AJ. Curr Opin Infect Dis 2019; 32: 609-16
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Emergence of Oxacillinase-Mediated Resistance to Imipenem in
Klebsiella pneumoniae
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Kiebsiella pnewmonie strain 11978 was isolated in Turkey in 2001 and was found to be resistant to all
P-tactams, including carbapenems. Cloning and expression in Escherichia cofi identified five [-lactamases,
including two novel oxacillinases. The P-lactamase OXA-48 hydrolyzed imipenem at a high level and was
remotely related (less than 46% amino acid identity) to the other oxacillinases. It hydrokyzed penicillins and
imipenem but mot expanded-spectrum cephalosporins. The blay, o gene was plasmid encoded and not
associated with an integron, in contrast to most of the oxacillinase genes. An insertion sequence, 151999, was
found imnsediately upstream of ey , .. Another plasmid that encoded a second oxacillinase gene, Nayy, 4,
located inside a class 1 infegron was identified in K. preumoniae 11978, OXA-47 had a narrow spectrum of
hydrolysis activity and did not hydrolyze ceflazidine or imipenem, as is found for the p-lactamase (0XA-1) to
which it is related. In addition, p-lactamases TEM-1 and SHV-2a were expressed from the same K. pueumoniae
isolate. Analysis of the outer membrane proteins of this isolate revealed that it lacked a porin of ca, 36 kDa,
Thus, the high-level resistance to f-lactams of this clinical isolate resulted from peculiar f-lactamases and
modification of outer membrane profeins.

Characteristics and outcomes of carbapenemase
harbouring carbapenem-resistant Klebsiella spp.
bloodstream infections: a multicentre prospective cohort
study in an OXA-48 endemic setting

Burcu Isler, Berna Ozer, Giile Cinar, Abdullah Tarik Aslan, Cansel Vatansever, Caitlin Falconer, Istar Dolapc,
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Aydin, Elif Tikenmez Tigen, Safiye Koculu Demir, Mahir Kapmaz, Siran Keske, Ozlem Dogan, Cigdem

Arabaci, Serap Yagc, Guilsen Hazirolan, Veli Oguzalp Bakir, Mehmet Génen, ... Onder Ergéniil &

+ Show authors

European Journal of Clinical Microbiology & Infectious Diseases 41, 841-847 (2022) ‘ Cite this article

2001 yili istanbul
Karbapenem dahil tim beta laktamlara

direncli K. pneumoniae

2018- 2019 yillari arasinda Turkiye'de yapilan calisma
187 karbapenem direncli Klebsiella spp./den kaynaklanan
kan dolasimi infeksiyonu

Prospektif, cok merkezli gozlemsel calisma

OXA-48 benzeri karbapenemaz orani %75
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Enterobacterales

74 S.N. Bulens et al. / American Journal of Infection Control 51 (2023) 70-77

Table 2

Organism type, culture source, infection syndrome, and outcomes among Carbapenem-resistant Enterobacterales (CRE) cases at Emerging Infections Program sites, by epidemiolog-

ical class, 2012-2015, n = 1499

Number of cases (%) Pvalue
All, n = 1499 CA.n~ 149 HCA, n = 1350
Klebsiella pneumoniae 800 (53.4) 0008
ichi 1 275(18.3) 61 (40.9) 214 (15.9) 1142
208 (13.9) 27 (18.1) 181(13.4) <.0001
Klebsiella aerogenes 191 (12.7) 32(21.5) 159(11.8) 5039
Klebsiella oxytoca 25(1.7) 1(0.7) 21(1.8) «<.0001
Culture Source
Urine 1305 (87.1) 146 (97.9) 1159 (85.9) <.0001
Blood” 162 (10.8) 3(2.0) 159(11.8)
Other normally sterile site 32(2.1) 0(0.0) 32(2.4)
Selected Infection Syndromes
1024 (63.7) 123 (82.6) 901 (66.7) <.0001
8acterem1a/$epsns 197 (13.1) 4((2.7) 193 (14.3) <.0001
Septic Shock 64 (4.3) 0(0.0) 64 (4.7) .0020
Pneumonia 34 (2.3) 0(0.0) 34 (2.5) 0425
Pyelonephritis 23(1.5) 4(2.7) 19(1.4) 2769
Vascular Graft Infection 1(0.1) 1(0.7) 0(0.0) 0994
No infection syndrome docurngented 218 (14.5) 19(12.8) 199 (14.7) 5134
within 30 days after, the date of incident culture” 908/1490 (61.0) 29/149 (19.5) 879/1341 (65.6) <.0001
: e unit on the day of, or within 7 days after, initial culture 316/908 (34.8) 2/29(6.9) 314/879 (35.7) 0006
Died within 30 d.\ys of date of incident culture 167/1499(11.1) 4/149 (2.7) 163/1350(12.1) L0002
Among cases with a sterile site culture 58/167 (34.7) 0/4 (0.0) 58/163 (35.6) 2992
Among cases with a urine culture 109/167 (65.3) 4/4 (100.0) 105/163 (64.4)

2012 ve 2015 yillari arasinda yapilan 1.194 hastanin dahil edildigi ¢calisma

Enterobacterales icerisinde en sik etken K. pneumoniae

K. pneumoniae infeksiyonlari genellikle saghk bakim iligkili
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Table4
Multilocus sequence types, beta-lactamase genes identified, and antimicrobial resistance profiles of community-associated Carbapenem-resistant Enterobacterales isolates that
underwent whole genome sequencing analysis at CDC, 2012-2015,n = 12

Organism type’ Carbapenemase MLST Non-carbapenemase Antimicrobial resistance profile
gene variants beta-lactamase gene variants
Enterobacter cloacae None Novel ACT-70 AMC, AMP, ATM, CFZ, FOX, TZP
complex (n=6) i 108 ACT-55 AMP, ATM, CFZ, FOX, TZP
17 ACT-45, 0XA-9, SHV-12, TEM-1A AMC, AMP, ATM, CFZ, FEP, FOX, CIP, LVX, TZP, SXT, TOB
None 45 TEM-1B AMC, AMP, ATM, CFZ, FOX, CST, TZP, PMB, SXT
None 365 None AMC, AMP, ATM, CFZ, FOX, CST, TZP, PMB
Lo 125 ACT-28 AMC, AMP, ATM, CFZ, FOX, CST, TZP, PMB
Escherichia coli (n =3) 5498 TEM-1A AMP, CFZ, FEP, FOX, CIP, GEN, LVX, TZP, TET, SXT, TOB
None 167 CTX-M-15, OXA-1 AMP, ATM, CFZ, FEP, FOX, CIP, GEN, LVX, TET, SXT
131 CTX-M-15, 0XA-1, TEM-1B AMC, AMP, ATM, CFZ, FEP, FOX, CIP, LVX, TZP, SXT, TOB
Klebsiella pneumoniae (n =3) KPC-3 258 SHV-11 AMC, AMP, ATM, CFZ, CIP, LVX, TZP, SXT, TOB
KPC-3 1737 LEN-17 AMC, AMP, ATM, CFZ, FEP, CIP, LVX, TZP, SXT, TOB

KPC-3 485 SHV-27 AMC, AMP, ATM, CFZ, FEP, CIP, LVX, TZP, SXT




Enterobacterales karbapenem direnci

Table 3. Major mechanisms of carbapenem resistance in

Ernterobacterales

T e e e e e 1 Ka r b a p e N e m a Z I a r

B-lactamases:
Tlass A MSE
Serine car bapenemases KPCT (n— 22 variants)
INI (-1 .-2)
SAEP

S * Porin kaybi

INP (n— 52 varian ts)
SIA-1E
SIAAE
SPAA®E
Tlass €. Cephalosporinase AMGE CEINANR O
Tlass D. Ox<acillinase-type MNSE OXA-a4a8-like™
(mh— 13 variants)
Impermeability (porin lesions) <CTAA ompiK35S
. . . .
Species Main mechanisms of resistance to carbapenems
M, chromosoma I muration: KPC, Klebsiella 4
MSE, mobiile genetftic element ;- NDAA, New D
o;j\cxcillinose; VIMN, Verona-infegrated metallop f A
= T =
“Low-level carbapenem hydrolysis.

CR-Enterobacterales ~ Various carbapenemases (Ambler class A, B, D) + ESBL or  Porin (OmpK35, Ompka6) loss (plus ESBL or AmpC f-actamase [resistant

AmpG -actamasels) to ertapenem, imipenem)
Muticrug-resistant efflux pump (e.q., AcrAB-TolC system)

Brink AJ. Curr Opin Infect Dis 2019; 32: 609-16
Jean SS, et al. Front Cell Infect Microbiol. 2022: 15;12:823684



Fig. 5 K. pneumoniae: percentage of invasive isolates resistant to carbapenems (imipenem/meropenem), by country/
area, WHO European Region, 2020
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K. pneumoniae karbapenem direnci
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K. pneumoniae karbapenem direnci

Table 1. Reported Carbapenem Nonsusceptibility or Resistance Rates by Region

Nonsusceptibility or Resistance Rate

India, Nepal, Pakistan, North Latin
Species Asia-Pacific Ref. Vietnam Ref. Europe Ref. America Ref. America Ref.
Klebsiella l 5%-25% Ilsor’ 0%-52% (26]° 0.2%-33.4% [41)° 3.1%-4.9% [3)° 1.3%-28.6%  [p6)°
pneumoniae
1.6%-19.1% [49]° 31.7%-58.6% [I21]° 12.9% [55]° 16.0% [571°
3.8% 57)° 15.7% [57)° 6.0% [57)°
Escherichia coli 0%-3% [501° 0%-34% [26)° 0%-7.0% [41p° 0.2%-0.4% [3]° 0.4%-9.0% [56]°
1.6%-71% [49]° 4.3% [55]°
Enterobacteriaceae 0% [50)° 2.7%-21.3% (26)° 2.10% [55)°
(other)
2.4%-32.1% [49)°
0.4%-12.5% [48]°

Nordmann P and Laurent Poire L. Clin Infect Dis 2019:69 (Supp! 7) ® S523
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K. pneumoniae (CRKp)

Colistin Resistance in Carbapenem-Resistant Klebsiella
pneumoniae: Laboratory Detection and Impact on
Mortality

Laura J. Rojas,'** Madiha Salim," Eric Cober,* Sandra S. Richter,’ Federico Perez,”” Robert A. Salata,’ Robert C. Kalayjian,'
Richard R. Watkins,*" Steve Marshall,* Susan D. Rudin," T. Nicholas Domitrovic,' Andrea M. Hujer,"* Kristine M. Hujer," Yohei Doi,"
Keith S. Kaye,' Scott Evans,” Vance G. Fowler Jr,* Robert A. Bonomo,'"*""** and David van Duin"’; for the Antibacterial Resistance Leadership Group

'Department of Medicine, and Department of Moleosler Biokegy 2nd Microbiokogy, Case Weestem Resarve University Schoal of Medicne, and Research Service, Lous Stokes Cleveland
Deparsment of Vieterans Affairs Medical Centar, Cleveland, Ohic; ‘Division of Infections Diseases, Detroit Medical Canter, Wayme Stase University. Michigan: “Department of Infoctions Diseases,
and *Department of Laboratory Medicine, Cleveland Clinic, "Division of Infectious Disaasas and HIV Medicine, Department of Medicine, Case Westemn Reserve University School of Medicine,
#d "Department of Medicng, MetroHealh Medical Cenmer, Clevitand, Ohio; *Department of Inteenal Medicing, Northeast Obio Medical University, Rootstown, and “Oivisien of Infectious
Diseases, Cleveland Clinic Akron General, Akron, Ohio; "' Division of Infectious Disaases, University of Pittsburgh School of Medicine, Pensyivania; “Department of Biostatistics and the Center
for Biestatistics in AIDS Ressarch, Harvard School of Public Health, Boston, Massachusetts; “Division of Infiectious Diseases, and "“Duke Clinical Ressarch Institute, Deke University, Durham,
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Infectious Diseases, University of North Carclina, Chapel Hil

%13’tinde kolistin de
direncli

Background. Polymyxins including colistin are an important “last-line” treatment for infections caused by carbapenem-resist-
ant Klebsiella pneumoniae (CRKp). Increasing use of colistin has led to resistance to this cationic antimicrobial peptide.

Methods. A cohort nested within the Consortium on Resistance against Carbapenems in Klebsiella pneunioniae (CRACKLE)
was constructed of patients with infection, or colonization with CRKp isolates tested for colistin susceptibility during the study
period of December, 2011 to October, 2014. Reference colistin resistance determination as performed by broth macrodilution was
compared to results from clinical microbiology laboratories (Etest) and to polymyxin resistance testing. Each patient was included
once, at the time of their first colistin-tested CRKp positive culture. Time to 30-day in-hospital all-cause mortality was evaluated by
Kaplan-Meier curves and Cox proportional hazard modeling.

 — Results.  In 246 patients with CRKp, 13% possessed ColR CRKp. ColR was underestimated by Etest (very major error rate = 35%,
s major error rate = 0.4%). A variety of rep-PCR strain types were encountered in both the ColS and the ColR groups. Carbapenem
resistance was mediated primarily by bla_,_, (46%) and bla__, (50%). ColR was associated with increased hazard for in-hospital
mortality (aHR 3.48; 95% confidence interval, 1.73-6.57; P < .001). The plasmid-associated ColR genes, mer-1 and nicr-2 were not

detected in any of the ColR CRKp.
- Conclusions. In this cohort, 13% of patients with CRKp presented with ColR CRKp. The apparent polyclonal nature of the iso-
lates suggests de novo emergence of ColR in this cohort as the primary factor driving ColR. Importantly, mortality was increased in

patients with ColR isolates.
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Epidemiology of infections caused by polymyxin-resistant pathogens

Helen Giamarellou
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Systematic Review
Global Prevalence of Colistin Resistance in Klebsiella

pneumoniae from Bloodstream Infection: A Systematic Review
and Meta-Analysis
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Kolistin direnci

Lipid A’'nin negatif yukli fosfat grubunun
pozitif yliklii L-Ara4-N ve pEtN ile

modifikasyonu
LPS biyosentezinde mutasyonlar
Efluks pompa sistemlerinde asiri ekspresyonu

Dis membran porinlerinde modifikasyon

Cells. 2022 Sep 26;11(19):2995.



Figure 1. Geographic spread of the mcr-1 gene, updated from [6] on 2 June 2016
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Note: Maps are based on the latest peer-reviewed publications on the spread of the mer-1 gene.
Reproduced under a Creative Cormmons Attribution (CC BY) licence.
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> Epidemiol Mikrobiol Imunol. 2022 Summer;71(2):86-92.

Colistin resistance and heteroresistance in Klebsiella
pneumoniae & Escherichia coli clinical isolates from
intensive care units

M A Meheissen, S M Hendawy, F S Shabaan, A M ElImenshawy, R A Harfoush

PMID: 35940862

¢ 70 kolistin direncli, 30 kolistin duyarli K. pneumoniae ve E. coli susu

¢ Kolistin duyarl K. pneumoniae suslarinin %23.3U kolistin icin heteroresistan

¢ Standart test yontemleriyle duyarl olarak belirlenir

¢ Ancak direngli subpopulasyon varligi




Hipervirulan K. pneumoniae
Meningtis—.‘

/ g i
Endophthalmitis

Ik olarak 1980'lerin sonlarinda Tayvan'da karaciger apsesi olan

Bacteremia

hastada saptanmis

¢
: y . L\ . . b
Genellikle genc ve saglikh bireylerde karaciger apsesi, pnomoni, e i Peumoni
menenjit ve endoftalmi etkeni
®

fo-) Surgical Site
Toplum ve hastane kaynakl infeksiyonlara yola acar dFh0 B g
Morbidite ve mortalite orani yiiksek ("_____U",':fgﬁj,;“‘

Xuemei Yang, et el. Emerg Microbes Infect. 2022 Dec;11(1):841-849.

Soft Tissue
Infection —T7

Gonzalez-Ferrer S et al.Infect Immun. 2021 Mar 17;89(4):e00693-20.



Hipervirulan K. pneumoniae

« ‘String test’ sonucu pozitif, hipermukoviskoz fenotip (rmpA ve rmpA2 genleri)
» Sideroforlar aracihgiyla artmis demir absorbsiyonu (aerobaktin, enterobaktin, yersiniabactin,

salmochelin)

Huang Y et al.J Hosp Infect . 2023 Jan;131:70-80.

Kumabe A, et al. QJM. 2014;107(12):1053.



Hipervirulan K. pneumoniae

M Reports of Convergent

MDR-hvKp
(As of January 2021)

FIG 2 Global reports of infections with multidrug-resistant and hypervirulent K. pneumoniae (MDR-hvKp). Countries where convergent MDR-hvKp infections ¢

have been reported are shaded blue, and the number of reports from each country is indicated with purple squares. Reports represented are current as of
January 2021.

Gonzalez-Ferrer S et al.Infect Immun. 2021;89(4):e00693-20.
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Klebsiella pneumoniae Hipervirulan Kapsul
Genotiplerinin Antibiyotik Duyarlihig: ve
Beta-Laktamaz Genleri ile lliskisi

Relationship of Hypervirulent Capsular Genotypes of
Klebsiella pneumoniae with Antibiotic Susceptibility and
Beta-Lactamase Genes

Duygu DALGIC , Tulay KANDEMIR , Ali UCKAYABASI , Togrul NAGIYEV

Cukurova Universitesi Tip Fakiltesi, Tibbi Mikrobiyoloji Anabilim Dal, Adana.
Cukurova University Faculty of Medicine, Department of Medical Microbiology, Adana, Tlrkiye.

Adana Sehir Hastanesi Mikrobiyoloji Laboratuvari’nda elde edilen 180 K. pneumoniae susu

11 (%6.1)’i hipervirtilan kapsil genotiplerine (K1, K2, K5, K20, K54 ve K57) sahip



E. coli karbapenem direnci

Fig. 3 E. coli: percentage of invasive isolates resistant to carbapenems (imipenem/meropenem), by country/area, WHO

European Region, 2020
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E. coli karbapenem direnci
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Study on molecular mechanism of carbapenem- and colistin-resistance in Escherichia coli
Na LV, Xiumei JIA?, Weijuan YU'*

Table 1 Presence of colistin resistant E. coli isolates from 2016 to 2018.

Year No. of strains tested No. of positive strains Positive rate(%)
2016 298 1 0.34%
2017 351 1 0.28%
2018 379 2 0.53%

2016 ve2018 yillari arasinda Cin’de 1028 E. coli susu ile yapilan ¢calisma
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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.

% P. aeruginosa 6zellikle hastanelerde ve immun sistem baskilandiginda infeksiyon yapar
» Pnomoni, kan dolasim sistemi infeksiyonlari, tUriner sistem ve cerrahi alan infeksiyonlarina neden olur
+* Karbapenem direnci 6zellikle karbapenemaz yapan mobil genetik elemanlar ile tasinir

» Mobil genetik elenmanlar hastane ortaminda bakterinin kolayca yayilmasini saglar



P. aeruginosa karbapenem direnci

Table 1. Major mechanisms of carbapenem resistance in

Pseudomonas aeruginosa

Genetic
Mechanism event

Determinant

B-lactamases:
Class A. Serine carbapenemases MGE

Class B. Metallo-3-lactamase MGE

Class D. Oxacillinase-type MGE
Impermeability CM
Efflux pumps CM

KpPC*®

VIMP® (n = 24 variants)
IMP® (n = 33 variants)
SIm®

Gime©

KHM®

SPM®

AlIM®

SMB®

TMB®

FiMm©

SIM®

DIM®

NDM*®

OXA-40°
OXA-198°
Loss of OprD

MexAB-OprM
MexEF-OprN
MexCD-Opr)

CM, chromosomal mutation; KPC, Klebsiella pneumoniae carbapenemase;
MGE, mobile genetic element; NDM, New Delhi metallo-B-lactamase; OXA,
oxacillinase; VIM, Verona-integrated metalloprotease.

“Geographically variable but less common or rare and sporadic.

®Most common.

e B-laktamaz Gretimi
e Permeabilitede azalma

e Efluks pompalari

Brink AJ. Curr Opin Infect Dis 2019; 32: 609-16
Codjoe F, et al. Med Sci (Basel). 2017 Dec 21;6(1):1.



Fig. 6 P. aeruginosa: percentage of invasive isolates with resistance to carbapenems (imipenem/meropenem), by
country/area, WHO European Region, 2020
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P. aeruginosa karbapenem direnci

Table 1. Reported Carbapenem Nonsusceptibility or Resistance Rates by Region

Nonsusceptibility or Resistance Rate

India, Nepal, Pakistan, North Latin
Species Asia-Pacific Ref. Vietnam Ref. Europe Ref. America Ref. America Ref.
Pseudomonas 17%-50% (50]° 0%-35.6% (411" | 10.3%-19.4% |3I° (51)°
aeruginosa
25.4%-34.6% [49]° o e 24.2%-56.4% | [21)° 58.5% [55]° 14%-57% [52)¢
10.3%-46.7% (48)° 2.2% (57)° 26.1% (57)° 38.1%-45.8% [56]°

16.8% 57)°

Nordmann P and Laurent Poire L. Clin Infect Dis 2019:69 (Suppl 7) * S523

L= R 3
.

P. aefuginosa’da imipenem diren¢ oranlari

% S A 7%

Yoon E_J, et al. Front Microbiol. 2021; 12: 614058.



P. aeruginosa karbapenem direnci

Acnetobacter baumanni complex in different surveillances.

TABLE 1 | Rates of genefs) encoding carbapenemases among isolates of carbapenem-resistant (CR) Enterobacterales, CR- Pseudomonas aeruginosa and CR-

Jean SS, et al. Front Cell Infect Microbiol. 2022: 15;12:823684

Surveillance Rates (%) of gene(s) encoding carbapenemase(s) Main carbapenemase(s) Country Study period
CR-P. agruginosa
Wang et al., 2010 85 IMP-9, VIM-2 China 2006-2007
Kao et al., 2016 6.4 VIM-3, VIM-2, OXA-10 Tawan 2000-2010
@en et al., 2019 43 GES-5, VIM-2, VIM-4 Canada 2007-2016
Schafer et al., 201 30.6 VIM-2 German 2015-2017
Kateete et al., 2016 2 VM Uganda 2007-2009
yll. at al 29N1Q 32 WM

VIN-2 ’ NS
2 o™ :
vw.zl!vn' N2 O § IMP-6 "|Mp.1
' S VIVR2 3 ‘eaees-s
vnm. -4
o2
) X
Vv vt
W ST235 (13 countries) W ST277 (1 country)
W ST111(5 countries) M ST309 (1 country)
W ST357 (4 countries) W ST179 (1 country)
W ST175 (2 countries) W ST773 (1 country)
W ST233 (2 countries) No info for the STs

Yoon E_J, et al. Front Microbiol. 2021; 12: 614058.
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Epidemiology of infections caused by polymyxin-resistant pathogens

Helen Giamarellou *"~

* Internal Medicine, Athens University School of Medicine, Athens, Greece
b 6th Department of Internal Medicine, Hygeia General Hospital, 4 Erythrou Stavrou Str. & Kifisias Avenue, Marousi, Athens 15123, Greece

& AN s 2012-2013 yillari 352 susta direnc %3.8
* Yunanistan.........cceeeuueneee... 2011-2012 vyillar 881 susta direng %6.3
31 merkez....uuuevueinennn, 2011-2012 yillar1 2191 susta direng¢ %0.2




Global trends of antimicrobial susceptibility
to ceftarolime and ceftazidime—avibactam:

a surveillance study from thhe ATLAS program
(2201 2—2016)

Prevalence of CRKPN in 2016 Prevalence of of CRPAE in 2016

e

Seftazidime—avibaktam duyarliliginda azalma !
Karbapenem direcli K. pneumoniae’da (%88.4—81.6)

Karbapenem direncli P. aeruginosa’da (%89.6—-72.7 )
Zhang et al. Antimicrob Resist Infect Control (2020) 9:166



Acinetobacter baumanii

s CARBAPENEM-RESISTANT
,\‘ | ACINETOBACTER
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U.S. Department of
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Centers for Disease

Control and Prevention
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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.

D050 @ X SN

e Karbapenem direngli A. baumanii infeksiyonlari siklikla yogun bakim Gnitelerinde ortaya ¢ikar

* Pnomoni, yara yeri infeksiyonu, kan dolasimi ve Uriner sistem infeksiyonlarina neden olur



A. baumanii karbapenem direnci

Epidemiology of carbapenem-resistant Gram-negative infections Brink

Table 2. Major mechanisms of carbapenem resistance in Acinetobacter baumannii

Mechanism Acquisition Determinant
Blactamase:
Class A. Serine carbapenemases MGE KPC®
Class B. Metallo--lactamases MGE VIM (-1, -2, -3, -4, and -11)
SIM-1
IMP (-1,-2, -4,-5,6,-8,-10,-11, and -19)
NDM (1, -2)
Class D. Oxacillinase-type MGE OXA-23 cluster: (OXA-23, 27 and -49)
OXA-24/40 cluster (OXA-25, -26, -40 and -72)
OXA-58
OXA-51 cluster (n= 14 variants)
OXA-48°
OXA-235
M Highevel OXA-51
Impermeability M Functional loss of porins CarO, Omp 33-36 and OprD homolog
Efflux pumps M AdeABC
Altered penicillin-binding proteins CM Variable binding

CM, chromosomal mutation; KPC, Klebsiello pneumonioe carbopenemase; MGE, mobile genetic element; NDM, New Delhi metallo-BJactomase; OXA,

oxacillinase; VIM, Veronc-integrated metalloprotease.
“Rare.

Karbapenemaz (Ambler sinif B, D)
yapimi ve sinif C sefalosporinazin
asirt tretimi

Permeabilitede bozulma

Efluks pompalari (AdeABC,..gibi)
PBP’lerde degisiklik

Brink AJ. Curr Opin Infect Dis 2019; 32: 609-16
Jean SS, et al. Front Cell Infect Microbiol. 2022: 15;12:823684



Fig. 7 Acinetobacter spp.: percentage of invasive isolates with resistance to carbapenems (imipenem/meropenem), by
country/area, WHO European Region, 2020
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A. baumanii karbapenem direnci

Table 1. Reported Carbapenem Nonsusceptibility or Resistance Rates by Region

Nonsusceptibility or Resistance Rate

India, Nepal, Pakistan, North Latin
Species Asia-Pacific Ref. Vietnam Ref. Europe Ref. America Ref. America Ref.
Acinetobacter 55.7%-56.2% [53)° 0%-100% [26)° 58.1%-60.5% [53)]° 32.0%-36.5% [63)° 53.1%-54.6% [53)°
baumannii

78.4%-79.00%  [53)° 76.3%-778% [53)F 42.3%-451% [53)]° 85.6%-86.3% [53)°

71.4%-71.9% [49])° 2.5%-81.5% 41 l‘l 40.1%-50.4% 3¢ 57.5% 51]°

25.0%-90.5% [48]° 65.8%-84.6% [21]° 11.4% [55]° 219%-909% 52]¢

o— o [54]° 79.3%-89.2%  [56)°

Nordmann P and Laurent Poire L. Clin Infect Dis 2019:69 (7) e S523




A. baumanii kolistin direnci

A. baumanii’de kolistin direnci ilk kez 1999 yilinda bildirildi.

Bulgaristan’da 2005 yilinda %16.7

Ispanya’da 2006 yilinda %19

Kore’de 2007 yilinda %30.6

Yunanistan’da 2014 vyilinda karbapenem direncli suslarda %21.1

Giamarellou H. Int J Antimicrob Agents. 2016 Dec;48(6):614-621.
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FIGURE 4 | The worldwide dissemination of the mcr gene in Acinetobacter spp. Countries that reported only one type of mcr gene were colored to represent the
mcr gene. Countries that reported more than one type of mcr gene were filled with gray background containing color bands of the reported mcr gene.

Front Cell Infect Microbiol. 2022; 12: 882236.
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Antimicrobial Susceptibility of Acinetobacter calcoaceticus—
Acinetobacter baumannii Complex and Stenotrophormonas
maltophilia Clinical Isolates: Results From the SENTRY

Antimicrobial Surveillance Program (

1997—-2016)

Ana C. Gales,' Harald Seifert,”” Deniz Gur,” Mariana Castanheira,” Ronald N. Jones.” and Helio S. Sader”
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Figure1. Distribution of 180 Aninetobacter calcoacetius-A. baumanii complex isolates exhititing pandrug-resistant phenatyps by country: SENTRY Program (2001-2016).




Table 4. Frequency of Extensively Drug-Resistant Acinetobacter calcoacetius—-A. baumannii Complex Isolates Over 4-Year Intervals According to the
Geographic Region and Period of Time (SENTRY Program, 1997-2016)

Frequency (%) of XDR Isolates®” by Time Period (No. Tested)

Geographic Region (No. of XDR Isolates) 19972000 (1833) 20012004 (1775) 2005-2008 (2698) 20092012 (3748) 20132016 (3698) Overall (13 752)
Asia-Pacific (1324) 9.6 24.3 62.8 80.3 7T 56.9
Europe (3007) 43 .1 43.5 64.5 703 79.0 66.4

Latin America (2072) 170 36.2 671 773 86.6 61.5
North America (1369) 10.0 26.9 46.2 54.4 40.8 38.8

Total (7772) 21.6 33.6 61.3 71.0 66.6 56.5
Abbreviation: XDR, extensively drug-resistant

"Organisms include A. baumannii (6), A. calcoacetius-A. baumannii complex (7756), A, nosocomialis A baumanii direng %38 8_66 4

Table 8. Trimethoprim-Sulfamethoxazole Susceptibility Rates of 6453 Stenotrophomonas maltophilia Isolates by Geographic Region and 4-Year Periods

Number of Isolates (% Susceptible by Time Period)®

Geographic Region 1997-2000 2001-2004 2005-2008 2009-2012 2013-2016 Overall
Asia-Pacific 135 (91.9) 100 (96.0) 123 (91.9) 147 (97.3) 107 (93.5) 612 (94.1)
Europe 246 (91.1) 355 (975) 336 (98.5) 409 (96.3) 687 (96.5) 2033 (96.3)
Latin America 97 (96.9) 223 (94.6) 172 (96.5) 115 (93.0) 94 (91.5) 701 (94.7)
North America 632 (96.2) 440 (98.6) 380 (974) 556 (98.4) 1099 (95.8) 3107 (96.9)
Total 1110 (94.6) 1118 (97.2) 1011 (96.9) 1227 (97.1) 1987 (95.7) 6453 (96.2)
*Susceptible according to criteria published by European Committee on Antimic Stenot rophomonas _____ T M P_SMX d uya r| I | |é| %94_ 1_969

Gales AC, et al. Open Forum Infect Dis. 2019 Mar; 6(1): S34-S46.




Multicenter Study > J Hosp Infect. 2018 Mar;98(3):260-263. doi: 10.1016/j.hin.2017.11.014.
Epub 2017 Dec 15.

Rapid emergence of colistin resistance and its impact
on fatality among healthcare—associated infections
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Turkish Society of Clinical Microbiology and Infectious Diseases, Healthcare-related Infections Study
Group, Turkey

Saghk bakimiyla iliskili 1556 Gram negatif bakteri infeksiyonu

Retrospektif cok merkezli calisma

Mortalite oranlari A. baumanii’de %58 , P. aeruginosa’da %45 , K. pneumoniae %41
A. baumanii karbapenem direnci %91.8; kolistin direnci %2.1

K. pneumonia karbapenem direnci %51.9; kolistin direnci %16.1

P. aeruginosa karbapenem direnci %42.9, kolistin direnci %8.8

E. cloaca karbapenem direnci %23.3,kolistin direnci %5.7




ULUSAL SAGLIK HiZMETi iLiSKiLi INFEKSIYONLAR SURVEYANS
AGI (USHIESA) OZET RAPORU 2021

Antimikrobiyal Diren¢ Oranlan PERSENTIL

ANTIMIKROBIYAL DIRENCLI PATOJEN

: : Agirhkh -
Hastane Toplam Etken Direncli oA % 10 % 25 % 50 %75 % 90
Sayisit Sayisi Etken Sayisi (Ortanca)
Ortalama
TURKIYE GENELI

Vankomisin direncli E. faecium 208(45)
Vankomisin direncli E. faecalis 209(37)
MRSA 302(58)
MRKNS 282(75)

E. coli Suslarinda ESBL

359(92)

Klebsiella pneumoniae Suslarinda ESBL

378(154)

Karbapenem direncli Acinetobacter baumannii

336(169)

Karbapenem direncli Pseudomonas aeruginosa

315(89)

Karbapenem direncli Klebsiella pneumoniae

375(165)

Kolistin direncli Acinetobacter baumannii

340(151)

Kolistin direncli Klebsiella pneumoniae

348(140)




CASES OVER TIME

Continued infection control and appropriate antibiotic use are
important to maintain decreases in MDR P. aeruginosa infections.
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CASES OVER TIME

Continued infection control and appropriate antibiotic use
are important to maintain decreases in carbapenem-resistant

Acinetobacter infections.
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Karbapenem direncli Gram negatif comaklardan kaynaklanan infeksiyonlar ile

mucadele edebilmek icin

S
. . . . .'I"
* Antibiyotikleri uygun kullanimi |
* Direncin erken tanimlanmasi o0 } ;
‘ %

Infeksiyon kontrol &nlemlerine uyum

Kolonize ve enfekte hastalarin izolasyonu J v %
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Walsh TR. Nature Microbiology.2018:3;854-855 T
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