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Figure 3. Action of colistin on bacterial membrane. The cationic cyclic decapeptide structure of colistin binds with the anionic LPS molecules by displacing
calcium and magnesium from the outer cell membrane of Gram-negative bacteria, leading to permeability changes in the cell envelope and leakage of cell
contents. By binding to the lipid A portion of LPS, colistin also has an anti-endotoxin activity. Disruption of the membranes should promote permeability for

more conventional anti-pseudomonals. LPS: lipopolysaccharides; PBP: penicillin-binding protein. (From Martis et al®®).
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Direnc

* Klebsiella pneumoniae MDR
* Acinetobacter baumannii | XDR
* Pseudomonas aeruginosa PDR
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Table 1

Colistin and polymyxin B interpretative breakpoints in (jug/mL) recommended by
the Clinical and Laboratory Standards Institute (CLSI) and the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) guidelines in 2017.

Organism Polymyxin CLSI EUCAST
S | R S | R
Enterobacteriaceae Colistin - - - <2 - =2
Polymyxin B - - - - - -
Pseudomonas spp. Colistin <2 - =>4 <2 - =2
Polymyxin B <2 4 =8 - - -
Acinetobacter spp. Colistin <2 - >4 <2 =2
Polymyxin B <2 - =>4 - - -

S, susceptible; I, intermediate; R, resistant.
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Kolistin — Intrensek Direnc

* Anaer
aerob | LPS yok
* Gram-pozitif mikroorganizmalar |
* Brucella spp.
* Burkholderia cepacia * Dogal direng — yapisal gen
: kspresyonu
* Edwardsiella : ©
>PP ~ * LPS’'ye katyonik
* Morganella morganii : molekillerin eklenmesi
* Proteus spp. * Kolistinin LPS’ye
* Providencia spp. baglanmasinda
: azalma
* Serratia spp.
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Direnc Mekanizmalari

LPS’de modifikasyon Plazmid-mcR-1 geni Heterodirencg

e Kromozomal e Horizontal gecis

e mcrB geni ve
PhoP/PhoQ’da
upregulasyon

e Vertikal ve yavas
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Direnc

Dis membran
porinlerinde
modifikasyon ve

LPS’nin negatif
yukunun azalmasi

Efluks pompa
sistemlerinde asiri
ekspresyon

Kapsul proteini Gretimi
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LPS Modifikasyonu

* Dogal direncli gram-negatif bakterilere benzer mekanizma

* Polimiksinlere duyarli mikroorganizmalarda mutasyon

* WPSdemodift==on ] P
. Modifikasyon  Bakteri membraninin negatif yiki azalr,

deoxy-Dmann  Sonug olarak pozitif yklu kolistinin bakteri

meydana gelir membranina baglanmasi azalir
* 4-amino-4-deoxy-L-arabinose (L-Ara4N),
* Phosphoethanolamine (PEtN)



Acinetobacter spp.

Lipid A biyosentez
genlerinin

Lipid A'ya PEtN
inaktivasyonu — LPS
kaybi

eklenmesi




Pseudomonas

geruginosa

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

Multidrug efluks sistem




Klebsiella spp.

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

Kapsuler LPS biyosentezi



Plazmid-mediated Polimiksin Direnci —

mcr geni

Emergence of plasmid-mediated colistin resistance mechanism
MCR-1 in animals and human beings in China: a microbiological

and molecular biological study

Yi-Yun Liu, BS, Yang Wang, PhD', Prof Timothy R Walsh, DSc, Ling-Xian Yi, BS, Rong Zhang, PhD, James Spencer, PhD,
Yohei Doi, MD, Guobao Tian, PhD, Baolei Dong, BS, Xianhui Huang, PhD, Lin-Feng Yu, BS, Danxia Gu, PhD, Hongwei Ren,

* Cig et ornekleri %15
 Hayvanlar %21
e Insanlar %1

The Lancet Infectious Diseases 2016;16:161-8



mcr genl

LPS’nin Lipid A kismina PEtN eklenmesi ile direng
Ocak 2016 — 19 Ulkeden bildirildi
SENTRY 2014-2015 —E. coli ve K. pneumoniae - %5

Pandemik klonlara gecerse risk blyuk

e Akilci kullanim, seyahatte, riskli Gnitelerde slirveyans 5 ooff
Salmonella
Shigella
" Klebsiella
Aktarilabilir ve hizli e ieeh

yayilim riski var
Turler arasi transfer

J of Global Antimicrob Resistance 2018;12:124-36
Lancet Infect Dis. 2016;16(3):292-3.



Karbapenemaz pozitif Enterobacteriacea
ECDC — Mayis 2015

H. Giamarellou/ International Journal of Antimicrobial Agents 48 (2016) 614-621

Epiderniological stages, 2014-2015 7.
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Single hospital outbreak (Stage 2a)
 Sporadic hospital outbreaks (Stage 2b)

B Regional spread (Stage 3)
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E Endemic situation (Stage 5)
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Mikrobiyol Bul. 2017 Jul;51(3):293-303. doi: 10.55786/mb.57515.

[Results of a multicenter study investigating plasmid mediated colistin resistance genes (mcr-1
and mcr-2) in clinical Enterobacteriaceae 1solates from Turkey].

[Article in Turkish]
Sar| AN1: Sizik S, Karatuna O, Odinc D, Karakoc AE, Cizmeci Z, Aliskan HE, Cémert F, Bakici MZ, Akpolat N, Cilli FE, Zer Y, Karatas A, Akgun Karapinar B,
Bayramoglu G, Ozdamar W, Kalem F, Delialioglu N, Aktas E, Yilmaz N, Gurcan S, Gulay Z.

 Enterobacteriaceae 329 klinik izolat
* mcr-1 ve mcr-2 mevcut degil



Heterodirenc

e Standart test yontemleriyle duyarli oldugu distnulen bir izolat
* Direncli subpopulasyon varligi

* Populasyon analiz profil ydntemi-altin standart
* Bakteri populasyonu farkli antibiyotik konsantrasyonlarina maruz birakilir
* Her bir konsantrasyondaki treme derecelendirilir



Table 1 Prevalence of heteroresistance to colistin or polymyxin B among Gram-negative bacilli

Organism Antibiotic  Detection of Year Comments Reference
heteroresistance
Acinetobacter bawmannii  Colistin 15/16 (93.7%) 2006 Some subpopulations were able to grow in the presence of up to [19]
200 pg/mL of colistin
Acinetobacter Colistin 19/19 00%) 2008 Significantly higher degree of heteroresistance found among 1solates  [20]
baumannii— from patients with previous colistin treatment. All isolates maintained
calcoaceticus complex colistin MICs = 16 mg/L after two passages on sheep blood plates
Acinetobacter baumannii  Colistin 13/28 (46.4%) 2009 Case report of a patient with post-neurosurgical meningitis with 22]
development of colistin resistance during intrathecal treatment
Acinetobacter baumannii  Colistin 177 (14%) 2007 All 1solates maintained resistance to colistin after passaging on sheep  [21]
Enterobacter cloacae 6/10 (60%) blood agar and retesting, suggesting resistance 18 induced upon
exposure to colistin rather than via a stable mutation
Enterobacter cloacae Polymyxin 8/8 (100%) 2013 In several 1solates, the number of heteroresistant colonies was greater at [25]
B higher concentrations of polymyxin B (4-8 pg/mlL) compared to
lower concentrations (0.5-2 pg/mL)
Carbapenemase-producing Colistin 12/16 (75%) 2011 All heteroresistant strams except one mamtained colistin MICs [26]
Klebsiella pneumoniae > & mg/L after serial passages on colistin-free media
Fseudomonas aeruginosa  Polymyxin l.-"24(£%D 2013 Rate of heterogeneous subpopulations with increased MICs to [24]
B polymyxin B but still < 2 mg/L were 37.5% (9/24)
Burkholderia cenocepacia  Polymyxin - 2013 More resistant subpopulations of B. cenocepacia may communicate  [23]
B high level resistance to less resistant cells

Curr Infect Dis Rep 2017;19:38



Mikroorganizma

A. baumannii

P. aeruginosa

Enterobacteriaceae

Enterobacter spp.

Klebsiella spp.

E. coli

Klebsiella spp (ESBL +)
E. coli (ESBL +)

SENTRY 2001-2011
usS
Avrupa
Latin Amerika
Asya Pasifik
EARS-Net 2013
SENTRY 2009-2012
SENTRY 2006-2009
Kanada 2008-2015
MDR ve XDR

SENTRY 2009-2012 (ABD,
Avrupa)

Calisma/Bolge Direng (%)

0.9-3.3

0.1-4.8

0.4-2.7

0.9-1.1

0.7-1.7

5.0 (%80’i Yunanistan)
0.7

0.1-0.6

5.1

7.1-11.7

13.6-15

2.7-3.6
0.3-0.1
11.5-7.8
1.4-0.7



K. pneumoniae

* |lk kez 2004 Yunanistan’da direnc

» Karbapenemaz pozitif izolatlarda
* jtalya
* 2011-%27.5
* 2013-2014 - %43

* Yunanistan
e 2011 - %23
e 2014 - %20

 Kore
* %6.8

* Singapur
* %6.3
* EARS 2013
 Tum izolatlarda %8.8
e Karbapenemaz pozitif %32
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e 1998-1999 — Kistik fibrozis olgularinda %50

* Kistik fibrozis disinda halen duyarlilik yiksek
* Hindistan 2012-2013 — %2.2-3.8
* Iran 2014 - %2
* Yunanistan 2011-2012 - %6.3
* Avrupa 13 llke 2011-2012 - %0.2
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Rapid emergence of colistin resistance and its impact
on fatality among healthcare-associated infections

M. Aydin®*, O. Ergoniil®, A. Azap©, H. Bilgin“, G. Aydin“*, S.A. Cavus’,
Y.Z. Demiroglu %, H.E. Ahskan " 0. Memikoglu <, S. Menekse', §. Kaya’,
N.A. Demir“, I. Karaoglan', S. Basaran™, C. Hatipoglu”, §. Erding",

E. Yilmaz°, A. Tiimtiirk®, Y. Tezer ", H. Demirkaya“, $.E. Cakar ',

S. Keske®, S. Tekin®, C. Yardimei1®, C. Karakog‘, P. Ergen"“, O. Azap 9,

L. Miilazimoglu ¢, 0. Ural*®, F. Can", H. Akalin °, Turkish Society of Clinical
Microbiology and Infectious Diseases, Healthcare-related Infections Study
Group, Turkey

Table |

Antibiotic resistance rates in 1556 episodes of healthcare-associated Gram-negative bacteraemia

2014-2015

Saglik Bakimi iliskili Kan Dolagimi infeksiyonlari

Species

N (%) of isolates that were resistant to:

Carbapenems  Fluoroquinolones

Third-generation cephalosporins  Aminoglycosides Colistin

Acinetobacter baumannii N = 437 401 (91.8)
Klebsiella pneumoniae N = 416 216 (51.9)
Escherichia coli N = 339 34 (10.0)
Pseudomonas aeruginosa N = 205 88 (42.9)
Enterobacter cloacae N = 159 37 (23.3)

389 (89.0)
266 (63.9)
189 (55.8)
102 (49.8)
46 (28.9)

410 (93.8)
320 (76.9)
203 (59.9)
103 (50.2)

59 (37.1)

310 (70.9) 9 (2.1)
200 (48.1) 67 (16.1)
103 (30.4) 3(0.9)

65 (31.7) 18 (8.8)
51 (32.1) 9 (5.7)




Journal of Global Antimicrobial Resistance 11 (2017) 10-16

Contents lists available at ScienceDirect

Journal of Global Antimicrobial Resistance

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

Molecular epidemiology of carbapenem-resistant Klebsiella .
CrossMark A. Candevir Ulu et al./Journal of Global Antimicrobial Resistance 11 (2017) 1016

pneumoniae at a Turkish centre: Is the increase of resistance a threat for

Europe? M Resistant (%) M Intermediate (%)

Aslihan Candevir Ulu®, Tiilin Gliven Gékmen, Filiz Kibar, Behice Kurtaran, Cansu Onlen,
Ferit Kuscu, Ayse Seza Inal, Sitheyla Kémiir, Akglin Yaman, Hasan Salih Zeki Aksu, 100
Yesim Tasova

Cukurova University Medical School, Adana, Turkey

75

25

Colistin (n=70)

Tigecycline (n=97)

Ceftriaxone (n=74)
Cefepime (n=90)
Cefoxitin (n=28)
Gentamycein (n=96)
Amikacin (n=98)
Phosphomycin (n=7)

Ciprofioxacin (n=98)
Nitrofurantoin (n=7)

Ceftazidime (n=37)
Piperacillin-tazobactam (n=97)

£
3
o
5
H
?
£
:
<

Cefoperazone-sulbactam (n=27)
Trimetoprim-sulfametoxazol (n=16)

Fig. 1. Resistance and intermediate susceptibility rates of carbapenem-resistant Klebsiella pneumoniae isolates to various antimicrobial agents.



SDU Tip Fakiltesi
Arastirma ve Uygulama Hastanesi

2014 2015 2016 2017 2014 2015 2016 2017
A. baumannii 97.9 100.0 97.5 96.5 1.4 1.7 3.9 1.7
K. pneumoniae  73.0 51.9 53.3 56.6 NA 0.0 30.0 29.6






Risk factors associated with the isolation of colistin-resistant

Gram-negatwe bacteria: A matched case-control StUdy risk factors associated with isolation of colistin-resistant Kiebsiella prewmoniae, Acinefobacter baumanmnii, and Pseudomonas
Dimitrios K. Matthaiou, MD; Argyris Michalopoulos, MD, FCCP; Petros I. Rafailidis, MD, MRCP;
Drosos E. Karageorgopoulos, MD; Vassiliki Papaioannou, MD; Georgia Ntani, BSc; CR C5 CR C5
George Samonis, MD, PhD; Matthew E. Falagas, MD, MSc, DSc : Name n (%) n (%) P Value Mean =+ 3D Mean = 5D P Value®
Demodraphics
Ade, vears 57+ 17 B6 + 19 {005
Sex (male) 23 (56.1) 32 (78) 6
Hospital stay® days 37.1 + 325 279 + 36.2 Rt
Comorbidities
Heart disease 21(51.2) 26 (63.4) 36
Malignancy 10 (24.4) 9 (22) 1
COPD 10 {24.4) 14 (34.1) 45
Diabetes mellitus 14 (34.1) 12 (20.3) B0
Acute renal failure 4 (9.8) 5(12.2) 1
Chronic renal failure 1i2.4) 6 (14.6) 13
Renal failure (total) 5(12.2) 11 (26.8) 21
Liver disease 4(9.8) &(19.5) 39
Hematological disorders 249 1(2.4) 1
MNeurological disorders T7.1) 12 (29.3) a3
Prior surgery &1(19.5) 0 () L)
Prior hospitalization 28 (68.3) 22 (53.7) 0.24
IC! A2
AP ol i i 0.76
. Cok Degiskenli Analiz
o nq . <,
w Kolistin kullanimi p=0.02, OR: 7.78 1
EnU'E'f-IIl:Id.LI.UII A= LR L LR PR ] A ) [ RNy g Saur b T L N ) Duﬂ?
Ard-generation cephalosporins 21(51.2) 18 (43.9) 1166 6.6+ 45 f+45 0.35
Aminoglycosides 24 (58.5) 18 (43.9) 0.31 05+ 82 7.1 +99 0.06
Quinolones 25 (61) 33 (80.5) 0.1 14.1 = 135 148 = 13.1 0.19
Metronidazole 13 (31.7) 17 (41.5) 0.52 125 = 68 1.y =113 .88
Clycopeptides 28 (68.3) 36 (B7.8) 0.23 17 = 13 168 = 17 0.50
Carbapenems 34 (82.9) 28 (68.3) 0.26 19.9 = 17.1 169 + 20.5 0.13
Monobactams 9(22) 1(2.4) 02 53+ 47 16 0.07
Antifungals TI17.1) 16 (39) .06 286 =713 19.81 = 23.38 049
p-lactams/B-lactamase inhibitors 10 (24.4) 5(12.2) 0.23 62 +45 56+ 5.1 17
Invasive procedures and device placement/duration, days®
Mechanical ventilation 34 (82.9) 36 (87.8) 0.73 143 =11 105 = 10.6 A2
Central venous catheter AT 190.2) 3&(92.7) 1 21 £ 155 18.7 + 19.9 |
Foley catheter 35(92.7) 38 (92.7) 1 249+ 168 189 = 199 N
Masogastric tube 36 (87.8) 37 (90.2) 1 18.9 + 136 176 = 20.7 58
Special therapies 32 (78) 24 (58.6) (L0
Other interventions &1(19.5) 15 (36.6) 0.12
Foreign material in the body 10 (24.4) 11 (26.8) 1
Surgical operations after admission 26 (63.4) 27 (65.9) 1
Tracheotomy 26 (63.4) 20 (48.8) 0.29 248 = 305 202 *+ 26.8 A2
Crutcomes
Fatients with infection 35 (85.4) 36 (87.8) 1
Fatient outcome: mortality 15 (36.6) 18 (43.9) 0.58

Infection outcome: attributable mortality 10 (24.4) 6 (14.6) 0,39 Drrt ['-HI'E". ME!{I Eﬂﬂﬂ m_ 35 NU- 3




RESEARCH NOTE BACTERIOLOGY

Colonization and infection by
colistin-resistant Gram-negative bacteria
in a cohort of critically ill patients

F. Kontopidou', D. Plachouras', E. Papadomichelakisz,
G. Koukos', I. Galani', G. Poulakou', G. Dimopoulosz,
A. Antoniadou', A. Armaganidis® and H. Giamarellou'”
1) 4th Department of Internal Medicine and 2) 2nd Critical Care
Department, University of Athens, Medical School, Athens, Greece

In the last decade the increased incidence of infections by
multidrug-resistant  Gram-negative bacteria (MDR-GNB),
especially in critically ill patients, restored colistin, a
neglected antimicrobial, to clinical practice, as it is one of the
very few and in some cases the only antimicrobial with activ-
ity against pathogens such as carbapenem-resistant Acineto-
bacter spp and carbapenemase producing Pseudomonas
aeruginosa and Klebsiella pneumoniae [1]. However, there is
concern that selective pressure due to extensive colistin use
may lead to the emergence of resistance. In addition, super-

infartian  with  ratharane infrincirally racierant +rA ~alierin

TABLE 2. Univariate and multivariate analysis of risk factors for colonization by CR Klebsiella pneumoniae

Colonized Not colonized Univariate Multivariate Odds
by CRKP by CRKP analysis analysis ratio
Age, median (range) 68 (22-86) 72 (14-89) NS
Gender (female/male) L1719 54/66 NS
APACHE Il score, median (IQR) 19.5 (11.75) 18.0 (10) NS
Colistin treatment (%) 27 (90) 67 (56) <0.001 <0.001 52
Carbapenem treatment (%) 23 (77) 81 (68) NS
Piperacillin/tazobactam treatment (%) 16 (53) 77 (64) NS
Median length of stay in ICU, days (IQR) 65 (61) 26 (32) <0.001 NS
Median duration of colistin treatment, days (IQR) 20.0 (17) 14.5 (23) 0.048

Clin Microbiol Infect 2011; 17: E9—E11 10.1111/j.1469-0691.2011.03649.x
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Original article

Risk factors of multidrug-resistant, extensively drug-resistant and
pandrug-resistant Acinetobacter baumannii ventilator-associated

@ CrossMark

pneumonia in a Medical Intensive Care Unit of Universitv Hospital in
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Thailand
Table 3
Risk factors for the occurrence of MDR, XDR and PDR-A. baumannii compared to DS-A. baumannii group by univariable polytomous logistic regression.
Risk factors MDR XDR FDR
OR (95%CI) p-value OR (95%CI) p-value OR (95%CI) p-value
Male gender 1.11 (0.48—2.54) 0.800 1.15 (0.55—-2.39) 0.708 0.94 (0.25-3.53) 0.928
Age 1.02 (1.00-1.05) 0.055 1.01 (0.99-1.03) 0.383 1.00 (0.97-1.03) 0.973
Cov mnrhidiries
Table 4
Risk factors for the occurrence of MDR, XDR and PDR-A. baumannii compared to DS-A. baumannii group by multivariable polytomous logistic regression.
MDR XDR PDR
OR (95%CI) p-value OR (95%0) p-value OR (95%00) p-value
SAPS I 1.01 {0.97-1.05) 0.485 1.01 {0.97-1.05) 0.698 1.10(1.01-1.22) 0.046
SOFA 1.14 (0.39-1.47) 0.298 1.35 (1.07-1.71) 0.011 0.99 (0.64-1.52) 0.958
Previous antibiotic use
Carbapenems 5.20 (1.41-19.17) 0.013 6.30 (1.80-21.97) 0.004 12.84 (1.60—103.20) 0.016
Colistin 0.46 (0.02—-8.62) 0.608 1.61 (0.16—16.15) 0.687 155.95 (8.00—3041.98) 0.001
SOFA 121 (1.01-1.488) 0046 1.42 (1.18-1.70) <0.001 1.34 (1.02-1.76) 0037
Length of hospital stay before 1.12 (0.45-2.77) 0.792 1.11 (0.50—-2.50) 0.795 2.30 (0.59-8.90) 0.228
VAP onset =14 day
Mechanical ventilation days 3.60 (0.98-13.22) 0.070 3.30 (0.96—11.25) 0.065 1.93 (0.28-13.29) 0.503
before VAP onset > 14 day
Previous antibiotic use
Penicillins and derivatives 2.00{0.87—4.61) 0.104 1.61 {0.77—3.35) 0.205 2.4 (0.60-956) 0.214
Third generation Cephalosporins 0.66 (0.27-1.64) 0.374 0.58 (0.26—1.32) 0.195 0.75(0.18-3.11) 0.692
Fuoroquinolones 3.03 (1.11-8.27) 0.030 294 (1.17-7.42) 0.022 6.30 (1.48—-26.83) 0.013
Aminoglycosides 5.96 (1.30-27.26) 0.021 2.35(0.53-10.36) 0.258 517 (0.74-35.84) 0.097
Carbapenems 6.00 (1.67-21.56) 0.006 6.92 (2.05-23.37) 0.002 30.00 (5.13-175.27) <0.001
Vancomycin 1.40(0.27-7.38) 0.685 4.67(1.08—20.27) 0.039 517 (0.74-35.84) 0.097
Colistin 0.45(0.03—-7.43) 0.577 1.52 (0.20-12.30) 0.693 96.0 (8.87-1038.23) <0.001




TAELE |. Univariate anal ysis of risk factors for BSl caused by colistin+esistant KPC-Kp (case group) compared to control patients
ORIGINAL ARTICLE INFECTIOUS DISEASES
_ without infections caused by KPC-Kp (control group A) and control patients with B5l caused by colistin-susceptible KPC-Kp
(control group B)
Risk factors for bloodstream infections due to colistin-resistant

. . PO . Case group vs. control Case group vs. control
KPC-producing Klebsiella pneumoniae: results from a multicenter — =
case-control-control study Case group  Control group A Contrel group B

Variable (n=142) (o= 184) OR (95% CI) p n = 264) OR (95% CI) P
D. R. Giacobbe', V. Del Bono', E. M. Trecarichi’, F. G. De Rosa’, M. Giannella®’, M. Bassetti’, A. Bartoloni’, A. R, Losito’, Age (ymrs), median [10R) 66 (54—74) 70 (54— T8) — 0,06 &7 (5577 —_ 013
S. Corcione’, M. Bartoletti’, E. Mantengoli®, C. Saffioti’, N. Pagani’, S. Tedeschi®, T. Spanu’, G. M. Rossolini"™'°, A. Marchese'', Male = 89 (62.7) 164 (57.7) 123 (0.80-1.90) 0.33 183 (63.4) 097 (063151} 089
S. Ambretti'”, R. Cauda’, P. Viale’, C. Viscoli' and M. Tumbarello’, for ISGRI-SITA (ltalian Study Group on Resistant Infections of ECFD lities 14 (9.9} 46 (16.2) 0.56 (0.28—1_10) .08 41 (14.4) 0.65 (031 -1 .27} ols
the Societa Italiana Terapia Antinfettiva) Biliary devices 1 (0.7) 5(1.8) 039 (0.01-35% 038 T (15) 0.28 (0,01 -2.22) 021
1) Infectious Diseases Division, University of Genoa (DISSAL) and IRCCS San Martino-IST, Genoa, 2) Institute of Infectious Diseases, Catholic University of the Cardiovascular diseaes B 53(373) 130 (45.8) 0.70 (0-46—1 .0%) (] 120 (42.2) 081 (052125 033
N . ) ) . . I nrsbrcvaeibr dmone and deereesn 15 Qi AL EEFIEN &k -1 3T a9 35 [|"‘_]} ﬂ_aq.[ﬂ_4|_|_ﬁ5} 059
Sacred Heart, A. Gemelli Hospital, Rome, 3) Department of Infectious Diseases, Amedeo di Savoia Hospital, U 0.8 50 (17.6) .05 (059 —1 &2) 086
Diseases, University of Bologna, S. Orsola-Malpighi Hospital, Bologna, 5) Infectious Disease Division, Santa Mar 01004 43 (15.1) 126 (0.70-2.21) 040
1 1 1 H 060 71 [25.0) 0,80 [0.48-1.33) 037
TABLE 2. Multivariate analysis of risk factors for BSI caused by a7 Tyur- B
. 0.3 54 (19.0) 082 (0461 44) 048
® w * a 0.09 27 096 (0.44-2.00 091
colistin-resistant KPC-Kp 0% 1446 04s0@_i1e 031
<0001 21 (74) 126 (0.56—2.74) 0.53
<0001 39 (13.7) 225(1.50—431) =000
Control group and risk factors OR (95% ClI) p <0gol . 124 (080-193) 032
<000l 121 (426) 169 {1.10-2.59) 0.0l
<0001 &0 (21.1) 191 (1.18-3.06) 0.005
b <0001 36 (12.7) 184 (1.04-3.25) 002
. ; Ko i . 0006 26 (9.0} 117 [0.56-2.39) 064
Cnnf:rnl ngP,A (paf:lernts v:rldmut KPC-Kp infection) e e g
Previous colistin administration 245] (8.75-68.67) =0.001 083 49 (173 139 (081236 019
: e : 0.59 19 (&7) 030 (0.06—105) 004
Previous colenization with KPC-Kp 18.71 (8.05-43.51) <0.001 L0 54 (150) Besas 007
] - . 3 1 [0-14— .
Previous >3 hospitalization 5.32 (2.48-11.38) <0.001 ooy 41 ﬁé} 089 [[g.u-m}} 0.69
_ <0001 93 (12.7) 183 (1.19-2.83) 0.004
Charlson score >3 2.84 (1.52-5.29) 0.001 03 1348 07602127 04l
: _ <0001 20 (70) 122 {0.52-271) 060
Meutropenia 2.72 (1.02-7.23) 0.04 1o 2 R e
<000 49 (172) 269 (164—437)  <0.001
) ) o ) . 0006 37 (130) 085 (042-143) 060
Control group B (patients with BSI due to colistin-susceptible KPC-Kp) <0001 175 (616} 134 @86-211) 017
3 o o . <0001 61 (215) 153 (0.94-2.48) 006
Previous colistin administration 6.88 (3.55-13.34) <0.001 013 51(180) 079 (043-141) 041
= - = = 0.002 159 (56.0 117 [0.76—1 80/ 045
Previous colonization with KPC-Kp 2.40 (1.46-3.97) 0.001 on 30 (l06) caguim om
0! 98 (345) 0.97 (0.62—1 51} 058
Charlson score >3 2.97 (1.74-5.06) <0.001 QD000 4l (144 3OS IE 092
0.05 831 (91) 0,68 (0.4 —1.11) 010
IR s ppres e theragy 18 (127 12 (4.2) 329 (1 44-7.71) 0001 25 (a8) 150 (0.74-2.99) 021
Corticostarid theramy 22155 42 (14.8) 106 (0.57—1 91} 0.85 46 (162) 0.95 (0.52-1_70) 0.85
Chemothenpyiadotheragy 18 {12 &9 24.3) 0.45 (0-24-0.81) 0.005 3% (137} 091 (0.47-1.71) 07s
PEG 4(28) 5 (1.8} 1.62 (0.31-7.63) 0.47 8 [28) 100 (0.22-3.81) 1.00
Badriddden 30 (21.1) &4 (225 0.92 (0541 54) 0.74 51 (180} 122 0.71 -2.08) 0.43
Previow surgny 63 (44.4) 72(253) 235 (150367 <0000 120 (423) 109 (071 -1 67} 068
Recent antibiotic theragy
In general 119 (83.8) 20739 182 (1 06-3.21) 002 240 (845) 0.95 (0.53—1.73) 0.85
By clmes
Aminoglyoosides 15 {10.6) 13 (4.6) 246 (1.05-5.79) 0 30 (10.6) 100 (0.48—-2.00) 1.00
f-Lactam-P-ctamase ihibitor 53(373) 109 (38.4) 0.96 (0621 48) 081 150 (528) 0.5 (0.34-0.82) 0002
Fluoroquinalones 47 (33.1) 87 (30.6) 112 {0.71-1.78) 060 95 (33.4) 0.98 (0,621 54) 094
Oxyiminecephalogarins 19 {13.4 70 24.6) 0.47 (0-26-0.84) 0.007 38 (13.4) 1.00 (0521 &7) 1.00
Carbapenams 45 (317 33 (11.8) 353 2064605 <0001 92 (12.4) 0.97 (0,61 -1 52) 088
Glycopentides 39 (27.5) 37 (130 253(1.47432) <0001 &2 (218) 135 (0.83-2.21) 020
Colistin 40 (28.3) 621} 1817 (731-53.62)  <0.001 15 (5.3} 703 (31.60—1435) <000

Oither 49 [34.5) &1 (215 1.93 {1.20-3.08 0.004 80 (83) 134 (085211} 0.8




Table 2. Univariate analysis of risk factors as invasive devices and antibiotic
usage associated with infection of colistin-resistant gram-negative

Original article microorganisms and prognosis.
o . . . g Invasive devices and Colistin S Colistin R
Risk factors for infection with colistin- treatment n=109 (%)  n=56 (%) 4
resistant gram-negative microorganisms: Mechanical ventilation 71 (65.1) 39 (69.6) 56
a multicenter study Central venous catheter 79 (72.5) 40 (71.4) 89
Gul R. Yilmaz,* Murat Dizbay,® Tumer Guven,* Husnu Pullukcu,® Meltem Tasbakan,? Ozlem Tunccan Urinary catheter 91 (83.5) 45 (80.4) .38
Guzel,” Yasemin T. Tekce,* Mehmet Ozden,’ Ozge Turhan,? Rahmet Guner, Yasemin Cag,” Fatma '
Bozkurt, Fatma Yilmaz Karadag,' Elif Doyuk Kartal* Gokhan Gozel, Cemal Bulut,” Sebnem Steroid use 18 (16.5) 14 (25.0) .21
Erdinc,™ Siran Keske," Ziya Cibali Acikgoz,® Mehmet A. Tasyaran® Heimodkalysis 13 (12.0 12 (21.4) 09
H2 receptor blocker or
proton pump inhibitor 89 (81.7) 48 (85.7) 33
use
Total parenteral nutrition 55 (50.5) 30 (53.6) .70
Nasogastric entubation 67 (61.5) 36 (64.3) 43

Previous antibiotic use

(last 3 months) 73 (67.0) 49 (87.5) .003
Son 3 ayda kinolon kullanimi 3.2 kat (P=.003, 95% Cl:1.50-6.74) Colistin 1414) 17.604) 016
Son 3 ayda kolistin kullanimi 3.6 kat (P<0.01, 95%Cl:1.63-7.99) o A T
Glycopeptide 25 (22.9) 11(19.6) .39
Cephalosporin 39 (35.8) 25 (44.6) A7
Aminoglycoside 7(6.4) 4(7.1) 1.00
Quinolone 19(17.4) 24(429) .001
Sulbactam 24 (22.0) 17 (30.4) 16
Tigecycline 10(%9.2) 13(23.2) A5
Piperacillin-tazobactam 32 (29.4) 22 (39.3) A3
Metronidazole 18 (16.5) 8(14.3) 45
Linezolide/daptomycine 21(19.3) 18 (32.1) 051
. Anti-fungal agent 19(17.4) 12(21.4) 33
Ann Saudi Med 2016; 36(3): 216-222 - o 5
Microbiological cure 61 (65.6) 29 (51.8) 07
Length of hospital stay
before MDR infection 14 (3-148) 21 (3-118) 04

(median, minimum-
maximum)
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Colistin-Resistant Klebsiella pneumoniae: Prevalence of Integrons and

Synergistic Out Turn for Colistin-Meropenem
Prasanth Manohar,' Thamaraiselvan Shanthini,' Pandey Ekta,' Mahesan | B, Kodiveri
Muthukaliannan Gothandam,' Bulent Bozdogan,? and Nachimuthu Ramesh*

e 24 K. pneumoniae (kolistin R)
* Kolistin ve meropenem sinerjik etki?

e Sonuclar
* Checkerboard %86
* Time-kill %76
* Modifiye time-kill %94
* Yorum
* Kolistin + meropenem: Bakterisidal etkili
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New therapy from old drugs: synergistic bactericidal activity of
sulfadiazine with colistin against colistin-resistant bacteria, including
plasmid-mediated colistin-resistant mcr-1 isolates

Liliane Okdah !, Stéphanie Le Page ', Abiola Olumuyiwa Olaitan, Grégory Dubourg,
Linda Hadjadj, Jean-Marc Rolain *

Aix-Marseille Université, IRD, APHM, MEPHI, IHU Méditerranée Infection, Marseille, France

e 53 kolistin R klinik izolat
Klebsiella pneumoniae (n = 27)
Serratia marcescens (n = 1)
Proteus vulgaris (n = 1)
Escherichia coli (n = 24)

* E test ve «checkerboard»la siner;ji
e Kolistin + sulfadiazin %92.7
e Kolistin + SMX %33.3
e Kolistin + TMP %47.3
e Kolistin + SXT %31.5

29 mcr-1 geni pozitif
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In Vitro Synergy of Colistin Combinations against Colistin-Resistant
Acinetobacter baumannii, Pseudomonas aeruginosa, and Klebsiella
pneumoniae Isolates

Céline Vidaillac,*™* Lothaire Benichou,” and Rapha#l E. Duval™®

* A. baumannii (12)

* P. aeruginosa (4)

* K. pneumoniae (4)

* Kolistin + TMP veya TMP/SMX veya vankomisin

* Tim kombinasyonlar sinerjik ve/veya bakterisidal

Antimicrobial Agents and Chemotherapy 2012;9:4856-4861
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In vitro activity of colistin mono- and combination
therapy against colistin-resistant Acinetobacter
baumannii, mechanism of resistance, and clinical
outcomes of patients infected with colistin-
resistant A. baumannii at a Thai university hospital

e 2011- 2015 arasi 17 kolistin-R klinik izolat
* %35.3 olgu — pndmoni

* 30 glin mortalitesi %70.6

* Tim izolatlar tigesikline duyarli

* Sinerji
 Kolistin + imipenem/meropenem %16.7
* Sulbaktam %66.7
* Tigesiklin %66.7

Infection and Drug Resistance 2017:10



Table 3 Characteristics and outcomes of patients infected with colistin-resistant Acinetobacter baumannii

Patient Age Sex Comorbidity Diagnosis ICU  Septic Prior Regimen Treatment Clinical
number (years) shock  colistin use duration (days) outcome
1 58 M DM VAP Yes  Yes Ma CoL 14 Improvement
IMP
2 Bl ™ DM, ESRD with HD VAP Yes  Yes Yes SLIL L Death
LW
3 &7 ™ SCLC, RF VAP Yes  Yes Tes CoL 14 Creath
FOS
e 21 F PAD, HT, DLP, RF  Septicemia  Yes  Yes Ma CoL I Dreath
SLUL
5 &l ™ BPH, HT, RF uTl Mo Mo Mo CoL 10 Improvement
SLIL
& 90 F HT, RF Bacterial Yes  Yes Tes CoL 3 Creath
periconitis IMP
7 Fr) ™ DM, CA Cholangitis Mo Yes Mo CoL 14 Creath
|l
8 8l ™ HT, COPD HAP Mo Yes Mo CoL 17 Improvement
IMP
9 63 F DM, HD Cellulitis Yes  Yes Tes CoL 13 Creath
IMP
10 82 ™ HT, RF VAP Yes  Yes Tes CoL 12 Creath
MEP
Il 21 ™ AKl with CVWHDF  Septicemia  Yes  Yes Mo CoL 4 Creath
MEP
12 55 ™ AlLL, AKI Septicemia  Yes  Yes Mo CoL ] Creath
iMp
13 80 F HT, DM Septicemia Mo Yes Mo CoL 21 Cure
IMP
14 ™ HT, DM Cholangitis, Ma Yes Mo CoL 18 Cure
septicemia i~MP
15 63 F DM Cholangitis, Mo Yes Mo CoL 10 Creath
septicemia FOS
& 76 ™ HT, ESAD with HD*  Septicemia  Yes  Yes Mo CoL ] Dreath
iMp
17 a5 F ARl with HD VAP with Yes  Yes Mo TIG 25 Dreath
pleural SUIL

effusion

Infection and Drug Resistance 2017:10
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clinical isolates
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Dongeun Yong ®, Kyungwon Lee ®

* Department of Laboratory Medicine, Eone Reference Laboratory, incheon, Seoul, Republic of Korea
" Department of Laboratory Medicine and Research Institute of Bacterial Resistance, Yonsei University Coliege of Medicine, Seoul, Republic of Korea

e 2012-2014 arasinda 41 kol R, 41 kol S klinik izolat
e E test MIC/MIC orani metodu

* Sinerjistik aktivite
* Kolistin+ rifampisin
* %80.5vs. %14.6, P< 0.0001
* Kolistin + meropenem
* %85.4 vs. %4.9, P< 0.0001
» Kolistin-imipenem
* %46.3 vs. %2.4, P<0.0001
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4 Department of Microbology and Immunology, Southeest University School of Medicine, Nanfing, Chima
b Department of Hematology, The First Affilieted Hospital of Soochow University, Suzhou, Ching
¢ liangsu Institute of Hematolegy, The First Affiliated Hospital of Soochow University, Suzhou, China

* Kolistin R 2 susta bakterisid ve sinerjik
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Table 1

Patient profile, antibiotic combination used. and outcome

Serial APACHE  Charlson  Sample Antibiotics used for treatment Clearance on Outcome
number score index surveillance cultures

1 22 6 Blood Tigecycline + co-trimoxazole Not checked Expired

2 24 9 Blood Tigecycline + ciprofloxacin Not checked Discharged

3 12 5 Blood Chloramphenmicol + fosfomycin + doripenem Not checked Expired

- 25 7 Blood Tigecycline + chloramphenicol Not checked Expired

5 12 5 Blood Tigecycline + ciprofloxacin Cleared Expired

6 16 3 Blood Chloramphenicol + fosfomycin Not checked Expired

7 10 8 Unne Chloramphenicol + fosfomycin Cleared Expired

8 25 1 Unine Chloramphenicol + fosfomycin+ imipenem Not checked Discharged

9 - 7 Unine Tigecycline + chloramphenicol + colistin Not checked Expired

10 15 1 Respiratory Tigecycline + colistin Not checked Lost to follow-up
11 18 4 Respiratory Tigecycline + colistin Not checked Lost to follow-up
12 25 7 Respiratory Tigecycline + colistin Not checked Expired

13 12 7 Pus Tigecycline Not checked Discharged

14 2 5 Pus Tigecycline + co-trimoxazole Not checked Lost to follow-up
15 12 3 Pus Tigecycline + amikacin + colistin Not checked Expired

16 9 7 CSF Tigecycline + chloramphenicol + sulbactum Not checked Expired

CSF: Cerebrospinal fliud; APACHE: Acute Physiology and Chronic Health Evaluation

Indian J Crit Care Med. 2017 May; 21(5): 317-321.
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* 15 sepsis, ciddi sepsis, septik sok

* Yuksek doz meropenem + ertapenem
* Klinik/mikrobiyolojik yanit %80

* Sinerji %78.6
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Bactericidal and synergistic activity of double-carbapenem regimen for
infections caused by carbapenemase-producing Klebsiella pneumoniae

A. Oliva, F. Gizzi, M. T. Mascellino, A. Cipolla, A. D’Abramo, C. D’Agostino, ¥. Trinchieri, G. Russo, F. Tierno, M. lannetta,
C. M. Mastroianni and V. Vullo
Department of Public Health and Infectious Diseases, Sapienza University of Rome, Rome, [taly

TAEBLE 2. In vitro susceptibility of carbapenem-resistant Klebsiella pneumoniae throughout the VITEK-2 system

MEM MEM ERT ERT FQ Gentamicin COoL
VITEK-2 BMD YITEK-2 BMD VITEK-2 YITEK-2 YITEK-2 TIG VITEK-2
Strains (n = 15) mg/L mg/L mgfL mg/L mg/L mg/L mg/L mg/L
I =16 256 =8 256 >4 8 =|& 4
2 =16 512 =8 128 =4 =l =0.5 4
3 =& 512 =8 256 >4 ) >l6 2
4 =16 512 =8 256 =4 <| <0.5 2
5 =16 128 =8 256 =4 4 =& |
& =16 128 =8 256 >4 2 =& 1.5
7 =16 128 =8 256 >4 4 =& 4
8 =16 256 =8 256 =4 8 =2 =]
g =16 32 =8 &4 =4 4 =& 2
1o =16 128 =8 128 >4 55 =0.5 4
] =16 ND =8 ND >4 <| <0.5 4
12 =16 256 =8 128 =4 4 =l& 4
13 =16 256 =8 128 =4 8 8 4
14 =16 256 =8 256 >4 55 =0.5 4
15 =32 128 =32 128 ND | 0.125 2

For meropenem and ertapenem MICs, BMD was performed. Values are expressed as mg/L.
Abbreviations: MEM, mercpenem; ERT, ermpenem; FQ, fluorequinclones; COL, colisdn; TIG, tigecycline; ND, not determined; BMD, Broth Macrodilution Methed.

Clin Microbiol Infect 2016; 22: 147-153



Introduction and Objective

Antimicrobial treatment of KPC-producing Enterobacteriaceae isolates has
not been well established yet. One proposed strategy is the use of
combined antibiotic therapy.

Objective

To analyze the clinical outcome of patients with colistin-resistant- KPC-
producing K. pneumoniae infection (CR-KPC-Kpi) treated with combined
antimicrobial therapy with confirmed in vitro synergy.

Materials and Methods

Study: retrospective and observational.

Data was extracted from inpatients' medical charts with CR-KPC-Kpi

(MIC = 4 pg/ml, EUCAST) at a university hospital from January 2010 to
October 2013.

We evaluated age, sex, focus of infection, treatment and mortality at 28
days.

Definitions of focus of infection: according to CDC criteria

In vitro synergy was evaluated by killing curves or by comparing MIC/MBC
values with and without a sub-inhibitory concentration of the antimicrobial
used as synergistic.

Nineteen episodes of CR-KPC-Kpi were analyzed. Mean age: 57 years, 11
were men. Two patients received synergistic combination therapy and
infectious focus wasn't removed and all of them died.

In next table we describe the outcome of 17 patients with adequate focus
removal if necessary, and different antimicrobial treatments.

Synergistic associations were: a- colistin/rifampicin in all isolates, b- Other
synergies: colistin/ piperacillin-tazobactam (1 isolate), colistin/ ciprofloxacin
(1isolate), colistin/ tigecycline (lisolate).

Fifteen patients were treated with antimicrobial combination and 33% died.
All seven patients treated with in vitro synergistic antibiotics associations
survived. Carbapenems MIC was = 64 in 6/8 patients treated with
colistin/carbapenems, 3 (37%) survived (lower UTI 2 and VAP 1).

e COMBINED THERAPY WITH IN VITRO SYNERGY FOR THE TREATMENT
i OF COLISTIN RESISTANT ENTEROBACTERIACEAE-KPC INFECTIONS
Heesouis S. De Gregorio'’, M. Nastro?, N. Pozzi', C. Rodriguez?, C. Vay?, A. Famiglietti?, D. Stecher®, M. Foccoli® :_
1-Division Infectologia. 2-Seccidn Bacteriologia Hospital de Clinicas Universidad de Buenos Aires. Argentina. ‘ran @l
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CST: colistin, O cartapenams, IPM: imipesam, MEM: merop: FOF: fosfomycin, TGC: tigecycling, RIF: rifampicia, T2P: Pigoracillin.

tazobaciam, CIPX. cproficeacin. SSI: surgical site infection, VAP: associated g HAP: Hosgital-acquived pneumonia,
UTL: erinary tract infection, BS1: Dicodstream infecton, CABSL: catheter assodiated boodstream infection. S susceptitie, |: termediate.

Conclusions

The best outcome was observed in patients treated with in vitro synergistic combined
antimicrobial therapy. In this study colistin/ rifampicin was synergistic in all isolates. The
removal of focus of infection was a basic requirement for survival when it was necessary.
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TABLE 3 Summary of recommended regimens for treatment of infections caused by carbapenem-resistant Enterobacteriaceae”

Risk level, therapy type, and isolate susceptibility

Drugs

High risk,” combination therapy

Susceptible to a B-lactam (use according to susceptibility)

Resistant to all B-lactams (including isolates with

meropenem MICs of >8 mg/liter), susceptible to at

least 2 drugs, including colistin

Resistant to all B-lactams and colistin, susceptible to at

least 2 drugs
Pandrug-resistant or susceptible to only one drug

Low risk,c monotherapy
According to susceptibility

Backbone: ceftazidime-avibactam (preferred) or meropenem-vaborbactam;

alternatively, meropenem (if MIC is =8 mg/liter) or ceftazidime or
aztreonam

Accompanying drug (no data available about the need for combination
therapy if ceftazidime-avibactam or meropenem-vaborbactam is used
as the backbone): colistin, tigecycline, aminoglycoside, or fosfomycin (if

isolate is intermediate to the backbone drug, consider using 2 of these)
Backbone: colistin

Accompanying drug: tigecycline, aminoglycoside (high risk of
nephrotoxicity), or fosfomycin

Backbone: tigecycline or aminoglycoside

Accompanying drug: tigecycline or aminoglycoside, fosfomycin

Meropenem plus ertapenem or ceftazidime-avibactam plus aztreonam;
add any active drug; consider active investigational drugs if available;
consider in vitro testing of combinations for synergy

Ceftazidime-avibactam, meropenem-vaborbactam, meropenem,
ceftazidime, aztreonam, colistin, tigecycline, aminoglycoside (if
intermediate susceptibility, choose another option or use combination)







