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Top ten pathogens causing HAIs, Italy
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Proportion %

2013 AMCLI-COSA Surveillance (1/15-Oct) 10/14 centers
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Consecutive non-replicate isolates of E. coli, K. pneumoniae,
P. mirabilis, with MIC for 3GC or/and ERT >1

118/296

33/100

180/697
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W Carbpenemases

K. pneumoniae E. coli P.mirabilis

AMCLI-COSA. Preliminary data
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Carbapenem-resistant Klebsiella pneumoniae, tretment

R

Qureshi et al. AAC

Support use of carbapenem-based  |Retrospective 2012; Daikos et al AAC

combination therapy observational 3 269 2014: Tumbarello et
al. CID 2012
Prospective 1 53 Zarkotou et al. CMI
Support the use of tigecycline-colistin|observational 2011
combination Retrospective 1 26 Sbrana et al. CID 2013

observational
Retrospective
observational;
Prospective 6 403
observational;
Case series

All previous and Hirsch
JAC 2010

Support the use of combination vs
monotherapy




Carbapenem-resistant Klebsiella pneumoniae tretment

Predictors of Mortality in Bloodstream
Infections Caused by Klebsiella pneumoniae
Carbapenemase—Producing K. pneumoniae:
Importance of Combination Therapy

Mario Tumbarello,' Pierluigi Viale,? Claudio Viscoli,® Enrico Maria Trecarichi,' Fabio Tumietto,” Anna Marchese,*
Teresa Spanu,’ Simone Ambretti® Francesca Ginocchio,? Francesco Cristini,2 Angela Raffaella Losito,' Sara Tedeschi,?
Roberto Cauda,’ and Matteo Bassetti®’

Meropenem+Tigeciclina+Colistina

Meropenem+Tigeciclina+Gentamicina



Therapy Carbapenem-resistant

Klebsiella pneumoniae

Substitute alternative drug with
in witro activity for meropanam

Substitute afternative druig with
in vitro activity for colistin

Substitute alternative drug for
tigecycline with in vitro activty

Yoz

Yes

Yes

l

Colistin MIC >2 mg/?
| No
Continue colishin
Tigecycling MIC =4 magfl?

I No

I

Reassess treatment
response and h.ll_ﬂ:';

Petrosillo et al

. Expert Rev Anti Infect Ther 2013



Carbapenem-resistant Klebsiella pneumoniae, Italy

wo—o—C—0
o
f 0.8 - Meropenem 2000 mg
E Meropenem 2000 mg every 8 h avery 8 hie-n Mluson)
E el (bolusdosing)
g
5 044 Meropenem 6000 mg
E (continuous infusion)
9 0.2
i)
g
0.0-— I T T T I- ] T ) J
012 025 05 1 2 4 8 16 32 64 128 256
Meropenem MIC
Mo. (%)
Meropenem MIC (ma/L) Total Monsurvivors Survivaors
1 1 0 1(100)
2 4 0 4 {100)
4 10 2 (20) 8180} 64% Vs 58%
8 4 1(25) 3 (75)
>18 17 6 {35.2) 11 164.7)
Total 36 9 {25) 27 (75) Roberts et al. JAC 2009

Tumbarello et al. CID 2012



Carbapenem based regimen

2 Antibiotics “S”

MeropenemtP <= @

Antibiotic “S” and

AB adjuvant (I or R)




Carbapenem sparing regimen

Antibiotic “S”

a
|

1 Antibiotic “S” and

1 AB adjuvant (I o R)

2 ABs adjuvant (I o R)




Backbone agents

Sensibilita delle KPC-Kp

(Sorveglianza nazionale Italiana 2011, n=204 isolat i)
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Gentamicin Tigecycline Colistin

Giani et al — Eurosurv 2013



Adjuvant antibiotics

Colistin
Tigecycline
Gentamicin

Rifampin

Fosfomycin




Why to use adjuvant antibiotics? Microbiologic base

Maximize bacterial Minimize emergence
Kkilting of bacterial resistance

Synaritie iling:Enranced te

Synergy dua 1o

|
of kiling due to affecting multipia three general :gfi;ﬂm
bischermical pathways - mchanisms ______ | Erminins {.ﬁ-I}
sl S ~ far pravention !-Ialm#'.]w BI_ g m ; mh-
/\ of resistance | an affiux pump)
Target site penotration: | Mechanlstic synergy: Subpopulation synergy: Inhibition of the
Antibiotic A disrupts a.g., the Faster rate of Killing Antibiotic & kills the resistant andior tolerant | | over-expression of a
outer membrane and thus due 1o simultanaous bacterial population{s) of antibiotic B and rasistance mechanism
Increases the target site damage at multiple vice versa (this applies to both pre-existing {2.0., by a protein
penefration of antibiotic B, | |  bacterial targets | and emerging resistant populations). | syrthests inhibitor) |
Intermediary expected effect
Enabéa shorter tharapy duration [nhibit the rate of bacterial growth and
for the combinaton drug with towin production to minimisa taxicity for
hignar toxicity risk (e.g., the patient (i.e,, damage io the host] and
polymyxin or aminoglycoside) . provide more tme for the immune system

Final alm: Improve clinical and
microblological outcomes

B S

Higner ciinical Higher bactarial
S | Lol edication) |
Lowar Irﬁnﬂl}nn- Decraasa =l Prevant amergence m E'rmrnm_ furthar
related mortality likelihood of | | of resistance during dissemination of
rates re-infaction | | antibiotic tharapy reststant strain

Zavascki et al. Expert Rev Anti Infect Ther 2013



Etest methods

High concentration

A
MIC of B alone
High concentration /
.&lﬁé 11

1 1 1 Low concentration

MIC of A alone
MIC of Aand B
in combination

Time-kill assays

Low concentration

Double-disk

Log cfu/mL

Time (h)

—a—COL 0.25pg/mL - e— MEM 4pg/mL
~~&=MINO 0.5pg/mL - RFP 0. L

AT MINO OSuginl. v RFP .06y Checkerboard assay
vl COL 0.25pg/mL + MINO 0.5pg/mL
—-w---COL 0.25pg/mL + RFP 0.06pg/mL

200 |
1.00
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Interpretation Checkerboard

Rohner et al — AAC 1989

Bonapace et al - DMID 2002

Cai et al — J Antibiot 2007

Zusman et al — AAC 2013

<0.5 sinergico

>0.5 - <0.75 additivo
>0.75 - <4 indifferente
>4 antagonista

<0.5 sinergico
>0.5 - =4 indifferente
>4 antagonista

<0.5 sinergico

>0.5 - <1 parz. sinergico
>1 - <4 indifferente

>4 antagonista

<0.5 sinergico
>0.5 - <1 additivo
>1 - <4 indifferente
>4 antagonista




Sviluppo di un checkerboard modificato per il test

della sinergia
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Sector 1, MICs of single drugs

Sector 2, test dual combinations (2ZFIC indexes)

Sector 3, three-drug combinations




Collezione isolati BSI collaborazione T. Spanu e M.
Tumbarello

95 K. pneumoniae KPC
Isolates

ST512

ST258

late 2011-13 E
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Settore 1,

MICs dei singoli farmaci

Patent application # FI2013A000203




Sviluppo di un checkerboard modificato per il test della
sinergia tra antibiotici contro i CRE

€ Una sola piastra

€ Determinazione della MIC di singoli agentsi

- MER
- M

- TIG
- GEN
- COL
- RIF



Susceptibility testing (collection): 95 isolates
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Retained susceptibility (gentamicin, colistin, tige cyclin)

Number Percentage %

Susceptible to all 54

Susceptible to 2 drug

Susceptible to 1 drug = 46%

Resistant to all

Carbapenem based regimen + Carbapenem sparing regimen
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Conferma della sinergia e screening per I'antagonismo

Sector 3, combinazione a 3

Patent application # FI2013A000203




Association (3 drugs)

™ % Susceptible

Meropenem+Tigeciclina+Colistina

Meropenem+Tigeciclina+Gentamicina

Tumbarello et al — CID 2012
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Settore 2, test di combinationi a 2 (ZFIC)

Patent application # FI2013A000203
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Concentrazionli testate in associazione

* Concentrazione

C non
raggiungibili

0 1 2 3 4
Tempo (multipli di t12)



Not evaluable using MINIBOARD

Combination Synergy not Possible synergy
evaluable not evaluable

COL-RIF 32 3

COL-TIGE 85 31
TIGE-RIF 10 1

MEM-TIGE 80 10
MEM-GENTA 89 86
TIGE-GENTA 95 94
MEM-COL 59 55
IMI-TIGE 80 10
IMI-GENTA 89 86

TOT. EVALUABLE
SYNERGY 236;
POT. SYNERGY 380




Proporzione dei sinergismi osservata con le varie combinazioni

Proporzione %

60

50 -
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Combinazione di antibiotici

.1 %PS ZFIC 0,5<X<0.75

M %S

2FIC <0,5



Time-kill assay TIGE-COL

a TIGECYCLINE
1,00E+06 1 _
—— Ecoli 1
-EI 1.00E+05 4 — il E 0O 2
3 1,00E+04 4 = N E closcas
h 1. 00E+03 4 5 marcescens
—=— K proumarnias 1
E 1.00E+02 4 —t— K. praumanige 2
= 1.00E+01 < K preumoniss 3
1.00E+00 —— K. preumaonise 4
] ; k 3 " ! E eoll ATCC 25022
v 4 4 8 6 24 Baclervidal Lavel
Hours
b COLISTIN
1,00E+06 -
TEI 1,00E+05 —a—E ol 1
S 1,00E404 ] b=l
acae
O 100E+03 4 _ - K. pngumaniae 1
E'T 1,00E+02 S __.--"'" —— K. pnaumaonise 2
e —a— K. pnovmormiaes 3
1,00E+01 4 \ K. preumoniae 4
1,00E+00 T T . . . y | ——E coll ATCC 25022
0 4 3] ] 16 24 Bactericidal Leval
Hours
c TIGECYCLINE + COLISTIN
1,00E+06 -
4 1,00E+05 A ——E.calf T
E 1.00E+04 = E.coli 2
E. cloac
& 1,00E+03 | ahiocn
0 K. pneuwmonize 1
=] 1.00E+02 4 —g=— K. preumoniae 2
= 1,00E+07 4 —a— K. preumoniae 3
1,00E+00 K. preumariae 4

——FE. calf ATCC 258022

Treatment for infection n (%) Infection mortality n (%

C-:ﬂi + carbapenem 259 0
Carbapenem 1(29) a
Colistin + gentamicin 1 (29) a
Amikacin 1 (29) 0
Colistn + gentamicin 2(58) 0
Carbapenem + pentamicin 1 (2.9 o
Manotherapy IS (42.9} T (46.7)
Calistin 7 [20) 4 {66.7)
Tigecycline 5 (14.7) 2 (40)
Genmmicin 2(59) 1]
Carbapenem 1(29) L)
Teoml 35 720y
Non survivors Survivors
Tigecyclineg + colistin 7013.4) 16(21.9)
Tigecycline + gentamicin 6(11.5) 6 (8.2)
Other 2-drug combinations® 10(19.2) 11 (15.1)

Pournaras et al — IJAA 2013
Zarkotu et al — CMI 2011
Tumbarello et al — CID 2012



Time-kill assay COL-RIF

1011, 12C
1010.

Log, , cfu/mL

Log, o cfu/mL

0 4 8 16 24
Time (h)

Time (h)
TGC =g RIF i (ST st CST/MEM @ CST/RIF
e MEM/CST/TGC =gl CST/TGC wigpue CST/RIF/TGC === Untreated culture

Gaibani et al — JAC 2014



Conclusioni

- Crescente richiesta di test di sinergia al laboratorio di Microbiologia Clinica

- Mancanza di test standardizzati per la valutazione delle sinergie nella routine
(unmet lab need)

- I MINIBOARD puo aumentare significativamente le nostre conoscenze sulle
sinergie

- Le associazioni a tre farmaci risultano attive in vitro nella maggioranza dei
casi

-1 test di sinergia supportano l'uso di di associazioni che includano
tigeciclina/colistina

- Scarsi dati su correlazione diretta tra outcome e sinergia in vitro ma evidenze
microbiologiche sulla loro utilita



Further Steps

- Studio retrospettivo osservazionale sulla predittivita clinica dei test di sinergia
(collaborazione M. Tumbarello e T. Spanu)

- Studio validazione inter-laboratorio del MINIBOARD (collaborazione R. Rigoli
e C. Scarparo)



GRAZIE dell ATTENZIONE



