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desired areas for future ECDC activities on carbapenem-
resistant Gram-negative bacteria. The questionnaire 
was sent to the same NEs who participated in a similar 
survey in February 2013, with the exception of France 
and the Netherlands. They were invited to coordinate 
their replies with colleagues in their countries i.e. the 
ECDC National Focal Points for antimicrobial resist-
ance and the ECDC National Correspondents for EU 
enlargement countries) to reflect the national situation 
and to complete the questionnaire online between 3 

March and 30 April 2015 (questionnaire available upon 
request from the corresponding author). They were 
also asked to provide a description of the emergence 
and spread of CPE in their country beyond K. pneumo-
niae and E. coli isolates collected during the EuSCAPE 
structured survey. The answers were based on their 
knowledge of national clinical and microbiological data 
and/or their personal judgement. When necessary, the 
respondents were contacted for clarification, and cor-
rections were made accordingly. The latest data from 

Figure 2
Geographic distribution of carbapenemase-producing Enterobacteriaceae by resistance mechanism, based on self-assessment 
by national experts, 38 European countries, May 201
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Current	Trends	in	Epidemiology	of	CPEs	

Hospital	se<ng	
•  Predominant	bacterial	host	

– K.	pneumoniae	
•  Predominant	enzymes	

– KPC	
– VIM	
– NDM	
– OXA-48	

Community	se<ng	
•  Predominant	bacterial	host	

– E.	coli	
•  Predominant	enzymes	

– NDM	
– OXA-48	



Carbapenemase	Producing	Enterobacteriaceae	
(CPE).	A	major	Public	Health	Threat	

•  High	potenNal	for	spread	

•  Cause	serious	infecNons	associated	with	
increased	mortality	

•  Limited	treatment	opNons	

5	



Therapeu-c	Op-ons	for	CPE	Infec-ons	

MBLs 

(NDM, VIM, IMP) 

Carbapenemases 

(VIM, KPC, NDM, 
OXA-48) 

Class D enzymes 

(OXA-48) 

•  Aztreonam? •  Colistin 

• Aminoglycosides 

• Tigecycline 

• Fosfomycin 

• Carbapenems?  

•  Cephalosporins? 



Non-Suscep-ble	KPC-Kp	by	Time	Period	
(Italian	Study	Group	on	Resistant	Infec@ons)	

2010	 2013	

Gentamicin	 6%	 21%	

Colis-n	 11%	 27%	

Tigecycline	 9%	 25%	

Tumbarello	M	J	An-microb	Chemother	2015;	70:	2133-43			
EUCAST	breakpoints:	Gentamicin	S	≤	2mg/L,	ColisNn	S	≤	2mg/L,	Tigecycline	S	≤	1mg/L		
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Consecutive non-replicate clinical isolates (n=191) 
of carbapenem non-susceptible Enterobacteriaceae 
were collected from 21 hospital laboratories across 
Italy from November 2013 to April 2014 as part of 
the European Survey on Carbapenemase-producing 
Enterobacteriaceae (EuSCAPE) project. Klebsiella pneu-
moniae carbapenemase-producing K. pneumoniae 
(KPC-KP) represented 178 (93%) isolates with 76 (43%) 
respectively resistant to colistin, a key drug for treat-
ing carbapenamase-producing Enterobacteriaceae. 
KPC-KP colistin-resistant isolates were detected in 
all participating laboratories. This underscores a con-
cerning evolution of colistin resistance in a setting of 
high KPC-KP endemicity. 

We report the widespread and rapid dissemination of 
resistance against colistin, a key drug for treatment 
of carbapenamase-producing Enterobacteriaceae, 
among Klebsiella pneumoniae carbapenemase (KPC)-
producing K. pneumoniae (KPC-KP) in Italy. As part of 
the European Survey on Carbapenemase-producing 
Enterobacteriaceae (EuSCAPE) project, consecutive 
non-replicate clinical isolates of carbapenem non-sus-
ceptible (resistant or intermediate) Enterobacteriaceae 
(n=191) were collected from 21 Italian hospital labora-
tories between November 2013 and April 2014. Most 
isolates 178 (93%) were KPC-KP, with 76 (43%) respec-
tively resistant to colistin. This report details the find-
ings and discusses potential implications for infection 
control.

Background
Carbapenem-resistant Enterobacteriaceae (CRE) 
emerged in recent years as one of the most challeng-
ing group of antibiotic-resistant pathogens. Related 

mortality rates are high due to limited treatment 
options, and some strains have the potential for rapid 
dissemination in healthcare settings [1,2]. In Europe, 
CRE have been reported from virtually all countries, 
but in some countries, namely Greece and Italy, they 
have spread rapidly and are presently endemic in 
many hospitals [3,4]. Resistance to carbapenems 
in Enterbacteriaceae is largely due to production of 
enzymes (carbapenemases) inactivating these antibi-
otics, hence the definition of carbapenemase-produc-
ing Enterobacteriaceae (CPE).

In Italy, the dramatic increase of carbapenem-resist-
ant Klebsiella pneumoniae has been documented by 
the European Antimicrobial Resistance Surveillance 
Network (EARS-Net) which showed that the percentage 
of invasive isolates of carbapenem-resistant K. pneu-
moniae, that was until 2009 lower than one to 2%, 
increased to 15% in 2010 to reach 35% in 2013 ([5] and 
unpublished data). Data provided by Micronet (http://
www.simi.iss.it/micronet.htm), a sentinel epidemio-
logical surveillance network based on computerised 
daily collection of microbiological data from the labo-
ratory information systems of 27 laboratories nation-
wide, confirmed the increase in the percentage of 
carbapenem-resistant K. pneumoniae in samples from 
different anatomical sites, including lower respiratory 
secretions and urine [6]. In addition, analysis of resist-
ance determinants and clonality, revealed that the 
Italian CRE epidemic was mostly sustained by KPC-KP 
of clonal complex 258, with only a minority of different 
clones and resistance mechanisms [7].

Polymyxins (colistin and polymyxin B), together with 
tigecycline and gentamicin, are among the few agents 
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An-microbial	agent	

No.	of	KPC-KP		
(%	non-suscep-ble)	

Colis-n	 76	(43)	

Gentamicin	 29	(16)	

Tigecycline	 11	(6)	
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Antimicrobial susceptibility data for the 178 KPC-KP 
isolates revealed that 76 (43%) were resistant to colis-
tin, 11 (6%) resistant or intermediate to tigecycline, 29 
(16%) resistant or intermediate to gentamicin, and 146 
(82%) resistant or intermediate to trimethoprim-sul-
famethoxazole (SXT). Two isolates (1%) were resistant 
or intermediate to all four antibiotics. Colistin-resistant 
KPC-KP isolates were detected from all PLs, although 
at variable percentages (Figure).

Discussion and conclusions
Although most recent data from April 2014 to date 
are not available at this time, the results of this sur-
vey confirmed the widespread endemicity of KPC-KP in 
Italian healthcare facilities, and their predominant role 
among CPE. Infections with KPC-KP affect mostly older 

patients hospitalised in medical or surgical wards with 
a known history of previous hospital admission in the 
country. The results of this present study also reveal a 
concerning percentage of resistance to colistin, which 
is a matter of major concern given the dearth of treat-
ment options against CPE.

In Italy, the emergence of colistin-resistant KPC-KP has 
been reported since 2010 [13] and, in the first Italian 
nationwide cross-sectional survey on CRE, carried out 
in mid-2011, the overall percentage of colistin resist-
ance among KPC-KP was found to be 22.4%, with 
colistin-resistant isolates reported from 13 of 25 partic-
ipating hospital laboratories [7]. In the EuSCAPE study, 
the colistin resistance percentage found among KPC-KP 
was almost double, and colistin-resistant KPC-KP iso-
lates were detected from all 21 PLs in the study. We 
did not have information to derive the total number of 
affected hospitals among the 45 served by the 21 PLs, 
however the PLs were distributed all across the coun-
try. A similar situation of nationwide dissemination of 
colistin-resistant KPC-KP has not yet been reported in 
other settings of high KPC-KP endemicity [14].

According to data available from the European 
Surveillance of Antimicrobial Consumption Network 
(ESAC-NET) database [15], consumption of polymixins 
in the hospital sector in Italy increased from 0.0017 to 
0.0194 Defined Daily Dose (DDD) per 1,000 inhabitants 
per day in the period from 2007 to 2012. This 10-fold 
increase reflects the increasing dissemination of mul-
tidrug-resistant Gram-negative infections for which 
colistin remains one of the few therapeutic options and 
most likely contributed to selection of colistin-resistant 
strains among KPC-KP.

To control the spread of KPC-KP in Italy, in February 
2013 the Ministry of Health issued a circular letter [16] 
asking the Italian regions to report all cases of blood-
stream infections due to CPE of the species K. pneumo-
niae or E. coli and recommending control measures to 
limit the spread in healthcare settings. These control 
measures consist of: (i) active screening of selected 
patient groups including patients who have been in 
contact with CPE-colonised or infected patients, and 
patients coming from countries with high CPE endemic-
ity and, if feasible, patients admitted to ICU or other 
high-risk wards and patients with a history of previous 
hospitalisation; (ii) isolation or cohorting of infected/
colonised patients, separate cohort nursing care, and 
implementation of contact precautions, according to 
the recommendations issued at national and interna-
tional level [17-20].

These measures require huge efforts and resources in 
an endemic situation like the one highlighted in this 
study, since patients with KPC-KP infection or coloni-
sation are not confined to ICUs, but can be found in 
normal hospital wards. It seems therefore urgent to 
develop and implement a national plan for the preven-
tion and control of CPE infections in Italy that includes 

Figure
Distribution of peripheral laboratories reporting KPC-
producing K. pneumoniae isolates in the EuSCAPE Italian 
survey, Italy, November 2013–April 2014 (n=191 isolates)
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EuSCAPE: European Survey on Carbapenemase-producing 
Enterobacteriaceae; KPC: Klebsiella pneumoniae carbapenemase; 
KPC-KP: KPC-producing K. pneumoniae. 
The peripheral laboratories are numbered on the map according to 
alphabetical order.
Proportions of colistin-resistant isolates among KPC-KP per 
peripheral laboratory:. 1, Alessandria: 1/10; 2, Ancona: 8/10; 3, 
Ferrara: 1/4; 4, Florence: 5/10; 5, Foggia: 4/10; 6, Lecco: 2/9; 7, 
Milan: 1/10; 8, Modena: 3/7; 9, Neaples: 3/8; 10, Perugia: 5/10; 
11, Reggio Calabria: 4/10; 12, Rome: 4/9; 13, Rome: 2/4; 14, Rome: 
6/7; 15, San Remo: 4/8; 16, Siena: 6/8; 17, Treviso: 1/7; 18, Turin: 
5/9; 19, Udine: 2/8; 20, Venice: 8/10; 21, Vercelli: 1/10.



The	New	Superbug	Gene	(MCR-1)	Has	
Reached	at	least	19	Countries	



Resistance	Profile	of	CPKP		

Hellenic	Center	for	Disease	Control	and	PrevenNon	



7477	Episodes	of	Infec-ons	Caused	by	Carbapenem	
Resistant	Gram-nega-ve	Bacteria		

	

Department	

•  ICU															51.7%	

•  Medicine				31.7%	

•  Surgery							16.6%	

Source	of	Infec-on	
•  Pneumonia				34.0%	

•  Bacteremia				31.3%	

•  UTIs																	22.8%	

•  SSI																				11.9%	

Hellenic	Center	for	Disease	Control	and	PrevenNon	(KEELPNO)	
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Carbapenem-resistant Gram-negative bacteria (CR-GNB) represent an increasing hazard in healthcare settings. A
central question concerning the treatment of invasive infections caused by CR-GNB involves the use of combin-
ation therapy. Potential advantages of combination therapy include improved efficacy due to synergy, while the
disadvantages include adverse events and increased antibiotic use with a potential drive towards resistance.
Several observational studies have examined whether combination therapy offers an advantage over colistin/
polymyxin monotherapy. We highlight the inherent limitations of these studies related to their observational
design and sample size to show why they do not at present provide an answer to the question of combination
versus monotherapy. This distinction is important to guide clinical practice until solid evidence has been obtained
and to enable the recruitment of patients into randomized controlled trials. A few randomized controlled trials
examining specific combinations have recently been completed or are ongoing. Currently, however, there is no
evidence-based support for most combination therapies against CR-GNB, including colistin/carbapenem combin-
ation therapy.

Keywords: colistin, carbapenems, carbapenem-resistant Enterobacteriaceae, Klebsiella pneumonia, Acinetobacter baumannii

Introduction
Carbapenem-resistant (CR) Gram-negative bacteria (GNB) are
gaining increasing importance in healthcare settings, especially
in high-dependency units and among critically ill patients.1

These bacteria are frequently resistant to all antibiotics except
colistin, some aminoglycosides and variably tigecycline, posing a
serious challenge for treatment. Several observational clinical
studies have claimed an advantage for colistin-based combin-
ation therapy and, in consequence, combination therapy has
become the standard of care for many physicians for infections
caused by CR-GNB.2 – 5 In this article we outline the limitations of
existing empirical data on combination therapy and the implica-
tions of current knowledge for clinical practice and research.

Colistin is a last-resort antibiotic for bacteria resistant to other
antibiotics. It was introduced over 50 years ago without its efficacy
having been assessed in randomized controlled trials (RCTs).
Historical data from the 1960s suggest that it is less efficacious
and more toxic than aminoglycosides and indeed when these
became available they rapidly replaced colistin. Contemporary
observational data suggest that colistin is less effective than
b-lactams when these are active in vitro.6,7 Combination therapy,

commonly consisting of colistin combined with an antibiotic to
which the isolate is resistant (e.g. a carbapenem), has been pro-
posed to improve the outcomes of colistin monotherapy. The ques-
tion is pertinent specifically for CR-GNB, as there is no need for
colistin against carbapenem-susceptible (CS) bacteria. While in
vitro studies can identify synergistic antibiotic combinations,8

there are no clinical studies showing that synergy correlates with
improved outcomes.9 Thus, clinical studies are needed to guide
clinical practice.

Sources of bias in the existing studies
Many of the studies to date have included both CS and CR iso-
lates.10 – 14 An observational retrospective design implies that
the researchers had no control over the patients’ treatment and
the indications for treatment. A patient is more likely to receive
colistin monotherapy if infected by a pathogen resistant to all
other antibiotics. Conversely, patients receiving combination ther-
apy might be infected by bacteria susceptible to carbapenems or
have polymicrobial infections with resistant and susceptible
strains. Patients with CR-GNB are likely to be more severely ill at
baseline than patients with CS bacteria. Thus, the comparison

# The Author 2014. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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• No	randomized	control	trial	
• ObservaNonal	studies	
-  Small	study	size,	selecNon	bias	
-  Different	outcome	definiNons	
-  Different	definiNons	of	combinaNon	therapy	
-  Different	breakpoints	(EUCAST,	CLSI,	old,	new	
- Many	treatment	regimens				

There	is	no	evidence-based	support	for	most		
combinaNon	therapies	against	CR-GNB	



Randomized	Control	Trials	in	Progress	

•  Europe	(AIDA,	NCT01732250)	
hcp://clinicaltrials.gov/show/NCT01732250)	
– ColisNn	vs	ColisNn	plus	meropenem		

•  USA	(NCT01597973)	
hcp://clinicaltrials.gov/show/NCT01597973)	
– ColisNn	vs	ColisNn	plus	meropenem		



Pa-ent	1	

•  70	yo	male	complaining	of		urgency,	pain	
during	urinaNon	and	fever	up	to	38o	C.	The	
symptoms	started	ader	removal	of	a	foley	
catheter	that	was	placed	in	his	recent	
hospitalizaNon	for	TURP.	

	
•  Empirical	therapy	with	Pip/tazo	was	started	



Pa-ent	1	(cont’d)	

•  Blood	and	urine	culture	grew	KPC	Kp	
suscepNble	to	colis-n	(MIC=0.5mg/L	
-gecycline	(MIC=1mg/L),	gentamicin	
(MIC=2mg/L)	and	fosfomycin	(MIC=16mg/L);	
and	resistant	to	meropenem,	MIC	>256	mg/L	

	



	
How	would	you	treat	this	paNent	?			

	
1.  Fosfomycin	
2.  Tigecycline	
3.  Gentamicin	
4.  ColisNn		



Li	J	et	al.	Lancet	Infect	Dis	2006;	6:	589–601		
	



Microbiologic clearance rates of carbapenem-R-Kp by the antimicrobial treatment cohort.  

Satlin M J et al. Antimicrob. Agents Chemother. 
2011;55:5893-5899 



Treatment	Regimen	analysis	Adjusted	for	
Cri-cal	illness	and	presence	of	UTI			

Ac-ve	agent	 Adjusted	OR	 95%	CI	 P	

Aminoglycoside	 0.34	 0.15-0.73	 0.005	

Tigecycline	 2.3	 1.03-5.3	 0.04	

Pa-ents	 treated	with	aminoglycosides	were	 less	 likely	
to	 fail	 therapy,	 whereas	 pa-ents	 treated	 with	
-gecycline	were	more	likely	to	fail	therapy		

	

Van	Duin	J	An@microb	Chemother	doi:10.1093/jac/dku495		
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Objectives: Antimicrobial therapy for sepsis caused by carbapenem- and colistin-resistant Klebsiella pneumoniae
is not well established. We hypothesized that the early use of gentamicin in cases due to susceptible organisms
would decrease the crude mortality rate of this infection.

Methods: This retrospective cohort study examined 50 cases of sepsis caused by carbapenem-resistant
K. pneumoniae occurring between June 2012 and February 2013 during an outbreak of K. pneumoniae ST512
producing KPC-3, SHV-11 and TEM-1. Survival curves categorized by the use of gentamicin were constructed
using the Kaplan–Meier method and compared using the log-rank test. Eight multivariate models using Cox
regression were designed to study the risk factors for mortality and test the hypothesis.

Results: The 30 day crude mortality rate was 38%. The use of targeted gentamicin was associated with reduced
mortality (20.7% versus 61.9%, P¼0.02). In all multivariate regression models, the use of gentamicin was
independently associated with lower mortality until Day 30 (HR 0.17–0.29, P¼0.03–0.002 depending on the
model) after controlling for other potential confounding variables such as age, optimal treatment, renal function,
severity of infection, underlying disease, use of tigecycline and previous hospitalization.

Conclusions: Gentamicin reduced the mortality from sepsis caused by this K. pneumoniae ST512 clone producing
KPC-3, SHV-11 and TEM-1.

Keywords: K. pneumoniae, carbapenem resistance, mortality

Introduction
Infections caused by carbapenemase-producing Klebsiella pneu-
moniae isolates (KPC-Kp) are an emerging problem worldwide.1

Due to its high spreading capacity, outbreaks are increasingly fre-
quent in hospitals, and this microorganism is now considered
endemic in several countries.2

The reported crude mortality rate of invasive infections due
to KPC-Kp is very high (39% – 69%)3 – 9 and frequently higher
than that of K. pneumoniae strains that do not produce these

enzymes.5,10,11 A significant problem in managing KPC-Kp infec-
tions is to find the appropriate antibiotic regimen as carbapenem
resistance is often accompanied by resistance to other families of
first-line antibiotics, such as cephalosporins, b-lactamase inhibi-
tors or quinolones.12,13 This makes it necessary to use second-line
antibiotics such as tigecycline, aminoglycosides, colistin or fosfo-
mycin.14,15 Some studies have reported an association between
lower mortality and the use of carbapenems in combination
with other active agents, particularly when the strains have
shown low levels of in vitro resistance to those antimicrobials.6,8

# The Author 2014. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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There may be a tendency to delay the administration of poten-
tially active drugs due to a lack of experience in using them or
to avoid adverse effects, thus underestimating their usefulness.
It is important to emphasize that the best therapeutic options
should be indicated early on based on the knowledge of the
resistance profile of each outbreak.

The results of our study confirm that mortality is directly related
to the use of active drugs. The results of several retrospective stud-
ies suggest that combination therapy is better than monotherapy
to treat serious infections caused by KPC-Kp.6 – 8,14,15,27

Nonetheless, there is little agreement over the best combination
of antibiotics or the importance of the number of active drugs
in vitro or the family of these drugs depending on the susceptibility
of the strain. In the univariate analysis of our study, combination
therapy was associated with lower mortality, although the differ-
ences were not statistically significant (Table 1). The effectiveness
of each regimen may depend on the activity of the antibiotics used.
It is therefore essential not only to establish the efficacy of combin-
ation therapy, but to determine which first-line drugs should be
used in these combinations.

The use of targeted gentamicin in the conditions evaluated
in our study was associated with a 41.2% reduction in crude mor-
tality at 30 days. This could be related to the fact that the use of
optimal targeted treatment was more frequent among patients
treated with gentamicin. Nevertheless, in the multivariate models
we obtained, this beneficial effect on mortality was maintained
by adjusting the results for optimal targeted therapy, as well as
other potential confounding variables such as renal function,
age, severity of infection, site of infection, combined treatment
with tigecycline or previous hospitalization. The fact that the
adjusted HR was very similar in all the models reinforces the asso-
ciation. It is important to highlight that, contrary to what might
initially be thought, the beneficial effect of gentamicin cannot
be explained because it has been used in patients with less severe
and more easily treatable infections (such as urinary tract
infections) or with better renal function, given that all these
factors were considered in the models analysed. We believe
that the effect of gentamicin indicates the clinical activity of this
drug. Several authors have reported good results when using
aminoglycosides in cases of KPC-Kp infection susceptible to this
group of antibiotics, especially urinary tract infections.14,15,17

Unfortunately, the sample size does not allow us to obtain more
specific findings in subgroups of patients.

The applicability of our results is obvious when the carbapenem-
and colistin-resistant K. pneumoniae strain is susceptible to
gentamicin. Nevertheless, it is important to determine whether
gentamicin should be maintained in the combined therapeutic
regimen when the strain shows intermediate susceptibility. Our
results do not permit a categorical answer to this. Of the patients
who received treatment with gentamicin, 55.2% (16/29) had a
strain with intermediate susceptibility to gentamicin. Mortality in
these patients was higher than in patients with susceptible strains
(5/16, 31.2% versus 1/13, 7.7%; P¼0.183). However, in patients
with intermediate strains who were treated with gentamicin,

Table 4. Characteristics of patients with severe infection caused by
carbapenem-resistant and colistin-resistant K. pneumoniae treated with
optimal targeted gentamicin; N¼29

Characteristic

Overall mortality 6/29 (20.7%)
MIC ≤2 mg/L 1/13 (7.7%)
MIC .2 to ≤4 mg/L 5/16 (31.2%)a

Mortality by infection site
pneumonia 2/14 (14.3%)

monotherapy 0/1 (0%)
combination therapy 2/13 (15.4%)

purulent tracheobronchitis 0/3 (0%)
urinary tract infection 3/7 (42.9%)

monotherapy 1/4 (25.0%)
combination therapy 2/3 (66.6%)

surgical wound infection 0/2 (0%)
intra-abdominal infection 1/1 (100%)
non-focal or catheter-related bacteraemia 0/1 (0%)
infection of the CNS 0/1 (0%)

Day treatment initiated after diagnosis (mean+SD) 3.0+2.0

Total days of treatment (mean+SD) 11.8+9.2

Treatment regimens
gentamicin monotherapy 8/29 (27.6%)
tigecycline+gentamicin 21/29 (72.4%)

high-dose tigecycline 7/21 (33.3%)

Gentamicin levels (mean+SD)
maximum concentration 18.2+2.6 mg/L
minimum concentration 0.52+0.3 mg/L

Mortality in patients who did not receive treatment with gentamicin 13/21
(61.9%) (P¼0.02).
aComparison between mortality according to susceptibility to gentami-
cin (P¼0.183).
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Figure 1. Kaplan–Meier curves showing the impact of targeted treatment
with gentamicin on survival at 30 days in patients with severe infection
caused by carbapenem-resistant and colistin-resistant K. pneumoniae
(log-rank test 11.9, P¼0.001).
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Aminoglycosides for Treatment of Bacteremia Due to Carbapenem-
Resistant Klebsiella pneumoniae
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Aminoglycoside treatment of carbapenem-resistant (CR) Klebsiella pneumoniae bacteremia was associated with a 70% rate (23/
33) of 30-day survival. Successful treatment was associated with sources of bacteremia amenable to reliable aminoglycoside
pharmacokinetics (P ! 0.037), acute physiology and chronic health evaluation II (APACHE II) scores of <20 (P ! 0.16), and
nonfatal underlying diseases (P ! 0.015). Success rates were 78% and 100% if >2 and all 3 factors were present, respectively. Cli-
nicians may consider the use of aminoglycosides against CR K. pneumoniae bacteremia if strains are susceptible and the sources
of infection are amenable to reliable pharmacokinetics.

Treatment options for carbapenem-resistant (CR) Klebsiella
pneumoniae infections are limited. Aminoglycosides are active

against !50% of CR K. pneumoniae isolates in vitro (1–3) and
exhibit rapid bactericidal activity against susceptible strains dur-
ing time-kill assays (2). Aminoglycosides have been shown to be
more effective than polymyxin B or tigecycline in eradicating CR
K. pneumoniae bacteriuria (4). Treatment with a regimen that
included gentamicin was associated with reduced mortality
among patients with sepsis, due to an outbreak strain of colistin-
resistant, CR K. pneumoniae (5). The effectiveness of aminoglyco-
sides against CR K. pneumoniae bacteremia in a nonoutbreak set-
ting is unknown. Prior to the 1980s, aminoglycosides were
reported to successfully treat !70% of Gram-negative bacteremia
cases (6). More recently, the availability of well-tolerated, broad-
spectrum "-lactam antibiotics has relegated aminoglycosides to
second-line status. Aminoglycoside therapy is limited by nephro-
toxicity, a need for therapeutic drug monitoring, and poor pene-
tration into abdominal and pulmonary sites of infection (7–10).
The objective of this study was to review our clinical experience
with aminoglycosides as primary therapy for CR K. pneumoniae
bacteremia.

We conducted a retrospective study of patients at our center
with CR K. pneumoniae bacteremia between February 2010 and
September 2014. CR K. pneumoniae was defined by nonsuscepti-
bility to a carbapenem and all third-generation cephalosporins
(11). Patients with bacteremia who were initially treated with an
aminoglycoside for !3 days were included. For patients with nor-
mal renal function, standard extended-interval aminoglycoside
doses were recommended and adjusted according to the Hartford
nomogram (7). Among patients with renal impairment, adjust-
ments were made according to current recommendations (12).
Bacteremia was classified as primary or secondary by the indepen-
dent review of two investigators (13). Sources of bacteremia were
considered amenable or unamenable to the achievement of reli-
able aminoglycoside pharmacokinetics at the site. Amenable sites
were primary bacteremia, urine, and soft tissues (14, 15). Uname-
nable sites included the abdominal cavity, respiratory tract, and
bone (8–10). Underlying diseases were classified as fatal or nonfa-
tal, according to the criteria of McCabe and Jackson (16). Clinical
success was defined as survival at 30 days following the onset of CR
K. pneumoniae bacteremia, resolution of signs and symptoms of

infection, sterilization of blood cultures within 7 days of treatment
initiation, completion of planned antimicrobial therapy, and the
absence of recurrent CR K. pneumoniae infections within 30 days.
MICs were determined using reference Clinical and Laboratory
Standards Institute (CLSI) broth microdilution methods (17).
Strains were tested for multilocus sequence type (ST) and K. pneu-
moniae carbapenemase (KPC) variants, as described previously
(18). Comparisons between groups were made by Fisher’s exact
test for categorical variables and Mann-Whitney U test for con-
tinuous variables. Significance was defined as a P value of "0.05
(two-tailed).

Thirty-six consecutive patients with CR K. pneumoniae bacte-
remia were evaluated; 3 patients died after 1 day of aminoglyco-
side therapy and were excluded. The data for the remaining 33
patients are summarized in Table 1. The median acute physiology
and chronic health evaluation II (APACHE II) score was 17
(range, 3 to 35). Primary bacteremia was diagnosed in 39% (13/
33) of patients; secondary bacteremia resulted from sites in the
abdomen (42% [14/33]), respiratory tract (6% [2/33]), urinary
tract (6% [2/33]), soft tissue (3% [1/33]), and bone (3% [1/33]).
Forty-eight percent (16/33) of infections were amenable to reli-
able aminoglycoside pharmacokinetics. Thirty-one CR K. pneu-
moniae isolates were available for strain typing. Ninety percent
(28/31) were sequence type 258 (ST-258); 81% (25/31) and 13%
(4/31) expressed KPC-2 and KPC-3 carbapenemases, respectively.

Thirty percent (10/33) of patients received gentamicin mono-
therapy. Ninety-seven percent (32/33) of CR K. pneumoniae
strains were susceptible to gentamicin, and all were susceptible to
amikacin. All patients infected with a gentamicin-susceptible
strain were treated with a regimen that included gentamicin; the
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PK/PD	Index	

	
MIC	
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AUC/MIC	

EUCAST	
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Expected	Gentamicin	Peak/MIC	and	AUC/MIC	Values	for	
Organisms	with	High	MICs	(Craig	W	ESCMID	Lecture	Library)	

	



	
Fosfomycin	suscep-bility	of	Enterobacteriaceae	isolates	with	

advanced	resistance	to	an-microbial	drugs	
	

Resistance	profile	 No.	of	isolates,		
suscep-ble/total,	(%)	

ESBL-producing	 3569/3911	(91.3%)	

Any	advanced	anNmicrobial	
resistance	profile	

3891/4478	(86.9%)	

OXA-48,	VIM	 182/379	(48%)	

Falagas	et	al.	Lancet	Infect	Dis	2010;	10:	43–50	
Ote	J	et	al.	An@microb	Ag	Chemother	2015;	59:3406		



Fosfomycin	trometamol	in	a	single	dose	vs	seven	days	
nitrofurantoin	in	the	treatment	of	acute	uncomplicated	urinary	

tract	infec-ons	in	women	

•  Double	blind	randomized	controlled	trial	in	31	
general	pracNces	in	the	Netherlands	
– 231	women	with	lower	UTI	
– Fosfomycin	3	g	PO	compared	with	nitrofurantoin	
50	mg	qid	x	7	days	
• Clinical	cure:	Fosfomycin,	85%;	Nitrofurantoin,	82%	
•  Side	effects:	NS	difference	

Van	Pienbroek	et	al.	Pharm	World	Sci	1993;	15:	257-62	



Efficacy	of	fosfomycin	trometamol	for	lower	
UTIs	

•  Double-blind	RCT	
•  1190	women	with	lower	UTI	

Outcome	 Fosfomycin	
(N=771)	

Co-trimoxazole	
(N=197)	

Ciprofloxacin	
(N=222)	

Microbiological	
eradicaNon	

82%	 93%	 93%	

Clinical	success	 70%	 94%	 96%	

The	Medical	Lecer	on	drugs	and	therapeuNcs	1997;	39:66-8	



Experience with Fosfomycin for Treatment of Urinary Tract Infections Due to 
Multidrug-Resistant Organisms  

  

Elizabeth A. Neuner et al. Antimicrob. Agents Chemother. 
2012;56:5744-5748 



No	experience	with	fosfomycin	
monotherapy	in	bacteremic	UTIs	
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ABSTRACT
Introduction: Finding therapeutic alternatives to
carbapenems in infections caused by extended-
spectrum β-lactamase-producing Escherichia coli
(ESBL-EC) is imperative. Although fosfomycin was
discovered more than 40 years ago, it was not
investigated in accordance with current standards and
so is not used in clinical practice except in desperate
situations. It is one of the so-called neglected
antibiotics of high potential interest for the future.
Methods and analysis: The main objective of this
project is to demonstrate the clinical non-inferiority of
intravenous fosfomycin with regard to meropenem for
treating bacteraemic urinary tract infections (UTI)
caused by ESBL-EC. This is a ‘real practice’ multicentre,
open-label, phase III randomised controlled trial,
designed to compare the clinical and microbiological
efficacy, and safety of intravenous fosfomycin (4 g/6 h)
and meropenem (1 g/8 h) as targeted therapy for this
infection; a change to oral therapy is permitted after
5 days in both arms, in accordance with predetermined
options. The study design follows the latest
recommendations for designing trials investigating new
options for multidrug-resistant bacteria. Secondary
objectives include the study of fosfomycin
concentrations in plasma and the impact of both drugs
on intestinal colonisation by multidrug-resistant Gram-
negative bacilli.
Ethics and dissemination: Ethical approval was
obtained from the Andalusian Coordinating Institutional
Review Board (IRB) for Biomedical Research (Referral
Ethics Committee), which obtained approval from the
local ethics committees at all participating sites in Spain
(22 sites). Data will be presented at international
conferences and published in peer-reviewed journals.
Discussion: This project is proposed as an initial step
in the investigation of an orphan antimicrobial of low cost

with high potential as a therapeutic alternative in
common infections such as UTI in selected patients.
These results may have a major impact on the use of
antibiotics and the development of new projects with this
drug, whether as monotherapy or combination therapy.
Trial registration number: NCT02142751. EudraCT
no: 2013-002922-21. Protocol V.1.1 dated 14 March
2014.

Strengths and limitations of this study

▪ The investigation of fosfomycin efficacy as
monotherapy in bacteraemic urinary tract infec-
tions by Escherichia coli is justified.

▪ The new proposed paradigms for investigating
new alternatives for antibiotic-resistant bacteria
through randomised clinical trial designs in
order to meet the real clinical needs were con-
sidered for this study design.

▪ This clinical trial is proposed as an initial step in
the investigation of a low cost, orphan antimicro-
bial with a high potential as a therapeutic alterna-
tive for frequent infections caused by
multidrug-resistant E. coli in selected patients.

▪ The results may have a major impact in the use
of antibiotics and in the development of new
projects with this drug, both in monotherapy or
in combination therapy.

▪ The open-label design is theoretically more
prone to bias; however, we use a remote auto-
matic randomisation system after collection of
baseline data, hard outcomes as secondary vari-
ables and external evaluation by blinded
investigators.

Rosso-Fernández C, et al. BMJ Open 2015;5:e007363. doi:10.1136/bmjopen-2014-007363 1
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Fosfomycin	

•  EliminaNon	half	life:	3.7h	
•  Cmax		

– 4g	IV:	105-120	mg/L	
– 8g	IV:	240-440	mg/L	

•  Protein	binding:	negligible	
•  ExcreNon:	primarily	urine,	unchanged	
•  DistribuNon	favorable:	sod	Nssue,	lung,	bone,	CSF,	heart,	

prostate	
•  PK/PD	

–  Time	dependent	
–  PAE:	3.4-4.7	h	for	Enterobacteriaceae		

Frossard	M,		et	al.An@microb	Agents	Chemother	2000;44:2728-32	
Roussos	N	et	al.	Int	J	An@microb	Agents	2009;34:506-15	
Sauermann	R,	et	al.	An@microb	Agents	Chemother2005;49:4448-54	
	



•  	48	pts	with	XDR/PDR	infec-ons	caused	by	K.	pneumoniae	
or	P.	aeruginosa	

	
•  25	BSIs,	14	VAP,	11	other	

•  Fosfomycin	in	combina-on	with	CMS,	Tigecycline,	
Meropenem,		Gentamicin,	PIP/Tazo		

International Journal of Antimicrobial Agents 43 (2014) 52– 59
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a  b  s  t  r  a  c  t

Fosfomycin  is  active  in  vitro  against  extensively  drug-resistant  (XDR)  and  pandrug-resistant  (PDR)  Pseu-
domonas  aeruginosa  and  Klebsiella  pneumoniae  carbapenemase-producing  strains;  however,  the  in vivo
effectiveness  against  such  pathogens  is  almost  unknown.  A multicentre,  observational,  prospective  case-
series  study  was  performed  in  11  ICUs.  All  consecutive  fosfomycin-treated  patients  suffering  from  XDR
or  PDR  fosfomycin-susceptible,  microbiologically  documented  infections  were  recorded.  Clinical  and
microbiological  outcomes  were  assessed.  A  safety  analysis  was  performed.  In  total,  68  patients  received
fosfomycin  during  the  study  period,  48  of whom  were  considered  suitable  for  effectiveness  analysis
based  on  predefined  criteria.  Bacteraemia  and  ventilator-associated  pneumonia  were  the main  infections.
Carbapenemase-producing  K.  pneumoniae  and  P.  aeruginosa  were  isolated  in  41 and  17 cases,  respectively.
All  isolates  exhibited  an  XDR  or  PDR  profile,  being  fosfomycin-susceptible  by  definition.  Fosfomycin  was
administered  intravenously  at a median  dose  of  24  g/day  for  a median  of  14  days,  mainly  in  combination
with  colistin  or tigecycline.  Clinical  outcome  at Day  14  was  successful  in  54.2%  of  patients,  whilst  failure,
indeterminate  outcome  and  superinfection  were  documented  in  33.3%,  6.3%  and  6.3%,  respectively.  All-
cause  mortality  at Day  28  was  37.5%.  Bacterial  eradication  was  observed  in  56.3%  of  cases.  Fosfomycin
resistance  developed  in  three  cases.  The  main  adverse  event  was  reversible  hypokalaemia.  In  conclusion,
fosfomycin  could  have  a place  in  the  armamentarium  against  XDR  and  PDR  Gram-negative  infections  in
the  critically  ill.  Resistance  development  during  therapy,  which  has  been  a  matter  of  concern  in previous
studies,  did  not  occur  frequently.  The  necessity  of  combination  with  other  antibiotics  requires  further
investigation.

© 2013 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

1. Introduction

The steadily increasing nightmare of antimicrobial resis-
tance worldwide, and in particular the emergence of extensively
drug-resistant (XDR) and pandrug-resistant (PDR) strains of
Pseudomonas aeruginosa,  Acinetobacter baumannii and Klebsiella

∗ Corresponding author. Tel.: +30 210 776 3719; fax: +30 210 778 1250.
E-mail addresses: kostis pontikis@yahoo.gr, kpont73@gmail.com (K. Pontikis).

pneumoniae, along with the current shortage of new antimicrobials
has led to the revival of old antibiotics such as colistin and fos-
fomycin [1]. Despite the rather successful clinical experience with
colistin [2], ultimately resistance development is reported, partic-
ularly among K. pneumoniae strains, attributed to its expanding
nosocomial use [3,4]. On the other hand, fosfomycin, an antibiotic of
the 1970s, whilst active in vitro against carbapenemase-producing
P. aeruginosa (CPPA) and K. pneumoniae (CPKP) strains, is almost
totally unexplored in XDR infections [5]. This lack of evidence,
along with anecdotal reports of fosfomycin administration in Greek
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Outcomes	of	48	Pa-ents	with	Serious	
Infec-ons	Caused	by	XDR/PDR	Gram(-)	

•  Clinical	success:																				26/48	(54.2%)	

• Microbiologic	success:								27/48	(56.3%)	

•  28-day	mortality:																	18/48	(37.5%)	

PonNkis	et	al	Int	J	AnNmicrob	Agents	2014;	43:	52		



Fosfomycin	How	to	Use	

•  For	systemic	infecNons	6	g	IV	q	6	h	

•  Always	in	combinaNon	with	another	acNve	
agent	

•  Dosage	adjustment	is	required	in	renal	failure	



Dosing	Fosfomycin	According	to	Crea-nine	
Clearance	

Fosfomycin	is	acNvely	eliminated	by	hemodialysis	and	largely		
retained	 between	 sessions.	 IV	 administraNon	 of	 2-4	 g	 	 aier	
dialysis	is	proposed.	Bouchet	JL	Clin	Nephrol	1985;	23:	218		

A	 regimen	 of	 8.0	 g	 of	 fosfomycin	 every	 12	 h	 is	 proposed	 for	
paNents	undergoing	CVVH.	GaYringe	R	et	al.	JAC	2006;	58:	367	

CrCL	(ml/min)	 Dose	 Interval	
>40	 6	g	 q	6h	
40-20	 4	g	 q	12h	
20-10	 4	g	

	
q	24h	
	

≤10	 4	g	 q	48h	
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What	is	the	best	treatment	for	pa-ent	1	

1.  Monotherapy	

2.  CombinaNon	therapy	

3.  I	do	not	know	



14 day mortality rates were significantly lower than those asso-
ciated with monotherapy only when the meropenem MICs for
the KPC-Kp isolates were ≤8 mg/L.

Predictors of mortality
Univariate analysis revealed significant differences between the
14 day outcome-based subgroups (Table 4). As shown in
Table 5, BSI, septic shock at infection onset, inadequate empirical
antimicrobial therapy, chronic renal failure, high APACHE III score
and colistin-resistant isolates emerged as independent predictors
of 14 day mortality. Post-antibiogram combination therapy was
associated with a lower risk of mortality. The model had an area
under the ROC curve of 0.79, indicating good predictive ability, and
absence of multicollinearity. After adjustment for the propensity
score in the logistic regression model evaluating risk factors for

mortality, treatment with combination therapy showed an OR of
0.64 (95% CI, 0.45–0.90; P¼0.01).

Discussion
Our findings in the 661 patient cohort described above—the lar-
gest sample of patients with infections caused KPC-Kp analysed to
date—confirm the high mortality associated with these infections
in previous studies.5,15,25,26 Deaths were significantly more com-
mon in patients with BSIs or lower respiratory tract infections
than in those with infections at other sites. This finding probably
reflects the severity of these infections and/or the relatively poor
overall condition of the patients who contract them. This conclu-
sion is supported by the fact that mortality in our cohort was inde-
pendently predicted by septic shock and high APACHE III score at
infection onset and it is also in line with previous reports.5,15,26,27
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Figure 2. Mortality rates associated with different antimicrobial drug regimen categories in patients with BSIs (a) or non-bacteraemic infections (b).
*Statistically significant differences (P,0.05) among different types of combination therapy and monotherapy.
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Ques-ons	

• Can	we	use	carbapenems	in	the	treatment	of	
CPE	infecNons?	

•  Is	combinaNon	therapy	superior	to	
monotherapy?		

•  If	so,	
– For	all	paNents	and	all	type	of	infecNons?	



Can	we	use	carbapenems	against	carbapenemase-
producing	organisms	?	

•  Experimental	data	

•  PK/PD	studies	

•  Human	data	



Distribu-on	of	Meropenem	MICs	for	372	
Consecu-ve		K.	pneumoniae	Blood	Isolates	
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DistribuNon	of	Meropenem	MICs	of	661	KPC-Kp	
(Italian	Study	Group	on	Resistant	Infec@ons)	
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Ac-vity	of	imipenem	against	VIM-1	metallo-β-lactamase-producing	Klebsiella	pneumoniae	in	the	
murine	thigh	infec-on	model	

VIM-posi-ve	
MIC=2mg/L	

VIM-nega-ve	
MIC=0.12mg/L	

VIM-posi-ve	
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VIM-posi-ve	
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Daikos GL et al Clin Microbiol Infect 2007; 13: 202-205  
	



Comparison	of	the	efficacies	of	two	different	doses	of	doripenem	against	carbapenemase-producing	K.	
pneumoniae	isolates	in	immunocompromised	and	immunocompetent	animals.		

Bulik	C	C	,	Nicolau	D	P	An-microb.	Agents	Chemother.	
2010;54:4112-4115	

MIC: 354=4, 356=8, 359=16



 	Pharmacokine-cs	of	three	different	dosing	regimens	
of	meropenem	

Daikos	&	Markogiannakis.	Clin	Microbiol	Infect	2011;	17:	1135-1141		



Daikos	&	Markogiannakis.	Clin	Microbiol	Infect	2011;	17:	1135-1141		

Target	Arainment	Probabili-es	for	50%T>MIC	of	three		
Different	Dosing	Regimens	of	Meropenem	

	
TA	50%T>MIC	for	meropenem:	
	
ü 30	min	infusion	of	1g,	q8	h		
			For	MIC	of	4	mg/l	→	%69%	
		
ü 3	h	infusion	of	2g,	q8	h		
-	For	MIC	of	4	mg/l	→	%100%		
-	For	MIC	of	8	mg/l	→	%85%		



Carbapenem Monotherapy in 50 Patients 
with Serious CPE Infections 

(Results compiled from 15 studies) 
 

MIC 
(µg/ml) 

No. of 
patients 

No. of  
successe
s 

No. of  
failures 

 
% failure 

≤ 1 17 12 5 29.4 
2 12 9 3 25 
4 7 5 2 28.6 
8 6 4 2 33.3 

> 8 8 2 6 75 
Tzouvelekis et al CMR 2012; 25: 682-707 



i 

Tumbarello M et al. Clin Infect Dis. 2012;55:943-950 

Kaplan Meier Curves of Survival Propability of Patients 
with KPC BSIs According to Treatment 

P=0.002	



Mul-variate	Analysis	of	Factors	Associated	with	all-
cause	30-day	Mortality	of	Pa-ents	with	KPC	BSIs	

Variable	 P	 OR(95%	CI)	

SepNc	shock	 0.008	 7.17	(1.65-31.03)	

APACHE		 <0.001	 1.04	(1.02-1.07)	

Inadequate	
empirical	Rx		

0.003	 4.17	(1.61-10.76)	

DefiniNve	Rx	
Col+Ngecl+merop	

0.01	 0.11	(0.02-0.69)	

Tumbarello	M	et	al.	CID	2012;	55:	943		
	



Cox	propor-onal	hazards	model	of	factors	associated	with	all-
cause	28-day	mortality	in	175	pa-ents	with	carbapenemase-	

producing	K.	pneumoniae	bloodstream	infec-ons		
																																																																									(Daikos	GL	AAC	2014;	58:	2322–2328)			

	
Variable	 HR	 P	
Age	 1.01(0.99-1.03)	 0.37	
Mc	Cabe	
			UlNmately	fatal/non	fatal	
			Rapidly	fatal/non	fatal		

	
3.13(1.43-6.83)	
4.23(2.19-8.16)	

	
0.004	
<0.001	

Severity	of	sepsis	
			Severe	sepsis/sepsis	
			SepNc	shock/sepsis	

	
1.8(0.83-3.97)	
	2.28	(1.22-4.27)	

	
0.14	
0.01	

Time	to	iniNaNon	of	acNve	therapy	
			≤48	h	
			>48	h	

	
1.44(0.79-2.62)	

	
0.24	

	
Monotherapy	vs.	combinaNon	therapy	

	
2.12(1.25-3.61)	

	
0.006	



205	pa-ents	with	CP	Kp	bacteremia		
Treatment	with	a	combina-on:	Independent	predictor	of	survival!!		

P=0.003 

P 0.018 

Mortality	%	

No	acNve	drug	 33.3	

Monotherapy	 44.4	

CombinaNon	 27.2	

without	a	carbapenem	 30.6	

with	a	carbapenem	 19.3	

and	MIC≤8	mg/L		 19.3	

and	MIC>8	mg/L	 35.5	

2014	



Effect	of	treatment	against	CP-Kp	BSIs	
(monotherapy	vs	combinaNon	therapy)	

By	severity	of	underlying	disease	 By	severity	of	sepsis	

Daikos	GL	AAC	2014;	58:	2322	
	



InfecNons	Caused	by	KPC-Kp:	Differences	in	
Therapy	and	Mortality	in	a	MulNcenter	Study	

Tumbarello M et al. JAC 2015 

•  173	of	447	(38.7%)	
with	BSI	died	

•  52/214	(24.3%)	of	
non-bacteremic	died		

 

Risk	factors	for	mortality	
•  BSI	
•  SepNc	shock	
•  Inadequate	empiric	Rx	
•  Chronic	renal	failure	
•  High	APACHE	III	score	
•  ColisNn-resistance	
•  Monotherapy	



	
Mortality	associated	with	different	an-microbial	drug	regimen	
categories	in	pa-ents	with	different	presen-ng	features	or	in	

pa-ents	with	different	KPC-Kp	isolate	characteris-cs		
		
	

Tumbarello	M	et	al	JAC	advance	access	April	21	2015		
As for the non-empirical phase of treatment, our findings con-

firm previous reports on the mortality-limiting effects of regimens
containing two or more drugs with activity against the iso-
late.4,5,8,15,27 – 29 A more detailed analysis of this protective effect
revealed that, in general, the benefits of multidrug therapy are
more pronounced in patients who are critically ill. These findings
are consistent with those that recently emerged from a smaller
study that was limited to patients with KPC-Kp BSIs.15 The impact
on survival of combination drug therapy also varied within the
subset of KPC-Kp BSIs: in most cases the mortality risk reduction
was quite strong, but the benefits declined (and became statistic-
ally non-significant) when the urinary tract was the source of the
BSI. This finding tends to support the view that combination ther-
apy is particularly important for clinically severe infections caused
by KPC-Kp.

In several studies, drug combinations that included carbape-
nems have performed better than other multidrug regimens,
leading some groups to suggest that carbapenems are an import-
ant component in the treatment of KPC-Kp infections, especially
BSIs.5,14,15 This assertion is somewhat surprising since KPC
enzymes hydrolyse carbapenems. Data from the present study
indicate that the favourable impact on survival of active drug
combinations that include at least one carbapenem is significant
only when the meropenem MIC for the KPC-Kp isolate is ≤8 mg/L.
Identical results have recently been reported by Daikos et al.,15

who noted that their findings were also consistent with the
human pharmacokinetic/pharmacodynamic data they had previ-
ously reviewed.9 Possible explanations for this observation may be
found in in vitro/in vivo animal model studies, which showed that
carbapenems, alone or combined with different drugs commonly
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Figure 3. Mortality rates associated with different antimicrobial drug regimen categories in patients with different presenting features (a) or in patients
with different KPC-Kp isolate characteristics (b). *Statistically significant differences (P,0.05) among different types of combination therapy and
monotherapy.
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Predictors	of	Outcome	in	ICU	Pa-ents	with	Sep-c	
Shock	Caused	by	KPC	Klebsiella		

Variable	 HR	 95%	CI	 P	

Colis-n	containing	
Regimen	

0.21	 0.05-0.72	 <0.001	

Combina-on	Rx	 0.08	 0.02-0.21	 <0.001	

Infec-on	Source	
control	

0.14	 0.04-0.25	 <0.001	

Colis-n	resistance	 8.09	 3.14-11.23	 0.001	

Intraabdominal	source	
of	infec-on	

2.92	 2.11-4.12	 0.002	

Falcone	M	CMI	doi:	10.1016/j.cmi2016.01.016			



Systemic	Review	of	Clinical	Studies	with	
CPE	Infec-ons	

• Studies	providing	data	for	more	than	10	
paNents	

• Adequate	informaNon	
– PaNent	characterisNcs	
– Type	of	infecNon		
– In	vitro	suscepNbiliNes	of	the	infecNng	organism	
– Type	of	carbapenemase	produced	
– Treatment	schemes	
– Outcome	



Systemic	Review	of	Clinical	Studies	
with	CPE	Infec-ons	(cont/d)	

• 20	studies,	907	paNents	(70%	ICU	pts)	
• 762	pts	had	BSIs	

– 339	primary	
– 288	secondary	(HAP,	cUTIs,	cIAI)	
– 135	IV	line	related	

• 145	non-bacteremic	nosocomial	infecNons	
(HAP,	cUTIs,	cIAIs)	

• 75.3%	KPC,	20.7%	VIM,	4%	OXA-48	



Outcomes	of	889	Pa-ents	with	Serious	Infec-ons	
Caused	by	CPKP	According	to	Treatment	

A			Inappropriate	Rx		
	
B			Monotherapy	
	
C			Combina-on	therapy	
	
C1		Carbapenem-sparing	
							combina-on	
	
C2		Carbapenem-containing	
							combina-on		

Tzouvelekis	et	al.	Clin	Microb	Infect	2014;	20:	862-72			



Combina-on	Regimens	for	the	Treatment	of	
Carbapenem	Resistant	Kp	BSIs	

•  141	CR	BSIs	
•  23%	received	monotherapy	
•  26%	received	monotherapy	+	a	β-lactam	
•  28%	received	combinaNon	therapy	
•  23%	received	combinaNon	+	a	β-lactam	
Conclusion:	In	paNents	with	CRKp	BSIs	caused	
by	isolates	with	high	carbapenem	MICs	the	role	
of	combinaNon	therapy	remains	unclear		
	Gomez-Simmonds	A	AAC	ahead	of	print	(doi:	10.1128/AAC.03007-15)	



Summary	

•  The	posiNve	impact	of	combinaNon	therapy		on	
survival	is	more	apparent	for	severe	infecNons	in	
criNcally	ill	paNents.	

•  There	are	no	adequate	data	to	support	combinaNon	
therapy	for	paNents	with	mild	infecNons.	For	such	
infecNons,	parNcularly	for	non-bacteremic	UTIs,	
monotherapy	appears	to	be	adequate		

	



Summary	(cont/d)	

• Carbapenems	can	be	used	against	CPE	
infecNons,	when:	
– the	carbapenem	MIC	for	the	infecNng	organism	is	
≤8	mg/L	

– a	high-dose	prolonged-infusion	regimen	is	
administered	to	drive	the	PK/PD	profile	to	
acceptable	exposures;		

– this	class	of	agents	is	administered	in	combinaNon	
with	another	acNve	compound.		



Pa-ent	2	

•  30 yo male patient with AML after induction 
chemotherapy developed fever 390 C. RR: 
30/min, HR: 110/min, BP: 90/60 mmHg. He 
was known to be colonized with CP-Kp 

•  CBC revealed pronounced neutropenia (<100 
PMNs/µl). 

•  Two sets of blood cultures were drawn and 
he was started on empirical antimicrobial 
regimen 



What	empirical	treatment	would	you	start	this	
pa-ent	pending	culture	results?	

1  ColisNn	
2  Gentamicin	
3  Tigecycline	
4  Meropenem	
5  Meropenem	+	Gentamicin	±	Ngecycline			
6  Meropenem	+	ColisNn	±	Ngecycline	



•  50	to	60%	of	hematology	paNents	with	infecNons	
caused	by	ESBL-producers	receive	inappropriate	
iniNal	therapy	(Gudio	JAC	2010,	Ortega	JAC	2009,	
Tumbarello	AAC	2006)	

•  Among	50	hematology	pts,	hospitalized	in	3	
terNary	care	hospitals	in	Greece,		with	BSIs	
caused	by	CP-Kp	17	(34%)	received	inappropriate	
empirical	therapy	(Tofas	P	IJAA	2016)		



Studies	with	CRE	BSI	in	Hematopoie-c	Stem	Cell	Tranplant	
Recipients	and	Pa-ents	with	Hematologic	Malignancies	

Two donor-derived CRKP infections have been reported. In the
first case, the donor’s respiratory tract was found to be colonized
with CRKP after transplant of his organs [38]. Recipients of each
of his lungs were given prophylactic intravenous colistin. However,
one lung recipient developed CRKP pneumonia 4 weeks after
transplant and died. The recipient’s isolate was phenotypically
identical to the donor’s isolate. Recipients of the donor’s liver
and kidneys did not receive prophylaxis against CRKP and
never developed CRKP infection. In the second case, the donor
was known to have CRKP pneumonia and meningitis [39].
Four patients received organs from this donor and all received
perioperative tigecycline. One of these patients, a kidney and
liver recipient, developed peritonitis and an infected hematoma
due to CRKP shortly after transplant. His isolates were genetically
identical to the donor’s isolates and he was successfully treated.

CRE IN PATIENTS WITH HEMATOLOGIC
MALIGNANCIES AND HEMATOPOIETIC STEM
CELL TRANSPLANT RECIPIENTS

Patients with hematologic malignancies and hematopoietic
stem cell transplant (HSCT) recipients may be particularly vul-
nerable to CRE infection because of chemotherapy-induced
gastrointestinal mucositis, prolonged hospitalizations and neu-
tropenia, and frequent use of broad-spectrum antibacterial
agents. Previous reports of CRE infections have included

patients with hematologic malignancies and HSCT recipients
[8, 40], but few have focused exclusively on these populations.

To examine the threat posed by CRE to these immunocom-
promised hosts, we reported 18 patients with hematologic malig-
nancies who developed CRE bacteremia [41]. Despite using
recommended regimens [9], empiric therapy was inadequate in
almost all cases. Three patients died before antimicrobial suscep-
tibilities were available and never received active therapy. There
was a median of 55 hours from blood culture collection until re-
ceipt of an active agent in the other 15 patients. Nine of 13 (69%)
neutropenic patients died, with a median of 4 days from presen-
tation until death. Infections were caused by a heterogeneous
group of isolates, including KPC-producing K. pneumoniae,
E. cloacae, E. coli, and Klebsiella oxytoca, and isolates resistant
to carbapenems because of altered outer membrane porins and
ESBL production. Other reports have confirmed these observa-
tions of high in-hospital mortality rates for CRE bacteremia in
this highly immunocompromised population (65%; 22 of 34 pa-
tients). Moreover, the majority of these deaths were attributable
to CRE infection (Table 3) [40–45].

THERAPEUTICS

The only available antibacterial agents with activity against CRE
are polymyxins (colistin and polymyxin B), tigecycline, fosfo-
mycin, gentamicin, and amikacin (Table 4).

Table 3. Studies of Carbapenem-Resistant Enterobacteriaceae Bacteremia in Hematopoietic Stem Cell Transplant Recipients and
Patients With Hematologic Malignancies

Reference
Geographic
Location

Patients,
No.

CRE Isolate(s)
(No.)

Hematologic
Malignancies (No.)

HSCT
Recipients,

No.

Neutropenic
Patients,

No.

In-Hospital
Mortality
Rate

CRE-
Attributed
Mortality
Rate

[41] NYC 18 Klebsiella
pneumoniae
(14)

Enterobacter
cloacae (3)

Polymicrobial (1)a

Acute leukemia (11)
Lymphoma (4)
Multiple myeloma (2)
Myelofibrosis (1)

6 13 56%b 56%

[42] Israel 8 K. pneumoniae Acute leukemia (3)
Lymphoma (2)
Aplastic anemia (2)
Multiple myeloma (1)

5 7 50% 38%

[40] Bethesda,
Maryland

6 K. pneumoniae Aplastic anemia (2)
Lymphoma (2)
Primary
immunodeficiency (2)

4 NR 100% 67%

[43] Israel 1 K. pneumoniae Acute leukemia 0 1 1/1 1/1
[44] Israel 1 Escherichia coli Acute leukemia 1 0 NR 0/1
[45] NYC 1 Enterobacter

gergoviae
Acute leukemia 0 1 1/1 1/1

Abbreviations: CRE, carbapenem-resistant Enterobacteriaceae; HSCT, hematopoietic stem cell transplant; NR, not reported; NYC, New York City.
a Infection with carbapenem-resistant Klebsiella pneumoniae, carbapenem-resistant Klebsiella oxytoca, and carbapenem-resistant Escherichia coli.
b The mortality rate in neutropenic patients was 69%.
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Satlin	MJ	et	al.	Clinical	InfecNous	Diseases		2014;	58:1274	
	



ECIL	Guidelines	for	Empirical	Treatment	of	Febrile	
Neutropenia	

	

•  De-escalaNon	should	be	applied	for	paNents	
– With	complicated	presentaNons	
– With	individual	risk	factors	for	resistant	pathogens	
– In	centers	where	resistant	pathogens	are	regularly	
seen	at	the	onset	of	febrile	neutropenia	

De-escala-on	strategy	



Initial therapy in patients colonized or previously 
infected by resistant Enterobacteriaceae 

Resistance type Treatment 
 
ESBL 

 
Carbapenems BII 

 
Carbapenemase 

 
Colistin CIII+ β-lactam 
+/- one of: 
      Tigecycline CIII or 
      Aminoglycoside or fosfomycin CIII 

4th European Conference on Infections in Leukemia 



Pa-ent	2	(cont’d)	

•  The	paNent	was	started	on	meropenem	and	
gentamicin	and	the	blood	cultures	grew	K.	
pneumoniae.		

•  He	is	hemodynamically	stable	but	he	remains	
neutropenic	and	febrile	

•  Within	48h	we	received	the	following	results	
from	microbiology	lab		



Blood culture grew K. pneumoniae  
 

•  Amoxicillin   \               R 
•  Co-amoxiclav                R 
•  Piperacillin+tazob          R 
•  Cefuroxime                 R 
•  Ceftazidime                 R 
•  Cefotaxime                 R 
•  Aztreonam                 R 
•  Cefepime                 R 
•  Imipenem   4 mg/L   R by CLSI, I by EUCAST 
•  Meropenem   4 mg/L   R by CLSI, I by EUCAST 
•  Gentamicin                   R 
•  Amikacin                  R 
•  Tigecycline                1 mg/L   S 
•  Colistin                      1 mg/L   S 



What	would	you	choose	for	definite	
treatment?	

1  ColisNn	
2  Tigecycline	
3  Meropenem		
4  Meropenem	+	colisNn	
5  Meropenem	+	gentamicin	



Comparison	of	β-lactams	to	Gentamicin	and	Polymyxin	
for	P.	aeruginosa	bacteremia	in	Cancer	PaNents	

Analysis,�Answers,�Action7

What’s left?

• What approved antimicrobials are active 
against gram-negatives that are resistant 
to all beta-lactams?
– Polymyxins 
– Tigecycline
– Aminoglycosides, sometimes

SUBOPTIMAL

Analysis,�Answers,�Action8

Problems with Polymyxins
2 types: Colistin (polymyxin E) and Polymyxin B
• 1) Toxicities

– Nephrotoxicity: 40-60% with either colistin1 or polymyxin B2

– Neurotoxicity3: paresthesias, visual alterations, ataxia, 
neuromuscular blockade; less common

• 2) Poor PK/PD data
– Example: we don’t know how to dose in renal failure4

• 3) Questionable efficacy data
– Independently associated with mortality compared to beta-

lactams5

• 4) Unreliable susceptibility testing by Etest6

1Pogue JM, et al. Clin Infect Dis. 2Kubin CJ, et al. J Infect 2012. 3Lim LM, et al. Pharmacotherapy 
2010. 4Zavascki AP, et al. Clin Infect Dis 2008. 5Paul M, et al. J Antimicrob Chemother 2010. 6Tan 
TY, et al. Clin Microbiol Infect. 2007.

Analysis,�Answers,�Action9

Troubles with Tigecycline
• 1) Not active against Pseudomonas aeruginosa1

• 2) Bacteriostatic, not bactericidal1

• 3) Low bloodstream and urine levels1

– Limits their use in bacteremias and UTIs
– Only approved for complicated skin-soft tissue 

infections, complicated intraabdominal infection, and 
community-acquired pneumonia

• 4) Increased mortality in RCTs?2

1MacGowan AP. J Antimicrob Chemother 2008.
2Prasad P, et al. Clin Infect Dis 2012. Analysis,�Answers,�Action10

RCTs comparing tigecycline to comparator 
agents since obtained FDA approval in 2005

Prasad P, et al. Clin Infect Dis 2012. 

Analysis,�Answers,�Action11

What about aminoglycosides?
• 1) Not reliably active vs. carbapenem-resistant 

gram-negatives
– Particularly for carbapenem-resistant enterics1

• 2) Toxicities
– Nephrotoxicity: 10-20% of patients have their kidney 

function reduced by at least 50%2

– Otovestibular toxicity: Less common but can be 
permanent3

• 3) Poor penetration into lungs4, abscesses5

• 4) Poor efficacy as monotherapy
1Patel G, et al. Infect Control Hosp Epidemiol 2008. 2Moore RD, et al. Ann Intern Med 1984. 3Guthrie OW. 
Toxicology 2008. 4Brun-Buisson C, et al. Am J Respir Crit Care Med 2001. 5Ristuccia AM, et al. Med Clin North 
Am 1982. Analysis,�Answers,�Action12

Comparison of beta-lactams to gentamicin and 
polymyxin for Pseudomonas aeruginosa bacteremia 

Bodey GP, et al. Eur J Cancer 1973. 
Bodey	GP,	et	al.	Eur	J	Cancer	1973	1972		
	



 	Pharmacokine-cs	of	three	different	dosing	regimens	
of	meropenem	

Daikos	&	Markogiannakis.	Clin	Microbiol	Infect	2011;	17:	1135-1141		



Survival	probability	by	in	40	neutropenic	paNents	with	CP-Kp	BSI	
by	treatment	regimen	ader	adjustment	for	sepNc	shock,	

unresolved	neutropenia	and	empirical	therapy		
	

Please cite this article in press as: Tofas P, et al. Carbapenemase-producing Klebsiella pneumoniae bloodstream infections in neu-
tropenic patients with haematological malignancies or aplastic anaemia: Analysis of 50 cases. Int J Antimicrob Agents (2016),
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.011
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Fig. 1. Cumulative survival probability by Cox regression in 40 neutropenic patients
with carbapenemase-producing Klebsiella pneumoniae bloodstream infection (BSI)
according to treatment regimen after adjustment for septic shock, unresolved neu-
tropenia and empirical therapy. —, combination therapy; – – –, monotherapy (hazard
ratio = 4, 95% confidence interval 1.25–12.9; P = 0.02).

mortality rate (36.7%). The latter effect was more apparent and235

emerged as an independent predictor of survival after adjusting236

for septic shock and unresolved neutropenia. In previous studies,237

the lowest mortality rates among patients infected with CP-Kp238

have been achieved with combination schemes containing a car-239

bapenem when the meropenem MIC of the infecting organism was240

≤8 !g/mL [14,16]. In the present study, only one patient received241

such treatment despite the fact that 8 of 40 patients could have242

received the potential benefit of carbapenem-containing combina-243

tions as a respective number of the infecting organisms had MICs244

in this range.245

Another treatment-related factor that could have affected out-246

come is the time to initiation of effective antimicrobial treatment.247

It has been widely accepted, after the studies by Schimpff et al. [19],248

that immediate initiation of empirical antimicrobial treatment in249

the management of fever reduces mortality rates in neutropenic250

patients with Gram-negative bacteraemia. In the present study, 17251

of 50 patients received empirical antimicrobial therapy not cover-252

ing the infecting organism; delayed initiation of active treatment,253

however, did not affect the association between CP-Kp BSI and254

mortality. A plausible explanation for this could be the inadequate255

power of the study to detect such an association or the operation of256

another mechanism related to suboptimal efficacy of the available257

antimicrobial agents against CP-Kp infections.258

While CP-Kp emerges as a life-threatening pathogen among259

haematological patients, it is critical to develop diagnostic and260

therapeutic strategies to ensure timely and effective treatment261

against infections caused by such organisms. The European Con-262

ference on Infections in Leukemia recommends a de-escalation263

approach for the management of fever in neutropenic patients [20].264

For patients with known colonisation or previous infection due to265

carbapenemase-producers and at centres in which the prevalence266

of carbapenemase-producing organisms is high, empirical therapy267

should include a combination of two agents, one of which has a high268

probability of activity against the infecting organism guided by the269

local epidemiology of antimicrobial resistance. If cultures are neg-270

ative or reveal a susceptible organism, de-escalation to standard271

therapy should be performed.272

The present study has several caveats, namely the retrospective273

design and the relatively small sample size. Although these limita-274

tions do not permit to draw firm conclusions, the findings presented275

here may assist physicians in making treatment decisions for 276

neutropenic patients with CP-Kp infections until large-scale con- 277

trolled trials define the optimal antibiotic schemes for this group 278

of patients. 279

In conclusion, these findings indicate that CP-Kp BSIs among 280

neutropenic patients with haematological diseases are associated 281

with increased mortality. Unresolved neutropenia and septic shock 282

at the onset of bacteraemia are independent predictors of death, 283

whilst combination therapy may lower the risk of mortality.
284
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CombinaNon	

Monotherapy	

Tofas	P	IJAA	2016.		
	

HR,	4;	95%CI,	1.25-12.9	



PaNent	3	

•  28	yo	male	underwent	neurosurgery	for	
cerebellar	hematoma	ader	a	car	accident.	Five	
days	later	he	became	confused	and	developed	
fever	390	C.		

•  CSF	revealed:	WBC=2030/μl,	glucose=25mg/
dl,	protein=125mg/dl	

•  Blood	cultures	and	CSF	cultures	grew	KPC-Kp	



K. pneumoniae  
 

•  Amoxicillin   \               R 
•  Co-amoxiclav                R 
•  Piperacillin+tazob                R 
•  Cefuroxime                 R 
•  Ceftazidime                 R 
•  Cefotaxime                 R 
•  Aztreonam                 R 
•  Cefepime                 R 
•  Imipenem                        > 256 mg/L     
•  Meropenem                         >256 mg/L     
•  Gentamicin                         R 
•  Amikacin                 R 
•  Tigecycline                                     1 mg/L    
•  Colistin                                           1 mg/L 
•  Fosfomycin                                     16 mg?L    



Treatment?	

1  ColisNn	IV	
2  Tigecycline	IV	
3  ColisNn	IV	and	intrathecally	
4  Fosfomycin	IV	plus	colisNn	IV	and	

intrathecally			



§  	5	paNents	(age:	36	–	68	yrs	)	

§  CMS	adminisraNon	for	infecNons	other	than	CNS		

§  Dosage	:	2ΜU	q12h	or	3ΜU	q8h	

§  DeterminaNon	of	colisNn	concentraNon	by	HPLC	

§  ColisNn	concentraNon	CSF/serum	:	0.05	

	

	



Imber@	R,	et	al.	AAC	2012;	56:	4416	



•  RetrospecNve	study	2006	-2014		

•  MeningiNs/ventriculiNs	MDR	Gram-negaNve	organisms	

•  34	paNents																				11	(32%)	IV	CMS,		group	1		

																																															23	(67.6%)	IV	and		ΙVT	CMS,	group	2	

•  IVT	CMS:	170	000	IU		

•  In	hospital	mortality:	72.7%	for	group	1	vs	13%	for	group	2		

2016	



§  15/19	episodes	→	Clinical	Cure:	79	%	

§  IVT/ITH	administraNon:	15/4	

§  Cases	of	ColisNn/Polymyxin	B:	15/4			

§  Dose	of	polymyxin	B	→	20	000	IU	–	50	000	IU	

§  Dose	of	colisNn	→	62	500	IU	–	250	000	IU	

	
	
	

Klebsiella	Meningi-s:		
Intraventricular	or	Intrathecal	Use	of	Polymyxins		

	

Falagas	M,	et	al.	IJAA	2007;	29:	9-25																									ImberN	R,	et	al.	AAC	2012;	56:	4416	
Ziaka	M,	et	al.	AAC	2013;	57:	1938-40																							Bargiacchi	O,	et	al.	InfecNon.	2014	;42:801-9	
Nevrekar	S,	et	al.	Ann	Pharmac.	2014;48:274-8	

	



§  	83	episodes	in	81	paNents.	

§  Dose	of	colisNn	125	000	IU		

§  Mean	Nme	of	ΙVT/ITHadministraNon	of	colisNn	was	18.5	days		

§  Mean	Nme	for	CSF	bacterial	eradicaNon	was	4	days.		

§  Clinical	success	rate	89%			

Int	J	AnNmicrob	Agents.	2013;41:499-508	



Adverse	reacNons	

•  Chemical	meningi-s/	ventriculi-s	

– Similar	to	bacterial	meningiNs	(fever,	pleocytosis,	low	
glucose,	negaNve	cultures)		

– D/C	ITC/ΙVT	for	2	days	and	conNnue	if	needed	every	48h.	

•  Seizures	
	

	



Op-mizing	treatment	



Dosing	Regimens	of	Colis-n		

Garonzik	et	al,	AAC	2011(modified)	

• CBA	(mg)=Ctarget	X	2	X	BW	

• MU=Ctarget	X	2	X	BW/30																									

• Maximum	dose	10	MU	

Loading	dose	
For	all	paNents		

• CBA(mg)=Ctarget	X	(1.5	X	CrCL	+	30)	

• MU=Ctarget	X	[(1.5	X	CrCL	+	30)]/30	

Maintenance	
dose	

For	paNents	
not	on	RRT	

	



30 

YES	NO	

HD	 HD	

Pa-ents	Receiving	Intermirent	HD	
What	is	the	opNmal	Nme	to	perform	HD?	

§  CMS	and	ColisNn	are	efficiently	cleared	by	HD	
§  HD	should	occur	towards	the	end	of	the	CMS	dosing	interval	
§  Even	then	a	supplemental	dose	should	be	given		

Garonzik	et	al,	AAC	2011	

ü  On	non	HD	day:	1	M	IU	q	12	h	
ü  On	HD	day:	Add	30%	to	the	daily	

maintenance	dose	and	administer	the	
supplemental	dose	aier	HD	



Pa-ents	Receiving	CRRT	

				
	Dose	as	in	a	pa-ent	with	CrCL	of	100	ml/min	
	

	
For	Colis-n	target	of	2	mg/L	

	
Dose	=	6.4	M	IU	q	12	h	or	192	mg	CBA	q	12	h	

	

Garonzik	et	al,	AAC	2011	
	



(1 to 2 mcg/ml). Recently, in a randomized phase-2 trial,
treatment with HD TGC (100 mg every 12 hours) was
associated with a better clinical response than imipenem
treated patients, in nosocomial pneumonia caused by
Gram-positive and Gram-negative bacteria. This clinical

result was supported by the favourable PK-PD profile
observed in HD TGC treated patients [6].
Few other authors have reported the treatment of

MDR severe infections with TGC at higher than stand-
ard doses. Cunha [25] described the successful use of
this molecule, up to 200 mg every 24 hours, during
urinary tract infection/urosepsis, reporting no adverse
effects. Similarly Lewinski et al. [26] reported a case of
PDR K. pneumoniae pneumonia and bacteremia resolved
with a combination of colistin and HD TGC. In general,
TGC use is associated with few significant AE other than
nausea and vomiting [27,28], but two recent meta-
analyses documented that this molecule administration
was associated with more AE than comparative drugs
[29,30]. Not surprisingly, the most frequently reported

Table 2 Univariate analysis of factors associated with clinical cure in 63 patients with VAP
Variable Clinical cure (n = 29) Clinical failure (n = 34) P-value Odds ratio 95% CI

Age, years, mean ± standard deviation 58.5 ± 16.9 66.1 ± 11.8 0.04 - -

Male, n (%) 23 (79.3) 18 (52.9) 0.02 3.4 0.98, 12.67

SAPS II score, mean ± standard deviation 48.2 ± 13.7 51.2 ± 15.4 0.42 - -

SOFA score at infection occurrence, mean ± standard deviation 6.4 ± 2.4 8.6 ± 3.0 0.003 - -

Causes of ICU admission, n (%)

Medical 19 (65.5) 29 (85.2) 0.06 0.32 0.07, 1.27

Non-medical 10 (34.4)a 5 (14.7)b - -

Comorbidities

CHF, n (%) 13 (44.8) 14 (41.1) 0.77 1.16 0.37, 3.54

COPD, n (%) 6 (20.6) 4 (11.7) 0.33 1.95 0.4, 10.47

CRF, n (%) 4 (13.7) 5 (14.7) 0.91 0.92 0.16, 4.85

Malignancies, n (%) 4 (13.7) 6 (17.6) 0.74 0.75 0.14, 3.59

Diabetes, n (%) 6 (20.6) 7 (20.5) 0.99 1 0.24, 4.07

Immunosuppressive status, n (%) 4 (13.7) 5 (14.7) 0.91 0.92 0.16, 4.84

Comorbidities >1, n (%) 17 (58.6) 21 (61.7) 0.79 0.87 0.28, 2.72

Initial inadequate treatment, n (%) 11 (37.9) 22 (64.7) 0.03 0.33 0.1, 1.04

Duration of TGC treatment, days, median (IQR) 11 (6 to 13) 7 (3 to 10) 0.03 - -

Septic shock at infection occurrence, n (%) 11 (37.9) 17 (50) 0.33 0.61 0.2, 1.87

Standard-dose group, n (%) 10 (34.4) 20 (58.8) 0.05 - -

High-dose group, n (%) 19 (65.5) 14 (41.1) 2.71 0.86, 8.64

Concomitant use of other active antibiotics, n (%) 26 (89.7) 27 (79.4) 0.27 2.24 0.44, 14.72

ICU LoS, days, median (IQR) 35 (16 to 61) 26 (14 to 33) 0.06 - -

ICU LoS before infection occurrence, days, median (IQR) 17 (6 to 27) 10.5 (4 to 21) 0.14 - -

Duration of MV, days, median (IQR) 21 (13 to 43) 23 (11 to 33) 0.83 - -

Duration of MV before infection occurrence, days, median (IQR) 17 (5 to 22) 11 (5 to 18) 0.21 - -

Responsible pathogens, n (%)

Acinetobacter baumannii XDR 13 (44.8) 15 (44.1) 0.95 1.02 0.33, 3.13

Klebsiella pneumoniae MDR/XDR 16 (55.1) 14 (41.1) 0.26 1.75 0.58, 5.38

Non-medical causes included: asix surgical and five trauma; btwo surgical and three trauma. Data are shown as median with 25th and 75th percentile, until
otherwise indicated. VAP, ventilator-associated pneumonia; SAPS II, simplified acute physiology score II; SOFA, sequential organ failure assessment; CHF, chronic
heart failure; COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; TGC, tigecycline; LoS, length of stay; MV, mechanical ventilation; MDR,
multidrug resistant; XDR, extensively drug-resistant. ‘-’ stands for Not Applicable.

Table 3 Logistic regression analysis of factors associated
with clinical cure in 63 patients with ventilator-associated
pneumonia
Variable Multivariate analysis

Odds ratio 95% CI P-value

SOFA score at infection occurrence 0.66 0.51, 0.87 0.003

Initial inadequate treatment 0.18 0.05, 0.68 0.01

High-dose tigecycline group 6.25 1.59, 24.57 0.009

SOFA, sequential organ failure assessment.
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High dose tigecycline in critically ill patients with
severe infections due to multidrug-resistant
bacteria
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Abstract

Introduction: The high incidence of multidrug-resistant (MDR) bacteria among patients admitted to ICUs has
determined an increase of tigecycline (TGC) use for the treatment of severe infections. Many concerns have been
raised about the efficacy of this molecule and increased dosages have been proposed. Our purpose is to investigate
TGC safety and efficacy at higher than standard doses.

Methods: We conducted a retrospective study of prospectively collected data in the ICU of a teaching hospital in
Rome. Data from all patients treated with TGC for a microbiologically confirmed infection were analyzed. The safety
profile and efficacy of high dosing regimen use were investigated.

Results: Over the study period, 54 patients (pts) received TGC at a standard dose (SD group: 50 mg every 12 hours)
and 46 at a high dose (HD group: 100 mg every 12 hours). Carbapenem-resistant Acinetobacter.baumannii
(blaOXA-58 and blaOXA-23 genes) and Klebsiella pneumoniae (blaKPC-3 gene) were the main isolated pathogens
(n = 79). There were no patients requiring TGC discontinuation or dose reduction because of adverse events. In
the ventilation-associated pneumonia population (VAP) subgroup (63 patients: 30 received SD and 33 HD), the only
independent predictor of clinical cure was the use of high tigecycline dose (odds ratio (OR) 6.25; 95% confidence
interval (CI) 1.59 to 24.57; P = 0.009) whilst initial inadequate antimicrobial treatment (IIAT) (OR 0.18; 95% CI 0.05 to
0.68; P = 0.01) and higher Sequential Organ Failure Assessment (SOFA) score (OR 0.66; 95% CI 0.51 to 0.87; P = 0.003)
were independently associated with clinical failure.

Conclusions: TGC was well tolerated at a higher than standard dose in a cohort of critically ill patients with severe
infections. In the VAP subgroup the high-dose regimen was associated with better outcomes than conventional
administration due to Gram-negative MDR bacteria.

Introduction
Tigecycline (TGC) is the first glycylcycline of the tetracyc-
line antibiotic class approved in Europe for the treatment
of complicated skin and skin-structures infections (cSSI),
complicated intra-abdominal infections (cIAI), at a dose of
50 mg twice daily after a 100 mg loading dose, [1].
In vitro this antibiotic has shown good antibacterial

activity against most of aerobic and anaerobic bacteria, in-
cluding multidrug-resistant (MDR) Gram-negative bacteria.

However Pseudomonas aeruginosa, Proteus spp. and
Providencia spp. are intrinsically resistant [1].
A recent Food and Drug Administration (FDA) alert

[2] announced an increased TGC-attributable mortality,
thus discouraging its adoption for severe nosocomial
infections. However, due to the scarcity of other effective
antimicrobials its use is frequently extended to the treat-
ment of colistin-resistant bacteria [3].
Because the area under the plasma concentration versus

time (AUC) to microorganism minimal inhibitory concen-
tration (MIC) ratio (AUC/MIC ratio) is the major deter-
minant of antimicrobial activity of TGC, some authors
have proposed increased daily dosages for treating severe
infections due to MDR bacteria [4]. Clinical experience
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compared to other antibiotics, tigecycline has higher rates
of clinical failure, septic shock, superinfections and other
adverse events that can lead to therapy with the drug
being discontinued. [19]. Yahav et al. advise against using
tigecycline as monotherapy, especially in the treatment of
serious infections [19,20].
Prolonged plasma half-life (24–48 hours) and pharma-

codynamic index (AUC/MIC) suggest, however, that
higher doses of tigecycline should be used. Nevertheless,
the off-label use of tigecycline and higher doses should
be reserved for the treatment of multidrug resistant
Gram negative infections in patients with serious intra-
abdominal infections, such as abscesses.
As we recently reported, we observed KPC-Kp isolates,

which developed increasing tigecycline MICs after treat-
ment [21]. It is therefore important to carefully evaluate
the benefit of a higher dose of tigecycline or other treat-
ment options in this complex cohort of patients.
Thirdly, our mortality rate was 40%, which is higher

than reported by other studies [22]. Nonetheless, our pa-
tients were particularly complicated and showed at least
one additional site of KPC-Kp infection, such as severe
intra-abdominal infection. In 16 cases, a KPC-Kp VAP
was also present. Although numerous studies have
shown that VAP frequently complicates the ICU pa-
tient’s course, the issue of whether or not critically-ill pa-
tients are at an increased risk of death because of the
acquired pneumonia remains controversial [23]. In a
large study analysis, VAP-attributed mortality was higher
in surgical patients and patients with intermediate (but
not high) Simplified Acute Physiologic Score II values
on ICU admission [24]. In our study, mean APACHE II

score was higher in non-survivors than in survivors. It is
postulated that both derangements in acute physiology
and severity of underlying diseases at the time of admis-
sion could be responsible for mortality, rather than the
underlying conditions. Despite improvements in our
knowledge of the physiopathology of severe infection
and the evolution of diagnostic methods, antibiotic ther-
apy, postoperative care and surgical techniques, a sub-
stantial number of patients develop severe intra-
abdominal infection and advanced stages of septic insult
requiring admission to the ICU. The success of treat-
ment of these conditions is multifactorial and the best
antibiotic protocol may not suffice, unless adequate con-
trol of the focus of infection is achieved.
Fourthly, in our study underlying conditions, such as

COPD, diabetes and lifestyle risk factors such as smok-
ing, were often present. This is in line with the analysis
of Huttenen [25], who reported a high prevalence of
obesity and smoking and their association with poor
prognosis in patients with bacteraemia.
Our study is not without limitations. It includes a

small number of patients with very complex and hetero-
geneous conditions, as well as the bias associated with
non-random enrollment, as the choice of treatment was
based on the patients’ medical conditions.
Additionally, our results are not supported by studies

comparing different protocols. Moreover, antibiotic ther-
apy pattern and quality of spread of multidrug resistant
pathogens in the ICU under study could not be general-
ized. A further limitation was that data on all patients
with KPC-Kp bacteraemia admitted to our university
hospital during the study period was not available.
Surveillance of healthcare associated infections has be-

come an integral part of infection control and quality
assurance of healthcare in many countries. Gastmeier
et al. reported that effective surveillance could reduce
the NI rate by about 20–30% on average [26]. Surveil-
lance programs provide data about the organisms caus-
ing specific infections and their antibacterial drug
resistance patterns. Moreover, such programs can guide
clinical practices and infection prevention and control
efforts in different geographic regions and clinical set-
tings [6,26,27].
At present, hand hygiene and contact precautions have

been improved, including dedicated patient-care equip-
ment, disposable gloves and aprons, and environmental
cleaning. The ICU has been thoroughly cleaned and
respiratory equipment disinfected. Because of insuffi-
cient bed capacity, isolation is not feasible, but colonized
or infected patients are spatially segregated. Compliance
with hand hygiene and environmental cleaning proce-
dures are monitored. Staff adherence is strongly pro-
moted by weekly meetings between healthcare workers
and the hospital infection control team.

Figure 2 Kaplan-Meier survival curves show significantly lower
mortality among patients treated with a combination therapy
of high-dosage tigecycline plus colistin compared with those
treated with recommended dosage of tigecycline plus colistin
(log-rank test, p = 0.0035).
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Abstract

Background: Abdominal surgery carries significant morbidity and mortality, which is in turn associated with an
enormous use of healthcare resources. We describe the clinical course of 30 Intensive Care Unit (ICU) patients who
underwent abdominal surgery and showed severe infections caused by Klebsiella pneumoniae sequence type (ST)
258 producing K. pneumoniae carbapenemase (KPC-Kp). The aim was to evaluate risk factors for mortality and the
impact of a combination therapy of colistin plus recommended regimen or higher dosage of tigecycline.

Methods: A prospective assessment of severe monomicrobial KPC-Kp infections occurring after open abdominal
surgery carried out from August 2011 to August 2012 in the same hospital by different surgical teams is presented.
Clinical and surgical characteristics, microbiological and surveillance data, factors associated with mortality and
treatment regimens were analyzed. A combination regimen of colistin with tigecycline was used. A high dose of
tigecycline was administered according to intra-abdominal abscess severity and MICs for tigecycline.

Results: The mean age of the patients was 56.6 ± 15 and their APACHE score on admission averaged 22.72. Twenty
out of 30 patients came from the surgical emergency unit. Fifteen patients showed intra-abdominal abscess, eight
anastomotic leakage, four surgical site infection (SSI) and three peritonitis. The overall crude ICU mortality rate was
40% (12 out of 30 patients). Twelve of the 30 patients were started on a combination treatment of high-dose
tigecycline and intravenous colistin. A significantly lower mortality rate was observed among those patients
compared to patients treated with approved dose of tigecycline plus colistin. No adverse events were reported
with high doses of tigecycline.

Conclusions: Critically-ill surgical patients are prone to severe post-surgical infectious complications caused by
KPC-Kp. Timely microbiological diagnosis and optimizing antibiotic dosing regimens are essential to prevent worse
outcomes. Further studies and well-controlled clinical trials are needed to define the optimal treatment of
infections by KPC-Kp and, more generally, carbapenem-resistant bacteria.
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•  30	paNents	with	IAIs	
•  12	received	high-dose	
						Ngecycline	in	combinaNon	
						with	colisNn	
•  18	received	standard-dose	of	
						Ngecycline	in	combinaNon	
						with	colisNn	
	



Carbapenem MIC 

≤8 mg/L >8 mg/L 

AMG Susceptible AMG Resistance 

CARB + AMG 

CARB + COL 

AMG Susceptible 

COL Susceptible 

AMG Resistance 

COL Resistance 

CARB+Other 
Agent 

AMG+Other 
Agent 

COL+Other 
Agent 

Combination of 
other Agents 

COL Susceptible 

COL Resistance 

Daikos et al. Exp Rev Antiinfect Ther 2012, modified 

Proposed Algorithm for Treatment of Serious CPE Infections 

Site of infection 



Please cite this article in press as: Rodríguez-Baño J, et al. Diagnosis and antimicrobial treatment of invasive infections due to multidrug-
resistant Enterobacteriaceae. Guidelines of the Spanish Society of Infectious Diseases and Clinical Microbiology. Enferm Infecc Microbiol
Clin. 2015. http://dx.doi.org/10.1016/j.eimc.2014.11.009

ARTICLE IN PRESSG Model
EIMC-1245; No. of Pages 21

Enferm Infecc Microbiol Clin. 2015;xxx(xx):xxx.e1–xxx.e21

www.elsev ier .es /e imc

Consensus  statement

Diagnosis  and  antimicrobial  treatment  of  invasive  infections  due
to  multidrug-resistant  Enterobacteriaceae. Guidelines  of  the  Spanish
Society  of  Infectious  Diseases  and  Clinical  Microbiology

Jesús  Rodríguez-Bañoa,b,∗,  José  Miguel  Cisnerosa,c,  Nazaret  Cobos-Triguerosd,  Gema  Frescoe,
Carolina  Navarro-San  Francisco f, Carlota  Gudiolg,  Juan  Pablo  Horcajadah,  Lorena  López-Cereroa,
José  Antonio  Martínezd, José  Molinaa, Milagro  Monteroh,  José  R.  Paño-Pardof,  Alvaro  Pascuala,i,
Carmen  Peñag,  Vicente  Pintadoe,  Pilar  Retamara, María  Tomásj,  Marcio  Borges-Sak,
José  Garnacho-Monteroc,l,  Germán  Bouj, for  the  Study  Group  of  Nosocomial  Infections  (GEIH)  of  the
Spanish  Society  of  Infectious  Diseases,  Infectious  Diseases  (SEIMC)
a Unidad Clínica Intercentros de Enfermedades Infecciosas, Microbiología y Medicina Preventiva, Hospitales Universitarios Virgen Macarena y Virgen del Rocío, Seville, Spain
b Departamento de Medicina, Universidad de Sevilla, Seville, Spain
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g Servicio de Enfermedades Infecciosas, Hospital Universitari de Bellvitge – ICO, Barcelona, Spain
h Servicio de Enfermedades Infecciosas, Hospital Universitario del Mar/Instituto Hospital del Mar de Investigaciones Médicas (IMIM), Barcelona, Spain
i Departamento de Microbiología, Universidad de Sevilla, Seville, Spain
j Servicio de Microbiología, Complejo Hospitalario Universitario A Coruña, A Coruña, Spain
k Servicio de Medicina Intensiva, Hospital Son Llátzer, Palma de Mallorca, Spain
l Unidad Clínica de Cuidados Críticos y Urgencias, Hospital Universitario Virgen del Rocío, Sevilla, Spain

a  r  t i  c  l  e  i  n  f  o
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a  b  s  t  r  a  c  t

The  spread  of multidrug-resistant  Enterobacteriaceae  related  to  the  production  of extended-spectrum  !-
lactamases  and  carbapenemases  is a serious  public  health  problem  worldwide.  Microbiological  diagnosis
and  therapy  of these  infections  are  challenging  and  controversial.

Clinically  relevant  questions  were  selected  and  the  literature  was  reviewed  for  each  of  them.  The
information  from  the  selected  articles  was  extracted  and  recommendations  were  provided  and  graded
according  to  the  strength  of  the recommendations  and  quality  of the  evidence.  The document  was  opened
to comments  from  the members  from  the Spanish  Society  of  Infectious  Diseases  and  Clinical  Microbiology,
which  were  considered  for inclusion  in  the final  version.

Evidence-based  recommendations  are  provided  for  the  use of microbiological  techniques  for  the  detec-
tion of extended-spectrum  !-lactamases  and  carbapenemases  in Enterobacteriaceae, and  for  antibiotic
therapy  for invasive/severe  infections  caused  by  these  organisms.  The  absence  of  randomised  controlled
trials  is noteworthy;  thus,  recommendations  are mainly  based  on  observational  studies  (that  have  impor-
tant methodological  limitations),  pharmacokinetic  and  pharmacodynamics  models,  and  data  from  animal
studies.  Additionally,  areas  for  future  research  were  identified.

©  2014  Elsevier  España,  S.L.U.  and  Sociedad  Española  de  Enfermedades  Infecciosas  y  Microbiología
Clínica.  All  rights  reserved.
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New	Agents	against	Gram-nega-ve	
Organisms	

• β-lactamase	inhibitors	
– Avibactam	
– Relebactam	(MK-7655)	
– OPO595	
– RPX7009	

• Siderophores	
• LpxC	inhibitors	
• Plazomicin	

diazabicyclooctanes		
	

boronate	



β-lactamase	inhibitors	combina-ons	

• Cedazidime/Avibactam	(Avycaz)	

• Aztreonam/Avibactam	

•  Imipenem/Relebactam	(MK-7655)	

• Meropenem/RPX7009	(Carbavance)	



Drug	(Brand)	Name/Company	 An-bio-c	Class	 Development	Phase	 Ac-vity	Spectrum	 Poten-al	Indica-ons	

Ceiazidime+Avibactam	
(Avycaz)/AstraZeneca-
Actavis	

Cefalosporin	+	
	new	BLI	

FDA	approved	on	Feb	2015,	
EMA	not	submired	yet	

ESBL	&	KPC-
producing	strains	

UTIs	
cIAIs	

Meropenem+RPX7009	
(Carbavance)/Rempex	

Carbapenem+	
new		BLI	

Phase	III	ongoing	 ESBL	&	KPC-
producing	strains	

cUTIs	
Pneumonia/VAP	
BSIs	

Eravacycline/Tetraphase	
Pharmaceu-cals	

Tetracycline	 Phase	III	ongoing	
	

ESBL,	MBL	&	KPC-
producing	strains	

cUTIs	
cIAIs	

Plazomicin	/Achaogen	 Aminoglycoside	 Phase	III	ongoing	 ESBL,	MBL	&	KPC-
producing	strains	

BSIs	
Pneumonia/VAP	

Imipenem-cilasta-n
+Relebactam/	
Merck	

Carbapenem+		
new		BLI	

Phase	II	completed		 ESBL	&	KPC-
producing	strains	
	

UTIs	
cIAIs	
Pneumonia/VAP	

Ceiaroline+Avibactam/	
AstraZeneca-Actavis	

Cefalosporin	+		
new	BLI	

Phase	II	completed	 ESBL	&	KPC-
producing	strains	

cUTIs	

S-649266/Shionogi	
	

Siderophore	
Cephalosporin	

Phase	II	ongoing	 ESBL,	MBL	&	KPC-
producing	strains	

cUTIs	

Aztreonam+Avibactam/	
AstraZeneca	

Monobactam+		
new		BLI	

Phase	I	completed	 ESBL,	MBL-producing	
strains	

MDR	Gram-nega-ve	
bacterial	infec-ons	

BAL30072/Basilea	
Pharmaceu-cal	

Siderophore	
Monosulfactam	

Phase	I		ongoing	 MBL	&	KPC-
producing	strains,	
some	ESBLs	are	not	
inhibited	(e	g	SHV-5)	

MDR	Gram-nega-ve	
bacterial	infec-ons	
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