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Tabebuia Chrysotricha - Ipê Amarelo



Stavo passeggiando, assorto nei miei pensieri quando mi ha sorpreso

con un assalto frontale un’esplosione di fiori: un ipè rosa.

Che splendore … mi sono quasi spaventato! Mi è venuta una voglia

repentina di abbracciare quell ’albero, di mangiare i suoi fiori! Ero

riconoscente verso la natura così meravigliosa, così sacra eppure, molte

persone erano passate di lì o stavano passando o sarebbero passate più

tardi senza provare il minimo stupore. So di una donna che odiava a

morte il meraviglioso ipè giallo davanti a casa sua. Lo odiava perché “i

fiori sporcano il suolo”. Suolo di fiori gialli, d’oro che dovrebbero restare

lì, fiori che c’è da togliersi le scarpe e camminare a piedi scalzi su quel

tappeto.

Ma la donna non vedeva con gli occhi. Vedeva con la scopa. Vedeva

spazzatura.

Rubem Alves





Interpretazione dell’antibiogramma

• La giusta interpretazione comporta ridurre 
al minimo l’errore nella lettura e di 
conseguenza una terapia non adeguata

• A volte l’antibiogramma non è esatto sia 
nella scelta degli antibiotici sia 
nell’interpretazione del risultato pertanto il 
clinico deve riconoscerlo per non essere 
indotto nell’errore



Errori negli antibiogrammi
• Errori di interpretazione dell’antibiotico più 

efficace (chinoloni, comparazione delle 
MIC)

• Errori di interpretazione del fenotipo: ESBL, 
AmpC, KPC, hVISA e conseguente 
mancata richiesta di conferma

• Mancata coscienza della regola: reported 
as found per ESBL e KPC 

• Mancanza nell’antibiogramma di antibiotici 
fondamentali per la terapia ed assenza di 
richiesta di integrazione da parte del clinico



Errori negli antibiogrammi

• Mancata conoscenza dei breakpoints in 
uso

• Fenotipi impossibili o poco probabili
• Mancanza di ulteriore verifica dei 

sinergismi con il miglior metodo



Errori di interpretazione 
dell’antibiotico più efficace

• Mai comparare MIC di molecole differenti 
perché dipendono dai breakpoints

• Piperacillina/tazobactam non sarebbe 
altrimenti mai utilizzata per la terapia degli 
enterobatteri
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E.	coli

Antibiotico MIC (mg/L) Breakpoint (mg/L)

Ciprofloxacina 0,5 0,5

Piperacillina/Tazobact
am

1 8



Scegliendo	la	MIC	più		bassa	si	farebbe	un	errore
Come	poi	si	riesce	a	dire	la	MIC	più	basse	senza	le	MIC	estese
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Conoscere la teoria
• MIC vicine al breakpoint clinico che non 

corrisponde a quello epidemiologico, 
possono determinare dei fallimenti 
terapeutici, specie in monoterapia

• Necessità delle MIC estese e precise, non 
si può più accettare una MIC ≤ ad un 
valore dato, quindi sistemi automatici con 
diluizioni limitate, meglio sistemi liofilizzati 
con MIC estese



Errori negli antibiogrammi
• Errori di interpretazione dell’antibiotico più 

efficace (chinoloni, comparazione delle 
MIC)

• Errori di interpretazione del fenotipo: ESBL, 
AmpC, KPC, hVISA e conseguente 
mancata richiesta di conferma

• Mancata coscienza della regola: reported 
as found per ESBL e KPC 

• Mancanza di antibiotici fondamentali per la 
terapia nell’antibiogramma ed assenza di 
richiesta



ESBL
Extended Spectrum Beta Lactamases

Codificazione plasmidica

Idrolizzano: Penicilline
Monobactami (aztreonam)
Cefalosporine a spettro ristretto
Cefalosporine ad ampio spettro
Cefalosporine IV generazione

Non idrolizzano: Cefamicine (cefoxitin)
Carbapenemi

Inibite: ac. clavulanico, sulbactam, tazobactam
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Enterobatteri: MIC da refertare 
come vengono
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ni da ESBL. Oggi, quindi, potremmo avere ceppi di E. coli senza 
la conferma di ESBL che possono essere resistenti a cefotaxime 
(Y�!"#$%%"&'() e sensibili a ceftazidime. In questi casi si potrebbe 
usare il ceftazidime, almeno nelle infezioni non complicate. La 
modifica della regola è stata fatta nonostante mancassero studi 
clinici controllati e ci si è basati su un esiguo numero di casi cli-
nici disponibili e su modelli matematici ["#$].
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Ampicillina ≥32 R R
Ampicillina/sulbactam ≥32 R R
Cefazolina ≥64 R NT
Cefepime 2 R I
Cefixime (solo infezioni delle 
vie urinarie non complicate)

2 R R

Cefotaxime 16 R R
Ceftazidime ≤1 R S
Ciprofloxacina ≥4 R R
Gentamicina ≤1 S S
Imipenem ≤1 S S
Levofloxacina 4 I R
Meropenem ≤0,25 S S
Mezlocillina ≥128 R
Norfloxacina ≥16 R
Piperacillina ≥128 R R
Piperacillina/tazobactam ≤4 S S
Tetraciclina ≥16 R NT
Tobramicina ≤1 S S
Cefuroxime-sodio ≥64 R R
Cefuroxime-acetil ≥64 R R

NT: non da testare
Commento Prima del 2010 il laboratorio correttamente cambiava la sensibilità delle cefalosporine 
se il ceppo risultava ESBL, come in questo caso. Adesso le MIC si riportano come si trovano e 
pertanto ceftazidime è sensibile. Il suo uso in infezioni gravi è responsabilità del medico.
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b-Lactam/b-Lactam Inhibitor Combinations
for the Treatment of Bacteremia Due to
Extended-Spectrum b-Lactamase–Producing
Escherichia coli: A Post Hoc Analysis of
Prospective Cohorts

Jesu¬ s Rodr!guez-Banƒ o,1,2 Mar!a Dolores Navarro,1 Pilar Retamar,1 Encarnacio¬ n Pico¬ n,1 A¬ lvaro Pascual,1,3 and the
Extended-Spectrum Beta-Lactamases± Red Espanƒ ola de Investigacio¬ n en Patolog!a Infecciosa/Grupo de Estudio de
Infeccio¬ n Hospitalaria Groupa

1Unidad Cl!nica de Enfermedades Infecciosas y Microbiolog!a, Hospital Universitario Virgen Macarena, and 2Departamentos de Medicina and
3Microbiolog!a, Universidad de Sevilla, Spain

(See the Editorial Commentary by Perez and Bonomo, on pages 175± 7.)

Background. Extended-spectrum ß-lactamase–producing Escherichia coli (ESBL-EC) is an important cause of
invasive infections. Alternatives to carbapenems—considered the drugs of choice—are needed because of the
emergence of carbapenemase-producing enterobacteria. The efficacy of ß-lactam/ß-lactam inhibitors (BLBLI) in
such infections is controversial.

Methods. The authors performed a post hoc analysis of patients with bloodstream infections due to ESBL-EC
from 6 published prospective cohorts. Mortality and length of hospital stay in patients treated with an active BLBLI
(amoxicillin-clavulanic acid [AMC] and piperacillin-tazobactam [PTZ]) or carbapenem were compared in
2 cohorts: the empirical therapy cohort (ETC) and the definitive therapy cohort (DTC). Confounding was
controlled by multivariate analysis; for patients in the ETC, a propensity score for receiving carbapenem was also used.

Results. The ETC included 103 patients (BLBLI, 72; carbapenem, 31), and the DTC included 174 (BLBLI, 54;
carbapenem, 120). Mortality rates at day 30 for those treated with BLBLI versus carbapenems were 9.7% versus
19.4% for the ETC and 9.3% versus 16.7% for the DTC, respectively (P . .2, log-rank test). After adjustment for
confounders, no association was found between either empirical therapy with BLBLI (adjusted hazard ratio
[HR], 1.14; 95% confidence interval [CI], .29–4.40; P 5 .84) or definitive therapy (adjusted HR, 0.76; 95% CI,
.28–2.07; P 5 .5) and increased mortality. Furthermore, BLBLI therapy, with respect to carbapenem, was not
found to influence length of hospital stay.

Conclusions. These results suggest that AMC and PTZ are suitable alternatives to carbapenems for treating patients
with bloodstream infections due to ESBL-EC if active in vitro and would be particularly useful as definitive therapy.

In recent years, the spread of extended-spectrum

b-lactamases (ESBLs), particularly CTX-M enzymes, in

Enterobacteriaceae has become a serious public health

problem worldwide. In fact, ESBL-producing Escher-

ichia coli (ESBL-EC) are now a frequent cause of in-

fection in the community and in healthcare centers

[1–3]. Carbapenems, which are not affected by ESBLs,

are considered the drugs of choice for treating severe

infections caused by ESBL producers because, according

to some observational studies, the prognosis for patients
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at day 30 with respect to definitive therapy was as follows: 5.9%

(2/34) for those continuing to receive a BLBLI and 9.4% (3/32)

for those whose regimen was changed to a carbapenem (P 5 .6,

Fisher test); 2 of 6 patients (33.3%) whose treatment was

changed to another antimicrobial died. For patients empirically

treated with carbapenems who continued with carbapenem as

their definitive therapy, mortality was 16.7% (5/30 patients)

(P . .1 for comparison with previous groups); 1 patient whose

therapy changed to a fluoroquinolone died.

We calculated a propensity score for receiving empirical

therapy with a carbapenem by constructing a nonparsimonious

model using logistic regression. From the crude comparison

results of patients empirically treated with BLBLI and carbape-

nems (Table 2), the following variables were introduced into the

model: age, sex, Charlson index, nosocomial acquisition, Pitt

score, neutropenia, cancer, diabetes mellitus, urinary tract dis-

ease, chronic renal insufficiency, source, and presentation with

severe sepsis or shock. The model showed a P value of .53 for

the Hosmer-Lemeshow goodness-of-fit test and an area under

the receiver operating characteristic curve of 0.80, showing good

Table 2. Characteristics of Patients With Bloodstream Infections (BSIs) Caused by Extended-Spectrum b-Lactamase± Producing
Escherichia coli, According to Therapya

Empirical Therapy Cohort Definitive Therapy Cohort

Characteristic BLBLI (n 5 72) Carbapenem (n 5 31) P BLBLI (n 5 54) Carbapenem (n 5 120) P

Age, median y (IQR) 69 (59–80) 60 (52–78) .1b 67 (56–83) 70 (55–78) .3b

Male sex 29 (40.3) 11 (35.5) .6 34 (63) 70 (58.3) .5

Nosocomial acquisition 26 (36.1) 24 (77.4) ,.001 18 (33.3) 67 (55.8) .006

Charlson index, median, (IQR) 2 (1–5) 2 (1–5) .6b 2.5 (1–5) 3 (1–5) .5b

Cancer 21 (31.9) 11 (35.5) .7 15 (27.8) 43 (35.8) .2

Immunosuppression 5 (6.9) 5 (16.1) .1c 3 (5.6) 15 (12.5) .1

Neutropenia 2 (2.8) 3 (9.7) .1c 0 7 (5.8) .1c

Urinary or biliary tract as source 52 (72.2) 18 (58.1) .1 42 (77.8) 79 (65.8) .1

ICU admission 7 (9.9) 2 (6.7) .7c 4 (7.4) 18 (15.4) .1

Severe sepsis or shock at presentation 14 (19.4) 9 (29.0) .2 8 (14.8) 32 (26.7) .08

Pitt score, median (IQR) 1 (0–2) 1 (0–2) .7b 1 (0–2) 1 (1–2) .04b

CTX-M enzyme 57 (80.3) 25 (86.2) .4 43 (82.7) 95 (81.2) .8

Definitive therapy

Carbapenem 32 (44.4) 30 (93.7) ,.001 . . .

BLBLI 34d (47.2) 0 ,.001 . . .

Empirical therapy

Carbapenem . . . 0 30 (25) ,.001

BLBLI . . . 45d (83.3) 38 (31.7) ,.001

Cephalosporins . . . 7 (13) 39 (32.5) .006

Fluoroquinolones . . . 2 (3.7) 13 (10.8) .1c

Appropriate empirical therapy . . . 34 (63) 64 (53.3) .2

Mortality, no. of deaths

Day 7 2 (2.8) 3 (9.7) .1c 1 (1.9) 5 (4.2) .6c

Day 14 7 (9.7) 5 (16.1) .3 3 (5.6) 14 (11.7) .2

Day 30 7 (9.7) 6 (19.4) .1 5 (9.3) 20 (16.7) .1

Hospital stay after BSI , median (IQR), d 12 (8–28) 13 (9–25) .7b 13 (8–22) 13 (10–25) .04b

a Except where otherwise specified, data represent No. (%) of patients. P values were calculated by v2 test, except where otherwise specified. BLBLI, b-lactam/
b-lactamase inhibitor association; ICU, intensive care unit; IQR, interquartile range.
b Mann-Whitney test.
c Fisher test.
d The number of patients empirically treated with BLBLI are different in both cohorts because empirical therapy with these drugs was inappropriate in 11 patients in
the Definitive Therapy Cohort, who thus could not be included in the Empirical Therapy Cohort.

Table 3. Mortality at 30 Days in Patients Who Received Empirical
Therapy With an Active b-Lactam/b-Lactam Inhibitor, According to
Minimum Inhibitory Concentration of the Antimicrobial Useda

Antimicrobial

Minimum Inhibitory Concentration, mg/L

#1 2 4 8 16

Piperacillin-tazobactam 0/10 0/8 1/4 2/6 1/7

Amoxicillin-clavulanate . . 1/12 2/25 .

a Data are expressed as No. of patients who died/No. of patients treated.
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Impact of the MIC of Piperacillin-Tazobactam on the Outcome of
Patients with Bacteremia Due to Extended-Spectrum-!-Lactamase-
Producing Escherichia coli

Pilar Retamar,a Lorena López-Cerero,a Miguel Angel Muniain,a,b Álvaro Pascual,a,c Jesús Rodríguez-Baño,a,b

the ESBL-REIPI/GEIH Group
Unidad Clínica de Enfermedades Infecciosas y Microbiología, Hospital Universitario Virgen Macarena, Sevilla, Spaina; Departamento de Medicinab and Departamento de
Microbiología,c Universidad de Sevilla, Sevilla, Spain

We investigated the impact of the piperacillin-tazobactam MIC in the outcome of 39 bloodstream infections due to extended-
spectrum-!-lactamase-producing Escherichia coli. All 11 patients with urinary tract infections survived, irrespective of the MIC.
For other sources, 30-day mortality was lower for isolates with a MIC of <2 mg/liter than for isolates with a higher MIC (0% ver-
sus 41.1%; P " 0.02).

Carbapenems are considered the drugs of choice for treating
severe infections caused by extended-spectrum-!-lactamase

(ESBL)-producing Enterobacteriaceae (1). There is an increasing
interest in investigating potential alternatives to these drugs be-
cause of the spread of carbapenemase-producing organisms. Re-
cently, in a post hoc analysis of prospective cohorts, we showed that
!-lactam/!-lactam inhibitor combinations (BLBLI), including
amoxicillin-clavulanate and piperacillin-tazobactam (PTZ),
showed efficacy similar to that of carbapenems in treating blood-
stream infections (BSI) due to susceptible ESBL-producing Esch-
erichia coli (ESBLEC) (2). The objective of this study was to ana-
lyze the impact of the MICs of PTZ, and of other variables, on the
outcome of patients with BSI due to ESBLEC, treated empirically
with this antibiotic.

Cases included in this analysis were selected from a merged
database of 6 previously reported prospective cohorts of adult
("17-year-old) patients with BSI due to ESBLEC; the character-
istics of the cohorts and an analysis comparing patients treated
with BLBLI and carbapenems when active in vitro have been pre-
viously reported (2). Here, all patients from those cohorts treated
with PTZ, irrespective of the MIC of the isolate, were included
(resistant isolates were excluded from the previous report [2]),
provided that (i) bacteremia was monomicrobial, along with cri-
teria for sepsis, (ii) the patients received empirical monotherapy
with PTZ, and (iii) the first PTZ dose was administered intrave-
nously within the first 24 h after the blood culture was drawn. The
study was approved by the Ethics Committee of the Hospital Uni-
versitario Virgen Macarena, Sevilla, Spain. The microbiological
studies carried out have been published previously (2). Suscepti-
bility testing was performed by microdilution. Isolates showing a
PTZ MIC of !8 mg/liter were considered susceptible according to
EUCAST (3); also, for the purpose of this analysis, the isolates
were classified as showing “high MIC” (nonsusceptible isolates or
a MIC of "16 mg/liter), “intermediate MIC” (4 to 8 mg/liter), and
“low MIC” (!2 mg/liter) (Fig. 1). The main outcome variable was
all-cause 30-day mortality. More than 90% of the patients re-
ceived 4,500 mg of PTZ intravenously every 6 h. Comparisons of
percentages were performed by Fisher’s exact test (2-tailed).

Thirty-nine patients with bacteremia due to ESBLEC received
empirical monotherapy with PTZ and were included. Eighteen
isolates (46.1%) showed a low MIC (!2 mg/liter), 10 (25.6%)

showed an intermediate MIC (4 to 8 mg/liter), and 11 (28.2%)
showed a high MIC ("8 mg/liter). All-cause 30-day mortality was
17.9% (7 patients). The features of the patients according to the
MIC are shown in Table S1 in the supplemental material; while
there were not statistically significant differences among the 3
groups in demographic features, nosocomial acquisition, severity
of underlying disease according to the Charlson index, source, or
presentation with severe sepsis/septic shock, it should be noted
that numbers were low and that patients infected with high-MIC
isolates somehow showed more frequently a Charlson index
of "2.

Mortality according to exposure to various characteristics of
the patients is shown in Table 1 and Fig. 1. When all patients were
considered, irrespective of the MIC, only presentation with severe
sepsis or shock was associated with increased mortality. Regarding
the MIC subsets, no patient with a low-MIC isolate died. Mortality
was lower among patients with a low-MIC isolate than those with
a high-MIC isolate. Mortality was also significantly higher for high
MICs than for low and intermediate MICs combined (57.1% ver-
sus 57.1%; relative risk [RR] # 0.21; 95% confidence interval [CI],
0.06 to 0.75; P # 0.01) and for intermediate and high MICs com-
bined than for low MICs (41.1% versus 0%; RR # 0.13; 95% CI,
0.01 to 0.98; P # 0.002). None of the 11 patients with a urinary
tract source died, irrespective of MIC. Among patients with non-
urinary tract sources, mortality was lower among patients with
low-MIC isolates. The features of the patients who died are shown
in Table S2 in the supplemental material.

The availability of a merged database that included prospective
cohorts of patients with BSI infections due to ESBLEC who had
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been carefully followed provided us with the opportunity to in-
vestigate the influence of the MIC and other variables on the out-
come of patients who received empirical treatment with PTZ. Our
results show that the mortality of patients treated empirically with
high doses of PTZ correlated with MIC values and that those pa-
tients with a low MIC (!2 mg/liter) had significantly lower mor-
tality. We chose this particular breakpoint because it is the mode
MIC for wild-type E. coli and 85% of wild-type isolates had MICs
of !2 mg/liter (4).

These data, however, should be interpreted alongside other
variables that influence mortality in patients with BSI, such as
source of infection or severity of systemic inflammatory response
syndrome (SIRS) at presentation (5). Since collecting a high num-
ber of cases with different MICs treated with a specific antimicro-
bial is difficult, controlling for confounders is challenging. Multi-
variate analysis was not possible due to low numbers, so we
performed a stratified analysis in order to give some insight into
the impact of these variables on MIC categories. From this analy-
sis, a few data may be mentioned. First, there was no mortality
among patients with urinary tract infections treated with PTZ,
irrespective of the MIC. Second, mortality was higher in patients
with intermediate and high MICs of PTZ against BSI from other
sources. Finally, stratification by severity of SIRS at presentation
(or any other variable) did not seem to strongly modify the rela-
tionship between MIC and mortality.

We previously showed that empirical or definitive therapy with
active BLBLI (including PTZ and amoxicillin-clavulanate)
showed mortality and hospital stay similar to those of carbapen-
ems in patients with BSI due to susceptible ESBLEC (3). In that
study, we stated that the results were applicable mainly to patients
with bacteremia from the urinary tract because that was the dom-
inant source. In addition, Gavin et al. found that PTZ cured 13
patients with urinary tract infections, irrespective of MIC, al-
though they did not specify whether or not the infections were

bacteremic (6). This is probably due to the high concentrations
reached by these antibiotics in the urine and to the fact that uri-
nary tract bacteremic infections are associated with lower mortal-
ity rates (5). However, we do not advocate empirical monotherapy
with PTZ for patients with urinary tract sepsis in any context of
moderate to high resistance to these antibiotics.

Our results also suggest that PTZ may be safely used in bacte-
remia from some non-urinary tract sources, at least if the MIC is
low enough (!2 mg/liter); most of the patients in this category
had intra-abdominal infections, so this may apply only to this
particular source, in which appropriate surgical therapy is fre-
quently key. More studies are required for isolates with MICs
between 4 and 8 mg/liter because the few patients with such
isolates had mortality rates similar to those with resistant iso-
lates. This contrasts with the results of Gavin et al., who found
that 8 patients with non-urinary tract infections (sites and in-
vasive condition not specified) caused by ESBL-producing E.
coli or Klebsiella spp. and showing MIC values of 4 or 8 mg/liter
were cured with this antimicrobial (6). It is noted that the CLSI
PTZ breakpoint for susceptibility against Enterobacteriaceae is
!16 mg/liter (7) while the EUCAST breakpoint is !8 mg/liter
(3), according to data from some pharmacokinetic-pharmaco-
dynamic models (8).

Our study has several limitations. The statistical power of the
study was limited because of the low numbers involved and was
also insufficient to carry out more-suitable analyses for identifying
PTZ MIC values that are predictive of treatment outcome, such as
a classification and regression tree (CART) analysis or a multivar-
iate analysis with different breakpoints. The data may not be ap-
plicable to enterobacteria other than E. coli. Finally, the effect of
other aspects of management or confounders was not able to be
studied.

In summary, our results suggest that PTZ is effective for treat-
ing urinary tract bacteremia caused by ESBLEC. For other sources,

FIG 1 Mortality of patients with bacteremia due to ESBL-producing Escherichia coli treated empirically with piperacillin-tazobactam, according to source and
MIC. aOne had severe sepsis/shock (survived). bOne had severe sepsis/shock (survived). cTwo had severe sepsis/shock (one died). dThree had severe sepsis/shock
(two died).

Piperacillin-Tazobactam MIC for ESBL-Producing E. coli

July 2013 Volume 57 Number 7 aac.asm.org 3403

 on M
ay 2, 2015 by AZIENDA O

SPEDALIERA PISANA
http://aac.asm

.org/
Downloaded from

 



Impact of the MIC of piperacillin/tazobactam on the outcome
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Objective: Our objective was to evaluate the impact of low versus borderline MIC of piperacillin/tazobactam on
the clinical outcomes of patients with bacteraemia caused by Enterobacteriaceae who were treated with that
antimicrobial.

Patients and methods: A prospective observational multicentre cohort study was conducted in 13 Spanish uni-
versity hospitals. Patients .17 years old with bacteraemia due to Enterobacteriaceae who received empirical
piperacillin/tazobactam treatment for at least 48 h were included. Outcome variables were clinical response at
day 21, clinical response at end of treatment with piperacillin/tazobactam and all-cause 30 day mortality.
Univariate and multivariate logistic regression analyses were performed.

Results: Overall, 275 patients were included in the analysis; 248 (90.2%) in the low MIC group (≤4 mg/L) and 27 (9.8%)
in the borderline MIC group (8–16 mg/L). The biliary tract was the most common source of infection (48.4%) and
Escherichia coli was the most frequent pathogen (63.3%). Crude 30 day mortality rates were 10.5% and 11.1% for
the low MIC group and the borderline MIC group, respectively (relative risk¼1.06, 95% CI¼0.34–3.27, P¼1).
Multivariate analysis of failure at day 21 and at end of treatment with piperacillin/tazobactam and 30 day mortality
showed no trend towards increased clinical failure or mortality with borderline MICs (OR¼0.96, 95% CI¼0.18–4.88,
P¼0.96; OR¼0.47, 95% CI¼0.10–2.26, P¼0.35; OR¼1.48, 95% CI¼0.33–6.68, P¼0.6).

Conclusions: We did not find that higher piperacillin/tazobactam MIC within the susceptible or intermediate suscepti-
bility range had a significant influence on the outcome for patients with bacteraemia due to Enterobacteriaceae.

# The Author 2015. 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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showed a significant association with failure under univariate
analysis: mechanical ventilation; Charlson index; Pitt score; noso-
comial acquisition; severe sepsis or septic shock; respiratory or
vascular catheter source, whereas a biliary source was protective.
The variables associated with increased risk of failure in the final
multivariate model (Table 5) were Pitt score and biliary tract
source (protective). Again, borderline MIC showed no association;
severe sepsis/shock or source of bacteraemia did not show signifi-
cant modification effects. The area under the ROC curve for the
model was 0.79. When the MIC of piperacillin/tazobactam was
used as a continuous variable, the model showed similar results;

the OR (95% CI) for MIC was 0.95 (0.81–1.11), P¼0.49. Again,
%fT.MIC had no impact [OR (95% CI) was 0.99 (0.96 –1.04),
P¼0.85]. MID concentration/MIC and END concentration/MIC
had no impact (data not shown).

Finally, the univariate analyses of variables associated with
30 day mortality are shown in Table 6. The following variables
were significantly associated with 30 day mortality, while treat-
ment change and biliary tract source were shown to be protective
factors (P,0.01): age .65 years; mechanical ventilation; Charlson
index; Pitt score; present severe sepsis or septic shock; and abdom-
inal or respiratory source of bacteraemia.

Table 1. Continued

Variable
All patients,

n¼287
Low MIC (≤4 mg/L),

n¼248
Borderline MIC

(8–16 mg/L), n¼27 Pa
High MIC (≥32 mg/L),

n¼12

Outcome at day 21
clinical cure 227 (79.1) 200 (80.6) 19 (70.4) 0.21 8 (66.7)
improvement 34 (11.8) 26 (10.5) 6 (22.2) 0.11 2 (16.7)
failure 26 (9.1) 22 (8.9) 2 (7.4) 1 2 (16.7)

Outcome at the end of treatment with piperacillin/tazobactam
clinical cure 57 (19.9) 47 (19.0) 7 (25.9) 0.39 3 (25.0)
improvement 185 (64.5) 162 (65.3) 18 (66.7) 0.89 5 (41.7)
failure 45 (15.7) 39 (15.7) 2 (7.4) 0.39 4 (3.3)

Mortality at day 30 31 (10.8) 26 (10.5) 3 (11.1) 1 2 (16.7)

aLow versus borderline MIC.

Table 2. Crude outcomes of patients with bacteraemia due to Enterobacteriaceae treated with piperacillin/tazobactam according to MIC

MIC (mg/L)
Failure at the end of therapy with

piperacillin/tazobactam, n (%) Failure at day 21, n (%) Mortality, n (%)

,1 (n¼27) 3 (11.1) 2 (7.4) 3 (11.1)
1 (n¼73) 14 (19.2) 5 (6.8) 7 (9.5)
2 (n¼100) 14 (14) 11 (11) 11 (11)
4 (n¼47) 7 (14.5) 3 (6.3) 4 (8.5)
8 (n¼20) 2 (10) 3 (15) 3 (15)
16 (n¼8) 1 (12.5) 0 1 (12.5)
≥32 (n¼12) 4 (33.3) 2 (16.6) 2 (16.6)

Table 3. Estimated fT.MIC reached by piperacillin/tazobactam among patients with bacteraemia due to Enterobacteriaceae; only patients for whom
creatinine clearance could be calculated are included (n¼251, 87.4% of the whole series)

MIC (mg/L) fT.MIC (mean+SD) 40% fT.MIC, n (%) 50% fT.MIC, n (%) 100% fT.MIC, n (%)

≤1 (n¼86) 98.53+7.39 86 (100) 85 (98.8) 80 (93.0)
2 (n¼87) 97.31+7.19 87 (100) 87 (100) 75 (86.2)
4 (n¼47) 96.66+7.46 47 (100) 47 (100) 34 (72.3)
8 (n¼13) 82.80+22.34 13 (100) 11 (84.6) 5 (38.5)
16 (n¼8) 73.77+20.74 8 (100) 7 (87.5) 2 (25.0)
≥32 (n¼10) 43.45+37.92 6 (60) 5 (50.0) 0 (0)
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Treatment of Extended-Spectrum-!-Lactamase-Producing Escherichia
coli Bacteremia

Yasufumi Matsumura,a Masaki Yamamoto,a Miki Nagao,a Toshiaki Komori,b Naohisa Fujita,b Akihiko Hayashi,c Tsunehiro Shimizu,d

Harumi Watanabe,e Shoichi Doi,f Michio Tanaka,a Shunji Takakura,a Satoshi Ichiyamaa

Department of Clinical Laboratory Medicine, Kyoto University Graduate School of Medicine, Kyoto, Japana; Department of Infection Control and Clinical Laboratory, Kyoto
Prefectural University of Medicine, Kyoto, Japanb; Department of Clinical Laboratory, Kyoto City Hospital, Kyoto, Japanc; Department of Infectious Diseases, Kyoto City
Hospital, Kyoto, Japand; Department of Clinical Laboratory, Kyoto-Katsura Hospital, Kyoto, Japane; Division of Hematology, Department of Internal Medicine, Kyoto-Katsura
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The efficacy of cefmetazole and flomoxef (CF) for the treatment of patients with extended-spectrum !-lactamase-producing
Escherichia coli (ESBL-EC) bacteremia (ESBL-CF group) was compared with that of carbapenem treatment for ESBL-EC patients
(ESBL-carbapenem group) and with that of CF treatment in patients with non-ESBL-EC bacteremia (non-ESBL-CF group).
Adult patients treated for E. coli bacteremia in four hospitals were retrospectively evaluated. The 30-day mortality rates in pa-
tients belonging to the ESBL-CF, ESBL-carbapenem, and non-ESBL-CF groups were compared as 2 (empirical and definitive
therapy) cohorts. The adjusted hazard ratios (aHRs) for mortality were calculated using Cox regression models with weighting
according to the inverse probability of propensity scores for receiving CF or carbapenem treatment. The empirical-therapy co-
hort included 104 patients (ESBL-CF, 26; ESBL-carbapenem, 45; non-ESBL-CF, 33), and the definitive-therapy cohort included
133 patients (ESBL-CF, 59; ESBL-carbapenem, 54; non-ESBL-CF, 20). The crude 30-day mortality rates for patients in the ESBL-
CF, ESBL-carbapenem, and non-ESBL-CF groups were, respectively, 7.7%, 8.9%, and 3.0% in the empirical-therapy cohort and
5.1%, 9.3%, and 5.0% in the definitve-therapy cohort. In patients without hematological malignancy and neutropenia, CF treat-
ment for ESBL-EC patients was not associated with mortality compared with carbapenem treatment (empirical-therapy cohort:
aHR, 0.87; 95% confidence interval [CI], 0.11 to 6.52; definitive therapy cohort: aHR, 1.04; CI, 0.24 to 4.49). CF therapy may rep-
resent an effective alternative to carbapenem treatment for patients with ESBL-EC bacteremia for empirical and definitive ther-
apy in adult patients who do not have hematological malignancy and neutropenia.

Bacteremia caused by Escherichia coli is a common and signifi-
cant problem in both community and health care settings (1).

In recent years, the prevalence of extended-spectrum !-lacta-
mase-producing E. coli (ESBL-EC) has increased dramatically
worldwide. Effective treatment of ESBL-EC bacteremia has be-
come challenging because ESBL-EC is usually resistant to cepha-
losporins, the first-line drug used for E. coli infections (2). At least
partially due to the delay in effective treatment regimens, bactere-
mia caused by ESBL-EC is associated with a higher mortality rate
than that caused by non-ESBL-EC (3). Currently, the standard
therapy for ESBL-EC bacteremia is virtually limited to carbapen-
ems (4, 5). Alternate therapies involving fluoroquinolones, sulfa-
methoxazole-trimethoprim, and aminoglycosides offer limited
efficacy due to frequent coresistance mechanisms in ESBL-EC (2).
To prevent carbapenem overuse and spread of carbapenem-resis-
tant Enterobacteriaceae, alternative drug regimens are needed (6).

!-Lactam/!-lactamase inhibitors and cephamycins (i.e.,
cefmetazole, cefoxitin, cefotetan, moxalactam, and flomoxef) are
usually stable to hydrolysis by ESBLs (2). The MICs of !-lactam/
!-lactamase inhibitors can increase as the inoculum increases (7);
however, cephamycins (cefotetan and flomoxef) exert in vitro an-
tibacterial activity even in the presence of high inocula (8, 9).
Clinical data for !-lactam/!-lactamase inhibitors obtained with a
large cohort of patients by using propensity score analysis have
been published, but the conclusions are inconsistent (10, 11). In
Japan, cefmetazole and flomoxef (CF) are frequently used to treat
intra-abdominal infections or as prophylaxis for surgery. Thus,

Japanese clinicians have sometimes used CF therapy for sepsis or
bacteremia as empirical therapy or as definitive therapy when sus-
ceptibility was confirmed. However, clinical data evaluating the
effectiveness of cephamycins for ESBL-EC bacteremia have not
been reported yet.

In this multicenter retrospective study using propensity score
analysis, we evaluated the effectiveness of empirical and definitive
CF treatments for ESBL-EC bacteremia in comparison with stan-
dard carbapenem therapy. We also evaluated patients with non-
ESBL-EC bacteremia who were treated with a CF regimen to in-
vestigate potential associations between ESBL production and
patient outcomes when E. coli bacteremia was treated with CF
therapy.
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The efficacy of cefmetazole and flomoxef (CF) for the treatment of patients with extended-spectrum !-lactamase-producing
Escherichia coli (ESBL-EC) bacteremia (ESBL-CF group) was compared with that of carbapenem treatment for ESBL-EC patients
(ESBL-carbapenem group) and with that of CF treatment in patients with non-ESBL-EC bacteremia (non-ESBL-CF group).
Adult patients treated for E. coli bacteremia in four hospitals were retrospectively evaluated. The 30-day mortality rates in pa-
tients belonging to the ESBL-CF, ESBL-carbapenem, and non-ESBL-CF groups were compared as 2 (empirical and definitive
therapy) cohorts. The adjusted hazard ratios (aHRs) for mortality were calculated using Cox regression models with weighting
according to the inverse probability of propensity scores for receiving CF or carbapenem treatment. The empirical-therapy co-
hort included 104 patients (ESBL-CF, 26; ESBL-carbapenem, 45; non-ESBL-CF, 33), and the definitive-therapy cohort included
133 patients (ESBL-CF, 59; ESBL-carbapenem, 54; non-ESBL-CF, 20). The crude 30-day mortality rates for patients in the ESBL-
CF, ESBL-carbapenem, and non-ESBL-CF groups were, respectively, 7.7%, 8.9%, and 3.0% in the empirical-therapy cohort and
5.1%, 9.3%, and 5.0% in the definitve-therapy cohort. In patients without hematological malignancy and neutropenia, CF treat-
ment for ESBL-EC patients was not associated with mortality compared with carbapenem treatment (empirical-therapy cohort:
aHR, 0.87; 95% confidence interval [CI], 0.11 to 6.52; definitive therapy cohort: aHR, 1.04; CI, 0.24 to 4.49). CF therapy may rep-
resent an effective alternative to carbapenem treatment for patients with ESBL-EC bacteremia for empirical and definitive ther-
apy in adult patients who do not have hematological malignancy and neutropenia.

Bacteremia caused by Escherichia coli is a common and signifi-
cant problem in both community and health care settings (1).

In recent years, the prevalence of extended-spectrum !-lacta-
mase-producing E. coli (ESBL-EC) has increased dramatically
worldwide. Effective treatment of ESBL-EC bacteremia has be-
come challenging because ESBL-EC is usually resistant to cepha-
losporins, the first-line drug used for E. coli infections (2). At least
partially due to the delay in effective treatment regimens, bactere-
mia caused by ESBL-EC is associated with a higher mortality rate
than that caused by non-ESBL-EC (3). Currently, the standard
therapy for ESBL-EC bacteremia is virtually limited to carbapen-
ems (4, 5). Alternate therapies involving fluoroquinolones, sulfa-
methoxazole-trimethoprim, and aminoglycosides offer limited
efficacy due to frequent coresistance mechanisms in ESBL-EC (2).
To prevent carbapenem overuse and spread of carbapenem-resis-
tant Enterobacteriaceae, alternative drug regimens are needed (6).

!-Lactam/!-lactamase inhibitors and cephamycins (i.e.,
cefmetazole, cefoxitin, cefotetan, moxalactam, and flomoxef) are
usually stable to hydrolysis by ESBLs (2). The MICs of !-lactam/
!-lactamase inhibitors can increase as the inoculum increases (7);
however, cephamycins (cefotetan and flomoxef) exert in vitro an-
tibacterial activity even in the presence of high inocula (8, 9).
Clinical data for !-lactam/!-lactamase inhibitors obtained with a
large cohort of patients by using propensity score analysis have
been published, but the conclusions are inconsistent (10, 11). In
Japan, cefmetazole and flomoxef (CF) are frequently used to treat
intra-abdominal infections or as prophylaxis for surgery. Thus,

Japanese clinicians have sometimes used CF therapy for sepsis or
bacteremia as empirical therapy or as definitive therapy when sus-
ceptibility was confirmed. However, clinical data evaluating the
effectiveness of cephamycins for ESBL-EC bacteremia have not
been reported yet.

In this multicenter retrospective study using propensity score
analysis, we evaluated the effectiveness of empirical and definitive
CF treatments for ESBL-EC bacteremia in comparison with stan-
dard carbapenem therapy. We also evaluated patients with non-
ESBL-EC bacteremia who were treated with a CF regimen to in-
vestigate potential associations between ESBL production and
patient outcomes when E. coli bacteremia was treated with CF
therapy.
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TABLE 1 Characteristics of patients with bacteremia caused by Escherichia coli in the empirical therapy cohort

Characteristic

Group according to ESBL production and treatmenta P valueb

ESBL-CF
(n ! 26)

ESBL-CARBA
(n ! 45)

Non-ESBL-CF
(n ! 33)

Versus
CARBA

Versus
non-ESBL

Age (yr)i 71 (65–83) 68 (62–78) 71 (60–79) 0.22 0.41
No. (%) of males 14 (54) 24 (53) 10 (30) 1 0.11
Length of hospital stay before bacteremia (days)i 6.5 (1–33) 18 (1–47) 5 (1–23) 0.22 0.50

No. (%) with:
Nosocomial or health care-associated bacteremia 16 (62) 31 (69) 20 (61%) 0.61 1
Prior ESBL producer isolation 14 (54) 17 (38) 1 (3%) 0.22 "0.001
Prior use of antimicrobials within 30 days 15 (58) 29 (64) 11 (33%) 0.62 0.07

Charlson comorbidity indexi 3 (1–6) 3 (2–3) 2 (1–4) 0.51 0.31

No. (%) with:
Hematological malignancy 0 (0) 13 (29) 1 (3) 0.001 1
Solid malignancy 11 (42) 11 (24) 14 (42) 0.18 1
Diabetes 7 (27) 8 (18) 9 (27) 0.38 1
Transplantation 2 (8) 11 (24) 0 (0) 0.11 0.19
Immunosuppressive therapy 5 (19) 13 (29) 7 (21) 0.41 1
Antitumor chemotherapy 6 (23) 12 (27) 7 (21) 0.79 1
Neutropenia 0 (0) 6 (13) 1 (3) 0.08 1
Hemodialysis 1 (4) 2 (4) 0 (0) 1 0.44
Surgery within 30 days 3 (12) 5 (11) 2 (6) 1 0.65
Intravascular catheterization 6 (23) 24 (53) 10 (30) 0.02 0.57
Urinary catheterization 4 (15) 7 (16) 3 (9) 1 0.69
Artificial devices other than intravascular or

urinary catheter
5 (19) 13 (29) 1 (3) 0.41 0.08

Severe sepsis or septic shock 7 (27) 21 (47) 6 (18) 0.13 0.53

SOFA scorei 1 (0–4) 3 (2–6) 1 (0–3) 0.005 0.60

No. (%) with infection at site
Urinary tract 16 (62) 16 (36) 23 (70) 0.048 0.59
Intra-abdominal 6 (23) 17 (38) 6 (18) 0.29 0.75
Primary 3 (12) 10 (22) 3 (9) 0.35 1
Other 1 (4) 2 (4) 1 (3) 1 1

No. (%) receiving empirical therapy
Cefmetazole 13 (50) 0 (0) 21 (64) "0.001 0.43
Flomoxef 13 (50) 0 (0) 12 (36) "0.001 0.43
Carbapenem 0 (0) 45c (100) 0 (0) "0.001 1
Appropriate therapy 26 (100) 45 (100) 33 (100) 1 1

No. (%) receiving definitive therapy
Cefmetazole 10 (38) 6 (13) 7 (21) 0.02 0.16
Flomoxef 9 (35) 3 (7) 6 (18) 0.006 0.23
Carbapenem 2 (8) 33 (73) 0 (0) "0.001 0.19
Cephalosporin 0 (0) 0 (0) 18 (55) 1 "0.001
Othersd 5 (19) 3 (7) 2 (6) 0.13 0.22

Total duration of treatment (days)i 14.5 (11–18) 14 (10–21) 13 (10–14) 0.89 0.11
Duration of treatment with the antimicrobial agent

used in empirical therapy (days)i
8 (5–14) 10 (6–14) 4 (2–7) 0.76 "0.001

No. (%) with:
30-day mortality 2e (8) 4 (9) 1f (3) 1 0.58
Clinical success within 30 days 26 (100) 42g (93) 32h (97) 0.29 1

Duration between onset of the bacteremia and
complete response (days)i

3 (2–4) 4 (2–7) 3 (2–4) 0.30 0.80

No. (%) with relapse within 30 days 0 (0) 0 (0) 1h (3) 1 1
a As empirical therapy, the ESBL-CF group included patients with ESBL-producing E. coli bacteremia who received cefmetazole or flomoxef, the ESBL-CARBA group included
patients with ESBL-producing E. coli bacteremia who received carbapenems, and the non-ESBL-CF group included patients with non-ESBL-producing E. coli bacteremia who
received cefmetazole or flomoxef.
b P values were calculated based on a comparison between the ESBL-CF group and the ESBL-CARBA or non-ESBL-CF group.
c Meropenem, imipenem, and panipenem were administered to 36, 8, and 1 patients, respectively.
d In the ESBL-EC group receiving cefmetazole or flomoxef, three patients received fluoroquinolones, and two patients received sulfamethoxazole-trimethoprim. In the ESBL-EC
group receiving carbapenem, two patients received #-lactam/#-lactamase inhibitors, and one patient received fluoroquinolones. In the non-ESBL-EC cohort, one patient received
#-lactam/#-lactamase inhibitor, and one patient received amoxicillin.
e These two patients received cefmetazole and died after the completion of treatment due to underlying malignancies. The MICs of cefmetazole were !1 and !16 $g/ml.
f This patient received cefmetazole and died after treatment completion due to underlying liver cirrhosis and malignancy. The MIC of cefmetazole was !1 $g/ml.
g Three patients died before the achievement of a complete response.
h One patient experienced acute pyelonephritis, and recurrent bacteremia was observed 4 days after the completion of the antimicrobial treatment with flomoxef for 3 days followed
by cefotaxime for 8 days. The MIC of flomoxef was !1 $g/ml. The isolate of the recurrent episode did not develop resistance to flomoxef.
i Data are medians (interquartile range).
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β lattamasi Amp C

Attive: penicilline
cefalosporine a spettro ristretto
Cefamicine
Cefalosporine ad ampio spettro

Scarsamente
attive: cefalosporine di IV generazione

Non attive: carbapenemi

Non inibite: ac. clavulanico, sulbactam, tazobactam



Amp C

Codificazione cromosomica
• Enterobacter
• Citrobacter freundi
• Morganella morganii
• Providencia stuartii
• Serratia marcescens

Codificazione plasmidica
• Salmonella non tifoidea
• Klebsiella pneumoniae
• Escherichia coli
• Proteus spp

Forti induttori: ampicillina, cefazolina, imipenem, clavulato

Deboli induttori: cefalosporine III generazione, cefepime, PIP, AZT







AmpC
• Terapia	di	scelta	carbapenemici:	non	
supportato	da	studi	controllati	e	prospettici	
ma	solo	da	studi	retrospettivi

• Alternative	cefepime,	ceftolozane/tazobactam



TB4



Classificazione delle Carbapenemasi

Serina carbapenemasi Metallo β lattamasi

Classe molecolare 

di Ambler*

A D B

Esempi KPC OXA-48 VIM, NDM,IMP

Specie Klebsiella

Enterobacter

Acinetobacter Pseudomonas

Klebsiella

E. Coli

Serratia

*Ambler RP. The structure of b-lactamases. B Biol Sciences 1980. 289:321-331.
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Species Meropenem

E.coli, Klebsiella,  
Enterobacter, 
Salmonella

Citrobacter, Serratia, 
P.mirabilis,  M. 

morganii, Providencia
Carbapenemase screening 

breakpoint
³ 0.5 mg/l ³ 0.5 mg/l

Epidemiological cut-off, 
wild-type

S £ 0.125 mg/l S £ 0.25 mg/l

EUCAST breakpoint S £ 2 mg/l S £ 2 mg/l

CLSI breakpoint S £ 1 mg/l S £ 1 mg/l

Carbapenem screening breakpoints for 
enterobactariaceae, clinical breakpoints and 

epidemiological cut-off values



Carbapenemase screening
for Enterobacteriaceae

1. Expert system positive or MIC meropenem ³0.5 mg/l
(or zone diameter £ 23mm, disc content of 10 µg)

2. MIC confirmed with meropenem E-test
3. Genotypic confirmation (if possible) and/or
4. Phenotypic confirmation:
• Modified Hodge test (Class A, B, D)
• APB-meropenem (Class A, KPC)
• Imipenem-EDTA (Class B, MBL)
• Combined disc test (MBL/KPC)



Test di conferma fenotipica della produzione di 
carbapenemasi

Test di sinergia con acido boronico
Inibizione delle carbapenemasi KPC da parte dell’acido 
boronico con potenziamento dell’azione del carbapenemico in 
vitro

Test di sinergia con EDTA o ac. dipicolinico
Inibizione delle MBL da parte dell’EDTA o dell’ac. dipicolinico 
con potenziamento dell’azione del carbapenemico in vitro

Test di Hodge
Riduzione dell’attività del carbapenemico saggiato su un 
ceppo sensibile, mediata dalla carbapenemasi prodotta dal 
microrganismo in esame.



Test fenotipico di conferma x KPC
MPN + acido boronico (differenza > 5 mm)

MEM

MEM + A boronico



Hodge test troppo aspecifico
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I	farmaci	a	nostra	disposizione:

• Gentamicina
• Colistina	(+	Rifampicina)
• Tigeciclina
• Fosfomicina
• Cotrimossazolo

• Carbapenemici	«resistenti»



WMulticenter retrospective cohort study
W3 Italian teaching hospitals
WN=125 with BSIs caused by KPC-Kp
WICU pts 42.4%

Overall mortality rate 41.3%: Monotherapy 54.3% vs Combination therapy 
34.1%

COMBINATION THERAPY FOR K. PNEUMONIAE

CMS 6-9 MIU/d 
q8-12 hrs

When the KPC-Kp isolate had a meropenem MIC of !4 mg/L, inclusion of this 
drug in a combined-drug regimen was associated with a survival rate of 86.6%
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Kaplan-Meier survival estimates of 125 patients who received adequate therapy

Tumbarello M et al Clin Infect Dis 2012 
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(MICs > 2 mg/L).13-15,17,18 On the basis of a literature
review, Daikos et al. first suggested that this approach
could improve survival of patients in case of isolates with
MEM MICs of 4 mg/L.18 Then, Tumbarello et al. con-
firmed these findings in an Italian multicenter cohort of
125 patients with KPC-Kp BSI.14 Recently, results from
the same cohort have been updated.17 Among 661
patients with KPC-Kp infections, mostly BSI, MEM-

based combinations significantly improved survival
when MEM MICs were > 2 and ! 8 mg/L.17 Similar
results were found in a Greek study of 167 patients with
KPC-Kp BSI.15 However, it should be noted that in all
these studies no effort was made to evaluate the actual
MEM MIC of isolates with MIC above 8 mg/L, since
higher values were lumped together. In reality, MEM
MICs > 8 mg/L might include several MIC levels rang-
ing from 16 mg/L to likely much higher values. This pos-
sibly prevented the authors from observing a beneficial
effect on survival for MEM MICs slightly exceeding
8 mg/L, and the issue remains controversial. Although
only large dedicated studies, preferably randomized clin-
ical trials, can definitely address this issue, valuable theo-
retical evidence in support or against the use of MEM in
such a gray zone could be provided by targeted PK/PD
analyses.

In our selected population of critically-ill patients with
KPC-Kp BSI, high-dose MEM did not achieve either T >

40% 1£MIC or T > 40% 4£MIC in any of the enrolled
subjects. Since MEM plasma levels were far below those
necessary for the achievement of these targets, the possi-
bility of any activity appears very unlikely for KPC-Kp
with MEM MICs as high as 256-1024 mg/L, even by tak-
ing into account the high inter-patient variability of PK
parameters in critically-ill subjects.30,31 Nonetheless, it is
worth noting that T > 40% 1£MIC could have been the-
oretically attained in a fairly large patient proportion of
our patients for hypothetical MEM MICs of 8 and
16 mg/L (95% and 68%, respectively) and still in 32% of

Figure 1. Achievement of T > 40% 1£MIC by measured merope-
nem levels in 19 critically-ill patients with BSI due to KPC-Kp,
according to different hypothetical meropenem MICs. Actual
meropenem MICs of all 19 isolates turned out to be far higher
than those compatible with the achievement of such a PK/PD tar-
get, ranging from 256 to 1024 mg/L.

Table 3. In vitro interactions of administered antibacterials by time-kill methods against blood Klebsiella pneumoniae carbapenemase-
producing Klebsiella pneumoniae isolates of 19 critically-ill patients.

Patient no MEMCTIG y MEMCGENy TIGCGENy MEMCTIGCGENy MEMCTIGCGENyy

1 I ° 0,17 I 0,64! I 0,13 I 0,91 I 0,27
2 I 0,38 I 0,14! I 1,3! I 1,5 I 0,20
3 I 0,26 I 0,31 I 0,07 I 1,02 I 0,71
4 I 0,42 I 0,41 I 0,23 I 1,03 I 0,62
5 I 0,41 I 0,78 I 0,36 I 1,39 I 1,11
6 I ° 0,10 I 0,54 I 0,10 I 0,63 I 0,09!

7 I 0,39 I 0,42 I 0,35 I 0,84 I 0,42
8 I 1,07 I 0,32 I 0,25 I 0,54 I 0,22
9 I 0,59 I 0,43 I 0,64 I 1,13 I 0,49
10 I 0,59 I 0,63 I 0,43 I 1,25 I 0,62
11 I ° 0,24! I 0,30 I 0,07! I 0,36 I 0,06!

12 I 1,80 I 0,70 I 0,48 I 1,02 I 0,32
13 I 0,91 I 0,43 I 0,3 I 0,73 I 0,3

Patient no MEMCTIGy MEMCCOLy TIGCCOLy MEMCTIGCCOLy MEMCTIGCCOLyy

14 I 0,9 I 0,44 I 1,33 I 1,84 I ° 0,49!

15 I 0,16 I 0,45 I 0,50 I 1,31 I 0,81
16 I ° 0,24 I 0,25 I 0,35 I 1,11 I 0,76
17 I 0,27 I 1,23 I 1,07 I 1,45 I 0,22
18 I 0,15 I 0,18 I 0,30 I 0,42 I 0,24
19 I 0,14 I 0,07! I 0,26 I 0,94 I 0,68

Notes. Values are reported as mean Dlog; I, indifferent interaction.
!Non statistically significant Dlog (p " 0.05).
yDlog was calculated comparing the 2-drug or the 3-drug combination with the most effective single agent.
yyDlog was calculated comparing the triple combination with the most effective double-antibiotic concentration.
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meropenem MICs of all 19 isolates turned out to be far higher
than those compatible with the achievement of such a PK/PD tar-
get, ranging from 256 to 1024 mg/L.
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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 á 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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Gentamicin therapy for sepsis due to carbapenem-resistant

and colistin-resistant Klebsiella pneumoniae
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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.
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• Spectrum  of  activity:  Gram-negatives,  including  
MDR  P.  aeruginosa, ESBL-producing  strains,  
KPC-Kp

• FDA  approval  in  February  2015 
Ø Complicated  Urinary  Tract  Infections,  

including  Pyelonephritis
Ø Complicated  Intra-abdominal  Infections  (plus  

metronidazole)
Ø IV  dose:  2.5 g  (2 g ceftazidime; 0.5 g 

avibactam)  q8h  (2-h infusion) 
• Clinical  trials:  Nosocomial  pneumonia - Dose  of  

2.5 g q8h

Ceftazidime - Avibactam

Van Duin D. & Bonomo R. Clin Infect Dis. 2016



In vitro activity of ceftazidime-avibactam 
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Ceftazidime-avibactam
Pros

• Rapid bactericidal activity
• Tissue distribution  (lung)
• Safety
• Activity vs. ESBL, AmpC 

and KPC 
• P. aeruginosa enhanced 

activity

Cons
• β-lactam allergy 
• Monotherapy potentially 

dangerous 
• Combination with GM, 

ERT 
• Empirical use ??

Dosing in phase III:
CAZ/AVI 2/0.5g Q8 2h Infusion



.. No sinergismo CAZAVI + Coli Fosfo Rifa Cotrimox con Rifa e Cotrimox 
completamente R



.. Sinergismo CAZ + MEM e IMP (alone 
deformato), no sinergismo con genta o colideformato), no sinergismo con genta o coli



.. Sinergismo CAZ + ERT 
(deformazione alone)(deformazione alone)



Sinergismo CZA con carbapenemici 
(ETP, MEM) e gentamicina

Laboratorio Microbiologia Azienda Ospedaliera dei Colli
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KPC resistente alla colistina



element identical to that previously found to inactivate mgrB in
strain KKBO-4 (10), an IS1F-like element 98% identical to IS1F
(GenBank accession no. X52538) (16), and an ISKpn14 element
(accession no. CP000649, from 28285 to 29052) (17). The differ-
ent ISs were inserted at different sites, and the IS5-like element was
found to be inserted at two different positions and in different
orientations (Table 1). The presence of nonsilent point mutations
or small deletions was detected in 13 of the 35 strains with altera-
tions in the mgrB coding sequence. In some cases they resulted in
truncated proteins, while in other isolates the alterations yielded a

mutated MgrB protein with amino acid substitutions at different
positions (Table 1).

Analysis of the distribution of colistin MICs among strains
with different resistance mechanisms did not reveal significant
differences. Geometric mean MICs were 18.1 and 19.6 !g/ml,
MIC50s were 16 and 32 !g/ml, MIC90s were 32 and 32 !g/ml, and
MIC ranges were 4 to 64 and 4 to 32 !g/ml in strains with or
without mgrB alterations, respectively (Table 1).

Significance of the mgrB alterations detected in colistin-re-
sistant strains. The significance of the nonsilent alterations of the

FIG 2 Map of the K. pneumoniae chromosomal region carrying the mgrB gene. The map is drawn based on sequence information from the K. pneumoniae
HS11286 chromosome (GenBank accession no. CP000649) (19). Open reading frames are indicated by arrows (arrow direction indicates orientation). The
locations of primers used for PCR mapping of the mgrB locus are indicated by thin black arrows (1F, EE_mgrB_F; 1R, EE_mgrB_R; 2F, mgrB_Ext_F; 2R,
mgrB_Ext_R; 3F, Int_mgrB_F; 3R, Int_mgrB_R). The expected sizes of the PCR products are also shown.

TABLE 2 Primers and PCR conditions used in this work

PCR and primer Sequence (5= to 3=) Cycling conditions (°C/s)a Reference or source

Conventional PCR
mgrB_ext_F AAGGCGTTCATTCTACCACC D (95/30), A (54/30), E (72/105) 10
mgrB_ext_R TTAAGAAGGCCGTGCTATCC

EE_mgrB_F GGCTATGGCGAGGATAATGAG D (95/30), A (54/30), E (72/120) This work
EE_mgrB_R GCTGTGATGTAAGCGTCTGGTG

Int_mgrB_F CGGTGGGTTTTACTGATAGTCA D (95/30), A (54/30), E (72/30) This work
Int_mgrB_R ATAGTGCAAATGCCGCTGA

RT-qPCR
pmrK_F2 CGCTGAATATGCTCGACCCAGAAG D (95/10), A (52/5), E (72/5) This work
pmrK_R2 GCTGGCGGTAATCGTCTGTACG

phoQ_F ATATGCTGGCGAGATGGGAAAACGG D (95/10), A (52/5), E (72/5) 10
phoQ_R CCAGCCAGGGAACATCACGCT

rpsL13_F GCCGTACTTGGAGCGAGCCTG D (95/10), A (52/5), E (72/5) 10
rpsL14_F CCGTGGCGGTCGTGTTAAAGA

a All conventional PCRs included an initial denaturation step of 180 s at 95°C, 30 cycles of denaturation, annealing, and extension at the reported temperatures and times, and a
final extension step of 300 s at 72°C; all RT-qPCRs included an initial denaturation step of 300 s at 95°C and 40 cycles of denaturation, annealing, and extension at the reported
temperatures and times. D, denaturation; A, annealing; E, extension.
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MgrB Inactivation Is a Common Mechanism of Colistin Resistance in
KPC-Producing Klebsiella pneumoniae of Clinical Origin

Antonio Cannatelli,a Tommaso Giani,a Marco Maria D’Andrea,a Vincenzo Di Pilato,a Fabio Arena,a Viola Conte,a

Kyriaki Tryfinopoulou,b the COLGRIT Study Group, Alkiviadis Vatopoulos,b,c Gian Maria Rossolinia,d,e

Department of Medical Biotechnologies, University of Siena, Siena, Italya; Central Public Health Laboratory, Hellenic Centre for Disease Control and Prevention (KEELPNO),
Vari, Greeceb; Department of Microbiology, National School of Public Health, Athens, Greecec; Department of Experimental and Clinical Medicine, University of Florence,
Florence, Italyd; Clinical Microbiology and Virology Unit, Florence Careggi University Hospital, Florence, Italye

Klebsiella pneumoniae strains producing KPC-type carbapenemases (KPC-KP) are challenging multidrug-resistant pathogens
due to their extensively drug-resistant phenotypes and potential for epidemic dissemination in health care settings. Colistin is a
key component of the combination antimicrobial regimens used for treatment of severe KPC-KP infections. We previously re-
ported that insertional inactivation of the mgrB gene, encoding a negative-feedback regulator of the PhoQ-PhoP signaling sys-
tem, can be responsible for colistin resistance in KPC-KP, due to the resulting upregulation of the Pmr lipopolysaccharide modi-
fication system. In this work we investigated the status of the mgrB gene in a collection of 66 colistin-resistant nonreplicate
clinical strains of KPC-KP isolated from different hospitals in Italy and Greece. Overall, 35 strains (53%) exhibited alterations of
the mgrB gene, including insertions of different types of mobile elements (IS5-like, IS1F-like, or ISKpn14), nonsilent point muta-
tions, and small intragenic deletions. Four additional strains had a larger deletion of the mgrB locus, while the remaining 27
strains (41%) did not show mgrB alterations. Transcriptional upregulation of the phoQ and pmrK genes (part of the phoPQ and
pmrHFIJKLM operon, respectively) was observed in all strains with mgrB alterations. Complementation experiments with a
wild-type mgrB gene restored colistin susceptibility and basal expression levels of phoQ and pmrK genes in strains carrying dif-
ferent types of mgrB alterations. The present results suggest that mgrB alteration can be a common mechanism of colistin resis-
tance among KPC-KP in the clinical setting.

The dissemination of carbapenemase-producing Enterobacteri-
aceae (CPE) is an emerging global problem (1, 2). Among

CPE, Klebsiella pneumoniae producing KPC-type carbapenemases
(KPC-KP) are likely the most challenging pathogens due to their
extensively drug-resistant phenotypes and potential for rapid dis-
semination in health care settings, with a remarkable impact on
morbidity and mortality (2–4).

Polymyxins (polymyxin B and colistin) are among the few an-
timicrobial agents that retain activity against KPC-KP, being a key
component of the combination antimicrobial regimens used for
the treatment of severe KPC-KP infections (2, 5). The emergence
of polymyxin-resistant KPC-KP, however, has repeatedly been re-
ported (6–9) and is a matter of major concern. In some settings,
polymyxin resistance has achieved alarming proportions among
KPC-KP, 18.6% among isolates from a Greek hospital in 2007 to
2010 (7) and 22.4% among isolates from the first Italian country-
wide survey on carbapenem-resistant Enterobacteriaceae (CRE),
carried out in 2011 (9).

We recently showed that inactivation of the mgrB gene, encod-
ing a negative feedback regulator of the PhoQ-PhoP signaling sys-
tem, is responsible for acquired colistin resistance in KPC-KP by
upregulating PhoQ-PhoP, which, in turn, activates the Pmr sys-
tem responsible for modification of the lipopolysaccharide poly-
myxin target (10). This resistance mechanism was identified in a
colistin-resistant isolate from a patient with bacteremia who had
been exposed to colistin treatment, and it was easily reproduced in
vitro after exposure to colistin of the susceptible progenitor strain
(10). The same resistance mechanism has also been detected in a
non-KPC-producing carbapenemase- and colistin-resistant K.
pneumoniae isolate from Spain (11).

In this work we investigated the occurrence of mgrB gene al-

terations as a mechanism of resistance in a large collection of colis-
tin-resistant clinical isolates of KPC-KP collected during the on-
going Greek and Italian KPC-KP epidemics.

MATERIALS AND METHODS
Bacterial strains. The strains studied in this work included 66 nonrepli-
cate colistin-resistant KPC-KP clinical isolates obtained during the period
from 2010 to 2012 from 23 centers (19 in Italy and 4 in Greece) (Fig. 1 and
Table 1). Some of these isolates (n ! 41) were from the first Italian na-
tionwide survey on carbapenem-resistant Enterobacteriaceae, carried out
in mid-2011 (9). The remaining isolates (n ! 25) were collected outside
that survey by participants in the COLGRIT Study Group. Identification
of the isolates was always confirmed by matrix-assisted laser desorption
ionization–time of flight (MALDI-TOF) mass spectrometry (Vitek MS;
bioMérieux, Marcy l’Etoile, France). The presence of the blaKPC gene was
confirmed by PCR, and the blaKPC gene variant was determined by direct
amplicon sequencing, as previously described (9).

Antimicrobial susceptibility testing. MICs of colistin and other anti-
microbial agents (including carbapenems, cephalosporins, trimethoprim-
sulfamethoxazole, ciprofloxacin, levofloxacin, amikacin, gentamicin, and
tigecycline) were determined by reference broth microdilution (12) and in-
terpreted according to the EUCAST guidelines (EUCAST breakpoint tables
for interpretation of MICs and zone diameters, version 4.0, 2014) (see http:
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TABLE 1 Characteristics of the colistin-resistant K. pneumoniae strains investigated in this work

Strain Yr Centerb Sourcec ST KPC type
Colistin MIC
(!g/ml)

Additional
resistance
trait(s)d mgrB statuse

KP6303 2010 IT-1 Blood 258 KPC-2 16 SXT, TGC Insertional inactivation, IS5-like
element at nt 75 (FW)

KPENA 2010 IT-2 CVC 258 KPC-2 4 SXT, TGC WT
KP04C83a 2011 IT-2 AF 512 KPC-3 32 SXT, TGC "18/27 (frameshift and premature

termination)
KP04C93a 2011 IT-2 Blood 512 KPC-3 32 GEN, SXT, TGC "18/27 (frameshift and premature

termination)
KP04C62 2011 IT-2 Blood 512 KPC-3 32 SXT Insertional inactivation, IS5-like

element at nt 126 (FW)
KP06C01a 2011 IT-3 Urine 512 KPC-3 16 SXT g109a (G37S)
KP06C19a 2011 IT-3 Blood 512 KPC-3 32 g109a (G37S)
KP06C02 2011 IT-3 Urine 258 KPC-2 16 SXT WT
KP06C05 2011 IT-3 Urine 258 KPC-3 32 TGC g109a (G37S)
KP06C16a 2011 IT-3 Urine 258 KPC-3 16 SXT, TGC g109a (G37S)
KP06C18a 2011 IT-3 Blood 258 KPC-3 16 g109a (G37S)
KP06C07 2011 IT-3 LRS 258 KPC-2 32 GEN, TGC WT
KP207-2 2010 IT-4 CVC 258 KPC-3 16 GEN, SXT, TGC Insertional inactivation, IS5-like

element at nt 75 (RW)
KP08C01 2011 IT-5 Urine 512 KPC-3 16 SXT WT
KP08C02 2011 IT-5 Urine 512 KPC-3 32 SXT, TGC WT
KP08C08 2011 IT-5 Urine 512 KPC-3 32 SXT WT
KP08C11 2011 IT-5 Urine 512 KPC-3 8 SXT WT
KP08C16 2011 IT-5 Urine 512 KPC-3 32 SXT a7t (nonsense, premature

termination)
KP08C24 2011 IT-5 Urine 512 KPC-3 32 SXT Insertional inactivation, IS5-like

element at nt 75 (FW)
KP08C32 2011 IT-5 LRS 512 KPC-3 8 SXT WT
KPKL1HU 2010 IT-6 Bile 258 KPC-3 16 SXT, TGC Insertional inactivation, IS5-like

element at nt 75 (FW)
KPKL52MG11 2011 IT-7 Blood 512 KPC-3 8 SXT, TGC "mgrB locusf

KPL171 2011 IT-8 Urine 512 KPC-2 8 GEN, SXT, TGC "g47 (frameshift and premature
termination)

KP10C06 2011 IT-8 Urine 258 KPC-2 32 TGC "g47 (frameshift and premature
termination)

KP11C07 2011 IT-9 Urine 512 KPC-3 16 SXT, TGC Insertional inactivation, IS5-like
element at nt 75 (FW)

KP07C07 2011 IT-10 LRS 258 KPC-2 16 GEN, SXT WT
KP12C48 2011 IT-11 Urine 512 KPC-3 32 SXT "109/119 (frameshift and premature

termination)
KP12C69 2011 IT-11 WEX 101 KPC-2 8 GEN WT
KPAN-3 2011 IT-12 Blood 512 KPC-3 32 SXT, TGC WT
KP15C05 2011 IT-12 LRS 512 KPC-3 32 SXT WT
KP15C10 2011 IT-12 Urine 258 KPC-3 32 SXT WT
KP15C15 2011 IT-12 LRS 512 KPC-3 32 SXT, TGC WT
KP15C16 2011 IT-12 Urine 512 KPC-3 32 SXT, TGC WT
KP15C17 2011 IT-12 LRS 512 KPC-3 32 SXT WT
KP15C18 2011 IT-12 Urine 258 KPC-3 32 SXT WT
KP15C23 2011 IT-12 CVC 258 KPC-3 16 SXT, TGC WT
KP15C24 2011 IT-12 Urine 512 KPC-3 32 SXT WT
KP15C30 2011 IT-12 WEX 258 KPC-3 32 SXT WT
KP9 2011 IT-13 Urine 258 KPC-3 16 GEN, SXT, TGC Insertional inactivation, IS5-like

element at nt 75 (RW)
KP16C05 2011 IT-13 Blood 512 KPC-3 32 SXT WT
KP16C08 2011 IT-13 Blood 258 KPC-3 16 SXT, TGC WT
KP16C12 2011 IT-13 WEX 258 KPC-3 8 SXT WT
KP18C37 2011 IT-14 Urine 258 KPC-3 4 SXT WT
KP20C14 2011 IT-15 Blood 258 KPC-3 32 SXT Insertional inactivation, IS5-like

element at nt 75 (FW)
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A B S T R A C T

Colistin, a cationic polypeptide antibiotic, has reappeared in human medicine as a last-line treatment
option for multidrug-resistant Gram-negative bacteria (MDR-GNB). Colistin is widely used in veterinary
medicine for the treatment of gastrointestinal infections caused by Enterobacteriaceae. GNB resistant
to colistin owing to chromosomal mutations have already been reported both in human and veterinary
medicine, however several recent studies have just identified a plasmid-mediated mcr-1 gene encoding
for colistin resistance in Escherichia coli colistin resistance. The discovery of a non-chromosomal mech-
anism of colistin resistance in E. coli has led to strong reactions in the scientific community and to
concern among physicians and veterinarians. Colistin use in food animals and particularly in pig pro-
duction has been singled out as responsible for the emergence of colistin resistance. The present review
will focus mainly on the possible link between colistin use in pigs and the spread of colistin resistance
in Enterobacteriaceae. First we demonstrate a possible link between Enterobacteriaceae resistance emer-
gence and oral colistin pharmacokinetics/pharmacodynamics and its administration modalities in pigs.
We then discuss the potential impact of colistin use in pigs on public health with respect to resistance.
We believe that colistin use in pig production should be re-evaluated and its dosing and usage optimised.
Moreover, the search for competitive alternatives to using colistin with swine is of paramount impor-
tance to preserve the effectiveness of this antibiotic for the treatment of MDR-GNB infections in human
medicine.

© 2016 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.

1. Introduction

Colistin is an antibiotic from the polymyxin family, a group of
cationic polypeptide antibiotics consisting of five chemically dif-
ferent compounds (polymyxins A–E). Only polymyxin E (colistin)
and polymyxin B are currently available on themarket [1]. Two forms
of colistin (polymyxin E) are used for the treatment of infections
caused by Gram-negative bacteria (GNB) in humans: colistin sul-
phate (CS) for oral and topical use; and colistin methanesulphonate
sodium (CMS) for parenteral use [2]. Among the two commercial-
ly available forms, CS is the only approved product in pig production
in some countries to control pig intestinal infections caused by En-
terobacteriaceae [3–5].

The mechanism of antibacterial action of colistin is essentially
based on the electrostatic interaction between positively charged
amino groups of colistin and the negatively charged phosphate
groups of lipid A subunits present in the structure of lipopolysac-
charide (LPS) [2,6,7]. Colistin alters the structure of LPS and leads
to increased permeability of the cell membrane, resulting in leakage
of the cell contents and bacterial death [8,9].

The lack of new antibacterial chemical entities commercialised
over the last several years as well as the rapid development of
resistance in GNB to current antibiotics has led to an overuse of co-
listin both in human and veterinary medicine [10,11]. During the
last decade, research on colistin experienced a very significant
increase (Fig. 1). Despite its high toxicity, colistin has replaced
aminoglycosides in humans for the treatment of multidrug-
resistant (MDR) GNB and it is considered a last-line treatment option
for carbapenemase-producing Enterobacteriaceae [2]. Given the im-
portance this antibiotic has taken on since 2012, theWorld Health
Organization (WHO) has reclassified colistin as critically impor-
tant for human medicine [12].

* Corresponding author. Chaire de recherche en salubrité des viands (CRSV),
Faculté de médecine vétérinaire, Université de Montréal, 3200 rue Sicotte,
Saint-Hyacinthe, QC J2S 7C6, Canada. Tel.: +1 450 773 8521 x8640.
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Uso in agricoltura

• 11.000 tonnellate di colistina usate in Cina 
in agricoltura

• In Europa ordinate 400 tonnellate di 
colistina

• Negli USA ordinate 700 tonnellate di 
colistina

• Uso orale per gastro-enterite da E. coli e 
Salmonella spp

• Dosi, farmacocinetica e farmacodinamica 
sconosciute



again that it is often difficult to determine the exact amount of co-
listin used in pig production in the world, and it is even sometimes
difficult to compare the results of two studies conducted in the same
country in terms of CS quantities used in pigs [26,39].

In addition, several studies have reported the isolation of En-
terobacteriaceae resistant to colistin from pigs with different rates
across countries (Table 1). Augmenting this complexity of compar-
ing data between countries are the variances between studies, such
as the number of samples, methods used, animal health status, and
usage or not of antibiotics at the farm level. The existence has been
demonstrated of a relationship between the extent of CS resis-
tance among Enterobacteriaceae in pigs and the CS amount used
in pig production in some countries [28,51]. In their 2011 study based
in Croatia, Habrun et al reported a low rate of colistin-resistant E. coli
in weaned pigs and they linked this finding with the recent use of
colistin in pig production in this country [42]. One study has re-
ported that some E. coli isolates of porcine origin were confirmed
resistant to CSwithout having amutation in pmrA and/or pmrB genes
[15]. Recently, an in-depth investigation of these isolates showed
that 90% of them harboured themcr-1 gene [16]. Research into this
antibiotic has increased significantly in swine medicine in re-
sponse to the increased use of colistin in pig production (Fig. 2).

3. Potential link between oral colistin sulphate
pharmacokinetics/pharmacodynamics and Enterobacteriaceae
resistance emergence in pigs

Unlike for human medicine, CS is the only approved form of co-
listin in pig production [3,24]. CS is mostly used in monotherapy
by oral administration for the treatment of Enterobacteriaceae in-
fections in pigs [3,24,33].

Very few pharmacokinetic studies have been performed follow-
ing oral CS administration in pigs [24,33]. In one study, despite the
use of a sensitive analytical method, CS systemic concentrations were
below the lower limit of quantitation (LLOQ) (250 ng/mL) of a high
pressure liquid chromatography assay (HPLC-UV) [24]. By using this
analytical method, the observedmaximum gastrointestinal tract con-
centration (Cmax) of oral CS in pigs was 43.57 mg/kg and 91.75 mg/
kg after CS oral administration of 50,000 IU/kg and 100,000 IU/kg,
respectively [24]. These Cmax concentrations were obtained after only
1 h (Tmax) of CS oral administration regardless of the dose used [24].

Additional work was performed using a significantly more
sensitive high-performance liquid chromatography coupled
with tandem mass spectrometry (HPLC-MS/MS), which achieved
a LLOQ of 20 ng/mL; the peaks observed were still below the limit

Table 1
Percentage of colistin resistance in Enterobacteriaceae isolated from pigs according to their health status.

Country Bacterial species Health status of pigs Method of analysis % resistance Reference

Belgium Escherichia coli Symptoms of E. coli infection Agar dilution 9.6 [40]
Belgium E. coli Diarrhoea Broth dilution 13.2 [19]
Brazil E. coli PWD or oedema disease Agar dilution 6.3 [41]
Brazil Salmonella enterica Enterocolitis Agar dilution 21 [41]
China E. coli N/A BMD 33.3 [18]
Croatia E. coli Clinical signs of diarrhoea Etest 3 [42]
Europe (DK, Fr, GE, NL, ES) E. coli Clinical healthy (slaughterhouse) Agar dilution 0.2 [20]
Europe (Fr, NL, ES) Salmonella spp. Clinical healthy (slaughterhouse) Agar dilution 6.3 [20]
France E. coli Clinical healthy (farm) Disk diffusion 0.5 [43]
France E. coli Clinical healthy (slaughterhouse) BMD 1 [44]
Greece S. enterica Clinical healthy (slaughterhouse) Disk diffusion 21.4 [45]
Italy Salmonella Typhimurium Clinical healthy (slaughterhouse) Disk diffusion 8 [46]
Japan E. coli Symptoms of E. coli infection Agar dilution 35.6 [22]
Japan E. coli Clinical healthy (farm) Agar dilution 0.8 [47]
Lithuania E. coli Clinical symptoms Disk diffusion 2 [48]
Lithuania Salmonella Choleraesuis Clinical symptoms Disk diffusion 17 [48]
Portugal Salmonella spp. N/A BMD 6.9 [49]
Spain E. coli Clinical healthy (slaughterhouse) BMD 0.4 [50]
Spain S. enterica Clinical healthy (slaughterhouse) BMD 1.5 [50]
Spain E. coli Diarrhoea, oedema disease Disk diffusion 26.7 [51]
UK E. coli Clinical healthy (slaughterhouse) Disk diffusion, Etest 34.1 [21]

PWD, post-weaning diarrhoea; N/A, not available; BMD, broth microdilution; DK, Denmark; Fr, France; GE, Germany; NL, The Netherlands; ES, Spain.

Fig. 2. Number of citations found in the PubMed database from 1955 to 2015 using either the search phrase ‘colistin in pigs’ or ‘colistin resistance in pigs’.
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again that it is often difficult to determine the exact amount of co-
listin used in pig production in the world, and it is even sometimes
difficult to compare the results of two studies conducted in the same
country in terms of CS quantities used in pigs [26,39].

In addition, several studies have reported the isolation of En-
terobacteriaceae resistant to colistin from pigs with different rates
across countries (Table 1). Augmenting this complexity of compar-
ing data between countries are the variances between studies, such
as the number of samples, methods used, animal health status, and
usage or not of antibiotics at the farm level. The existence has been
demonstrated of a relationship between the extent of CS resis-
tance among Enterobacteriaceae in pigs and the CS amount used
in pig production in some countries [28,51]. In their 2011 study based
in Croatia, Habrun et al reported a low rate of colistin-resistant E. coli
in weaned pigs and they linked this finding with the recent use of
colistin in pig production in this country [42]. One study has re-
ported that some E. coli isolates of porcine origin were confirmed
resistant to CSwithout having amutation in pmrA and/or pmrB genes
[15]. Recently, an in-depth investigation of these isolates showed
that 90% of them harboured themcr-1 gene [16]. Research into this
antibiotic has increased significantly in swine medicine in re-
sponse to the increased use of colistin in pig production (Fig. 2).

3. Potential link between oral colistin sulphate
pharmacokinetics/pharmacodynamics and Enterobacteriaceae
resistance emergence in pigs

Unlike for human medicine, CS is the only approved form of co-
listin in pig production [3,24]. CS is mostly used in monotherapy
by oral administration for the treatment of Enterobacteriaceae in-
fections in pigs [3,24,33].

Very few pharmacokinetic studies have been performed follow-
ing oral CS administration in pigs [24,33]. In one study, despite the
use of a sensitive analytical method, CS systemic concentrations were
below the lower limit of quantitation (LLOQ) (250 ng/mL) of a high
pressure liquid chromatography assay (HPLC-UV) [24]. By using this
analytical method, the observedmaximum gastrointestinal tract con-
centration (Cmax) of oral CS in pigs was 43.57 mg/kg and 91.75 mg/
kg after CS oral administration of 50,000 IU/kg and 100,000 IU/kg,
respectively [24]. These Cmax concentrations were obtained after only
1 h (Tmax) of CS oral administration regardless of the dose used [24].

Additional work was performed using a significantly more
sensitive high-performance liquid chromatography coupled
with tandem mass spectrometry (HPLC-MS/MS), which achieved
a LLOQ of 20 ng/mL; the peaks observed were still below the limit

Table 1
Percentage of colistin resistance in Enterobacteriaceae isolated from pigs according to their health status.

Country Bacterial species Health status of pigs Method of analysis % resistance Reference

Belgium Escherichia coli Symptoms of E. coli infection Agar dilution 9.6 [40]
Belgium E. coli Diarrhoea Broth dilution 13.2 [19]
Brazil E. coli PWD or oedema disease Agar dilution 6.3 [41]
Brazil Salmonella enterica Enterocolitis Agar dilution 21 [41]
China E. coli N/A BMD 33.3 [18]
Croatia E. coli Clinical signs of diarrhoea Etest 3 [42]
Europe (DK, Fr, GE, NL, ES) E. coli Clinical healthy (slaughterhouse) Agar dilution 0.2 [20]
Europe (Fr, NL, ES) Salmonella spp. Clinical healthy (slaughterhouse) Agar dilution 6.3 [20]
France E. coli Clinical healthy (farm) Disk diffusion 0.5 [43]
France E. coli Clinical healthy (slaughterhouse) BMD 1 [44]
Greece S. enterica Clinical healthy (slaughterhouse) Disk diffusion 21.4 [45]
Italy Salmonella Typhimurium Clinical healthy (slaughterhouse) Disk diffusion 8 [46]
Japan E. coli Symptoms of E. coli infection Agar dilution 35.6 [22]
Japan E. coli Clinical healthy (farm) Agar dilution 0.8 [47]
Lithuania E. coli Clinical symptoms Disk diffusion 2 [48]
Lithuania Salmonella Choleraesuis Clinical symptoms Disk diffusion 17 [48]
Portugal Salmonella spp. N/A BMD 6.9 [49]
Spain E. coli Clinical healthy (slaughterhouse) BMD 0.4 [50]
Spain S. enterica Clinical healthy (slaughterhouse) BMD 1.5 [50]
Spain E. coli Diarrhoea, oedema disease Disk diffusion 26.7 [51]
UK E. coli Clinical healthy (slaughterhouse) Disk diffusion, Etest 34.1 [21]

PWD, post-weaning diarrhoea; N/A, not available; BMD, broth microdilution; DK, Denmark; Fr, France; GE, Germany; NL, The Netherlands; ES, Spain.

Fig. 2. Number of citations found in the PubMed database from 1955 to 2015 using either the search phrase ‘colistin in pigs’ or ‘colistin resistance in pigs’.
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Ghimire et al reported a very high rate of colistin resistance in
Campylobacter spp. isolated from dressed porcine carcasses in Nepal
[94]. In Portugal, Figueiredo et al reported that 7.2% of Salmonella
spp. isolated from swine processed food were resistant to colistin
[49]. It should be stressed here that the mcr-1 gene was found in
E. coli isolated from raw pig meat, and a high rate of colistin resis-
tance among the most important foodborne pathogens of porcine
origin (Salmonella and Campylobacter) was reported. These find-
ings indicate a major public health issue with respect to resistance.
In addition, Olaitan et al reported for the first time the isolation of
colistin-resistant Salmonella enterica serotype Newport strains in
humans, and they did not exclude the possible transmission of these
strains to humans from farm animals [95].

In animal production, the mcr-1 gene has already been de-
tected in colistin-resistant E. coli and Salmonella isolates from several
countries (Table 2). A recent survey in China carried out in chicken
colistin-resistant E. coli strains isolated between 1970 and 2014
showed that themcr-1 gene was detected for the first time in three
E. coli strains isolated in the 1980s [96]. The mcr-1 gene was also
present in colistin-resistant E. coli strains isolated from swine in
Belgium during 2011–2012 [19], in colistin-resistant E. coli strains
isolated from swine in Germany in 2009 [100], and in French swine
farms in 2011 [44]. These studies confirmed that the mcr-1 gene
was already present in the gut flora of food animals before its dis-
covery in 2015.

With the detection of themcr-1 gene in several countries in the
world, we can confirm that plasmid-mediated colistin resistance is
not solely a Chinese phenomenon, and with air travel and trade ex-
changes between countries we believe that no country is immune
from the spread of colistin resistance. As a consequence of this dis-
covery in food animals in several countries and the risk of widespread
dissemination of the mcr-1 gene as reported previously for other
antibiotic resistance genes such as blaKPC and blaNDM-1 [104], the EMA
has been asked by the European Commission to update its advice
on the use of colistin in animals [72]. Furthermore, the Responsi-
ble Use of Medicines in Agriculture Alliance (RUMA) of the British
livestock industry announced that its members had agreed to vol-
untarily restrict the use of colistin in food animals pending the
outcome of a European Commission risk assessment [103].

6. Conclusion

The rapid loss of antibiotic effectiveness as a consequence of bac-
terial resistance is a challenge both for public and animal health and
requires a concerted global action. The recent discovery and dis-
semination of the mcr-1 gene is a serious threat to colistin as the
last-resort antibiotic treatment option for MDR-GNB in humanmed-
icine. The lack of colistin-specific clinical PK/PD data in swine makes
it difficult to ensure judicious use of this antibiotic on pig farms.
Hence, it is of paramount importance to conduct a reassessment

of colistin use in pig productions and to establish an international
monitoring system of its bacterial resistance. The search for alter-
native competitive therapies to colistin that act on the digestive flora
of pigs is a necessity in order to preserve the effectiveness of this
crucial antibiotic in human medicine.
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Algeria Chicken E. coli [16]
Vietnam Pigs E. coli [97]
Denmark Chicken E. coli [98]
France Veal calves E. coli [99]
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Malaysia Pigs E. coli [101]
Japan Cattle, pigs E. coli, Salmonella [102]
UK Pigs E. coli [103]
Belgium Pigs, calves E. coli [19]
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Sir,
Polymyxins, such as colistin and polymyxin B, are currently used as
last-resource antibiotics in the treatment of infections caused by
MDR Gram-negative bacteria.1 Recently, Liu et al.2 reported for the
first time the identification of the plasmid-located colistin resist-
ance gene mcr-1 in Escherichia coli and Klebsiella pneumoniae
from both animal and human sources in China. Subsequently,
other investigations confirmed the emergence of the mcr-1 resist-
ance determinant in Enterobacteriaceae, mainly among E. coli
isolates of animal origin and occasionally from human sources
also in Europe.3,4 Concern regarding the possible dissemination
of the mcr-1 gene in clinical settings is surging.

Residents of long-term-care facilities (LTCFs) are recognized
as being at increased risk of colonization/infection with MDR
organisms because of age-associated morbidities, exposure to
recurrent antibiotic courses and frequent referral to and from
acute-care hospitals.5 We recently conducted a point-prevalence
study (February 2015–March 2015) of intestinal colonization by
ESBL-producing Enterobacteriaceae in 12 LTCFs in Italy. Overall,
489 LTCF residents aged ≥65 years were enrolled. A total of 303
ESBL-producing Enterobacteriaceae isolates were collected,
mainly belonging to the species E. coli (247/303). Given the inter-
est of the findings reported by Liu et al.2 as well as by other
authors demonstrating the spread of the mcr-1 gene,3 we decided
to screen the above collection for colistin resistance.

MICs were determined with the Vitek 2 automated system and
confirmed by the reference broth microdilution method, using
TREK Sensititre custom panel ITGNEGF (Thermo-Fisher TREK
Diagnostic Systems, Inc., Cleveland, OH, USA). The interpretative
breakpoints were based on the EUCAST criteria (http://www.
eucast.org/clinical breakpoints/). The presence of mcr-1 was
detected by PCR and sequencing following procedures previously
described.2 Plasmids from mcr-1-carrying isolates were extracted
using a PureLink HiPure Plasmid Filter Midiprep Kit (Invitrogen,

Milan, Italy). E. coli TOP10 competent cells (Invitrogen, Milan,
Italy) were transformed with purified plasmid DNA and transfor-
mants were selected on colistin-containing plates (2 mg/L). The
presence of mcr-1 in the transformants was confirmed by PCR.2

The mcr-1-carrying plasmids were analysed by PCR-based
replicon typing (PBRT) using a PBRT KIT (DIATHEVA, Fano, Italy).
Identification of ESBL and/or AmpC genes (blaCTX-M, blaSHV,
blaTEM and blaCMY-2 type), phylogenetic typing and MLSTof colistin-
resistant strains were performed as previously described.6

Of 303 ESBL-producing Enterobacteriaceae, three E. coli
isolates (3/247, 1.2%) were found to be resistant to colistin (MIC
8 mg/L). The colistin-resistant isolates (EC51, EC61-2 and EC62)
were obtained from three different residents of the same LTCF.
Epidemiological data of colonized LTCF residents and characteris-
tics of isolates are reported in Table 1. In each of the three colistin-
resistant isolates, a 308 bp PCR amplicon including a specific
portion of the mcr-1 gene with 100% identity with the fragment
previously published by Liu et al.2 was obtained. Two isolates
(EC61-2 and EC62), both carrying the blaCTX-M-15 gene, fell into
phylogroup A but belonged to different STs and clonal complexes
(CCs), ST88/CC23 and ST10/CC10, respectively (Table 1). The
remaining isolate (EC51), harbouring the blaSHV-12 gene, belonged
to phylogroup D and to ST2165. From each of the three colistin-
resistant isolates a plasmid bearing the mcr-1 gene was success-
fully transferred to the recipient strain. Neither blaCTX-M-15 nor
blaSHV-12 was co-transferred with mcr-1. The mcr-1-carrying plas-
mids were "35 kb in length and were found to be non-typeable
by PBRT.

The first report of the mcr-1 gene was published in November
2015 and within a few months it became apparent that this deter-
minant is disseminated all over the world, especially in
Enterobacteriaceae from food animals.2,3 In addition, some stud-
ies have found the mcr-1 gene in isolates from human sources,
mainly among hospitalized patients with infections.7 The pres-
ence of mcr-1 in commensal isolates was described in Dutch
travellers returning from countries outside Europe and in some
human gut microbiomes from China.8,9

In this report we describe the emergence of mcr-1-positive
E. coli from intestinal carriage in LTCF residents in Italy. Since the
isolates described here exhibited different genotypes, it is likely
that either independent acquisition of different colistin-resistant
strains or intra-facility spread of the same plasmid carrying the
mcr-1 gene occurred among LTCF residents. Based on our results,
we cannot rule out the hypothesis of plasmid transmission, but
further plasmid characterization, including the full plasmid
sequence, is required to address this issue. The finding that two
out of the three mcr-1-carrying E. coli isolates belonged to CC10
and CC23 is in agreement with a probable animal origin of the
mcr-1 determinant. In fact, both CC10 and CC23 were previously
found to be shared between human and avian isolates, indicating
that these CCs have a zoonotic potential.6

In conclusion, this is the first report describing the presence of
colistin-resistant mcr-1-carrying E. coli isolates from intestinal
carriage obtained from LTCF residents in Italy. As LTCFs are
considered an important reservoir of MDR bacteria for acute-care
hospitals,10 the occurrence of the mcr-1 resistance determinant in
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E. coli colonizing LTCF residents is of particular concern. We would
emphasize the importance of performing investigations on the
spread of plasmid-mediated colistin resistance in different
human healthcare settings in order to adopt specific control
actions capable of preventing further spread of resistance.
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Table 1. Data of LTCF residents colonized by mcr-1-carrying E. coli and
characterization of isolates

Resident
1/isolate

EC51

Resident
2/isolate
EC61-2

Resident
3/isolate

EC62

Resident
age (years)/gender 95/female 87/female 74/female
length of stay in LTCF 8 years 5 years 3 months
previous hospitalization

(last 3 months)
no yes no

antimicrobial therapy
(within 1 month)

no no no

Isolate
phylogenetic group D A A
ST/CC ST2165a ST88/CC23 ST10/CC10
ESBL SHV-12 CTX-M-15 CTX-M-15

MIC of antimicrobial agent (mg/L)
amikacin ≤4 ≤4 ≤4
gentamicin ≤1 ≤1 ≤1
cefotaxime ≥8 ≥8 ≥8
ceftazidime 64 64 32
cefepime 16 ≥64 ≥64
ciprofloxacin 1 ≥4 ≤0.06
colistin 8 8 8
imipenem ≤1 ≤1 ≤1
meropenem ≤0.12 ≤0.12 ≤0.12
tigecycline ≤0.12 ≤0.12 ≤0.12

aCC not defined in the MLST database.
Resistant phenotypes are indicated in bold.
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imipenem 1 1 1



1www.eurosurveillance.org

Rapid communications

Detection of mcr-1 colistin resistance gene in polyclonal 
Escherichia coli isolates in Barcelona, Spain, 2012 to 2015

N Prim 1 , A Rivera 1 , J RodrÌ guez­ Navarro 1 , M EspaÒ ol 1 , M Turbau 2 , P Coll 1 3 , B Mirelis 1 3 
1. Microbiology Department, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain
2. Emergency Department, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain
3. Universitat AutÚ noma de Barcelona, Barcelona, Spain
Correspondence: N˙ ria Prim (nprim@santpau.cat)

Citation style for this article: 
Prim N, Rivera A, RodrÌ guez­ Navarro J, EspaÒ ol M, Turbau M, Coll P, Mirelis B. Detection of mcr­ 1 colistin resistance gene in polyclonal Escherichia coli isolates in 
Barcelona, Spain, 2012 to 2015. Euro Surveill. 2016;21(13):pii=30183. DOI: http://dx.doi.org/10.2807/1560­ 7917.ES.2016.21.13.30183 

Article submitted on 15 March 2016 / accepted on 31 March 2016 / published on 31 March 2016

Colistin resistance was detected in 53 of 10,011 
Escherichia coli (0.5%) by prospective phenotypic test­
ing of consecutive clinical isolates in a single hospital 
in Barcelona, Spain (2012ñ 15). The mcr­ 1 gene was ret­
rospectively identified by PCR and sequencing in 15 of 
50 available isolates. Each isolate had a unique PFGE 
pattern except for two. This clonal diversity supports 
the hypothesis of horizontal dissemination of the mcr­ 1 
gene in the local study population.

Following the report on the plasmid­ mediated colistin 
resistance gene mcr­ 1 in China [1], several authors have 
reported the detection of this gene in Escherichia coli 
isolates of animal origin [1­ 5]. Currently there have been 
few reports of detections in humans and these involve 
mainly multidrug­ resistant (MDR) Gram­ negative bacilli 
[3,5­ 7]. To date, mcr­ 1 has been detected in at least five 
European countries in animals and humans, and often 
in association with recent travel to Asia [3,5­ 7]. In this 
context, we describe mcr­ 1 detection in unselected 
clinical isolates of E. coli in Barcelona in samples from 
2012 to 2015.

Laboratory investigation
A total of 10,011 E. coli were isolated between January 
2012 and December 2015 from clinical specimens in 
our institution, a tertiary referral teaching hospital 
covering an area of 407,902 inhabitants in Barcelona, 
Spain. Only one isolate per patient was included. 
Isolates from colonisation screenings were not con­
sidered. Antibiotic susceptibility testing was per­
formed by disc diffusion according to guidelines from 
the Clinical and Laboratory Standards Institute (CLSI) 
[8]. As a first approach to screen colistin resistance, a 
10 µg disc of colistin was used. Isolates displaying an 
inhibition zone ≤ 12 mm (n = 61) were selected for fur­
ther testing of minimal inhibitory concentration (MIC) 
by gradient diffusion (Etest, bioMÈ rieux, France). Both 
diffusion methods were performed on Mueller Hinton 
agar (bioMÈ rieux, France). MIC results of colistin 

were interpreted following the EUCAST breakpoints 
for Enterobacteriaceae [9]. Resistance to colistin was 
detected in 53 E. coli isolates (0.5%). Of these, 40 were 
isolated from urine specimens, eight from blood cul­
tures and the remaining five from other clinical speci­
mens. The average age of the patients with infections 
caused by colistin­ resistant E. coli was 70.9 years 
(range: 6ñ 99 years). The male:female ratio was 1:2.

By amplification and Sanger sequencing, we searched 
for the presence of the mcr­ 1 gene in our collection of 
colistin­ resistant E. coli isolates (only 50 isolates were 
available). The amplification of mcr­ 1 was performed as 
described by Liu et al. [1]. This gene was detected in 15 
isolates; the amplified fragments had 100% sequence 
homology with the previously described mcr­ 1 [1]. 

The patientsí  average age was 62 years (range: 6ñ 97), 
eight of them were male and seven were female. 
Patients were not epidemiologically linked (Table). One 
patient was referred from a nursing home, and nine 
had had at least one hospital admission during the 
previous year. No travel abroad was recorded in any 
of the patients. The rate of positivity corresponded to 
0.15% of the total of E. coli isolates within the period 
studied. Seven mcr­ 1­ harbouring isolates were not 
MDR according to international definitions [10]. Only 
two were extended­ spectrum beta­ lactamase carriers 
and one had an AmpC overproduction profile (Table). 
Tested by Etest, the MIC to colistin ranged from 4 mg/L 
to 12 mg/L. The mcr­ 1­ positive isolates were typed by 
pulsed­ field gel electrophoresis (PFGE); each isolate 
had a unique PFGE pattern except for two.

Discussion
Colistin is one of the last resorts to treat infections 
caused by MDR Gram­ negative bacilli. Resistance 
to colistin is rarely reported in E. coli, especially in 
non­ MDR isolates from humans [11]. Until recently, 
this resistance was considered to be based solely on 

2 www.eurosurveillance.org

genomic mutations in several genes involved in the 
synthesis of lipopolysaccharide [12]. Since Liu et al. 
reported plasmid­ mediated colistin resistance in E. 
coli isolates [1], the whole scenario has changed and 
the possibility of horizontal gene transfer needs to be 
considered. These plasmids carry the mcr­ 1 gene cod­
ing for a phosphoethanolamine transferase, an enzyme 
related to changes in lipid A [1]. Despite the large 
amount of information on mcr­ 1 obtained in only a few 
months, the real prevalence of this gene in clinical iso­
lates is not yet known. Most reports are retrospective, 
mainly refer to faecal carriers and describe scattered 
colistin­ resistant isolates randomly collected [3,5­
7,13]. We here describe mcr­ 1 prevalence in colistin­
resistant clinical isolates of E. coli. As a limitation, no 
other mechanisms of colistin resistance were searched 
for in the present study. However, the high percent­
age of mcr­ 1 among our colistin­ resistant isolates is 
noteworthy. 

The clonal diversity shown in the present report sup­
ports the hypothesis of horizontal dissemination of 
mcr­ 1 gene­ related colistin resistance in E. coli iso­
lated from our urban patient population in Barcelona. 
Colistin is not always tested in non­ MDR E. coli isolates 
of human origin. This may explain why the previous 
reports describing mcr­ 1 in humans mainly referred to 
MDR E. coli isolates [3,5­ 7]. Technical variability among 
methods for colistin susceptibility testing is notorious 

[14]. Given the discrepancies between the international 
committees and the lack of colistin breakpoints for 
Enterobacteriaceae in CLSI, we considered it conveni­
ent to apply a screening method. Although disc diffu­
sion is not recommended to test colistin susceptibility, 
it was useful for an initial screening followed by confir­
mation using a MIC method.

The fact that seven of 15 mcr­ 1­ harbouring strains were 
not MDR may not seem clinically relevant. However, 
horizontal spread is important epidemiologically. 
Screening of colistin resistance in human isolates of 
Enterobacteriaceae should be encouraged in order to 
know the real extent of a problem that may get worse 
given the constant exchange of resistance genes across 
microbiomes (i.e. food animals, the environment and 
human populations). The broad veterinary use of colis­
tin and the increasing reports of colistin resistance in 
Enterobacteriaceae isolates from food animals are a 
matter of concern [15]. Spain is one of the European 
countries with larger use of polymyxins in veterinary 
medicine [16]. This fact may correlate with the high 
rates of colistin­ resistant Salmonella spp. isolates in 
farm animals previously reported in our country [17]. 
The use of colistin in humans varies depending on the 
type of institution involved and their corresponding 
antimicrobial policy. In our hospital, it has increased 
14­ fold (0.10 to 1.47 defined daily dose /100 occupied 
bed­ days) from 2007 to 2014.

Table
Characteristics of Escherichia coli isolates harbouring mcr-1 and epidemiological data of the patients, Barcelona, 2012–15 
(n = 15)

Date of isolation Isolation site Classification of infectiona Colistin MIC 
(mg/L)

Antimicrobial  
resistance pattern

27/12/2012 Blood Community­ acquired 8 AMP­ SXT
09/01/2013 Sputum Hospital­ acquired (haematology) 4 AMP­ CTX­ CAZ­ FEP CIP­ SXT (ESBL)
26/02/2013 Blood Community­ acquired 4 AMP­ SXT
01/03/2013 Blood Hospital­ acquired (oncology) 12b AMP­ GEN­ TOB
07/03/2013 Blood Healthcare­ associated 6 AMP­ CTX­ CAZ­ FEP (ESBL)
12/03/2013 Sputum Healthcare­ associated 12 AMP­ AMC­ CTX­ CAZ­ SXT
08/06/2013 Urine Community­ acquired 4 AMP­ NAL
07/07/2013 Blood Community­ acquired 4b AMP­ GEN­ TOB

01/11/2013 Sputum Hospital­ acquired  
(recovery room) 4 AMP­ CIP

22/05/2014 Urine Hospital­ acquired (neurosurgery) 4 AMP­ NAL­ SXT
22/08/2014 Urine Healthcare­ associated 6 AMP­ NAL­ GEN­ TOB­ SXT
06/10/2014 Surgical wound Healthcare­ associated 8 AMP­ CIP­ GEN­ TOB
14/03/2015 Urine Healthcare­ associated 4 AMP­ CIP­ GEN­ TOB­ SXT
29/03/2015 Urine Hospital­ acquired (cardiology) 4 AMP­ CIP­ GEN­ SXT
16/06/2015 Urine Healthcare­ associatedc 4 AMP­ NAL

AMP: ampicillin; AMC: amoxicillin/clavulanic acid; CAZ: ceftazidime; CIP: ciprofloxacin; CTX: cefotaxime; FEP: cefepime; GEN: gentamicin; 
MIC: minimum inhibitory concentration; NAL: nalidixic acid; SXT: trimethoprim­ sulfamethoxazole; TOB: tobramycin; ESBL: extended 
spectrum beta­ lactamase.

a Classification of the infection according to the place of acquisition. When hospital­ acquired, the hospital ward where the clinical specimen 
was taken is shown in brackets.

b Isolates sharing the same PFGE pattern.
c This patient was referred from a nursing home.
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KPC mcr-2 plasmidico

• Isolato dalle feci di un bambino leucemico 
nel 2014

• Mai trattato con colistina in precedenza



KPC genta-R MCR-2
MIC colistina 3 mg/L



KPC genta-R Mcr-2
MIC rifampicina 16 mg/L



KPC genta-R Mcr-2
sinergismo colistina + rifampicina
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Errori negli antibiogrammi
• Errori di interpretazione dell’antibiotico più 

efficace (chinoloni, comparazione delle 
MIC)

• Errori di interpretazione del fenotipo: ESBL, 
AmpC, KPC, hVISA e conseguente 
mancata richiesta di conferma

• Mancata coscienza della regola: reported 
as found per ESBL e KPC 

• Mancanza nell’antibiogramma di antibiotici 
fondamentali per la terapia ed assenza di 
richiesta di integrazione da parte del clinico 





E.	faecalis da	sangue

• Manca la sensibilità a penicillina, 
ampicillina

• Manca la produzione di penicillinasi
• Manca il saggio della resistenza ad alte 

concentrazioni di gentamicina e 
streptomicina

• Confuso con uno stafilococco ed effettuata 
la card per stafilococchi



Errori negli antibiogrammi

• Mancata conoscenza dei breakpoints in 
uso

• Fenotipi impossibili o poco probabili
• Mancanza di ulteriore verifica dei 

sinergismi con il metodo migliore





Nota A: per teicoplanina e vancomicina il test di diffusione da disco non 
è raccomandato.
Il breakpoint per vancomicina è stato portato a 2 (come il CLSI), 
abbassamento di quello per teicoplanina

Cortesia Dott. Luzzaro



Errori negli antibiogrammi

• Mancata conoscenza dei breakpoints in 
uso

• Fenotipi impossibili o poco probabili
• Mancanza di ulteriore verifica dei 

sinergismi con il metodo migliore



Campione	urine



Commento
• Proteus mirabilis resistente ai carbapenemici: 

peggior incubo
• Tra l’altro paziente paraplegico, cateterizzato a 

permanenza, già seguito per urinocoltura 
positiva per KPC: scambio di plasmidi tra KPC e 
Proteus?

• Proteus è già resistente a colistina e fosfomicina
• Intrinsecamente resistente ad imipenem (tra 

l’altro unico carbapenemico testato)



Stessa urina: popolazione doppia



Metodi in brodo

• Non si riconosce una popolazione mista
• Si deve ipotizzare in caso di fenotipi 

impossibili



Conclusioni

• Conoscere i fenotipi di resistenza
• Chiedere test di approfondimento
• Usare i nuovi farmaci con parsimonia, ma 

quando necessari non aver timore di 
chiederli

• Le associazioni vanno usate in un 
programma di antimicrobial stewardship



“L‘educazione dovrebbe inculcare l’idea che l’umanità è una
sola famiglia con interessi comuni. Che di conseguenza la
collaborazione è più importante della competizione.”

Bertrand Russell




