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Purpose. (i) To compare infections caused by carbapenem-susceptible (CS) and carbapenemase producing carbapenem-resistant
Enterobacteriaceae (CP-CRE); (ii) to evaluate the clinical effectiveness of the double-carbapenem (DC) regimen in comparison
with the best available treatment (BAT) in infections caused by CP-CRE; and (iii) to determine the exact minimal inhibitory
concentrations (MICs) of meropenem/ertapenem (MEM/ETP) and the degree of in vitro ETP+MEM synergism in subjects
receiving the DC.Methodology. Over a 3-year period (2014-2017), patients with infections due to Enterobacteriaceae were included
in a single-center, retrospective, observational study. According to the susceptibility to carbapenems, subjects were divided into
CSE and CP-CRE groups. CP-CRE group was further divided into subjects receiving the DC regimen and those treated with other
regimens (BAT group). Clinical characteristics and the presence of 5th-day response and 60-day outcome were evaluated for DC
and BAT groups. The determination of MEM and ETP actual MICs and the MEM+ETP synergistic activity were performed on
strains obtained from subjects receiving the DC regimen. Results. A total of 128 patients were included in the study: 55/128 (43%)
with infections due to CP-CRE and 73/128 (57%) with infections due to CSE. Among CP-CRE (n=55), 21 subjects (39%) were
treated with the DC regimen whereas 34 (61%) received BAT. No differences in terms of severity of infection, presence/absence of
concomitant bacteremia, type of infection, and resolution of infection were found; in contrast, DC group tended to have a higher
rate of sepsis or septic shock at the onset of infection and a higher rate of 5th-day response. MICs 50/90 were 256/512 and 256/256
𝜇g/mL for MEM and ETP, respectively. Overall, complete in vitro synergism was found in 6/20 strains (30%). Conclusion. The DC
regimen is a valid and effective therapeutic option in patients with infections due to KPC producing CRE, including those with
bacteremic infection andmore severe clinical conditions. The clinical effectiveness is maintained even in the presence of extremely
high MEMMICs.

1. Background

Therapid spread ofmultidrug-resistant bacteria has become a
public health concern, especially in some countries where the
spread of carbapenem-resistant microorganisms is endemic
[1]. In particular, infections caused by CP-CRE are associated
with a high treatment failure and consequent high mortality,
given the limited therapeutic options and the lack of world-
wide availability of new drugs such as ceftazidime/avibactam
[2].

Risk factors for CP-CRE infections have been widely
investigated and serve as possible drivers of prompting an
appropriate antimicrobial therapy, aiming at improving the
infection cure and reducing mortality [3].

Although the combination therapy is preferred over
monotherapy, the optimal management of CP-CRE sys-
temic infections remains a real challenge, which seems even
more complicated given the emergence of resistance to
ceftazidime/avibactam [4] and the rising diffusion of strains
harbouring enzymes other than carbapenemases [1].
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Subjects with infections caused by Enterobacteriaceae
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Subjects with CP-CRE 
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Subjects with CSE 
N=73 

Subjects receiving BAT 
N=34 

Subjects receiving DC 
N=21 

Figure 1: Flow chart of the study. CSE: carbapenem-susceptible Enterobacteriaceae; CP-CRE: carbapenemase producing carbapenem-
resistant Enterobacteriaceae; DC: double-carbapenem; BAT: best available treatment.

Recently, several efforts have been made with the aim
of finding the most appropriate antimicrobial regimen
according to the susceptibility profile of the microorgan-
isms and the severity of infection [5, 6]. In this set-
ting, the double-carbapenem regimen retains a place in
therapy in patients with high risk of mortality, pan-
drug resistant organisms, and lack of therapeutic options
[5].

Based on these premises, aims of the study were (i) to
compare infections caused by CSE with those caused by CP-
CRE, (ii) to evaluate the clinical effectiveness of the DC
regimen in comparison with BAT in infections caused by CP-
CRE, and (iii) to determine the exact MICs of MEM/ETP
and the degree of in vitro ETP+MEM synergism in subjects
receiving the DC.

2. Materials and Methods

2.1. Study Population. This was a single-center, retrospective,
observational study including patients hospitalized over a 3-
year period (2014-2017), at the Department of Public Health
and Infectious Diseases (Sapienza University, Rome) with
infections due to Enterobacteriaceae.

Carbapenem susceptibility was determined using
VITEK-2 system and interpreted in accordance with
EUCAST breakpoint [6] whereas CP-CRE were defined
following CDC case definition [7].

Accordingly, subjectswere divided into 2 groups: CP-CRE
and CSE. CP-CRE group was further divided into subjects
receiving the DC regimen and those treated with other
regimens, defined as BAT group (Figure 1).

The DC consisted of ertapenem (1 g/day) followed by
high doses of meropenem (6 g/day) or modified according to
creatinine clearance. BAT was defined as the definitive ther-
apy chosen by the Infectious Diseases specialists according to
susceptibility profile of the microorganisms and the clinical
conditions of the patients.

Demographic, clinical, and laboratoristic parameters
were collected for each subject. Inclusion criteria were age
>18 and patients with infections due to Enterobacteriaceae
receiving antimicrobial therapy. Isolates collected from all
sites of infection were also included. However, in case of
multiple cultures from the same patient, only the first isolate
causing infection was considered in the study. Exclusion
criteria were age <18 and pregnancy.

Given the unconventionality of the treatment, all study
participants receiving the DC regimen gave informed written
consent. The study was approved by the local Ethics Commit-
tee.

2.2. Definitions. Theclinical presentation of infection (sepsis,
sepsis shock) was defined in accordance with the interna-
tional guidelines [8].

The clinical and/or microbiological response at day 5 was
defined as resolution of signs and symptoms of infections
(i.e., defervescence, improvement of clinical conditions and
imaging upon antimicrobial treatment) and/or negativity of
cultures performed after 5 days of antimicrobial treatment,
respectively, and expressed as a nominal variable. In addition,
time to clinical response was defined as time (days) to res-
olution of fever and improvement in clinical or radiological
status, expressed as a continuous variable. As for outcomes,
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clinical cure was defined as survival at 60 days, resolution of
signs and symptoms of infection, and absence of recurrence
at 60 days following the onset of infection [9]. Infection
relapse was defined as recrudescence of infection after an
initial response [10].

2.3. Microbiological Studies. The antimicrobial susceptibil-
ity pattern of Enterobacteriaceae was obtained through the
VITEK-2 system (bioMerieux, Marcy l’Etoile, France).

Strains obtained from subjects receiving the DC regimen
underwent additionalmicrobiological analyses, including the
phenotypic determination of carbapenemases [11].The deter-
mination of meropenem and ertapenem actual MICs was
obtained by the macrobroth dilution method [12] whereas
the synergistic activity of meropenem plus ertapenem was
performed by the checkerboard method and the fractional
inhibitory concentration index (FICI) calculation. Briefly, a
96-well microtitre plate containing antibiotic combinations
at different concentrations and a final inoculum of ∼5 x 105
CFU/ml of CP-CRE was incubated at 37∘C for 24h under
static conditions in Mueller Hinton Broth. The FICI of each
combination was defined as follows: ∑FIC: FICA + FICB=
MICA+B/MICA alone +MICB+A/MICB alone. A FICI ≤0.5
indicated synergism [13]. Experiments were performed in
triplicate and the results were averaged.

2.4. Statistical Analysis. Results were expressed as mean ±
standard deviation (SD) or median (range) and as percent-
ages for continuous and categorical variables, respectively.
Categorical variables (such as clinical and/or microbiological
response at day 5) were compared by using the X2 or Fisher’s
exact tests, as appropriate, whereas continuous data (such
as time to clinical response) were analyzed with Student’s t-
test and the nonparametric Mann–Whitney test. Statistical
analyses were performed using STATA 9 software (STATA
Corp. LP, College Station, Texas, USA) and GraphPad Prism
version 7 for Windows (Graphpad Software MacKiev), as
appropriate. All statistic testswere 2-tailed and a p value<0.05
was considered statistically significant.

3. Results

3.1. Carbapenemase Producing Carbapenem-Resistant vs
Carbapenem-Susceptible Infections. A total of 128 patients
were included in the study: 55/128 (43%) with infections due
to CP-CRE and 73/128 (57%) with infections due to CSE
(Table 1). Although not statistically significant, length of
hospitalization before the onset of infection was higher in
CP-CRE than in CSE (median 29.5 vs 17 days, p=0.13).

Clinical presentation was more severe (sepsis and/or
septic shock) in CP-CRE than in CSE [10/55 (18.1%) vs 1/73
(1.4%) for sepsis, p=0.0009, 1/55 (1.8%) vs 0/73 (0%) for septic
shock, p=0.42, respectively].

Although the time for obtaining clinical response did not
differ between the 2 groups (median 4.5 vs 4 days, p=0.16),
patients in CP-CRE group tended to have a lower rate of 5th-
day response than subjects in CSE group. Compared with
CSE, the overall length of hospitalization and mortality were

higher in CP-CRE [median 31 vs 16 days, p<0.0001 and 6/55,
10.9% vs 2/74, 2.7%, p=0.07, respectively], with a global lower
rate of infection cure at 60-day follow-up (43/55, 78.2% vs
67/73, 91.8%, p=0.03).

With regard to bacterial species, all the CP-CRE were K.
pneumoniae whereas among CSE 58 (79.5%) were E. coli and
15 (20.5%) K. pneumoniae.

3.2. Carbapenemase Producing Carbapenem-Resistant Infec-
tions: DC Regimen vs BAT. Among CP-CRE (n=55), 21
subjects (39%) were treated with the DC regimen, with
3 subjects having received colistin and/or aminoglycosides
prior to switch to the DC for 2, 2, and 3 days, respectively.
The remaining 34 (61%) received other regimens [colistin-
based combinations: 14 (colistin plus carbapenems±a third
in vitro active drug: 9; colistin plus tigecycline±a third in
vitro active drug: 2; colistin monotherapy: 1; colistin plus
gentamicin: 1; colistin plus rifampin: 1) and other colistin-
free regimens: 20 (aminoglycosides monotherapy: 13; high
doses of carbapenems plus aminoglycosides: 6; high doses of
meropenem plus fluoroquinolones: 1)].

Patients treated with DC tended to have a more severe
clinical presentation (sepsis and/or septic shock) [6/21
(28.6%) vs 4/34 (11.7%) for sepsis, p=0.16, 1/21 (4.8%) vs
0/21 (0%) for septic shock, p=0.38, respectively]. Bacteremic
infections were 7/21 (33.3%) and 7/34 (20.5%, p=0.34) for DC
and BAT groups, respectively. As expected, in the DC group,
colistin and aminoglycosides resistance rates were higher
than those found in BAT group [10/21 (47.6%) vs 6/34 (17.6%)
and 8/21 (38.1%) vs 4/34 (11.7%), p=0.04, 0.01, respectively]
(Table 2).

Although DC patients tended to have a higher 5th-day
response rate [13/21 (61.9%) vs 14/34 (41.1%), p=0.13], with a
shorter time to clinical response (median 3 vs 6 days, p=0.25),
the infection cure at 60-days did not differ between the two
groups [16/21 (76.1%) vs 27/34 (79.4%), p=0.73]. In particular,
mortality was 2/21 (9.5%) vs 4/34 (11.7%, p=0.99). A total of
6 patients had a recurrence of infection, equally distributed
between DC and BAT groups [3/21 (14.2%) vs 3/34 (8.8%),
p=0.66] (Table 2).

3.3. Microbiological Analyses. Microbiological analyses were
performed on strains collected from subjects receiving DC
regimen (n=20; 1 strainwas not available) and are represented
in Table 3.

All the isolated CP-CRE harboured KPC enzymes, which
is in accordance with the local epidemiology [14].

MICs 50/90 were 256/512 and 256/256 𝜇g/mL for
meropenem and ertapenem, respectively. Overall, complete
in vitro synergism (expressed as FICI ≤0.5) was found in 6/20
strains (30%).

Among subjects with meropenem MIC was ≤128 𝜇g/mL
(n=7), which has been found as the best in vitro MIC value
for predicting the highest activity of the DC [15] the clinical
outcome at 60 days was cure or relapse in the totality of cases
(5 cure, 2 relapse) whereas in patients with meropenemMIC
>128 𝜇g/mL (n=13) death occurred in 2 cases and cure in 11
(Table 4).
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Table 1: General characteristics of study population, according to the carbapenem susceptibility of Enterobacteriaceae. CP-CRE: carbapen-
emase producing carbapenem-resistant Enterobacteriaceae; CSE: carbapenem-susceptible Enterobacteriaceae;COPD: chronic obstructive
pulmonary disease; HA: hospital-acquired; CA: community-acquired. ∘: Only subjects with active urinary tract infection requiring
antimicrobial therapy were included; §: defined as resolution of signs and symptoms of infections (i.e., defervescence, improvement of
clinical conditions and imaging upon antimicrobial treatment) and/or negativity of cultures performed after 5 days of antimicrobial treatment,
respectively. ∗∗: sepsis and septic shock were defined according to international guidelines [8].

CP-CRE CSE p-value
(n=55) (n=73)

General characteristics
Age (years), mean (± SD) 61.15 (± 15.4) 64.7 (± 19.5) 0.2595
M:F, n 36:19 48:25 1
Charlson comorbidity index, mean (±SD) 5.24 (± 2.97) 5.82 (± 3.5) 0.3223
Comorbidity, n (%)
Cancer 20 (36.4) 22 (30.1) 0.5687
Chronic Kidney disease 10 (18.2) 14 (19.2) 1.0000
Diabetes mellitus 12 (21.8) 13 (17.8) 0.6543
Heart failure 24 (43.6) 24 (32.9) 0.2689
Liver disease 5 (9.1) 8 (11) 0,7769
COPD 5 (9.1) 10 (13.7) 0.4143
Modality acquisition of infection, n
HA:CA 50:5 38:35 < 0.0001
Risk factors
Hospitalization day before infection, mean (± SD), median 36.12 (± 27.6), 29.5 23.46 (±19.5), 17 0.1376
Hospitalization in the last year, n (%) 51 (92.7) 46 (63) 0.0001
Urinary catheter, n (%) 34 (61.8) 21 (28.7) 0.0003
Central venous catheter, n (%) 26 (47.3) 9 (12.3) < 0.0001
Tracheostomy, n (%) 10 (18.2) 0 (0) 0.0001
Previous antibiotic therapy (90 days), n (%)
Cephalosporins 8 (14.5) 7 (9.6) 0.4171
Penicillin 16 (29.1) 13 (17.8) 0.1418
Carbapenems 19 (34.6) 4 (5.5) 0.0002
Fluoroquinolones 18 (32.7) 15 (20.5) 0.2311
Colistin 8 (14.5) 2 (2.3) 0.0190
Clinical presentation, n (%)
Sepsis∗∗ 10 (18.1) 1 (1.4) 0.0009
Septic shock∗∗ 1 (1.8) 0 0.4297
Site of infection
Lung 12 (21.8) 8 (11) 0.0005
Urinary tract∘ 37 (62.3) 52 (71.2) 0.6995
Soft tissue 12 (21.8) 11 (15.1) 0.3588
Bacteremic infection 14 (25.5) 12 (16.4) 0.2680
Primary bacteremia 4 (7.3) 7 (9.6) 0.7566
Type of Enterobacteriaceae, n (%) < 0.0001
Escherichia coli 0 (0) 58 (79.5)
Klebsiella pneumoniae 55 (100) 15 (20.5)
Antibiotic resistance profile, n (%)
Carbapenem 55 (100) 0 (0) < 0.0001
Fluoroquinolones 53 (96.4) 47 (64.4) < 0.0001
Aminoglycosides 12 (21.8) 24 (32.9) 0.2333
Colistin 15 (27.3) 1 (1.4) < 0.0001
Tigecycline 30 (54.5) 4 (5.4) < 0.0001
Therapy
Time to clinical response, days, mean (± SD), median 6.6 (± 4.65), 4.5 5.2 ± 4.04, 4 0.1674
5th day response§, n (%) 28 (50.9) 47 (64.4) 0.1487
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Table 1: Continued.

CP-CRE CSE p-value
(n=55) (n=73)

Length of hospitalization, mean (± SD) 39.2 ± 29.5 20.4 ± 14.1
< 0.0001

median 31 16
Outcome, n (%):
Clinical cure 43 (78.2) 67 (91.8) 0.0393
Infection relapse 6 (10.9) 4 (5.4) 0.4297
Death 6 (10.9) 2 (2.7) 0.0739

Table 2: Comparison between subjects treatedwith the double-carbapenem regimen (DC) and those treatedwith the best available treatment
(BAT). ∗: two infections were present in some patients. ∘: only subjects with active urinary tract infections requiring antimicrobial therapy
were included; §: defined as resolution of signs and symptoms of infections (i.e., defervescence, improvement of clinical conditions and
imaging upon antimicrobial treatment) and/or negativity of cultures performed after 5 days of antimicrobial treatment, respectively. ∗∗:
sepsis and septic shock were defined according to international guidelines [8].

Group DC Group BAT p value
(n= 21) (n= 34)

Demographic characteristics
Age (years), mean (± SD) 62.28 (± 12.1) 61.18 (± 17) 0.7971
M:F 14:7 21:13 1
Charlson comorbidity index, mean (±SD) 5.14 (± 2.76) 5.39 (± 3.78) 0.7940
Clinical presentation, n (%)
Sepsis∗∗ 6 (28.6) 4 (11.7) 0.1619
Septic shock∗∗ 1 (4.8) 0 (0) 0.3889
Site of infection, n (%)
Lung 4 (19) 8 (23.5) 0.7466
Urinary tract∘ 11 (52.4) 26 (76.4) 0.0702
Soft tissue 7 (33.3) 5 (14.7) 0.1795
Bacteremic infection 7 (33.3) 7 (20.5) 0.3453
Antibiotic resistance, n (%)
Fluoroquinolones 21 (100) 31 (91.1) 0.5157
Aminoglycosides 8 (38.1) 4 (11.7) 0.0424
Colistin 10 (47.6) 6 (17.6) 0.0136
Tigecycline 11 (52.4) 18 (52.9) 1.0000
Therapy:
Time to clinical response, days, mean (± SD), median 5.5 (± 4.22), 3 7.3 (± 4.87), 6 0.2570
5th day response§, n (%) 13 (61.9) 14 (41.1) 0.1351
Outcome, n (%):
Clinical cure 16 (76.2) 27 (79.4) 0.7329
Infection relapse 3 (14.2) 3 (8.8) 0.6660
Death 2 (9.5) 4 (11.7) 0.9980

4. Discussion

Infections caused by CP-CRE are characterized by a higher
morbidity and mortality than those caused by carbapenem-
sensitive strains [2]. Given the worldwide spread of CP-CRE
and the growing emergence of resistance to antimicrobials
such as colistin and aminoglycosides, which have been used
as last resort drugs, there is a growing literature investigating
the best therapeutical regimen according to prognostic scores
and/or antimicrobial susceptibility pattern of the microor-
ganisms [16].

Furthermore, new agents with activity against CP-
CRE show preferential activity against certain type of
carbapenemases [17] and unfortunately their availability
is still restricted to some countries, with obvious ther-
apeutic limitations. The recent use of drugs such as
ceftazidime/avibactam led to the consideration that it
might be considered as a valid option in the setting of
CRE infection [17]; however, its use might be under-
mined by the emergence of resistance, especially in strains
harbouring KPC-3 enzymes and even during treatment
[18].
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Table 3: Microbiological studies on strains isolated from patients treated with the double-carbapenem regimen and correlation with clinical
outcome.MEM:meropenem; ETP: ertapenem. ∘: complete synergy was defined as FICI ≤ 0.5, indifference as FICI > 0.5–4.0, and antagonism
as FICI > 4.0 [13]. ∗: one strain was not available for additional microbiological studies. NA: not applicable.

Pt
MIC MEM,
VITEK-
2(𝜇g/mL)

MIC ETP,
VITEK-
2(𝜇g/mL)

Actual MIC
MEM

(𝜇g/mL)

Actual MIC
ETP

(𝜇g/mL)

Synergism
MEM+ETP∘ Outcome

1 >16 >16 256 256 complete died
2 >16 >16 512 128 indifference cured
3 >16 >16 512 256 complete cured
4 >16 >16 512 256 indifference cured
5 >16 >16 128 256 indifference relapsed
6 >16 >16 128 256 indifference cured
7 >16 >16 128 256 indifference cured
8 >16 >16 256 256 complete cured
9 >16 >16 32 64 indifference cured
10 >16 >16 128 128 indifference cured
11∗ >16 >16 NA NA NA relapsed
12 >16 >16 256 128 indifference cured
13 >16 >16 256 128 indifference cured
14 >16 >16 256 256 indifference cured
15 >16 >16 128 128 indifference cured
16 >16 >16 256 256 indifference died
17 >16 >16 512 512 indifference cured
18 >16 >16 512 512 complete cured
19 >16 >16 256 128 complete cured
20 >16 >16 256 128 indifference cured
21 >16 >16 128 256 complete relapsed
MIC50/90 256/512 256/256

Table 4: Association between meropenem actual MIC (obtained
with macrobroth dilution) and clinical outcome after stratification
according to meropenemMIC.

Actual MIC meropenem
(𝜇g/mL)

Subjects,
n (%)

Outcome at 60-days,
n (%)

32 1 (5) Cure: 1/1 (100)

128 6 (30) Cure: 4/6 (66.7)
Relapse: 2/6 (33.3)

256 8 (40) Cure: 6/8 (75)
Death: 2/8 (25)

512 5 (25) Cure: 5/5 (100)

In these challenging scenarios, the double-carbapenem
regimen has been proposed as a possible therapeutic option
in selected cases [14, 19–21]. While there have been positive
clinical outcomes studies with double-carbapenem use and
while in vitro studies have demonstrated bactericidal activity
with the combination, the exact mechanism of action is not
fully understood [10, 22–26].

In the present study, all consecutive patients with
infections caused by Enterobacteriaceae hospitalized at

the Department of Public Health and Infectious Diseases
(Sapienza University, Rome) over a 3-year period were
included. Apart from the observed differences between
CP-CRE and CSE infections, which confirmed the widely
reported data in the literature regarding epidemiology (with
K. pneumoniae being the most frequent CR-CPE), a more
severe clinical presentation and a lower rate of infection cure
in CP-CRE, we were able to analyze a consistent number of
patients treated with the DC regimen in comparison with
the BAT group. As a matter of fact, no differences in terms
of severity of infection, presence/absence of concomitant
bacteremia, type of infection, and resolution of infectionwere
found; in contrast, subjects treated with the DC tended to
have a higher rate of sepsis/septic shock at the onset of infec-
tion and a higher rate of 5th-day response. Taken together,
these findings confirm that the DC regimen represents a valid
therapeutic option when no other alternatives are possible,
with a global high clinical cure, similar to that observed with
the BAT. However, it should be pointed out that performing
the source control (i.e., catheter/stent removal, abscesses
drainage) whenever possible as part of infection treatment
might have contributed to the overall observed high clinical
cure. Of note, the presence of bacteremic infections in one-
third of subjects receiving the DC regimen strengthens the
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clinical effectiveness of this therapeutic option, which seems
to retain its efficacy even in the presence of high bacterial
inoculum, typically characteristic of bloodstream infections.

All the CP-CRE strains were K. pneumoniae: since KPC
represents the most widely spread carbapenemase in our
country, the results on the efficacy of DC might be translated
even against KPCproducing Enterobacteriaceae other thanK.
pneumoniae (i.e., E. coli) [23].

The results of the present study are in line with some
recent investigations evaluating the clinical role of the DC
regimenwhen no other options are available or after failure of
first-line regimens [22] or in critically ill patients [27]. In the
first study, the authors found a high clinical andmicrobiolog-
ical success in a cohort of patients with complicated urinary
tract infections (with or without secondary bacteremia),
bloodstream infections, pneumonia, and external ventricular
drainage infection [22] whereas in the second case-control
study conducted in two Italian Intensive Care Units subjects
receiving DC regimen presented with more severe clinical
condition and had an improved 28-day mortality compared
with those treated with standard regimen including colistin,
tigecycline, or gentamicin [27].

Moreover, the efficacy of the DC regimen has been
demonstrated in immunocompromised patients, including
kidney transplanted patients [23, 28] and a patient after
allogenic hematopoietic stem cell transplantation [29].

One of the strengths of the present research is represented
by the additional microbiological studies performed on the
strains collected from patients receiving the DC regimen. In
fact, automated systems such as VITEK-2, by indicating high
carbapenems MIC as >16 𝜇g/mL, are unable to determine
the precise MIC of carbapenems and there are growing
evidences supporting the concept that knowing the real MIC
ofmeropenemmight influence the therapeutic choice and the
effectiveness of carbapenem-based combination [15, 30]. In
particular, the DC appeared to bemore effective in vitro if the
meropenemMIC is≤128 𝜇g/mL [15]. In the present study, the
MICs 50/90 for meropenem and ertapenem were extremely
high, with only 7/21 (33.3%) strains with meropenem MIC
≤128 𝜇g/mL; nevertheless, the overall clinical cure was as
high as for strains exhibiting higherMICs. Interestingly, these
results are similar to those found in a previous study [22]
where the actual meropenem MIC, which was performed
in 20/27 strains, was >256 𝜇g/mL in 5/20 (20%) strains,
in the absence of clinical failure. Thus, the exact role of
carbapenemMIC inpredicting theDCclinical success should
be better understood and deserves further investigations,
together with the interaction with the patients’ immune
system.

5. Conclusions

In conclusion, we demonstrated that the DC regimen is
a valid and effective therapeutic option in patients with
infections due to KPC producing CRE, including those with
bacteremic infection andmore severe clinical conditions.The
clinical effectiveness is maintained even in the presence of
extremely high meropenemMIC.
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[5] J. Rodŕıguez-Baño, B. Gutiérrez-Gutiérrez, I. Machuca, and
A. Pascual, “ Treatment of Infections Caused by Extended-
Spectrum-Beta-Lactamase-, AmpC-, and Carbapenemase-
Producing ,” Clinical Microbiology Reviews, vol. 31, no. 2,
2018.

[6] http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST
files/Breakpoint tables/v 8.1 Breakpoint Tables.pdf.

[7] https://wwwn.cdc.gov/nndss/conditions/carbapenemase-
producing-carbapenem-resistant-enterobacteriaceae/case-
definition/2018/.

[8] R. P. Dellinger, M. M. Levy, and A. Rhodes, “Surviving sepsis
campaign: international guidelines for management of severe
sepsis and septic shock: 2012,” Critical Care Medicine, vol. 42,
no. 1, pp. 580–637, 2014.

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_8.1_Breakpoint_Tables.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_8.1_Breakpoint_Tables.pdf
https://wwwn.cdc.gov/nndss/conditions/carbapenemase-producing-carbapenem-resistant-enterobacteriaceae/case-definition/2018/
https://wwwn.cdc.gov/nndss/conditions/carbapenemase-producing-carbapenem-resistant-enterobacteriaceae/case-definition/2018/
https://wwwn.cdc.gov/nndss/conditions/carbapenemase-producing-carbapenem-resistant-enterobacteriaceae/case-definition/2018/


8 BioMed Research International

[9] R. K. Shields, M. H. Nguyen, L. Chen, E. G. Press, B.
N. Kreiswirth, and C. J. Clancy, “ Pneumonia and Renal
Replacement Therapy Are Risk Factors for Ceftazidime-
Avibactam Treatment Failures and Resistance among Patients
with Carbapenem-Resistant ,” Antimicrobial Agents and
Chemotherapy, vol. 62, no. 5, p. e02497-17, 2018.

[10] A. Oliva, F. Gizzi, M. T. Mascellino et al., “Bactericidal and syn-
ergistic activity of double-carbapenem regimen for infections
caused by carbapenemase-producing Klebsiella pneumoniae,”
Clinical Microbiology and Infection, vol. 22, no. 2, pp. 147–153,
2016.

[11] C. G. Giske, L. Gezelius, Ø. Samuelsen, M. Warner, A. Sunds-
fjord, and N. Woodford, “A sensitive and specific pheno-
typic assay for detection of metallo-𝛽-lactamases and KPC
in Klebsiella pneumoniae with the use of meropenem disks
supplemented with aminophenylboronic acid, dipicolinic acid
and cloxacillin,” Clinical Microbiology and Infection, vol. 17, no.
4, pp. 552–556, 2011.

[12] CLSI. Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically; approved standard, seventh ed.
2006. Document M7-A7 CLSI, Wayne, PA.

[13] F. C. Odds, “Synergy, antagonism, and what the chequerboard
puts between them,” Journal of Antimicrobial Chemotherapy,
vol. 52, no. 1, p. 1, 2003.

[14] A. Oliva, A. D’Abramo, C. D’Agostino et al., “Synergistic activity
and effectiveness of a double-carbapenem regimen in pandrug-
resistant Klebsiella pneumoniae bloodstream infections,” Jour-
nal of Antimicrobial Chemotherapy, vol. 69, no. 6, pp. 1718–1720,
2014.

[15] A. Oliva, L. Scorzolini, A. Cipolla et al., “In vitro evaluation of
different antimicrobial combinations against carbapenemase-
producing Klebsiella pneumoniae: The activity of the double-
carbapenem regimen is related to meropenem MIC value,”
Journal of Antimicrobial Chemotherapy, vol. 72, no. 7, pp. 1981–
1984, 2017.

[16] A. Cano, B. Gutiérrez-Gutiérrez, I. Machuca et al., “Risks of
Infection andMortality Among Patients Colonized With Kleb-
siella pneumoniae Carbapenemase–Producing K. pneumoniae:
Validation of Scores and Proposal for Management,” Clinical
Infectious Diseases, vol. 66, no. 8, pp. 1204–1210, 2018.

[17] M. Tumbarello, E. M. Trecarichi, A. Corona et al., “Efficacy
of Ceftazidime-avibactam Salvage Therapy in Patients with
Infections Caused by KPC-producing Klebsiella pneumoniae,”
Clinical Infectious Diseases, vol. 9, 2018.

[18] D. M. Livermore, M. Warner, D. Jamrozy et al., “In vitro
selection of ceftazidime-avibactam resistance in enterobacteri-
aceae with KPC-3 carbapenemase,” Antimicrobial Agents and
Chemotherapy, vol. 59, no. 9, pp. 5324–5330, 2015.

[19] C. C. Bulik and D. P. Nicolau, “Double-carbapenem therapy for
carbapenemase-producing Klebsiella pneumoniae,” Antimicro-
bial Agents and Chemotherapy, vol. 55, no. 6, pp. 3002–3004,
2011.

[20] A. Oliva, M. T. Mascellino, A. Cipolla et al., “Therapeutic
strategy for pandrug-resistant Klebsiella pneumoniae severe
infections: Short-course treatment with colistin increases the
in vivo and in vitro activity of double carbapenem regimen,”
International Journal of Infectious Diseases, vol. 33, pp. e132–
e134, 2015.

[21] A. Oliva, L. Scorzolini, D. Castaldi et al., “Double-carbapenem
regimen, alone or in combination with colistin, in the treatment
of infections caused by carbapenem-resistant Klebsiella pneu-
moniae (CR-Kp),” Infection, vol. 74, no. 1, pp. 103–106, 2017.

[22] M. Souli, I. Karaiskos, A. Masgala, L. Galani, E. Barmpouti, and
H. Giamarellou, “Double-carbapenem combination as salvage
therapy for untreatable infections by KPC-2-producing Kleb-
siella pneumoniae,” European Journal of Clinical Microbiology
& Infectious Diseases, vol. 36, no. 7, pp. 1305–1315, 2017.

[23] A. Oliva, A. Cipolla, F. Gizzi et al., “Severe bloodstream
infection due to KPC-producer e coli in a renal transplant
recipient treated with the double-carbapenem regimen and
analysis of in vitro synergy testing a case report,” Medicine
(United States), vol. 95, no. 7, p. e2243, 2016.

[24] I. Galani, K. Nafplioti, M. Chatzikonstantinou, and M. Souli,
“In vitro evaluation of double-carbapenem combinations
against OXA-48-producing Klebsiella pneumoniae isolates
using time–kill studies,” Journal of MedicalMicrobiology, vol. 67,
no. 5, pp. 662–668, 2018.

[25] H. Giamarellou, L. Galani, F. Baziaka, and I. Karaiskos, “Effec-
tiveness of a double-carbapenem regimen for infections in
humans due to carbapenemase-producing pandrug-resistant
Klebsiella pneumoniae,” Antimicrobial Agents and Chemother-
apy, vol. 57, no. 5, pp. 2388–2390, 2013.

[26] V. Venugopalan, B. Nogid, T. N. Le, S. M. Rahman, and T. E.
Bias, “Double carbapenem therapy (DCT) for bacteremia due
to carbapenem-resistant Klebsiella pneumoniae (CRKP): from
test tube to clinical practice,” Infectious Diseases, vol. 49, no. 11-
12, pp. 867–870, 2017.

[27] G. De Pascale, G. Martucci, L. Montini et al., “Double car-
bapenem as a rescue strategy for the treatment of severe
carbapenemase-producing Klebsiella pneumoniae infections: a
two-center, matched case–control study,” Critical Care, vol. 21,
no. 1, 2017.

[28] R. Rosa, S. D. Rudin, L. J. Rojas et al., “ “Double carbapenem”
and oral fosfomycin for the treatment of complicated urinary
tract infections caused by ,” Transplant Infectious Disease, vol.
20, no. 1, p. e12795, 2018.

[29] N. Piedra-Carrasco, L. Miguel, A. Fàbrega et al., “ Effectiveness
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