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Between July 2011 and August 2011, the New Delhi 
metallo-beta-lactamase 1 (NDM-1) gene was detected 
in Klebsiella pneumoniae and Escherichia coli isolates 
obtained from six patients hospitalised in four health-
care facilities in northern Italy. The patient who had 
been hospitalised in New Delhi, India, from February 
to May 2011 and subsequently in the Bologna area, 
Italy, from May to July 2011, may have been the source 
of the outbreak. Our findings suggest ongoing spread 
of this carbapenem-resistance gene in Italy and high-
light the need for intensive surveillance.

Outbreak description
On 2 July 2011, we isolated Klebsiella pneumoniae har-
bouring the New Delhi metallo-beta-lactamase gene 
(blaNDM), cultured from the urine of a patient (Patient 
1) who was admitted to a nursing home (Facility A), 
in Bologna, Italy. In the same period, two blaNDM-
positive  K.  pneumoniae isolates were identified in 
patients in two hospitals (Facilities B and C) in the 
Bologna area on 8 July (Patient 2) and 13 July (Patient 
3), respectively. Patient 2 had been previously admit-
ted to the same nursing home (Facility A) as Patient 1. 
Subsequently, two further blaNDM-positive K.  pneumo-
niae isolates were identified on 18 and 22 July from 
Patients 4 and 5, respectively, who were in the same 
nursing home as Patient 1. Retrospective analysis of 
the hospital records indicated a possible epidemiologi-
cal link between Patients 1, 2, 4 and 5 since the timing 
of the stays of Patients 2, 4 and 5 in healthcare facili-
ties overlapped with that of Patient 1 (from June to July 
2011) and four of these five patients (Patients 1, 2, 4 
and 5) had been admitted to the same nursing home. 
Patient 3 had been in the same hospital (Facility C) as 
Patient 1 in the second week of July.

In addition, an Escherichia coli harbouring blaNDM 
was isolated on 8 August from a patient (Patient 6) 
who was hospitalised in a fourth facility, a tertiary 
hospital (Facility D) in the same geographical area. 
Epidemiological investigations suggested that this 
patient was probably the source of the outbreak: this 

patient had been hospitalised from February to May 
2011 in New Delhi, India, and then, after arriving in 
Italy, in a fifth facility (Facility E) from 25 May to 11 July. 
During the stay in Facility E and before the detection of 
an NDM-producing E.  coli in August, E.  coli had been 
cultured from four urine samples (the first on 26 May). 
These isolates showed an elevated level of resist-
ance to carbapenems: the antimicrobial susceptibility 
of these four isolates was very similar to that of the 
isolate bearing NDM that we subsequently isolated. 
Unfortunately, we did not have the opportunity to test 
for the presence of NDM in these first four isolates 
from this patient, as this routine diagnosis was carried 
out in another laboratory. It should be noted that the 
culture from the fourth sample also led to the isolation 
of a K.  pneumoniae strain with reduced susceptibility 
to carbapenems. 

It is noteworthy that Patients 1 to 5 had no reported 
history of travel to or hospitalisation in an NDM-1 
endemic area. It was not possible to identify a direct 
epidemiological link between Patient 6 and the other 
five patients. Patient 6 had been hospitalised in the 
same hospital (Facility C) as two other patients in this 
outbreak (Patients 1 and 3). From the information cur-
rently available, it is not possible to identify a possible 
link between Patient 6 and Patients 2, 4 and 5.

The dates of the stays of Patients 1–6 in the healthcare 
facilities are shown in the Table.

Background
Carbapenems are the preferred treatment for severe 
infections caused by multidrug-resistant Gram-
negative bacteria producing an extended-spectrum 
beta-lactamase (ESBL). For this reason, the increas-
ing and rapid spread of mobile genetic elements that 
determine acquired resistance to carbapenems and 
all other beta-lactams in Enterobacteriaceae [1] is of 
great concern. In the last few years, the considerable 
spread of carbapenem-resistant K. pneumoniae strains 
harbouring the K.  pneumoniae carbapenemase (KPC)  
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gene (blaKPC) has been reported in Europe [2] and has 
greatly affected Italy [3,4].

Recently, an increase in the spread of a novel 
acquired carbapenemase, New Delhi metallo-beta-
lactamase 1 (NDM-1), which can be produced by sev-
eral Enterobacteriaceae species, has been reported in 
Europe: a total of 77 cases were reported from 13 coun-
tries from 2008 to 2010 [2]. In Italy, NDM-1-positive 
isolates were first described earlier this year [5]: NDM-
1-positive E.  coli was found in a patient with an indi-
rect epidemiological link to NDM-1-endemic areas. 
Transient colonisation was apparently seen in another 
patient linked to the index case.

Laboratory investigations
The carbapenem-resistant strains were collected from 
four different Italian healthcare facilities in the Bologna 
area. Routine determination of minimum inhibitory con-
centrations (MICs) was performed by using a VITEK2 
automated system (bioMérieux, France) and the results 
were interpreted according to the European Committee 
on Antimicrobial Susceptibility Testing [EUCAST] guide-
lines [6]. Isolates that showed reduced susceptibility to 
ertapenem (≥0.5 mg/L) were further evaluated in order 
to investigate the mechanism of resistance. This phe-
notype is thought to arise from the production of car-
bapenemase or metallo-beta-lactamase (MBL) or ESBL 
associated with porin loss. As a phenotypic confirma-
tory test for carbapenemase production, the modified 
Hodge test [7] and a disc-diffusion synergy test (ROSCO 
Diagnostica, Denmark) were performed.

Between 1 March and 30 August 2011, a total of 44 
Enterobacteriaceae isolates that showed reduced sus-
ceptibility to carbapenems and in which the blaKPC gene 
was not detected were screened for the presence of an 

MBL-resistance mechanism. The disc-diffusion synergy 
test indicated MBL production (inhibition of carbapen-
emase activity by dipicolinic acid) for the six isolates 
(five K. pneumoniae and one E. coli).

Polymerase chain reaction (PCR) amplification of the 
blaNDM-1 gene and direct cloning and sequencing of the 
PCR product was performed as previously described 
[8]. The sequences obtained were compared using 
BLAST (basic local alignment search tool) [9]. In 
accordance with the phenotypic results, this molecular 
testing confirmed the presence of the blaNDM-1 gene in 
all six isolates, with 99.9% identity with blaNDM-1 gene 
present in GenBank (JF714412.1). In addition, all the 
isolates contained the blaTEM-1 gene.

The six blaNDM-positive isolates showed MICs of >8 
μg/mL for ertapenem, while for imipenem, the MICs 
ranged from <1 to >32 μg/mL and for meropenem from 
2 to 4 μg/mL. Furthermore, they had a high resistance 
rate to other classes of antimicrobials, such as fluoro-
quinolones and aminoglyocosides. The only drugs that 
showed a good level of antimicrobial activity against 
all six isolates in vitro were tigecycline and colistin, 
with MICs of ≤ 2 μg/mL and ≤ 1 μg/mL, respectively. The 
antimicrobial susceptibility profiles of the six isolates 
are listed in the Table.

Discussion
After the first identification of NDM-production in 
K. pneumoniae and E. coli isolates in a Swedish patient 
of Indian origin in 2009, NDM has been detected 
in all continents [10]. Enterobacteriaceae that carry 
carbapenemase-producing genes, including blaNDM 
and blaKPC, are considered an important public health 
problem because of ability of these genes to spread 
[1] and the considerable clinical impact of this type of 

Table 
Minimum inhibitory concentration of selected antimicrobial agents against NDM-1-producing Enterobacteriaceae isolates, 
northern Italy, July–August 2011

Patient

Sample 
collection 

date 
(2011)

Patient’s 
healthcare 

facility

Dates of stay 
in healthcare 

facility
(2011)

Isolate Sample

Minimum inhibitory concentration (µg/mL)

AK AMC CAZ CIP CL EPM IPM MPM GM TZP TYG SXT CTX

1 2 Jul A
C

1 Jul–12Jul 
12 Jul –20 Jul  

Klebsiella 
pneumoniae Urine 16 >32 >64 >4 0.5 >8 ≤1 2 16 >128 1 >320 >64

2 8 Jul A
B

21 Jun–4Jul 
4 Jul–20 Sep 

K. 
pneumoniae Bile 16 >32 >64 >4 1 >8 ≤1 4 16 >128 2 20 >64

3 13 Jul C 7 Jun–27 Jul K. 
pneumoniae Sputum 2 >32 >64 >4 0.5 >8 4 2 8 >128 1 >320 >64

4 18 Jul A 11 Jul–13 Aug K. 
pneumoniae Urine 16 >32 >64 >4 0.5 >8 8 2 16 >128 1 20 >64

5 22 Jul A 20 Jun–19 Aug K. 
pneumoniae Urine 16 >32 >64 >4 0.5 >8 >16 4 8 >128 2 >320 >64

6 8 Aug
E
C
D

25 May–11 Jul
11 Jul–29 Jul
29 Jul–9 Aug

Escherichia 
coli Urine 64 >32 >64 >4 0.5 >8 >16 4 16 >128 0.5 >320 >64

AK: amikacin; AMC: amoxicillin/clavulanic acid; CAZ: ceftazidime; CIP: ciprofloxacin; CL: colistin; CTX: cefotaxime; EPM: ertapenem; GM: 
entamicin; IPM: imipenem; NDM; New Delhi metallo-beta-lactamase; MPM: meropenem; SXT: sulfamethoxazole/trimethoprim; TYG: 
tigecyclin; TZP: piperacillin/tazobactam.
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antimicrobial resistance on the management of health-
care-associated infections.

This study reports an outbreak of NDM-producing 
Enterobacteriaceae colonisation or infection in Italy, 
where previously there had been only one report of 
NDM in isolates from two patients, in a different part of 
the country [5]. As at the time of microbiological diag-
nosis, the six patients in our study were hospitalised 
in four different healthcare facilities: epidemiological 
investigations suggested a likely link between five of 
the patients (Patients 1–5). For the sixth patient, it was 
not possible to identify a possible direct link between 
this patient and all the other patients. Nevertheless, 
Patient 6 could be the possible source of this outbreak 
because of the patient’s history of previous hospi-
talisation in New Delhi before admission to a health-
care facility in the Bologna area, where NDM-positive 
isolates had not been previously reported. We can 
consequently hypothesise that the NDM-producing 
bacterial strains were transmitted nosocomially to 
other patients.

The detection of the NDM-1 gene in five strains of 
K. pneumoniae and one E. coli strain confirms that for 
this resistance mechanism, the risk of spread is not 
only among clonally related strains of the same spe-
cies: this gene can also be efficiently spread to other 
bacterial species. The rapid spread of this gene is not 
unexpected [10,11] and has been already described 
among several Enterobacteriaceae species, mainly 
K.  pneumoniae, in the United Kingdom [12]. Further 
molecular studies are currently in progress in order 
to better define the correlation between these NDM-
positive strains identified in our study.

Given our findings, it will be extremely important to 
apply strict measures of surveillance and infection con-
trol in order to limit the spread of carbapenem-resist-
ance genes in Enterobacteriaceae into other areas of 
Italy.
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