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An outbreak of Klebsiella pneumoniae carbapenemase
(KPC)-producing Klebsiella pneumoniae type 2 was
detected in September 2009 in two hospitals in a sub-
urb south of Paris, France. In total, 13 KPC-producing
K. pneumoniae type 2 cases (four with infections and
nine with digestive-tract colonisations) were identi-
fied, including a source case transferred from a Greek
hospital. Of the 13 cases, seven were secondary cases
associated with use of a contaminated duodenoscope
used to examine the source case (attack rate: 41%) and
five were secondary cases associated with patient-to-
patient transmission in hospital. All isolated strains
from the 13 patients: (i) exhibited resistance to all
antibiotics except gentamicin and colistin, (ii) were
more resistant to ertapenem (minimum inhibitory con-
centration (MIC) always greater than 4 mg/L) than to
imipenem (MIC: 1-8 mg/L, depending on the isolate),
(iii) carried the bla,, , and bla,, . genes and (iv) had
an indistinguishable pulsed-field gel electrophoresis
(PFGE) pattern. These cases occurred in three hospi-
tals: some were transferred to four other hospitals.
Extended infection control measures implemented in
the seven hospitals included: (i) limiting transfer of
cases and contact patients to other wards, (ii) cohort-
ing separately cases and contact patients, (iii) rein-
forcing hand hygiene and contact precautions and (iv)
systematic screening of contact patients. Overall, 341
contact patients were screened. A year after the out-
break, no additional case has been identified in these
seven hospitals. This outbreak emphasises the impor-
tance of rapid identification and notification of emerg-
ing highly resistant K. pneumoniae strains in order to
implement reinforced control measures.
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Introduction

The emergence of Klebsiella pneumoniae carbap-
enemase (KPC)-producing Klebsiella pneumoniae type
2 (hereafter referred to as KPC-2 K. pneumoniae) has
been reported worldwide and is becoming a major
clinical and public health concern [1]. Such pathogens
remain rare in France although a few outbreaks have
been reported [2]. In this paper we describe a multi-hos-
pital outbreak of KPC-2 K. pneumoniae, which occurred
in a suburb south of Paris, France, in September and
October 2009.

Alert of a healthcare-associated infection

A national healthcare-associated infection early
warning and response system was set up in France
in 2001, coordinated at national level by the French
public health surveillance institute (Institut de Veille
Sanitaire, InVS) [3]. Through this system, two univer-
sity hospitals (Hospitals A and B) in a suburb of south
of Paris each reported KPC-2 K. pneumoniae bacterae-
mia in one patient at the end of September 2009 to the
Regional Coordinating Centre for Nosocomial Infection
Control (Centre de coordination de la lutte contre les
infections nosocomiales (CCLIN Paris-Nord)) in north-
ern France and to the regional health authorities. The
case in Hospital A was notified the day before the
notification of the case in Hospital B. These hospi-
tals belonged to the same institution, the Assistance
Publique—Hopitaux de Paris.

Epidemiological investigations

In response to the notifications from the two hospitals,
local infection control teams carried out epidemio-
logical investigations with the support of the regional
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Spatio-temporal description: multi-hospital outbreak of KPC-2 Klebsiella pneumoniae®, France, September to October 2009
(n=13)
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2 Klebsiella pneumoniae carbapenemase (KPC)-producing Klebsiella pneumoniae type 2.

TABLE
Case description®: multi-hospital outbreak of KPC-2 Klebsiella pneumoniae®, France, September to October 2009 (n=13)

Case Duodenoscopy in  Type of specimen Infection/ Qutcome as of

Hospital® Comment

number Hospital B tested colonisation 1 November 2010

1 A Yes Rectal swab Colonisation Alive source case
(transferred from Greece)
Infection Death unrelated to .
2 B Yes Blood sample (bacteraemia) KPC-2 K. pneumoniae Index case Hospital B
Infection Death unrelated to .
3 A Yes Blood sample (bacteraemia) KPC-2 K. pneumoniae Index case Hospital A
- . Infection .
4 A No Biliary fluid (biliary) Alive Contact of Case 3
. . Infection Death unrelated to
5 A No Bronchial aspirate (pulmonary) KPC-2 K. pneumoniae Contact of Case 3
- . Contact of Case 2
6 B No Rectal swab Colonisation Alive Transferred to Hospital A
7 B No Rectal swab Colonisation Alive Contact of Case 2
8 B Yes Rectal swab Colonisation Alive -
9 B Yes Rectal swab Colonisation Alive Transferred to Hqsp|tal Dthen to
Hospital E
Alive: urinary tract Index case Hospital C
10 B Yes Rectal swab Colonisation - urinary Returned home from Hospital B,
colonisation in 2010 o . X
then re-hospitalised in Hospital C
" B Yes Rectal swab Colonisation Death unrelated tp Underwent follow-up in Hospitals
KPC-2 K. pneumoniae Fand G
12 C No Rectal swab Colonisation Alive Contact of Case 10
13 B Yes Rectal swab Colonisation Alive Underwent follow-up in Hospital G

2 Reasons for hospitalisation included biliary or gall bladder lithiasis, gastrointestinal carcinoma, gastrointestinal haemorrhage, hepatic
transplantation and peritonitis.

® Klebsiella pneumoniae carbapenemase (KPC)-producing Klebsiella pneumoniae type 2.
¢ Hospital where KPC-2 K. pneumoniae was diagnosed.
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infection control coordination centre and of the central
infection control team of the Assistance Publique—
Hopitaux de Paris.

A case was defined as a person from whom KPC-2 K.
pneumoniae was identified microbiologically in rec-
tal swabs taken as part of systematic screening or in
clinical specimens. A contact patient was defined as a
person who shared the same unit and the same health-
care workers as a case. All contact patients in hospi-
tal wards were listed and screening was proposed to
them.

Outbreak description

Source case

Preliminary results of the epidemiological investigation
at the end of September 2009 indicated that the first
two cases notified from Hospitals A and B had under-
gone duodenoscopy in Hospital B at the end of August
and in early September 2009 with the same duodeno-
scope. Following notification of these two cases, retro-
spective analysis of the charts of all patients who had
undergone duodenoscopy since March 2009 (the date
of the last maintenance by the manufacturer) in Hospital
B with the same duodenoscope used for the two cases
pointed to a likely source case — a patient examined
by duodenoscopy at the end of July 2009 in Hospital B.
The endoscopy was carried out in Hospital B, but the
patient stayed in Hospital A, after being transferred
from a hospital in Greece, where KPC-2 K. pneumoniae
is endemic [4]. Screening for all Enterobacteriaceae
resistant to third-generation cephalosporins,in a rectal
swab on admission — routinely performed in Hospital
A since a previous outbreak [2] — was negative for this
likely source case, but a subsequent swab was positive
(at the start of August 2009). The bacterial strain had
first been considered as susceptible to carbapenems
(with an imipenem minimum inhibitory concentration
(MIC) of 1.5 mg/L), but during the outbreak investiga-
tion in September 2009, the laboratory of Hospital A
detected the bla,, . gene in this isolate. It was there-
fore retrospectively considered as the first isolate
of KPC-2 K. pneumoniae in Hospital A, and the case
from whom it was isolated as the source case of the
outbreak.

Secondary cases

There were two further cases of KPC-2 K. pneumoniae
infection (biliary and pulmonary) in Hospital A at the
end of September 2009 (Cases 4 and 5); the infection
was acquired by patient-to-patient transmission in the
same ward. These patients had not undergone endos-
copy but their stay overlapped with the stay in Hospital
A of the first case notified by this hospital (Case 3) [5]
(Figure).

Active screening of contact patients was then conducted
in Hospitals A and B: all isolated extended-spectrum
beta-lactamase (ESBL)-producing Enterobacteriaceae
were screened for susceptibility to carbapenems (imi-
penem and ertapenem) and the MICs were determined.
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No other cases were identified among 87 contact
patients in Hospital A, but two new cases (Cases 6
and 7) were identified among 208 contact patients in
Hospital B. A total of 295 of 342 contact patients (86%)
were screened in these two hospitals.

Of the 17 patients who had undergone endoscopy in
Hospital B since March 2009 with the same duode-
noscope as that used for the source case, two were
the notified index cases with bacteraemia, five had
KPC-2 K. pneumoniae-positive rectal swabs, nine were
negative after three screenings over the course of the
two-week investigation and one died before the inves-
tigation started. The carrier status of one of these
five KPC-2 K. pneumoniae-positive patients (Case 10)
was determined at the start of October 2009, but the
patient was discharged the same day, to go home. The
patient was subsequently readmitted (in early October)
to an intensive care unit in a third hospital (Hospital
C), without information about their KPC-2 K. pneumo-
niae status. After the infection control practitioner of
Hospital B had been informed by physicians about the
patient’s readmission to Hospital C, they informed their
counterpart in Hospital C, so that screening and control
measures could be implemented. As a result of screen-
ing of 25 contact patients in Hospital C, one secondary
case was identified (Case 12).

Four cases were transferred to or had medical follow-
up in four other hospitals (Hospitals D to G): one was in
the same region as Hospitals A and B and three were in
neighbouring regions. The cases’ KPC-2 K. pneumoniae
status was known at the time of transfer or follow-up.
In Hospitals D and E, there were no contact patients; in
Hospital F, three contact patients were screened and in
Hospital G, 18 were screened (at least one rectal swab
from each contact patient was obtained and screened).
No further cases were identified in Hospitals D to G.

By the end of October 2009, 13 KPC-2 K. pneumoniae
cases (four with infections and nine with digestive-
tract colonisations) had been identified in Hospitals
A to C (Table), comprising one source case, seven sec-
ondary cases among the 17 patients who underwent
endoscopy with the same duodenoscope (attack rate:
41%) and five secondary cases among the 341 contact
patients in Hospitals A to G (attack rate: 1.5%). There
were no deaths related to KPC-2 K. pneumoniae infec-
tion. As of 1 November 2010, no new case involving
the same strain has been identified in these seven
hospitals.

Microbiological investigations

Carbapenem resistance of the isolated bacterial strains
was initially detected by routine methods [6]. The MIC
of imipenem and ertapenem was determined by Etest
(Bio-Rad). The presence of the bla,, , gene and bla,,,, .
gene was identified by polymerase chain reaction
(PCR) and DNA sequencing.



In Hospital A, all ESBL-producing K. pneumoniae strains
that had been isolated in the six months before the
outbreak were re-investigated, to screen for carbapen-
emase production using the modified Hodge test and
ethylenediaminetetraacetic acid (EDTA)-disc synergy
[7] and PCR.

Rectal swabs or clinical specimens were screened
for Enterobacteriaceae resistant to third-generation
cephalosporins by plating on Drigalski agar contain-
ing 0.5 mg/L cefotaxime and MacConkey agar con-
taining 2 mg/L ceftazidime (AES Laboratoire) [5], a
medium commonly used in France for ESBL-producing
strains. Indeed strains resistant to carbapenems are
also resistant to third-generation cephalosporins. All
bacteria that grew were identified at the species level
and tested for susceptibility to various drugs, including
carbapenems. The laboratory of Hospital B performed
pulsed-field gel electrophoresis (PFGE) of genomic DNA
of the isolated bacteria using Xba 1 restriction enzyme.

Duodenoscope disinfection controls were performed
according to the national recommendations of the
French Ministry of Health published in 2007 [8]. After
disinfection, 100 ml of sterile wash solution were asep-
tically injected in all channels of the endoscope. The
wash solution was collected at the other end of the duo-
denoscope and cultured on standard culture medium
at various temperatures. If the cultures were positive,
each channel was tested individually. Bacterial colo-
nies were counted and identified according to standard
methods [6].

At the end of September 2009, despite disinfection
of the endoscope, two microbiological controls of
the duodenoscope used by the source and some sub-
sequent cases revealed the presence of faecal flora
(Enterobacteriaceae and Enterococcus), including KPC-2
K. pneumoniae strains (103 colony-forming units (CFU)/
ml) with an indistinguishable PFGE pattern. No other
multidrug-resistant bacteria were found.

As already described in reports focusing on micro-
biological aspects of this outbreak [5,9],the KPC-2 K.
pneumoniae strains isolated from all 13 cases and from
the duodenoscope showed resistance or intermediate
susceptibility to all antibiotics except gentamicin and
colistin. The MIC for imipenem varied between 1.5 mg/L
and 8 mg/L, depending on the isolate. However, the
MIC for ertapenem was always greater than 4 mg/L.
PCR analysis of the outbreak strain identified the
bla,,., and the bla, 12 genes encoding respectively
a carbapenemase and an ESBL [5]. Two other beta-
lactamase genes were identified: bla,, . and bla,, .
Multilocus sequence typing, performed as previously
described [10], showed that all strains belonged to
sequence type (ST) 258, [11,12]. The PFGE patterns of
all the isolates were indistinguishable.

Infection control measures

Evaluation of duodenoscope disinfection
practices and maintenance

The duodenoscope in question had been acquired by
Hospital B in 2003 and was therefore rather old in 2009,
but had been regularly maintained. A new, automated
cleaning device had been in use for a year; peracetic
acid had been used instead of glutaraldehyde for disin-
fection. The cleaning and disinfection processes were
consistent with guidelines [13] but the drying process
was not optimal.

The duodenoscope was sent to the manufacturer
during the outbreak investigation for maintenance,
cleaning and desinfection. No signs of damage were
identified. Disinfection procedures were reviewed and
disinfection practices were observed by the local infec-
tion control team of Hospital B with the support of the
regional infection control coordination centre and of
the central infection control team of the Assistance
Publique—Hopitaux de Paris. The disinfection proce-
dures were revised, to include a systematic and com-
plete drying step after each disinfection cycle. After
the outbreak, microbiological controls of the duode-
noscope were performed more frequently (monthly).
Since January 2010, controls have been carried out
every three months (before the outbreak, they were
performed every six months).

Hospital infection control procedures

Extended infection control measures were imple-
mented in each of the seven hospitals involved by local
infection control teams with the support of hospital
administrators, coordinated by the regional infection
control coordination centre and, in Hospitals A and
B, also by the central infection control team of the
Assistance Publique—Hdpitaux de Paris. The objective
of these measures was to prevent future patient-to-
patient transmission and included: (i) limiting transfer
of cases and contact patients to other wards until the
case was discharged from hospital, (ii) cohorting cases
and contact patients in separate units with different
healthcare workers, until discharge [14], (iii) flagging
the presence of cases by displaying a specific poster
or logo on the doors of cases’ rooms and in the part
of the ward where cases were cohorted, (iv) reinforcing
hand hygiene (more and better use of hydroalcoholic
solutions) and contact precautions, and (v) systematic
screening of contact patients.

In Hospitals D and E, strengthened control measures
were immediately implemented at the time of admis-
sion of cases, to ensure that no patients came into con-
tact with a case.

Discussion

Carbapenemase-producing K. pneumoniae have
increasingly been isolated from patients in healthcare
settings worldwide [1] and are already endemic in some
countries. In Europe, Greece has the highest preva-
lence of carbapenem-resistant K. pneumoniae strains;

www.eurosurveillance.org



other countries such as Israel and the east coast of the
United States also have a high prevalence [1 15,16].
In France, a few KPC K pneumoniae cases have been
reported, mostly from patients transferred from hospi-
tals in the three countries mentioned [1,17,18].

Hospital A receives numerous patients from hospitals in
Greece and the Middle East and has already described
an outbreak of Verona integron-encoded metallo-beta-
lactamase (VIM)-producing K. pneumoniae and its con-
trol [14]. Stringent control measures — such as those
described during the outbreak described in this report
— are implemented on the admission of such patients,
to prevent patient-to-patient transmission. In order to
assist hospitals in the implementation of such control
measures, national guidelines on screening patients
transferred from abroad have been recently published
in France [19].

The outbreak described in this report highlights
the risk of transmitting multidrug-resistant bacteria
through endoscopy, particularly through invasive pro-
cedures such as duodenoscopy, and by patient-to-
patient transmission in hospital. Our analysis showed
that seven of the 17 patients who underwent endos-
copy with the same duodenoscope used for the source
case were contaminated with the outbreak strain over
a period of two months. Together with the indistin-
guishable PFGE pattern, this strongly suggests that
this duodenoscope represented a persistent source of
contamination. A review showed that endoscopy-asso-
ciated outbreaks are related to inadequate endoscope
cleaning, although the risk of exogenous infection from
endoscopes that have been appropriately reprocessed
is very low [20]. This review reinforces the need for:
(i) adequate drying after each reprocessing cycle, (ii)
reprocessing endoscopes after a period of non-use,
(iii) microbiological surveillance and (iv) coordinated
handling of post-contamination responses.

The outbreak presented here shows that is possible
to limit cross-transmission of multidrug-resistant bac-
teria by healthcare workers in a multi-hospital setting
by implementing systematic investigation (includ-
ing screening of contact patients) and extended con-
trol measures (including cohorting separately case
and contact patients), as recommended by the French
health authorities for controlling the spread of multid-
rug-resistant bacteria [19,21]. However, several weak-
nesses of the infection control organisation during
this outbreak should be pointed out: (i) the source
case was only identified retrospectively, due to the
difficulty of identifying carbapenemase production
in bacterial strains with a low level of resistance to
some carbapenems; (ii) there was a delay in issuing
an alert warning after the identification of the first two
index cases in Hospitals A and B, which led to a high
number of contact patients; (iii) one case from Hospital
B was transferred to another hospital without informa-
tion about the previous hospital stay of this patient or
the patient’s KPC-2 K. pneumoniae carrier status. The
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lessons learnt from this outbreak may help to improve
the efficiency of control in future outbreaks and to pre-
vent further outbreaks.

Reactivity and preparedness of local and regional per-
sonnel (e.g. microbiologists, healthcare workers and
infection control teams) are likely to be crucial in con-
trolling emerging multidrug-resistant pathogens [22].
In addition, clear and comprehensive recommendations
for microbiological laboratories will facilitate the early
detection of carbapenemase-producing organisms [1].
This outbreak also demonstrates the usefulness of
a coordinated healthcare-associated infection early
warning and response system in rapidly implementing
a multi-hospital investigation, providing assistance to
hospitals for screening and infection control measures,
and controlling the spread of an emerging pathogen.
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