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In 2009, following the occurrence of several outbreaks
of carbapenemase-producing Enterobacteriaceae
(CPE), a programme for controlling the spread of CPE
was implemented in the 38 hospitals of the Assistance
Publique-Hopitaux de Paris, a 21,000-bed institution.
This programme included recommendations to iso-
late, and screen for CPE, patients previously hospital-
ised abroad, and bundled measures to control cross
transmission (barrier precautions, dedicated staff and
screening of contact patients). From 2004 to 2012, 140
CPE index cases were identified, 17 leading to out-
breaks. After application of the programme, in spite of
an increase in the number of CPE index cases epidemi-
ologically linked with a recent stay or hospitalisation
abroad, the proportion of cases followed by out-
breaks, which was 40% (4/10) before 2009, decreased
to 10% (13/130) (p=0.02), and the proportion of sec-
ondary cases among all CPE cases decreased from
69% (22/32) to 23% (38/168), (p<0.001). The number
of secondary cases varied significantly depending on
the speed and strength of the measures implemented
around the CPE index case: quick (within two days of
patient admission at the hospital) setting of nursing
staff dedicated to the patient, quick setting of sim-
ple barrier precautions, or delayed measures of con-
trol (p=0.001). A sustained and coordinated strategy
can lead to control CPE at the level of a large regional
multi-hospital institution in a country where CPE are at
an emerging stage.

Introduction

Carbapenemase-producing Enterobacteriaceae (CPE)
are nowadays a major public health concern world-
wide, since carbapenems represent the last line beta-
lactam antibiotics for treating patients infected by
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multidrug resistant Enterobacteriaceae [1]. In 2011, the
prevalence in European countries, as reported in per-
centage of carbapenem resistance among Klebsiella
pneumoniae, varied significantly from high (e.g. »15%
in Greece, Cyprus, or Italy) to extremely low (e.g. <1% in
Nordic countries, United Kingdom, or Spain) [2]. High
prevalence in K. pneumoniae and Escherichia coli has
been recently reported in India and Pakistan and sub-
sequently, a link between this high prevalence and the
occurrence of CPE in hospitals in the United Kingdom
has been demonstrated [3].

In France, resistance to carbapenems due to carbapen-
emases is so far uncommon among Enterobacteriaceae
as shown by the European Antimicrobial Resistance
Surveillance Network (EARS-net) [4]. Nevertheless,
several outbreaks, the majority of which were limited
in size, occurred in French hospitals in the past few
years, most often involving patients with a history of
hospitalisation abroad [5]. The first outbreak of CPE
in France occurred in 2004, in one of the hospitals of
Assistance Publique-Hopitaux de Paris (AP-HP), the
largest public health institution in France, and hap-
pened following the transfer of a patient from a Greek
hospital [6]. This outbreak triggered the implementa-
tion of a long-term programme for surveillance and
control of CPE in this institution. We describe here the
results of this programme in AP-HP hospitals during a
nine-year period, from 2004 to 2012.

Methods

Setting
AP-HP is a public health institution administering
38 teaching hospitals (22 acute care (AC) and 16
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rehabilitation/long-term care (RLTC) hospitals, spread
over Paris, suburbs and surrounding counties), with a
total of 21,000 beds (10% of all public hospital beds
in France) and serving 12 million inhabitants. AP-HP
admits approximately one million inpatients per year,
employs 22,000 physicians, 20,000 nurses and 30,000
assistant nurses. Local administrators and medical
committees manage AP-HP hospitals, but decisions on
large investments and medical developments are made
by the central administration. In each hospital, a local
infection control team (LICT) is in charge of prevention
and surveillance of healthcare-associated infections,
but decisions of foremost importance for the whole
institution, e.g. multidrug resistance control pro-
gramme, are coordinated by a multidisciplinary central
infection control team (CICT), including one infectious
disease physician, one bacteriologist, one epidemiolo-
gist and one nurse [7].

Case definitions

A case was defined as any patient infected or colo-
nised with CPE. A contact patient was defined as any
patient whose stay overlapped with the stay of a CPE
case for at least one day in the same unit. An outbreak
was defined as at least two CPE cases (i.e. one index
case and at least one secondary case among the con-
tact patients) occurring in a given hospital, with a clear
epidemiological link (stay during the same period of
time in the same unit) and involving indistinguishable
CPE strain based on species, antibiotic susceptibility
and carbapenemase enzyme. An event was defined as
one index case, followed or not by secondary case(s).

Carbapenemase-producing Enterobacteriaceae
control programme

In 2004, following the first CPE outbreak, every LICTs
was asked to promptly report every new CPE case to
the AP-HP CICT. For each CPE event, the following data
were collected: the unit where the event occurred, the
number of cases, the clinical status of the cases (infec-
tion or colonisation), the bacterial species and type of
carbapenemase, the presence of an epidemiological
link between the index case and a foreign country (any
country outside France), and the nature of this link (e.g.
direct transfer from a foreign hospital, previous hospi-
talisation abroad or previous stay abroad without hos-
pitalisation, within the preceding year).

Moreover, for each CPE event, AP-HP CICT asked LICT to
apply a bundle of measures to prevent cross transmis-
sion. These measures were based on the experience
acquired to control the first CPE outbreak [6]:

i the day of CPE identification, barrier precautions
around the CPE case had to be implemented; nurs-
ing staff, as far as possible, had to be dedicated
to the case, the hospital administrator had to be
alerted; transfers of the case and contact patients
to other units of the hospital or to other hospitals

had to be stopped; contact patients had to be
screened for CPE by culturing rectal swabs;

ii the following days and until the discharge of index
CPE case, CPE screening had to be extended to con-
tact patients already transferred from the involved
unit at the time of index case identification;
screening of contact patients had to be pursued
once weekly; hand hygiene had to be reinforced
with the use of alcohol-based hand-rub solutions;
the cleaning of the CPE patient’s environments had
to be reinforced using detergent-disinfectant prod-
uct; antibiotics that could be used in case of seri-
ous infection due to the strain of the index case
had to be identified;

iii if no secondary case was identified, the transfer of
contact patients, if needed, was allowed providing
that three consecutive rectal swabs, obtained on a
weekly basis, were negative; screening of contact
patients hospitalised in the involved unit had to be
pursued until the discharge of index CPE case;

iv if a secondary case was identified, patients had
to be cohorted in three distinct areas with dedi-
cated nursing staff (‘CPE patients’ section, ‘contact
patients’ section and ‘CPE-free patients’ section
for newly admitted patients with no previous con-
tact with CPE cases); and screening once weekly
had to be maintained for all contact patients until
the outbreak was considered under control, i.e.
after all CPE cases had been discharged and after
at least three consecutive negative rectal swabs
in contact patients since their last contact with
a case; screening of contact patients receiving
antibiotics had to be resumed; transfer of contact
patients after three negative rectal swabs was
allowed provided they continued to be isolated and
screened for CPE; antibiotics use was restricted;
the list of cases and contact patients discharged
from hospitals had to be maintained and an infor-
mation system allowing to identify them in case of
re-admission had to be implemented.

In 2009, after the analysis of the CPE events, occurring
during the first years of surveillance had shown not
only frequent delays in identifying the index case and
subsequent implementation of measures, but also that
most index cases (8/10, including 3/4 outbreaks) had
been transferred from a foreign hospital, an institu-
tional CPE programme was designed and coordinated
by the AP-HP CICT. This programme included the above
measures, which were detailed in an official document,
and the recommendation to pre-emptively isolate (bar-
rier precautions) and screen for CPE, every patient who
had been hospitalised abroad within the preceding
year. The programme emphasised the need of a rapid
and stringent application of the measures, as well as
the commitment of the hospital management. This
programme was disseminated to all stakeholders, i.e.
LICTs, medical managers and administrators of every
hospital in the institution.
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To stimulate the efforts made by the LICTs and admin-
istrators, the CICT (i) visited all the hospitals where
an outbreak occurred, to help the local teams apply
the CPE programme, (ii) prospectively recorded new
cases, new outbreaks, and difficulties in implementing
the programme, and (iii) regularly shared the results
of this surveillance with hospitals and the central
administration.

Microbiological methods

To screen patients for CPE carriage, rectal swabs
were cultured on chromogenic agar targeting ceph-
alosporin-resistant Enterobacteriaceae. Indeed, CPE
strains are frequently resistant to cephalosporins due
to the production of the carbapenemase itself or to
the production of an additional extended spectrum
beta-lactamase (ESBL). Cephalosporin-containing
chromogenic agars are widely used in France for the
surveillance of multiresistant bacteria targeting ESBL
Enterobacteriaceae [8]. Screening for carbapenemase-
producing strains without associated ESBL was per-
formed using an ertapenem-containing agar [9].

Isolates from clinical specimens and rectal swabs were
tested for susceptibility to antibiotics according to
French guidelines [8]. In carbapenem resistant strains,
carbapenemase production was detected using a set of
phenotypic (e.g. synergy tests between carbapenems
and carbapenemase inhibitors) and genotypic (carbap-
enemase gene amplification and sequencing) methods

[9].

Statistical analysis

To evaluate the impact of the CPE programme, we com-
pared the proportion of events resulting in an outbreak
and the number of secondary cases occurring during
these outbreaks in the period before (2004-2009) and
after its implementation in 2009 (2010-2012).

Depending on whether the index case was identified/
suspected upon admission or not, measures to prevent
secondary cases (setting of nursing staff dedicated to
the patient, or setting of simple barriers precautions)
were quickly implemented (i.e. within two days of
admission of the patient), or delayed for several days.
We compared the proportion of events resulting in an
outbreak and the number of secondary cases occurring
during these outbreaks in these different situations.

The data were analysed with Stata. Quantitative vari-
ables were described using numbers and percentage
or median and interquartile range (IQR). A chi-squared
test and a Fischer exact test were used to compare cat-
egorical variables. A p value <o0.05 was considered sta-
tistically significant.
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Results

Carbapenemase-producing Enterobacteriaceae
events and outbreaks

From January 2004 to December 2012, 140 CPE events
occurred in AP-HP hospitals. The number of annual
events, which was limited to one or two events per year
before 2009 increased dramatically thereafter reaching
73 events in 2012, i.e. an incidence of 0.007 CPE events
per 100 admissions in 2012. Among the 140 events, 118
(84%) involved patients with a history of hospitalisa-
tion or stay abroad within the past year. Seventy-four
were directly transferred from foreign hospitals, 25
had been hospitalised in foreign hospitals during the
last 12 months and 19 reported a recent stay (within
one year) in a foreign country. Link with involved spe-
cies and countries of travel are described elsewhere
[10].

Seventeen of the 140 events (12%) led to outbreaks.
Overall 200 cases were identified, among them, 123
(62%) were single cases (i.e. index cases not followed
by secondary cases) and 77 (39%) were clustered in the
17 outbreaks (17 index cases and 60 secondary cases).
The median number of secondary cases per outbreak
was 1 (IQR: 1-4). The median duration of outbreaks
was 22 days (IQR: 15-66). Three of these outbreaks
have been already described in details [6,11,12]. One
of them involved two AP-HP hospitals revealing inter-
hospital spread of a strain of K. pneumoniae producing
K. pneumoniae carbapenemase (KPC) [11].

The 140 events occurred in 25 distinct AP-HP hospitals
(20 AC, and 5 RLTC hospitals) involving medical (n=63,
45%), intensive care (n=46, 33%) or surgical (n=31,
22%) units. Outbreaks occurred mainly in AC hospitals
(n=16), involving intensive care (n=6), surgical (n=6) or
medical (n=4) units; one outbreak occurred in a RLTC
hospital.

Microbiology

The main species involved in events were K. pneumo-
niae (n=96, 69%), E. coli (n=36, 26%), Enterobacter
cloacae (n=10, 7%), Citrobacter freundii (n=4, 3%), and
Enterobacter spp. (n=4, 3%). In 10 events, two distinct
species, generally K. pneumoniae and E. coli, were
involved. K. pneumoniae and E. coli were involved in 15
and two outbreaks respectively.

The carbapenemases identified were oxacillinase
(OXA)-48 (n=82, 59%), KPC (n=31, 22%), New Delhi
metallo-beta-lactamase (NDM)-1 (h=17, 12%), and
Verona integron-encoded metallo-beta-lactamase
(VIM) (n=10, 7%). KPC, OXA-48 and VIM were involved
in eight, eight and one outbreaks, respectively.

Characteristics of carbapenemase-producing
Enterobacteriaceae cases

Among the 200 case patients, 66 (33%) developed
an infection: 27 (41%) were urinary tract infections,
22 (33%) bacteraemia, seven (11%) osteoarticular
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FIGURE

Number of carbapenemase-producing Enterobacteriaceae (CPE) events (n=140) and proportion of outbreaks among these
events at Assistance Publique-Hépitaux de Paris, France, 2004-2012
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A CPE event was defined as one index case (respectively defined as infected or colonised with CPE), followed or not by secondary case(s).

infections, six (9%) cutaneous infections, and four
(6%) bronchopulmonary infections. Incidence of CPE
infection was 0.004 per 1,000 hospital days in 2012.
The crude case-fatality rate was 22% (43/200); 14
patients died with severe infection (bacteraemia or
bronchopulmonary infections). The median length of
hospitalisation, available for 176 patients, was 25 days
(IQR: 12-53).

Impact of carbapenemase-producing
Enterobacteriaceae control programme

The proportion of events leading to outbreaks
decreased progressively from 50% (3/6) in the period
between 2004 and 2008, i.e. before the full imple-
mentation of the institutional CPE programme, to 10%
(4/44) in 2011, a level that was maintained in 2012. The
Figure illustrates the evolution of number of events and
the proportion of outbreaks among the events.

Moreover, the proportion of secondary cases among all
the cases decreased significantly from 69% (22/32) in
the period from 2004 to 2009 to 23% (38/168) in the
period from 2010 to 2012, p< 0.001 respectively (Table
1). Also, while the number of index cases increased
more than four times in the period after implementa-
tion of the CPE control programme, the number of addi-
tional secondary cases was less than one-fold higher.

The type and timeliness of measures implemented
depended on whether the index case had been

identified upon admission or not. If the index case was
known to be a CPE carrier, dedicated nursing staff or
at least barrier precautions, depending on availability
of nursing staff, was implemented immediately after
admission. If the index case was known to be at risk to
be a CPE carrier, i.e. if the patient had been hospitalised
abroad, simple barrier precautions were implemented,
waiting the results of screening. If the index case was
not known to be a CPE carrier and was not identified
to be at risk at admission, implementation of control
measures was delayed until the identification of CPE
carriage, for example on a clinical specimen, several
days or sometimes several weeks (range: 1-8 weeks),
after admission. The important finding was that no
outbreak occurred when dedicated nursing staff was
implemented within two days following the admission
of the index case, six outbreaks occurred despite bar-
rier precautions implemented within these two days,
whereas 11 outbreaks occurred when measures were
delayed because the index case was identified several
days after admission. Moreover, the proportion of sec-
ondary cases among all cases within a given event var-
ied significantly from o (0%), to 19 (26%) and 41 (38%)
respectively, depending on the speed and strength of
the measures implemented (Table 2).

Discussion

This prospective multicentre study, carried out in the
largest French public multi-hospital institution, rep-
resenting 10% of the public hospital beds in France,
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TABLE 1

Number of carbapenemase-producing Enterobacteriaceae (CPE) outbreaks among CPE events and number of secondary
cases among all CPE cases, before and after implementation of a CPE control programme at Assistance Publique-Hdpitaux

de Paris, France, 2004-2012

2004-2009 2010-2012 P value
Number of events 10 130 -
Number of outbreaks (proportion of outbreaks among events) 4 (40%) 13 (10%) 0.02
Number of cases 32 168 -
{\lol;amlbcgrscéfs)secondary cases (proportion of secondary cases among 22 (69%) 38 (23%) < 0.001

Over the whole period from 2004 to 2012 there were a total of 17 outbreaks among 140 CPE events and 60 secondary cases among 200 CPE

cases.

aimed to assess the impact of an institutional control
programme implemented for limiting CPE spread. The
main result of the programme was the decrease over
time in CPE outbreaks and in the proportion of sec-
ondary cases among all cases, in spite of the increase
in CPE index cases. The increase in CPE index cases
appears to be epidemiologically linked with a history
of hospitalisation or stay abroad, a phenomenon also
documented by French Health authorities [13]. To our
knowledge, the present study reports the largest expe-
rience of a CPE control programme in a country where
CPE are still at an emerging stage (sporadic hospital
outbreaks, [14]). Indeed, data from the 2011 European
survey antimicrobial resistance interactive database
(EARS-net) show that the proportion of carbapenem-
resistant isolates of K. pneumoniae and E. coli was
<0.5% and almost 0%, respectively in France [4]. A
specific early warning system organised by the French
Health authorities at the national level to systemati-
cally collect information on CPE cases, reported 113
cases in 2011 for the whole country [13]. Bundle meas-
ures similar to those described in the present study
have been associated with the limitation of CPE spread
in Israel where CPE are endemic [15-17].

TABLE 2

This study also highlights the importance of the type of
measures and the way these are implemented to limit
the number of secondary cases, in particular the speed
of implementation of dedicated nursing staff. The type
and timeliness of measures implemented after admis-
sion of the index case influenced significantly the
number of secondary cases (Table 2): quick (<2 days
after admission) setting of nursing staff dedicated to
the index case, quick implementation of simple bar-
rier precautions or delayed (>2 days after admission)
measures of control. Interestingly, as already reported
by others [16], rapidly isolating index patients with
barrier precautions was not always sufficient to avoid
secondary cases and these occurred in six of 55 events
(Table 2). Dedicated nursing staff is probably one of
the most relevant measure to avoid cross transmission
[15,17-19]. In the context of an epidemic, cohorting
patients with dedicated nursing staff in three different
groups (cases, contacts and newly admitted patients)
was shown to be effective in controlling the outbreak
[6,11,17]. The present study shows that dedicating
staff to an index case carrying CPE also prevents the
occurrence of outbreaks. However, limitation in nurs-
ing staff can present an obstacle to assigning several
healthcare workers to a single case. Implementation of
cohorting requires a strong and sustained involvement

Occurrence of outbreak and number of secondary cases according to measures implemented around a carbapenemase-
producing Enterobacteriaceae (CPE) index case at Assistance Publique-Hopitaux de Paris, France, 2004-2012

Event? and related cases

Measures implemented within two
days following admission of the

Delayed

index case measures of P value

Dedicated Barrier control®
nursing staff precautions
Number of events 18 55 67 -
Number of outbreaks (proportion of outbreaks among events) 0 (0%) 6 (11%) 11 (16%) 0.17
Number of cases 18 74 108 -
Number of secondary cases (proportion of secondary cases among cases) 0 (0%) 19 (26%) 41 (38%) 0.001

2 An event was defined as one index case, followed or not by secondary case(s).

® Control measures were implemented but occurred later than two days after admission of the index case, because the patient was not
identified as infected/colonised with CPE within the first days of admission.
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of chief nurses and heads of departments, as well as
administrators. Such measures already allowed to con-
trol the spread of vancomycin resistant enterococci in
our institution [20].

Identification of patients transferred from or previously
hospitalised abroad in the prior year was most likely
crucial, as this allowed to rapidly screen these patients
atrisk to be colonised by a CPE strain and to implement
pre-emptive barrier precautions to avoid transmission
to other patients [21]. This recommendation has been
subsequently extended at the national level by French
Health authorities in August 2010 [22], a measure that
could have contributed to improve adherence to organ-
ising early screening of such patients in our institu-
tion. The increase in CPE index cases in our institution,
mainly in 2011 and 2012, reflects the worldwide spread
of CPE, since 84% of cases in our study had a history
of hospitalisation or stay abroad, within the past year.
In certain regions of the world, the spread of carbap-
enemases (NDM-1 and OXA-48) occurs primarily in the
community via the faecal-oral route, either by food
or water-borne transmission [3,23]. In industrialised
countries with safe water systems and good sanita-
tion, CPE are up to now acquired almost exclusively in
the healthcare setting [23]. In a country with low prev-
alence of CPE such as France, it appears essential to
identify CPE carriers upon their admission in hospitals
in order to further implement adequate control meas-
ures [22]. Indeed, in the present study, most outbreaks
and secondary cases occurred following delayed iden-
tification of index case patients.

Screening contact patients to rapidly identify cross-
transmission was likely also important to limit the
spread of CPE in our study. Indeed, active screening of
contact patients has been shown to be very effective
to identify CPE carriers [24,25]. Stopping the transfer
of CPE index or secondary cases and the transfer of
contact patients within and between hospitals most
likely contributed to decrease the risk of CPE spread-
ing in our institution. Indeed, extensive transfer of KPC
positive patients has been reported to account for a
regional spread affecting at least 26 different health-
care facilities of four counties in the United States [26].
In brief, the earlier the index case is identified, iso-
lated and cohorted, and contact patients are identified
and screened, the lower is the risk of additional cross-
transmissions [15].

Our study has potential limitations since it was not
a randomised, controlled trial aiming at assessing
direct causality between intervention and outcome.
The occurrence of the first outbreaks in our institu-
tion and the rapid spread of CPE in neighbouring coun-
tries [4,15,27] triggered quick and strong actions to
control this emerging problem, contraindicating ran-
domised comparative studies. However, the fact that
the strength and the nature of the enhanced meas-
ures implemented after 2009 markedly differed from
those applied before 2009, as well as the length of the

continuous and systematic surveillance of every CPE
event, justify to consider this study as quasi-experi-
mental with pre-test and post-test periods [28].

We checked that the differences in number of second-
ary cases observed between the types of measures
were not due to bias in species, enzyme and type of
ward where the index case was admitted. Indeed, the
distribution of the two main species (K. pneumoniae
versus E. coli), the two main enzymes (KPC versus
OXA-48) and the three main types of wards (medicine,
surgery or intensive care unit) did not differ for each
category of measures (data not shown).

In conclusion, this study shows that, although the
number of CPE index cases increased in our region due
to admission and increased screening of carriers hav-
ing been recently hospitalised or stayed abroad (Figure
1) [5], and although some secondary cases occurred,
particularly when the implementation of control meas-
ures was delayed, the number of outbreaks and of
secondary cases can be strongly limited by a specific
control programme. Such a programme requires quick
and sustained involvement of all stakeholders, particu-
larly the infection control teams, medical and nursing
staff, microbiologists and hospital administrators [15].
The strong commitment of the AP-HP institution, con-
tinuous coordination and support by the CICT, as well
as a continuous feedback stimulated the efforts made
in each hospital. Early detection of emerging drug
resistant bacteria such as CPE and an active control
programme must be developed and implemented at a
national level to avoid CPE spread [15,29]. Institutional
programmes, based on a coordinated policy, such as
the one presented here, are efficient ways to bring
together and motivate hospital staff and managers,
and to promote quality and safety in healthcare.
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