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Background: Long-term acute care rehabilitation facilities (LTACRFs) are affected by
carbapenem-resistant Enterobacteriaceae (CRE) in endemic areas. However, the contri-
bution of different subpopulations of patients has not been investigated in these settings.
Aim: To study the epidemiology of CRE in an LTACRF, and the effect of an infection control
intervention.
Methods: A surveillance programme was implemented in a large Italian LTACRF. The
intervention included screening for CRE carriage at admission and weekly (for negative
patients), and enforcement of contact precautions plus cohorting (in wards and rehabil-
itation areas) for presumed and confirmed carriers. Prevalence and incidence of CRE
colonization and the number of CRE bacteraemias were monitored over one year.
Findings: Overall, 1084 patients underwent screening (adherence 89.8%). At admission,
11.6% of patients were colonized, and 9.9% of those negative at admission subsequently
became colonized. These percentages were significantly higher among patients with
severe brain injuries (SBIs) who were exposed to a higher intensity of care (44.1% vs 8.6%
and 63.5% vs 6.8%, respectively). The majority of CRE bacteraemias occurred in the SBI
ward. The intervention was associated with a decline in the incidence of CRE coloni-
zation in the SBI ward (from 17.7 to 7.2 acquisitions/100 at-risk patient-weeks), but not
in other wards. All CRE isolates were Klebsiella pneumoniae carbapenemase-producing
K. pneumoniae.
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rgo Brambilla, 50134 Florence, Italy.
it (G.M. Rossolini).

ociety. Published by Elsevier Ltd. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhin.2018.05.025&domain=pdf
mailto:gianmaria.rossolini@unifi.it
www.sciencedirect.com/science/journal/01956701
http://www.elsevier.com/locate/jhin
https://doi.org/10.1016/j.jhin.2018.05.025
https://doi.org/10.1016/j.jhin.2018.05.025
https://doi.org/10.1016/j.jhin.2018.05.025


F. Arena et al. / Journal of Hospital Infection 100 (2018) 29e3430
Conclusions: A peculiar CRE epidemiology was observed in a LTACRF from Italy, with very
high rates of carriage and cross-transmission in SBI patients. A simplified infection control
bundle was effective at reducing the incidence of CRE colonization in the SBI ward.
ª 2018 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

The dissemination of carbapenem-resistant Enterobacteri-
aceae (CRE) has become a global problem and of the highest
priority for public health [1]. CRE can spread rapidly in
healthcare settings, and cause infections associated with high
mortality rates due to limited antibiotic treatment options
[2e4]. CRE infections are often preceded by carriage, and
carriers represent the most important source for dissemination
in the hospital setting [5,6]. Carriage can last for several
months [7e9], and screening for intestinal carriage and contact
isolation of colonized/infected patients have become a stan-
dard of care for infection control of CRE [10,11].

In endemic areas, dissemination of CRE has mainly involved
hospital settings, among which long-term acute care rehabili-
tation facilities (LTACRFs, i.e. acute and postacute care reha-
bilitation facilities with a mean length of stay �25 days) bear a
higher risk for CRE dissemination [12e17]. In fact, due to the
peculiar organizational and logistical features (e.g. presence of
common gyms and spaces), the implementation of infection
control practices in LTACRFs can be particularly challenging.
Recent studies have expanded the knowledge on the burden of
CRE in LTACRFs, and described containment strategies
[14e17]. However, knowledge of CRE epidemiology in these
settings remains limited, and previous studies have not evalu-
ated the involvement of different subpopulations of patients
admitted to LTACRFs.

In Italy, an epidemic spread of CRE has been observed since
2010, with Klebsiella pneumoniae producing KPC-type carba-
penemases (KPC-KP), mostly of Clonal Group 258, representing
the majority of strains [18,19].

This study investigated the epidemiology of CRE in a large
Italian LTACRF according to different patient categories. The
effects of a containment programme, based on screening for
CRE carriage and contact isolation plus cohorting of colonized
patients, were also evaluated.

Methods

Setting

The Don Carlo Gnocchi Foundation is a private non-profit
institution offering various rehabilitation programmes (car-
diologic, respiratory, orthopaedic, neurologic and postcoma)
and operating through several different facilities in Italy
(http://www.dongnocchi.it). The LTACRF involved in this study
had 100 hospital beds organized in different wards of variable
intensity of care. The ward characterized by the highest in-
tensity of care [severe brain injuries ward (SBI), 25 beds] re-
ceives patients with neurological consequences of acquired
brain injuries of traumatic or non-traumatic origin, associated
with a coma period (Glasgow Coma Scale<8 and duration>24 h)
and permanent or temporary impairment of cognitive, physical
and psychosocial functions, with an associated altered state of
consciousness and a possible or doubtful likelihood of func-
tional and psychosocial recovery. In most cases, these patients
are admitted directly from intensive care units or subintensive
wards, and require complex rehabilitation practices. This
subpopulation is characterized by prolonged length of stay
(LOS) (mean � standard deviation for 2016: 97�72 days), sig-
nificant comorbidities and high rates of intensive care needs
(e.g. mechanical ventilation, ventilator weaning, indwelling
device use, advanced wound care, parenteral nutrition and
intravenous antibiotic administration).

The other wards (total 75 beds) are medical wards charac-
terized by a medium intensity of care, dealing with the reha-
bilitation of patients with orthopaedic, cardiologic, respiratory
and/or neurologic disorders, who need procedures for func-
tional and/or cognitive rehabilitation. For many of these pa-
tients, there is a recent history of acute hospital admission
and/or surgery. This subpopulation is characterized by a
shorter LOS (mean � standard deviation for 2016: 24�12 days)
and a lower clinical complexity.
Intervention for active surveillance and control of CRE

Screening for CRE carriage was extended to all patients at
admission and, if the patient was found to be negative, was
repeated on a weekly basis until the patient was discharged or
became colonized. Confirmed CRE carriers were presumed to
remain colonized indefinitely and were not subjected to
further screening. Patients with a recent history of CRE colo-
nization (positive rectal swab detected within 15 days pre-
ceding the LTACRF admission) were considered to be colonized
at admission and were not subjected to further screening.
Adherence to screening was calculated considering the number
of patients who underwent a complete screening schedule vs
all admissions. Patients were considered to be non-adherent to
screening if: (i) recent history of CRE colonization was un-
known, but they were not subjected to screening at admission;
or (ii) they had an incomplete screening schedule during the
LTACRF stay (e.g. weekly rectal swabs not repeated in a pre-
viously negative patient). These patients were excluded from
further analysis, and their weeks of admission were not
considered for the incidence calculation.

Following admission, while waiting for the screening results,
all patients were subjected to pre-emptive contact isolation
including contact precautions, admittance to single-bed rooms
(whenever possible), and rehabilitation performed inside the
bedroom. Confirmed CRE carriers were kept on contact pre-
cautions, cohorted in rooms located in specific areas (or in
single-bed rooms, whenever possible), and underwent a dedi-
cated rehabilitation programme with restricted access to
common gyms (access allowed after all non-colonized patients)
or, whenever possible, access to a separate gym for colonized
patients.

Procedures for standard infection control precautions and
hand hygiene [20] were already in place before the
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intervention commenced, and healthcare workers’ adherence
to hand hygiene was monitored periodically according to
established procedures [21]. All the screening procedures
performed and the containment measures adopted were
compliant with a nationwide CRE containment strategy rec-
ommended by the Italian Ministry of Health since 2013,
following the recommendations of the European Centre for
Disease Prevention and Control, and were considered among
the ‘good clinical practices’ adopted in Italian healthcare fa-
cilities [22,23].

Specimen collection and laboratory methods

Rectal swabs were collected using the FecalSwab system
(Copan, Brescia, Italy) containing 2 mL of modified Cary-Blair
medium, and processed by an external laboratory (Synlab
Toscana, Sesto Fiorentino, Italy). The specimens (10 mL of
medium) were cultured on chromID CARBA SMART plates (bio-
Mérieux, Marcy L’Etoile, France) to screen for CRE, and on
McConkey agar (as a quality control of the rectal swab), within
48 h of collection. Plates were inspected for growth after
18e24 h of incubation at 35�2 �C. Colonies representative of
different morphologies grown on the selective medium were
identified using the Vitek 2 system (bioMérieux). Phenotypic
characterization of carbapenemase production was investi-
gated according to the EUCAST guidelines for detection of
resistance mechanisms [24].

In accordance with routine laboratory protocol, blood cul-
tures were performed at the same external laboratory as rectal
swab cultures using the BACTEC FX instrument (Becton Dick-
inson, Franklin Lakes, NJ, USA), and bacterial identification
and susceptibility testing were performed using the Vitek 2
system (bioMérieux).

Data collection, outcomes and statistical analysis

Demographic, admission, discharge and transfer data were
obtained from the software used to store and manage pa-
tients’ data at the Don Carlo Gnocchi Foundation. Microbio-
logical data were obtained from the database of the external
laboratory.

The outcomes evaluated included: (i) prevalence of CRE
carriage, assessed by a point-prevalence survey (PPS) involving
all admitted patients (three PPSs were performed, each over a
five-day period; the first was carried out three weeks after the
beginning of the intervention, and the others after 6 and 12
months, respectively); and (ii) incidence of in-hospital CRE
colonization, defined as positivity of a rectal swab during
admission in a patient who was negative at admission screening
(expressed as number of patients who acquired CRE coloniza-
tion per 100 patient-weeks, averaged over the preceding 12
weeks). The prevalence and incidence of CRE colonization
were tested for changes (linear and exponential trends) in
separate regression models, with the null hypotheses of no
change in prevalence or incidence over time during the inter-
vention period. Comparisons between colonization rates in
different wards were performed using Chi-squared test with
Yates’ correction. A P-value <0.05 was considered to indicate
significance. All analyses were performed using GraphPad
software (https://www.graphpad.com). During the study
period, CRE bloodstream infections (BSIs) were monitored and
notified to local healthcare authorities.
Results

Intervention for active surveillance and control of CRE
at the LTACRF

The intervention was started on 8th December 2015. At the
baseline PPS, carried out from 1st to 5th January 2016, the
overall prevalence of CRE carriage among screened patients
was 28.4%. All patients were colonized by KPC-KP. The majority
of KPC-KP carriers (20/25) were from the SBI ward, where the
prevalence of CRE carriage was found to be 90.9% (20 of 22
patients). In the other wards, the overall prevalence of CRE
carriers was 7.5% (five of 66 screened patients) (Figure 1).

In 2016, a total of 1207 patients were admitted, and the
overall adherence to the active surveillance programme was
89.8%. Adherence increased during the study period, with the
majority of non-adherent cases concentrated in the first
trimester of the study (47/123, 38.2%). Overall, in 2016, the
proportion of patients found to be colonized at admission was
11.6%, and was significantly higher among patients admitted to
the SBI ward than among patients admitted to other wards
(44.1% vs 8.6%, P< 0.05). Over the same period, the proportion
of CRE-negative patients that became colonized during the
LTACRF stay was 9.9%, revealing a substantial rate of in-
hospital cross-transmission. Cross-transmission was 10-fold
more frequent among patients admitted to the SBI ward than
among patients admitted to other wards (63.5% vs 6.8%,
respectively). The mean length of stay prior to CRE rectal swab
positivity was 19 days, and was longer in the SBI ward (23 days)
compared with other wards (15 days) (Table I).

In 2016, the prevalence of colonized patients, as evaluated
by subsequent PPS, exhibited a decreasing trend (although not
significant) in the SBI ward, whilst it remained stable in the
other wards (Figure 2). The incidence of in-hospital coloniza-
tion, averaged over the first trimester of study, was 3.8 per 100
at-risk patient-weeks, and was significantly higher in the SBI
ward (17.7) than the other wards (2.7) (P < 0.05). In 2016, the
incidence of in-hospital colonization exhibited a significant
decreasing trend in the SBI ward, and remained stable in the
other wards (Figure 3).

In total, seven BSIs caused by CRE were observed during
2016, all among patients that were already colonized. The
proportion of colonized patients that developed a CRE BSI was
significantly higher in the SBI ward (six of 74 patients, 8.1%)
than in other wards (one of 147 patients, 0.7%) (P < 0.05).
During the study period, all CRE colonizations and BSIs were
caused by KPC-KP.
Discussion

Similar to previous reports from the USA [12,14,17] and Italy
[16], this study showed that the dissemination of CRE can
heavily involve LTACRFs. These findings, therefore, confirmed
the notion that LTACRFs represent an important receptacle for
CRE in areas where they have achieved remarkable endemicity.
In the study setting, the circulating CRE were KPC-KP, in
agreement with the known epidemiology of CRE in Italy
[18,19].

Previous studies, however, did not take into consideration
the features of different subpopulations of patients admitted
to LTACRFs. Regarding this issue, this study showed that the
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Figure 1. Results of the point prevalence survey for rectal colonization of carbapenemase-producing Enterobacteriaceae performed in
January 2016: spatial distribution of colonized (red dot) and non-colonized (green triangle) patients. SBI, severe brain injuries ward.
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population of patients admitted to a large LTACRF was not
homogeneous in terms of risk for CRE colonization and infec-
tion, and found that patients admitted to the SBI ward were at
much higher risk, with KPC-KP carriage rates that could reach
90%. This condition was apparently related to both a higher
carriage rate at admission and a higher risk for cross-
contamination after admission. Considering that patients
from SBI wards are characterized by longer LOS and are typi-
cally exposed to a higher intensity of care, often including
mechanical ventilation, these findings are in overall agreement
with previous findings that identified mechanical ventilation
and length of stay as two independent risk factors associated
with CRE colonization in LTACRFs [12], and a number of fea-
tures of the population of patients colonized/infected by CRE
such as older age, high rates of comorbidities (including renal
disease, advanced stage wounds and respiratory failure), and
need for indwelling devices (including central venous catheters
and tracheostomies) [17].
Table I

Overview of surveillance data relative to 2016 (data for the first three

No. of rectal swabs
Adherence to screening (%) 93/
Prevalence of CRE colonization at admission (%) 41
Rate of in-hospital CRE colonization (%) 33
Mean interval between admission and colonization (days)
No. of reported KPC-KP BSI episodes

KPC-KP, Klebsiella pneumoniae carbapenemase-producing K. pneumoniae;
infection.
Regarding CRE containment strategies in LTACRFs, a study
carried out in four large LTACRFs in the Chicago metropolitan
area has recently shown that a bundled intervention (daily
bathing of all patients with cloths impregnated with 2% chlor-
hexidine gluconate, surveillance for rectal colonization and
contact isolation of positive patients and patients with un-
known colonization status, personnel education and adherence
monitoring) was able to significantly reduce the prevalence and
incidence of CRE colonization over a 12e19-month period. [14]
In the present study, the bundle was simpler, only including
implementation of a surveillance programme for rectal colo-
nization and standard contact isolation precautions, but results
revealed that a similar strategy could be a useful tool for
reducing CRE circulation in LTACRF settings. Indeed, a
decrease in the prevalence and incidence of CRE colonization
was observed in the ward most involved in implementing the
intervention. Therefore, these findings support the notion that
active surveillance could be important in the control of CRE
weeks of surveillance in December 2015 were excluded)

SBI (%) Others (%) All wards (%)

170 2269 2439
106 (87.7) 991/1101 (90) 1084/1207 (89.8)
/93 (44.1) 85/991 (8.6) 126/1084 (11.6)
/52 (63.5) 62/906 (6.8) 95/958 (9.9)

23 15 19
6 1 7

CRE, carbapenemase-producing Enterobacteriaceae; BSI, bloodstream
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dissemination in LTACRF settings, as has been shown in other
settings [10,11,22,25]. However, the impact of the interven-
tion in other wards was limited, and the rate of in-hospital CRE
colonization remained high overall, even at the end of the
observation period, suggesting that other measures are
necessary to further contain the CRE burden in LTACRFs. A
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extensive pre-intervention data are lacking; (ii) compared with
previous intervention studies, the study period was relatively
short (one year) and a long-lasting observation period could be
necessary to confirm the results observed in the first year; and
(iii) differences in the genetic and biological features of the
KPC-KP circulating strains could have influenced the epidemi-
ologic data observed, and will be the subject of further
investigations.

In conclusion, these findings suggest that dissemination of
CRE could follow different patterns within the LTACRF setting,
depending on the category of patients, which may have rele-
vant implications for infection control policies.
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