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Abstract

Background: Carbapenemase-producing K. pneumoniae (CP-Kp) has been established as important nosocomial
pathogen in most tertiary care hospitals in Greece. The aim of the present study was to examine the impact of an
enhanced infection control program on the containment of CP-Kp in a haematology unit where the incidence of
CP-Kp infections was high.

Methods: The study was conducted from June 2011 to December 2014 in a haematology unit of a tertiary-care
500-bed hospital located in Athens, Greece. A bundled intervention (active surveillance cultures, separation of
carriers from non-carriers, assignment of dedicated nursing staff, contact precautions, environmental cleaning, and
promotion of hand hygiene) was tested whether would reduce colonization and infection caused by CP-Kp.

Results: A total of 2507 rectal swabs were obtained; 1199 upon admission from June 2011 to June 2013 and 1307
during hospitalization from June 2011 to December 2012. During intervention the admission prevalence of CP-Kp
colonization (p < 0.001 for linear trend), the hospitalization prevalence (p = 0.001 for linear trend) and the incidence
rate of CP-Kp colonization (p = 0.072 for linear trend) were declining. Application of segmented linear regression
revealed that both the change in the level of CP-Kp BSI incidence rates (p = 0.001) as well as the difference
between pre- and post-intervention slopes were statistically significant (p < 0.001).

Conclusions: A bundled intervention including active surveillance cultures on admission can attain maximum
containment of CP-Kp colonization and infection in endemic acute healthcare settings.
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Background
Carbapenemase-producing K. pneumoniae (CP-Kp) has
been established as important nosocomial pathogen world-
wide [1, 2]. A high prevalence of CP-Kp is now observed in
many countries causing serious infections that are associ-
ated with prolonged hospitalization and increased morbidity
and mortality [3, 4]. In healthcare facilities with inadequate

infection control practices, these organisms spread from pa-
tient to patient very efficiently. The number of new cases
generated by a primary case, as represented by the basic
reproduction number R0, is estimated to be 2, a number suf-
ficient to trigger outbreaks in the healthcare setting [5]. In
addition, transfer of patients between institutions in the
same region and/or across borders from high- to low-
prevalence countries enables further dispersion of these
organisms.
Infection and colonization rates by CP-Kp strains in

Greek tertiary care hospitals are considered amongst the
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highest in Europe [3]. The dire consequences in affected
patients plus the widely held aspect that transfer of in-
fected/colonized patients from Greece is an important
factor for the spread of CP-Kps in Northern Europe [4,
6], have led to repeated attempts to curb the problem.
Yet, the relevant surveillance records clearly show that
the success of the hitherto policies has been marginal
and short-lived [7].
Recognizing the urgent need to reduce the dispersion

of CP-pathogens, the Hellenic Center for Disease Con-
trol and Prevention has drawn up an action plan for the
containment of infections caused by multi-drug resistant
organisms in health-care facilities [8]. The basic aim of
this plan is to implement enhanced infection control
measures in all healthcare facilities in order to contain
the spread of carbapenem resistant Klebsiella spp, Acine-
tobacter spp and Pseudomonas spp. However, the escal-
ating shortages in human and financial resources in
many of our hospitals do not allow the full and proper
implementation of the required measures in a sustain-
able and timely fashion [9].
The application of mathematical modeling in the data

of a previous observational study conducted in a unit of
our hospital (Laiko General Hospital, Athens, Greece)
where CP-Kp endemicity was sustained by influx of car-
riers and cross-transmission, indicated the pivotal role of
active surveillance cultures in controlling CP-Kps [5].
Based on the above findings and taking into account the
existing shortages, we attempted to contain CP-Kp
spread by applying a bundle of feasible measures, includ-
ing active screening, in the haematology unit where the
incidence of CP-Kp infections and the associated mortal-
ity were high. Herein, we present the design and the re-
sults of this intervention.

Methods
Setting
The study was conducted from June 2011 to December
2014 in a 31-bed haematology unit of a tertiary-care
500-bed hospital located in Athens, Greece. The unit is
consisted of fourteen rooms; seven 3-bed, three 2-bed
and four single rooms. The vast majority of patients ad-
mitted in the unit are patients with haematologic malig-
nancies. The mean nurse to patient ratio was 1:10
during the morning shift and 1:15 during afternoon and
night shifts. Compliance of healthcare workers (HCWs)
with hand hygiene before intervention was ranging from
10 to 20%. After January 2011 an increasing number of
CP-Kp BSIs was observed in the unit. A point prevalence
for rectal colonization was conducted among 28 patients
hospitalized in the unit which revealed that 8 (28.6%) pa-
tients were colonized with CP-Kp. These observations
prompted the infection control committee to design and
implement an enhanced infection control program.

Intervention
Before implementing the bundled intervention in June
2011, all healthcare personnel attended an educational
course. Training and feedback were provided from the
infection control team once a month initially and every 3
months thereafter. Hand-washing basins and dispensers
containing alcohol-based disinfectants were located near
all beds. Personal protective items including gloves and
gowns and dedicated patient-care equipment were made
available in the unit. Also, written instructions were given
to all patient relatives. The infection control measures in-
cluded i) hand hygiene, ii) active surveillance cultures of
rectal swabs within 24 h after admission and weekly there-
after for all patients staying for more than 24 h, iii) separ-
ation of carriers or infected patients in single rooms or
cohorting in two- or three-bed rooms, iv) staff cohorting
to care for patients known to harbour CP-Kp, when feas-
ible, v) contact precautions, and vi) environmental clean-
ing of patient-room twice daily. The weekly follow-up
surveillance cultures during hospitalization were per-
formed until the CP-Kp transmission was considered neg-
ligible (December 2012) and the surveillance cultures on
admission were continued up to June 2013 (Fig. 1). All pa-
tients admitted to the unit during the study period were
recorded in a database along with admission and dis-
charge dates and information concerning colonization and
/or infection during hospitalization. The data from the ac-
tive surveillance were recorded in a separate database
along with data on the phenotypic and molecular charac-
teristics of CP-Kp isolates. In addition, data on blood-
stream infections (BSIs) were collected retrospectively
from January 2010 to May 2011 and prospectively from
June 2011 to December 2014.

Monitoring for compliance
Hand hygiene compliance was estimated by direct unobtru-
sive observation of patient-HCW contacts. Observations of
20–30min each were performed by a trained observer who
recorded health care activities. More specifically, during the
observation-sessions, the observer recorded the opportun-
ities for hand hygiene and the action performed by the
HCW as either action performed (rubbing with an alcohol-
based hand rub, washing with soap and water, both wash-
ing and rubbing) or not performed, according to the “My
five moments for hand hygiene” WHO Hand Hygiene Im-
provement Strategy. A mean of 200 observations were per-
formed every month. Compliance to isolation (single room
or cohorting) of colonized/infected patients, the assignment
of dedicated nursing staff for carriers, as well as the imple-
mentation of contact precautions were monitored daily.

Microbiology
Rectal swabs were obtained and inoculated on McConkey
agar No.3 plates (OXOID) containing 0.5mg/L of
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meropenem and incubated at 37 °C for a maximum of 48
h. Isolates identified as K. pneumoniae were examined for
production of carbapenemases by combined disk synergy
test [10]. Carbapenemase encoding genes (blaVIM, blaKPC,
blaNDM, and blaOXA-48) were detected by polymerase
chain reaction and the genetic relatedness of the isolates
was examined by pulsed-field gel electrophoresis (PFGE),
as described previously [11].

Definitions and study outcomes
As primary outcome of the intervention was the inci-
dence of CP-Kp BSIs. Secondary outcomes included the
incidence and prevalence of CP-Kp colonization of hos-
pitalized patients, the admission prevalence of CP-Kp
colonization and the incidence of BSIs due to any patho-
gen. A patient was defined as colonized if he/she was
found positive for CP-Kp in a surveillance culture. A pa-
tient found positive in the first surveillance culture upon
admission was considered to be already colonized before
entering the unit, whereas when a patient found CP-Kp

negative upon admission and positive in any of the
follow-up rectal swab cultures was considered as being
colonized during hospitalization. A colonized patient
was thought to be decolonized if the investigators had
recorded at least three consecutive rectal samples to be
CP-Kp negative. CP-Kp BSI was defined as detection of
CP-Kp in a blood culture along with consistent clinical
findings. Onset of BSI was defined as the date of collec-
tion of the first blood culture that yielded CP-Kp.

Statistical analysis
CP-Kp colonization on admission was assed based on
rectal swabs obtained within 24 h since patient’s admis-
sion. The admission prevalence of CP-Kp colonization
per month was then estimated as the proportion of posi-
tive rectal swabs out of the total number of swabs col-
lected upon admission during that month. We also
estimated the hospitalization prevalence of CP-Kp colon-
isation per month as the proportion of colonised pa-
tients out of the total number of hospitalised patients in

Fig. 1 Intervention measures according to time period
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the unit during that month (patients with at least one posi-
tive swab were considered colonized). We assessed the
post-intervention slope of the linear trend in the monthly
CP-Kp colonisation prevalence on admission and during
hospitalisation using linear regression. We estimated the in-
cidence rate of CP-Kp colonization during hospitalization
per month. Only patients who were not colonized on ad-
mission and had at least two available swabs per admission,
one upon admission and at least one during hospitalization,
were included in the analysis. The person-time was calcu-
lated as the time between admission and discharge for those
who remained un-colonised, or as the time between admis-
sion and the midpoint between the last negative and first
positive swab for those who were colonized during
hospitalization. The incidence rate of colonization was then
estimated as the number of new colonisations occurring
during hospitalization divided by the total person-time at
risk for that one-month period. We further estimated the
incidence of BSIs (bimonthly or quarterly) as the number of
new infections occurring in the specific period over the total
patient-time at risk in that period. Similarly, we assessed the
incidence of bloodstream infections caused by pathogens
other than CP-Kp. As in the case of CP-Kp BSI incidence,
there were data available during a long pre-intervention
period. Thus, it was possible to assess the impact of the
intervention using the longitudinal data series on BSI inci-
dence before and after its implementation in June 2011
using segmented linear regression. This method allowed to
estimate the change in level of BSI incidence rates immedi-
ately after the intervention and the difference between pre-
and post-intervention slopes of the outcome trend.

Results
Compliance to intervention measures
A total of 2005 patients were admitted in the unit; 1199
from June 2011 to June 2013 and 806 from July 2013 to
December 2014. The mean hospital stay was 15 days and
the median 9 days. Overall, 2507 rectal swabs were ob-
tained; 1199 upon admission from June 2011 to June
2013 and 1307 during hospitalization from June 2011 to
December 2012. The average post-intervention monthly
compliance with hand hygiene among the medical and
nursing staff was 60 and 50%, respectively (number of
performed actions, 4029). High level of adherence was
observed in isolation/cohorting (100% of CP-Kp colo-
nized/infected patients) and in contact precautions
(100%). Given the low nurse to patient ratio, dedicated
nursing staff was assigned only during the morning shift.

Impact of intervention on CP-Kp colonization and infection
Although continuous inflow of already colonized pa-
tients was observed during the post-intervention period,
the monthly prevalence of CP-Kp colonization on ad-
mission was declining (slope of linear trend [95% CI]: −

0.405 [− 0.627, − 0.182], p < 0.001) and the number of
new CP-Kp carriers decreasing (Fig. 2). Also, as shown
in Fig. 3, the monthly prevalence of CP-Kp colonization
among hospitalized patients progressively decreased
from 15.9% in June 2011 to 0% in December 2012 (slope
of linear trend [95% CI]: − 0.576 [− 0.863, − 0.289], P
value = 0.001). The colonization incidence during
hospitalization was 10.6/1000 patient-days in June 2011
and declined to 0/1000 patient-days in December 2012
(slope of linear trend [95% CI]: − 0.227 [− 0.476, 0.023],
p = 0.072), indicating negligible cross transmission (Fig. 4).
More importantly, as shown in Fig. 5, the intervention
measures halted the increasing incidence of CP-Kp BSIs
observed in the pre-intervention period and eventually re-
sulted in decline from 1.58/1000 patient-days in April–
June 2011 to 0/1000 patient-days in July–September 2013
and remained so until December 2014, with the exception
of one patient with CP-Kp BSI transferred from another
hospital. The application of segmented linear regression in
bimonthly BSI incidence rates revealed that both the
change in the level of BSI incidence rates (i.e. the impact
of the intervention) as well as the difference between pre-
and post-intervention slopes were statistically significant
(coefficients [95% CI]: − 1.545 [− 2.388, − 0.702] p = 0.001
and − 0.332 [− 0.502, − 0.162], p < 0.001, respectively).
Moreover, a decline in the incidence of BSIs caused by
pathogens other than CP-Kp was observed (slope of linear
trend in quarterly incidence post-intervention [95% CI}: −
0.150 (− 0.231, − 0.06 [9]], p = 0.012) (Fig. 6). Of note, 11
(28.9%) of 38 (8 found in point prevalence survey, 13 on
admission and 17 during hospitalization) colonized pa-
tients developed BSI caused by CP-Kp, of whom seven
(63.6%) died due to sepsis, while none of the non-carriers
developed any kind of CP-Kp infection.

Microorganisms
Thirty-one of 40 colonizing organisms (two patients were
colonized with two different strains during different
hospitalization periods) produced Klebsiella pneumoniae
carbapenemase (KPC), 7 Verona integron-encoded
metallo-beta-lactamase (VIM), one New Delhi metallo-
beta-lactamase (NDM-1) and one isolate both type of en-
zymes, VIM and KPC. Regarding the BSI isolates, nine pro-
duced KPC, one VIM and one NDM. A total of 67K.
pneumoniae isolates were studied by PFGE, 57 obtained
from surveillance cultures (more than one isolates per pa-
tient were available from 18 of 38 carriers) and 10 from
blood cultures. Fifty-four organisms produced KPC, nine
VIM, three NDM and one isolate, both type of enzymes,
VIM and KPC. PFGE typing revealed 15 different genomic
profiles. Forty-six of 54 KPC isolates were grouped in one
PFGE type, while the remaining 8 isolates displayed six dis-
tinct profiles containing 1 to 2 isolates each. The nine
VIM-producers exhibited seven different PFGE types, each
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Fig. 2 Monthly prevalence of CP-Kp colonization on admission during three periods indicated by the vertical dashed lines: May 2011 (pre-
intervention), June 2011–December 2012 (implementation of the intervention including surveillance cultures obtained on admission, weekly and
on discharge) and January–June 2013 (surveillance cultures only on admission). The solid circles dots indicate the observed monthly prevalence
on admission and the dashed line is the corresponding fitted regression line for the period June 2011–December 2012

Fig. 3 Monthly prevalence of CP-Kp colonization. The vertical dashed line indicates the initiation of the intervention (June 2011). The solid circles
indicate the observed monthly prevalence and the solid line is the corresponding fitted regression line for the period June 2011–December 2012.
After December 2012, only prevalence on admission was assessed
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one containing 1 to 2 isolates and the three NDM-
producers consisted a distinct group. The isolate that car-
ried both blaVIM and blaKPC genes was classified in one of
the KPC PFGE types. Of note, all BSIs were caused by CP-
Kp exhibiting identical PFGE type with that of the coloniz-
ing organism (Table 1).

Discussion
The findings presented herein demonstrate that early
identification of asymptomatic CP-Kp carriers followed
by physical separation from non-carriers in conjunction
with contact precautions, improved compliance in hand
hygiene, and environmental cleaning, had a significant

Fig. 4 Incidence rate of CP-Kp colonization per month (solid circles: monthly incidence rates, solid line: lowess smoothing, dashed line: fitted linear
regression line)

Fig. 5 BSI incidence rate during 2010–2014 (solid circles: BSI incidence rates per 3-month periods, dashed vertical line: initiation of intervention,
solid lines: fitted regression lines for the periods pre- and post-intervention)
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effect on containing CP-Kp spread and on reducing CP-
Kp BSIs in an haematology unit where the incidence of
CP-Kp infections and the associated mortality were high.
Prior to intervention a substantial proportion (28.6%) of

hospitalized patients in the unit were colonized with CP-
Kp. Apparently, this was result of i) constant inflow of
CP-Kp colonized patients and ii) transmission from pa-
tient to patient due to inadequate infection control prac-
tices. Indeed, approximately 10% of the admitted patients
were already colonized and a large proportion of CP-Kp
isolates examined by PFGE was classified in groups with
identical genetic profiles, indicating ongoing horizontal
transmission. In health care facilities with such character-
istics, the infection control strategy should aim to inter-
rupt both chains of transmission: i) the inflow of carriers
by early identification and physical separation and ii) the

horizontal transmission by contact precautions and en-
hanced standard infection control practices.
Transmission from patient to patient via the hands of

health care workers is the main route of spread in the
acute-care setting [12]. In a modeling study, performed in
our hospital, the minimum hand hygiene compliance level
required to control CP-Kp transmission was estimated to
be 50% [5]. This target was achieved in our unit, however,
in settings with low nurse to patient ratio, it is questionable
whether a substantial improvement in hand hygiene can be
achieved, and if so, whether such an improvement could be
sustained over time. Moreover, the hand hygiene alone,
even at high compliance rates, had poor impact on the
spread of CP-Kp in our hospital where there was constant
inflow of new colonized patients [5]. Thus, in endemic set-
tings additional measures are required to contain CP-Kp as

Fig. 6 or supplementary. BSI incidence rate (all pathogens) during 2010–2014 (solid circles: BSI incidence rates per 3-month periods, dashed
vertical line: initiation of intervention, solid lines: fitted regression line)

Table 1 Characteristics of Klebsiella pneumoniae isolates.

Microorganisms Carbapenemase type

Site of isolation KPC VIM NDM KPC+VIM

Rectum A (n=25) H (n=1)

B (n=1) I (n=1)

C (n=1) J (n=1)

31 D (n=1) 7 K (n=1) 1 O (n=1) 1 E (n=1)

E (n=1) L (n=1)

F (n=1) M (n=1)

G (n=1) N (n=1)

Blood 8 A (n=8) 1 M (n=1) 1 O (n=1) -
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has been recommended by different organizations, scientific
societies and experts [13–15].
Unrecognized CP-Kp carriers can serve as a potential

source of transmission to other patients. Previous studies
have shown that the use of clinical cultures may fail to de-
tect a significant proportion of colonized patients and only
after employing active surveillance the incidence of CP-Kp
infections declined [16, 17]. Similarly, in the present study,
active screening was considered to be of pivotal importance
for several reasons. First, the recorded monthly prevalence
of CP-Kp colonization on admission before the intervention
was > 10% and ranged between 0 and 11.1% during the
study period; thus, a significant number of CP-Kp-positive
patients would had been unrecognized without active
screening. Second, when a CP-Kp carrier was detected, the
patient was isolated or cohorted and contact precautions
were employed immediately. Finally, active screening pro-
vided information not only for the colonization status of
each patient but it also served as an indicator to
monitor the success of the implemented measures. In
settings with no adequate resources, as in our unit,
active screening can be discontinued when no further
transmission occurs and screening on admission can
be limited only to high-risk patients as defined by
local epidemiology.
Containment of carbapenemase-producing Enterobac-

tericeae (CRE) has been demonstrated by several studies
after applying infection control interventions in the form
of bundles [16, 18–25]. The design of these studies does
not allow to evaluate the effectiveness of each interven-
tion in controlling transmission. Several investigators,
however, have implemented bundles in a stepwise ap-
proach and have indicated that early identification of
asymptomatic carriers followed by separation of carriers
and staff cohorting were very essential in the contain-
ment of CRE [26–29]. In line with these findings, soon
after employing the infection control measures in our
unit, the incidence and prevalence of colonization pro-
gressively declined. More importantly, in parallel with
the decline of the newly colonized patients, a reduction
in the incidence of CP-Kp BSIs and in the incidence of
BSIs caused by other pathogens was observed.
Previous studies have shown that a substantial proportion

of CP-Kp colonized haematologic patients may develop
bacteremia with detrimental effects for the host [30–32]. In
our unit, 11 (28,9%) of 38 colonized patients developed CP-
Kp BSIs and 7 (63.6%) of those died due to infection. Of
note, the strains causing bacteremia had identical PFGE
pattern with the colonizers. Apparently, after ingestion and
establishment of the organisms in the gastrointestinal tract,
CP-Kp may migrate to clinical sites and cause infection
with harmful effects for the host. Thus, it is of paramount
importance to act pro-actively and protect these patients
before they get colonized.

Conclusion
Herein was shown that bundled intervention, including ac-
tive surveillance, can attain maximum containment of CP-
Kp colonization and infection in endemic acute healthcare
settings. Considering the impact of CP-Kp infections on
human lives, a multifaceted intervention programme to
prevent and control such infections should be in place in
all acute health care facilities. When a hospital-wide inter-
vention is not feasible due to limited resources, there is
need for prioritization and prompt implementation of a
rigorous and effective program in “high risk” units to pro-
tect the most vulnerable patients.

Abbreviations
CP-Kp: Carbapenemase-producing Klebsiella pneumoniae; BSIs: Bloodstream
infections; HCWs: Health-care workers; WHO: World Health Organization;
blaVIM: Verona Integron-Mediated Metallo-β-lactamase gene; blaKPC: Klebsiella
pneumoniae carbapenemase gene; blaNDM: New Delhi Metallo-beta-
lactamase gene; blaOXA-48: Oxacillinase-48 gene; PFGE: Pulsed-field gel
electrophoresis; CI: Confidence Interval; CRE: Carbapenem-resistant
Enterobacteriaceae

Acknowledgements
We thank E. Siatravani for excellent technical assistance.

Authors’ contributions
DG and TL designed the study. DG and PM supervised and coordinated the
study. SV conducted the statistical analysis and MV conducted the molecular
experiments. KA, SK and PM were responsible for the healthcare personnel
educational course and compliance monitoring. SK and HL collected the
surveillance cultures and created the dataset with all the necessary clinical
and experimental data. SK performed the identification of culture isolates
and phenotypic carbapenemase detection. DG, PM, SK contributed to
writing and editing the manuscript. All authors read and approved the final
manuscript.

Funding
The study had no financial support.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study has been approved by the Scientific Council of “Laiko” General
Hospital. (Reference Number: ES522/26.6.2012).
Patient identities were anonymized through assigning numerical codes.

Consent for publication
Not applicable.

Competing interests
All authors report no competing interests relevant to this article.

Author details
1First Department of Medicine, Medical School, “Laiko” General Hospital,
National and Kapodistrian University of Athens, 75, 11527 Athens, Greece.
2Department of Hygiene, Epidemiology and Medical Statistics, Medical
School, National and Kapodistrian University of Athens, Athens, Greece.
3Laboratory of Bacteriology, Hellenic Pasteur Institute, Athens, Greece.
4Department of Microbiology, School of Medicine, National and Kapodistrian
University of Athens, Athens, Greece.

Spyridopoulou et al. Antimicrobial Resistance and Infection Control           (2020) 9:102 Page 8 of 9



Received: 10 April 2020 Accepted: 23 June 2020

References
1. Tzouvelekis LS, Markogiannakis A, Psichogiou M, Tassios PT, Daikos GL.

Carbapenemases in Klebsiella pneumoniae and other Enterobacteriaceae:
an evolving crisis of global dimensions. Clin Microbiol Rev. 2012;25(4):682–
707.

2. Munoz-Price LS, Poirel L, Bonomo RA, et al. Clinical epidemiology of the
global expansion of Klebsiella pneumoniae carbapenemases. Lancet Infect
Dis. 2013;13(9):785–96.

3. European Centre for Disease Prevention and Control. Surveillance of
antimicrobial resistance in Europe 2018. Stockholm: ECDC; 2019.

4. Cassini A, Högberg LD, Plachouras D, Burden of AMR Collaborative Group,
et al. Attributable deaths and disability-adjusted life-years caused by
infections with antibiotic-resistant bacteria in the EU and the European
economic area in 2015: a population-level modelling analysis. Lancet Infect
Dis. 2019;19:56–66.

5. Sypsa V, Psichogiou M, Bouzala GA, Hadjihannas L, Hatzakis A, Daikos GL.
Transmission dynamics of carbapenemase-producing Klebsiella pneumoniae
and anticipated impact of infection control strategies in a surgical unit.
PLoS One. 2012;7(7):e41068.

6. Wernli D, Haustein T, Conly J, Carmeli Y, Kickbusch I, Harbarth S. A call for
action: the application of the international health regulations to the global
threat of antimicrobial resistance. PLoS Med. 2011;8(4):e1001022.

7. Kritsotakis EI, Kontopidou F, Astrinaki E, Roumbelaki M, Ioannidou E, Gikas A.
Prevalence, incidence burden, and clinical impact of healthcare-associated
infections and antimicrobial resistance: a national prevalent cohort study in
acute care hospitals in Greece. Infect Drug Resist. 2017;10:317–28.

8. Maltezou HC, Kontopidou F, Dedoukou X. et al; working Group for the
National Action Plan to combat infections due to Carbapenem-resistant,
gram-negative pathogens in acute-care hospitals in Greece. Action Plan to
combat infections due to carbapenem-resistant, Gram-negative pathogens
in acute-care hospitals in Greece. J Glob Antimicrob Resist. 2014;2(1):11–6.

9. Kousouli E, Zarkotou O, Politi L, et al. Infection control interventions affected by
resource shortages: impact on the incidence of bacteremias caused by
carbapenem-resistant pathogens. Eur J Clin Microbiol Infect Dis. 2018;37(1):43–50.

10. Tsakris A, Poulou A, Themeli-Digalaki K, Voulgari E, Pittaras T, et al. Use of
boronic acid disk tests to detect extended- spectrum beta-lactamases in
clinical isolates of KPC carbapenemase-possessing enterobacteriaceae. J Clin
Microbiol. 2009;47:3420–6.

11. Giakkoupi P, Papagiannitsis CC, Miriagou V, et al. An update of the evolving
epidemic of blaKPC-2-carrying Klebsiella pneumoniae in Greece (2009-10). J
Antimicrob Chemother. 2011;66(7):1510–3.

12. David S, Reuter S, Harris SR, et al. Epidemic of carbapenem-resistant
Klebsiella pneumoniae in Europe is driven by nosocomial spread. Nat
Microbiol. 2019;11:1919–29.

13. Tacconelli E, Mazzaferri F, de Smet AM, et al. ESCMID-EUCIC clinical
guidelines on decolonization of multidrug-resistant Gram-negative bacteria
carriers. Clin Microbiol Infect. 2019;25(7):807–17.

14. Magiorakos AP, Burns K, Rodríguez Baño J, et al. Infection prevention and
control measures and tools for the prevention of entry of carbapenem-
resistant Enterobacteriaceae into healthcare settings: guidance from the
European Centre for Disease prevention and control. Antimicrob Resist
Infect Control. 2017;6:113.

15. Friedman ND. Carbapenem-resistant Enterobacteriaceae: a strategic
roadmap for infection control. Infect Control Hosp Epidemiol. 2017;38(5):
580–594.

16. Ben-David D, Maor Y, Keller N, et al. Potential role of active surveillance in
the control of a hospital-wide outbreak of carbapenem-resistant Klebsiella
pneumoniae infection. Infect Control Hosp Epidemiol. 2010;31(6):620–6.

17. Calfee D, Jenkins SG. Use of active surveillance cultures to detect
asymptomatic colonization with carbapenem-resistant Klebsiella
pneumoniae in intensive care unit patients. Infect Control Hosp Epidemiol.
2008;29(10):966–8.

18. Schwaber MJ, Lev B, Israeli A, et al. Israel Carbapenem-Resistant
Enterobacteriaceae Working Group., et al. Containment of a country wide
outbreak of carbapenem-resistant Klebsiella pneumoniae in Israeli hospitals
via a nationally implemented intervention. Clin Infect Dis. 2011;52(7):848–55.

19. DalBen MF, Teixeira Mendes E, Moura ML, et al. A model-based strategy to
control the spread of carbapenem-resistant Enterobacteriaceae: simulate
and implement. Infect Control Hosp Epidemiol. 2016;37(11):1315–22.

20. Viale P, Tumietto F, Giannella M, et al. Impact of a hospital-wide
multifaceted programme for reducing carbapenem-resistant
Enterobacteriaceae infections in a large teaching hospital in northern Italy.
Clin Microbiol Infect. 2015;21(3):242–7.

21. Hayden MK, Lin MY, Lolans K, et al. Prevention of colonization and infection
by Klebsiella pneumoniae carbapenemase-producing Enterobacteriaceae in
long-term acute-care hospitals. Clin Infect Dis. 2015;60(8):1153–61.

22. Gagliotti C, Cappelli V, Carretto E, et al. Control of carbapenemase-producing
Klebsiella pneumoniae: a region-wide intervention. Euro Surveill. 2014;19(43):20943.

23. Ciobotaro P, Oved M, Nadir E, Bardenstein R, Zimhony O. An effective
intervention to limit the spread of an epidemic carbapenem-resistant
Klebsiella pneumoniae strain in an acute care setting: from theory to
practice. Am J Infect Control. 2011;39(8):671–7.

24. Borer A, Eskira S, Nativ R, et al. A multifaceted intervention strategy for
eradication of a hospital-wide outbreak caused by carbapenem-resistant
Klebsiella pneumoniae in southern Israel. Infect Control Hosp Epidemiol.
2011;32(12):1158–65.

25. Munoz-Price LS, Hayden MK, Lolans K, et al. Successful control of an
outbreak of Klebsiella pneumoniae carbapenemase-producing K.
pneumoniae at a long-term acute care hospital. Infect Control Hosp
Epidemiol. 2010;31:341–7.

26. Agodi A, Voulgari E, Barchitta M, et al. Containment of an outbreakofKPC-3-
producing Klebsiella pneumoniae in Italy. J Clin Microbiol. 2011;49:3986–9.

27. Gregory CJ, Llata E, Stine N, et al. Outbreak of carbapenem-resistant
Klebsiella pneumoniae in Puerto Rico associated with a novel
carbapenemase variant. Infect Control Hosp Epidemiol. 2010;31:476–84.

28. Poulou A, Voulgari E, Vrioni G, et al. Imported Klebsiella pneumoniae &
carbapenemase-producing K. pneumoniae clones in a Greek hospital:
impact of infection control measures for restraining their dissemination. J
Clin Microbiol. 2012;50:2618–23.

29. Munoz-Price LS, Quinn JP. Deconstructing the infection control bundles for
the containment of carbapenem-resistant Enterobacteriaceae. Curr Opin
Infect Dis. 2013;26:378–87.

30. Girmenia C, Rossolini GM, Piciocchi A, Gruppo Italiano Trapianto Midollo
Osseo (GITMO); Gruppo Italiano Trapianto Midollo Osseo GITMO, et al.
Infections by carbapenem-resistant Klebsiella pneumoniae in SCT recipients:
a nationwide retrospective survey from Italy. Bone Marrow Transplant. 2015;
50(2):282–8.

31. Trecarichi EM, Pagano L, Martino B, Haematologic Malignancies Associated
Bloodstream Infections Surveillance (HEMABIS) registry - Sorveglianza
Epidemiologica Infezioni Funginein Emopatie Maligne(SEIFEM) group, Italy,
et al. Bloodstream infections caused by Klebsiella pneumoniae in onco-
hematological patients: clinical impact of carbapenem resistance in a
multicentre prospective survey. Am J Hematol. 2016;91(11):1076–81.

32. Tofas P, Skiada A, Angelopoulou M, et al. Carbapenemase-producing
Klebsiella pneumoniae bloodstream infections in neutropenic patients with
haematological malignancies or aplastic anaemia: analysis of 50 cases. Int J
Antimicrob Agents. 2016;47(4):335–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Spyridopoulou et al. Antimicrobial Resistance and Infection Control           (2020) 9:102 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Setting
	Intervention
	Monitoring for compliance
	Microbiology
	Definitions and study outcomes
	Statistical analysis

	Results
	Compliance to intervention measures
	Impact of intervention on CP-Kp colonization and infection
	Microorganisms

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

