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ABSTRACT
Objectives: Objective: The aim of this study is to describe the epidemiological surveillance of Carbapenem-Resistant
Enterobacteriaceae (CRE) effected at the Neurological Hospital Carlo Besta, Milano, Italy. The primary causes in our
division of multidrug-resistant (MDRs) infections in 2016 were K. pneumoniae and A. baumannii; the preventive
actions have ensured the reduction of their incidence in 2017 and allowed us to discover the microbiological sentinel
events (SE) and start appropriate precautionary behavior and isolation.
Methods: The setting is inpatient care with MDR infections and the aim of the procedure is to formalize the
management mode, reporting and transmission of SE, collected at the end of study period for previous years from
st
st
January 1 , 2015 to December 31 , 2017.
Results: It should be noted that of a total of 5772 hospitalizations detected in 2016 there was an increase in rate of A.
baumannii compared to the rate found in 2015 for 5679 hospitalizations and in 2017 for 5682 hospitalizations; the
same trend was observed for K. pneumoniae. For as regards P. aeruginosa carbapenemase producing or MDR, the
rates were lower in 2016 and in 2017.
Conclusions: The main goals that we achieved in the three years considered are the decreased incidence of
healthcare-associated infections (HAIs) and the decreased incidence of multidrug-resistant (MDR) microorganisms.
These actions were of course associated with the control of antibiotic pressure and a careful stewardship. The strict
surveillance of HAIs is fundamental to control the growing reservoir within hospital communities. J Microbiol Infect Dis
2020; 10(1):1-9.
Keywords: Carbapenem-resistant Enterobacteriaceae, Carbapenem-resistant Acinetobacter baumannii, Sentinel Event,
Healthcare Associated Infections, Extended-spectrum ß-lactamase, MDR

INTRODUCTION
The most obvious problems concerning
healthcare associated infections (HAIs) are
inadequate working conditions, the exposure to
risk factors such as high-risk medical
interventions and invasive devices, and the
unsuccessful attempt of the hospital's efforts to
prevent infections that require a particular
investigation [1]. HAIs developed 48 hrs after

hospital admission of the patient, and are
dependent on two key factors: a) decreased
host
defenses
and
colonization
by
microorganisms, and b) infected or colonized
patients who frequently serve as reservoirs of
bacterial infections. The increasing use of
carbapenems, caused by the widespread
diffusion of ESBL (extended-spectrum ßlactamase)-producing Enterobacteria, has led to
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a rise in resistance in P. aeruginosa and A.
baumannii and in carbapenemase-producing
Enterobacteriaceae [2,3]. Currently, the most
alarming data are the increasing resistance to
carbapenems of K. pneumoniae, a more serious
problem than ESBLs since there are no effective
and manageable antibiotics [4] to treat infections
caused
by
CRE
(carbapenem-resistant
Enterobacteriaceae) microorganisms [5]. CRE
are responsible for many hospital-acquired
infections that are difficult to treat, resulting in
longer hospital staying, higher costs and high
mortality rates; the spread of CRE bacteria is a
global phenomenon that sees Italy at the third
place [5-7].
At the Neurological hospital Besta, the
progressive reduction of incidence rate of alert
microorganisms isolated in neurological and
neurosurgical patient and generally for
microorganisms transferred by contact, were
associated with the implementation of preventive
actions defined by the CDC [2].
From 2012 the major items have changed such
as the inter-facility communication that has been
added to interventions; in a previous work we
have shown that the number of isolations
detected up to December 31st 2014, was
significantly reduced and in particular, the rates
of patients carrying MDR micro-organism or with
specific resistance decreased.
The main goals we achieved in 2014 were: 1)
that over 80% of sentinel events (SE) were
found to be from colonization and contamination,
only when cultural examinations for SE were
shown to be negative did the transfer of patients
to other facilities proceed; the actions taken to
prevent and their effectiveness on A. baumannii
and K. pneumoniae, which were the primary
causes in our division of multidrug-resistant
(MDR) infections in 2012, and often associated
with co-infection, has ensured a reduction in the
incidence of these microorganisms, and let us
detect microbiological SEs; 2) the consolidation
of an
antibiotics policy, characterized by
antibiotic selection and the implementation of
de-escalation [1].
Namely, for SEs we mean the individual first
investigations of microorganisms that are
included in hospital surveillance program for
their particular antibiotic resistance; the
symptoms of the disease may appear or not,
while the individual concerned is hospitalized for
this reason, we have to trigger appropriate
precautionary behavior and isolation. It is
important to note that prolonged patient-days
J Microbiol Infect Dis

necessitate a number of medical procedures
that increase the possibility of transferring
hospital infectious pathogens [8,9].
Concerning Antimicrobial Stewardship (ABS), it
is important to adjust the antibiotic treatment to
the individual patient based on the clinical
findings
(severity
of
disease,
relevant
comorbidities),
microbiological
efficacy,
pharmacodynamics and pharmacokinetics [10],
with the purpose to reduce selective pressure,
resistance to antibiotics and to decrease
unnecessary costs. Of essential priority are
bacteria resistant to more than three drug
groups that represent a particular threat for
patients whose assistance requires devices and
catheters; notably, the distribution of pathogens
among hospitals generally reflect the hospital
characteristics [11].
For this reason it is really important to
counteract current trends because we could face
a return to the pre-antibiotic era, with simple
wounds and infections causing significant harm
and even death, and routine medical procedures
becoming at very high risk [12].
The main aim of this retrospective observational
study was to evaluate the incidence of SE from
2015 to 2017 and the policy of retention of the
antibiotic therapy.
METHODS
Setting: this study, approved by the local ethics
committee (protocol no. 25E/24/2015), was
performed at the Fondazione IRCCS, Istituto
Neurologico Carlo Besta, Milano, Italy.
Study design: A cohort study with retrospective
data on SEs and determinants, including
interventions, were collected at the end of study
period for previous years and it was performed
to examine the incidence of SE from January
st
1st, 2015 to December 31 , 2017.
Participants: the selection criteria included
patients of all ages affected by different
neurological and neurosurgical pathologies
carrying MDR or with specific resistance;
authors followed a check list approved by the
Italian hospital infection committee (CIO) of the
Foundation on indication of Regione Lombardia
(Table 1).
Hospital characteristics (year 2017): The Besta
Neurological Institute is a regional and national
center of excellence for the treatment of
neurological diseases (total number: 213 beds),
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with an average of 5797 both admissions and
day hospital/day surgery, over 37031 specialist
outpatient visit and 2421 neurosurgery
procedures. The foundation treats oncological,
degenerative and rare neurological diseases
affecting both children and adults. It is highly
active in the field of neurosurgery and carries
out clinical and basic translational research to
improve treatment and diagnosis.
Admission was accepted as the point at which a
person begins an episode of care, by arriving at
an inpatient care. Informed consent was
obtained from all patients enrolled in the study.
For infection control, measures and procedures
regarding the incidence of SEs; microbiological
and epidemiological information on SEs,
analysis of the factors that are determinants for
the occurrence of the same events, individuation
of SEs and implementation of surveillance
measures, checking of the implementation of
preventive actions and their effectiveness,
notification of SEs to departments when
microorganisms are isolated, use of checklist
protocol for HAIs prevention, implementation of
procedures for specific microorganisms and
evaluation of the actions taken to reduce risk
factors defined in CDC 2012/2015 were
considered (CRE Toolkit Guidance for control of
CRE) [2].
During routine visit, microbiological samples
were collected from patients with clinical
symptoms: respiratory tract secretions, urine,
blood culture, central venous catheter (CVC),
cerebrospinal fluid, stool, swab from surgical
wounds, cervical and urethral specimens were
sent to laboratories for clinical purposes. Data
were obtained from microbiological isolation in
culture tests and identification with Maldi-TOF
[13] and supplementary tests. Antimicrobial
susceptibility test towards each antimicrobial
agent is reported according to international
values. Since 2012, the adoption has begun of a
new European breakpoint proposed by the
EUCAST guidelines [14].
The outcome definition are as follows: 1) routine
microbial sampling, in terms of periodicity, was
carried out for the intensive care unit (ICU),
where surveillance of SEs was performed twice
a week, every week for up to three successive
negative outcomes, 2) and for all other units was
J Microbiol Infect Dis

performed once a week; to underline that
antibiotic
administration
exerts
selection
pressure, promoting the development of
resistant microorganisms and modifying the
bacterial sensitivity profile.
Antibiotic-free days: number of days without
therapy starting from the day of the last
administration. They are defined as the number
of days, within 28 days after blood culture
collection, on which the patient did not receive
any antibiotic treatments; any patient dying
within 28 days of blood culture collection was
assigned zero antibiotic-free days.
De-escalation therapy: the narrowest spectrum
as
possible,
according
to
available
microbiological results; the choice of empirical
antibiotic therapy should be performed
according to local guidelines.
Data Analysis: Categorical variables were
described by rates or percentages, and
expressed as mean + SEM of data collected
between 2015 and 2017.
For statistical analysis, the GraphPad Instat
Statistical Package (version 3.05 GraphPad
software, San Diego, CA) was used. The data
were analyzed by analysis of variance (ANOVA);
followed, when significant, by an appropriate
post hoc comparison test as indicated in the
legends.
Differences
were
considered
statistically significant when p values < 0.05.
RESULTS
It should be noted that of a total of 5772
hospitalizations detected up to 31 December
2016 there was an increase in rate of A.
baumannii compared to the rate found in 2015
for 5679 hospitalizations and in 2017 for 5682
hospitalizations. The same trend was observed
for K. pneumoniae; for as regards P. aeruginosa
carbapenemase producing or MDR, the rates
were lower in 2016 and in 2017 (Table 1).
Table 2 reports the specific rates relative to each
microbiological SE found from the year 2015 to
2017 at the Carlo Besta Neurological Hospital.
The 2016 SE rate is related to a percentage of
antibiotic free days in 33% long-term ICU
patients staying more than 72 hours. The
following year, 2017, the SE rate decreased
returning similar to that of 2015 and is related to
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a percentage of antibiotic free days of over 40%
(Table 1).
Indeed, SEs rate and HAIs rate are significantly
more elevated in ICU when compared to the
respective SEs and HAIs detected in the other
hospital units. Statistical data are in agreement
with the clinical evidences: when the HAIs
decrease fewer SEs are detectable (Fig. 1 A). In
particular, concerning SEs, it should be
emphasized that there are no significant
differences between SE-CRE and MDR when
considering the single microorganism; on the
contrary, the significance is relevant when
comparing the total SEs number with each
single microorganism (Figure 1B). Specifically,
A. baumannii, which was present almost in two
occasions, originated little but significant clusters
since it is known that this organism is more often
involved in colonization rather than in infection;
however, it should be underscored that the
statistic relevance is always in contrast with the
clinical relevance. For the three years
considered (2015-17), the incidence of SEs CRE
and MDR is not statistically significant (Fig. 2B).
In the period 2015-2017 the prevalence of HAIs
is due to urinary tract infections (UTI) in all
hospital units (Fig. 2A); this kind of infection is
also prevalent in patients hospitalized in ICU.
Less frequently HAIs were associated with
pneumonia, sepsis (LCBI), surgical site
infections (SSI), or intracranial brain abscess
(IC-MEN) [14]. In agreement with literature data,
intensive care is the environment where there is
the highest incidence of SEs on 1.000
hospitalizations, this considering that SEs and
HAIs are both present in the ICU and in the
other hospital units (Table 3). In addition, the
trend of the SEs rates in the ICU, for the three
years considered, follows the trend of the total
SEs.
DISCUSSION
The implementation of preventive actions to
reduce antibiotic-resistance in MDR and CRE
microorganisms allowed us to reduce the Gram
–/+ alert, and also to control HAIs both of
alert/non alert microorganisms and generally for
microorganisms
transferred
by
contact,
associated with guidance for control of CRE
[14]. These actions were of course associated
with the control of antibiotic pressure and a
careful stewardship.

J Microbiol Infect Dis

In Figure 3 is shown the trend of a difference
between SEs and HAIs regarding methicillinresistant S. aureus (MRSA). The data are
referred to all the hospital wards and the ICU;
the low numbers indicate that the antibioticresistance phenomenon in this Gram +
microorganism is very limited and secondary.
The strict control carried out of measures to
prevent or contain A. baumannii, (Table 1),
which was the most important cause found in
our department of HAIs MDR in 2012, have
assured a reduction in the incidence of the same
rate of patients carrying MDRs or KPC
microorganism (Table 3).
Table 1. SE KPC or MDR rate and ICU antibiotic Free
days rate.
Sentinel Events

2015

2016

2017

A. baumannii MDR

2/5679

13/5772

9/5682

K. pneumoniae KPC
or MDR

8/5679

16/5772

10/5682

P. aeruginosa KPC
or MDR

10/5679

9/5772

4/5682

Tot SE KPC or MDR

3.45

6.55

4.04

nv

33

44

26/70

40/82

22/52

Antibiotic free days
(%)
SE ICU/SE Total (%)

SE=Sentinel Events, ICU=Intensive Care Unit

In 2015 the total incidence of HAIs is similar to
that recorded in 2014 (not shown) but, probably
in relation to a more serious case mix, the trend
increased in 2016. From the second semester of
2016, concomitantly with a selective antibiotic
stewardship in ICU, based on a rising to
antibiotic-free days in long–term ICU patients,
we assisted to a concomitant reduction in HAIs
and isolated alert microorganisms. The trend of
HAIs and alert microorganisms are the same for
the considered three years. As it can be seen
from the above epidemiological analysis, the
microbiological SEs that have burdened the
most are those present in ICU and in the wards.
These are for the most part post-surgical
patients with both general and neurological
conditions compromised, carriers of CVC,
urinary catheter, and drainages. They have
been/are subjected, contextually with the SE
isolation, to prolonged antibiotic therapies.
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Figure 1. A) SEs and HAIs rates. *p< 0.05, **p< 0.01; Newman-Keuls multiple comparison test, n=3.
B) No significant differences among SE-CRE and MDRs. * p< 0.05, Newman-Keuls Multiple Comparison test , n=3.

Figure 2. A) Prevalence of HAIs. *p <0.05, ** p <0.01; ** p <0.001;***, Newman-Keuls multiple comparison test.
B) SE CRE & MDRs incidence.
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Table 2. SE involved at Neurological Hospital.
Microrganismo
Acinetobacter baumannii non MDR
Acinetobacter baumannii MDR
Acinetobacter junii Ertapenem-R
Burkholderia capacia
Candida albicans
Corynbacterium species
Corynbacterium striatum
Enterobacter cloacae
Enterococcus VRE
Escherichia coli ESBL +
Klebsiella pneumoniae MDR
Klebsiella pneumoniae KPC
Klebsiella pneumoniae ESBL +
Klebsiella oxitoca ESBL +
Proteus mirabilis ESBL +
Providencia stuartii
Pseudomonas aeuroginosa KPC or
MDR
Salmonella group C1
Serratia marcescens
Staphylococcus aureus OXA R or
MRSA
Staphylococcus capitis
Staphylococcus epidermidis
Stapylococcus haemolyticus
Staphylococcus hominis
Stapylococcus sciurii
Stapylococcus warneri
Stenotrophomonas maltophilia
Aspergillus fumigatus
Clostridium difficile
Total

Rate* 2015
(n=5679)

SE
2
2

SE

Rate* 2016,
(n=5772)

Rate* 2017,
(n=5682)

0.3521
0.3521
0
0
0
0
0
0
0
3.1695
0
1.4086
0.3521
0.1760
0
0

0
13

10

1.7608

9

1.5592

4

0.7039

17

0
2.9934

6

0
1.0395

2
3

0.3519
0.5279

8

1.4086

6

1.0395

6

1.0559

0
0
0
0
0
0
1.0395
0.5197
0

2
1
1

0
0
0
0
0
0
0.3519
0.1759
0.1759

14.0331

52

9,1509

18
8
2
1

12
16
10

0
0
0
0
0
0
0.3521
0
0

2

70

6
3

12.3253

81

0
2.2522
0
0
0
0
0
0
0
2.0790
0
2.7720
1.7325
0
0
0

SE
0
9

1
13
10

0
1.5839
0
0
0
0
0
0
0.1759
2.2879
0
1.7599
0
0
0
0

*Rate for 1000 admissions

Table 3. A) Trend of patients with ICA and SEs present both in the ICU and in hospital units in 2015-2017 B) Rate of
patients carrying multi-drug- resistant microorganisms or microorganisms with specific resistance.
Variables
2015
2016
2017
Patients with ICA
87
103
66
Patients with ICA/1000 admission
15,3
17,8
11,6
Patients with SE
52
71
43
SE/1000 admissions
12,3
71
9,2
SE/10000 LOS
17,5
20,6
13,2
HAI=Hospital-acquired Infection

SE= sentinel event

Often, in the ICU patients, the microbiological
SE is present but it is not responsible for the
infections affecting the patient itself. As
observed by other authors [15], the number of
J Microbiol Infect Dis

LOS= length of stay

HAIs was higher in male than in female patients,
although the reason is not clear [16,17], the
higher frequency of sepsis due to Klebsiella
species has been associated with a genetic
predisposition [18].
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A higher frequency of CRE could be related to
the higher vulnerability of the ICU patients and
to their longer staying compared to patients
admitted to other units with less intensive level
of care [15]. In surgical patients undergoing
treatment with invasive surgical devices, proper
use of preoperative antibiotic prophylaxis
obviates the extension of antibiotic therapy and
the implementation of measures required to
contain the infection (Table 1).

subjects with dementia may not be able to
describe symptoms, and fever may not even
occur. Sometimes, the only thing that is noticed
in patients with UTI is a change in mental status,
known as delirium, which is caused by a
potentially reversible condition such as infection,
hypoglycemia, or drug side effects. Moreover, it
has been demonstrated an association between
age and the poor response of the immune
system [20] and the presence of co-morbidities.

The infection control interventions that mainly
focus on hospitals are less likely to be effective
because, for example, microorganism such as
Escherichia coli spreads in the community more
quickly than Klebsiella pneumoniae [15].

The main study limitation is related to data
collection; to the inability to identify all the SEs
these are present at the admission of the patient
to the hospital since in our hospital there is no
emergency room. The SE rate present at the
admission of patients sometimes is unknown
because is difficult and expensive to submit all
patients to a microbiological triage. Indeed, only
if patients are considered at risk of HAIs or are
coming from other hospitals, they are submitted
to microbiological investigations, such as
biological culture sampling; for this reason,
patients that are considered at risk or carrier of
SEs are easily discernable. CRE infections are
yet associated with poor outcomes and high
mortality [21].
Conclusion

Figure 3. SEs and HAIs of the Methicillin-resistant
Staphylococcus aureus. The data are concerning all
hospital units and the ICU, *p <0.05.

The increasing use of carbapenems, caused by
the widespread diffusion of ESBL-producing
enterobacteria, has caused an increase in
resistant Gram-negative bacteria, such as P.
aeruginosa and A. baumannii, and in
carbapenemase-producing Enterobacteriaceae
[19], but a strict selective antibiotic stewardship
has allowed us to increase the number of
antibiotic-free days in ICU (Table 1).
Moreover CRE are resistant to virtually all betalactam antibiotics and may contain mechanisms
of resistance against a second-line antibiotics
such as aminoglycosides and fluoroquinolones.
Regarding UTI infections, older people, also
recovered at the neurological unit, with urinary
tract infections may have different symptoms
than young or middle-aged adults, especially
J Microbiol Infect Dis

Therefore, more research is needed to fight
antimicrobial resistance [22,23], to develop new
therapeutic drugs and innovative treatments and
products for humans and animals. Most of the
microorganisms isolated were either acquired at
the hospital, and often associated with intensive
care treatment, or sometimes isolated from
patients with a previous hospital admission [24,
25]; further, there also seems to be an
association with preceding travels outside the
country of residence [26]. In this study, there
was a consolidation of a rigid antibiotics policy,
characterized by a non-treatment of colonization
and the implementation of de-escalation [27-29].
Surveillance of healthcare-associated infections
allows understanding the sources that are
involved to the growing reservoir within hospital
communities and, as suggested by other
authors, there is a compelling need for urgent
interventions by the health authorities [15, 22,
30].
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