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Background: Hospital-acquired infections (HAIs) and microbial colonization are a

worldwide serious threat for human health. Neurological patients with infections who

undergo rehabilitation have a significantly poor recovery. The effect of microbial

colonization on the functional outcome in severe acquired brain injury (sABI) subjects

is still unclear.

Aim: The aim of this multicenter observational study was to describe the clinical

impact of HAIs and colonization on the functional outcome of sABI subjects admitted

to inpatient neurorehabilitation.

Methods: Patients were assigned to three groups: infected (INF), not infected (noINF),

and colonized (COL). The Glasgow Coma Scale (GCS), the Rancho Los Amigos Levels

of Cognitive Functioning Scale, Disability Rating Scale, and modified Barthel Index (mBI)

assessments were performed both at admission and discharge.

Results: Two hundred sixty-five (92 female/173 male) patients were enrolled: 134 were

assigned to INF, 63 to COL, and 68 to noINF. In the INF group, 231 culture specimens

were found positive for bloodstream (44.2%), respiratory tract (25.5%), urinary tract

(18.6%), gastrointestinal tract (8.3%), skin (3%), and cerebrospinal fluid (0.4%) infections.

After rehabilitation, all groups showed a significant improvement in all assessment tests,

except for the noINF group that did not show any improvement in GCS. Both noINF and

COL groups showed a significantly higher gain in mBI than the INF group (p= 0.000). The

COL group showed a significantly higher gain than the noINF group in GCS (p = 0.001).

A significantly lower improvement was detected in the INF group than the COL and

noINF groups. The rate of patients who needed functional isolation was higher in the

INF group than the COL group. Length of stay (LOS) (in days) was 56 ± 50.7, 88.3

± 55, and 101.3 ± 73.6 for noINF, INF, and COL groups, respectively. The number of
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deaths in the INF group was significantly higher (24.6%) than the noINF group (7.4%)

(p = 0.005) and comparable to the COL group (19%).

Conclusion: Colonized sABI patients obtained a similar functional outcome to that of

subjects who had no infections, even if they needed a significantly higher LOS.

Keywords: healthcare-associated infections (HAI), neurorehabilitation, severe acquired brain injury, antibiotic

therapy, antibiotic resistance, microbial colonization, outcome, rehabilitation

INTRODUCTION

Hospital-acquired infections (HAIs) are a serious health problem
(1). Each year, there are thousands of cases of infections in
hospitals and care facilities, where there are obviously more
vulnerable subjects (premature, immunosuppressed, elderly)
who are more susceptible to develop infections caused by
instrumental maneuvers and the placement of a number of
devices, such as cannulas and catheters (2–4).

Among the factors that worsen this condition and hinder
recovery, colonization of microorganisms resistant to antibiotics,
also called “multidrug resistant” (MDR), has a prominent role as
they are resistant to one or more classes of antimicrobial agents.
The term “colonization” defines the presence of microorganisms
in or on a host that grow and multiply but without any
clinical evidence of infection (without tissue invasion or immune
response) (5, 6). Colonization is a serious threat given its impact
on morbidity and mortality and its potential for dissemination of
microbial resistance (7).

Data on colonization are available for intensive care units
(ICUs) (8–11), care settings (12), or tertiary hospitals (13, 14),
while information about rehabilitation settings—in particular
neurorehabilitation—is very limited or lacking. In this regard, a
recent study investigating the frequency of intestinal colonization
by Clostridium difficile or extended-spectrum beta-lactamase–
producing Enterobacteriaceae agents in some rehabilitation
clinics in Germany showed that colonization rates for these
pathogens were higher in neurorehabilitation wards than
in other rehabilitation clinics (15). In Italy, a single-center
study reported that about 10.2% of patients admitted to that
neurorehabilitation unit became colonized by carbapenemase-
producing Enterobacteriaceae (CPE) organisms (16). These
findings were further confirmed by another study that described
the burden of CPE in an Italian neurorehabilitation institute
during a 6-year period, showing that overall 9.3% of patients were
CPE rectal carriers at admission, and 8.1% became colonized
during hospitalization (17).

Patients admitted to neurorehabilitation units, particularly
those suffering from severe acquired brain injury (sABI), are
more at risk of developing infections and microbial colonization.
The main causes are the higher intensity of care and the
presence of predisposing factors including greater age, multiple
comorbidities, poor functional status, previously repeated and/or
prolonged courses of antibiotic exposure, prolonged stay and/or
frequent readmission to acute care facilities, and use of invasive
medical devices or mechanical ventilation (18–21). Moreover,
the brain injury–induced immunosuppression syndrome, which

manifests as a consequence of dysregulation of the brain–
immune interactions, may facilitate infections and colonization
(22–24). Consistently, a surveillance program implemented in a
large Italian long-term acute care rehabilitation facility revealed
that sABI patients were at much higher risk of developing
CPE bacteremia compared to other subpopulations admitted to
rehabilitation settings. Indeed, sABI patients can show a rate of
Klebsiella pneumoniae carbapenemase-producing infection up to
90% (25). The detrimental impact of HAIs on the rehabilitative
outcome of sABI patients and their economic burden have been
extensively described (26–28). Likewise, colonization has been
analyzed in acute care departments, including ICU and surgical
departments, but it has been poorly investigated in rehabilitation
facilities, particularly in settings dedicated to rehabilitation of
sABI patients. Moreover, as both epidemiological data and the
rate at which colonized patients can spread pathogens into the
environment have yet to be completely clarified, it is reasonable
to suppose that the global impact of colonization on rehabilitative
goals may be much greater than has been recognized so far.

Rollnik et al. (29) reported that functional recovery of
neurological patients who underwent early rehabilitation and
were colonized by methicillin-resistant Staphylococcus aureus
(MRSA) was worse than MRSA-negative patients. Recently,
a European survey involving 45 hospitals and aiming to
assess the management and the outcome of colonized patients
in rehabilitation facilities reported that the estimated MDR
colonization prevalence rate is of 31% and that there is
a widespread use of functional isolation to manage these
hospitalized patients (69%). Moreover, it was found that MDR-
colonized patients usually waited longer for admission (36%) and
showed a worse outcome (30).

The aim of the present study was to evaluate the frequency
and the effect of HAIs and microbial colonization on the
functional outcome of patients with sABI admitted to a dedicated
rehabilitation facility.

MATERIALS AND METHODS

Participants
All sABI patients consecutively admitted to three intensive
neurorehabilitation centers from 1 September 1, 2018, to
February 28, 2019, were enrolled in the study. sABI was
defined as a central nervous system damage due to acute
traumatic or non-traumatic (vascular, anoxic, neoplastic, or
infectious) causes that led to a variably prolonged state of coma
[Glasgow Coma Scale (GCS) ≤8] and produced a potentially
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wide range of impairments affecting the physical, cognitive,
and/or psychological functioning (31–33). Exclusion criteria
were as follows: previous neurological impairment; infected
surgical wounds and/or infected pressure sores at admission;
and positive infection indexes [increase of leukocytes number,
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
procalcitonin] at admission to the rehabilitation unit. Subjects
with encephalitis were enrolled when the infective process was
considered clinically solved, and laboratory infection parameters
were negative at admission.

All enrolled patients were divided into three different
groups: infected (INF), colonized (COL), and non-infected group
(noINF). The study waived the written informed consent because
it was a retrospective data analysis, relying on measurements
and data acquisition applied as part of routine care and derived
from medical charts. The study was notified to the local
ethics committee.

Study Design and Procedures
This observational study was conducted as a part of the standard
clinical practice. Patients’ information was entered into the study
database anonymously.

Clinical and functional data were derived from patients’
charts and collected in a computer database that included the
following variables: age, sex, etiology of the brain damage, site of
lesion, comorbidities, presence of central venous catheter (CVC),
percutaneous endoscopic gastrostomy (PEG), urinary catheter,
tracheostomy, and pressure sores. Moreover, surgical or invasive
procedures performed during acute care were recorded including
ventriculoperitoneal shunt, craniotomy, and cranioplasty. Data
about HAIs were recorded including frequency, species of
microorganisms, types of culture specimens (hematic, urinary,
bronchial and/or tracheostomy secretions, cutaneous, feces,
cerebrospinal fluid, CVC), and antimicrobial therapy (drugs, days
of duration).

For the purpose of this study, patients were defined as follows:

- Infected (INF group): when the patients’ body tissues became
invaded by microorganisms resulting in disease, according
to the Centers for Disease Control and Prevention/National
Healthcare Safety Network surveillance definitions (1),
together with the presence of positive specimens and clinical
signs (increase in the number of leukocytes, ESR, CRP,
procalcitonin). In the presence of pneumonia also radiological
evidence (such as new or progressive and persistent infiltrates,
consolidation, or cavitation) was considered. If patients
showed more than one type of pathogens, they were
categorized as infected due to multiple pathogens;

- Colonized (COL group): despite the presence of cultures
positive for pathogens, the agents did not cause a specific
immune response or infection in the host, and no antibiotic
therapy was needed (34, 35). All enrolled patients were
identified as “colonized” at admission, according to the
indications by the ICU and acute wards, where they
were assessed before admission to a dedicated intensive
rehabilitation unit. Confirmation of the colonization status
was linked to the presence of positive pathogenic cultures

(performed again in neurorehabilitation) in the absence of
clinical signs (leukocytosis, ESR, PCR, fever);

- Non-infected (noINF group) when the previous conditions
were not satisfied, and no signs of infection were detected at
admission or during stay in the neurorehabilitation ward.

To evaluate patients’ clinical and functional status, the following
tests were administered at admission (T0) and discharge
(T1): GCS (36), the Rancho Los Amigos Levels of Cognitive
Functioning Scale (LCF) (37), Disability Rating Scale (DRS) (38),
modified Barthel Index (mBI) (39).

Data about functional isolation, suspension of rehabilitation
treatment (number of sessions), hospital length of stay (LOS),
and mortality were also collected.

Statistical Analysis
Demographic and clinical variables were summarized by means
of descriptive statistics.

The assumption of normal distribution for each continuous
variable was checked by means of the Shapiro–Wilk test. As
the data deviated from the normal distribution, the analysis
was performed by means of nonparametric statistics, and the
distribution was described as median values and the 25th and
75th quartiles.

Categorical variables were reported as frequencies and
percentages and compared using the χ

2 test or the Fisher exact
test; when statistical significant differences emerged between the
three groups, the post hoc analysis with the χ

2 was performed.
With regard to clinical and functional scales, changes within

groups [admission (T0)—discharge (T1)] were investigated using
the Wilcoxon signed rank test. Intergroup comparisons were
performed by means of the Kruskal–Wallis test, using the
Mann–Whitney U-test to make post hoc comparisons; for
post hoc analysis, the Bonferroni correction was applied. For
all the clinical scales, besides admission and discharge values,
also the “gain” parameter [difference between discharge (T1)
and admission (T0) score] for each group was calculated
and compared.

All tests were 2-sided, and the level of significance was
set at 0.05 for intragroup comparison, whereas for intergroup
comparison with post hoc analysis, the significance was set at
0.017 (according to Bonferroni correction).

Data processing and statistical analyses were performed with
SPSS Statistics for Windows (version 18.0).

RESULTS

Among 288 consecutive sABI patients admitted to the three
neurorehabilitation centers, 23 (8 female, 15 male) patients
were excluded because of previous neurological impairments
(16), infected wounds (1) or pressure sores (3), and positive
infection indexes (3); 265 (92 female, 173 male) patients with
a mean age of 63.6 ± 16.1 years were enrolled in the study.
Of these, 134 patients (50.6%) were included in the INF group,
63 (23.8%) in the COL group and 68 (25.6%) in the noINF
group. Patients’ demographic and clinical features are shown
in Table 1. The intergroup comparison showed the following
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TABLE 1 | Patients’ demographic and clinical features.

INF group

(n = 134)

COL group

(n = 63)

NoINF group

(n = 68)

Age, years [25th; 75th quartiles] 68

[59; 76]

66

[52; 75]

60.5

[52.25; 74]

Gender, n (%) Female 43 (32.1) 27 (42.9) 22 (32.4)

Male 91 (67.9) 36 (57.1) 46 (67.6)

Time from acute event, days [25th;

75th quartiles]

26

[20.75; 46.50]

31

[20; 53]

27.5

[19; 46.75]

LOS in neurorehabilitation, days

[25th; 75th quartiles]

73 [44;127]b 79

[43; 180]c
40

[22.75; 70.5]

Discharge wards, n (%) Intensive care units 75 (55.9) 34 (53.9) 33 (48.5)

Neurosurgery 14 (10.4)a 19 (30.1) 10 (14.7)

Neurology 16 (11.9) 4 (6.3) 8 (11.7)

Stroke unit 13 (9.7) 5 (7.9) 7 (10.2)

Surgery 2 (1.4) 0 2 (2.9)

Medicine 14 (10.4) 1 (1.5) 8 (11.7)

Comorbidities, n (%) Cardiovascular 52 (38.8) 17 (27) 21 (30.9)

Dysmetabolic/

endocrine

7 (5.2) 1 (1.6) 3 (4.4)

Neoplastic 2 (1.5) 1 (1.6) 0

Psychiatric 3 (2.2) 0 0

Neurologic 6 (4.5) 0 3 (4.4)

Multiple 29 (21.6) 22 (34.9) 14 (20.6)

Other 7 (5.2) 2 (3.2) 2 (2.9)

Etiology, n (%) Ischemic 30 (22.4) 10 (15.9) 13 (19.1)

Hemorrhagic 48 (35.8) 21 (33.3) 15 (22)

Infective 7 (5.2) 2 (3.2) 1 (1.5)

Traumatic 25 (18.7)b 19 (30.2) 26 (38.2)

Hypoxic 23 (17.2) 7 (11.1) 12 (17.7)

Neoplastic 1 (0.7) 4 (6.3) 1 (1.5)

Lesion site, n (%) Diffuse damage 31 (23.2) 10 (15.9) 18 (26.5)

Right hemisphere 26 (19.4) 15 (23.8) 17 (25)

Left hemisphere 33 (24.6) 15 (23.8) 12 (17.6)

Bilateral 15 (11.2) 6 (9.5) 10 (14.7)

Posterior cranial fossa 4 (3) 1 (1.6) 0

Brainstem 1 (0.7) 5 (7.9) 1 (1.5)

Basal ganglia 6 (4.5) 8 (12.7)a,c 2 (2.9)

Multiple sites 16 (11.9) 2 (3.2) 8 (11.8)

Other 2 (1.5) 1 (1.6) 0

Devices, n (%) Central venous catheter 61 (45.5)b 21 (33.3) 18 (26.5)

Percutaneous endoscopic

gastrostomy

49 (36.6) 35 (55.6)c 22 (32.4)

Urinary catheter 127 (94.8) 63 (100) 59 (86.8)

Tracheostomy 104 (77.6) 46 (73) 47 (69.1)

Ventriculoperitoneal shunt 5 (3.7) 7 (11.1)c 1 (1.5)

The 25th and the 75th quartiles are given in square brackets.

Significance p < 0.017: a INF vs. COL, b INF vs. noINF, cCOL vs. noINF.

Where not otherwise indicated, the intergroup comparison must be considered as “not statistically significant”.

significant differences: the percentage of patients coming from
the neurosurgery unit was higher in the COL group than in the
INF group (p= 0.001); the noINF group showed a higher rate of
traumatic etiology than the INF group (p= 0.004). At admission,
INF and COL patients showed worse clinical conditions than
noINF patients. Indeed, devices were significantly more frequent
in the INF group and the COL group than in the noINF group,
in particular CVC (p= 0.014) and PEG and/or CV presence (p=

0.012 and p = 0.008, respectively). No statistical significance was
found for any other intergroup comparison about demographic
and clinical features.

Among patients discharged from ICU, 30 (21.1%) needed
ventilator care during ICU stay: 17 (22.6%) in the INF, 6 (18.1%)
in the noINF, and 7 (20.6%) in the COL group; no statistical
differences among groups were found. During ICU stay, 87
(61.2%) patients took antibiotic therapies: 51 (68%) in the INF,
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4 (12.1%) in the noINF, and 32 (94.1%) in the COL group, with
the following statistical significant differences: INF vs. noINF, p
= 0.000; INF vs. COL, p= 0.006; noINF vs. COL, p= 0.000.

In the INF group, 231 positive culture specimens were found:
95 (41.2%) blood, 42 (18.2%) urine, 35 (15.2%) oropharyngeal
swabs, 19 (8.2%) feces, 15 (6.5%) tracheostomy, 9 (3.9%)
expectorated sputum, 7 (3%) CVC, 7 (3%) skin, 1 (0.4%)
cerebrospinal fluid, and 1 (0.4%) vaginal swab. Furthermore, the
following infections were identified: 102 bloodstream infections
(44.2%) [27 (11.6%) catheter-related]; 59 respiratory tract
infections (25.5%) [pneumonia 35 (15.2%), upper airways 24
(10.3%)]; 43 urinary tract infections (18.6%); 19 gastrointestinal
infections (8.3%); 7 skin infections; and 1 cerebrospinal fluid
infection (0.4%).

Single isolated pathogens were as follows: K. pneumoniae
(11.2%), Pseudomonas aeruginosa (6%), Acinetobacter
baumannii (4.5%), C. difficile (4.5%), Enterococcus (3%),
Staphylococcus (3%), Escherichia coli (3%), Proteus mirabilis
(2.2%), Mycobacteria (0.7%), Morganella morganii (0.7%),
Providencia (0.7%), Serratia (0.7%), and Enterobacter
cloacae (0.7%). Seventy-four patients (55.2%) had multiple
microorganisms, while in five cases (3.7%), no pathogens were
identified. Fifty (37.3%) patients presented recurrent infections
during their stay in neurorehabilitation ward. Patients in the
INF group were administered antibiotic therapy on average
for 20.1± 10.9 days.

In the COL group, 77 culture specimens were taken, and the
isolated bacteria were E. coli (9.5%), K. pneumoniae (9.5%), P.
aeruginosa (6.3%), P. mirabilis (3.2%), A. baumannii (3.2%), and
M. morganii (3.2%). Thirty-three (52.4%) specimens revealed
multiple microorganisms; in six (9.5%) cases, no pathogens were
identified, and two missing data were recorded.

Functional Outcome
At admission, INF patients’ scores were significantly lower than
those of noINF patients in all clinical scales (GCS, LCF, DRS,
mBI). Likewise, significantly lower scores than the COL group (p
< 0.005) were detected in all measurements, except for the LCF
score. Clinical scale scores of the COL group were comparable
to those of the noINF group, except for the DRS value that was
significantly lower in the COL group (p = 0.001; Table 2). After
rehabilitation, all groups showed a significant improvement in
all assessment measures, except for the noINF group that did
not show any significant improvement in GCS. However, the
improvement of INF patients was significantly lower than that
of COL and noINF patients at discharge (all p < 0.009), while no
significant differences between the COL group and noINF group
were observed (Table 2).

Comparing the COL group and the noINF group, the COL
group showed a significantly higher gain than the noINF group
in GCS (p= 0.001). Both the noINF and the COL groups showed
a significantly higher gain in mBI than the INF group (p =

0.000). Furthermore, the noINF group showed a significantly
higher gain in DRS than the INF group (p = 0.009) and the
COL group (p = 0.011; Table 2). NoINF patients did not miss
any rehabilitation session, while the average number of skipped
rehabilitation sessions was 0.49± 1.3 for the INF group and 0.67

TABLE 2 | Outcome measures: between-group analysis.

Outcome measures INF group COL group NoINF group

GCS Admission 8 [6; 11]a,b 11 [8; 14] 13 [8; 15]

Discharge 12 [8; 15]a,b 14 [12; 15 15 [11; 15]

Gain 1 [0; 4] 1 [0; 4]c 0 [0; 2]

LCF Admission 3 [2; 4]b 3 [2; 5] 4 [3; 6]

Discharge 4 [2; 6]a,b 5 [3.75; 8] 6 [4; 7]

Gain 1 [0; 2] 1 [0; 2] 1 [0; 2]

DRS Admission 20 [9; 26]a,b 8 [7; 9]c 14 [7; 20]

Discharge 12 [8; 20]a,b 6 [5; 8] 6 [3; 10]

Gain −1 [−6; 0]b −2 [−4; 0]c −4 [−11; −1]

mBI Admission 0 [0; 0]a,b 0 [0; 2] 0 [0; 17.75]

Discharge 0 [0; 11.25]a,b 25 [0; 75] 35 [4; 82]

Gain 0 [0; 10]a,b 15 [0; 56] 15 [0; 60]

The 25th and the 75th quartiles are given in square brackets.

Significance p < 0.017: a INF vs. COL, b INF vs. noINF, cCOL vs. noINF.

Where not otherwise indicated, the intergroup comparison must be considered as “not

statistically significant”.

±1.3 for COL group. However, no significant differences among
the three groups were observed.

The rate of patients who needed functional isolation was
significantly higher in the INF group (68; 50.7%) than in the COL
group (19; 30.2%) (p= 0.01).

Although the INF group showed a higher death rate (33;
24.6%) than the COL group (12; 19%), no statistical differences
were observed. Likewise, no difference was detected between the
COL group and the noINF group (5; 7.4%) (p = 0.005). On the
other hand, a significantly higher death rate was observed in the
INF group than the noINF group.

DISCUSSION

Colonized sABI patients were frequent in our dedicated
rehabilitation unit, and their functional outcome was similar to
that of subjects without infections, even if these patients needed
a significantly higher LOS. On the other hand, the INF group
showed a significantly lower improvement and a higher LOS and
rate of mortality than noINF subjects.

It is well-known that neurological patients with infections
undergoing rehabilitation have a significantly poor recovery.
In this respect, several studies have demonstrated that HAIs
are an independent predictor of poor functional outcome and
mortality; moreover, it may delay hospital discharge and cause
an increase in the costs of care and the use of medical
resources (40, 41). This study confirms that INF patients
have a significantly poorer outcome and a higher LOS and
mortality rate than noINF subjects. Notwithstanding, INF
patients obtained a significantly functional improvement by
intensive rehabilitation interventions. As expected, the INF
group performed the highest number of culture specimens,
which revealed bloodstream, respiratory tract, and urinary
tract infections. Furthermore, a third of the patients of this
group developed multiple concurrent infections during their
rehabilitation stay.
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Although HAIs and microbial colonization are the most
relevant public health problems particularly in the ICU
setting, this phenomenon is progressively extending to the
neurorehabilitation setting and may represent a troublesome
complication in sABI patients (21). Some information on the
role and effect of colonization on the rehabilitation process
and the outcome of these patients is available. A retrospective
study analyzing medical records of neurological patients who
underwent early rehabilitation in a large rehabilitation facility
in Northern Germany revealed that the functional outcome
of MRSA-positive patients was worse than that of MRSA-
negative patients (29). These data were confirmed by the authors
of a multicenter study that enrolled 754 early neurological
patients (30). By contrast, the present study shows that there
are no significant differences in functional improvement between
COL patients and noINF patients, after rehabilitation. These
conflicting results may be due to the cohorts of enrolled patients
and type of agents responsible for colonization. Indeed, the
colonized subjects in the study by Rollnik et al. (30) had a poor
functional status and higher morbidity at admission, while no
differences in clinical and functional status were observed in
our patients. On the other hand, the frequency of colonized
subjects was quite similar to the one detected by Rollnik et al.
(30), but higher than that reported by two Italian studies that
found 10.2% (16) and 9.3% (17) of microbial colonization in
patients admitted to neurorehabilitation units. The reason for
the lower frequency detected in these investigations might be the
methodology and the aim of the studies, because only subjects
colonized by CPE agents were investigated, whereas we collected
all MDR organisms.

The present study shows that about a quarter of sABI
patients admitted to our intensive neurorehabilitation units
were colonized by MDR. This finding confirms that microbial
colonization and HAIs represent worrying conditions in a
dedicated rehabilitation setting, and it therefore requires
attention and proper interventions.

LOS for COL patients, although not statistically different from
that of INF patients, was the longest. In our opinion, this finding
is probably related to the complex clinical pictures that COL
patients usually show, as if the presence of pathogens, although
not expressed in the form of symptoms, could determine a sort
of “depletion” of resources (metabolic, functional), which makes
recovery times longer.

Consistently with literature data, the use of devices (CVC,
PEG, CV) was significantly greater in the COL and the INF
groups than the noINF group: it is well-known that the
use of invasive devices may be considerable in ICU patients,
representing a serious threat to patient safety as devices may
become vehicles of bacterial infections (42, 43). Moreover, it
should be noted that in our sample a high rate of COL
patients was discharged from the neurosurgery unit. The
reason for this finding may be the greater use of antibiotic
therapies with prophylactic purposes in these units to prevent
postoperative infections. Although beneficial, this practice is
controversial as preventive antibiotic therapy may favor the
promotion of antibiotic-resistant strains of bacteria (44, 45).
On the other hand, also COL patients discharged from ICU
reported high percentages of antibiotic use during ICU stay,

confirming literature evidences about the strict relationship
between antibiotic use and microbial resistance.

A worrying factor that emerges from the present study is
the rate of functional isolation use, which is significantly higher
in the INF group than in the COL group. Our opinion is
that the low rate of functional isolation in the COL group
may be due to the fact that not all COL subjects were
positive for those microorganisms that require isolation (i.e.,
K. pneumoniae, A. baumannii). However, other causing factors,
such as organizational difficulties, lack of proper structure, spatial
limitation, and level of education of healthcare personnel and the
patients’ relatives, cannot be excluded.

In this regard, despite frequent colonization, it has been
previously recognized that care facilities including rehabilitation
wards often do not have the same infection control resources
as acute care units, nor is there a consensus on how colonized
patients should be managed during rehabilitation stay (46).
This aspect is particularly important in rehabilitation facilities,
where the sharing of common spaces (e.g., gyms or areas
for group therapy) and the close interaction with healthcare
operators are basic elements of rehabilitation, but at the same
time, they can facilitate the propagation of infections. On
the other hand, previous studies have shown that in subjects
who undergo rehabilitation, organizational measures such as
functional isolation, besides several rising questions relating to
the need for dedicated settings and proper care with related costs,
may cause psychological distress symptoms including depression
and anxiety in patients and their relatives (47, 48). Furthermore,
because the rate of pathogen concentration was believed to be
lower in colonized subjects, until not long ago the attention
in preventing pathogen dissemination was mainly related to
infected patients, and only recently, there has been a growing
interest to better understanding the role of colonized patients
(5, 35).

Although data from our study show that for both INF and
COL subjects the number of missed rehabilitation sessions was
negligible (on average, not even one per person), in order
to reduce to a minimum the absence rate of patients from
rehabilitation sessions in dedicated gyms, we suggest the use of
protective equipment for both colonized patients and healthcare
operators, the scheduling of activities at the end of the therapeutic
sessions, and the adoption of appropriate cleaning procedures.

A limitation of the study is that we did not differentiate
enrolled colonized patients on the basis of the effect that the
MDR organisms had on the outcome and did not perform
a regular rectal swab test to evaluate the potential diffusion
of the colonization and transmission of resistant bacteria. On
the other hand, in our opinion, also considering that the
prevalence of sABI is not so high, the large cohort size, and
the multicenter observational design, which is able to depict
a real scenario, are two strengths of this study. In addition,
this study draws attention to prevention, which is crucial to
limit the spread of antibiotic-resistant bacteria among admitted
patients. Colonization is becoming a major economic and health-
related issue in all areas of healthcare, including neurological
rehabilitation, as well as infections represent a big issue because
their management determines complex clinical and organization
approaches (patients isolation, pharmacological expenditure,
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individual protection devices, and other) with costs increasing
for rehabilitation wards. On these bases, we believe that an
evidence-based and multidisciplinary approach might be the
solution. Specifically, in accordance with the World Health
Organization (WHO) recommendations (49), we recommend
some common and shared indications on how to manage
colonization specifically in rehabilitation facilities: (1) prudential
use of antibiotics, (2) implementation of surveillance systems,
(3) changes to the infrastructure of rehabilitation facilities
and to organizational models, (4) extensive use of protective
equipment, and (5) promoting proper education and training in
the management of colonized patients.

In conclusion, in our study, HAIs and microbial
colonization were frequent in sABI patients admitted to
our neurorehabilitation units. Colonized sABI patients had
similar functional outcome to subjects without infections.
Nevertheless, they showed an increased mortality rate and a
significantly higher LOS than subjects without infections. Future
studies should be aimed at investigating how rehabilitation
settings should be organized to prevent the dissemination of
colonization and HAIs.
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