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Abstract: (1) Background: In an area with a high prevalence of multi-drug resistant Gram-negative
bacteria (MDR-GNB), we investigated the colonization of nursing home residents by such organisms.
(2) Methods: A point prevalence study was performed in six nursing homes of the Heraklion area on
the island of Crete. A rectal swab was taken and cultured from each participant, while additional risk
factors such as recent hospitalization or antimicrobial usage were recorded and evaluated. (3) Results:
A total of 137 nursing home residents were included in the study. Their mean age was 82.1 years
and 19.7% were males. In total, cultures yielded 255 GNB; E. coli, K. pneumoniae and P. aeruginosa
were the most common. Among the microorganisms cultured, 17.6% had the extended-spectrum
beta-lactamase phenotype, while 18% were MDR. A statistically significant association was found
between recent antimicrobial use and colonization by MDR-GNB; (4) Conclusions: Colonization by
MDR-GNB was found to be highly prevalent in nursing home residents. Recent antimicrobial use
was associated with MDR-GNB carriage.
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1. Introduction

Improvement of medical services and lifestyle in the Western world has led to a
significant increase in life expectancy, resulting in ageing of the population. Older people
often need long term care that is hard to offer at home, thus long-term care facilities (LTCFs)
have become important.

Multi-drug resistant (MDR) Gram-negative bacteria (GNB) are becoming increasingly
prevalent [1,2]. Treatment of MDR-GNB infections can be problematic, since inappropriate
empirical initial antimicrobial treatment often leads to increased hospital stay, costs, mor-
bidities and mortality [3]. Colonization by MDR-GNB carries a high risk of infection [4].
Patients with recent healthcare or hospital contacts and patients in LTCFs are more com-
monly colonized by such organisms [5,6]. A recent systematic review has shown that
20% of LTCF residents were colonized by ESBL-producing microorganisms, and that these
individuals were more likely to have had a recent healthcare facility contact or history
of antimicrobial use [6]. Colonization of LTCF residents has also been shown in other
studies to involve other pathogens, such as methicillin resistant Staphylococcus aureus, or
carbapenemase-resistant Enterobacteriaceae and vancomycin-resistant Enterococcus [7-11],
with evidence suggesting clonal dissemination in many cases [7].

Identification of increased prevalence of MDR-GNB in LTCFs is crucial, since these
microorganisms could represent a niche for further dissemination to the community, and
even further increase antimicrobial resistance [12]. Improvement can be achieved through
targeted interventions by implementation of infection control measures and antimicrobial
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stewardship practices in order to reduce horizontal spread of the resistant microorganisms
and antimicrobial usage, respectively [12-14].

The aim of this study was to investigate the prevalence of MDR-GNB colonization
among nursing home residents in an area with a high hospital prevalence of MDR-GNB,
such as the island of Crete, Greece.

2. Materials and Methods
2.1. Study Duration, Setting, Study Participants and Population

This is a point prevalence study performed from May to August 2017 in six nursing
homes of the Heraklion area on the island of Crete. All six participating nursing homes
(NH1, NH2, NH3, NH4, NH5 and NH6) were private and their capacity was 78, 75, 70, 118,
60 and 55 beds, respectively. Rectal swabs of all eligible participants, with an age > 65 years,
were obtained and consequently cultured (only once from each participant). Residents
with infections were excluded. The study duration for each LTCF was two weeks.

Each of the 137 participants was assessed for additional risk factors using a question-
naire relating to urinary catheters, comorbidities, hospital admission during the preceding
three months and antimicrobial usage for the same period. Information was gathered with
interviews with the residents and by studying the notes of their medical records. Isolates
were characterized as MDR if they were non-susceptible to at least one agent in at least
three antimicrobial categories, as previously described [15].

The study protocol, complying with the Helsinki Declaration, was approved by the
Ethics Committee of the University Hospital of Heraklion, Crete, Greece, and informed
consent was obtained from each participant.

2.2. Microbiological Analysis

Rectal swabs were investigated for the presence of GNB with direct culturing on
MacConkey agar. After 24 to 48 h of incubation at 36 °C under aerobic conditions, Gram-
negative colonies were subcultured onto MacConkey agar to isolate pure colonies. Genus
and species identification was performed using standard biochemical methods, and the
VITEK?2 automated system (BioMérieux, Marcy " Etoile, France). Antimicrobial suscepti-
bility testing was performed using the disk diffusion method and the VITEK2 automated
system. The Clinical and Laboratory Standards Institute (CLSI) breakpoints were used
for the interpretation of results of all antimicrobial agents except for tigecycline and col-
istin [16]. The MICs (minimum inhibitory concentrations) of tigecycline and colistin were
interpreted following the U.S. Food and Drug Administration (FDA) and the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) criteria [17,18].

The double-disk synergy test was used for preliminary classification of the isolates
as ESBL (extended-spectrum f-lactamase) producers. The synergistic activity of CA
(clavulanic acid) with both ceftazidime and cefotaxime was confirmed by means of E-
test special strips (BioMérieux) containing ceftazidime/ceftazidime plus CA and cefo-
taxime/ cefotaxime plus CA [16].

2.3. Statistical Analysis

Categorical variables are presented as numbers (%), while continuous variables are
presented as medians (interquartile range, IQR). Categorical variables were assessed by
Pearson’s Chi-square test or Fisher’s exact test and continuous variables were assessed
by Student’s t-test for normally distributed variables and the Mann-Whitney U-test for
non-normally distributed variables. All tests were two-tailed and p-values < 0.05 were
considered to be significant. A univariate logistic regression analysis was conducted
to identify factors associated with colonization by ESBL-producing microorganisms or
MDR-GNB. The above-mentioned statistics were calculated with GraphPad Prism 6.0
(GraphPad Software, Inc., San Diego, CA, USA). A multivariate logistic regression analysis
was conducted to evaluate the effect of factors that were previously identified in the
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univariate analysis model, as factors with a p-value lower than 0.1. Multivariate analysis
was performed using SPSS version 23.0 (IBM Corp., Armonk, NY, USA).

3. Results

A total of 137 LTCF residents, with an age > 65 years, were included in the study.
More specifically, 12 out of 78 residents from NHI1, 34 out of 75 from NH2, 28 out of 70 from
NH3, 33 out of 118 from NH4, 25 out of 60 from NH5 and 5 out of 55 from NH6 agreed to
participate in the study. Their mean age was 82.1 years and 19.7% were males (27 residents).
The most common underlying medical conditions were neurological diseases (dementia
and Parkinson’s disease) in 78.8% (108 residents), arterial hypertension in 43.8% (60),
diabetes mellitus in 19.7% (27) and congestive heart failure in 7.3% (10). Urinary catheter
was present in 5.1% (7 residents), and 3.6% (5) had decubitus ulcers. A Charlson score of >3
was noted in 11.7% (16). Within the last 3 months, 8.8% (17) had received antimicrobials
while 5.1% (7) had been hospitalized during the same period. In total, cultures yielded
255 isolates; E. coli, K. pneumoniae and P. aeruginosa were the most common, representing
64.3%, 11.8% and 5.5% of the isolates, respectively (164, 30 and 14 isolates). Table 1 shows
the gender and species of the isolated microorganisms.

Among the isolated organisms 45 (17.6%) had the extended-spectrum beta-lactamase
(ESBL) phenotype, while 46 (18%) were MDR. These results had shown that 36 residents
(26.3%) were colonized by ESBL producing microorganisms and 33 (24.1%) by MDR-GNB,
respectively. All individuals with MDR-GNB were colonized by ESBL-producing microor-
ganisms. Colonization by MDR-GNB differed among different nursing homes, and more
specifically, MDR-GNB positive samples were detected in 41.7% (5 out of 12) residents of
NH1, 8.8% (3 out of 34) residents of NH2, 21.4% (6 out of 28) residents of NH3, 6.1% (2
out of 33) residents of NH4, 48% (12 out of 25) residents of NH5 and 100% (5 out of 5)
residents of NH6. Subgroup comparison between male and female individuals (Table S1),
those with and without hospitalization within the last three months (Table 2), those with
and without antimicrobial use within the last three months (Table 3), those with and
without colonization by MDR-GNB (Table 4) and those with and without colonization by
ESBL-producing microorganisms (Table 5) was performed in order to identify statistically
significant differences in terms of gender, age, duration of stay in the LTCF, Charlson
Comorbidity Index, presence of diabetes, a urinary catheter or a neurological disorder
and antimicrobial use or hospitalization within the last three months and colonization
by MDR-GNB or ESBL-producing microorganisms. Contingency analysis identified a
statistically significant association between antimicrobial use and hospitalization within
the last three months; recent antimicrobial use was associated with a higher possibility of
colonization by MDR-GNB and more specifically with microorganisms with the ESBL phe-
notype. Furthermore, the presence of a urinary catheter was significantly more frequent in
individuals colonized by MDR-GNB and ESBL-producing microorganisms. Table S1 shows
the characteristics of LTCF residents in regards to gender. In specific, male LTCF residents
had a statistically significant higher duration of LTCF stay, but did not differ in terms of
other characteristics, or colonization by MDR-GNB or EBSL-producing microorganisms.
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Table 1. Isolated microorganisms.
Isolate # of Isolates % Among All Isolates
Escherichia.coli 164 64.3
ESBL positive 35 13.7
MDR 32 12.5
Klebsiella pneumoniae 30 11.8
ESBL positive 6 24
MDR 7 2.7
Pseudomonas aeruginosa 14 5.5
MDR 1 0.4
Proteus mirabilis 13 5.1
ESBL positive 1 0.4
MDR 1 0.4
Comamonas testosteroni 8 3.1
Providencia stuartii 5 2
Citrobacter koseri 3 1.2
Enterobacter cloacae complex 2 0.8
Citrobacter freundii 2 0.8
Enterobacter aerogenes 2 0.8
Morganella morganii 2 0.8
Acinetobacter baumanii 2 0.8
MDR 1 0.4
Klebsiella oxytoca 1 0.4
Acinetobacter lwoffii 1 0.4
Ochrobactrum anthropi 1 0.4
Kluyvera intermedia 1 0.4
Aeromonas hydrophila 1 0.4
Klebsiella ornitholytica 1 0.4
Pantoea spp 1 0.4
Aeromonas sobria 1 0.4
# number; %: percentage; ESBL: extended-spectrum beta lactamase; MDR: multi-drug resistant.
Table 2. Characteristics of LTCF residents regarding hospitalization within the last 3 months.
Hospitalization within 3 m No Hospitalization within
n="7) 3m (n = 130) P
Male gender, n (%) 1(14.3) 26 (20) 1
Age, mean (SD) 84.7 (5.3) 82.1(8.4) 0.4082
Length of LTCF stay, months, median (IQR) 12 (2-70) 22 (10-48) 0.5537
Charlson > or = to 3, n (%) 1(14.3) 15 (11.5) 0.5895
Diabetes, n (%) 1(14.3) 26 (20) 1
Neurologic disorder, n (%) 5(71.4) 103 (79.2) 0.6391
Urinary catheter, n (%) 1(14.3) 6 (4.6) 0.3132
Antimicrobial use within 3 m, n (%) 6 (85.7) 6 (4.6) <0.0001
ESBL carriers, n (%) 4 (57.1) 32 (24.6) 0.0775
MDR-GNB carriers, n (%) 3(42.9) 30 (23.1) 0.3587

n: number; %: percentage; SD: standard deviation; LTCF: long-term care facility; IQR: interquartile range; ESBL: extended-spectrum beta

lactamase; MDR-GNB: multi-drug resistant Gram-negative bacteria; p: p-value.
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Table 3. Characteristics of LTCF residents regarding antimicrobial use within the last 3 months.

Antimicrobial Use within 3 No Antimicrobial Use
m (n =12) within 3 m (n = 125) P
Male gender, n (%) 1(8.3) 26 (20.8) 0.4595
Age, mean (SD) 83.3 (6.2) 81.9 (8.6) 0.5813
Length of LTCF stay, months, median (IQR) 13.5 (7-30.75) 23 (10-48) 0.2180
Charlson > or = to 3, n (%) 1(8.3) 15 (12) 1
Diabetes, n (%) 3(25) 24 (19.2) 0.7039
Neurologic disorder, n (%) 10 (83.3) 98 (78.4) 1
Urinary catheter, n (%) 1(8.3) 6 (4.8) 0.4815
Hospitalization within 3 m, n (%) 6 (50) 1(0.8) <0.0001
ESBL carriers, n (%) 7 (58.3) 29 (23.2) 0.0144
MDR-GNB carriers, n (%) 6 (50) 27 (21.6) 0.0386

n: number; %: percentage; SD: standard deviation; LTCF: long-term care facility; IQR: interquartile range; ESBL: extended-spectrum beta
lactamase; MDR-GNB: multi-drug resistant Gram-negative bacteria; p: p-value.

Table 4. Characteristics of LTCF residents regarding colonization by MDR-GNB.

No MDR-GNB Carriers

MDR-GNB Carriers (n = 33) (n = 104) p
Male gender, n (%) 10 (30.3) 17 (16.3) 0.1294
Age, mean (SD) 83.2 (5.9) 81.7 (9) 0.3511
Length of LTCF stay, months, median (IQR) 13 (8.5-29.5) 24 (10-48) 0.0771
Charlson > or = to 3, n (%) 309.1) 13 (12.5) 0.7610
Diabetes, n (%) 4(12.1) 23 (22.1) 0.3147
Neurologic disorder, n (%) 27 (81.8) 81 (77.9) 0.8076
Urinary catheter, n (%) 7 (21.2) 0(0) <0.0001
Hospitalization within 3 m, n (%) 3(9.1) 4 (3.8) 0.3587
Antimicrobial use within 3 m, n (%) 6 (18.2) 6 (5.8) 0.0386
ESBL carriers, n (%) 33 (100) 3(2.9) <0.0001

n: number; %: percentage; SD: standard deviation; LTCF: long-term care facility; IQR: interquartile range; ESBL: extended-spectrum beta
lactamase; MDR-GNB: multi-drug resistant Gram-negative bacteria; p: p-value.

Table 5. Characteristics of LTCF residents regarding colonization by ESBL-producing microorganisms.

ESBL Carriers (n = 36) No ESBL Carriers (n = 101) p

Male gender, n (%) 11 (30.6) 16 (15.8) 0.0855

Age, mean (SD) 83.7 (6.6) 81.5 (8.8) 0.197

Length of LTCF stay, months, median (IQR) 13 (8.5-29.5) 24 (10-48) 0.0834
Charlson > or = to 3, n (%) 3(8.3) 13 (12.9) 0.5603
Diabetes, n (%) 4 (11.1) 23 (22.7) 0.1509
Neurologic disorder, n (%) 30 (83.3) 78 (77.2) 0.4879
Urinary catheter, n (%) 7 (19.4) 0(0) <0.0001
Hospitalization within 3 m, n (%) 4 (11.1) 3(3) 0.0775
Antimicrobial use within 3 m, n (%) 7 (19.4) 5(5) 0.0144
MDR-GNB carriers, n (%) 33 (91.7) 0(0) <0.0001

n: number; %: percentage; SD: standard deviation; LTCF: long-term care facility; IQR: interquartile range; ESBL: extended-spectrum beta
lactamase; MDR-GNB: multi-drug resistant Gram-negative bacteria; p: p-value.
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A univariate logistic regression analysis was performed in order to identify any
association between male gender, age, length of stay in the LTCE, the presence of neurologic
disease, diabetes or a urinary catheter, hospitalization or antimicrobial use within the last
3 months and the Charlson comorbidity index with colonization by MDR-GNB and ESBL-
producing microorganisms. Then, a multivariate logistic regression analysis with factors
identified to have p < 0.1 in the univariate analysis was performed. The results of the
regression analysis are shown in Table 6. An association between colonization by ESBL-
producing microorganisms and male gender, length of stay in the LTCF, presence of a
urinary catheter and hospitalization or antimicrobial use within the last three months
was identified by the univariate analysis. The multivariate logistic regression analysis
identified male gender [odds ratio: 4.358 (1.543-12.313)] and antimicrobial use within
the last three months [odds ratio: 5.429 (1.006-29.288)] to be independently positively
associated with colonization by ESBL-producing microorganisms. On the other hand, an
association between colonization by MDR-GNB and male gender, length of stay in the
LTCE, presence of a urinary catheter and antimicrobial use within the last three months was
identified by the univariate analysis. The multivariate logistic regression analysis identified
male gender [odds ratio: 4.067 (1.415-11.694)] and antimicrobial use within the last three
months [odds ratio: 3.985 (1.037-15.323)] to be independently positively associated with
colonization by MDR-GNB.

Table 6. Regression analysis of colonization of LTCF residents by ESBL-producing microorganisms or MDR-GNB.

Univariate Analysis Multivariate Analysis

ESBL OR (95% CI)
P P
Male gender 0.0573 0.005 4.358 (1.543-12.313)
Length of stay in LTCF 0.0775 0.066 0.985 (0.97-1.001)
Urinary catheter <0.0001 0.999 6.356 x 10° (0.000-infinity)
Hospitalization within 3 0.0574 0.975 0.962 (0.088-10.537)
months
Antimicrobial use within 3 0.008 0.049 5.429 (1.006-29.288)
months
MDR-GNB Unlvarlat; Analysis Multlvarla;e Analysis OR (95% CI)
Male gender 0.0801 0.009 4.067 (1.415-11.694)
Length of stay in LTCF 0.0771 0.063 0.984 (0.968-1.001)
Urinary catheter <0.0001 0.999 7.297 x 107 (0.000-infinity)
Antimicrobial use within 3 0.028 0.044 3.985 (1.037-15.323)

months

CI: confidence interval; LTCF: long-term care facility; ESBL: extended-spectrum beta lactamase; MDR-GNB: multi-drug resistant Gram-
negative bacteria; OR: odds ratio; p: p-value.

4. Discussion

The epidemiology of MDR-GNB among LTCF residents has not been extensively
studied, while, to our knowledge, no such study has been conducted in Greece. Thus, this
is the first study investigating the epidemiology and risk factors for MDR-GNB colonization
in LTCF residents in the Greek population.

MDR-GNB are an increasingly prevalent problem in terms of public health [1]. In-
fections by such organisms are common among LTCF residents, leading to increased
morbidity, mortality and hospital costs [5], while their treatment is problematic, as there
are few treatment choices and these choices are often associated with complications [5].

Greece has an increasing prevalence of MDR-GNB and ESBL-producing microorgan-
isms, as shown by a recent study that summarizes the microbiology and antimicrobial
susceptibilities of pathogens isolated from the bloodstream of patients in Greek hospi-
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tals [19]. Indeed, high rates of carbapenem resistance have been shown during the last
20 years in Greece, with the induction of multiple mechanisms of resistance such as the
Verona Integron-encoded Metallo-beta-lactamase (VIM)-producers or Oxacillinase (OXA)-
48-carbapenemase that have important implications on mortality [20-26]. Furthermore,
there are studies suggesting that there is an increasing prevalence of infections by MDR-
GNB microorganisms in geriatric patients in particular [27]. This makes obvious the
necessity for developing countermeasures to reduce the spread of MDR-GNB. To that end,
implementation of an antimicrobial stewardship program in different hospitals could re-
duce the spread of antimicrobial resistance. Hence, restriction of antimicrobial prescription
can significantly reduce antimicrobial use and antimicrobial resistance rates, as was shown
in a Greek study involving patients in the Intensive Care Unit [28].

Being a LTCF resident is considered to be a risk factor for MDR-GNB colonization,
while this increased risk may be associated with the influx of microorganisms from the
hospitals to the LTCFs due to frequent hospital visits and hospitalizations of LTCF resi-
dents [29]. In terms of infection control, preventing MDR-GNB colonization in LTCFs is dif-
ficult, as it requires adequate staff, resources, extensive training, and surveillance [30]. Thus,
understanding the mechanism of MDR acquisition is crucial in order to allow adequate
infection control in LTCFs. To that direction, a network aiming to perform surveillance
of MDR microorganisms through retrospective analysis of antimicrobial susceptibility
data obtained in the context of standard clinical care, active rectal swab culturing to
determine colonization by ESBL-producing microorganisms or MDR-GNB, as well as
surveillance through point-prevalence colonization studies in different LTCFs may lead to
better epidemiological surveillance, and infection control, that together with appropriate
antimicrobial stewardship measures could lead to reduced rates of colonization by these
resistant microorganisms [28,31].

The present study showed that about one in every four LTCF residents in the area of
Heraklion is colonized by MDR-GNB. The ESBL phenotype was highly prevalent, with
about 25% of LTCF residents harboring microorganisms with that phenotype. This preva-
lence is comparable to that reported in other studies, where colonization by MDR-GNB
is in the range of 11.2% to 59.1% [1,32,33]. Importantly, these high rates of antimicrobial
resistance are comparable to the resistance rates noted in hospital acquired infections in
Greece [34,35].

In the study’s population, recent antimicrobial use was found to be associated with
higher MDR-GNB carriage, which is line with the literature, where recent exposure to
antimicrobials and frequent hospitalization are known to be associated with increasing
numbers of MDR-GNB in LTCFs [6,32,36]. Even though in the present population, recent
hospitalization did not show statistically significant association with MDR-GNB coloniza-
tion, there was a trend towards higher recent hospitalization in LTCF residents colonized
by ESBL-positive microorganisms, which has also been shown in other studies [32,37]. Im-
portantly, a multivariate logistic regression analysis model identified recent antimicrobial
use as well as male gender to be the only independent factors associated with an increased
likelihood of colonization by MDR-GNB and ESBL-producing microorganisms. Interest-
ingly, the same model did not identify presence of a urinary catheter to be independently
associated with a higher likelihood of colonization by MDR-GNB or ESBL-producing
microorganisms, even though this had been identified by the contingency analysis to be
more prevalent among colonized individuals and was also identified by the univariate
analysis as a factor associated with colonization. Thus, the presence of a urinary catheter
may be more frequent among individuals colonized by MDR-GNB or ESBL-producing
microorganisms, but is not independently associated with this colonization. This is in
contrast to other studies suggesting that the presence of a urinary catheter may be asso-
ciated with an increased risk of colonization by resistant bacteria [6,38—40]. In the study
population, as was expected, the most common isolated GNB was E. coli, both in the MDR-
and non-MDR-GNB, which is in line with other studies [4,37].
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This study highlights the antimicrobial resistance patterns noted in LTCFs in the
Heraklion area on the island of Crete. Thus, it provides valuable information that could
have important implications in terms of infection control. The high prevalence of MDR-
GNB and ESBL-producing microorganisms in LTCFs implies that individuals admitted in
them could be screened for such resistant microorganisms and this could allow isolation
of individuals colonized by such pathogens [41]. Furthermore, the results of this study
signify the need for increased awareness of healthcare personnel in the hospitals that
admit patients residing in LTCFs. Based on these high antimicrobial resistance rates, it is
important to provide adequate empirical antimicrobial coverage in patients residing in
LTCFs that present with infections possibly caused by these pathogens [42]. Appropriate
empirical treatment with extended-spectrum antimicrobials would allow for a reduction in
mortality and morbidity in the case of infections by resistant microorganisms, while timely
step-down based on culture results in the context of an active antimicrobial stewardship
program could aid in the reduction of development of further antimicrobial resistance in
hospitals [42]. On the other hand, these results should increase the efforts of antimicrobial
stewardship programs in the hospitals, and if possible, in the community and the LTCFs
as well, as these antimicrobial resistance patterns noted in LTCF residents are mainly the
consequence of antimicrobial overuse and misuse [43,44]. Of note, not all nursing homes
had the same colonization rates for MDR-GNB, since two of them had a colonization rate
of less than 10%, while, in contrast, one nursing home had an MDR-GNB colonization rate
of 100%, even though the number of participants from that facility was very low. This
signifies the need for targeted interventions, with infection control measures in different
nursing homes based on their individualized colonization profile. To that end, immediate
actions should be taken in order to address the problem of extremely high antimicrobial
resistance to that specific nursing home.

The present study has some limitations that should be mentioned, such as the rel-
atively small sample size. On the other hand, it was not possible to assess the type of
colonization and/or subsequent infection, since one sample was analyzed for each partic-
ipant. Furthermore, only one rectal swab sample was taken from each participant; thus,
the theoretical possibility for errors, for example associated with the performance of swab
sampling, exists. Moreover, different pathological conditions, such as Alzheimer’s disease
or Parkinson’s disease, were not studied individually, but were pooled during the analysis,
so, the effect of each different condition could not be studied. Finally, investigation for
MDR-GNB carriage among the personnel of these nursing homes was not performed.

5. Conclusions

This regional study shows that nursing homes in the Heraklion area on the island of
Crete may be important reservoirs for MDR-GNB transmission. Studies in larger popula-
tions are required to confirm the present results that could have important implications on
infection control practices and the use of the empirical antimicrobial treatment.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
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