
Network retrieved from 463 hospitals across the United States 
indicated that enterococci are the third most common organism 
isolated from catheter-associated UTIs [6].

Despite of the rising prevalence of enterococcal UTI (EUTI), 
current guidelines for early empirical antimicrobial treatment 
for hospitalized patients with UTI do not include anti-enterococ-
cal coverage. Moreover, empirical intravenous (IV) antibiotics 
treatment regimens for inpatients with UTI such as aminoglyco-
sides and cephalosporins do not provide appropriate coverage 
for most enterococcal species [7,8] and may be associated with 
increased mortality [9]. Thus, early identification of inpatients 
with UTI who have risk factors for enterococcal infection is im-
perative and may guide better empirical antibiotic therapy and 
improve patient outcome.

Current literature suggests several general risk factors for 
EUTI such as: indwelling catheter, old age, diabetes, and gen-
itourinary tract abnormalities [1,9-11]. However, only scarce 
data exist regarding risk factors for EUTI in hospitalized pa-
tients [11]. In 2020, Madrazo and colleagues [12] demonstrat-
ed that urinary catheter or previous urinary tract instrumenta-
tion are risk factors for  community-acquired UTI in 
geriatric patients. 

We aimed to better characterize hospitalized patients with EU-

This retrospective study evaluated 285 patients (mean age 
76.4 ± 14.9 years; 55% females) who were hospitalized be-
tween 1 January 2016 and 1 April 2016 at Shamir Medical 
Center, Israel, an 848-bed academic medical facility. The 
study population was comprised of admitted patients with a 
UTI and patients who developed nosocomial UTI with pos-

 spp., mostly  and 
, have become increasingly prevalent and 

important community and nosocomial pathogens recently, caus-
ing various types of infections. The most common enterococcal 
infection is urinary tract infection (UTI) especially in hospital-
ized patients [1-5]. Data from the National HealthCare Safety 



Patients younger than 18 years of age, with persistent UTI 
(defined as infection with the same bacteria during the study 
period), and asymptomatic bacteriuria (positive urine culture 
in the absence of clinical and laboratory features of UTI) 
were excluded.

This study was approved by the Shamir Medical Center eth-
ics committee. Due to the retrospective nature of this study and 
lack of intervention, the committee for review of research in 
humans ruled that informed consent was not required.

Medical records were extracted from the computerized hospital 
database. Collected data included: demographics, background 
diseases (based on patient's admission charts), laboratory results 
(chemistry and bacteriological), clinical features, presence of 
urinary tract structural abnormality, nephrolithiasis, presence of 
foreign body in urinary tract such as permanent urinary catheter, 
nephrostents and nephrostomy, and previously invasive inter-
vention in the urinary tract. Unfortunately, data regarding the 
time frame and underlying reasons for catheter insertion were 
not available. Data regarding antibiotic use, hospitalizations, 
and positive urine cultures over a 6-month period before hospi-
talization was also analyzed. Charlson Comorbidity Index was 
calculated for each patient. 

UTI was defined as clinical symptoms (i.e., dysuria, urgency 

urinary culture. Reinfection was defined by the presence in the 
patient's urine of a different bacterial species during hospital-
ization after initial sterilization of the urine [3]. Patients were 
divided into two groups: EUTI and NEUTI, according to the 
presence or absence of enterococcal isolates in the urine culture. 
Polymicrobial culture was defined as having growth of two or 
more bacterial species in the same sample. Each bacterial isolate 

Patients who were diagnosed on admission and were not pre-
viously hospitalized within the previous 90 days, were defined 
as community-acquired UTI and patients who were diagnosed 
as having UTI after 5 days of hospitalization were defined as 
nosocomial infection.

Data were analyzed using BMDP software [13]. Pearson's 
chi-square test or Fisher’s exact test (two-tailed) was used for 
analysis of between-group differences in discrete variables, 
and one-way analysis of variance (ANOVA) was used for 
continuous variables. For those variables without Gaussian 
distribution we used either a log-transformation or a square-
root transformation, before applying ANOVA. 
considered significant. 

Subgroup analysis was performed in which the cohort was 
split into nosocomial UTI (n=72) and community-acquired UTI 
(n=228) using the definitions listed previously. Each of the pos-
sible predisposing factors were analyzed.

A total of 300 positive urine cultures obtained from 285 patients 
were evaluated. The majority of samples, n=267 (89%), were 
collected from urine while 29 samples (9.7%) and 4 samples 
(1.3%) were collected from urinary catheters and nephrostomy 
tubes, respectively. Ninety-one samples (30.3%) were multi bac-
terial and 35 patients (11.6%) had a positive blood culture of the 
same bacteria. Based on this analysis, 80 patients (26.6%) were 
defined as EUTI and 220 (73.3%) as having NEUTI. Among the 
80 positive Enterococcal isolates, 68 (85%) were identified as 

 and 12 (15%) as . 
Of all Enterococci isolates, 21% were resistant to ampicillin and 

of  isolates. No vancomycin resistance 
was found.

The goal of this study was to determine whether significant dif-
ferences are identifiable between EUTI and NEUTI patients. We 
compared their demographic, clinical, laboratory features and 
urinary tract pathologies. As shown in Table 1, no significant 
difference was found between EUTI and NEUTI groups in base-
line characteristics including age, gender, associated common 
chronic diseases, Charlson Comorbidity Index, and residence 
in health care institutions. In addition, no differences were ob-
served in urinary tract abnormalities as well as previous surgical 
interventions including the presence of benign prostate hyper-
trophy, permanent urinary catheter or nephrostomy between the 
groups [Table 2]. 

As shown in Table 3, the clinical course during hospital-
ization of the two groups was also comparable as indicated by 
similar duration of hospitalization, laboratory parameters in-
cluding blood count and biochemistry analysis, need for me-
chanical ventilation, vasopressor support, hemodynamic pa-
rameters and in-hospital mortality. A significant difference was 
found between the groups demonstrating a higher prevalence of 
multi-bacterial isolates in EUTI group (  < 0.01). 

Subgroup analysis of community-acquired NEUTI com-
pared to community-acquired EUTI, demonstrated that the 
latter group had a greater prevalence of permanent urinary 
catheter (  = 0.016) and higher prevalence of multi bacteri-
al cultures (  < 0.001). In addition, patients with nosocomial 



EUTI demonstrated a higher prevalence of dementia (  = 0.01) 
and multiple bacteria cultures (  = 0.02) as compared to nos-
ocomial NEUTI.

Additional subanalysis, comparing bacteremic to non-bac-
teremic patients demonstrated several differences between the 
two groups: bacteremic patients had significantly lower number 
of platelets, higher CRP, lower systolic and diastolic blood pres-
sure and had higher prevalence of CHF co-morbidity (  = 0.01, 

 = 0.01,  < 0.01,  = 0.03,  = 0.03, respectively). For details, 
see the appendix, which is published only in the online version.

We identified risk factors for enterococcal UTI in hospitalized pa-
tients and community-acquired UTI severe enough to require hos-
pitalization. Our extensive demographic, clinical, and laboratory 
analysis demonstrated a higher prevalence of indwelling perma-
nent urinary catheter and higher prevalence of dementia in patients 
with community and nosocomial acquired EUTI, respectively. 

Another finding of our study was the relatively high rate, 
approximating 26%, of EUTI in hospitalized patients. Our find-
ings are in sync with reports of an increased prevalence of en-
terococcal infection in the past years in Europe and the United 
States as well as the increasing prevalence of enterococcus spp. 
in nosocomial UTI [2,6]. Several other reports from Asia and 
Africa also demonstrate a significant, although lower, prev-
alence of EUTI in hospitalized patients ranging from 8.7% to 
16.9% [14,15]. It is of note that a recent Israeli study demon-
strated a much lower (5%) prevalence of hospitalized commu-
nity-acquired EUTI [16].

In addition, as many as 30% of the urine cultures in our entire 
cohort of patients with UTI were polymicrobial. These numbers 
were threefold higher in the EUTI group as compared to the NEU-
TI group; 56% and 18%, respectively (  < 0.001). Despite the sig-
nificant prevalence of  in polymicrobial cultures, 
their clinical significance is debatable, although it appears that it is 
a true pathogen rather than mere commensal bacteria. Fourcade et 
al. [17] studied polymicrobial and mono-microbial 



 bacteriuria, and found that the presence of polymicrobial 
growth appeared to be associated with clinical UTI. Other reports 
have shown that the clinical significance of each bacterial isolate 

our study. Two large population-based studies by Billington et al. 
[20] and Pinholt et al. [4], which included 1145 and 710 patients 
with enterococcal blood stream infection (BSI), demonstrated that 
polymicrobial bacteremia including enterococci was common, 
with an incidence of 39% and 26%, respectively. Taken together, 
these data indicate that the presence of enterococcal spp. in the 
polymicrobial urine cultures of our patients represent a true patho-
gen that should be treated as such. 

The mechanisms underlying the increased prevalence of EU-
TI in the community-acquired infections in our cohort are not 
completely clear. This may be explained by the higher tendency 
of . to create a biofilm on urinary catheters fa-
cilitating infection [21,22]. Our data are in accordance with pre-
vious reported higher risk of EUTI associated with indwelling 
urinary catheters [1,11,12]. 

Our finding that nosocomial EUTI was more prevalent in 
patients with a diagnosis of dementia is in accordance with the 
Billington group [20], which demonstrated that dementia is a risk 
factor for enteroccocal BSI with a RR of 1.95. It is interesting 

that an association between dementia and EUTI was found only 
in hospital-acquired but not in community-acquired EUTI. The 
reasons for this discrepancy are not entirely clear. It is possible the 
inpatients with dementia are more prone to diverse nosocomial 
infections as compared to patients without dementia [23,24].

We found no significant difference in blood pressure, preva-
lence of bacteremia, need of vasopressors, mechanical ventila-
tion, or in-hospital mortality, between EUTI and NEUTI patients 
in out cohort. However, this study wasn’t powered to detect such 
differences and therefore the outcome of these patients and its 
relation to antibiotic therapy remains to be determined.

Our work has several limitations. First, the retrospective analysis 
allowed a selection bias. Second, we studied only hospitalized 
patients; therefore, our finding cannot be generalized to patients 
in the outpatient settings. Third, our cohort was too small to detect 
minor differences in some parameters such as prior placement of 
urinary stent. Fourth, the time length of the indwelling catheter 
was not obtained. Finally, we did not determine the clinical out-
come of our patients following anti enterococcal treatment. Nev-
ertheless, our data were robust enough to establish a significant 
association between permanent indwelling catheter and dementia 
and higher prevalence of EUTI in hospitalized patients. 





-
alent in hospitalized patients and associated with indwelling uri-
nary catheter and dementia. These risk factors should be consid-
ered in the management of these patients. Further randomized 
controlled trials are necessary to determine the clinical outcome 
of such approach.

Progatzky and colleagues uncovered important the roles 
of enteric glial cells (EGCs) in intestinal homeostasis, 
immunity, and tissue repair. The authors demonstrated 
that infection of mice with  
led to enteric gliosis and the upregulation of an interferon 

modules were also induced in EGCs from patients with 
inflammatory bowel disease. Single-cell transcriptomics 
analysis of the tunica muscularis showed that glia-

activation of pro-inflammatory transcriptional programs. 

enhanced the inflammatory and granulomatous response 
of the tunica muscularis to helminths. Mechanistically, the 
authors showed that the upregulation of  was an 

provided evidence that this chemokine and the downstream 

are required for a measured inflammatory response to 
helminths and resolution of the granulomatous pathology. 


