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Abstract
Background: Bacteremia related to urinary tract infections (UTI) is associated with significant levels of morbidity
and mortality as well as extensive financial costs for hospitals. Enterococcus faecalis accounts for the majority of
enterococcal bacteremia with urinary tract infections reported as a frequent point of infection.
Aim: To investigate different epidemiological characteristics and hospital procedures as potential risk factors for
the development of UTI-related bacteremia due to E. faecalis.
Methods: In a retrospective case control study, performed in the Capital Region of Denmark between 2010 and
2013, we compared 51 patients, with UTI-related bacteremia due to E. faecalis, to 56 patients, with urinary tract
infections due to E. faecalis but without bacteremia, through univariate and multivariate analyses.
Findings: In the univariate analysis male-sex was positively associated with UTI-related bacteremia due to E.
faecalis with an odds ratio of five and the association was highly significant (p-value<0.001). Catheterization,
admission to a urological ward and urological surgery were also positively associated with bacteremia and the
associations were likewise significant (for all, P<0.05). In the multivariate analysis, male-sex and urological surgery
were found to be independent significant predictors of UTI-related bacteremia due to E. faecalis.
Conclusion: Male sex, urological surgery and catheterization are factors associated with UTI-related bacteremia
due to E. faecalis.
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Introduction
During the last decades Enterococcus species have become of
increasing medical interest as human pathogens causing an increasing
number of infections in both Europea and the US [1-3]. Enterococcus
spp. are commensal inhabitants of the human gastrointestinal tract
and rated as the second most common cause of urinary tract infections
(UTI) and the third most common cause of bacteremia [4].
Enterococcus faecalis accounts for 65-90% of clinical Enterococcus
spp. isolates [5,6]. Furthermore, UTIs are reported as a frequent focus
of infection for enterococcal bacteremia [2,7].
Enterococcal infections are difficult to treat due to their intrinsic
resistance towards cephalosporins and frequently acquired resistance
to glycopeptides, penicillins and aminoglycosides [8]. Antibioticresistance in enterococci influences clinical outcomes drastically.
Increase in mortality-rates for antibiotic-susceptible strains from 27%
to 52% for strains resistant to glycopeptides has been reported (2).
Today, Enterococcus spp. and in particular E. faecalis is recognized as
an important human pathogen causing high levels of morbidity and
mortality as well as extensive economic costs for hospitals. The
emergence of E. faecalis as a common cause of bacteremia, emphasize
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the need for more knowledge about UTI-related bacteremia due to E.
faecalis.
Previous studies have investigated UTI-related bacteremia in
general and enterococcal bacteremia, but none have investigated UTIrelated bacteremia due to E. faecalis specifically. The aim of this
retrospective Danish population-based case-control study is to
investigate a number of potential risk factors for UTI-related
bacteremia due to E. faecalis.

Methods
Research ethical approvals
Research ethical approvals had been given by The Regional
Committee of Danish Data Protection Agency.

Setting
This retrospective case-control study was done for patients with
UTI-related bacteremia due to E. faecalis in the Capital Region of
Denmark between 2010 and 2013. A single tertiary referral hospital in
the region (Rigshospitalet) did not participate in the study. The Capital
Region of Denmark has a population of 1.7 million people. Each
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positive for E. faecalis in the same week as the case-patient had the
positive blood sample. The criteria for the control group were: (i) A
urine sample positive for E. faecalis. (ii) No concurrent blood culture
positive for enterococcal infection of the bloodstream. (iii) Hospital
admission <30 days to the positive urine sample. Figure 1 shows the
flowchart of the selection of cases and controls.

Danish citizen has a unique personal identification number, which
make cross-database linkage possible for each individual [9,10].

We reviewed medical records for each patient for the period of 30
days prior to the positive blood sample for the cases and 30 days prior
to the positive urine sample for the control group, respectively. We
noted details on hospital admission and stay, patient diagnoses and
medical and surgical procedures to identify potential risk factor for
UTI-related bacteremia due to E. faecalis.
The variables investigated included quantity of E. faecalis in
patients’ urine samples, epidemiologic characteristics of patients,
catheterization (such as urinary catheters, nephrostomy or JJ-stents),
urological surgery (such as cystoscopy, prostate or ureteral surgery)
and surgery overall.
The microbiological data available did not contain isolate
information. Thus, we were not able to retrieve information on
antibiotic susceptibility. Furthermore, data on prophylactic antibiotic
treatment in association to surgical procedures were not available.

Figure 1: Flowchart of selection of cases and controls: 51 patients
with UTI-related bacteremia due to E. faecalis and 56 patients with
UTI due to E. faecalis, without bacteremia. Data from the Capital
Region of Denmark, 2010-2013.

Statistical analysis
We compared cases and controls on specific descriptive and
demographic characteristics at first. Subsequently we analyzed the data
by means of univariate analysis and multivariate logistic-regression
analysis for associations as well as statistical significance of these
associations.

Identification of patients
We defined a case of UTI-related bacteremia due to E. faecalis
bacteremia as any adult patient (>18 years) meeting the following
criteria: (i) A positive blood sample containing E. faecalis taken no
later than three weeks after a positive urine sample for E. faecalis or
Enterococcus spp. of >103-bacteria/ml urine. (ii) Hospital admission
within 30 days of the positive blood sample.

We did a univariate and a multivariate analysis for the following
potential risk factors: Male sex, E. faecalis quantity of urine sample,
catheterization, admission to urological ward, urological procedures or
surgery and surgery overall. A p-value of <0.05 was considered
significant and the software STATISTICA (StatSoft) used to calculate
p-values.

Subsequently, we picked patients for the control group by matching
each of the bacteremia-cases with patients who had a urine sample
Characteristic

No. of cases/value

% of cases

No. of controls/value

% of cases

Age, mean ± SD, years

77 (±12.5)

68.5 (±17.3)

Median of E. faecalis quantity in urine sample (range: 103-105/ml)

105/ml

105/ml

Male

43

84

29

52

Catheterization

29

57

17

30

Admission to urological ward

17

33

9

16

Urological surgery

10

20

3

5

Surgery

16

31

22

36

Table 1: Descriptive and demographic characteristics, 51 cases vs. 56 controls.
Risk factors

No. of cases

(%)

No. of controls

(%)

Odds ratio

P-value

(95% CI)
Male
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43

84%

29

52%

5.0 (2.0-12.5)

<0.001
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Catheterization <30 days

29

57%

17

30%

3.0 (1.4-6.7)

0.006

Admission to urological ward <30 days

17

33%

9

16%

2.6 (1.04-6.56)

0.037

Urological surgery <30 days

10

20%

3

5%

4.3 (1.1-16.7)

0.024

Other surgery <30 days

16

31%

22

39%

0.7 (0.3-1.6)

0.39

Table 2: Univariate analysis of risk factors present for E. faecalis bacteremia <30 days prior to the positive blood or urine sample, 51 cases vs. 56
controls.

Results
Patient characteristics are listed in Table 1. Results for the
univariate and multivariate analyses are found in Tables 2 and 3,
respectively. Male-sex was positively associated with the risk of UTIrelated bacteremia due to E. faecalis with an odds ratio of five.
Catheterization, admission to a urological ward and urological surgery
were all also positively associated with bacteremia and the association
was significant (for all, P<0.05) (Table 2).
In the multivariate analysis, male-sex and urological surgery were
found to be independent significant predictors of UTI-related
bacteremia due to E. faecalis (Table 3).
Risk factors

p-value

Male

0.003

Catheterization <30 days

0.067

Urological surgery <30 days

0.044

Table 3: Multivariate analysis, multiple logistic regression, alpha: 0.05.

Discussion
A better understanding of the factors increasing the risk of
enterococcal bacteremia might enable the healthcare system to take
appropriate precautions when treating patients at particular risk. In
this retrospective Danish population-based case-control study, we
investigated the potential risk factors for UTI-related bacteremia due
to E. faecalis.
Genitourinary infections are specifically associated with bacteremia
due to E. faecalis. Previously identified predictors for UTI-related
bacteremia are indwelling urethral catheters, obstructive urological
diseases, male sex, immunosuppressant therapy, cigarette use within 5
years, diabetes mellitus for patients older than 70 and prior antibiotic
treatment [11-13]. This study extends prior work by investigating
surgery overall, male sex, catheterization and urologic surgical
procedures as risk factors, specifically for UTI-related bacteremia due
to E. faecalis.
We found male sex and urological surgery to be independent risk
factors for UTI-related bacteremia due to E. faecalis. Furthermore,
catheterization and admission to a urological ward were positively
associated with bacteremia.
Previous studies have evaluated different gender distributions for
enterococcal bacteremia and have found a male majority ranging from
53% to 68% of cases [2,14-17]. Men might be at an overall greater risk
of UTI-related bacteremia due to E. faecalis, compared to bacteremia
from other Enterococcus species and other UTI-related bacteremia in
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general [13]. Gender-specific differences in the risk for bacteremia can
be used to take appropriate precautions when treating or operating
male patients. By taking into account, the level of risk estimated for the
individual patient, the hospital can chose appropriate antibiotic
prophylaxis before urological surgery or catheterization. We did not
have access to gender ratio data at the urological wards in the Capital
Region of Denmark nor did we have any microbiological data on
strains available. Such information would have been useful in order to
investigate if the majority of males, with UTI-related bacteremia due
to E. faecalis found in this study, were simply representing the overall
gender distribution of patients undergoing manipulation of the
urinary tract through e.g. catheterization or urological surgery.
Other studies examining the effect of urinary catheters on
enterococcal bacteremia or UTI-related bacteremia also found a
significant association, supporting the findings of the univariate
analyses of this study [7,14,17-19]. The positive association of urinary
catheterization and bacteremia is likely to be a result of a disruption of
the urothelium exposing the blood stream for bacteria from the
urinary tract. Jerkeman and Braconier, 1992, found that urinary
catheters were more common in a bacteremic patient group compared
to a non-bacteremic group [15]. Similar to catheterization, urological
surgery entails a risk to disrupt the urothelium and expose the blood
stream for bacteria, setting the patient at risk for bacteremia. In this
study, 20% of the patients with UTI-related bacteremia had urological
surgery within 30 days prior to the positive blood sample. Notably, the
data from the patients examined did not show any association between
surgery overall and UTI-related bacteremia due to E. faecalis. In
support of this, Caballero-Granado et al. did not find surgical
treatment of all locations to be a risk factor for enterococcal
bacteremia [20] and another study found postoperative bacteremia to
be associated with urological procedures [21].
In the case of preventing bacteremia following manipulation of the
urinary tract, a urine culture prior to catheterization or urological
operation could reveal infections of the urinary tract. Subsequently,
the treating physicians could initiate appropriate antibiotic
prophylaxis based on typing of the bacteria and identification of
resistance-patterns.
In the two urological wards in the Capital Region of Denmark, it is
mandatory to take a pre-operative urine sample from patients
undergoing extracorporeal shock wave lithotripsy, endoscopy of the
urinary tract or surgery of the kidney. Several studies have confirmed
the association of enterococcal urinary tract infections with
bacteremia. However, the Danish guidelines for antimicrobial
prophylaxis prior to urological procedures like extracorporeal shock
wave lithotripsy, transurethral procedures, prostate biopsies and
insertion of catheters does not cover enterococci. The guidelines
advise for the use of gentamicin and ciprofloxacin for prophylaxis, but
E. faecalis is frequently resistant towards these antibiotics [22,23].
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A single-dose of antimicrobial prophylaxis has been shown to be
effective to prevent infections related to urological surgery [24].
Another important aspect of antibiotic treatment is that inappropriate
use bears the risk to prompt development and spread of antibiotic
resistance [20]. All this call for individualized antibiotic prophylaxis
based on urine samples prior to manipulation of the urinary tract.
Trials with a randomized controlled study-design are necessary to
assess the efficacy of individual antimicrobial prophylaxis prior to
urological procedures to prevent enterococcal bacteremia.
This study has some limitations and thus the findings should be
considered in the context of these.
First, the retrospective study-design gives rise to some uncertainty
regarding the identified cases. We did not have information on the
focus of infection for the cases of bacteremia. A prospective study is a
more robust study design, which could have enabled a contemporary
examination of each patient by medical staff. Second, we did not have
access to the necessary antimicrobial resistance patterns or molecular
typing methods to confirm that the E. faecalis isolates from the blood
and urine were identical for each of the patients in the case group.
Thus, we cannot be certain that each bacteremia case reflected a
primary urinary tract infection. However, the convergent E. faecalis
infection of both blood stream and urinary tract make the association
plausible. Third, we did not evaluate the antibiotics administered to
the patients in the two groups. However, this would only have been
useful if we had information on the resistance patterns of the strains
isolated from each patient. Fourth, the statistical strength of this study
is low due to the small size of the patient groups evaluated and thus the
findings might be limited. Larger studies are necessary to confirm the
results. The results of this study should therefore not be interpreted as
more than indicators of associations between the investigated variables
and the risk of bacteremia due to E. faecalis.
Finally, there are other risk factors previously identified for
enterococcal bacteremia and UTI-related bacteremia. To illuminate
the interactions of the different risk factors they must all be evaluated
in the same study. Other enterococcus species should also be included,
in particular E. faecium, to analyze similarities and differences
between the two predominant species’.

Conclusion
In conclusion, we found male sex, urological surgery and
catheterization to be associated with UTI-related bacteremia due to E.
faecalis. Individual antimicrobial prophylaxis for specific patient
subgroups at risk might be a way to reduce this problem. Appropriate
antibiotic treatment following a urine sample to identify a possible
urinary tract infection can ideally enhance the safety of patients at risk
of bacteremia due to E. faecalis.
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