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ABSTRACT
Background: Bloodstream Infections (BSIs) that arise secondary to urinary tract infections (UTIs) are frequently encountered 
in both community and hospital settings and are associated with significant morbidity, mortality, high healthcare costs and 
prolonged hospital stays

Objective: This descriptive review aims to evaluate available information on the relationship of urinary tract infections with 
healthcare-associated and community-onset bloodstream infections to get a deeper understanding of improved public 
health interventions and suggest possibilities for future research.

Material andMethods: A literature search was conducted using PubMed and Embase. Articles published during the last 10 
years (2010 and 2020) were imported into covidence for the initial title and abstract screening. All study abstracts were 
reviewed by two independent reviewers and were eligible for full-text review if they mentioned urinary tract infection as a 
source of bloodstream infection. The data obtained were analyzed in Microsoft Excel.

Results: Out of 65 articles reviewed for full text, 10 studies were selected. In total 6763 BSI cases were reported. We ob-
served 2075 (30.6%) community-acquired (CA) BSIs compared to 1102 (16.2%) healthcare-associated (HCA) BSIs, and 
1484 (21.9%) hospital-acquired (HA) BSIs. UTI was a major source of BSIs in community settings followed by HCA BSIs in 
most studies. Escherichia. coli was the most common pathogen isolated in patients with CA-BSIs. Hospital Acquired and 
HCA bacterial infections have the most antimicrobial resistance, compared to CA-infections.

Conclusion: Urinary tract Infections are a major source of developing secondary BSIs. Escherichia. coli is a major pathogen 
in CA-BSIs. Multidrug-resistant organisms accounted for most of the BSIs, especially in hospital settings and among patients 
receiving health care.
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INTRODUCTION
Urinary tract infection (UTI) is one of the most com-

mon bacterial infections around the world affecting over 
150 million people annually.1 The clinical phenotypes of 
UTIs are heterogenous and range from mild self-limiting 
illness to severe life-threatening complications.2 Blood-
stream Infections (BSIs) that arise secondary to urinary 

tract infections (UTIs) are frequently encountered in both 
community and hospital settings and are associated with 
significant morbidity, mortality, high healthcare costs, and 
prolonged hospital stays.3-4 Traditionally community-ac-
quired bloodstream infections (CA-BSIs) are BSIs identi-
fied in outpatients or in inpatients whose first blood culture 
tests positive within 48 hours of hospital admission, while 
hospital-acquired bacteremia (HA-BSIs) is defined as a 
BSI that occurs in an inpatient whose first blood culture 
tests positive after 48 hours of admission.5 

In recent years, dramatic changes in the epide-
miology of BSIs have been noted due to a shift in our 
approach to medical management. Some traditional in-
patient procedures are now routinely performed on an 
outpatient basis. Examples include patients attending 
day-hospital centers for chemotherapy infusions, hemo-
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dialysis clinics, patients undergoing ambulatory surgical 
procedures, and people living in nursing homes with on-
site home medical care. These patients acquire infections 
under circumstances that cannot be classified as HA or 
CA infections and are referred to as community-onset 
healthcare-associated infections (HCA-BSIs).5-6 Numerous 
studies have attempted to identify potential risk factors as-
sociated with the development of secondary- bloodstream 
infections and reported UTIs as one of the common sourc-
es of infection besides pneumonia, abdominal infections, 
and skin and soft tissue infections. Secondary-BSIs differ 
in their epidemiological and clinical characteristics and 
antibiotic resistance profiles and prognosis and are de-
pendent in part on the population studied, study settings, 
the underlying infection focus, and other associated co-
morbid conditions. Available data to explain an adequate 
relationship between UTIs with either CA, HCA or HA-BSIs 
needs further evaluation. Here, we aimed to conduct a 
descriptive review of all the available literature published 
within the last 10 years that focused on risk factors for sec-
ondary BSI. In this descriptive review, we aimed to com-
pare the characteristics of the three types of secondary 
BSIs in the context of UTIs to assess the potential impact 
of UTIs for each type of BSI and suggest future directions 
for improved public health and clinical intervention to pre-
vent these serious complications of UTI. 

MATERIAL & METHODS
A literature search was conducted using two data-

bases--PubMed and Embase. Embase was searched for 
articles using the search terms (‘bloodstream infection’ OR 
‘bloodstream infection’/exp OR bloodstream infections OR 
‘bacteremia’ OR bacteremia’) AND (‘urinary tract infection’ 
OR ‘urinary tract infection’/exp OR ‘urinary tract infections’ 
OR ‘UTI’ OR ‘UTIs’) AND (‘healthcare associated infec-
tion’/exp OR ‘healthcare associated infection’ OR ‘hospital 
acquired infection’) AND ‘community-acquired infection’/
exp OR ‘community-acquired infection*’). For PubMed 
we used the following search terms, (“Urinary Tract Infec-
tions”[Mesh] OR “Urinary Tract Infections” OR “Urinary 
Tract Infection” OR “UTIs”) AND (“Bacteremia”[Mesh] OR 
“Bacteraemia” OR “Bloodstream infections” OR “Blood-
stream infection”) AND (“Cross Infection”[Mesh] OR 
“Hospital Acquired Infection” OR “Healthcare-associated 
Infection) AND (“Community-Acquired Infections”[Mesh] 
OR “Community-Acquired infection*”.) Both of the search-
es were performed on 05-01-2020. Articles published in 
English during the last 10 years (2010 and 2020) were 
initially downloaded using Endnote software and then 
imported into COVIDENCE for the initial title and abstract 
screening. All study abstracts were reviewed by two inde-
pendent reviewers and were eligible for full-text review if 
they mentioned UTIs as a source of BSIs. Since this review 
was descriptive, grey literature in the form of conference 
proceedings, newspapers, fact sheets, policy documents, 
and a thesis were not incorporated. Data was finally ex-

tracted and imported into an excel sheet for analysis. 
Characteristics of the studies including author names, 
year of study, study design (Table 1), and the total number 
of UTI cases and BSI cases were recorded (Figure 2).

RESULTS
The initial database search query outlined in the 

methods section yielded 1538 studies that matched our 
search criteria. About 264 studies were removed as du-
plicates and 1270 abstracts were reviewed. 1209 studies 
were found irrelevant and 65 articles were included for a 
final full-text review. In total 10 studies were selected for 
this systematic review after resolving any disagreements 
through consensus. This selection included all the stud-
ies where UTI was found in patients with Secondary BSIs, 
either as CA, HCA, or HA-BSIs. Out of 5 prospective, 3 ret-
rospective, and 1 case-control and surveillance study that 
fulfilled our inclusion criteria, 8 were conducted in Europe 
and one each in Taiwan and Spain respectively

Every study that we analyzed, reported blood 
stream infections as either CA-BSI, HCA-BSI, or HA-BSI. 
The total number of BSIs and UTIs recorded from each 
of the 10 studies is shown in Figure 2. Due to variability in 
the definitions of BSIs, the bar graph shown below depicts 
some studies in which not all three types of BSIs were 
reported. Given the data that was presented to us how-
ever, we noted that community-acquired BSIs seemed to 
be the most prevalent infection in patients. 5 out of the 10 
studies we analyzed had more community-acquired BSI 
reports than any of the other types of BSIs and we found 
the same trend after combining the data from every study. 
In total 6763 BSI cases were reported in total, and 2075 
(30.6%) were community-acquired BSIs compared to 
1102 (16.2%) healthcare-acquired BSIs, and 1484 (21.9%) 
hospital-acquired BSIs.

UTI was a major source of BSIs in community set-
tings followed by HCA BSIs in most studies. Since 2018 
we found only three studies (data collected between 2006-
2013) taking into consideration the three major catego-
ries of BSIs and defining UTI as an important underlying 
source of infection (1-3, Figure 2). In two of the studies 
by Melzer and Freeman et al (9 and 10 in Figure 2), HCA-
BSI was not recorded as a separate group and UTI was 
reported for CA and HA-BSI groups. For 5 of the above 
studies (4-8 in Table 1, Figure 2), the total proportion of 
UTI cases among the three BSI groups was collectively re-
ported and therefore their study observations were limited 
by documenting UTIs irrespective of whether these infec-
tions were acquired in the community or were otherwise 
healthcare-associated or hospital-acquired. 

Pathogen-specific Data and Antimicrobial Resis-
tance. Escherichia. coli was the most common pathogen 
isolated especially in patients with CA-BSIs. K. pneumo-
nia, P. aeruginosa, and Enterobacter were also reported as 
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potential pathogens implicated predominantly in HA, and 
HCA-BSIs. Staphylococcus aureus, streptococcal and 
enterococcal species were the commonly studied patho-
gens. Three studies (1, 3, 6) highlighted the importance 
of ESBL-producing GNB notably E coli and K. Pneumo-
nia in patients with either HA or HCA-BSIs, while no study 
reported any information on specific Sequence Types of 
pathogens held responsible for S-BSIs. Many of the pa-
pers reported whether their pathogen of interest was re-
sistant to certain antibiotics, without clarifying what kind 
of infection the pathogen was from. However, between the 
data of these three studies listed in Table 2, HA and HCA 
bacterial infections seem to have the most antimicrobial 
resistance, compared to CA-infections. 

Klebsiella pneumoniae is an important human 
pathogen in the community and in the hospital setting. 
K. pneumoniae is the second most common cause of 
Gram-negative bloodstream infections after Escherichia 
coli. Horcajada et al in 2021 focused specifically on BSI 
secondary to Urinary focus and observed a high level of 
resistance for HCA-BSIs when compared to HA and CA-
BSIs While comparing enterococcal bacteremia between 
the two enterococcal species, BSI caused by E. faecium 
were more resistant than those associated with E. faecalis. 
The precise role of antibiotic-resistant pathogens in HA-

BSIs and HCA-BSIs points towards increased selection 
pressure in hospital environments and inadequate empiri-
cal treatment in these settings.

DISCUSSION
Every study we analyzed reported BSIs as either 

CA-BSI, HCA-BSI, or HA-blood stream infections. Due to 
variability in the definitions of BSIs, the bar graph above 
(Fig 2) depicts some studies in which not all three types 
of BSIs were reported. Given the available data that was 
presented to us, however, we noted that community-ac-
quired BSIs seemed to be the most prevalent bloodstream 
infection in patients. We found 5 out of 10 studies that we 
analyzed had more community-acquired BSI reports than 
any of the other types of BSIs. Combining all of the data 
from every study, 6763 BSI cases were reported in total, 
we incorporated 2075 community-acquired BSIs, 1102 
and healthcare-associated BSIs compared to 1484 hos-
pital-acquired BSIs. 

Earlier studies reported differences between HCA-
BSIs and HA-BSIs in terms of the underlying diseases, 
infection focus, causative pathogens, their antibiotic sus-
ceptibility patterns, and prognosis, while others found that 
HCA-BSIs differed from both CA and HA-BSIs in terms 
of causative pathogens and prognosis.6-9 Therefore, the 

Table 1: Characteristics of the 10 studies included for review.

S 
No

Author/Year of 
Publication

Country Study Design Study 
Duration

Title of Study

1 Cubero et al., / 2018 Spain Retrospective 2009-2007 Molecular Epidemiology of Klebsiella pneumoniae 
Strains Causing Bloodstream Infections in Adults 

2 Hsu et al., /2018 UK Prospective 2013-2012 Strategy to reduce E. coli bacteraemia based on 
cohort data from a London teaching hospital 

3 Pinholt et al., /2014 Denmark Prospective 2009-2006 Incidence, clinical characteristics and -30day 
mortality of enterococcal bacteraemia in Denmark: a 

population-based cohort study 

4 Arco et al., /2017 Spain Prospective  2010-2008 Results of an early intervention programme for 
patients with bacteraemia: analysis of prognostic 

factors and mortality

5 Frakking et al., /2013 Netherlands Retrospective 2010-2008 Appropriateness of Empirical Treatment and 
Outcome in Bacteremia Caused by Extended-

Spectrum--Lactamase-Producing Bacteria 

6 Horcajada et al., /2012 Spain Prospective 2011-2010 Healthcare-associated, community-acquired and 
hospital-acquired bacteraemic urinary tract infections 

in hospitalized patients

7 Kang et al., /2011 Korea Surveillance 2009-2008 Clinical significance of nosocomial acquisition in 
urinary tract–related bacteremia caused by gram-

negative bacilli 

8 Kao et al., /2011 Taiwan Retrospective 2005-2004 Isolated pathogens and clinical outcomes of 
adult bacteremia in the emergency department: A 

retrospective study in a tertiary Referral Center 

9 Melzer et al., /2013 UK Prospective 2011-2007 Thirty-day mortality in UK patients with community- 
onset and hospital-acquired MSSA bacteraemia 

10 Freeman et al., /2012 New Zealand Case control 2007-2003 Bloodstream infection with extended-spectrum 
beta-lactamase-producing Enterobacteriaceae at a 

tertiary care hospital in New Zealand: risk factors and 
outcomes 
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characteristics of BSI are different depending on the 
context of infection. A detailed analysis of all the studies 
included in the present review revealed that UTI was a 
major source of BSIs in community settings followed by 
HCA BSIs. Since 2018 we found only three studies (data 
collected between 2006-2013) taking into consideration 
the three major categories of BSIs and defining UTI as an 
important underlying source of infection.10-12 In two studies 
by Freeman and Melzer et al, conducted in 2012 and 2013 
respectively, found a high proportion of patients that had 
concurrent UTIs in CA-BSIs as compared to HA BSIs.13-14 
However, they were unable to report HCA-BSIs as sepa-

rate groups assuming HCA-BSIs as part of CA-BSIs. The 
remaining 5 studies lack information with respect to UTI 
cases for each category of BSI and data reported was a 
total proportion of UTI among the three BSI groups col-
lectively therefore their study observations were limited 
by documenting UTIs irrespective of whether these infec-
tions were acquired in the community or were otherwise 
healthcare-associated or hospital-acquired.14-18 Further, it 
was observed that the standard definitions to meet the cri-
teria for assigning a urinary focus as a definite source of 
BSI were not clearly stated especially for studies where 
the primary outcomes were not focused entirely on UTIs. 

Table 2:   Comparison of Antibiotic susceptibility patterns of pathogens isolated among patients with urinary tract related BSIs in 
three studies

Study Pathogen Type of  Infection AMR Pattern identified in patients with BSIs

Cubero et al., 2018 K. pneumonia S-BSI Amc Cip Gent

HA 223/56 223/72 223/13

HCA 58/8 58/14 58/1

CA 67/7 67/12 67/0

Pinholt et al.,2014 E. faecalis S-BSI Amp Van Gent

HA 209/5 209/4 209/9

HCA 104/1 104/2 104/54

CA 144/0 144/1 144/28

E. faecium HA 207/191 207/3 207/145

HCA 18/15 18/0 18/7

CA 18/7 18/0 18/2

Horcajada et 
al.,2012

Enterobacteriaceae S-BSI Amc FQ Pip/Taz

HA 142/45 142/51 142/27

HCA 246/73 246/124 246/37

CA 279/52 279/69 279/19
Amp: ampicillin; Amc: amoxicillin clavulanate; Cip: ciprofloxacin; Gent: gentamicin; Van: vancomycin; FQ: Fluroquinolone; Pip/Taz: pip-
eracillin-tazobactam

Fig 1: PRISMA Flow Chart showing the stepwise 
approach towards the inclusion of 10 studies for this 
descriptive review. The flow diagram depicts the flow 
of information through the different phases of a sys-

tematic review. 

Fig 2: Total number of BSIs (CO, Community Onset; 
HCA, Healthcare Associated; HA, Hospital Acquired) 
and UTIs in 10 studies. Numbers from 1 to 10 corre-

spond to studies represented in Table 1. 
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Most of the studies collected data from either hospital or 
laboratory records that in some instances was found in-
complete in terms of important investigations like urine 
culture reports and matching organisms. Lack of data as 
to how many UTI cases were distributed between CA and 
HA-BSIs requires future studies to differentiate between 
infections that are truly community-acquired from those 
that occur as a result of healthcare acquired in the com-
munity i-e HCA BSIs. The basic classification of ‘pre-day 2 
of hospital admission’ cases as ‘community’ may not truly 
represent infections acquired because of outpatient care 
that is being offered in the community, or those occurring 
immediately after discharge from the hospital to continue 
convalescing at home.19 That would suggest that a high 
proportion of ‘community’ cases observed in some stud-
ies may, in part, be the result of this lack of precision as 
described earlier.13

Amongst various pathogens implicated in causing 
UTI-related BSIs, Escherichia coli was the most common 
pathogen isolated especially in patients with CA-BSIs.11 
klebsiella pneumonia, pseudomonas aeruginosa, and 
Enterobacter species were also reported as potential 
pathogens implicated predominantly in HA, and HCA-
BSIs. Among the gram-positive bacteria Staphylococcus 
aureus including methicillin-susceptible Staphylococcus 
aureus and Methicillin-resistant Staphylococcus aureus, 
Streptococcus species, and Enterococcus faecalis and 
faecium were the commonly studied pathogens. Three 
studies highlighted the importance of ESBL-producing 
Gram-negative bacteria notably E. coli and K. pneumo-
nia in patients with either HA or HCA-BSIs, while no study 
reported any information on specific sequence types of 
pathogens responsible for Urinary tract-related BSIs. 
Many of the papers reported whether their pathogen of 
interest was resistant to certain antibiotics, without clarify-
ing what kind of infection the pathogen was from. Howev-
er, between the data of these three studies, HA and HCA 
bacterial infections seem to have the most antimicrobial 
resistance, compared to CA-infections (Table 1). Accord-
ing to the Cubero et. al 2010 study, 141/223 (63.2%) of 
HA and 23/58 (39.6%) of HCA-K. pneumoniae infections 
had some form of antimicrobial resistance, compared to 
19/67 (28.3%) CA-infections.10 Similarly, the study by Hor-
cajada et al, reported that 123/143 (86.6%) HA Enterobac-
teriaceae and 234/246 (95.1%) HCA Enterobacteriaceae 
had some form of antimicrobial resistance, compared to 
140/279 (50.17%) CA infections. 16 Lastly, the study by Pin-
holt et al, 2014, reported 209 E. faecalis and 207 E. fae-
cium HA infections. Of 209 HA-E. faecalis infections 103 
(49%) isolates had some sort of antimicrobial resistance.12 
About 55/104 (52.8%) HCA E. faecalis infections and 
22/18 (some infections had resistance to more than one 
antibiotic) HCA E. faecium-related BSIs were reported. In 
comparison, only 29/144 (20.1%) of the CA-E. faecalis and 
9/18 (50.0%) of the CA E. faecium had some form of anti-

microbial resistance. E. faecium did seem to have a high-
er antimicrobial resistance rate, as it matches the HA and 
HCA rates previously stated, however, it should be noted 
that only 18 CA-infections of E. faecium were recorded. 
Consequently, just 9 antimicrobial-resistant infections 
bring the rate up to 50%. Due to the stark difference in the 
number of infections of HA and HCA E. faecium infections 
versus CA-infections, the resistance rates should be com-
pared with caution. The precise role of antibiotic-resistant 
pathogens in HA-BSIs and HCA-BSIs noted reflects the 
increased selection pressure in hospital environments in 
conjunction with inadequate empirical treatment in these 
settings. As the estimated burden of antibiotic-resistant 
HCA-BSIs is proportionately high, a separate classification 
of CA and HCA-BSIs is important as the problem of drug 
resistance in CA infections will be overestimated using the 
traditional classification.18 The finding of this review is lim-
ited by a small data set and lack of data on other potential 
sources of HA-BSIs.

CONCLUSIONS
Urinary tract Infections are a major source for 

developing secondary BSIs. Escherichia. coli is a major 
pathogen in CA-BSIs. Hospital Acquired and HCA bac-
terial infections have the most antimicrobial resistance, 
compared to CA-infections. As UTIs are a potential risk 
factor for developing life-threatening BSIs further investi-
gation into the true relationship of UTIs with S-BSIs is re-
quired to improve the clinical management and outcomes 
of patients. CDC/NHSN recommendations for establishing 
a definite association between BSI and UTI must be met 
to assess the actual burden of urinary tract-related BSI. 
Assuming that HCA-BSIs and HA-BSIs share character-
istics based on their mode of acquisition, underlying in-
fection focus, microbiological profile, antibiotic resistance 
patterns, and prognosis, collecting surveillance data on 
HCA and HA-BSIs secondary to UTI would have obvious 
implications for professionals involved in the care of sick 
patients in community settings. 
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