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Burden of illness in US hospitals due to
carbapenem-resistant Gram-negative
urinary tract infections in patients with or
without bacteraemia
Ryan K. Shields1, Yun Zhou2, Hemanth Kanakamedala2 and Bin Cai3*

Abstract

Background: Urinary tract infections (UTIs) are the most common infections caused by Gram-negative bacteria and
represent a major healthcare burden. Carbapenem-resistant (CR) strains of Enterobacterales and non-lactose
fermenting pathogens further complicate treatment approaches.

Methods: We conducted a retrospective analysis of the US Premier Healthcare Database (2014–2019) in
hospitalised adults with a UTI to estimate the healthcare burden of Gram-negative CR UTIs among patients with or
without concurrent bacteraemia.

Results: Among the 47,496 patients with UTI analysed, CR infections were present in 2076 (4.4%). Bacteraemia was
present in 24.5% of all UTI patients, and 1.7% of these were caused by a CR pathogen. The most frequent CR
pathogens were Pseudomonas aeruginosa (49.4%) and Klebsiella pneumoniae (14.2%). Patients with CR infections had
a significantly longer hospital length of stay (LOS) (median [range] 8 [5–12] days vs 6 [4–10] days, P < 0.001), were
less likely to be discharged home (38.4% vs 51.0%, P < 0.001), had a higher readmission rate (22.6% vs 13.5%, P <
0.001), and had greater LOS-associated charges (mean US$ 91,752 vs US$ 66,011, P < 0.001) than patients with
carbapenem-susceptible (CS) infections, respectively. The impact of CR pathogens was greater in patients with
bacteraemia (or urosepsis) and these CR urosepsis patients had a significantly higher rate of mortality than those
with CS urosepsis (10.5% vs 6.0%, P < 0.001).

Conclusions: Among hospitalised patients with UTIs, the presence of a CR organism and bacteraemia increased
the burden of disease, with worse outcomes and higher hospitalisation charges than disease associated with CS
pathogens and those without bacteraemia.

Keywords: Bacteraemia, Carbapenem resistance, Healthcare burden, Urinary tract infection

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: Bin.cai@shionogi.com
The data of this manuscript were presented in part at IDWeek™ 2019,
October 2–6, 2019, Washington DC, USA. Shields RK, Kanakamedala H, Zhou
Y, Bin Cai. Burden of illness in patients with urinary tract infections with or
without bacteraemia caused by carbapenem-resistant Gram-negative
pathogens in US hospitals (2014 to 2018). Poster: 157.
3Shionogi Inc., 300 Campus Drive, Suite 100, Florham Park, NJ 07932, USA
Full list of author information is available at the end of the article

Shields et al. BMC Infectious Diseases          (2021) 21:572 
https://doi.org/10.1186/s12879-021-06229-x

http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-021-06229-x&domain=pdf
http://orcid.org/0000-0003-0410-8820
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Bin.cai@shionogi.com


Background
Urinary tract infections (UTIs) are the most frequent
infections caused by Gram-negative bacteria [1–3]. UTIs
represent a considerable healthcare burden that mani-
fests in emergency department visits and/or acute care
hospitalisations that are associated with significant
healthcare costs [1–3]. Between 1998 and 2011, an
increasing number of hospitalisations due to UTI were
recorded in the USA, particularly among women and
older patients [4]. At least 10–15% of UTIs in patients
visiting emergency departments are associated with
urosepsis [5], which may account for up to 25% of all
sepsis cases and is associated with an increased risk of
mortality [1, 6–8].
The most common urinary pathogens are Enterobac-

terales [8, 9] but non-lactose fermenting bacteria are also
increasingly identified as causative pathogens [9, 10].
Carbapenem resistance is a well-recognised clinical

problem and carbapenem-resistant (CR) Gram-negative
pathogens are a global public health threat [11, 12].
UTIs are among the top sources of CR infections [10,
13–17]. Although CR Enterobacterales (CRE), including
Escherichia coli and Klebsiella pneumoniae, have
received considerable attention for their impact on mor-
bidity and mortality, it is also important to note that CR
non-lactose fermenting bacteria, such as CR Acinetobac-
ter baumannii and CR Pseudomonas aeruginosa are
common in many regions and known to negatively im-
pact clinical outcomes [13, 18–20]. The prevalence of
CR pathogens remains higher in non-fermenters than in
fermenters in the USA and in other regions [13, 21, 22].
While new antibiotics have been approved for UTIs
caused by Enterobacterales, treatment options remain
limited for those infections caused by CR non-fermenting
bacteria [11].
The objective of this retrospective study was to de-

scribe the total healthcare burden of UTIs caused by
Gram-negative CR pathogens in hospitalised patients,
with or without bacteraemia secondary to UTI.

Methods
Study design
This was a retrospective analysis of data from the Prem-
ier Healthcare Database, which collects anonymised
patient-level data from over 700 US hospitals annually.
The analysis is based on data from the 315 hospitals that
provided microbiology test results, including specimen
site, pathogen, and antibiotic susceptibility results for
hospitalised patients between January 1, 2014 and June
30, 2019.
Adult patients (≥18 years old) with at least one hos-

pital admission with a UTI caused by Gram-negative
pathogen(s) and carbapenem susceptibility results were
eligible for inclusion. UTIs were defined by a positive

urine culture due to a Gram-negative organism and re-
ceipt of antibiotics with activity against Gram-negative
pathogens between 2 days before and 3 days after an
index urine culture. Patients with a urine culture col-
lected before admission or after discharge were excluded
from the analysis. Bacteraemia or urosepsis, which was
diagnosed on or after the index UTI and during the
same hospital admission, was defined as a positive blood
culture due to the same pathogen detected in the index
urine culture (Supplementary Figure 1). ICD-9 (038.x,
995.91) and ICD-10 (A40.x and A41.x) codes for sepsis
were used to exclude patients who had a diagnosis of
sepsis or bloodstream infection for any pathogen at any
time prior to diagnosis of UTI for both bacteraemic and
non-bacteraemic cohorts.
Carbapenem susceptibility and resistance were defined

according to Clinical and Laboratory Standards Institute
breakpoints to doripenem, ertapenem, imipenem, and
meropenem, which have been updated previously in
2012 for Enterobacterales and P. aeruginosa, and in 2015
for A. baumannii [23]. For analysis, carbapenem resist-
ance was defined as resistance or intermediate suscepti-
bility to any carbapenem tested, and included all
Stenotrophomonas maltophilia. Patients with multiple
pathogens were considered to have CR infections if any
of the uropathogens were CR during their hospitalisa-
tion. For patients with multiple positive cultures yielding
the same pathogen, the first CR result was selected as
the index culture for CR patients and the first positive
culture was selected as the index culture for
carbapenem-susceptible (CS) patients. The collection
date of the index culture was defined as the index date.
For patients with multiple hospitalisations for either UTI
or other diseases, the first hospitalisation meeting the
index culture definition was the index hospitalisation.

Outcomes
Patient characteristics, including demographics (age, sex,
and race), comorbidities, admission source, admission
time, and time of infection onset, were stratified by CR
and bacteraemia status. Comparative outcomes, includ-
ing in-hospital mortality, day 14 and day 30 all-cause
mortality rates from the index culture, overall hospital
length of stay (LOS), infection-associated LOS, intensive
care unit (ICU) LOS, infection-associated ICU LOS, total
hospitalisation charges (charge is the amount that the
hospital charged to insurance companies, which was ap-
plicable to the duration of hospitalisation or ICU stay or
infection-associated ICU stay), and discharge status,
were compared by CR and bacteraemia status.
LOS was defined as the number of days from admis-

sion to discharge. Infection-associated LOS was defined
as the number of days from index urine culture date to
discharge and calculated as LOS − index culture day + 1.
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ICU LOS was defined as the number of days from the
first to the last ICU service day. Infection-associated
ICU LOS was defined as the number of days from the
first to the last ICU service day depending on the timing
of the positive culture: if a positive culture was obtained
within 2 days of ICU admission, the entire ICU LOS was
used; if the culture was obtained during ICU stay, the
LOS was taken as the number of days from the ICU
index culture to discharge from the ICU. Patients with
more than one inpatient stay for the same pathogen that
caused the index UTI after index hospitalisation were
flagged as readmission and the time to readmission was
calculated as the number of days from discharge of the
index hospitalisation to the first readmission date.

Statistical analyses
Data are presented using descriptive statistics, using
number (%) for categorical variables (age group, sex,
pathogen type, baseline comorbidities, baseline Charlson
Comorbidity Index [CCI] categories, origin of admission,
type of admission, ICU admission, ICU at index culture,
discharge status, readmission) and using mean (standard
deviation [SD]) and median (interquartile range [Q1–
Q3]) for continuous variables (age, baseline CCI score,
time between admission and index culture, overall LOS,
infection-associated LOS, ICU LOS, infection-associated
ICU LOS, time between discharge to readmission, total
LOS charges, and infection-associated ICU-LOS charges).
A univariate comparison between CR and CS patients

was conducted using a chi-squared test for categorical
variables, a Student’s t test for mean values, and a
Wilcoxon rank sum test for median values, and included
the following variables: demographics (age, sex), origin
of admission, type of admission, comorbidities, CCI,
Gram-negative pathogens (A. baumannii, E. coli, Entero-
bacter aerogenes, Enterobacter cloacae, Klebsiella oxytoca,
K. pneumoniae, Morganella morganii, P. aeruginosa,
Proteus mirabilis, Serratia marcescens, and S. maltophilia),
discharge status, readmission, ICU admission, LOS (total
and infection-associated), ICU LOS (total and infection-
associated), and days between admission and index culture.
Significant variables (P < 0.1) from univariate analyses were
included in the multivariable logistic regression to assess
the risk of developing bacteraemia from UTI.

Results
Patient demographics and clinical characteristics
A total of 47,496 hospitalised patients with UTI were in-
cluded. Overall, 24.5% (n = 11,629) had UTI complicated
with bacteraemia and 75.5% (n = 35,867) had UTI with-
out bacteraemia (Supplementary Figure 1). Altogether,
4.4% of patients had CR infections (n = 2076): 1.7%
(201/11629) with UTI and bacteraemia, and 5.2% (1875/
35867) with UTI without bacteraemia. During the study

period, a gradual increase was observed in the propor-
tion of patients with CR UTIs from 4.1% in 2014 to 5.5%
in 2018.
The mean age of patients was 69 years with no signifi-

cant difference between patients with CR or CS UTI
(Table 1); there were nearly twice as many females
(n = 31,447) as males (n = 16,049) overall. Among pa-
tients with CR pathogens, there was a higher percent-
age of males than females, especially among those
with bacteraemia (61.7% vs 38.3%) (Table 1). Most
patients were admitted through an emergency depart-
ment (83.9%, n = 39,891) and had a non-healthcare
facility origin of their infection (76.3%, n = 36,231)
(Table 1).
Overall, 84.3% of patients had at least one comorbidity.

Patients with CR pathogens had significantly higher
mean baseline CCI than those with CS pathogens (3.5 vs
2.9, P < 0.001) (Table 1). Comorbidities that were more
common among patients with CR versus CS UTIs were
congestive heart failure (31.4% vs 26.8%, respectively,
P < 0.001), chronic pulmonary disease (32.8% vs 28.0%,
respectively, P < 0.001), diabetes without chronic compli-
cations (32.8% vs 33.1%, respectively), and renal disease
(37.7% vs 29.6%, respectively, P < 0.001); patients with
CR were also more likely to have peripheral vascular dis-
ease, diabetes with chronic complications, and hemiple-
gia/paraplegia (P < 0.001 in each case).

Distribution of baseline pathogens
The most frequent causative pathogen overall was E. coli
(61.9%), followed by K. pneumoniae (16.2%), and P. aer-
uginosa (8.6%). The most frequent CR organism isolated
from UTI patients was P. aeruginosa (49.4%), followed
by K. pneumoniae (14.2%) and S. maltophilia (11.3%)
(Fig. 1). The majority of CR pathogens in UTI patients
with bacteraemia were P. aeruginosa (43.8%) and K.
pneumoniae (22.4%). Although E.coli was the most fre-
quent uropathogen, most isolates were susceptible to
carbapenems and prevalence of CR E. coli was low (over-
all 3.9%; bacteraemia 5.0%; non-bacteraemia 3.7%). Of
181 hospitals contributing cases to the analysis, 63.5%
had < 10 CR UTI patients and 4.4% had ≥50 CR UTI pa-
tients during the study period.

Outcomes
Mean time to identification of CR pathogens (defined as
day of admission to day of culture) was significantly lon-
ger than that of CS pathogens (overall: 3.6 days vs 2.1
days; UTI patients with bacteraemia: 5.1 days vs 1.5 days;
P < 0.001 for both) (Table 2). A higher proportion of CS
pathogens (82.3%) than CR pathogens (69.2%) were
identified on the day of the admission among patients
with bacteraemia (Table 2).
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Both the mean and median overall hospital LOS were
significantly (P < 0.001) longer in patients with CR com-
pared with CS pathogens (Table 2); this was true overall
and among patients with or without bacteraemia. Find-
ings were similar for infection-associated LOS (Table 2).
In patients with bacteraemia, those with a CR pathogen
were more likely to have been admitted to the ICU re-
lated to an infection than those with a CS pathogen dur-
ing index hospitalisation (49.8% vs 41.2%, P = 0.015); the
mean infection-associated ICU LOS was twice as long in

patients with a CR pathogen than in those with a CS
pathogen (9.2 days vs 4.8 days, P = 0.011) (Table 2). No
significant difference in rate of ICU admission or ICU
LOS was identified between CR and CS UTIs among pa-
tients without bacteraemia (Table 2).
Overall, patients with CR infections were less likely to

be discharged home (38.4% vs 51.0%) and more likely to
be transferred to another institution, mainly a skilled
nursing facility, another acute-care facility, long-term
care or rehabilitation facility (42.2% vs 33.0%, P < 0.001)

a

b

c

Fig. 1 Distribution of baseline pathogens in hospitalised patients with Gram-negative UTIs, according to presence of bacteraemia and
carbapenem resistance. a Overall. b UTI with bacteraemia. c UTI without bacteraemia. CR Carbapenem resistant, CS Carbapenem susceptible, UTI
Urinary tract infection
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than those with CS infection (Table 3). Crude in-
hospital mortality among patients with UTI complicated
with bacteraemia was significantly higher for those with
CR compared with CS infections (10.5% vs 6.0%, P <
0.001) (Table 3). There was no difference in death rates
within 14 days and within 30 days of index UTI culture
for inpatient mortality between CR and CS infections in
patients with or without bacteraemia (Supplementary
Table 1). In both groups, UTI with bacteraemia and UTI

without bacteraemia, CR infections tended to have a
higher mortality rate than CS infections, with few excep-
tions, though sample sizes were small for some patho-
gens (Supplementary Table 2).
Readmission rates were higher among patients with

CR UTI compared with a CS UTI (22.6% vs 13.5%, P <
0.001); this was true for patients with or without bacter-
aemia (Table 3). Within 30 days, more patients with CR
infections than CS infections were readmitted to the

Table 2 Time to UTIs and lengths of stay according to presence of bacteraemia and carbapenem resistance

Characteristic Overall, N = 47,496 With bacteraemia, n = 11,629 Without bacteraemia, n = 35,867

CR, n = 2076 CS, n = 45,420 P value CR, n = 201 CS, n = 11,428 P value CR, n = 1875 CS, n = 33,992 P value

Time between admission and
index culture, days

Mean (SD) 3.6 (10.9) 2.1 (9.3) < 0.001 5.1 (13.8) 1.5 (3.9) < 0.001 3.5 (10.5) 2.3 (10.5) < 0.001

Median (Q1–Q3) 1 (1.0–2.0) 1 (1.0–1.0) < 0.001 1 (1.0–1.0) 1 (1.0–1.0) < 0.001 1 (1.0–2.0) 1 (1.0–1.0) < 0.001

1 day prior to admission, n (%) 186 (9.0) 4285 (9.4) < 0.001 23 (11.4) 1256 (11.0) < 0.001 163 (8.7) 3029 (8.9) < 0.001

Same day as admission, n (%) 1300 (62.6) 31,927 (70.3) 139 (69.2) 9409 (82.3) 1161 (61.9) 22,518 (66.2)

Overall LOSa, days

Mean (SD) 12.5 (23.8) 9.3 (23.0) < 0.001 18.0 (25.0) 9.1 (11.8) < 0.001 11.9 (23.6) 9.4 (25.7) < 0.001

Median (Q1–Q3) 8 (5.0–12.0) 6 (4.0–10.0) < 0.001 9 (6.0–16.0) 7 (5.0–10.0) < 0.001 8 (5.0–12.0) 6 (4.0–10.0) < 0.001

1–2, n (%) 57 (2.7) 1683 (3.7) < 0.001 5 (2.5) 340 (3.0) < 0.001 52 (2.8) 1343 (4.0) < 0.001

3–6, n (%) 729 (35.1) 21,109 (46.5) 47 (23.4) 5256 (46.0) 682 (36.4) 15,853 (46.6)

7–10, n (%) 622 (30.0) 11,922 (26.2) 66 (32.8) 3305 (28.9) 556 (29.7) 8617 (25.4)

11–15, n (%) 303 (14.6) 5313 (11.7) 32 (15.9) 1355 (11.9) 271 (14.5) 3958 (11.6)

16+, n (%) 365 (17.6) 5393 (11.9) 51 (25.4) 1172 (10.3) 314 (16.7) 4221 (12.4)

Infection-associated LOSb, days

Mean (SD) 9.9 (16.3) 8.2 (15.3) < 0.001 13.9 (16.1) 8.6 (9.9) < 0.001 9.5 (16.3) 8.1 (16.7) < 0.001

Median (Q1–Q3) 7 (5.0–11.0) 6 (4.0–9.0) < 0.001 9 (6.0–14.0) 7 (5.0–10.0) < 0.001 7 (5.0–10.0) 6 (4.0–9.0) < 0.001

1–2, n (%) 87 (4.2) 1669 (3.7) < 0.001 6 (3.0) 314 (2.7) < 0.001 81 (4.3) 1355 (4.0) < 0.001

3–6, n (%) 812 (39.1) 22,924 (50.5) 45 (22.4) 5327 (46.6) 767 (40.9) 17,597 (51.8)

7–10, n (%) 639 (30.8) 12,125 (26.7) 72 (35.8) 3435 (30.1) 567 (30.2) 8690 (25.6)

11–15, n (%) 299 (14.4) 4951 (10.9) 36 (17.9) 1349 (11.8) 263 (14.0) 3602 (10.6)

16+, n (%) 239 (11.5) 3751 (8.3) 42 (20.9) 1003 (8.8) 197 (10.5) 2748 (8.1)

ICU occurred during index
hospitalisation, n (%)

670 (32.3) 15,737 (34.7) 0.026 114 (56.7) 5156 (45.1) 0.001 556 (29.7) 10,581 (31.1) 0.179

ICU LOS, days

Mean (SD) 9.0 (21.8) 5.8 (17.7) < 0.001 14.4 (28.0) 5.2 (12.0) 0.001 7.9 (20.1) 6.0 (19.9) 0.034

Median (Q1–Q3) 3 (1.0–8.0) 3 (1.0–6.0) 0.100 3 (1.0–10.0) 3 (1.0–5.0) 0.172 3 (1.0–7.5) 3 (1.0–7.0) 0.405

Infection-associated ICU
stay, n (%)

520 (25.1) 12,940 (28.5) 0.001 100 (49.8) 4713 (41.2) 0.015 420 (22.4) 8227 (24.2) 0.076

ICU at index culture, n (%) 413 (19.9) 9874 (21.7) 0.046 76 (37.8) 3587 (31.4) 0.052 337 (18.0) 6287 (18.5) 0.571

Infection-associated ICU
LOSc, days

Mean (SD) 6.5 (14.6) 4.9 (10.1) 0.013 9.2 (17) 4.8 (10.2) 0.011 5.9 (13.9) 5.0 (10.1) 0.195

Median (Q1–Q3) 3 (1.0–7.0) 3 (1.0–6.0) 0.173 3 (1.0–8.5) 3 (1.0–5.0) 0.373 3 (1.0–6.0) 3 (1.0–6.0) 0.381

Patients with index culture taken before the admission or after discharge were excluded from the analyses
CR Carbapenem resistant, CS Carbapenem susceptible, ICU Intensive care unit, LOS Length of stay, SD Standard deviation, UTI Urinary tract infection
aOverall LOS: number of days from admission to discharge
bInfection-associated LOS: number of days from index culture date to discharge
cInfection-associated ICU LOS: if a positive culture was obtained within 2 days of ICU admission, the entire ICU LOS was used; if the culture was
obtained during ICU stay, the LOS was taken as the number of days from the index culture to discharge from the ICU
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same hospital (Table 3), and readmission occurred earl-
ier for patients with CR pathogens than those with CS
pathogens. Among those with CR pathogens, median
time to readmission was 52 days in patients with bacter-
aemia and 83 days in patients without bacteraemia
(Table 3).
The mean LOS-associated charges were higher in

patients with CR pathogens compared with CS patho-
gens, particularly those with bacteraemia, for which
charges were nearly three-times higher than those for
patients with CS pathogens (US$ 178,176 vs US$ 64,
838, P < 0.001) (Supplementary Table 3). Similar findings
were seen for infection-associated ICU LOS-associated
charges and infection-associated ICU LOS charges
(Supplementary Table 3).

Risk factors for UTI with bacteraemia
Risk factors for developing bacteraemia from a UTI
were analysed first in univariate analysis (Supplemen-
tary Table 4), and subsequently in multivariate ana-
lysis (Table 4). Bacteraemia was more likely to occur
in patients with a CS compared with a CR pathogen
(odds ratio [OR] 1.75, P < 0.0001) and was twice as
likely to develop in males compared with females (OR
2.00, P < 0.0001) and in those admitted to the ICU
(OR 2.14, P < 0.0001). Additional variables associated
with a significantly increased likelihood of bacter-
aemia were non-white race, the presence of urinary
catheters, patients who underwent urinary surgery,
and being infected by E. coli or K. pneumoniae, while
being infected by non-lactose fermenting pathogens
was associated with a significantly lower likelihood of
the presence of bacteraemia (Table 4).

Discussion
The results of the current analysis of UTI patients from
the Premier Healthcare Database, hospitalised between
2014 and 2019 with or without bacteraemia, suggest that
the presence of a CR organism increases the burden of
disease and results in worse outcomes, such as increased
in-hospital mortality, prolonged hospital and ICU stays,
as well as increased charges associated with hospitalisa-
tion. Patients with CR UTIs were more likely to have
multiple comorbidities, as suggested by the significantly
higher CCI score (3.5 vs 2.9, P < 0.001). When UTIs
were complicated by bacteraemia in the presence of CR
pathogens, adverse outcomes were more problematic.
Carbapenem resistance is a global problem in both

non-lactose fermenters and Enterobacterales [13, 21].
Prevalence of CR pathogens remains higher in non-
fermenters than in fermenters in the US and in other re-
gions [13, 21, 22]. In the current analysis, non-fermenters
were the more frequent cause of CR UTI. Enterobacterales
were found in the majority of CS UTIs and were associ-
ated with a greater likelihood of developing bacteraemia.
In contrast, the presence of non-fermenters was associated
with a lower risk of bacteraemia.
Recently, several new antibiotic agents have been

approved for the treatment of complicated UTIs
(cUTIs), including β-lactam/β-lactamase inhibitor
combinations such as ceftazidime-avibactam, ceftolozane-
tazobactam, meropenem-vaborbactam, imipenem-cilastatin-
relebactam, and plazomicin, a novel aminoglycoside, and
cefiderocol, a novel siderophore cephalosporin [24]. These
agents have been shown to be efficacious in the treatment of
cUTIs caused by Enterobacterales or P. aeruginosa, as dem-
onstrated in large, randomised, double-blind, prospective
clinical studies [24]. Furthermore, the efficacy of some of the

Table 4 Risk factors associated with the development of bacteraemia in patients hospitalised with UTIs

Factor Adjusted Odds Ratio (95% CI) P value

Age, 46–65 vs 18–45 years 1.199 (1.104 to 1.302) < 0.0001

Age, > 65 vs 18–45 years 1.034 (0.957 to 1.116) 0.3961

Male vs Female 1.999 (1.907 to 2.095) < 0.0001

Non-White vs White 1.226 (1.166 to 1.289) < 0.0001

Admitted to ICU vs No 2.142 (2.036 to 2.253) < 0.0001

Had urine catheters vs No 1.237 (1.164 to 1.314) < 0.0001

Had urinary surgery vs No 1.428 (1.333 to 1.529) < 0.0001

Escherichia coli vs Other 2.026 (1.9 to 2.159) < 0.0001

Klebsiella pneumoniae vs Other 1.447 (1.333 to 1.571) < 0.0001

Acinetobacter baumannii vs Other 0.587 (0.342 to 1.005) 0.0524

Pseudomonas aeruginosa vs Other 0.628 (0.554 to 0.712) < 0.0001

Stenotrophomonas maltophilia vs Other 0.349 (0.18 to 0.675) 0.0018

CS vs CR 1.754 (1.484 to 2.073) < 0.0001

Onset HA (after 3 days) vs CA (within 3 days) 0.229 (0.209 to 0.252) < 0.0001

CA Community acquired, CR Carbapenem resistant, CS Carbapenem susceptible, HA Hospital acquired, ICU Intensive care unit, UTI Urinary tract infection
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abovementioned agents against CRE, in a variety of infec-
tions, has been confirmed in small pathogen-focused studies,
in which colistin or best-available therapy was the control
arm [24, 25]. The utility of these new agents may be validated
by the high proportion of Enterobacterales causing
UTIs [8, 9], which corresponds well with our current
analysis of contemporary data from the Premier
Healthcare Database. In this analysis, among UTIs
caused by CR pathogens, P. aeruginosa was the most
frequent pathogen followed by K. pneumoniae, and a
small proportion were caused by S. maltophilia and
A. baumannii, suggesting that non-fermenter species
causing UTIs frequently display carbapenem resist-
ance. Overall, the proportion of CR pathogens was
much greater among non-fermenter species than in
Enterobacterales, representing a valid concern for
physicians when selecting empiric antibiotics.
There was an apparent difference between male and

female patients in the propensity to be infected with
either CR or CS bacteria, reflecting the well-known
difference in UTI aetiology. UTIs occur more frequently
in females [1]. Female patients with uncomplicated
infections, which are primarily caused by CS Enterobac-
terales and frequently recur, were included in the ana-
lysis. However, according to the data, hospitalised male
patients with cUTIs more likely acquire CR infections
due to the increased prevalence of these pathogens in
hospitals. The higher proportion of CR UTIs among
male patients was more predominant in the presence of
bacteraemia.
The multivariable analysis confirmed that UTIs

complicated by bacteraemia were more likely to be
associated with male sex (OR 1.99, P < 0.0001). Male
patients often present with complicated UTIs that
frequently require hospitalisation, intravenous antibi-
otics, and instrumentation that can increase the risk of
bacterial translocation into the bloodstream [1]. Other
non-pathogen-related variables significantly associated
with an increased likelihood of bacteraemic UTI were
being non-white, age 45–65 years, ICU admission,
undergoing urinary surgery or having a urinary cath-
eter. The presence of such risk factors may lead to the
deterioration of UTIs into sepsis [26, 27], indicating a
poor prognosis. Complications, such as bacteraemia or
sepsis, may require ICU admission with a prolonged
hospital overall LOS and increased hospital charges, as
suggested by our analysis. Patients with CR UTIs
remained for significantly longer in the ICU compared
with those with CS UTIs, particularly when UTI was
complicated with bacteraemia. Management of CR in-
fections complicated with bacteraemia or sepsis could
be challenging with limited treatment options, particu-
larly as the availability of agents with high activity
against non-fermenters is limited [6, 8, 23].

Although, the overall risk of mortality in UTI patients is
relatively low compared with other serious Gram-negative
infections [9, 27], our analysis demonstrated that the pro-
portion of patients who died in the hospital with bacter-
aemic CR infections (10.5%) was approximately twice that
of bacteraemic CS (6.0%) or non-bacteraemic CR infec-
tions (4.0%), suggesting an added burden for such patients.
A lack of, or failure to promptly initiate, appropriate anti-
biotic therapy increases the risk of mortality, particularly
when identification of a CR pathogen is delayed [15, 28].
However, appropriate antibiotic treatment for CR UTIs
may not be timely due to the delayed admission following
index culture, leading to the possibility of a nosocomial
origin of the CR pathogen. Therefore, understanding risk
factors and predicting the presence of bacteraemia due to
CR pathogens could almost be considered essential to
enable timely administration of appropriate therapy and
to reduce risk of mortality [15].
Among survivors, patients with CR infections were less

likely to be discharged home (38.4% vs 51.0%) and more
likely to be transferred to another facility (42.2% vs
33.0%). Furthermore, a large proportion of patients with
CR infections, among those who were alive at the time
of discharge, were readmitted with the same pathogen
(22.6%), nearly double the proportion of those with CS
infections (13.5%). The more frequent transfer to a dif-
ferent unit and readmission may contribute to the esca-
lated burden in terms of hospitalisation charges for CR
vs CS infections.
The strengths of the current study were the use of a

large database, consecutive patients’ data over 4–5 years,
with species and carbapenem susceptibility information
available. Only patients for whom susceptibility of the
causative pathogen was known and the source of
infection was confirmed as urine were included in the
analysis. The analysed population represents a large,
hospitalised patient population who required inpatient
management, probably with intravenous antibiotic
treatment.
Limitations of the study included specific analyses for

the type of antibiotic treatment used prior to and during
the hospitalisation and disease severity for these patients.
The diagnosis of UTI was based on the presence of
Gram-negative bacteria in urine samples in hospitalised
patients receiving antibiotic treatment, which cannot
rule out those who were only colonised. Because of
these, the study could not exclude patients with acute
uncomplicated pyelonephritis, which may have a differ-
ent burden than cUTIs.

Conclusions
Our analysis clearly demonstrates the increased burden
associated with the presence of CR pathogens in patients
with UTIs, particularly those with infections complicated
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by bacteraemia, in terms of the risk of overall as well as
infection-associated LOS and ICU LOS, readmissions,
healthcare charges and, in patients with bacteraemia, in-
creased risk of mortality. Early identification of UTI pa-
tients at high risk of bacteraemia and/or CR pathogens is
necessary to reduce this burden for hospitals and patients.
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