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ABSTRACT

Objectives: Bloodstream infection (BSI) is a common sequelae of urinary tract infections (UTIs) and it requires early detection and appropriate
antibiotic therapy. This study analyzed the clinical and microbiological profile of secondary BSI resulting from UTI caused by Enterobacterales.

Methods: In this retrospective study, National Healthcare Safety Network criteria were used to define the cases of UTI and secondary BSI attributed
to UTL Data from medical records and laboratory reports of patients from January to May 2024 were compiled and analyzed.

Results: Among 932 urine samples with significant growth of Enterobacterales, 48 were blood cultures positive. Out of them, 26 patients (11 males
and 15 females) met the criteria of BSI secondary to UTI as the same isolates also grew in blood specimens which was taken within the secondary
BSI attribution period. Nine patients had catheter-associated symptomatic UTI (CA-SUTI) while 14 were non-CA-SUTI and 3 had asymptomatic
bacteriuria. In urine culture, Escherichia coli (n=22, 68.1% multi-drug resistant and 31.8% non-multi-drug resistant [MDR]), Klebsiella pneumoniae
(n=3, all MDR), and Citrobacter koseri (n=1, non-MDR) strains were isolated. Diabetes, renal calculi, fever, Foley’s catheter, age >60 years, intensive
care unit admission, and hospital stay >10 days were more among individuals with MDR infections. Cefoperazone-sulbactam, piperacillin/tazobactam,
and nitrofurantoin had good outcomes.

Conclusion: Cefoperazone-sulbactam, piperacillin/tazobactam, and nitrofurantoin were effective for treating patients with BSI attributed to UTI in
our hospital with good outcomes. Hence, these antibiotics might have a critical role as empirical therapy for such, particularly those with underlying
health conditions and risk factors for MDR infections.
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INTRODUCTION

Urinary tract infections (UTIs) are among the most prevalent infections,
occurring frequently both in the community and in healthcare setups [1].
It is also a leading cause of bacteremia and it contributes significantly to
the rising antimicrobial resistance among uropathogens [2]. Bloodstream
infection (BSI) is a serious infection which needs early diagnosis and
appropriate antibiotic therapy. UTI may progress to BSI, septic shock,
and multiple organ dysfunction syndrome (MODS) resulting in mortality.
As per an estimate, up to 15% of cases with UTI also had bacteremia at
presentation [3]. Secondary BSI in individuals with UTI is a significant
concern due to its impact on patient outcomes and healthcare systems,
in India and worldwide. The presence of bacteria in the bloodstream
from a UTI not only significantly increases the risk of adverse clinical
outcomes, including mortality but also increases the duration of hospital
stay as well as healthcare costs. Patients with secondary BSI often require
more aggressive and prolonged antibiotic therapy, which can lead to
an increased risk of developing antibiotic resistance [4]. The majority
of the UTI cases are attributed to Gram-negative bacilli, especially
Enterobacterales [5]. The emergence of resistance to antimicrobials
among Enterobacterales is a serious concern. The occurrence of multi-
drug resistant (MDR) Escherichia coli strains is alarmingly high in
India [6]. In this study, we have analyzed the clinical and microbiological
profile of secondary BSI attributed to UTI caused by Enterobacterales.

METHODS

Study design
A retrospective cross-sectional single-center study was carried out in
the department of microbiology at a tertiary care hospital in South India.

An approval was received from the Institute Ethical Committee. Medical
records and laboratory reports of patients admitted to the hospital
from January to May 2024 were obtained and analyzed to identify cases
of secondary BSI attributed to various types of UTI, namely, catheter-
associated and non-catheter-associated - symptomatic UTI (SUTI),
asymptomatic bacteremic UTI (ABUTI), and asymptomatic bacteriuria
(ASB) as per the criteria set by CDC/National Healthcare Safety Network
(NHSN) [7].

Case definitions

Catheter-associated symptomatic UTI (SUTI 1a) was considered if a
patient, during the Infection Window Period (IWP), had indwelling
urinary catheter (IUC) in situ for >2 successive days in hospital indoor
ward on the date of the event (DOE) or it was removed the day before
DOE in addition to significant growth (=10° CFU/mL) of no more than
two species of uropathogens recovered on urine culture and the patient
had any one of the undermentioned symptoms consistent with UTI,
such as fever >38.0°C, suprapubic tenderness, costovertebral angle
pain/tenderness or urinary urgency, frequency, or dysuria in the
absence of IUC.

Non-catheter-associated symptomatic UTI (SUTI 1b) was considered if
a patient, during the IWP, had significant growth (=210° CFU/mL) of no
more than two species of uropathogens on urine culture and the patient
had any one of the following symptoms - fever >38.0°C, suprapubic
tenderness, costovertebral angle pain/tenderness OR urgency,
frequency, or dysuria in the absence of IUC, provided the case did not
meet the aforementioned criteria for IUC.
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ABUTI was defined as a condition, in which a patient (with or without
IUC), who had no signs/symptoms consistent with SUTI, showed
significant growth (210° CFU/mL) of not more than two uropathogenic
microbial species on urine culture and also had organism identified in
blood culture with as a minimum of one matching bacterial agent to
the uropathogenic bacterial species with >10° CFU/mL identified in the
urine specimen. If there was no associated bacteremia, the condition
was identified as ASB.

The diagnosis of secondary BSI attributed to UTI was made if a patient
met the CDC/NHSN criteria for UTI and also had the same organism
(or at least one matching organism if there are multiple organisms)
identified in blood and urine, provided blood specimen was obtained
during the secondary-BSI-attribution period (SBAP).

An isolate was classified as MDR if it exhibited resistance against at
least one drug in three or more antibiotic categories [8].

Inclusion and exclusion criteria

Cases of secondary BSI attributed to UTI caused by Enterobacterales
in adult patients 218 years of age, admitted from January to May
2024 were included in the study, whereas patients below 18 years of
age, abacteremic cases, different/unmatched isolates from blood and
urine specimens, non-Enterobacterales bacterial isolates, and blood
specimens collected beyond the secondary BSI attribution period were
excluded from the analysis.

Data collection and statistical analysis

The data from medical records and laboratory reports of patients were
entered and compiled in Microsoft Excel (MS Excel 2011) database.
The data includes clinical details such as diagnosis, date of admission
and discharge or death, length of stay in the hospital, the presence of
comorbidities such as diabetes, hypertension, existing renal disease, renal
stones, stay in intensive care units (ICUs), symptoms of UTI, the presence
of IUC, day of catheterization, DOE, IWP for UTI, secondary BSI attribution
period, urine and blood culture reports along with antibiogram,
therapeutic details such as antibiotics administered as empirical and
targeted therapy, and clinical outcomes. Good clinical outcome was
considered when a patient showed improvement of clinical condition
and laboratory parameters at the time of discharge. If the patient had no
response or worsening of clinical condition or death, it was considered
poor clinical outcome. Data were analyzed using descriptive statistics.

RESULTS

From January to May 2024, a total of 1258 urine samples were positive
for uropathogens with significant growth (=10° CFU/mL), of which 932
had growth of Enterobacterales (Fig. 1). Positive blood cultures were
observed in 48 of these patients. We found the same organism, i.e.,
matched Enterobacterales isolates from blood and urine specimens in
29 cases. Three of them failed to meet the criteria for secondary BSI
attributed to UTI and were excluded from the study as the blood culture
specimens were collected beyond the secondary BSI attribution period
in these cases. Hence, 26 patients with BSI presumably attributed to
urinary tract as primary site infection were incorporated in the study
and their medical records were analyzed (Fig. 1).

Among the 26 cases, 11 (42.3%) were males and 15 (57.7%) females.
Most patients were in 41-60 years age group (42.3%) (Table 1). Foley’s
catheter was present in 9 patients and they fulfilled the criteria for
catheter-associated symptomatic UTI (SUTI 1a). Among the 17 patients
who were not catheterized during their stay in the hospital, 14 had
symptoms of SUTI and were categorized as non-catheter-associated
symptomatic UTI (SUTI 1b), whereas 3 cases had no symptoms
suggestive of ASB. The most common symptom was fever, reported by
76.9% (n=20) patients, followed by burning sensation when urinating
occurring in 34.6% (n=9) and decreased urine output in 15.4% (n=4)
patients. Tenderness/pain in the suprapubic or costovertebral region
and urinary urgency or frequency were noted in 3.8% (n=1) of patients
each.
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Blood cultures from these patients revealed the same organism as
in their urine specimens. These isolates were E. coli (n=22, 84.6%),
Klebsiella pneumoniae (n=3, 11.5%), and Citrobacter koseri (n=1, 3.8%).
ESBL production was found in 20 isolates. Multi-resistance was found
in 18 isolates which includes 15 E. coli and 3 K. pneumoniae. Most of the
isolates were resistant to ceftriaxone (n=20, 76.9%), cefotaxime (n=20,
76.9%), ciprofloxacin (n=17, 65.4%), norfloxacin (n=17, 65.4%), co-
trimoxazole (n=13, 50.0%), and gentamicin (n=12, 46.2%). Resistance
to amikacin, cefoperazone-sulbactam, piperacillin-tazobactam,
meropenem, and imipenem were observed in fewer isolates (n=3,
11.5%). Table 2 gives the comparison of susceptibility results in
matching blood and urine isolates.

The distribution of MDR and non-MDR bacterial isolates is detailed in
Table 3.

Empirical antibiotic therapy was administered in 16 cases, of which
cefoperazone-sulbactam was used most commonly (n=6), followed
by meropenem (n=4), ceftriaxone (n=3), piperacillin/tazobactam
(n=2), and norfloxacin (n=1). Table 4 shows the outcomes of various
targeted therapies and provides comparison in terms of good and poor
outcomes.

DISCUSSION

In our study, we analyzed clinical and microbiological profiles of
secondary BSI related to UTI. During the study, out of 932 episodes of
UTI caused by Enterobacterales, 48 (5.2%) had associated BSI. Among
these cases, 26 (2.8%) were identified as secondary BSI attributed to
UTI as they met the NHSN criteria for secondary BSI to be attributed
to a primary site of infection [7]. In these cases, matching organisms
were identified from both urine and blood, and the blood was collected
within the SBAP, a timeframe of 14-17 days comprising IWP and repeat
infection timeframe.

UTIs are generally uncomplicated in nature and not a medical
emergency. However, if left untreated, a UTI may spread to the kidneys,
leading to the invasion of renal tissues, and ultimately causing secondary
BSI. When BSI of urinary origin triggers a widespread systemic

Positive Urine cultures (growth of no more than two
uropathogens = 105 CFU/ml) during January to May 2024 (n=1258)

UTI caused by
Enterobacteriaceae
(n=932)

Excluded
UTI caused by other
organisms (n=326)

Blood culture
positive (n=48)

Same organism
isolated in blood &
urine culture (n=29)

Excluded
Blood culture not
within SBAP (n=19)

Secondary BSI
attributed to UTI
(n=26)

Fig. 1: Flow chart depicting selection of cases
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Table 1: Age- and gender-wise distribution of patients

Age group Male Female Total %

20-40 years 1 5 6 23.1
41-60 years 3 8 11 42.3
61-80 years 5 1 6 23.1
Above 80 years 2 1 3 11.5
Total 11 15 26 100

Table 2: Comparison of susceptibility results in matching blood
and urine isolates

Category Number
Fully concordant 22
Differed by 2 antibiotics 2
Differed by 3 antibiotics 1
Differed by>3 antibiotics 1

Table 3: Comparison of predisposing factors, comorbidities, and
uropathogens in bacteremic UTI by MDR and non-MDR isolates

Clinical and microbial factors MDR Non-MDR
(n=18) (%) (n=8) (%)
Diabetes (n=16) 13 (81.3)  3(18.8)
Hypertension (n=10) 8 (80) 2 (20)
Existing renal disease (n=14) 11 (78.6) 3(214)
Renal stone (n=10) 6 (60) 4 (40)
Chronic kidney disease (n=4) 3(75) 1(25)
Age>60 years (n=9) 6 (66.7) 3(33.3)
Intensive care unit admission (n=12) 9 (75) 3(25)
Hospitalized for>10 days (n=6) 5(83.3) 1(16.7)
Foley’s catheter (n=9) 7(77.8) 2(22.2)
Urinary tract instrumentation (n=4) 1 (25) 3(75)
Fever (n=20) 15 (75) 5(25)
Escherichia coli (n=22) 15 (68.2) 7 (31.8)
Klebsiella pneumoniae (n=3) 3(100) 0(0)
Citrobacter koseri (n=1) 0(0) 1(100)
Poor outcome (n=8) 6 (75) 2 (25)

Table 4: Clinical outcomes of patients for targeted antibiotic

therapies

Targeted therapy Good Poor
outcome outcome

Cefoperazone-sulbactam 7 0
Cefoperazone-sulbactam+Polymyxin B 0 1
Cefoperazone-sulbactam+Piperacillin/ 0 1
tazobactam
Piperacillin/tazobactam 4 0
Piperacillin/tazobactam+Meropenem 0 2%
Meropenem 4 3
Nitrofurantoin 2 0
Ceftriaxone 1 0
Polymyxin B 0 1*
Total 18 8

*Poor clinical outcome with death

inflammatory response, multiorgan dysfunction, tissue damage, and
life-threatening complications, it is referred to as urosepsis. Secondary
BSI due to UTI occurs in 4% to 15% of cases of UTI [9]. In our study,
BSI secondary to UTI caused by Enterobacterales was observed in
2.8% of cases. This low occurrence may indicate regional variation
and good infection control measures in our hospital. Although at the
admission time, there were cardiac ailments (viz. myocardial infarction,
acute coronary syndrome, and cardiomyopathy) in 4 cases, respiratory
disorders (viz. Acute respiratory distress syndrome, hospital-acquired
and aspiration pneumonia) in 4 cases, neurological lesions (viz.
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cerebrovascular accident, encephalopathy) in 2 cases, and intestinal
disorders (viz. small bowel ischemia, peritonitis, chronic liver disease)
in 3 cases, most of our patients (n=20) with BSI secondary to UTI had
cystitis, pyelonephritis, urosepsis, or acute kidney injury at the time
of admission or developed during their stay in the hospital. This is
in accordance with other studies which also observed an increased
propensity of UTI in hospitalized patients which eventually progress
to complications such as bacteremia, sepsis, and shock [9,10]. The
most prevalent comorbidity among patients in our study was diabetes,
affecting 61.5% (n=16) patients, followed by preexisting renal disease
in 53.8% (n=14), hypertension in 38.5% (n=10), renal stones in 38.5%
(n=10), and chronic kidney disease (CKD) in 15.4% (n=4). Predisposing
factors observed were ICU admission in 46.2% (n=12), hospitalization
for more than 10 daysin 23.1% (n=6), and urinary tract instrumentation
in 15.4% (n=4). A total of 8 patients had severe sepsis/septic shock,
which lead to mortality in two patients and poor outcomes in three
patients. Apart from them, mortality occurred in another patient
as a result of peritonitis and hospital-acquired pneumonia. These
predisposing factors and comorbid conditions are well-recognized in
patients with urosepsis [11-13]. Varma et al. identified diabetes mellitus
and pyelonephritis as prominent risk factors for bacteremia in UTI
patients [14]. In addition, urinary tract obstruction, indwelling catheter,
underlying critical diseases, solid tumors, neutrophilia, high CRP, and
pyuria were also reported as risk factors for bacteremic UTI [15,16].
The development of microbial biofilms on indwelling catheters is a
crucial factor in the pathogenesis of CA-UTI and strategies such as silver
nanoparticle coating have been employed for prevention [17].

CDC/NHSN criteria were used to categorize the patients with
UTI [7]. Among these patients with BSI secondary to UTI, 9 cases met
the criteria for catheter-associated symptomatic UTI (SUTI 1a) and 14
met the criteria of non-catheter-associated symptomatic UTI (SUTI 1b).
Whereas 3 cases without UTI symptoms were labeled as ASB. Blood
and urine cultures of these patients recovered matching organisms,
namely, E. coli (n=22, 84.6%), K. pneumoniae (n=3, 11.5%), and
C. koseri (n=1, 3.8%). Most studies have documented preponderance
of Enterobacterales, especially E. coli in bacteremic UTIs [10,18,19].
E. coli accounted for 61% of the bacterial spectrum of patients
with BSI secondary in the German septicemia study, whereas other
Enterobacterales accounted for 16%, Staphylococcus aureus 8%, and
enterococci 6% [18]. In another study, Lee et al. reported that 95.1% of
bacteremic UTIs were associated with Enterobacterales, of which 85%
were attributed to E. coli [19].

We compared the antibiotic susceptibility results of each matching
blood and urinary isolate. Completely concordant susceptibility
results, i.e., no difference in susceptibility in matching blood and urine
isolates were found in 22 cases, whereas discordant susceptibility was
identified in 4 patients (Table 2). Our findings are similar to a study by
Lam et al. [20]. They compared the antibiotic susceptibility of matching
urine and blood isolates from 428 bacteremic UTI patients and found
fully concordant susceptibility in 89% of cases, while only 7.7% isolate
pairs had a difference in susceptibility for one antibiotic; 1.4% for
two antibiotics, and 1.9% for three or more antibiotics. In view of the
concordance of susceptibility pattern, they suggested that susceptibility
urinary isolates may be used to predict that of blood isolates which may
be critical in initiating an early targeted therapy [20].

The occurrence of ESBL-producing and MDR strains among
Enterobacterales is alarmingly high in India [6]. As per an estimate, 39.66%
and 82.6% of the E. coli isolates were ESBL producers and multidrug-
resistant, respectively, whereas the resistance to imipenem, amikacin, and
nitrofurantoin was <20% [6]. In our survey, out of 26 isolates, 20 (76.9%)
were ESBL producers, and 18 (69.2%) were MDR displaying resistance to
three or more antibiotic classes. Higher resistance was observed against
ceftriaxone (n=20, 76.9%), cefotaxime (n=20, 76.9%), ciprofloxacin
(n=17, 65.4%), norfloxacin (n=17, 65.4%), cotrimoxazole (n=13, 50.0%),
and gentamicin (n=12, 46.2%). Amikacin, cefoperazone-sulbactam,
piperacillin-tazobactam, imipenem, and meropenem were mostly
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sensitive. There are studies that have identified factors predisposing to
infection caused by MDR strains. In Spanish research, prior administration
of antibiotics, viz.quinolones, cephalosporins, and carbapenem as well as
longer hospital stay were associated to MDR, however, no association was
found between poor clinical outcome and MDR [21]. The same group also
reported community-onset healthcare-associated bacteremic UTI had
worse clinical outcomes in comparison to hospital-acquired bacteremic
UTI, although there was no association of MDR cases with these two
categories ofbacteremic UTI [2]. Another studyreported a higherlikelihood
of MDR Enterobacterales infections among male patients, in the presence
of recurrent UTI, prior hospitalization, hydronephrosis, renal stone, stone,
IUC, new-onset renal dysfunction, severe sepsis, ICU admission, ineffective
empirical antibiotics, and longer hospitalization [19]. We compared the
predisposing factors, comorbidities, and uropathogens in patients with
MDR and non-MDR isolates. Diabetes, hypertension, preexisting renal
disease, CKD, ICU admission, more than 10 days of hospital stay, the
presence of fever, and indwelling catheter were relatively more (>75%) in
the patients with MDR strains. All K. pneumoniae and 68.2% E. coli isolates
displayed multidrug resistance. Most cases (75%) of poor outcomes were
found in the MDR group.

Sixteen of our patients received empirical antibiotics. Cefoperazone-
sulbactam was the most commonly used drug for empirical therapy
(n=6), followed by meropenem (n=4), ceftriaxone (n=3), piperacillin/
tazobactam (n=2), and norfloxacin (n=1). Targeted therapy was chosen
based on the antibiotic susceptibility and clinical condition of the
patients. While 18 patients had good outcomes and were discharged
in an improved condition, 8 patients had poor outcomes including
three mortalities. Cefoperazone-sulbactam, piperacillin/tazobactam,
nitrofurantoin, and ceftriaxone monotherapy had good outcomes in 7,
4, 2, and 1 patient, respectively, with no poor outcomes. Meropenem
was associated with 4 good outcomes and 3 poor outcomes.
Combination therapies such as cefoperazone-sulbactam + polymyxin B,
cefoperazone-sulbactam + piperacillin/tazobactam, and piperacillin/
tazobactam + meropenem were given in critically ill individuals with
severe urosepsis due to MDR organisms and had poor outcomes and
deaths. Among the three mortality cases, the first patient was a 56-year-
old male diagnosed with encephalopathy and CKD, who developed CA-
UTI and BSI caused by MDR K. pneumoniae. He died of septic shock and
MODS after 5 days of hospitalization despite receiving meropenem
empirically followed by polymyxin B targeted therapy. The second
patient, a 30-year-old male with post-operative peritonitis following
gastric perforation repair, developed CA-UTI and hospital-acquired
pneumonia and succumbed to MDR K. pneumoniae sepsis after 37 days.
The third patient, an 83-year-old lady with cerebrovascular accident
and parkinsonism, died of E. coli urosepsis, MODS, and aspiration
pneumonia after 3 days of hospitalization. The last two patients were
treated with piperacillin/tazobactam + meropenem. Our findings
display the complexity and potential challenges of managing severe
infections by MDR organisms. Our findings highlight the complexity
of treating secondary BSI-caused UTI. Although 69.2% (18 out of 26)
of patients had good clinical outcomes, urosepsis resulted in mortality
in 3 patients (11.5%) despite piperacillin/tazobactam + meropenem
and polymyxin B therapy. This may indicate the critical role of other
comorbid conditions in determining the final clinical outcome. In
general, about 5-25% mortality has been documented in BSI of urinary
sources, however, it varies widely as per the patients’ factors and
the nature of the causative pathogen [11]. Cefoperazone sulbactam,
quinolones, piperacillin-tazobactum, and nitrofurantoin commonly
retain their susceptibility against most uropathogens and are most
commonly prescribed as empirical as well as targeted therapy for
bacteremic UTI and urosepsis in Indian hospitals [22]. Fosfomycin
also has superior antibacterial activity in urinary tract, however, it has
higher adverse reactions and its use is limited to E. coli infections [23].

CONCLUSION

BSI is a frequent and critical complication of UTI, especially in the
case of pyelonephritis and urolithiasis. Recognizing this association
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is crucial for early identification and prompt management to avoid
complications. In our study, secondary BSIs developed in 2.8% of cases
of UTI caused by Enterobacterales. Most of these were caused by E. coli
(84.6%) and K. pneumoniae (11.5%). Among these isolates, 76.9%
were ESBL producers and 69.2% were MDR. Comorbid conditions
such as diabetes, renal calculi, the presence of fever, Foley’s catheter,
age >60 years, ICU admission, hospital stay of more than 10 days, and
poor clinical outcomes were relatively more among patients with MDR
Enterobacterales infections. Cefoperazone-sulbactam, piperacillin/
tazobactam, and Nitrofurantoin had a greater number of good outcomes
without any poor outcomes. Whereas poor outcomes and mortality
were found in association with K. pneumoniae infection, MDR strains,
and in the background of severe sepsis. Overall, these findings highlight
the critical need for early detection, effective treatment strategies, and
robust infection control measures to manage and prevent secondary
BSIs in UTI patients, particularly those with underlying health
conditions and risk factors for MDR infections.
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