Infection and Drug Resistance Dove

ORIGINAL RESEARCH

Predictive Value of a Quick Pitt Bacteremia Score
for Prognosis of Patients with Bloodstream
Infection Secondary to Urinary Tract

Infection: A Retrospective Cohort Study

Changxiu Li®"*, Jing Wang®*, Qiushi Wang@®?>*, Beibei Liu*, Heqin Dang', Jin Li®>, Dapeng Hou®*

'Department of Pharmacy, The Second Affiliated Hospital of Shandong First Medical University, Taian, People’s Republic of China; 2Department of
Respiratory and Critical Care, The Second Affiliated Hospital of Shandong First Medical University, Taian, People’s Republic of China; 3Simulation
Teaching Center, Capital Medical University, Beijng, People’s Republic of China; *Department of Intensive Care Unit, The Second Affiliated Hospital of
Shandong First Medical University, Taian, People’s Republic of China; *Department of Laboratory, The Second Affiliated Hospital of Shandong First
Medical University, Taian, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Dapeng Hou, Department of Intensive Care Unit, The Second Affiliated Hospital of Shandong First Medical University, Taian,
People’s Republic of China, Tel +86-18505386932, Email tyfyhdp@|63.com

Purpose: To analyze the effect of a quick Pitt bacteremia score (qpitt) on the prognosis of patients with bloodstream infection (BSI)
secondary to urinary tract infection (UTI) and to further explore its use in aiding appropriate selection of initial antibiotic treatment.
Methods: Medical records of patients with BSIs secondary to UTIs who were admitted to our hospital from January 2018 to
December 2020 were retrospectively collected. To screen for independent risk factors, logistic analysis was conducted on statistically
significant variables. The receiver operating characteristic (ROC) curve was drawn with prognosis and death as the state variables to
evaluate the predictive value. Patients were grouped by qgpitt 2-point cutoff, to explore the impact of initial antimicrobial treatment
regimens on poor prognosis and death in different subgroups. Poor prognosis was defined as a hospital length of stay (HLOS) >14 days
or death within 28 days from BSI onset (ie, 28-day death).

Results: A total of 266 patients were included in this study. In BSIs secondary to UTIs, we observed a pathogenic composition of
77.44% Gram-negative bacteria, 19.55% Gram-positive bacteria, and 3.01% fungi. The qpitt had poor predictive value for poor
prognosis [area under ROC (AUROC) = 0.653, p < 0.001], while it had a high predictive value for death (AUROC = 0.890, p < 0.001).
For patients with a qpitt >2, the poor prognosis and death rates of patients who were initially treated with carbapenem antibiotics were
lower (p < 0.01). In comparison, initial treatment with carbapenem antibiotics had no significant effect on prognosis and death rates in
patients with gpitt <2 (p > 0.1).

Conclusion: The qpitt is highly predictive for death in patients with BSIs secondary to UTIs and can be used to inform first-line
antibiotic treatment strategy.
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Introduction

Bloodstream infections (BSIs) are associated with poor outcomes and are is among the leading causes of death in North
America and Europe.! BSIs are generally defined as the culture of pathogenic microorganisms from one or more
peripheral venous blood culture specimens from patients with signs of systemic infection. Depending on the source of
the pathogen, BSIs can be categorized as primary or secondary.? Primary bloodstream infections (PBSIs) involve blood
culture positive pathogenic microorganisms that are not associated with other sites of infection. In comparison, secondary

bloodstream infections (SBSIs) involve a clear source of primary infection and the spread of pathogens from the primary
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infection into the blood.> Common sources of SBSIs include the lungs, abdominal cavity, and genitourinary tract. One
study conducted in Spain showed that the most common source of SBSIs was urinary tract infections (UTIs) (30.5%),
followed by intra-abdominal infections (20.7%).* Some scores were proposed to predict the risk of death and poor
prognosis of patients with BSIs to aid early, rapid, and accurate diagnoses, which, in turn, improve treatment measures
and clinical outcomes. For example, Chow and Yu® derived the Pitt bacteremia score (PBS) in 1998, Battle et al® derived
the gpitt in 2019. The predictive value of these scores in patients with BSIs has been previously confirmed. However,
there is still a lack of systematic data about the predictive effect of these scores in patients with BSIs secondary to UTIs,
as well as the guiding significance for the selection of antibiotic treatments in these patients. Herein, we have analyzed
the predictive value of gpitt in the prognosis of patients with BSIs secondary to UTIs. Further, we explore whether gpitt
can be used to inform antibiotic treatment strategies in these patients.

Methods
Study Design and Participants

A retrospective cohort study was performed in patients over 18 years old with BSIs secondary to UTIs who were
admitted to the Second Affiliated Hospital of Shandong First Medical University from January 2018 to December 2020.
This study was approved by the ethics committee of the university. The committee’s reference number is 2022045. All
data were anonymized to maintain the privacy of each participant.

Data Collection and Definitions

In this retrospective study, the medical records of the patients with BSIs secondary to UTIs who were hospitalized in our
hospital were retrospectively collected. Diagnosis of BSIs secondary to UTIs was in accordance with the diagnostic
criteria for BSI of the US CDC.? Complete medical records of patients were collected, including age, gender, symptoms,
vital signs on admission, initial antibiotic regimen, comorbidity, laboratory examinations, and microbiology. The gpitt
score was calculated based on the medical records, including five scoring items: respiratory rate >25 times/min or
mechanically assisted ventilation, systolic blood pressure <90 mmHg, altered mental status, temperature <36°C, and
cardiac arrest.’ A positive index was 1 point, with a maximum total score of 5. For each patient, we calculated the
Charlson comorbidity index (CCI) based on 17 comorbid conditions: congestive heart failure (weight = 1), myocardial
infarct (weight = 1), cerebrovascular disease (weight = 1), chronic pulmonary disease (weight = 1), paraplegia (weight
= 2), dementia (weight = 1), diabetes without complications (weight = 1), diabetes with complications (weight = 2),
cancer (weight = 2), metastatic cancer (weight = 6), mild liver disease (weight = 1), moderate or severe liver disease
(weight = 3), peptic ulcer disease (weight = 1), peripheral vascular disease (weight = 1), rheumatologic disease (weight
= 1), renal disease (weight = 2), acquired immune deficiency syndrome (AIDS) (weight = 6), and for each decade over
age 40 y (weight = 1).”® Prognostic indicators refer to two indicators, including death and hospital length of stay
(HLOS). The judgment indicator of good prognosis indicates survival and hospital length of stay (HLOS) <14 days,
while poor prognosis included death within 28 days from BSI onset (ie, 28-day death) or HLOS >14 days from BSI
onset.”

BSI criteria'® were as follows: patient has a recognized pathogen cultured from one or more blood cultures and the
organism cultured from blood is not related to an infection at another site; patient has at least one of the following signs
or symptoms: fever (>38°C), chills, or hypotension, and signs and symptoms and positive laboratory results are not
related to an infection at another site and common skin contaminant.

UTI criteria'®'" were as follows: patient has at least one of the following signs or symptoms with no other recognized
cause of urinary frequency, urgency, dysuria, or costovertebral angle pain or tenderness, suprapubic tenderness, fever
(>38.0°C). Based on clinical diagnosis, the etiological diagnosis conformed to one of the following criteria: (1) clean
midstream urine or indwelling urine (non-indwelling catheterization) cultured Gram-positive cocci count >10* cfu/mL,
Gram-negative Bacterial count >10° cfu/mL; (2) bacterial count >10° cfu/mL in urine cultured by bladder puncture of the
suprapubic symphysis; (3) fresh urine specimens were centrifuged and examined by phase-contrast microscopy (1x400),
bacteria observed in half of the 30 visual fields; (4) asymptomatic bacteriuria: although the patient was asymptomatic,
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they had a recent history of endoscopy or indwelling catheterization (usually 1 week), and urine cultures of gram-positive
cocci 10* cfu/mL and gram-negative bacteria 10° cfu/mL should be diagnosed as a UTI.

Initial antibiotic therapy was defined as an antimicrobial agents received within the first 72 h following the collection
of the first set of positive blood cultures. Initial antibiotic therapy was considered appropriate if it met all of the following
criteria: (1) the initial antimicrobial agent was administered intravenously; (2) patient received at least the minimum
recommended dose of an antimicrobial agent according to the medication package insert for creatinine clearance at the
time of BSI; (3) bloodstream isolate was susceptible to an initial antimicrobial agent based on in vitro antimicrobial
susceptibility testing results using Clinical Laboratory and Standards Institute (CLSI) guidelines. Otherwise, initial
therapy was considered inadequate.

Diagnostic Criteria for BSIs Secondary to UTls
The pathogenic bacteria cultured in blood culture specimens should be consistent with at least one pathogenic bacteria in
the urinary tract culture specimens, and the time of blood culture collection is attributable to the BSI period.*

Inclusion Criteria
Patients had to be at least 18 years of age, HLOS >3 days, length of antibiotic treatment >3 days, and patients had to meet
the diagnostic criteria for BSIs secondary to UTIs.

Exclusion Criteria
Patients were excluded if they were spontaneously discharged from the hospital and did not complete their antibiotic
treatment.

Statistical Analysis

Enumeration data were expressed as counts (%), between-group differences were calculated using a Chi-squared test or
Fisher’s exact test. Measurement data of normal distribution were expressed as mean + standard deviation (SD), and
between-group differences were calculated using one-way ANOVA. Measurement data of abnormal distribution were
expressed as median (interquartile range), and between-group differences were calculated using a Mann—Whitney U-test.
Logistic analysis was conducted on the statistically significant variables of univariate analysis to screen for independent
risk factors. The independent risk factors were selected, and the ROC curve was drawn with prognosis and death as the
state variable to evaluate the predictive value. Diagnostic consistency was checked using Kappa analysis. All analyses
were completed using SPSS, version 21.0, with p-values of <0.05 (two-sided) deemed statistically significant, unless
otherwise specified.

Results

Demographics and Clinical Characteristics

Initially, 268 patients were included in the study, but 2 patients were later excluded, resulting in a total of 266 enrolled
patients in this study (Figure 1). This included 116 males and 150 females, ranging in age from 27 to 91 years, with an
average age of 63.92 + 14.52 years, with an average length of antibiotic treatment of 10.9 + 5.1 days. From this cohort,
234 individuals survived while 32 people died. Patients with an HLOS <14 days were included in good prognosis group
(n = 158). Further, 76 patients with an HLOSr >14 days and 32 patients in-hospital death were included in the poor
prognosis group (n = 108). Univariate associations between baseline characteristics and prognosis are displayed in
Table 1. As shown, there were significant differences in the following indicators for poor and good prognosis included
admission to the intensive care unit (ICU), diabetes mellitus, blood pressure status, respiratory status, type of UTI, site of
acquisition, urinary tract obstruction, urological surgery, altered mental status, age, CCI, gpitt, serum creatinine,
temperature, procalcitonin (PCT), and the days at home within 30 days. The differences in the following indicators
were significant between the death and survival groups: gender, admission to ICU, blood pressure status, respiratory
status, site of acquisition, urinary tract obstruction, undergo urological surgery, altered mental status, CCI, qpitt, serum
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474 patients with positive blood culture were admitted to the
Second Affiliated Hospital of Shandong First Medical University
from January 2018 to December 2020

92 patients younger than 18 years of
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age were excluded

Y

382 patients aged 18 years or older met the age inclusion criteria

104 patients who did not meet the

diagnostic criteria for BSI secondary to
UTI were excluded

A 4

278 patients met the meet the diagnostic criteria for BSI secondary
to UTI

8 cases with hospital length of stay
(HLOS) < 3 days, 2 cases with length

of antibiotic treatment < 3 days

\ 4

A 4

268 patients met the inclusion criteria

Y

2 patients met the exclusion criteria

A

266 patients enrolled in this study

Figure | The flow diagram about the source of the study population.

creatinine, temperature, peripheral WBC count, PCT, heart rate, and the days at home within 30 days. Initial appropriate
antibiotic therapy had no significant effect on poor prognosis and death.

The Microbiology and the Initial Antibiotic Therapy

Among the 266 patients with UTIs, the etiology detected in blood cultures was mainly Gram-negative bacteria, followed
by Gram-positive bacteria, and fungi. There were 206 cases of Gram-negative bacteria positive blood cultures (77.44%),
including 144 cases of Escherichia coli and 38 cases of Klebsiella pneumonia. Moreover, 52 cases of Gram-positive
bacteria were cultured in blood, accounting for 19.55%, including 20 Staphylococci, 18 Enterococci, and 14 Streptococci.
Candida was detected in 8 cases (3.01%) in blood culture (Table 2). Among the 266 strains isolated from blood cultures,
192 strains of Enterobacteriaceac were the most prevalent (96 strains of Extended-spectrum beta-lactamases), followed
by Staphylococcus (20 strains), which include 10 methicillin-resistant strains. Enterobacteriaceae bacteria mainly
included E. coli (144 strains) and K. pneumoniae (38 strains). Among 144 strains of E. coli, we identified 70 strains
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Table | Demographics and Clinical Characteristics of Patients with Bloodstream Infections Secondary to Urinary Tract Infections

Variable(s) Survival (n=234) Death (n=32) Statistics* (FIZ/x%) Good Poor Prognosis Statistics* (FIZIx%)
Prognosis (n=108)
Value P-value Value P-value
(n=158)

Gender, n(%) 8.224 0.004 2.598 0.102

Female 140(59.8) 10(31.3) 96(60.8) 54(50.0)

Male 94(40.2) 22(68.7) 62(39.2) 54(50.0)
Admission to intensive care unit, n(%) 46(19.7) 32(100.0) 83.842 0.000 14(8.9) 64(59.3) 76.209 0.000
Comorbidity

Diabetes mellitus, n(%) 78(33.3) 12(37.5) 0.072 0.692 40(25.3) 50(46.3) 11.693 0.001

End-stage renal disease, n(%) 6(2.6) 0(0.0) 0.079 1.000 4(2.5) 2(1.9) 0.000 1.000

Charlson comorbidity index, median (IQR) 4(2,5) 6(4.5,7.5) —5.315 0.000 3.0(2.0,5.0) 5.5(4.0,7.0) —7.402 0.000
SBP <90mmHg or vasopressor used, n(%) 52(22.2) 24(75.0) 38.422 0.000 30(19.0) 46(42.6) 17.515 0.000
Respiratory status, n(%) 77.295 0.000 21.652 0.000

Respiratory rate <25 breaths/min 174(74.4) 12(37.5) 116(73.4) 70(64.8)

Respiratory rate 225 breaths/min 58(24.7) 8(25.0) 42(26.6) 24(22.2)

Mechanical ventilation 2(0.9) 12(37.5) 0(0.0) 14(13.0)
Type of urinary tract infection, n(%) 0.159 0.923 11.613 0.003

Symptomatic urinary tract infection 196(83.8) 26(81.3) 142(89.9) 80(74.1)

Asymptomatic bacteriuria 14(6.0) 2(6.2) 6(3.8) 10(9.3)

Other infections of the urinary tract 24(10.2) 4(12.5) 10(6.3) 18(16.6)
Site of acquisition, n(%) 9.752 0.008 26.591 0.000

Community-acquired 214(91.5) 24(75.0) 154(97.5) 84(77.8)

Hospital-acquired 18(7.6) 8(25.0) 4(2.5) 22(20.4)

Healthcare associated 2(0.9) 0(0.0) 0(0.0) 2(1.8)
Urinary tract obstruction, n(%) 116(49.6) 2(6.3) 19.687 0.000 84(53.2) 34(31.5) 11.357 0.001
Undergo urological surgery, n(%) 104(44.4) 0(0.0) 21.523 0.000 74(46.8) 30(27.8) 9.001 0.002
Altered mental status, n(%) 18(7.7) 24(75.0) 90918 0.000 6(3.8) 36(33.3) 39.897 0.000
Initial application of carbapenem, n(%) 64(27.4) 14(43.8) 2.905 0.064 42(26.6) 36(33.3) 1.104 0.273
Initial appropriate antibiotic therapy, n(%) 214(91.5) 26(81.3) 2267 0.103 146(92.4) 94(87.0) 1.532 0.206
Length of antibiotic treatment in day, mean +SD | 10.98+5.21 10.04+4.18 0.354 0.552 11.09+5.04 10.63+5.18 0513 0.475
Days at home within 30 days, median (IQR) 18(15,21) 0(0,0) —8.932 0.000 20(18,22) 8(0,15) —13.828 0.000
Age in years, median (IQR) 65(56,71) 77(68,80) —4.600 0.000 64(52,71) 69(64,77) -3.157 0.000
qgpitt, median (IQR) 0(0,1) 2(2,3) —7.843 0.000 0(0,1) 1(0,2) —4.509 0.000
Serum creatinine unit in p mol/L, median (IQR) | 84.2(67.3,119.3) 197.8(78.3,220.65) —3.288 0.001 78.0(65.1,110.4) 110.7(70.7,207.0) | —3.743 0.000
Temperature unit in °C, median (IQR) 38.7(38.2,39,2) 36.9(36.7,38.8) —4.051 0.000 38.7(38.2,39.3) 38.5(37.0,39.1) —3.417 0.001
Peripheral WBC unit in 10°/L, median (IQR) 11.66(9.10,16.75) 13.74(11.56,15.89) —2.195 0.028 11.66(9.09,15.78) | 12.95(9.79,17.89) | —1.724 0.085
Procalcitonin unit in ng/mL, median (IQR) 4.40(0.48,22.84) 28.52(2.85,62.60) -3.038 0.002 1.56(0.42,16.38) 10.87(0.79,42.02) | —3.707 0.000
Heart rate in beats/min, mean *SD 102.53£15.63 109.19+14.67 5.177 0.024 102.18+15.84 105.02+15.27 2215 0.146
Peripheral blood platelet unit in 10%/L, mean £SD | 175.10£77.60 172.18+113.94 0.035 0.852 179.71£76.35 167+90.73 1411 0.236

Notes: *Classified variables, normal distribution continuous variables, and non-normal distribution continuous variables adopt y* value, F value and Z value as statistics for comparison between groups, respectively.

Abbreviation: IQR, interquartile range.
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Table 2 Proportion of Different Pathogens in Blood Culture

Pathogens, n (%) All Cases Survival (n=234) Death
(n=266) (n=32)
HLOS <14 Days HLOS =14 Days
(n=158) (n=76)

Gram-negative bacteria 206(77.44) 128(81.01) 60(78.95) 18(56.25)
Escherichia coli 144(69.90) 94(73.43) 40(66.67) 10(55.56)
Klebsiella spp. 38(18.45) 16(12.50) 16(26.67) 6(33.33)
Enterobacter cloacae 8(3.88) 6(4.69) 2(3.33) 0(0.00)
Others 16(7.77) 12(9.38) 2(3.33) 2(11.1T)

Gram-positive bacteria 52(19.55) 28(17.72) 14(18.42) 10(31.25)
Staphylococcus 20(38.46) 12(42.86) 2(14.29) 6(60.00)
Enterococcus 18(34.62) 8(28.57) 8(57.14) 2(20.00)
Streptococcus 14(26.92) 8(28.57) 4(28.57) 2(20.00)

Fungi 8(3.01) 2(1.27) 2(2.63) 4(12.50)
Candida 8(100.00) 2(100.00) (100.00) 4(100.00)

of ESBLs, with a sensitivity of 29.2% to ciprofloxacin, 47.2% to levofloxacin, 33.3% to ampicillin/sulbactam, 61.1% to
amoxicillin/clavulanate, 95.8% to piperacillin/tazobactam, and 91.6% to cefoperazone/sulbactam. We did not isolate any
strains that were resistant to imipenem, meropenem, and tigecycline. Among the 38 strains of K. pneumoniae, we
identified 12 strains of ESBLs, with a sensitivity of 42.1% to ciprofloxacin, 31.6% to levofloxacin, 63.1% to ampicillin/
sulbactam, 73.7% to amoxicillin/clavulanate, 94.7% to piperacillin tazobactam, 84.2% to cefoperazone/sulbactam, 94.7%
to imipenem and meropenem, and 89.5% to tigecycline. Among the 20 Staphylococcus strains, 10 strains were resistant
to methicillin, with a sensitivity of 50.0% to ciprofloxacin and no vancomycin-resistant strains were isolated. All patients
received initial antibiotic therapy upon BSI onset. However, 30 of these patients had to be switched to a different
antibiotic after culture results were received. The length of antibiotic treatment for all cases was 10.9 + 5.1 days.
Moreover, the treatment length for the different parameters was as follows: death cases = 10.4 +4.18 days; survival cases
=10.97 + 5.21 days, cases with poor prognosis = 10.64 + 5.18 days; and cases with good prognosis = 11.09+5.04 days.

Results of Logistic Analysis and ROC Curve

Risk factors for poor prognosis and 28-day death in the multivariable logistic regression included the variables that were
significant (ie, p < 0.05) in univariable analysis (Table 1). These data showed that the gpitt score, CCI, and temperature
were independent risk factors for poor prognosis and death (Tables 3 and 4).

The patient’s qpitt, CCI, and temperature were used as the test variable, and the ROC curve was analyzed with poor
prognosis and death as the state variables (Tables 5 and 6, Figures 2 and 3). The results showed that qpitt had a poor
predictive value for poor prognosis (AUROC = 0.653, p < 0.001), while it had a high predictive value for death (AUROC
= 0.890, p < 0.001), in addition, the AUROC of the qpitt score for predicting death was larger than for CCI and
temperature. The best gpitt score cutoff for predicting poor prognosis and death was 1.5.

Table 3 Multivariable Logistic Regression Model Results for Independent Risk Factors of Poor Prognosis

Variable(s) B SE Wals P-value OR 95% ClI

Lower Upper

Charlson comorbidity index 0.411 0.071 33.68 0.000 1.509 1.313 1.734
qpitt 0.599 0.167 12916 0.000 1.819 1.313 2.522
Temperature —0.421 0.158 7.097 0.008 0.657 0.482 0.895
4386 https: Infection and Drug Resistance 2022:15
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Table 4 Multivariable Logistic Regression Model Results for Independent Risk Factors of Death

Variable(s) B SE Wals P-value OR 95% CI
Lower Upper
Charlson comorbidity index 0.570 0.146 15.128 0.000 1.768 1.327 2.356
gpitt 1.843 0.318 33.614 0.000 6.311 3.386 11.765
Temperature —0.538 0.222 5.893 0.015 0.584 0.378 0.902
Table 5 Area Under ROC Curves for the Prediction of Poor Prognosis
Test Result Variable(s) Areas SE P-value 95% CI
Lower Upper
Charlson comorbidity index 0.648 0.036 0.000 0.578 0.719
gpitt 0.765 0.030 0.000 0.707 0.823
Temperature 0.377 0.036 0.001 0.306 0.447
Table 6 Area Under ROC Curves for the Prediction of Death
Test Result Variable(s) Areas SE P-value 95% CI
Lower Upper
Charlson comorbidity index 0.890 0.034 0.000 0.824 0.956
gpitt 0.787 0.037 0.000 0.714 0.861
Temperature 0.279 0.056 0.000 0.169 0.390

Kappa Consistency

Since a gpitt score of 1.5 does not exist, both gpitt >1 and gpitt >2 were analyzed for poor prognosis and death using Kappa
consistency, respectively. Results showed that gpitt >2 had a certain correlation with poor prognosis and death (p < 0.001),
nevertheless the consistency was medium (kappa values were 0.340 and 0.534, respectively). Therefore, a qpitt >2 served as
a definite predictor for prognosis and death. The sensitivity, specificity, positive predictive value, and negative predictive value
for predicting a poor prognosis were 38.9%, 92.4%, 77.8%, and 68.9%, respectively. When a gpitt score >2 was used to predict
death, the results of the aforementioned indicators were 81.3%, 88.0%, 48.1%, and 97.2%, respectively.

Guidance of gpitt for Antibiotic Therapy

All the cases were divided into two subgroups by a qpitt of 2 for further analysis. In the stratified analysis by acute
severity of illness using qpitt, the initial application of carbapenems was associated with a lower rate of poor prognosis
and death in critically ill patients with qpitt >2 (Table 7, p < 0.01), but not in patients with qpitt <2 (Table 7, p > 0.1).

Discussion

The PBS was proposed in 1989'? and has been revised several times.'* Many studies have confirmed that it has a good
predictive value for prognosis in patients with BSIs.'*'® It has a higher discriminatory power for predicting death in patients
with ICU acquired sepsis than Acute Physiology and Chronic Health Evaluation IT (APACHE II).!” However, some indicators
of PBS, such as mental status,'® cannot be obtained in a timely manner when patients are on admission or symptoms appear. In
addition, the three degrees of altered mental status cannot be quickly distinguished, including disorientation, stupor and coma.
Therefore, it is not possible to obtain a more accurate PBS score at the time of BSI onset, which affects the timely assessment
of patient’s prognoses. The qgpitt includes hypotension (systolic blood pressure <90 mmHg), respiratory rate >25 beats/min or
mechanically ventilation, altered mental status, temperature <36°C, and cardiac arrest. All of these five indicators can be
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Figure 2 Receiver operator characteristic (ROC) curves of the independent risk factors for the prediction of poor prognosis.
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Figure 3 Receiver operator characteristic (ROC) curves of the independent risk factors for the prediction of death.
obtained on admission or symptoms appearing. According to gpitt, we can make a preliminary and rapid assessment for

patients suspected of BSIs to determine the severity of the patient’s infection and predict the patient’s prognosis. Yet the gpitt
contains relatively few indicators, there is some controversy about the accuracy of severity assessment and prognosis
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Table 7 Stratified Analysis of Carbapenems as the Initial Therapy on the Prognosis

Variable(s) qpitt 22 (n=54) qpitt <2 (n=212) All Cases (n=266)

Poor Prognosis Death Poor Prognosis Death Poor Prognosis Death
Used, n (%) 24(66.67) 12(33.33) 12(28.57) 2(4.76) 36(46.15) 72(38.29)
Unused, n (%) 18(100) 14(77.78) 54(31.76) 4(2.35) 14(17.95) 18(9.57)
P-value 0.005¢ 0.002 0.689 0.340 0.306 0.056

Notes: “Fisher’s exact test; “Used” indicates used carbapenems as the initial therapy; “Unused” indicates used other drugs (except carbape-
nems) as the initial therapy.

judgment.'®2° In patients with BSIs caused by Staphylococcus aureus, qpitt has a good predictive value for the 28-day
mortality and 14-day mortality of these patients, and the AUROC are 0.8 and 0.81,'° respectively. For the patients with
carbapenem-resistant Enterobacter infection treated with ceftazidime/avibactam, the study of Jorgensen'® showed that the
predictive value of qpitt for the 30-day mortality was poor, and the AUROC was only 0.6847. However, in patients with
carbapenem-resistant Enterobacter infection, Henderson’s study showed that qpitt >2 had a good predictive value for 14-day
mortality, with a sensitivity of 91% and a specificity of 65%, even if the patient is not with BSI, gpitt >2 also has similar
predictive value, with a sensitivity of 95% and a specificity of 64%.?' The results of our study are consistent with the above
studies. Our study shows that qpitt has a certain predictive value for the prognosis of patients with BSIs secondary to UTIs,
among which the predictive value for death is better, the AUROC is 0.890, the sensitivity and specificity for predicting death
were 81.3% and 88%, whereas the predictive value for poor prognosis is low with an AUROC of only 0.653.

Compared with the predictive value, whether PBS or gpitt can provide a reference for the selection of antibiotics for
patients with BSI is more important. Our study showed that the mortality and incidence of poor prognosis in patients with
gpitt >2 were significantly (p < 0.01) lower in those treated with carbapenems as the first line. These data suggested that
patients with BSIs secondary to UTIs with gpitt >2 (can also be considered as patients with relatively severe disease'?)
use carbapenems for initial treatment may lead to a better prognosis. However, the above-mentioned patients with qpitt
<2 (that is patients with relatively mild disease) were initially treated with carbapenems, whose death and prognosis were
not significantly improved, suggesting that such patients do not necessarily choose carbapenems with a high price and
broad antibacterial spectrum as an initial application.

The initial empirical therapy of BSIs secondary to UTIs has been controversial. At present, the pathogenic bacteria of BSIs
secondary to UTIs are mainly Gram-negative bacteria, the most common of which is E. coli, followed by K. pneumonia. This
also includes Gram-positive bacteria, such as Enterococci, Staphylococcus, and Streptococcus.**** Up to 60% of bacteria
detected in BSISs are resistant to the third-generation cephalosporins, such as ceftriaxone and ceftazidime,? and the resistance
rate of E. coli detected in UTISs resistant to fluoroquinolones (such as ciprofloxacin and levofloxacin) ranges from 25% to 50%
in many European countries.”® When a drug is chosen for treatment, developing or already existing resistance to the drug is the
most important factor for selecting an appropriate antibiotic, alongside pharmacodynamic, pharmacokinetic, and tolerability
aspects. Hence, carbapenems, compound preparation of f-lactams and B-lactamase inhibitors, were most commonly recom-
mended for the initial empirical treatment. A study by Lee*” and Son*® showed that the use of carbapenems as the first-line
treatment may lead to a better prognosis. However, a study by Al-Hasan® confirmed that the empirical use of combination p-
lactams and fluoroquinolone antibiotics for less severely ill patients with BSIs can also achieve a better prognosis.

For this reason, special indicators or scores are needed to distinguish the severity of the disease in patients with BSIs
secondary to UTIs, and then patients with different severities can be treated with different antibiotics. The BSI death risk
score (BSIMRS) was used to distinguish the severity of illness in patients with Gram-negative bacilli BSI in a study by
Cain.*® For patients with relatively severe diseases (BSIMRS > 5), inappropriate empirical antimicrobial therapy will
lead to increased death. Harris®' used the PBS to stratify patients with BSIs and the therapeutic effects of different
treatment schemes on these patients were compared. The results of the randomized controlled study published in JAMA
showed that the mortality of BSI caused by ceftriaxone resistant E. coli and K. pneumonia treated with meropenem in
patients with relatively severe illness (PBS > 4) was lower than treated with piperacillin/tazobactam, yet the difference in
death was not significant for patients with relatively mild illness (PBS < 4). The results of the above studies are consistent
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with ours. For patients with BSIs secondary to UTIs, when their qgpitt >2, treated carbapenems as initial therapy may lead
to a better prognosis.

Our study shares the common limitations of retrospective cohorts. The results can only suggest that the gpitt has some
predictive value for death in patients with BSIs secondary to UTIs, and some correlation between initial application of
carbapenems and lower death and better prognosis in patients with higher qpitt. Whether the qpitt can be used as the basis
for the initial selection of antibiotics needs to be further verified by well-designed prospective studies.

Conclusion
The qpitt can be calculated quickly and efficiently. It has a high predictive value for death in patients with BSIs
secondary to UTIs. Patients with gpitt >2 treated carbapenems as initial therapy may lead to a better prognosis.
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