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Objective: Escherichia coli and Klebsiella pneumoniae are prevalent Gram-negative microorganisms responsible for pneumonia, as
well as the primary Enterobacteriaceae pathogens causing bacteremic pneumonia. The objective of this research is to analyze the risk
factors associated with bacteremic pneumonia caused by these pathogens and develop a predictive model.

Patients and Methods: This retrospective investigation encompassed a cohort of 252 patients diagnosed with Escherichia coli or
Klebsiella pneumoniae-induced bacteremic pneumonia between 2018 and 2022. The primary endpoint was 30-day mortality, which
was analyzed using multifactorial logistic regression, nomogram construction, and Bootstrap validation.

Results: Among the 252 patients diagnosed with Escherichia coli and Klebsiella pneumoniae, 65 succumbed to the disease while 187
survived. The overall 30-day mortality was found to be 25.8%. A multifactorial logistic regression analysis revealed that diastolic
blood pressure, cerebrovascular diseases/transient ischemic attacks (TIA), immunosuppression, blood urea nitrogen, Pitt score, and
CURB-65 score were statistically significant factors. The Nomogram model demonstrated an AUC of 0.954, which closely aligns with
the Bootstrap-derived mean AUC of 0.953 (95% CI: 0.952-0.954).

Conclusion: In patients with bacteremic pneumonia caused by Escherichia coli and Klebsiella pneumoniae, Low diastolic blood
pressure (<61 mmHg), pre-existing cerebrovascular disease/ transient ischemic attacks (TIA), immunosuppression status, elevated
blood urea nitrogen levels (>8.39 mmol/L), high Pitt score (=3), and a high CURB-65 score (>2) are all independent risk factors for
Escherichia coli and Klebsiella pneumoniae bacteremic pneumonia, among which the first three warrant particular attention.

Keywords: Klebsiella pneumoniae, Escherichia coli, bacteremic pneumonia, 30-day mortality, nomogram

Introduction
Pneumonia remains a prevalent infectious disease globally, particularly in low- and middle-income countries (LMICs),
with high morbidity and mortality rates.' Even before the emergence of COVID-19, pneumonia-related deaths continued
to rise annually across all age groups worldwide.? Bacteremic pneumonia, characterized by a higher mortality rate and
more severe course, is commonly observed in critically ill patients. Despite advancements in medical technology, it
remains an intractable problem that places a significant burden on healthcare systems.’

Gram-positive bacteria are the primary cause of most community-acquired pneumonia (CAP), while Gram-negative
bacteria are often linked to hospital-acquired and ventilator-associated pneumonia. In recent decades, their impact on
pneumonia has gained increased attention due to the rise in Gram-negative bacterial resistance.*> A large retrospective
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cohort study in the United States found that Escherichia coli (7.7%) and Klebsiella pneumoniae (5.6%) were the two
most pathogenic bacteria after Pseudomonas aeruginosa (10%) in patients with Gram-negative pneumonia.® In Africa
and Southeast Asia, the primary pathogens of severe bacteremia have shifted from Streptococcus pneumoniae to Gram-
negative bacteria such as Klebsiella pneumoniae in certain situations.'

Escherichia coli and Klebsiella pneumoniae are among the most common pathogens of community-acquired and hospital-
acquired pneumonia, as well as the most prevalent carbapenem-resistant Enterobacteriaceae (CRE). CRE has been rapidly
increasing in recent years and is associated with significantly higher mortality in bacteremic pneumonia compared to non-
bacteremic pneumonia, posing a significant threat to human health.”* Consequently, there has been a growing interest among
scholars to investigate the epidemiology, risk factors, and prognostic outcomes of these Gram-negative pneumonias.

Studies have shown that the mortality rate of Gram-negative bacterial pneumonia is still significant even when the
optimal antibiotic therapy is provided.® Therefore, comprehensive management targeting both patients and pathogens is
crucial. This implies that it is necessary to pay attention to the clinical characteristics and risk factors of bacteremic
pneumonia caused by these bacteria. Although previous studies have reported risk factors for Klebsiella pneumoniae
bacteremic pneumonia, they have been limited to hospital-acquired pneumonia (HAP) and ventilator-associated pneumonia
(VAP), and there have been limited studies on Escherichia coli bacteremic pneumonia. However, given that the clinical
outcomes of bacteremic pneumonia caused by these two pathogens have been confirmed to be statistically insignificant,
they belong to the same genus of Enterobacteriaceae and are the most common bacteria among CREs, therefore we
combined them for research.'® Our aim is to study the clinical characteristics and 30-day mortality risk factors of Gram-
negative pneumonia caused by Enterobacteriaceae bacteria represented by Escherichia coli and Klebsiella pneumoniae,
while establishing a risk prediction model for clinical use. This model will be applicable to various types of bacteremic
pneumonia caused by Escherichia coli and Klebsiella pneumoniae (including CAP, HAP/VAP), and provide certain
assistance for clinical decision-making and improving the quality of comprehensive management in our region.

Materials and Methods

Research Design and Patients

In this single-center retrospective study, we analyzed the clinical data of patients with bacteremic pneumonia caused by
Escherichia coli or Klebsiella pneumoniae admitted to a large provincial third-level hospital in China from January 1,
2018 to December 31, 2022. All data were obtained from the Laboratory Information System (LIS), Hospital Information
System (HIS), and integrated research databases.

The inclusion criteria for patients in this study were as follows: 1) age >18 years; 2) diagnosis of pneumonia based on
guidelines issued by the American Thoracic Society, the Infectious Diseases Society of America, and the Respiratory
Diseases Society of the Chinese Medical Association, which indicated lung infiltration or consolidation on chest imaging,
elevated laboratory indicators such as white blood cells and C-reactive protein, and clinical symptoms including high
fever, chills, and purulent sputum; 3) receipt of blood culture within 48 hours before or after the diagnosis of pneumonia,
with results indicating infection by Escherichia coli or Klebsiella pneumoniae, and if concomitant sputum cultures or
sputum smear results are available, they must be consistent with these results (consistent results include Gram-negative
bacteria on sputum smear, negative results on sputum culture or smear, invalid results on sputum culture or smear, and
the absence of both sputum smear and culture results).

The exclusion criteria for patients were as follows: 1) missing key data; 2) multiple microbial infections, defined as blood
culture; the sputum culture unequivocally demonstrated the presence of one or more other pathogenic bacteria (sputum quality
was deemed acceptable with a white blood cell count >25 cells/LP and epithelial cell count <10 cells/LP; at the same time, the
sputum culture was determined to be non-contaminated); bronchoalveolar lavage fluid culture results containing pathogens
other than Escherichia coli or Klebsiella pneumoniae within 48 hours after the diagnosis of pneumonia; 3) Patients with
infections other than pneumonia (including viral infections, fungal pneumonia, severe biliary disease, upper urinary tract
infection, intra-abdominal infection, severe external trauma, deep skin infection, osteomyelitis, pulmonary tuberculosis,

disseminated infections). Only the first episode of bacteremic pneumonia for each patient was considered in the analysis.
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Definitions and Outcomes

The definition of hospital-acquired pneumonia is pneumonia that occurs more than 48 hours after admission to the hospital,
while community-acquired pneumonia refers to pneumonia that has occurred before admission or is diagnosed within 48
hours of admission. Ventilator-associated pneumonia (VAP) is defined as pneumonia that develops after 48 hours of
mechanical ventilation in patients who have undergone intubation or tracheostomy. Immunosuppression is defined as a state
in which patients are chronically taking glucocorticoid medications (the equivalent dose of prednisone is > 20 mg / d, with
a course of treatment > 14 days, or the total dose of equivalent prednisone is > 700 mg), undergoing organ transplantation,
have congenital or acquired immunodeficiency diseases, or are undergoing radiation or chemotherapy. Immunomodulators
include Bacillus Calmette-Guérin (BCG), thymosin, heat shock proteins, levamisole, mizoribine, pidotimod, and poly-
saccharides (astragalus polysaccharide, lentinan). Appropriate empiric treatment refers to the use of at least one antibiotic
drug effective against the causative pathogen prior to clinical susceptibility results. In contrast, inappropriate empiric
treatment refers to the use of antibiotic drugs that are ineffective against the causative pathogen prior to clinical suscept-
ibility results. Given that the course of treatment for pneumonia and gram-negative bacteremia is typically one to two weeks
(and may extend beyond three weeks in severe cases), the 30-day mortality rate serves as the outcome of interest in this
study (defined as the time from the diagnosis of pneumonia with a positive blood culture result to the patient’s death).

Data Collection

In this study, patient demographics (age, gender), vital signs, department of admission, type of pneumonia (hospital-acquired
or community-acquired), pathogens (Escherichia coli or Klebsiella pneumoniae), underlying diseases, invasive procedures,
laboratory parameters, disease severity (Pitt score, SOFA score, aCCI index, CURB-65 score), treatment (appropriate empiric
treatment, inappropriate empiric treatment, antibiotic use >3 during hospitalization), length of hospital stay, and outcomes
(survival or death) were recorded. Vital signs and laboratory parameters were obtained within 24 hours before and after blood
culture collection from the patient. The Pitt score, SOFA score, aCCI index, and CURB-65 score were also assessed based on
the above time frame. Invasive procedures were limited to those occurring during hospitalization.

Microbiological Tests

The Escherichia coli and Klebsiella pneumoniae isolates from patients were identified using the VITEK®2 Compact system
(bioMérieux, Marcy 1’Etoile, France) and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) system (Smart MS 5020, bioMérieux). The identification of bacterial species was performed using
MALDI-TOF MS. Antimicrobial susceptibility testing was conducted using the Kirby-Bauer method or VITEK®2 Compact
system, with MICs determined according to CLSI standards. Additionally, ESBL production was detected using
a combination disk method with ceftazidime and cefpodoxime alone or in combination with clavulanic acid, as recom-
mended by the CLSI. CRE was determined based on the results of routine susceptibility testing (disk diffusion and MIC)
according to the definition provided by the Centers for Disease Control and Prevention (CDC). Carbapenemase production
was screened using the CLSI recommended method (eCIM / mCIM, carbapenemase inhibitor enhancement test). The
Escherichia coli strain ATCC 8739 is used as a quality control strain for MALDI-TOF MS. The strains Escherichia coli
ATCC 25922 and Staphylococcus aureus ATCC 29213 are employed as quality control strains for antimicrobial suscept-
ibility testing. Klebsiella pneumoniae ATCC 700603 is utilized as a quality control strain for ESBL production.

Statistical Analysis

The data was analyzed and images were plotted using SPSS 20 and R language. For continuous variables that met the normal
distribution, the mean + standard deviation was used for representation, while for count variables that did not meet the normal
distribution, the interquartile range was used. Two-independent sample #-test was performed on continuous variables that met
the normal distribution, while Mann—Whitney U-test was used for count variables that did not meet the normal distribution.
Chi-square test or Fisher’s exact test was used for count data. The ROC curve was used to convert skewed continuous variables
into binary variables. Univariate and multivariate logistic regression analyses were performed to identify risk factors for 30-
day mortality. Nomograms were constructed to predict 30-day mortality. The performance of the model was evaluated using
ROC curves, PR curves, and calibration curves. Decision curve analysis was used to assess the clinical value of the model.
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Bootstrap was used for internal validation of the model. The missing values were imputed using multiple imputation by
chained equations (MICE). P < 0.05 was considered statistically significant.

Results

Clinical Characteristics

According to the inclusion and exclusion criteria, a total of 252 patients were included in this study, with 65 patients who
died within 30 days being included in the non-survival group and 187 patients who were discharged due to improvement
or cure being included in the survival group (Figure 1). The clinical characteristics of the two groups are summarized in
Table 1. The mean age of all patients was 59.5 (SD: 15.5). In the survival group, most patients had higher blood pressure,
surgical history during hospitalization, received appropriate empirical treatment, and the causative pathogen was
Escherichia coli. In contrast, in the non-survival group, males and ICU patients accounted for the majority, and their
respiratory rate, pulse rate, blood urea nitrogen values, Pitt score, SOFA score, and CURB-65 score were higher than
those in the survival group. The causative pathogen was mostly carbapenem-resistant Klebsiella pneumoniae. Patients
with underlying diseases such as cerebrovascular disease/TIA, chronic kidney disease, chronic liver disease, hypopro-
teinemia, anemia, invasive procedures such as deep vein catheterization, organ resection, mechanical ventilation, or
immunosuppression status had a higher 30-day mortality rate (p < 0.05). Among all patients, there were 71 cases (28.2%)
of inappropriate empirical treatment, of which 34 cases (47.9%) died within 30 days.

Microbiological Characteristics

The antibiotic resistance of the isolated strains of Escherichia coli and Klebsiella pneumoniae from 252 patients is shown in
Table 2. Among all the isolates, both Escherichia coli and Klebsiella pneumoniae showed high levels of resistance to cephazolin
(61.4% vs 51.6%), followed by ciprofloxacin (52.7% vs 53.2%) and ceftriaxone (57.2% vs 48.6%). The drugs with higher
sensitivity for both Escherichia coli and Klebsiella pneumoniae among all the isolates were ertapenem (100% vs 100%),
amikacin (98.6% vs 83.2%), and tigecycline (100.0% vs 79.6%), with no resistant strains found for ertapenem among all the
isolates with drug susceptibility results. For imipenem, nitrofurantoin, and piperacillin, the resistance rates of Klebsiella
pneumoniae were significantly higher than those of Escherichia coli (p < 0.001).

Risk Factors
The overall 30-day mortality rate of patients with Gram-negative bacteremic pneumonia caused by Escherichia coli and
Klebsiella pneumoniae was 25.8% (65/252), with a mortality rate of 60.5% (23/38) for CRE infections. We plotted violin

436 patients with bacteremic pneumonia caused by
Escherichia coli or Klebsiella pneumoniae were enrolled

1. Missing key data (n=2);
2. multiple microbial infections (n=69);
3. Patients with infections other than pneumonia (n=113);

A

252 patients with bacteremic pneumonia caused by Escherichia coli
or Klebsiella pneumoniae

v v

Survivors (n=187) Non-survivors (n=65)

Figure | Patient inclusion process flow diagram.
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Table | Clinical Characteristics of Survival and Non-Survival Groups in Patients with Escherichia Coli or
Klebsiella Pneumoniae Bacteremic Pneumonia

Characteristics Total (n=252) | Survivors (n=187) | Non-survivors (n=65) | P value
Demographics
Age, years (mean+SD) 59.5£15.5 58.9+14.7 61.4£17.5 0.156
Gender, N (%)
Male 134 (53.2%) 92 (49.2%) 42 (64.6%) 0.032
Female 118 (46.8%) 95 (50.8%) 23 (35.4%)
Vital signs, median (IQR)
Body temperature 38.2 (36.1,41) | 382 (375, 39) 38.2 (38, 38.8) 0.400
Systolic blood pressure 120 (105, 135) | 124 (110, 138) 106 (94, 120) <0.001
Diastolic blood pressure 72 (60, 81) 76 (67, 83) 58 (52, 61) <0.001
Respiratory rate beats/min 20 (20, 20) 20 (20, 20) 20 (20, 23) 0.005
Pulse beats/min 87 (78, 104) 84 (76, 98) 102 (83, 124) <0.001
Inpatient department, N (%)
Internal Medicine 129 (51.2%) 101 (54.0%) 28 (43.1%) 0.129
Surgery Ward 79 (31.3%) 69 (36.9%) 10 (15.4%) 0.001
ICU 44 (17.5%) 17 (9.1%) 27 (41.5%) <0.001
Acquisition, N (%)
Ventilator-associated 12 (4.8%) 7 3.7%) 5 (7.7%) 0.195
Hospital-acquired 172 (68.2%) 125 (66.9%) 47 (72.3%) 0.509
Community-associated 68 (27.0%) 55 (29.4%) 13 (20.0%) 0.190
Pathogenic bacterium, N (%)
Klebsiella pneumoniae 107 (42.5%) 66 (35.3%) 41 (63.1%) <0.001
Escherichia coli 145 (57.5%) 121 (64.7%) 24 (36.9%)
Bacterial type, N (%)
ESBL-producing strains 93 (36.9%) 70 (37.4%) 23 (35.4%) 0.768
Carbapenem-resistant strains 38 (15.1%) 15 (8.0%) 23 (35.4%) <0.001
Underlying disease, N (%)
Cerebrovascular disease/TIA 68 (27.0%) 40 (21.4%) 28 (43.1%) 0.001
History of cerebrovascular disease 19 (7.5%) 14 (7.5%) 5 (7.7%) >0.999
Immunosuppression 66 (26.2%) 40 (21.4%) 26 (40.0%) 0.003
Chronic nephrosis 52 (20.6%) 26 (13.9%) 26 (40.0%) <0.001
Chronic liver disease 70 (27.8%) 44 (23.5%) 26 (40.0%) 0.011
Hypertension 86 (34.1%) 63 (33.7%) 23 (35.4%) 0.804
Diabetes 41 (16.3%) 31 (16.6%) 10 (15.4%) 0.822
Heart disease 59 (23.4%) 41 (212.9%) 18 (27.7%) 0.429
Pleural effusion 39 (15.5%) 25 (13.4%) 14 (21.5%) 0.117
Hypoproteinemia 64 (25.4%) 33 (17.6%) 31 (47.7%) <0.001
Anemia 50 (19.8%) 29 (15.5%) 21 (32.3%) 0.003
Invasive procedures, N (%)
Surgery 87 (34.5%) 73 (39.0%) 14 (21.5%) 0.011
Central venous catheterization 71 (28.2%) 44 (23.5%) 27 (41.5%) 0.005
Drainage tube 64 (25.4%) 51 (27.3%) 13 (20.0%) 0.246
Tracheostomy 48 (19.0%) 15 (8.0%) 33 (50.8%) <0.001
Mechanical ventilation 50 (19.8%) 19 (10.1%) 31 (47.7%) <0.001
Indwelling catheter 71 (28.2%) 55 (29.4%) 16 (24.6%) 0.459
Gastric intubation 14 (5.6%) 10 (5.3%) 4 (6.2%) 0.807
Nasal feeding tube 19 (7.5%) Il (5.9%) 8 (12.3%) 0.091
Puncture 57 (22.2%) 38 (20.3%) 19 (27.7%) 0.218
(Continued)
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Table | (Continued).

Characteristics Total (n=252) | Survivors (n=187) | Non-survivors (n=65) | P value
Laboratory indices, median (IQR)

White blood cell count ? 10.1 (6.9, 14.0) | 10.0 (6.8, 13.6) 10.3 (7.2, 15.7) 0.302
Neutrophil count ® 8.6 (5.9, 12.1) 85 (5.8, 11.8) 9.4 (6.0, 13.2) 0.327
PCT (ng/mL) © 109 (2.3, 36.4) | 9.9 (1.9, 31.9) 15.8 (4.2, 39.6) 0.115
Blood urea nitrogen (mmol/L) 6.2 (4.0, 10.6) 5.2 (3.9, 7.6) 12.8 (8.6, 19.1) <0.001
Disease severity, median (IQR)

Pitt score 1 (0, 4) 1(0,2) 6 (3, 8) <0.001
SOFA score 42,7 3 (0.0, 5.0) 9 (5.0, 13.0) <0.001
aCCl score 4(25) 3(1,5) 9(I, 14) 0.055
CURB-65 score 1(0,2) 1 1) 32,4 <0.001
Treatments, N (%)

Appropriate empirical therapy 181 (71.8%) 150 (80.2%) 31 (47.7%) <0.001
Inappropriate empirical therapy 71 (28.2%) 37 (19.8%) 34 (52.3%)

Antibiotic use 23 during hospitalization | 70 (27.8%) 43 (23.0%) 27 (41.5%) 0.004
Immunopotentiators 36 (14.3%) 27 (14.4%) 9 (13.8%) >0.999
Clinical outcomes

Length of hospital stay, median (IQR) 22 (2, 157) 22 (4, 148) 19 (2, 157) 0.165

Notes: The “/” represented “or” in cerebrovascular/TIA, and represented “per” in the units. P<0.05 represented the results achieved
statistical significance. a, missing degree of 13.49%, imputed using MICE; b, missing degree of 13.49%, imputed using MICE; c, missing degree of

37.3%, imputed using MICE.

Abbreviations: ICU, intensive care unit; ESBL, extended-spectrum B-lactamase; TIA, transient ischemic attack; CRP, C-reaction protein; PCT,
procalcitonin; Pitt score, Pitt bacteremia score; SOFA, sequential organ failure assessment; aCCl, age-adjusted Charlson comorbidity index.

Table 2 Antimicrobial Resistance of Escherichia Coli and Klebsiella Pneumoniae Isolated from Patients with Bacteremic Pneumonia

Antimicrobials (n, %) Klebsiella pneumoniae (n=107) Escherichia coli (n=145) P value*
S I R S I R
Amikacin (107vs145) 89 (83.2%) 0 (0.0%) 18 (16.8%) | 143 (98.6%) 0 (0.0%) 2 (1.4%) <0.001
Amoxicillin and clavulanate (107vs145) | 48 (44.9%) 11 (10.2%) | 48 (44.9%) | 94 (64.8%) 21 (14.5%) | 30 (20.7%) | 0.002
Aztreonam (107vs|44) 58 (54.2%) | 0 (0.0%) 49 (45.8%) | 94 (65.3%) 0 (0.0%) 50 (34.7%) | 0.126
Cefazolin (91vsl14) 44 (48.4%) 0 (0.0%) 47 (51.6%) | 43 (37.7%) 1 (0.9%) 70 (61.4%) | 0.150
Cefepime (107vs145) 63 (58.9%) I (0.9%) 43 (40.2%) | 112 (77.2%) 9 (6.2%) 24 (16.6%) | 0.004
Cefoxitin (107vs145) 65 (60.7%) 2 (1.9%) 40 (37.4%) | 112 (77.2%) 7 (4.8%) 26 (18.0%) | 0.010
Ceftriaxone (107vs145) 55 (51.4%) 0 (0.0%) 52 (48.6%) | 62 (42.8%) 0 (0.0%) 83 (57.2%) | 0.180
Ciprofloxacin (107vs144) 45 (42.1%) 5 (4.7%) 57 (53.2%) | 59 (41.0%) 9 (6.3%) 76 (52.7%) | 0.878
Ertapenem (68vs140) 68 (100.0%) | 0 (0.0%) 0 (0%) 140 (100.0%) | 0 (0.0%) 0 (0.0%) -
Gentamicin (107vs144) 80 (74.8%) 0 (0.0%) 27 (25.2%) | 88 (61.1%) 0 (0.0%) 56 (38.9%) | 0.032
Imipenem (107v145s) 70 (65.4%) I (0.9%) 36 (33.7%) | 144 (99.3%) 0 (0.0%) 1 (0.7%) <0.001
Levofloxacin (107vs|45) 45 (42.1%) 17 (15.9%) | 45 (42.0%) | 26 (17.9%) 58 (40.0%) | 61 (42.1%) | <0.00l
Nitrofurantoin (107vs144) 22 (20.6%) 39 (36.4%) | 46 (43.0%) | 132 (91.7%) 10 (6.9%) 2 (1.4%) <0.001
Piperacillin-tazobactam (107vs145) 68 (63.6%) 3 (2.8%) 36 (33.6%) | 133 (91.7%) 9 (6.2%) 3 (2.1%) <0.001
Sulfamethoxazole (106vs145) 59 (55.7%) 0 (0.0%) 47 (44.3%) | 74 (51.0%) 0 (0.0%) 71 (49.0%) | 0.304
Tigecycline (103vs144) 82 (79.6%) 12 (11.7%) | 9 (8.7%) 144 (100.0%) | 0 (0.0%) 0 (0.0%) <0.001
Tobramycin (106vs|44) 76 (71.7%) 9 (8.5%) 21 (19.8%) | 85 (59.0%) 46 (31.9%) | 13 (9.1%) 0.053

Notes: The amounts in parenthesis represented the total quantities of Escherichia coli and Klebsiella pneumoniae employed in each groups’ antibiotic susceptibility
testing. Minuses (-) represented “no results”. “S” represented susceptible. “I” represented intermediate. “R” represented resistant. *Comparison of the two groups’
antimicrobial susceptibilities. P<0.05 represented the results achieved statistical significance.

plots for some non-normally distributed quantitative data, including vital signs (systolic blood pressure, diastolic blood

pressure, respiratory rate, pulse), laboratory indicators (blood urea nitrogen), as well as Pitt score, SOFA score, and

CURB-65 score to understand the differences and distribution between the two groups (Figure 2). Systolic blood pressure
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Figure 2 Violin plot of respiratory rate (A), pulse (B), SBP (C), DBP (D), BUN (E), SOFA score (F), Pitt score (G) and CURB-65 (H) for patients with bacteremia
complicated by pneumonia.

Notes: “****” represented that P-value for the comparison of groups survivor and non-survivor is less than 0.001.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BUN, blood urea nitrogen; Pitt score, Pitt bacteremia score; SOFA, sequential organ failure
assessment.

(SBP), Diastolic blood pressure (DBP), Blood urea nitrogen (BUN), Pitt score, and CURB-65 score showed significant
differences in distribution between the survival and non- survival groups. ROC curve analysis was also performed to
determine the cutoff values of each indicator by calculating the Youden index, which were then converted into binary
variables, as shown in Table 3. The AUC of CURB-65 score was the largest at 0.94, while that of respiratory rate was the
smallest at 0.61. After converting some variables into binary variables and removing some variables based on their
correlation (endotracheal intubation was removed, while mechanical ventilation was retained), single factor and multi-
factor logistic regression analyses were performed (Table 4) to identify independent risk factors for this type of
bacteremic pneumonia. Single factor regression analysis showed that male gender, low blood pressure, fast respiratory
rate, rapid heart rate, ICU patient, carbapenem-resistant strain, cerebrovascular disease/TIA, immunosuppression, chronic
liver disease, chronic nephrosis, anemia, hypoproteinemia, mechanical ventilation, central venous catheterization, high

Table 3 ROC Curve Parameters for Vital Signs, Laboratory Indices, and Severity Scores for Disease

Variable AUC (95% CI) | Cut Off-value | Z-value | Youden Index P value | Sensitivity (%) | Specificity (%)
Vital signs

Systolic blood pressure 0.72 (0.66-0.77) | 114.00 5.54 0.36 <0.001 66.20 70.10
Diastolic blood pressure 0.85 (0.80-0.89) | 61.00 11.74 0.63 <0.001 75.40 87.70
Respiratory rate 0.61 (0.55-0.67) | 20.00 247 0.25 0.044 43.10 82.40
Pulse 0.68 (0.62-0.74) | 102.00 4.30 0.30 <0.001 49.20 80.80
Laboratory indices

Blood urea nitrogen 0.82 (0.76-0.86) | 8.39 9.07 0.57 <0.001 75.40 81.30
Severity scores for disease

Pitt score 0.86 (0.81-0.90) | 3.00 13.22 0.59 <0.001 69.20 89.30
SOFA score 0.82 (0.77-0.87) | 7.00 9.6l 0.53 <0.001 61.50 91.40
CURB-65 score 0.94 (0.90-0.97) | 1.00 27.70 0.73 <0.001 90.80 82.40

Notes: P<0.05 represented the results achieved statistical significance.
Abbreviations: AUC, Area Under The Curve; Cl, confidence interval; Pitt score, Pitt bacteremia score; SOFA, sequential organ failure assessment.

https:

6169

International Journal of General Medicine 2023:16
Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhao et al Dove

Table 4 Risk Factors for 30 Day Mortality in Patients with Escherichia coli and Klebsiella
pneumoniae Bacteremic Pneumonia

Logistic Regression univariable multivariable

OR P OR P
Age 1.01 (0.99-1.03) 0.264 1.00 (0.96—1.03) 0.825
Male sex 1.89 (1.05-3.38) 0.033 1.57 (0.53-4.88) 0.422
SBP<I14 mmHg 4.57 (2.53-8.46) <0.001 | — -
DBP<61 mmHg 21.84 (10.95—45.85) | <0.001 | 14.11 (4.61—49.92) | <0.001
Respiratory rate>20 beats/min 3.53 (1.90-6.58) <0.001 | — -
Pulse=102 beats/min 3.79 (2.09-6.94) <0.001 | — -
Surgery Ward 0.31 (0.14-0.63) 0.002 - -
ICU 7.11 (3.56-14.57) <0.001 | - -
Carbapenem-resistant strains 6.28 (3.05-13.31) <0.001 | 3.28 (0.83-13.65) 0.094
Escherichia coli 0.32 (0.18-0.57) <0.001 | - -
Cerebrovascular disease/TIA 2.78 (1.52-5.09) 0.001 3.72 (1.06-14.45) | 0.047
Immunosuppression 2.45 (1.33-4.50) 0.004 11.63 (3.18-51.91) | <0.001
Chronic nephrosis 4.13 (2.17-7.93) <0.001 | - -
Chronic liver disease 2.17 (1.18-3.95) 0.012 2.68 (0.88-8.43) 0.083
Anemia 2.60 (1.34-4.99) 0.004 3.18 (0.93-11.55) | 0.069
Hypoproteinemia 4.25 (2.31-7.92) <0.001 | - -
Surgery 0.42 (0.21-0.79) 0.010 - -
Mechanical ventilation 8.06 (4.13-16.17) <0.00! | - -
Central venous catheterization 2.31 (1.27-4.20) 0.006 - -
Blood urea nitrogen=8.39 mmol/L 12.85 (6.70-25.80) | <0.00! | 6.26 (1.89-22.78) | 0.003
Pitt score=3 14.29 (7.41-28.90) | <0.001 | 7.63 (2.59—24.26) | <0.00I
SOFA score27 13.70 (7.08-27.46) | <0.001 | - -
CURB-65 score22 17.00 (8.65-35.36) | <0.001 | 3.58 (1.04-12.80) | 0.044
Appropriate empirical therapy 0.22 (0.12-0.41) <0.001 | - -
Antibiotics use23 during hospitalization | 2.38 (1.30—4.34) 0.005 - -

Notes: Minuses (-) in multivariable represented “no results”. The slash (/) represented “or” in cerebrovascular/TIA, and
represented “per” in the units. P<0.05 represented the results achieved statistical significance.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; ICU, intensive care unit; TIA, transient ischemic
attack; Pitt score, Pitt bacteremia score; SOFA, sequential organ failure assessment; OR, odds ratio.

BUN, high Pitt score, high SOFA score, high CURB-65 score, and antibiotic use >3 during hospitalization were
significantly associated with a 30-day mortality rate (p < 0.05). Multifactor regression analysis showed that DBP <61,
cerebrovascular disease/TIA, immunosuppression status, high BUN (=8.39), high Pitt score (=3), and high CURB-65
score (>2) were independent risk factors for this type of bacteremic pneumonia.

Modeling and Assessment

In order to conduct a comprehensive analysis and evaluation of the above-mentioned independent risk factors, we have
established a 30-day mortality prediction model. We assigned corresponding weights to each independent risk factor, as
shown in the regression line chart (Figure 3). When low DBP (<61), immunosuppression status, high Pitt score (=3), high
BUN (=8.39), pre-existing cerebrovascular disease/TIA, or high CURB-65 score (>2), their scores were assigned values
of 100, 92.5, 82.5, 70, 52.5, and 50 respectively. If the total score exceeds 300, the patient’s risk of death within 30 days
will exceed 90%. Figure 4 presents the performance evaluation of the established risk prediction model. Both the ROC
curve (A) and PR curve (B) indicate that the risk prediction model performs well, with an area under the ROC curve of
0.954. The PR curve also suggests that the model performs well even when the proportions of positive (non-survival
group) and negative (survival group) cases are imbalanced. The calibration curve (C) demonstrates the fitting of the
fractional prediction model, with a discriminatory index of 0.703 and a low Brier score of 0.057, indicating good
accuracy and precision of the risk prediction model. The decision curve (D) shows that there is a good net benefit when
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Figure 3 Nomogram for the results of multiple logistic regression analysis in Table 4.

Notes: “Yes” represented “occurrence of the event”. “No” represented “the event did not occur”. The nomogram is able to visualize the results of multiple logistic
regression analysis, score each value level of each indexes, and ultimately predict the likelihood of clinical outcome.

Abbreviations: DBP, diastolic blood pressure; Pitt score, Pitt bacteremia score; BUN, blood urea nitrogen; TIA, transient ischemic attack.

the threshold probability is between 0.06 and 0.85. The internal validation of the model was conducted using Bootstrap
with a sample size of 252 and 1000 iterations, resulting in an average AUC of 0.9528 (95% CI: 0.9517-0.9539), which is
not significantly different from the AUC of the model, indicating good reproducibility.

Discussion

This study retrospectively analyzed the clinical characteristics, antibiotic susceptibility of pathogens to 17 antibiotics, and risk
factors for 30-day mortality in 252 patients with Gram-negative bacteremic pneumonia caused by Escherichia coli and
Klebsiella pneumoniae from January 2018 to December 2022. There were multiple differences in clinical characteristics
between the survival and non- survival groups. Consistent with epidemiology, the population of this disease is mainly middle-
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Figure 4 (A) ROC curve of the risk assessment model for patients with bacteremia complicated by pneumonia. (B) PR curve of the risk assessment model for patients with
bacteremia complicated by pneumonia. (C) Calibration curve of the risk assessment model for patients with bacteremia complicated by pneumonia. (D) Clinical decision
curve of the risk assessment model for patients with bacteremia complicated by pneumonia.

Notes: “Dxy” in (C) represented “correlation between predicted and actual values”. “C(ROC)” in C represented “area under ROC curve”. “R2” in (C) represented
“coefficient of multiple determination”. “S: z” in (C) represented “Z value of Spiegelhalter Z-test”. “S: p” in (C) represented “P value of Spiegelhalter Z-test”.
Abbreviations: AUC, area under ROC curve; PR curve, precision-recall curve; D, discrimination index; U, unreliability index; Q, quality index; Brier, Brier Score.

aged and elderly, and we found that males have a higher risk of death than females, which may be due to male smoking and
other unhealthy lifestyle habits being more common than in females, as well as a higher prevalence of COPD underlying
diseases.'"'? At the same time, this may also be affected by immunological differences between the sexes. Chlamydas S found
that testosterone induction of immune suppression in males after puberty leads to immunological differences between the
sexes, thus affecting the immune response to infection.'* Patients in the ICU ward had a high mortality rate, but interestingly,
in our study, the mortality rate in the surgical ward was lower, and univariate regression analysis showed that surgery may be
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a potential protective factor. A large prospective study by Raymond DP seems to explain this, they found no difference in
outcomes between surgical and non-surgical patients with bacteremic pneumonia in the surgical ward, suggesting that
bloodstream infection does not worsen patient outcomes.'* However, the surgeries we recorded included any form of surgery
that patients underwent during their pneumonia, which were likely for their initial hospitalization diagnosis. This may be one
of the reasons for the deviation in our results. Nonetheless, it is also evidence in a sense that surgery is not a risk factor for
bacteremic pneumonia. In addition, carbapenem drugs are widely used in clinical practice as the first choice for serious
infections caused by ESBL-producing microorganisms, which has led to an increase in CRE. Klebsiella pneumoniae is the
most common CRE. By 2019, the resistance rates of Escherichia coli and Klebsiella pneumoniae to imipenem were 25.3%
and 2.0%, respectively. We also found that among Klebsiella pneumoniae strains, 36 (33.7%) were resistant to imipenem,
while only 1 (0.7%) strain of Escherichia coli was resistant, which is likely one of the reasons why there was a statistically
significant difference in the 30-day mortality of patients with Klebsiella pneumoniae bacteremic pneumonia in univariate
analysis.'>'® Because the mortality rate of CRE infections in our study was 60.5%. However, after adjusting for confounding
factors, Klebsiella pneumoniae was not an independent risk factor for 30-day mortality, which is consistent with previous
studies.®'® In terms of treatment, whether appropriate empirical treatment and receiving antibiotics >3 during hospitalization
differed between groups, and univariate analysis showed them as risk factors. The benefit of combined antibiotic therapy for
bacteremic pneumonia is currently unclear and can only reduce the mortality rate in critically ill patients. The majority of
people in our study who received antibiotics >3 during hospitalization may have been due to receiving inappropriate empirical
treatment or because of liver and kidney dysfunction that cannot tolerate medication, leading to treatment failure and
ultimately affecting the final outcome. Therefore, we suggest that clinicians should pay attention to the results of drug
susceptibility tests in a timely manner and guide medication as soon as possible according to the results of drug susceptibility
tests, minimizing the number of antibiotic exposures for patients.

Immunosuppression was demonstrated to be an independent risk factor for 30-day mortality in our study of Gram-negative
bacteremic pneumonia caused by Escherichia coli or Klebsiella pneumoniae. This appears to contradict the conclusions of
some similar studies. In a study of risk factors for Streptococcus pneumoniae bacteremic pneumonia, all eight patients with
bacteremic pneumonia who were also receiving immunosuppressive therapy survived (p=1). Another study found that among
60 patients with Klebsiella pneumoniae bacteremic pneumonia and immunosuppression, 34 died within 28 days, but this was
not statistically significant on univariate analysis (p=0.054).'”'® However, there are also some similar studies that support our
conclusion, finding that septic patients in an immunosuppressed state have a higher mortality rate than those with normal
immune function, both at four and twenty-eight days.'” It is undeniable that we have a larger sample size of patients with
immunosuppression, which gives our conclusions certain advantages. The lung is the most common target organ for infection
in immunosuppressed hosts. A multicenter international study found that the mortality rate of community-acquired pneumonia
in immunocompromised hosts (ICH-CAP) was higher than in non-immunocompromised hosts, which also confirms the
rationality of our conclusion to some extent.”’ However, the small sample size and different definitions of immunosuppressed
patients among scholars may be one of the reasons for the different results.

It is worth noting that Pitt score was consistent with previous similar research results in our study and was considered
an independent risk factor for 30-day mortality in bacteremic pneumonia, while SOFA score was only significant on
univariate analysis.?'** Although this is different from the conclusion of Chen IR that SOFA score is an independent risk
factor for mortality in patients with Klebsiella pneumoniae bacteremic pneumonia, Shu C’s study found that Pitt score
was better than SOFA score in terms of mortality from Klebsiella pneumoniae bacteremia.'”*® The Pitt score is widely
used to predict mortality in patients with bloodstream infections and has been proven to have good value for both 14-day
mortality in patients with bloodstream infections and non-bloodstream infections. As one of the widely used scoring
systems, SOFA score is also a powerful tool for predicting patient prognosis. It is possible that due to patient
heterogeneity, some iatrogenic confounding factors, and the clinical characteristics of Escherichia coli bacteremic
pneumonia, the Pitt score is better than the SOFA score in predicting 30-day mortality in Gram-negative bacteremic
pneumonia caused by Escherichia coli or Klebsiella pneumoniae.”"

Bacteremic pneumonia is associated with a higher risk of cardiovascular disease and cerebrovascular diseases
compared to non-bacteremic pneumonia and other respiratory infections.”* Previous studies have reported a strong
association between cardiovascular and cerebrovascular diseases and Strepfococcus pneumoniae bacteremic pneumonia,
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with a 26-fold and 3-fold increase in the risk of myocardial infarction and stroke, respectively, after infection with
Streptococcus pneumoniae.”> Additionally, cerebrovascular disease has been confirmed as an independent risk factor for
Streptococcus pneumoniae bacteremic pneumonia.'® Our study also found similar results in patients with bacteremic
pneumonia caused by Escherichia coli or Klebsiella pneumoniae, with higher 30-day mortality risk in patients with
underlying cardiovascular or cerebrovascular diseases, which may be due to similar mechanisms whereby Gram-negative
bacteria such as Escherichia coli and Klebsiella pneumoniae exacerbate or induce cerebrovascular diseases in these
patients, affecting their prognosis. It is worth noting that we also compared the differences between patients with and
without a history of cerebrovascular disease, but the results showed no significant difference (P>0.999). However, due to
the small sample size, this finding needs to be confirmed in future studies. Nevertheless, it still suggests that we should be
highly vigilant for patients with bacteremic pneumonia caused by either Streptococcus pneumoniae or Gram-negative
bacteria such as Escherichia coli or Klebsiella pneumoniae, especially those with underlying cerebrovascular diseases. In
addition, during the diagnosis and treatment of cardiovascular and cerebrovascular diseases, we should actively prevent
respiratory infections, especially bacteremic pneumonia. For instance, in patients with cerebrovascular disease, it may be
beneficial to separate them from those with infectious diseases, strictly adhere to aseptic principles during invasive
procedures, and promptly identify the cause of mild infection symptoms and administer antibiotics accordingly.

The severity score CURB-65 is considered to have good predictive value for mortality in bacterial pneumonia and
viral pneumonia including COVID-19. Our study also confirms that it has some value in predicting 30-day mortality in
patients with Gram-negative bacteremic pneumonia caused by Escherichia coli or Klebsiella pneumoniae.***” Generally,
when CURB-65 >3, it is considered severe or requires admission to the ICU. Our cutoff value was CURB-65 >2, which
gave us higher sensitivity in our prediction. Spindler C. found that when the cutoff value of CURB-65 was reduced from
3 to 2, the sensitivity increased by 30%, while the specificity decreased from 86% to 67%.%® However, our ROC analysis
showed that when the cutoff value was set at 2, the sensitivity reached 90.8%, while the specificity remained at 82.4%.
DBP and BUN are both criteria for evaluating CURB-65. We analyzed their weights in relation to mortality. DBP <61
scored highest in the nomogram, suggesting that we should pay more attention to blood pressure in clinical practice,
especially DBP. As mentioned earlier, elderly patients are more prone to hypotension due to decreased elasticity of blood
vessels. Therefore, if the critical value is set as SBP <90 and DBP<60, DBP may have better efficacy. Blood pressure is
an important vital sign and one of the signs of septic shock, so it makes sense that it scores high in our prediction
model.?* On the other hand, BUN scored relatively low, which may be because although BUN reflects a patient’s
nutritional and metabolic status and is also affected by kidney function and other complex factors, it is not directly related
to mortality in patients with bacteremic pneumonia.

In addition, we established a nomogram risk prediction model based on the above six independent risk factors. The
ROC curve and PR curve both showed that the model had good performance. Although the calibration curve showed that
our model had low goodness of fit, it had some discriminative power, and the low reliability index (—0.008) and brier
value (0.057) also indicated that the model had high reliability and accuracy. The decision curve (DCA) showed that the
model had certain clinical value and effectiveness. In summary, all data in our study came from a large third-level
hospital in our region, which has certain regional representativeness, making our model more suitable for this region.
Furthermore, among the risk factors in our model, only one is a laboratory indicator and has been widely used in clinical
practice; the remaining five are non-laboratory indicators, making our model convenient to use in clinical settings. In
addition, to ensure the accuracy and reliability of our model, we collected comprehensive clinical data and used strict
statistical methods for variable selection and model performance evaluation and internal validation to obtain the best
model. The establishment of our model aims to provide some reference significance for clinical decision-making in our
region. The results of our analysis showed that DBP, immunosuppression, and Pitt score were all above 80 points,
suggesting that clinicians should pay attention to changes in these factors during diagnosis and treatment and take
appropriate interventions to improve patient outcomes. However, the results of our model prediction are only for
reference purposes; clinicians should also make decisions based on their clinical experience.
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Limitations

Our study has some limitations. Firstly, this is a single-center study and can only represent the situation in the research hospital; it
may not have direct applicability for database modeling but can still provide some reference value for local clinical decision-
making. Secondly, retrospective studies inevitably suffer from selection bias and the inability to establish causation; patients with
negative blood cultures and undiagnosed pneumonia were not included in this study. Thirdly, the state or reason for admission of
patients and the use of antibiotics may affect their final mortality rate. Fourthly, we did not perform sample size estimation, which
may lead to statistical inference bias and affect the accuracy of understanding the overall picture. Fifthly, we did not perform
multiple comparison corrections. Sixthly, some variables in the baseline table were imputed using MICE, which may lead to
inaccurate results. Seventhly, our inclusion and exclusion criteria may not completely exclude the possibility of polymicrobial
infection, which may cause some bias in the results. Finally, we only performed internal validation and practice of the model
established in this study; we did not supplement updated clinical data for external validation of the model in future studies. This
will be our focus in subsequent studies, and we also look forward to similar larger sample studies verifying our findings.

Conclusion

In conclusion, our study provides a relatively comprehensive analysis of the risk factors associated with bacteremic
pneumonia caused by Enterobacterales bacteria, specifically Escherichia coli and Klebsiella pneumoniae, in patients with
Gram-negative pneumonia. Our findings indicate that DBP (<61Hgmm), cerebrovascular disease/TIA, immunosuppression,
BUN (=8.39 mmol/L), Pitt score (=3), and CURB-65 score (>2) are independent risk factors for 30-day mortality in these
patients. And to aid in predicting the risk of 30-day mortality, we have developed a nomogram based on these risk factors. Our
nomogram highlights the significant impact of low DBP, pre-existing cerebrovascular disease/TIA, and immunosuppression
status on patient outcomes. This has the potential to enhance the quality of comprehensive management and contribute to
clinical decision-making, timely prevention of related risks, and ultimately improved patient outcomes.
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