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Background: Bloodstream infections (BSI) are one of the most severe healthcare-
associated infections in intensive care units (ICU). However, there are few studies
on pneumonia-related BSI (PRBSI) in the ICU. This study aimed to investigate the
clinical and prognostic characteristics of patients with PRBSI in the ICU and to
provide a clinical basis for early clinical identification.

Methods: We retrospectively collected data from patients with bacterial BSI in a
single-center ICU between January 1, 2017, and August 31, 2020. Clinical diagnosis
combined with whole-genome sequencing (WGS) was used to clarify the diagnosis
of PRBSI, and patients with PRBSI and non-PRBSI were analyzed for clinical features,
prognosis, imaging presentation, and distribution of pathogenic microorganisms.

Results: Of the 2,240 patients admitted to the MICU, 120 with bacterial BSI
were included in this study. Thirty-two (26.7%) patients were identified as
having PRBSI based on the clinical diagnosis combined with WGS. Compared
to patients without PRBSI, those with PRBSI had higher 28-day mortality (81.3
vs.51.1%, p=0.003), a higher total mortality rate (93.8 vs. 64.8%, p=0.002), longer
duration of invasive mechanical ventilation (median 16 vs. 6days, p=0.037), and
prolonged duration of ICU stay (median 21 vs. 10days, p=0.004). There were
no differences in other baseline data between the two groups, but patients
with PRBSI had extensive consolidation on chest radiographs and significantly
higher Radiographic Assessment of Lung Edema scores (mean 35 vs. 24,
p<0.001). The most common causative organisms isolated in the PRBSI group
were gram-negative bacteria (n=31, 96.9%), with carbapenem-resistant gram-
negative bacteria accounting for 68.8% (n=22) and multidrug-resistant bacteria
accounting for 81.3% (n=26).
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Conclusion: Pneumonia-related BSI is an important component of ICU-BSI
and has a poor prognosis. Compared to non-PRBSI, patients with PRBSI do not
have typical clinical features but have more severe lung consolidation lesions,
and should be alerted to the possibility of their occurrence when combined with
pulmonary gram-negative bacterial infections, especially carbapenem-resistant
bacteria. Further multicenter, large-sample studies are needed to identify the risk
factors for the development of PRBSI and prevention and treatment strategies.

KEYWORDS
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1. Introduction

Bloodstream infections (BSI) are systemic infections caused by the
invasion of pathogenic microorganisms and their toxins into blood
circulation, which can lead to bacteremia, sepsis, and even death from
septic shock (1-5). BSI often occurs in critically ill patients in intensive
care units (ICU), especially those with mechanical ventilation with
tracheal intubation, high inflammatory markers, immunosuppression,
central venous line placement, extracorporeal membrane oxygenation
(ECMO), and other invasive procedures (6, 7). Primary BSIs often do
not have a clear primary source, and most BSIs are secondary, which can
originate from intravascular catheters, abdominal infections, urinary
tract infections, and pneumonia (8, 9). Appropriate antimicrobial
therapy and early control of the source of infection are critical factors for
reducing the morbidity and mortality associated with BSI. As one of the
most lethal diseases, studies have revealed that the estimated mortality
rate of BSI is up to 40% (10-12). Therefore, summarizing the clinical
features of patients with BSI for accurate diagnosis and early intervention
is important for reducing mortality and improving prognosis.

Pneumonia is one of the most frequent causes of secondary BSI in the
ICU. In an international EUROBACT-2 study that included 2,600
ICU-BSI patients from 333 ICUs in 52 countries, pneumonia was the
most frequent source of infection, and one study found a higher risk of
death when pneumonia was the source of ICU-BSI (2, 10). However, the
following problems still exist in the diagnosis of pneumonia-related
bloodstream infection (PRBSI) in clinical practice: (1) critically ill patients
in the ICU are often combined with disruption of the immune barrier;
thus, the source of the causative bacteria may originate from multiple
regions, making it difficult to accurately determine the primary lesion
promptly; (2) clinicians can only make the clinical diagnosis of PRBSI
based on pathogen culture results and time of onset, making it difficult to
accurately identify patients with true PRBSL; and (3) because of the
difficulty in diagnosis, few studies have reported the clinical features of
PRBSI in the ICU, which seriously affects our understanding, early clinical
diagnosis, and treatment of this category of secondary BSI.

Therefore, to further clarify the clinical features of PRBSI,
we conducted a retrospective cohort study in the ICU of a tertiary care
hospital to verify and confirm the clinical diagnosis of PRBSI by
whole-genome sequencing (WGS) methods and to describe the
clinical and prognostic features of PRBSI by collecting and analyzing
clinical data of PRBSI patients to provide a clinical basis for early
clinical recognition of PRBSI.
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2. Materials and methods
2.1. Study design and patients

This single-center retrospective cohort study was conducted in
the respiratory ICU (RICU) of the China-Japan Friendship Hospital
in Beijing, China. We reviewed the clinical data of patients whose
blood culture results were obtained during ICU admission between
January 1, 2017, and August 31, 2020. The inclusion criteria were as
follows: (1) age>18years, (2) ICU stay >2 consecutive days, (3)
positive peripheral blood culture results and blood cultures
performed with at least two blood samples from multiple sites
simultaneously, and (4) clinical features consistent with bloodstream
infection. The exclusion criteria were as follows: (1) patients with
blood culture results for fungi only and those considered to represent
commensals or contaminants and (2) patients with incomplete
medical records. In patients with more than one episode of BSI, only
the first episode was considered and analyzed.

This study was approved (No. 2019-80-K52-1) by the institutional
review board of the China-Japan Friendship Hospital, and the
requirement for informed consent was waived. Patient data were
anonymized before being used for analysis.

2.2. Data collection

Clinical data were reviewed using electronic medical record
systems, and data of patients discharged from the hospital within
28 days were investigated via subsequent telephone follow-up. Data
extracted included demographics [age, sex, body mass index (BMI),
smoking status, and comorbidities (hypertension, chronic
cardiovascular disease, chronic lung disease, brain disease, diabetes
mellitus, immunosuppression, and malignancy)], basic vital signs,
laboratory parameters, chest radiographic data, PaO,/FiO, ratio, and
basic and advanced respiratory support. Acute Physiology and
Chronic Health Evaluation (APACHE) II and Sequential Sepsis-
related Organ Function Assessment (SOFA) scores were assessed (13,
14) at ICU admission, 7 days before BSI, 72h before BSI, 48 h before
BSI, 24 h before BSI, and BSI onset, as well as outcome data, including
duration of invasive mechanical ventilation (IMV), length of hospital
stay, length of ICU stay, 28-day mortality, and total mortality. If several
values for the same measured item were obtained during this period,

the most abnormal values were recorded.
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2.3. Definitions and microbiology methods

The clinical BSI cases were diagnosed by clinicians according to the
criteria of the Centers for Disease Control and Prevention (CDC) (15).
Clinical PRBSI was defined using three items: (1) if the microorganisms
isolated from blood and respiratory samples, including sputum/
bronchoalveolar lavage (BAL), shared the same species and drug
resistance panels; (2) a sputum/BAL sample culture was performed within
the infection window (3days before and after the first positive blood
culture); and (3) the clinical diagnostic criteria for pneumonia were met,
which were based on the CDC guidelines.! Patients considered to have
combined bloodstream infections secondary to other primary infection
sources were excluded. Subsequently, we performed WGS and
phylogenetic analyses of the bacterial strains isolated from blood and
respiratory tract samples of clinically diagnosed PRBSI patients. All
analyses of raw sequencing data and interpretation of phylogenetic
analyses were performed under the guidance of an experienced
microbiologist. True PRBSI cases were identified in combination with
clinical diagnosis and WGS. ICU-onset BSI is defined as positive culture
results obtained using blood samples collected between ICU day three
and ICU discharge (16).

Bronchoalveolar lavage or blood samples were collected based on
standard clinical procedures. Microorganism cultures were processed
using a Bactec-9240 system (Becton Dickinson, Sparks, MD,
United States) or BacT/Alert 3D system (bioMérieux Inc., Marcy I'Etoile,
France). The strains were identified based on colony morphology and
MALDI-TOF MS (Bruker Daltonik, Bremen, Germany), according to the
manufacturer’s recommendations. Antimicrobial susceptibility testing
was conducted using the Vitek II automated system (BioMérieux, Inc.).
Blood cultures were excluded if they were considered to represent
commensals or contaminants, including common skin organisms and
common colonizers in ICU patients (coagulase-negative Staphylococci,
Corynebacterium spp., and Cutibacterium spp.). Multidrug-resistant
(MDR) bacteria were defined as those resistant to three or more
antimicrobial classes according to the criteria of the European Society of
Clinical Microbiology and Infectious Diseases (ESCMID) (17). CR-NGRs
were defined as isolates of gram-negative rods (NGRs) that were resistant
to imipenem or meropenem. High-level aminoglycoside resistance was
defined as MICs against gentamicin and amikacin both higher than
512 pg/mL. Positive results for the same organism in the same sample type
from the same individual patient were recorded only once.

2.4. Whole-genome sequencing and
phylogenetic analysis

Whole-genome sequencing has been performed for these pathogens
(18). Microbial genomic DNA was extracted using a Qick-start Protocol
DNeasy Mini kit (QIAGEN, Hilden, Germany) following the
manufacturer’s protocol. Approximately 10pg of DNA from each strain
was used to construct Illumina paired-end libraries with an average
insertion length of 500 base pairs (bp). Libraries were sequenced on the
Mumina NovaSeq 6000 platform (Illumina Inc., San Diego, CA,
United States). The following reads were removed from the raw data using

1 https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf
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fast with default parameters. The final cleaned reads with over 100x
genome coverage for each strain were assembled using the megaHIT
v1.2.9. The phylogenic tree based on the single nucleotide polymorphism
(SNP) strategy and core-genome multilocus sequence typing (cgMLST)
was constructed using the BacWGSTdb server, as previously described.
MLST was performed using the Oxford scheme and sequence types were
assigned using the MLST database.> We then performed a phylogenetic
analysis and constructed a phylogenetic tree of all strains isolated from
respiratory and blood samples of patients with PRBSIL. Graphs were
generated using agree in R to display the evolutionary relationships.

2.5. Chest radiography

The chest radiographs obtained within 72 h before BSI onset were
reassessed to grade the severity of imaging features based on the
Radiographic Assessment of Lung Edema (RALE) score (19). As
shown in Supplementary Figure 1, to determine the RALE score, each
radiograph was divided into four quadrants defined by the vertebral
column and the first branch of the left main bronchus. Each quadrant
was assigned a consolidation score from 0 to 4 based on the percentage
of involvement of the opacified lung, and a density score from 1 to 3
was assigned to assess the overall density of alveolar opacities. These
two scores were multiplied for each quadrant and added to obtain a
total score (ranging between 0 and 48) for each radiograph. The rating
was performed by an experienced radiologist who was provided with
sample cases on how to use the RALE score to reduce inter-rater
variability. The RALE scores were considered continuous variables and
categorized as ordinal response variables.

2.6. Statistical analysis

No sample size calculations were performed a priori for this
descriptive study. Data are shown as the number of patients (%) for
categorical variables and median (IQR) for continuous variables with
non-normal distribution or mean (standard deviation) for those with
normal distribution. The chi-squared test or Fisher’s exact test was
used for categorical variables, and the ¢-test or nonparametric Mann-
Whitney test was used to detect significant differences between the
PRBSI and non-PRBSI groups. All statistical tests were two-tailed, and
avalue of p<0.05 was considered significant. Analyses were conducted
using the R Statistical Software (version 4.1.2, R Foundation for
Statistical Computing, Vienna, Austria) and SPSS Statistics version
26.0 (IBM, Armonk, New York, United States).

3. Results

Of the 2,240 ICU admissions, 120 (5.4%) consecutive patients
were diagnosed with BSI between January 1, 2017, and August 31,
2020, and were included in the comparative analysis (Figure 1).
Although the BSI source was not readily discernible, among the 120
ICU-BSI cases included, 37 (30.8%) cases were primary, 32 (26.7%)

2 http://pubmlst.org/
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2017, to August 31, 2020

{2,240 ICU admissions from January 1,

(' 2,075 patients with no blood culture
L results or negative blood cultures

* 4 Fungi

'{o 35 Blood cultures considered to

represent commensals or contaminants

bloodstream infection

* 2 Patients under 18 years

records

={- 4 Patients with incomplete medical

120 Bacterial bloodstream infection

patients included in final analysis

165 ICU patients with positive blood
culture results
[ 126 Patients with pathogenic bacterial \]

A 4 A 4

44 clinically diagnosed 76 clinically diagnosed
Pneumonia related Non-pneumonia related
bloodstream infection bloodstream infection
Whole-genome sequencing 12 Non-pneumonia related

on bacterial strains

> bloodstream infection
L identified by WGS

32 Pneumonia related 88 Non-pneumonia related

bloodstream infection bloodstream infection

FIGURE 1
Flowchart of case selection in this study. ICU, intensive care unit; WGS, whole-genome sequencing

originated from pneumonia, and 28 (23.3%) were intravascular  clinically diagnosed with PRBSI. After WGS of isolated bacterial
catheter-related (Supplementary Table 1). As shown in Figure 1, after ~ strains from respiratory tract and blood specimens of all patients with
screening all 2,240 patients with strict inclusion and exclusion  clinically diagnosed PRBSI, we finally clarified that 32 of the patients
criteria, we finally included 120 patients with BSI, 44 of whom were  identified by combination with clinical diagnosis and WGS as true
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PRBSI. Twelve cases with WGS detection of different bacterial strains
and the 76 cases with clinically diagnosed non-PRBSI together
formed the non-PRBSI group. We performed phylogenetic analysis
for strains and conducted a phylogenetic tree based on the whole
genome sequencing data (Supplementary Figure 2). It showed that
the strains from the respiratory tract and blood were considered to
be the same in 32 patients (including 14 Pseudomonas aeruginosa, 7
Acinetobacter baumannii, 5 Klebsiella pneumoniae, 2 Burkholderia
multivorans, 1 Escherichia coli, 1 Morganella morganii, 1 Burkholderia
cenocepacia, and 1 Staphylococcus aureus). Among the rest 12
patients, three specimens from the respiratory tract received
contamination from other strains and nine were confirmed not to
be 100% homologous. Finally, among 120 BSI patients, 32 (26.7%)
patients were identified as having PRBSI via combined clinical and
WGS analysis, whereas 88 (73.3%) were considered non-PRBSI.

3.1. Patient characteristics

Patient characteristics were compared between the patients
with and without PRBSI (Table 1). There were no differences in the
demographic characteristics between the two groups. The median
age of the PRBSI group was 66 years, and 19 (59.4%) were male,
while the non-PRBSI group was 65 years, and males accounted for
69.3%. The most common primary cause of ICU admission for
patients in our ICU was respiratory disease (n=96, 80.0%),
especially pneumonia (n=63, 52.5%). At the onset of BSI, fewer
patients in the PRBSI group were exposed to antibiotics within
30days prior to BSI (34.4 vs. 53.4%). The median onset of PRBSI
was 13days post-hospital admission and 12days post-ICU
admission, which was longer than that for those without PRBSI
(median 5 vs. 3days, p<0.001). Twenty-eight (87.5%) patients had
ICU-onset BSI, which was considered ICU-acquired, compared to
only 51.1% of the non-PRBSI patients (p<0.001). Twenty-six
(81.3%) patients with PRBSI required invasive mechanical
ventilation (IMV) before BSI, and the median duration of IMV was
9 days. The median APACHE II score was 20 and the mean SOFA
score was 9 at the onset of BSI in the PRBSI group. Patients with
PRBSI had worse outcomes. The mean length of ICU stay for
patients with PRBSI was 21 days, which was significantly longer
than the 10 days for patients without PRBSI (p =0.004). The median
number of days of advanced respiratory support (IMV) was 16 days
for patients with PRBSI and longer than 6 days for patients without
PRBSI (p=0.037). According to electronic medical records and
telephone follow-ups, the 28-day mortality rate was much higher in
the PRBSI group (81.3 vs. 51.1%, p=0.003). The total mortality rate
was 93.8% in the PRBSI group and 64.8% in the non-PRBSI group
(p=0.002). Meanwhile, the curves of laboratory indicators related
to infection, including white blood cell count, neutrophil count,
platelet count, lactic acid, procalcitonin, and D-dimer levels, during
the period from ICU admission to BSI diagnosis, are summarized
(p>0.05; Supplementary Figure 3; Supplementary Table 2).
We found that PRBSI patients had significantly lower white blood
cell count and neutrophil count than non-PRBSI patients on ICU
admission, and there were no statistically significant differences
between the PRBSI group and the non-PRBSI group at different
time points prior to the onset of BSI for other infection-related
indicators described above.
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3.2. Chest radiograph scoring and
respiratory support analysis

To investigate the severity of chest imaging features, we conducted a
RALE score assessment on chest radiographs within 72h prior to BSI
onset to evaluate the degree and extent of pulmonary consolidation
(Table 2; Figure 2). A comparison of RALE scores revealed that patients
with PRBSI had higher RALE scores (35+7) than those without
non-PRBSI patients (24 + 11; p<0.001). The grades were also significantly
different between the two groups (p<0.001). In the PRBSI group, 29
(90.6%) patients had a RALE score of >24. Simultaneously, we compared
the IMV parameters within 72h before BSI between the two groups and
no significant differences were detected. Thirteen (40.6%) patients in the
PRBSI group received prone position treatment, while only 19(22.4%) of
the non-PRBSI patients received this treatment strategy (p=0.048). Five
(15.6%) and 10 (11.8%) patients with PRBSI underwent lung recruitment
maneuvers, respectively (Table 2).

3.3. Pathogens isolated from BSI patients

Among all 120 BSI patients included in the study, all 32 PRBSI
patients had one bacterium cultured in their blood cultures, while 10 of
the 88 non-PRBSI patients had a combination of two bacterial infections.
Therefore, of the 130 organisms isolated from all patients with ICU BSI,
Gram-negative bacteria were more prevalent, with a detection rate of
76.1% (n=99), and gram-positive bacteria in 23.8% (n=31; Table 3).The
most common organism in the PRBSI group was Pseudomonas
aeruginosa (14/32, 43.8%), followed by Acinetobacter baumannii (7/32,
21.9%) and Klebsiella pneumoniae (5/32, 15.6%; Supplementary Figure 4).
A significantly different distribution of pathogens was observed between
the PRBSI and non-PRBSI groups. Among the PRBSI group isolates, 31
(96.9%) were gram-negative bacteria and 22 (68.8%) were carbapenem-
resistant bacteria, both of which had a significantly higher incidence than
that in the non-PRBSI group (p<0.01). The incidence rate of multidrug-
resistant organism (MDRO) infection was similar in both groups, whereas
that of gram-negative bacteria and gram-positive bacteria was significantly
different (p<0.01).

4. Discussion

To the best of our knowledge, this is the first study to identify and
demonstrate the clinical characteristics of patients with PRBSI in the
ICU. Our study innovatively used clinical diagnosis combined with
WGS to identify patients with PRBSL. In the present study, there were
several interesting findings: (1) most of the secondary BSI in our ICU
was pneumonia-related; (2) compared with non-pneumonia BSI,
PRBSI was associated with poor outcomes, including prolonged IMV
duration, length of ICU stay, increased 28-day mortality, and total
mortality in the ICU; (3) lung imaging findings in the PRBSI group
showed more consolidation on chest radiographs; and (4) PRBSI
displayed a different distribution of causative pathogens.

At present, most previous ICU-BSI studies have focused on
intravascular catheter-related BSI, which has several evidence-based
guidelines for prevention and reduction (20). However, very few studies
have reported PRBSI. A retrospective study that included 141 cases of
hospital-acquired A. baumannii bacteremia found that patients in the
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TABLE 1 Demographics, characteristics at BSI time, and outcomes for PRBSI and Non-PRBSI groups.
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Total BSI Non-PRBSI
n=120 n=288
Demographics
Age, years 65 (55, 73) 66 (54, 72) 65 (56, 74) 0.771
Male sex 80 (66.7%) 19 (59.4%) 61 (69.3%) 0.307
BMI 23.15(20.78, 26.13) 21.55 (18.58, 25.33) 23.75(21.48, 26.35) 0.092
Smoker 50 (40.1%) 11 (34.4%) 39 (44.3%) 0.329
Comorbidities
Hypertension 54 (45.0%) 13 (40.6%) 41 (46.6%) 0.561
Chronic cardiovascular disease 34 (28.3%) 7 (21.9%) 27 (30.7%) 0.344
Chronic lung disease 33 (27.5%) 7 (21.9%) 26 (29.5%) 0.405
Brain disease 21 (17.5%) 4 (12.5%) 17 (19.4%) 0.385
Diabetes mellitus 33 (27.5%) 10 (31.3%) 23 (26.1%) 0.579
Immunosuppression 42 (35.0%) 15 (46.9%) 27 (30.7%) 0.100
Malignancy 16 (13.3%) 7 (21.9%) 9 (10.2%) 0.175
Primary cause for ICU admission
Respiratory diseases 96 (80.0%) 29 (90.6%) 67 (76.1%) 0.079
Pneumonia 63 (52.5%) 16 (50.0%) 47 (53.4%) 0.741
Interstitial lung disease 16 (13.3%) 4 (12.5%) 12 (13.6%) 1.000
Other respiratory diseases 17 (14.2%) 9(28.1%) 8(9.1%) 0.008
Sepsis 8(6.7%) 0 (0.0%) 8(9.1%) 0.176
Cardiovascular diseases 7 (5.8%) 3(9.4%) 4 (4.5%) 0.577
Abdominal diseases 6 (5.0%) 0(0.0%) 6 (6.8%) 0.297
Other diseases 3(2.5%) 0(0.0%) 3(3.4%) 0.564
Patient characteristics at BSI diagnosis
Antibiotic exposure within 30 days before BSI 58 (48.3%) 11 (34.4%) 47 (53.4%) 0.065
Antibiotic exposure within 7 days before BSI 101 (84.2%) 29 (90.6%) 72 (81.8%) 0.243
Time from hospital admission to BSI, days 7(1,17) 13 (8,22) 5(1, 14) 0.001
Time from ICU admission to BSI, days 5(1,14) 12 (7,21) 3(1,9) <0.001
Requiring IMV before BSI 78 (65.0%) 26 (81.3%) 52 (59.1%) 0.024
IMYV time before BSI, days 3.5 (0, 10) 9(3,16) 2(0,8) 0.002
ICU-onset BSI 73 (60.8%) 28 (87.5%) 45 (51.1%) <0.001
APACHE II at BSI onset 19 (8) 20 (9) 18 (7) 0.391
SOFA at BST onset 10 (4) 9 (4) 10 (4) 0.609
IMYV at BSI onset 80 (67.8%) 22 (68.8%) 58 (67.4%) 0.892
P/F ratio, mmHg 145.50 (83.46, 211.36) 118.83 (76.43, 191.71) 150.33 (86.41, 218.67) 0.224
Noradrenalin at BSI onset 76 (63.3%) 18 (56.3%) 58 (65.9%) 0.332
Corticosteroids for sepsis or septic shock 82 (68.3%) 26 (81.3%) 56 (63.6%) 0.067
Respiratory tract co-infection
Bacteria 90 (75.0%) 32 (100.0%) 58 (65.9%) <0.001
Virus 61 (50.8%) 17 (53.1%) 44 (50.0%) 0.762
Fungi 60 (50.0%) 14 (43.8%) 46 (52.3%) 0.409
Outcomes
Days of advanced respiratory support (IMV) 7(2,20) 16 (5, 25) 6(0,18) 0.037
Length of hospital stay, days 17 (8, 32) 21(12,31) 16 (7, 32) 0.209
(Continued)

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1249695
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Liu etal.

TABLE 1 (Continued)
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Total BSI Non-PRBSI
n=120 n=288
Length of ICU stay, days 12.5 (6,27) 21(12,31) 10 (6, 20) 0.004
28-day mortality 71 (59.2%) 26 (81.3%) 45 (51.1%) 0.003
Total mortality 87 (72.5%) 30 (93.8%) 57 (64.8%) 0.002

All continuous data are given as median (IQR) or mean (SD), all categorical data as proportion (%). BSI, Bloodstream infection; BMI, Body mass index; P/F ratio, PaO2/FiO2 ratio; APACHE-
I, acute physiology and chronic health evaluation-II; SOFA, sequential organ failure assessment score; ICU, intensive care unit; and IMV, invasive mechanical ventilation.

TABLE 2 Chest radiograph scoring and respiratory support analysis between PRBSI and non-PRBSI groups.

Characteristics Total BSI Non-PRBSI
n=120 n=_388
RALE score within past 72h before BSI dignosis* 27 (11) 35(7) 24 (11) <0.001
RALE score grades <0.001
1(0-12) 14 (11.8%) 0 (0.0%) 14 (16.1%)
2 (13-24) 36 (30.3%) 3 (9.4%) 33 (37.9%)
3 (25-36) 48 (40.3%) 17 (53.1%) 31 (35.6%)
4 (37-48) 21 (17.6%) 12 (37.5%) 9 (10.3%)
Invasive mechanical ventilation parameters
72h before BSI
PC/PS 15 (4) 15 (4) 15 (4) 0.880
PEEP 8 (6, 10) 8 (6, 12) 8(5,9.5) 0.574
FiO, 0.60 (0.24) 0.61 (0.27) 0.60 (0.23) 0.925
48 before BSI
PC/PS 14 (12, 18) 14 (12, 18) 15 (12, 17) 0.842
PEEP 8(5,10) 8(6,10.5) 7.5(5,8) 0.115
FiO, 0.59 (0.22) 0.60 (0.24) 0.59 (0.22) 0.818
24 before BSI
PC/PS 14.5 (12, 18) 14 (12, 16) 15(12,18) 0.222
PEEP 8 (5.5, 10) 8 (6, 10) 8 (5, 10) 0.655
FiO, 0.60 (0.44, 0.81) 0.52 (0.40, 0.77) 0.60 (0.45, 0.86) 0.239
BSI onset
PC/PS 14 (12, 18) 14 (12, 18) 14 (12, 18) 0.990
PEEP 8(5,10) 9 (6, 10) 7.5(5,8.5) 0.218
FiO, 0.68 (0.50, 1.00) 0.70 (0.49, 1.00) 0.68 (0.50,1.00) 0.729
Prone position treatment 32 (27.4%) 13 (40.6%) 19 (22.4%) 0.048
Recruitment maneuver 15 (12.8%) 5(15.6%) 10 (11.8%) 0.578

“When chest radiographic examinations were performed several times within 72 h before BSI onset, the worst result was recorded. One patient’s CRX data was not available. All continuous
data are given as median (IQR) or mean (SD), all categorical data as proportion (%). BSI, Bloodstream infection; RALE, Radiographic assessment of lung edema; PC, Pressure control; PS,

Pressure support; PEEP, Positive end-expiratory pressure.

pneumonia-related group had a worse prognosis, higher rates of antibiotic
resistance, and higher rates of complications than those without
pneumonia (21). Another study that included 188 cases of A. baumannii
bacteremia in the ICU compared the differences and risk factors for
prognosis between patients with pneumonia- and non-pneumonia-
related bacteremia and found that patients with pneumonia-related
bacteremia had more carbapenem-resistant strains and a higher 30-day
mortality rate (22). Both these studies only explored the characteristics of
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pneumonia-related A. baumannii bloodstream infections. However,
different pathogenic microorganisms may have a significant impact on
the clinical presentation and prognosis of BSL

In this study, we identified PRBSI cases, combined with clinical
diagnoses and WGS. In clinical practice, physicians diagnose BSI
according to patients’ symptoms and organism culture tests and consider
the most likely source. Our study used WGS and phylogenetic analysis to
validate the same bacterial strains isolated from the blood and respiratory
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(B,C).

Calculation of the RALE Score for Upper CXR Calculation of the RALE Score for Upper CXR
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FIGURE 2

Examples of radiographic assessment of lung edema (RALE) score for pulmonary disease severity in our study (A). PRBSI patients were more likely to
have higher RALE scores and higher RALE score grades on chest radiographs within 72 h prior to BSI diagnosis, compared with non-PRBSI patients

tract specimens. Previous studies have shown that pneumonia or
respiratory tract infection is one of the most important sources of
secondary BSI in the ICU (8, 10). Our study showed that the proportion
of PRBSI in ICU-BSI was 26.7%, consistent with that in the EUROBACT-1
international study (21%), the EUROBACT-2 cohort study (26.7%), and
arecent study that recruited 223 patients (25%) (10, 23, 24). Patients with
PRBSI showed prolonged hospital and ICU stays prior to BSI onset,
suggesting that BSI occurring early in ICU admission is more likely to
originate from sources other than PRBSI.

Several studies have shown that BSI in the ICU is associated with
poor clinical outcomes. The prolonged median length of ICU stay for
ICU-acquired BSI varies from 9 to 13 days (24, 25) is consistent with
our findings of 12 days. In a large ICU-BSI study (n=>571), the risk of
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death was 40%, and the adjusted hazard ratio was even higher when
the source was pneumonia (2). In our study, patients with PRBSI
showed significantly prolonged ICU stays for 21 days and a higher
28-day mortality rate (81.3%), and a total mortality rate (93.8%).
However, laboratory indicators related to infection during the period
from ICU admission to BSI diagnosis did not demonstrate any
significant differences, suggesting that laboratory examinations may
have a limited role in identifying PRBSI. PRBSI, which has high
morbidity and a very poor prognosis in patients with ICU-BSI, should
be given more attention in both clinical practice and research.

Early appropriate source control for secondary BSI is important to
improve the condition and should be guided by the patient’s clinical
presentation. The most common conditions that may require a specific
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TABLE 3 Pathogens detection between PRBSI and non-PRBSI groups.

10.3389/fpubh.2023.1249695

Pathogen Total BSI Non-PRBSI

no. (%) no. (%)

Total pathogens 130 (100) 32 (24.6) 98 (75.4)

Gram-negative bacteria 99 (76.1) 31(96.9) 68 (69.4) 0.002
Pseudomonas aeruginosa 27 (20.8) 14 (43.8) 13 (13.3) <0.001
Acinetobacter baumannii 21(16.2) 7 (21.9) 14 (14.3) 0.311
Klebsiella pneumoniae 21(16.2) 5(15.6) 16 (16.3) 0.925
Burkholderia multivorans 3(2.3) 2(6.3) 1(1.0) 0.150
Burkholderia cenocepacia 9(6.9) 1(3.1) 8(8.2) 0.566
Escherichia coli 11 (8.5) 1(3.1) 10 (10.2) 0.377
Other gram-negative bacteria 7 (5.4) 1(3.1) 6(6.1) 0.841
Carbapenem-resistant bacteria 48 (36.9) 22 (68.8) 26 (26.5) <0.001
CRPA 22 (16.9) 13 (40.6) 9(9.2) <0.001
CRAB 17 (13.1) 7 (21.9) 10 (10.2) 0.162
CRE 9(6.9) 2(6.3) 7(7.1) 1.000

Gram-positive bacteria 31(23.8) 1(3.1) 30 (29.9) 0.002
Staphylococcus aureus 8(6.2) 1(3.1) 7(7.1) 0.691
Enterococcus faecium 16 (12.3) 0(0.0) 16 (15.5) 0.033
Enterococcus faecalis 6 (4.6) 0(0.0) 6(6.1) 0.343
Streptococcus pneumoniae 1(0.8) 0(0.0) 1(1.0) 1.000
HLAR 14 (10.8) 0(0.0) 14 (14.3) 0.053

MDRO in all bacteria 92 (70.8) 26 (81.3) 66 (67.3) 0.133
MDRO in GNRs 48 (36.9) 26 (81.3) 42 (42.9) <0.001
MDRO in GPRs 24 (18.5) 0(0.0) 24 (24.5) 0.002

BSI, Bloodstream infection; CRPA, Carbapenem-resistant Pseudomonas aeruginosa; CRAB, Carbapenem-resistant Acinetobacter baumannii; CRE, Carbapenem-resistant Enterobacteriaceae;

MDRO, Multidrug-resistant organism; GNRs, Gram-negative rods; GPRs, Gram-positive rods.

approach for source control are vascular devices, skin and soft tissue, and
intra-abdominal infections (6). For those that originated from
pneumonia, extensive consolidation was normally observed in the
patients’ chest radiographs prior to the onset of BSL. To assess the extent
and density of pulmonary lesion involvement, we used the RALE score,
which has been proven reliable in the assessment of opacification on
COVID-19 patients’ chest radiographs on admission and helps predict
adverse outcomes, to quantify the chest radiographic severity within 72h
before BSI diagnosis (26). A similar proportion of patients had pneumonia
as the primary cause of ICU admissions, but there was a significant
difference in chest radiograph RALE scores at 72 h prior to BSI diagnosis
(p<0.001), suggesting that chest radiography was positive for the
identification of PRBSI. In our study, patients with PRBSI were more
likely to present with increased disease severity from pneumonia on chest
radiographs, indicating that the alveoli were more extensively affected by
the infected foci. Among pneumonia patients with severe extensive
consolidation, the alveoli were filled with a solidified mixture of bacteria
and inflammatory cells, gas could not enter or exit, and alveolar collapse
occurred. It is necessary to take measures to promote the drainage of
secretions, reopen alveoli, and improve pulmonary ventilation. There are
many approaches to decrease the amount of collapsed tissue and keep it
open, including endotracheal or tracheostomy suctioning, high positive
end-expiratory pressure (PEEP), prone position treatment, and lung
recruitment maneuvers (27, 28). In a study of 1,057 COVID-19 patients

Frontiers in Public Health 09

who were intubated and mechanically ventilated, the prone position
induced a significant increase in the PaO,/FiO, ratio, increased
ventilation-perfusion matching, and improved oxygenation (29). Another
study of 99 COVID-19 patients on Extracorporeal Membrane
Oxygenation (ECMO) demonstrated that the PEEP level is required to
counteract compressive forces leading to lung collapse, and PEEP that
increases from 5 to 15 cmH,O appears favorable (30). Therefore, for
patients with PRBSI with extensive consolidation on chest radiographs,
we suggest that it is necessary to adopt advanced strategies aimed at
reopening collapsed or obstructed peripheral airways and alveoli and
improving the primary infection lesions.

Another effective primary source of control in pneumonia-
related BSI is early and appropriate antimicrobial treatment, in
which recognizing the distribution of pathogens causing BSI and
their antibiotic resistance is important. The causative pathogens
of BSI can be severe types of microbes, including bacteria and
fungi, of which bacteria are responsible for over 90% of all cases
(31). In our study, Gram-negative bacteria were the most
commonly isolated pathogens among critically ill patients with
BSI (76.1%), especially in patients with PRBSI. Pseudomonas
aeruginosa was most frequently isolated from the PRBSI group,
followed by A. baumannii and K. pneumoniae. A study including
patients with ICU-BSI over 12 years showed a significant increase
in gram-negative bacterial infections (32). The EUROBACT
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International Cohort Study also underscored this pattern by
showing that nearly 60% of BSI cases are caused by Gram-negative
bacteria (23). In comparison, the EPIC III cohort study
investigated the prevalence and outcomes of ICU patients with
infections in 2017 and reported a higher proportion of gram-
positive pathogens (11). Another concern is the high rate of drug-
resistant pathogen detection. In our study, 70.8% of patients with
ICU-BSI had MDRO infections and 36.9% of carbapenem-
resistant gram-negative bacteria were isolated. Among patients
with PRBSI, the incidence rates of MDRO (26/32, 81.3%) and
carbapenem-resistant bacteria (22/32, 68.8%) were even higher
and became dominant. Previous studies have revealed an
increasing rate of antimicrobial resistance even in countries with
low MDRO (23, 33, 34). Carbapenem resistance in gram-negative
bloodstream infections is associated with mortality, highlighting
the importance of preventing and treating infections caused by
multidrug-resistant pathogens (10, 35, 36). Our results might help
in the instantaneous selection of empiric antibiotic therapy for
patients suspected of having pneumonia-related BSI.

However, this study had several limitations. First, it should be noted
that our sample size was limited, and any related conclusions should
be drawn cautiously. Therefore, the results of this study may not apply to
other institutions. Another important limitation is that we performed a
single-center retrospective study, mainly because of possible information
and selection biases in tracing exposure history. Finally, the study was
conducted in a tertiary hospital, to which many local hospitals transferred
unexpectedly severely ill patients, and there might be a chance of selection
bias. Further continuous and large-scale multicenter prospective studies
on PRBSI are required to validate our findings.

5. Conclusion

Our study showed that PRBSI is associated with a high proportion
of ICU-BSI and poor clinical outcomes. Compared to patients with
non-PRBSI, PRBSI was more likely to be ICU-acquired, had more
severe consolidation involvement on chest radiography, and was
mainly caused by gram-negative bacteria, predominantly MDRO and
carbapenem-resistant bacteria. These findings can be applied to the
early recognition and management of patients with PRBSI in the ICU.
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