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ARTICLE INFO ABSTRACT
Keywords: Objective: In recent decades, there has been a notable increase in the morbidity and mortality rates
Bloodstream infection linked to bacteremia and candidemia. This study aimed to investigate the clinical significance of

Disease severity

30-Day mortality
C-reactive protein
Pro-inflammatory cytokine

inflammatory markers in assessing the disease severity in critically ill patients suffering from
mixed-bloodstream infections (BSIs) due to Enterococcus spp. and Candida spp.

Methods: In this retrospective research, patients diagnosed with BSIs who were admitted to the
intensive care unit (ICU) during the period of January 2019 to December 2022 were analyzed.
The patients were divided into two groups: a mixed-pathogen BSI group with both Enterococcus
spp. and Candida spp., and a single-pathogen BSI group with only Enterococcus spp. The study
examined the differences in inflammatory marker levels and disease severity, including Acute
Physiology and Chronic Health Evaluation (APACHE) II scores, duration of ICU stay, and 30-day
mortality, between the two groups. Furthermore, we sought to scrutinize the potential associa-
tions among these aforementioned parameters.

Results: The neutrophil-to-lymphocyte ratios (NLRs) and levels of plasma C-reactive protein
(CRP), interleukin (IL)-6, IL-8, and tumor necrosis factor-a (TNF-a) in the mixed-pathogen BSI
group were higher than those in the single-pathogen BSI group. Spearman’s rank correlation
analysis showed that NLRs and plasma CRP and IL-6 levels were positively correlated with disease
severity in the mixed-pathogen BSI group. Further, the levels of plasma IL-8 and TNF-a were also
positively correlated with ICU stay duration and 30-day mortality. In multivariate analysis,
plasma CRP and IL-6 levels were independently associated with 30-day mortality.

Conclusion: Mixed-pathogen BSIs caused by Enterococcus spp. and Candida spp. may give rise to
increased NLRs and plasma CRP, IL-6, IL-8, and TNF-a levels in comparison to BSI caused by
Enterococcus spp. only, thus leading to elevated disease severity in critically ill patients.
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1. Introduction

Enterococcus spp. are a diverse group of lactic acid-fermenting cocci bacteria that are Gram-positive [1]. The classification of
Enterococcus spp. is primarily based on the host and host environment. The most prevalent species, E. faecalis and E. faecium, are
commonly found in the human intestinal tract, whereas E. mangii is typically found in natural environments [2]. Since the 1980s, there
has been a rise in the prevalence of multi-drug-resistant strains of E. faecalis and E. faecium, leading to opportunistic infections in
patients admitted to the intensive care unit (ICU) worldwide, posing a considerable threat to the health of hospitalized patients [3].
Based on the previous research findings [4], it has been established that over half of the clinical isolates of E. faecalis display resistance
towards vancomycin, ampicillin, aminoglycosides, and macrolides. The occurrence of Enterococcus infections is typically observed in
immunocompromised and critically ill patients who have potential risk factors such as advanced age, diabetes, malignant tumors,
heart disease, transplantation, and surgery [5]. Enterococcus spp. can lead to various infections such as pelvic infection, neonatal
infection, urinary tract infection, bloodstream infection (BSI), infectious endocarditis, and other diseases [6].

Fungi are widely distributed in nature, with approximately 400 species capable of causing various diseases in humans. However, it
is worth noting that infections commonly arise from only 30 of these species [7]. The prevalence of these organisms has notably risen
among ICU patients due to frequent invasive examinations and treatment with hormones, anti-tumor drugs, and immunosuppressants,
leading to the occurrence of opportunistic or invasive infections [8]. A prior investigation revealed a notable disparity in the prev-
alence of fungal infection between the ICU and other hospital wards, with the mortality rate for invasive fungal infection ranging from
40 to 60% [9]. Candida spp., Aspergillus spp., Cryptococcus spp., and Mucor spp. are among the commonly encountered opportunistic
fungal pathogens in clinical settings [10]. Enterococcus spp. and certain types of fungi are typically found in the human body as part of
the normal flora. However, in patients with compromised immunity, these pathogens can cause opportunistic infections, often
resulting in fatalities. The most severe condition among them is sepsis, with approximately 25%-30% of sepsis cases being caused by
BSIs [11]. Sepsis is currently defined as a potentially life-threatening dysfunction of bodily organs in an individual, which is triggered
by the person’s abnormal response to an infection [12]. In China, E. faecalis and C. albicans are the most prevalent enterococcal and
fungal pathogens, respectively, to cause co-infection in patients with sepsis [13]. Co-infections by these two pathogens can form
mixed-species biofilms at infection sites, leading to increased resistance against antibacterial drugs and macrophages and posing
significant challenges in the treatment [14]. Moreover, studies have demonstrated that the presence of biofilms shields lipoteichoic
acid (derived from Enterococci), which in turn stimulates inflammation in host cells [15].

BSIs are associated with the highest mortality rate, especially among ICU patients [16]. A 4-year statistical study conducted in
Romania from 2017 to 2020 found that the E. faecalis positivity rate in the blood cultures from the ICU was 6.8%, second only to
Coagulase-negative Staphylococci, Klebsiella pneumoniae, Methicillin-resistant Staphylococcus aureus, and Acinetobacter baumannii [17].
Candida spp. is the most prevalent invasive fungus in critically ill patients, and the incidence of candidemia in the ICUs is approxi-
mately 10-20 times more than that in general wards [16]. An epidemiological study reported that Candida spp. was responsible for
22% of hospital-acquired BSIs, surpassing all other pathogens [18]. Notably, multiple studies have verified that BSIs caused by mixed
pathogens (bacteria and Candida spp.) lead to higher morbidity and mortality compared to those caused by monomicrobial or poly-
bacterial pathogens [19]. Inflammatory responses are common in critically ill patients with severe sepsis or septic shock, reflecting the
host’s unbalanced response to infection and its relation to morbidity and mortality [20]. This has also been observed in BSIs caused by
a combination of bacterial and Candida spp. infection. Pathogenic bacteria in the bloodstream release toxins and metabolites, thus
provoking a systemic inflammatory response [21]. On the other hand, candidemia is known for its highly invasive nature, which
results in the massive secretion of inflammatory mediators and the recruitment of inflammatory neutrophils and monocytes [22]. From
a broader perspective, it is particularly important to monitor the inflammatory response in mixed-pathogen BSIs caused by bacteria
and Candida spp., paying particular attention to the link between inflammatory markers and the disease severity.

Bacterial or fungal infections cause an increase in the counts of neutrophils, and hence an increase in neutrophil-to-lymphocyte
ratios (NLRs) may be observed in isolated cases. NLR is considered a reliable marker for the diagnosis of bacteremia and sepsis and
has a potential value in assessing the severity of sepsis [23]. The diagnostic value of procalcitonin (PCT) and C-reactive protein (CRP)
as inflammatory markers for the early detection of BSIs has been widely recognized. Nevertheless, the use of PCT and CRP for
diagnosing fungemia remains controversial [24]. In addition, pro-inflammatory cytokines, including interleukin (IL)-6, IL-8, and
tumor necrosis factor-oa (TNF-a), have been shown to predict the severity of sepsis in ICU patients [25,26]. These cytokines are also
released by host cells in response to Candida albicans and play a crucial role in activating immune effector cells against invading
microorganisms [27]. Patients with candidemia have been found to exhibit significantly elevated levels of these pro-inflammatory
cytokines compared to healthy subjects [28]. Regrettably, there is a limited number of studies that have examined the correlation
between levels of inflammatory markers and disease severity in critically ill patients with concurrent fungal and bacterial BSIs.
Additionally, no specific strains have been investigated in these studies. Based on the aforementioned research, we proposed that
inflammatory markers, including white blood cell (WBC) counts, NLRs, and plasma PCT, CRP, IL-6, IL-8, and TNF-a levels might be of
clinical significance in assessing the disease severity in critically ill patients with mixed-pathogen BSIs caused by Enterococcus spp. and
Candida spp.

This study aimed to investigate the clinical significance of inflammatory markers in assessing disease severity in BSIs caused by
mixed pathogens, specifically the simultaneous presence of Enterococcus spp. and Candida spp. We analyzed the association between
levels of inflammatory markers and Acute Physiology and Chronic Health Evaluation (APACHE) II scores, ICU stay duration, and 30-
day mortality. To the best of our knowledge, this is the first study to explore this aspect.
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2. Materials and methods
2.1. Study population

The study enrolled critically ill patients admitted to the ICU with BSIs caused by Enterococci from January 2019 to December 2022.
Critically ill patients were defined as those who exhibited unstable vital signs, rapidly changing conditions, and more than two organ
systems functioning in an unstable state that could potentially endangers their lives at any time. BSI was determined by identifying
microorganisms that were isolated from blood culture. Candidemia was defined based on criteria established by the Infectious Diseases
Society of America [29]. The criteria for considering a blood culture positive were as follows: there must be at least one positive result
from a blood culture, and subsequent blood cultures for the same patient should also yield positive results, indicating the presence of a
single infection strain [30]. This study included patients who met the following inclusion criteria: (1) age >25 years and (2)
Enterococcus BSI with or without concurrent Candida BSI as determined by blood culturing results. Further, the exclusion criteria were
as follows: (1) the existence of other bacterial co-infections, (2) severely immunocompromised, and (3) receiving corticosteroid
treatment. Severely immunocompromised patients were defined as individuals who met one or more of the following criteria: (1) a
history of using antineoplastic drugs or immunosuppressants within 3 months prior to ICU admission, (2) the presence of hematologic
malignancies, and (3) a diagnosis of acquired immunodeficiency syndrome. These exclusions were necessary in order to maintain the
integrity and validity of the findings.

2.2. (lassification

Depending on the presence of BSI caused by Candida spp, patients were categorized into two groups: (1) the single-pathogen BSI
group, comprising patients without Candida BSI; and (2) the mixed-pathogen BSI group, encompassing patients with BSI caused by
both Enterococcus spp. and Candida spp.

2.3. Data collection

Clinical data and laboratory results of all included patients in the study were retrospectively collected using the hospital infor-
mation system (HIS). The integrated medical records during hospitalization can be queried at any time through HIS [31]; the records
are regularly maintained by the staff of the hospital information department, thus avoiding the data to be missed. The main patient
characteristics were age, sex, presence of major diseases, BSI classification, the foci of infection, invasive treatment received, anti-
microbial treatment received, and blood culture time to positivity. The identification of the infected organ or tissue was established as
the foci of infection when the clinical symptoms of bacteraemia appeared and a blood culture was obtained [32]. This study followed
the convention of documenting the focus as uncertain if two or more potential foci were considered equally plausible [33]. The
antibiotic treatment data obtained in this study mainly involve two aspects: the number of antibiotics used and inappropriate initial
antimicrobial therapy. Inappropriate initial antimicrobial therapy was characterized as the antibiotic treatment administered within
72 h following the suspicion of BSI that was found to be ineffective against the particular pathogen determined via culture and in vitro
susceptibility testing [34]. Prior to receiving the blood culture results, the administration of antibiotics as a form of empirical treatment
did led to a percentage of patients receiving inappropriate initial antimicrobial therapy. Initiation of antimicrobial therapy was
required if the patient had a temperature of >38.0 °C or <36.0 °C, experienced chills, or had a systolic blood pressure <90 mmHg [35].
The disease severity was defined based on APACHE II scores, ICU stay duration, and 30-day mortality. All patients underwent APACHE
II score assessment within the first 24 h after admission to the ICU. BSIs were categorized as community-acquired or hospital-acquired
infections. Community-acquired BSIs were identified from a positive blood culture collected within 48 h of hospital admission.

Blood samples for cultures were collected from patients presenting with a high fever and suspicion of BSI on at least 3 occasions.
The samples for bacterial blood culture were divided into two bacterial culture bottles, each containing 8-10 mL of blood. The
anaerobic bottle was inoculated first, followed by the aerobic bottle. For fungal blood culture, the samples were placed in fungal
culture bottles, with each bottle containing 3-5 mL of blood. The time interval between the collection of samples for bacterial blood
culture and fungal blood culture was controlled within 5 min. The BACT/ALERT-3D automatic blood culture system (BD Medical) was
employed to conduct microbial culturing. Bacteraemia is characterized by the occurrence of bacteria in the bloodstream, as evident
through the isolation of bacteria from blood cultures. Fungemia refers to the presence of fungi, specifically yeasts from the Candida
spp., in the bloodstream [12]. The identification of Candida was accomplished through the utilization of colony coloration and the
Vitek2 YST identification card (Biomerieux), whereas the ATB microbial identification and drug sensitivity analysis system (Bio-
merieux) was utilized for identifying bacterial species. The susceptibility test of Enterococcus spp. adhered to the guidelines stated in
the 2017 version of the Clinical and Laboratory Standards Institute (CLSI) for the interpretation of susceptibility pattern [36]. The
guidelines provided by CLSI were also followed for conducting the testing on Candida spp. The interpretation of susceptibility was
based on the definitions outlined in the CLSI editions, specifically CLSI M27-S4 and CLSI M27-S3 [37].

At our hospital, which is a specialized center for hematology and oncology, the detection of inflammatory factors, including IL-6,
IL-8, and TNF-q, is a routine practice in the clinical laboratory. Furthermore, in cases with infectious diseases, especially patients with
sepsis, the levels of inflammatory markers are used as reference indicators for evaluating infection control in ICUs at our hospital. PCT,
CRP, IL-6, IL-8, and TNF-« levels in blood samples that were collected at the same time as for culturing were analyzed using a SEBIA
automatic enzyme-linked immunoassay detector. The upper reference ranges for plasma PCT, CRP, IL-6, IL-8, and TNF-u levels in
healthy participants were 0.5 ng/mL, 5 mg/L, 5.9 pg/mL, 62 pg/mL, and 8.1 pg/mL, respectively. Normal reference intervals were
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acquired following the guidelines provided in the instruction manual of the Immulite 1000 automated chemiluminescence immu-
noassay analyzer (Siemens) kit. The establishment and verification of these intervals were conducted in adherence to the specifications
outlined in the CLSI C28-A3 document [38]. Besides, WBC counts and NLRs were also analyzed as inflammatory markers. Following
admission to the ICU, blood samples were collected on a daily basis and the complete blood cell counts were assessed using a Sysmex
XT-2000i automatic five-category analyzer specialized in blood cell analysis. For the purpose of this study, the levels of inflammatory
markers obtained on the day of collecting positive blood culture samples of Enterococcus spp. were utilized for analysis.

2.4. Statistical analysis

The Chi-squared test was applied to analyze categorical variables, and their presentation was expressed as numbers (percentages).
The statistical analysis of parametric and non-parametric (natural log-transformed) continuous variables in this study was conducted
using the two-sample t-test and the two-tailed Mann-Whitney test, respectively. All continuous variables are expressed as means
(standard deviations). Survival curves were prepared to determine the dynamics of 30-day survival and compared using the log-rank
(Mantel-Cox) test. Spearman’s rank correlation analysis was employed to assess the associations between levels of inflammatory
markers and disease severity. Additionally, in order to examine the association with 30-day mortality in detail, multivariate logistic
regression analysis was conducted, incorporating age, number of major diseases, number of antibiotics used, inappropriate initial
antimicrobial therapy received, the foci of infection, and all inflammatory markers included in this study as variables. p-values of less
than 0.05 were deemed to be statistically significant, and odds ratios (OR) together with their corresponding 95% confidence intervals
(CIs) were reported. Statistical analyses were conducted using GraphPad Prism 8.0.2 software.

3. Results

In the preliminary screening list, a total of 158 patients with initial and secondary infections caused by Enterococcus spp. were
included. A total of 30 patients were excluded due to the presence of other bacterial co-infections, while 19 and 15 patients were
excluded due to their immunocompromised status and the administration of corticosteroids during ICU admission, respectively. The
final study cohort consisted of 94 patients, who were classified into two categories: individuals solely infected with Enterococcus spp.
(n = 43; single-pathogen BSI group) and individuals concurrently infected with Enterococcus spp. and Candida spp. (n = 51; mixed-
pathogen BSI group) (Fig. 1).

Critically ill patients admitted to ICU with
Enterococcus BSI
(n=158)

Patients with other bacterial co-infections
(n=30)
Immunocompromised status
i (n=19)
Received treatment with corticosteroids
(n=15)

Exclude

Final study cohort for analysis

(n=94)
With or without concurrent Candida BSI
Single-pathogen BSI Mixed-pathogen BSI
group (n =43) group (n =51)

Fig. 1. Flow chart showing the inclusion and exclusion criteria.
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3.1. Demographic characteristics of included patients

Table 1 summarizes the demographic characteristics of included patients. Single- and mixed-pathogen BSI groups had 43 (45.7%;
30 men and 13 women; the mean age of 75.6 years) and 51 (54.3%; 35 men and 16 women; the mean age of 77.2 years) patients,
respectively. Major diseases in patients of these two groups were cardiovascular (41.9% vs. 47.0%), digestive (16.3% vs. 19.6%),
urinary system (16.3% vs. 23.5%) and neurological (34.9% vs. 37.2%) diseases, and diabetes mellitus (53.5% vs. 56.8%). The majority
of patients had hospital-acquired BSIs in both the single and mixed pathogen BSI groups (53.5% vs. 58.8%). Regarding the foci of
infection, in the single-pathogen BSI group, 10 (23.2%) patients had lower respiratory tract infections, 3 (6.9%) had urinary infections,
and 14 (32.5%) had gastrointestinal tract infections. Additionally, 16 (37.2%) patients had no certain foci of infection. On the other
hand, in the mixed-pathogen BSI group, 13 (25.4%) patients had lower respiratory tract infections, 5 (9.8%) had urinary infections,
and 15 (29.4%) had gastrointestinal tract infections. Moreover, 18 (35.3%) patients had no certain foci of infection. All patients in the
two groups had a central venous catheter and an indwelling urethral catheter. Further, 31 (72.1%), 5 (11.6%), and 2 (4.6%) patients in
the single-pathogen BSI group and 43 (84.3%), 8 (15.7%), and 6 (11.8%) patients in the mixed-pathogen BSI group had indwelling
nasogastric, indwelling thoracic drainage, and indwelling peritoneal drainage tubes, respectively. In the single-pathogen BSI group, 8
patients (18.6%) received inappropriate initial antimicrobial therapy, while in the mixed-pathogen BSI group, 15 patients (29.4%)
received inappropriate initial antimicrobial therapy. There were no significant differences observed in age, sex, major diseases, BSI
classification, primary infected foci, invasive treatment received, and inappropriate initial antimicrobial therapy received between the
two groups (all p > 0.05). However, the proportion of patients using 3 or more antibiotics in the single-pathogen BSI group was found to
be significantly lower than that in the mixed-pathogen BSI group (65.1% vs. 88.2%, respectively; p = 0.012). Additionally, the blood
culture time (in hours) to positivity for Enterococcus spp. in the single-pathogen BSI group was significantly shorter than in the mixed-
pathogen BSI group [22.8 (7.6) vs. 27.6 (8.4), respectively; p = 0.005]. Furthermore, Candida spp. exhibited a longer blood culture
time to positivity compared to Enterococcus spp.

3.2. Distribution of pathogens

As depicted in Fig. 2, the included patients exhibit a varying distribution of pathogens. In the single-pathogen BSI group, it was

Table 1

Patient demographics of the final study cohort.
Variables Single-pathogen BSI group (n = 43) Mixed-pathogen BSI group (n = 51) p-value
Age, years, mean (SD) 75.6 (10.6) 77.2 (11.3) 0.483
Male sex, n (%) 30 (69.8) 35 (72.5) 0.821
Major diseases, n (%)
Cardiovascular disease 18 (41.9) 24 (47.0) 0.679
Digestive disease 7 (16.3) 10 (19.6) 0.790
Urinary system diseases 7 (16.3) 12 (23.5) 0.446
Neurological disease 15 (34.9) 19 (37.2) 0.833
Diabetes mellitus 23 (53.5) 29 (56.8) 0.836
BSI classification, n (%)
Community-acquired 20 (46.5) 21 (41.2) 0.678
Hospital-acquired 23 (53.5) 30 (58.8) 0.678
The foci of infection, n (%)
Lower respiratory tract 10 (23.2) 13 (25.4) >0.999
Urinary tract 3(6.9) 5(9.8) 0.723
Gastrointestinal tract 14 (32.5) 15 (29.4) 0.824
Uncertain 16 (37.2) 18 (35.3) >0.999
Invasive treatments, n (%)
Central venous catheterization 43 (100) 51 (100) >0.999
Indwelling urethral catheter 43 (100) 51 (100) >0.999
Indwelling nasogastric tube 31(72.1) 43 (84.3) 0.206
Indwelling thoracic drainage tube 5(11.6) 8 (15.7) 0.766
Indwelling peritoneal drainage tube 2 (4.6) 6 (11.8) 0.282
Antimicrobial treatment, n (%)
Antibiotics > 3 28 (65.1) 45 (88.2) 0.012
Inappropriate initial antimicrobial therapy 8 (18.6) 15 (29.4) 0.241
Blood culture time to positivity, hours, mean (SD)
Enterococcus spp. 22.8 (7.6) 27.6 (8.4) 0.005
Candida spp. - 40.6 (10.8) -
Disease severity, mean (SD) or n (%)
APACHE II scores, mean (SD) 19.9 (4.0) 22.1 (3.7) 0.003
ICU stay duration, days, mean (SD) 20.3 (5.2) 23.6 (4.7) 0.009
30-day mortality, n (%) 10 (23.3) 23 (45.1) 0.032

Data are presented as mean (SD) or n (%). APACHE, Acute Physiology and Chronic Health Evaluation; BSI, bloodstream infection; ICU, intensive care
unit; n, number; SD, standard deviation. For the analysis, the ICU hospitalization days of patients who died within 30 days were also considered as
part of the ICU stay duration. p-value < 0.05 means statistically significant. BSIs were community-acquired or hospital-acquired.
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Fig. 2. Distribution of pathogens in the two groups. The numbers in parentheses represent the number of cases.
found that 37 patients were infected with E. faecalis, while 6 patients were infected with E. faecium. On the other hand, in the mixed-
pathogen BSI group, 41 patients were found to be infected with E. faecalis, with an additional 10 patients infected with E. faecium.
Among these cases, 33 patients displayed co-infections of E. faecalis with C. albicans, 5 patients with C. tropicalis, and E. faecalis, 3
patients with C. glabrata. Furthermore, all of the remaining 10 patients were all co-infected with E. faecium and C. albicans. Notably, no
significant differences were observed in the distribution of Enterococcus spp. between the two groups (p = 0.585).

3.3. Disease severity

In Table 1, the disease severity in both groups is also presented. Within 24 h of ICU admission, APACHE II scores were determined

Survival curves

1094 == Single-pathogen BSI group

== Mixed-pathogen BSI group

Percent 30-day survival
(2]
o
1

log-rank p = 0.018

20 1 L) 1 L) 1 I
0 5 10 15 20 25 30

Time (day)

Fig. 3. Thirty-day survival curves for patients in two groups. Black and red lines represent 30-day survival curves for the single- and mixed-
pathogen BSI groups, respectively. p < 0.05 indicates statistical significance.
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Fig. 4. Comparison of inflammatory marker levels between the two groups. Inflammatory markers include WBC counts (a), NLRs (b), plasma PCT
levels (c), plasma CRP levels (d), plasma IL-6 levels (e), plasma IL-8 levels (f), and plasma TNF-a levels (g). * and ** represent p < 0.05 and p < 0.01,
respectively.

for all 94 patients. Comparing the two groups, the mixed-pathogen BSI group had significantly higher APACHE II scores compared to
the single-pathogen BSI group [22.1 (3.7) vs. 19.9 (4.0), respectively; p = 0.002]. In addition, ICU stay duration (in days) was
significantly longer for the mixed-pathogen BSI group compared to the single-pathogen BSI group [23.6 (4.7) vs. 20.3 (5.2), respec-
tively; p = 0.005]. The 30-day mortality in the mixed-pathogen BSI group was found to be significantly higher compared to the single-
pathogen BSI group (45.1% vs. 23.3%, respectively; p = 0.032). The survival curves of the two groups indicated that deaths in the
mixed-pathogen BSI group peaked at day 10, while in the single-pathogen BSI group, deaths were evenly distributed and occurred
later. The percent 30-day survival also differed significantly between the two groups (log-rank p = 0.018) (Fig. 3).

3.4. Inflammatory markers

Fig. 4 illustrates the comparisons made between the two groups in terms of WBC counts, NLRs, and plasma PCT, CRP, IL-6, IL-8, and
TNF-a levels. The NLRs of the mixed-pathogen BSI group were found to be significantly higher than those of the single-pathogen BSI
group (p = 0.009) (Fig. 4b). Additionally, the mixed-pathogen BSI group exhibited significantly higher levels of plasma CRP (Fig. 4d),
IL-6 (Fig. 4e), IL-8 (Fig. 4f), and TNF-u (Fig. 4g) compared to the single-pathogen BSI group (p = 0.012, p = 0.003, p = 0.006, and p =
0.026, respectively). However, no statistically significant differences were observed between the two groups in terms of WBC (Fig. 4a)
counts and plasma PCT (Fig. 4c) levels (all p > 0.05).

3.5. Association of inflammatory markers with disease severity

Fig. 5 presents the association between inflammatory markers and disease severity in the mixed-pathogen BSI group. NLRs (Fig. 5b)
and plasma CRP (Fig. 5d) and IL-6 (Fig. 5e) levels were positively correlated with APACHE II scores [(r = 0.352 and p = 0.038), (r =
0.436 and p = 0.014), and (r = 0.413 and p = 0.019), respectively], ICU stay duration [(r = 0.379 and P = 0.025), (r = 0.405 and p =
0.024), and (r = 0.506 and p = 0.003), respectively], and 30-day mortality [(r = 0.400 and p = 0.017), (r = 0.445 and p = 0.012), and
(r = 0.477 and p = 0.004), respectively]. Further, plasma IL-8 (Fig. 5f) and TNF-a (Fig. 5g) levels also showed a positive correlation
with ICU stay duration [(r = 0.392 and p = 0.027) and (r = 0.362 and p = 0.041), respectively] and 30-day mortality [(r = 0.461 and p
=0.013) and [(r = 0.383 and p = 0.025), respectively]. Nevertheless, WBC counts (Fig. 5a) and plasma PCT levels (Fig. 5c) exhibited
no significant correlation with APACHE II scores, ICU stay duration, and 30-day mortality (all p > 0.05).

In multivariate analyses, any confounding association between inflammatory markers and 30-day mortality were excluded using
logistic regression analysis, considering patients’ background variables, primarily age, number of major diseases, number of antibiotics
used, and the foci of infection. Plasma CRP (OR = 1.130, 95% CI = 1.039-1.319, p = 0.027) and IL-6 (OR = 1.045, 95% CI =
1.017-1.100, p = 0.018) levels were independently associated with 30-day mortality (Table 2).

4. Discussion

In the past decade, BSIs have been frequently seen in patients admitted to the ICU, in particular, with bacteremia and candidemia
being linked to significant levels of morbidity and mortality [39]. Enterococcus species are a significant group of bacterial pathogens
that lead to hospital-acquired BSIs in ICU patients, with E. faecalis and E. faecium being the most prevalent pathogens responsible for
the majority of infections [40]. The prevalence of E. faecalis-induced BSIs is estimated to be around 4.5 infections per 100,000 in-
dividuals each year. Additionally, the case fatality rate linked to these infections ranges from 10% to 20% [41]. Besides bacterial BSIs,
fungal infections, specifically those caused by Candida species, have demonstrated an increase, especially among individuals under-
going significant abdominal surgical procedures [42]. A previous study conducted by MacBrayne et al. [43] indicated that the median
blood culture time to positivity in Gram-negative pathogens was 14.33 h, while in fungi it was 32.5 h, which aligns with the findings of
current study. This study also identified that co-infection with Candida spp. prolonged the blood culture time to positivity of
Enterococcus spp. Further, co-infections that involve both C. albicans and E. faecalis are on the rise in hospital-acquired BSIs [44].
Hospital-acquired BSIs are frequently linked to multidrug-resistant strains, which have a strong association with antibiotic usage in
healthcare settings [45]. In the present study, it was found that BSIs caused by mixed cultures were the most prevalent, with a majority
of these cases being hospital-acquired. These results indicate a potentially elevated risk of developing BSIs from mixed cultures within
healthcare facilities. Among them, a significant number of patients received three or more antibiotics. In addition, Zeise et al. found
that a considerable proportion of BSIs caused by E. faecalis and C. albicans were linked to central venous catheters [44]. Similarly, all
patients with BSIs included in this study received central venous catheterization after ICU admission. BSI refers to a patient displaying
signs of systemic infection with a positive blood culture. The infection may originate from a known source or an unidentified source
[46]. Evans et al. [47] conducted a previous prospective cohort study on BSIs and reported that around 30% of patients had no
identified foci of infection, which aligns with our findings. A prior prospective cohort study conducted in Taiwan [48] revealed that
polymicrobial BSIs were linked to higher risk of poor outcomes in comparison to mono-microbial BSIs. Similarly, the present study also
observed that patients with the mixed-pathogen BSIs exhibited a higher APACHE 1II score, longer ICU stay, and increased 30-day
mortality compared to patients with the single-pathogen BSIs, further highlighting a significant increase in disease severity when
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Fig. 5. Scatterplot shows the correlations between inflammatory markers and disease severity. Inflammatory markers include WBC counts (a), NLRs
(b), plasma PCT levels (c), plasma CRP levels (d), plasma IL-6 levels (e), plasma IL-8 levels (f), and plasma TNF-« levels (g). Disease severity was
presented as APACHE II scores, ICU stay duration and 30-day mortality. r: Spearman’s correlation conefficient. For the analysis, the ICU hospi-
Ealization days of patients who died within 30 days were also considered as part of the ICU stay duration.

multiple pathogens (both Candida spp. and Enterococcus spp.) at present. Inappropriate initial antimicrobial therapy is a crucial factor
affecting the prognosis of patients with severe infections [35]. Several previous studies have highlighted that inappropriate initial
antimicrobial therapy leads to an increase in both hospital mortality rate and length of stay among critically ill patients with
Gram-negative BSIs [34]. In this study, it was observed that the proportion of patients in the mixed-pathogen BSI group who received
inappropriate initial antimicrobial therapy was higher compared to the single-pathogen BSI group. However, it is important to note
that this difference was not statistically significant. In a previous study conducted by Hamada et al. [49], it was found that prior use of
antibiotics for uncertain foci was significantly associated with a 28-day mortality in patients with ampicillin-resistant enterococcal
bacteremia. This factor may also contribute to the higher disease severity and poor prognosis in patients with mixed-pathogen BSIs
caused by Enterococcus spp. and Candida spp. However, further studies with a larger sample size are needed to confirm these findings.

Systemic inflammation plays a crucial role in the advancement of diseases in BSIs and potentially sepsis, leading to heightened
mortality risks [50]. Elevated NLRs are often characterized by increased neutrophils and decreased lymphocytes, reflecting an
imbalance between acute inflammation and adaptive immunity [51]. A higher NLR, particularly >10, indicates a worse prognosis in
patients with sepsis [23]. Salciccioli et al. found that higher NLRs in patients with sepsis were associated with higher disease severity
characterized by a longer ICU stay and higher APACHE II score [52]. In the present study, the mixed-pathogen BSIs caused by
Enterococcus spp. and Candida spp. resulted in higher NLRs than those of the single-pathogen BSIs by Enterococcus spp., and NLRs were
also positively correlated with disease severity. The WBC counts, along with plasma PCT and CRP levels, are commonly used markers
for identifying bacterial infection [53]. Yet, the predictive ability of WBC counts for BSIs is limited as a considerable number of in-
dividuals with BSI exhibit normal WBC counts [54]. Furthermore, studies have indicated that WBC counts are unable to distinguish
between patients with fungal BSIs and those with negative blood cultures [55]. This explains why there were no significant differences
in WBC counts between the two groups in the current study. Consistent with previous reports [56,57], WBC counts did not correlate
with disease severity in ICU patients with BSIs, supporting that NLRs are a more valuable predictor of disease severity in the
mixed-pathogen BSI caused by Enterococcus spp. and Candida spp.

PCT is recognized as a crucial marker of inflammation in clinical assessments of bacterial infections [58]. CRP is a valuable
acute-phase protein that operates as a sensitive systemic marker for both inflammation and tissue injury [59]. Studies have shown a
significant increase in plasma levels of both PCT and CRP in individuals with bacterial sepsis [58]. However, rare reports exist
regarding the clinical significance of plasma PCT and CRP levels in cases of candidemia. Pieralli et al. found that critically ill patients in
the ICU with sepsis and candidemia exhibited notably lower plasma PCT levels in comparison to those with bacteremia [60]. Li et al.
[61] similarly reported that there was no significant difference in plasma PCT levels between patients with candidemia and bacter-
emia, but did find significantly higher plasma CRP levels in patients with candidemia. Our study also revealed that patients with
mixed-pathogen BSIs involving Enterococcus spp. and Candida spp. had higher plasma CRP levels in comparison to PCT levels when
compared to patients with single-pathogen BSIs.

In patients with bacteria-driven sepsis, the plasma PCT and CRP levels found to be linked to disease severity [62]. To determine if
the same correlation applies to mixed-pathogen BSIs involving Enterococcus spp. and Candida spp., correlation analyses were con-
ducted between inflammatory markers and disease severity. Contrary to previous findings [62], the present study found that plasma
PCT levels did not correlate with disease severity in cases of mixed-BSIs caused by Enterococcus spp. and Candida spp. Interestingly,
there was a positive correlation observed between plasma CRP levels and APACHE II scores, ICU stay duration, and 30-day mortality.
This indicates that plasma CRP levels could serve as a more dependable marker for assessing disease severity and predicting outcomes
in such infections. Several previous studies have consistently found that levels of PCT are higher in Gram-negative bacterial infections

Table 2

Multivariate logistic regression analysis of factors for 30-day mortality.
Factors odds ratios (95% confidence interval) p-value
Age 1.187 (1.021-1.621) 0.095
Number of major diseases 5.261 (1.018-58.14) 0.088
Number of antibiotics used 2.603 (0.496-22.23) 0.296
Inappropriate initial antimicrobial therapy 1.812 (0.761-4.847) 0.198
The foci of infection 0.315 (0.030-1.725) 0.229
WBC counts 1.163 (0.971-1.889) 0.291
NLRs 1.396 (1.072-2.895) 0.094
Plasma PCT levels 0.432 (0.095-1.328) 0.176
Plasma CRP levels 1.130 (1.039-1.319) 0.027
Plasma IL-6 levels 1.045 (1.017-1.100) 0.018
Plasma IL-8 levels 1.051 (1.018-1.156) 0.054
Plasma TNF-a levels 1.028 (0.997-1.082) 0.143

CRP, C-reactive protein; IL-6, interleukin 6; IL-8, interleukin 8; n, number; NLR, neutrophil to lymphocyte ratio; PCT, procalcitonin; TNF-
o, tumor necrosis factor alpha; WBC, white blood cell. p-value <0.05 means statistically significant.
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compared to Gram-positive bacterial and fungal infections. Additionally, PCT levels serve as a more sensitive marker for bacterial BSIs
compared to fungal BSIs [63]. This discrepancy may elucidate the lack of a positive correlation between PCT levels and disease severity
in the present study. Coexistence of C. albicans and bacteria like E. faecalis and Staphylococcus aureus has been shown to exacerbate
bacterial infection, resulting in a heightened inflammatory response and ultimately a worse prognosis [64]. Based on our findings, we
determined that higher disease severity in patients with mixed-pathogen BSIs was attributed to higher plasma CRP levels, which could
be due to the exacerbation of bacterial infection in the presence of a fungal pathogen.

Pro-inflammatory cytokines IL-6, IL-8, and TNF-a are commonly activated during severe infections. In our previous study, plasma
IL-6, IL-8, and TNF-a levels were observed to be higher during sepsis due to co-infections by Klebsiella pneumoniae and Acinetobacter
baumannii in comparison to sepsis due to infection by only one of these species; further, the levels of these markers were correlated with
disease severity [26]. Wang et al. [65] found that the levels of IL-6, IL-8, and TNF-a were significantly elevated in candidemia
compared with Gram-positive bacteremia, indicating that the elevated levels of these pro-inflammatory cytokines may serve as
valuable diagnostic markers for differentiating between candidemia and bacteremia. Co-infection by Candida albicans and Staphylo-
coccus aureus has been proven to shift the balance between pro-inflammatory and anti-inflammatory cytokine production. Altered host
responses may be due to direct host cell-microbe interactions, increased microbial transmission, or increased production of
pro-inflammatory cytokines in host cell responses to co-infection [66]. In the present study, plasma IL-6, IL-8, and TNF-« levels in the
mixed-pathogen BSI group were significantly higher than those in the single-pathogen BSI group, further supporting the previous
findings. Additionally, we found that plasma IL-6, IL-8, and TNF-a levels were positively correlated with disease severity by Spear-
man’s rank correlation analysis. These results indicated that IL-6 and CRP are of potential clinical significance in predicting the disease
severity in critically ill patients with mixed-pathogen BSI caused by Enterococcus spp. and Candida spp. Furthermore, our findings again
indicated that Candida spp. enhanced enterococcal infection and manifested as higher plasma levels of IL-6, IL-8, and TNF-a and
associated disease severity.

While these findings indicated that NLRs, the plasma levels of CRP, IL-6, IL-8, and TNF-a were associated with disease severity, the
strength of these associations was found to be weak. Additionally, it was noted that age, number of major diseases, number of anti-
biotics used, the foci of infection could not be disregarded when determining the impact on the mortality of patients with mixed-
pathogen BSIs. Consequently, considering the aforementioned clinical context of the patients, we conducted a multivariate analysis
taking multiple factors into account. The results revealed plasma CRP and IL-6 levels were independently associated with 30-day
mortality, thereby reaffirming the significance of inflammatory markers in assessing disease severity.

This study had a few limitations. Firstly, it was conducted at a single-center ICU, which may limit the generalizability of the results.
Secondly, patients with other bacterial co-infections, immunosuppression, and previous or ongoing corticosteroid treatments were
excluded from the study, resulting in a further reduction in the sample size. Thirdly, despite the retrospective observational design of
the study, the potential presence of confounding factors was not taken into account. Lastly, the study did not consider the potential
impact of antibiotic prophylaxis based on full coverage of pathogenic microorganisms.

5. Conclusion

In summary, our study exposed that mixed-pathogen (Enterococcus spp. and Candida spp.) BSIs in the ICU were predominantly
hospital-acquired, with E. faecalis and C. albicans as the main pathogens. The majority of this patient cohort consisted mainly of elderly
individuals with cardiovascular disease, neurological disease, diabetes, and other underlying conditions. Moreover, the patients un-
derwent multiple antimicrobial therapies, including an initial antimicrobial therapy that may have been inappropriate to some extent.
Additionally, they received invasive interventions such as central venous catheterization and urethral catheterization as part of their
necessary treatment. By analyzing our findings, it was observed that patients with mixed-pathogen BSIs exhibited higher NLRs and
plasma CRP, IL-6, IL-8, and TNF-a levels as well as higher disease severity when compared to those with single-pathogen (Enterococcus
spp.) BSIs. This result could be due to the enhancement of enterococcal infection by Candida spp.; however, further studies are required
to confirm this effect. Additionally, this study revealed that NLRs as well as plasma CRP, IL-6, IL-8, and TNF-a levels were positively
correlated with disease severity in patients with the mixed-pathogen BSIs caused by both Enterococcus spp. and Candida spp. Among
these markers, plasma CRP and IL-6 levels exhibited independent associations with 30-day mortality. In addition, multivariate logistic
regression analysis revealed that there were correlations between NLRs and plasma IL-8 levels, as well as age and the number of major
diseases, with 30-day mortality. However, these correlations were not statistically significant, possibly due to limitations in sample
size. Hence, these inflammatory markers may be of great clinical significance as predictors of the disease severity in this specific patient
population. Furthermore, our study may provide insights for future larger multicenter prospective studies.
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APACHE Acute Physiology and Chronic Health Evaluation

BSI bloodstream infection

CI confidence interval

CRP C-reactive protein

HIS hospital information system
ICU intensive care unit

IL-6 interleukin-6

IL-8 interleukin-8

NLR neutrophil-to-lymphocyte ratios
OR odds ratio

PCT procalcitonin

TNF-o:  tumor necrosis factor-a;
WBC white blood count
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