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Purpose: To study the etiological characteristics and risk factors affecting the prognosis of patients with polymicrobial bloodstream
infections.

Patients and Methods: Overall, 141 patients with polymicrobial bloodstream infections in Henan Provincial People’s Hospital
during 2021 were included. Laboratory test indexes, department of admission, sex, age, intensive care unit (ICU) admission, surgical
history, and central venous catheter placement were collected. Patients were divided into surviving and deceased groups based on
outcomes at discharge. Mortality risk factors were identified by univariate and multivariable analyses.

Results: Seventy-two of 141 patients survived. Patients were mainly from the ICU and the Departments of Hepatobiliary Surgery and
Hematology. Overall, 312 microbial strains were detected: 119 gram-positive, 152 gram-negative, and 13 anaerobic bacteria and 28
fungi. Among the gram-positive bacteria, coagulase-negative staphylococci were most frequent (44/119, 37%), followed by enter-
ococci (35/119, 29.4%). Among coagulase-negative staphylococci, methicillin-resistant coagulase-negative staphylococci incidence
was 75% (33/44). Among gram-negative bacteria, Klebsiella pneumoniae was most common (45/152, 29.6%), followed by
Escherichia coli (25/152, 16.4%) and Pseudomonas aeruginosa (13/152, 8.6%). Among K. pneumoniae, the incidence of carbapenem-
resistant (CR) K. pneumoniae was 45.7% (21/45). On univariate analysis, mortality risk factors included increased white blood cells
and C-reactive protein, decreased total protein and albumin, CR strains, ICU admission, central venous catheter, multiple organ failure,
sepsis, shock, pulmonary diseases, respiratory failure, central nervous system diseases, cardiovascular diseases, hypoproteinemia, and
electrolyte disturbances (P < 0.05). Multivariable analysis showed that ICU admission, shock, electrolyte disorders, and central
nervous system diseases were independent mortality risk factors. The survival curve shows that the survival rate of patients with
polymicrobial CR bloodstream infections was lower than that of patients with polymicrobial non-CR bloodstream infections
(P=0.029).

Conclusion: Patients with polymicrobial bloodstream infections are typically critically ill and harbor multidrug-resistant bacteria.
Thus, to minimize mortality rate in critically ill patients, changes in infectious flora should be monitored, antibiotics selected
reasonably, and invasive procedures reduced.
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Introduction

Bloodstream infections often occur in patients with primary medical conditions who have high clinical morbidity and
mortality rates, as compared with the general population. The risk factors for bloodstream infections include diabetes,
chronic liver diseases, cardiovascular diseases, immunosuppressive diseases, hematologic diseases, and tumors.' ™

The pathogens involved in bloodstream infections are typically bacteria and fungi, and patients are mostly infected

with a single pathogen. Clarification of pathogen species and drug susceptibility using blood culture can guide the
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rational use of antibiotics in clinical practice.” With the advancement of medical technology, the number of critically ill
patients has increased, resulting in more complex bloodstream infections. These are no longer limited to a single type of
pathogen: polymicrobial bloodstream infections have emerged. Some studies have shown that compared to single
bacterial bloodstream infections, polymicrobial bloodstream infections not only have statistical differences in etiology,
but also have a more frequent occurrence of septic shock; moreover, the mortality rate is twice that of single bacterial
bloodstream infections. Other studies have also shown that pathogens with polymicrobial bloodstream infections have
higher multidrug resistance, and the intensive care unit is the main location for patients with polymicrobial bloodstream
infections.*> However, absence studies have investigated the etiological characteristics of polymicrobial bloodstream
infections and mortality risk factors.

Therefore, this study retrospectively collected the laboratory test results and clinical data of patients with polymi-
crobial bloodstream infections in Henan Provincial People’s Hospital within a 1-year period, to analyze the etiological
characteristics of patients with polymicrobial bloodstream infections and mortality risk factors to provide a basis for
reducing the mortality rate of hospitalized patients with polymicrobial bloodstream infections.

Materials and Methods

Patients

We analyzed 1318 patients with positive blood culture and found that 141 patients had polymicrobial bloodstream
infections in Henan Provincial People’s Hospital from 1 January 2021 to 31 December 2021; these patients were selected
as study participants. The inclusion criterion was that at least two types of bacteria were detected in the same blood
culture. The exclusion criteria were inadequate clinical or laboratory data, including transfer or discharge without
relevant clinical diagnosis and treatment process, resulting in insufficient clinical data and unclear patient outcomes.
For example, when we collected the clinical and laboratory results of patients with bloodstream infection, if the analyzed
variables (such as underlying diseases history or total protein result) were missing, that particular patient was excluded
from the analysis.

Methods

Collection of Clinical Data

The clinical data of patients with polymicrobial bloodstream infections, including sex, age, department, length of
hospitalization, surgical history, central venous catheter placement, and underlying diseases (tumors, malignant hema-
tologic diseases, multiple organ failure, hypertension, diabetes, sepsis, shock, pulmonary diseases, respiratory failure,
hepatobiliary diseases, central nervous system diseases, cardiovascular diseases, renal diseases, bone and joint diseases,
anemia, hypoproteinemia, and electrolyte disorders), were collected using the hospital’s system based on Donghua
software. The definition of admission diagnosis was based on the patient’s diagnosis on admission, classified according to
the International Classification of Diseases-11 (ICD-11).° Sepsis was defined as life-threatening organ dysfunction caused
by a dysregulated host response to infection.” The death or survival of a patient at discharge defined the treatment
outcome of a patient.

Collection of Laboratory Test Results

Information on the pathogen species and drug susceptibility were collected from the blood culture results of patients with
polymicrobial bloodstream infections, using the laboratory information system, based on Ruimei software. A BACTEC
FX automatic blood culture instrument was used for blood culture, a Germany Bruker mass spectrometer (MALTI-TOF)
was used for strain identification, and a PHOENIX100 automatic drug sensitivity identification system (American BD)
was used for bacterial drug sensitivity. The antifungal susceptibility test was performed with ATB FUNGUS 3 strips
(Vitek, bioMérieux, Marcy-1"Etoile, France); fastidious bacteria and anaerobic bacteria were not used for drug sensitivity.
The antibiotic sensitivity breakpoint was referenced according to the criteria of the Clinical and Laboratory Standards
Institute (CLSI). The quality control strains were the standard strains purchased by the Ministry of Health, including
Escherichia coli ATCC25922, Streptococcus pneumoniae ATCC49619, Staphylococcus aureus ATCC29213,
Pseudomonas aeruginosa ATCC27853, and Enterococcus faecalis ATCC29212. Laboratory findings were obtained
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within 24 h of blood culture collection, including white blood cell count (WBC), neutrophil percentage, platelet count,
C-reactive protein (CRP), procalcitonin, total protein (TP), and albumin (ALB). The SYSMEX-CS5100 (Siemens
Healthineers, Erlangen, Germany), a fully automated blood coagulation analyzer, and VITROS-5600 (Ortho Clinical
Diagnostics; Raritan, NJ, USA), a fully automated biochemical and immunoassay analyzer, were used.

Statistical Analysis

SPSS v20.0 software (IBM Inc., Armonk, NY, USA) was used for data analysis in this study. The enumeration data were
described by frequency and percentage, whereas the measurement data were described by the mean and standard
deviation or median and quartiles. The #-test and rank-sum test were used for univariate analysis of measurement data,
depending on whether the data conformed to a normal distribution, whereas the chi-squared test was used for qualitative
data. Variables with P values <0.05 in the univariate analyses were selected for possible inclusion in in the multivariate
logistic regression. We used backward stepwise bivariate logistic regression to select variables for inclusion in the final
multivariate logistic regression model. P < 0.05 indicated that a difference was statistically significant. GraphPad Prism
(GraphPad Inc., La Jolla, CA, USA) was used to plot survival curves.

Results

Characteristics of Strains in Patients with Polymicrobial Bloodstream Infections

Among 1318 patients of blood culture positive, 141 had polymicrobial bloodstream infections (incidence, 10.1% [141/
1318]). Among the 141 patients with polymicrobial bloodstream infections, two strains were detected in 117 patients,
three strains were detected in 18 patients, and four strains were detected in six patients. Of the 312 total strains, 152 were
gram-negative bacteria, 117 were gram-positive bacteria, 28 were fungi (11 Candida albicans, 8, C. tropicals, 6

C. prapsilosis, and 3 C. glabrata),13 were anaerobic bacteria, and 2 were Actinomycetes (Figure 1).

1.60% 5

Corynebacterium

0.64% 2

actinomycetes - 14.42% 45

K.pneumoniae

- 8.97%
4.17% 28 Candida
13 anaerobe

2.56% 8
Fastiditic bacteria

4.17% 13 Other
gram-positive coccus

8.01% 25
E.coli

1.92% 6
|
K.aerogenes
4.81% 15
Streptococcus
2.24%

7 E.cloacae
11.22% 35
-—

Enterococcus 5.13%

16 E. others
417% 13
P. aeruginosa
4.17% 13
™ A. baumannii
1.92% 6
B. cepacia
1.92%

14.10%
44 CNS

- 3.21% 10 2.88% 9 Other S. maltophilia
S. aureus =m  non-fermenting
bacillus
Figure | Distribution of strains in patients with polymicrobial bloodstream infection.
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Drug Susceptibility of Strains in Polymicrobial Bloodstream Infections

The isolation rate of carbapenem-resistant (CR) Enterobacteriaceae was 22.2% (22/99) among 99 Enterobacteriaceae
strains, including one isolate of Enterobacter cloacae, one isolate of Serratia marcescens and 20 isolates of Klebsiella
pneumoniae (CRKPN). The incidence rate (44.4%, 20/45) of CRKPN was significantly higher than that of other strains.
There were 25 strains of carbapenem-sensitive K. pneumoniae, and the incidence rate of extended spectrum beta-
lactamases (ESBLs) was 28% (7/25). Of the 25 strains of E. coli without detectable CR, the incidence rate of ESBLs
was 68% (17/25). The isolation rate of CR P. aeruginosa (CRPA) was 38.5% (5/13). Nine of the 13 Acinetobacter
baumannii strains were pan-resistant and only susceptible to polymyxin B and tigecycline.

Among the 54 strains of staphylococci, the incidence rates of methicillin-resistant S. aureus (MRSA) and methicillin-resistant
coagulase-negative staphylococci (MRSCN) were 40% (4/10) and 75% (33/44), respectively. There were 35 strains of
enterococci, with a penicillin susceptibility rate of 37.1% (13/35), and the positivity rate for high-concentration gentamicin
screening was 40% (14/35).

The drug susceptibility test for the 28 fungal strains revealed a susceptibility rate of 100% for caspofungin,
amphotericin B, and 5-fluorocytosine; 93.1% for voriconazole; 79.3% for itraconazole; and 65.5% for fluconazole.

Distribution of the Departments of Origin of Patients with Polymicrobial Bloodstream

Infections
The 141 patients with polymicrobial bloodstream infections were mainly distributed in ICU and Departments of
Hepatobiliary Surgery, Hematology, Orthopedics, Infection, and Gastrointestinal Surgery (Figure 2).

Analysis of Mortality Risk Factors in Patients with Polymicrobial Bloodstream
Infections

Univariate analysis showed that increased WBC and CRP and decreased TP and ALB had significant effects on the
prognosis of patients with polymicrobial bloodstream infections (P < 0.05) (Table 1). Admission to the ICU, central
venous catheter placement, multiple organ failure, sepsis, shock, pulmonary diseases, respiratory failure, central nervous

2.84% 4 Department
of Intrarenal Rheumatology

2.84% 4 - 2-13% 3
Urology Surgery Neurology
1.42% 2 3.55% 5
3.55% 5 Dermatology Others Department
Oncology Department

- 3-55% 5 Digestive
System Department

4.26% 6
Gastrointestinal Surgery

4.96% 7 Infectious
disease Department

45.39% 64
ICU Ward

3.55% 5
Orthopedics

9.93% 14
Hematology Department

12.06% 17
Hepatobiliary Surgery

Figure 2 Distribution of departments of patients with polymicrobial bloodstream infections.

3920 e Infection and Drug Resistance 2023:16

Dove!


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

Dove Xu et al

Table | Univariate Analysis of Mortality Risk Factors in Patients with Polymicrobial
Bloodstream Infections

Risk Factor Deceased (n=69) Surviving (n=72) TIZ P-value
Age (years) 57.6 £ 16.0 578 £ 159 —0.090 0.929
WBC (x10%/L) 129 + 10.9 9.1 £62 2519 0.013
NEU% 82.1 + 186 785 % 186 1.166 0.246
PLT (x10%/L) 151.9 + 104.2 192.7 + 176.1 —1.665 0.098
CRP (mg/L) 107.6 + 60.1 83.8 + 489 2.581 0.011
PCT (ng/mL) 142 + 225 9.0+ 159 1.565 0.120
TP (g/L) 548 £ 8.0 579+78 —2.340 0.021
ALB (g/L) 304 £56 325 %63 —2.093 0.038

Abbreviations: WBC, white blood cell; NEU%, neutrophil percentage; PLT, platelet count; CRP, C-reactive
protein; PCT, procalcitonin; TP, total protein; ALB, albumin.

Table 2 Univariable Analysis of Mortality Risk Factors in Patients with Polymicrobial Bloodstream Infections

Risk Factor Deceased Group Surviving Group OR Value P-value
(n=69) n% (n=72) n% (95% Confidence Interval)
Sex (male) 45 (69.0) 47 (65.7) 3 (16.67) 0.994
>2 types of strain 13 (18.8) Il (15.3) 1.29 (0.53-3.11) 0.574
Admission to ICU 49 (79.3) 15 (31.4) 9.35 (4.31-20.00) <0.001
Surgical history 41 (51.7) 51 (69.5) 0.60 (0.30-1.21) 0.155
Central venous catheter placement 38 (55.1) 13 (18.1) 5.56 (2.59-11.90) <0.001
Tumors 16 (24.1) 22 (27.6) 0.69 (0.32-1.45) 0.324
Malignant hematologic diseases 7 (5.2) 9 (13.3) 0.79 (0.33-2.25) 0.792
Multiple organ failure 8 (15.5) 0 (1.0) 2.18 (1.81-2.62) 0.003
Hypertension 22 (32.8) 16 (21.9) 1.64 (0.77-3.47) 0.196
Diabetes 13 (19.5) 13 (19.0) 1.05 (0.45-2.47) 0.904
Sepsis 24 (38.0) 12 (20.0) 2.67 (1.21-5.88) 0.014
Shock 33 (56.9) 6 (13.3) 10.10 (3.86-26.32) <0.001
Pulmonary diseases 48 (75.9) 34 (52.4) 2.56 (1.28-5.10) 0.007
Respiratory failure 24 (39.7) 3 (8.6) 12.20 (3.48-43.48) <0.001
Hepatobiliary diseases 38 (56.9) 38 (48.6) 1.10 (0.57-2.13) 0.785
Central nervous system diseases 27 (39.7) 11 (23.8) 3.56 (1.59-7.94) 0.001
Cardiovascular diseases 30 (50) 19 (29.5) 2.15 (1.06—4.35) 0.009
Renal diseases 20 (36.2) 15 (21.0) 1.55 (0.72-3.36) 0.263
Anemia 29 (44.8) 21 (30.5) 1.76 (0.88-3.53) 0.111
Hypoproteinemia 42 (62.1) 25 (43.8) 2.92 (1.47-5.81) 0.002
Electrolyte disorders 42 (65.5) 14 (27.6) 6.45 (3.02-13.70) <0.001
Drug-resistant bacteria 29 27 1.21 (0.62-2.38) 0.583
CRO 21 I 2.43 (1.06-5.52) 0.032

Abbreviations: ICU, intensive care unit; CRO, carbapenem-resistant organism, OR, odds ratio.

system diseases, cardiovascular diseases, hypoproteinemia, electrolyte disturbances, and detection of CR strains were
mortality risk factors (P < 0.05) (Table 2).

The results of the multivariable analysis showed that a history of central nervous system diseases, admission to the
ICU, shock, and electrolyte disturbances were independent mortality risk factors in patients with polymicrobial blood-
stream infections (Figure 3).

Among the 141 patients with polymicrobial bloodstream infections, 21 of 32 patients with polymicrobial CR
bloodstream infections died (mortality rate: 65.6%), which was higher than that of patients with polymicrobial non-
CR bloodstream infections (48/109, mortality rate: 44.0%). Survival curve analysis with 30 hospitalization days after
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Figure 3 Multivariable analysis of mortality in patients with polymicrobial bloodstream infections.

100 ————
| P T T S

90+
- CS=109
- CR=32

Percent survival

80+ Log-rank P=0.029

0 10 20 30

Hospital Days After Positive Blood Culture

Figure 4 Thirty-day survival curve of patients with carbapenem-resistant and non-carbapenem-resistant polymicrobial bloodstream infection.
Abbreviations: CR, carbapenem-resistant; CS, carbapenem-sensitive.

positive blood culture showed that the survival rate of patients with polymicrobial CR bloodstream infections was lower

than that of patients with polymicrobial non-CR bloodstream infections (P = 0.029) (Figure 4).

Discussion
It is noteworthy that previous literature only analyzed patients with a single bacterial bloodstream infection. No previous

study in China has categorized patients with polymicrobial bloodstream infections and analyzed their clinical character-
istics and mortality risk factors. Among the gram-positive bacteria, coagulase-negative staphylococci were most frequent,
and of these, three-quarters were MRCNS. Among gram-negative bacteria, K. pneumoniae was most common, and of
these, almost half were CRKPN. On multivariable analysis, ICU admission, shock, electrolyte disorders, and central
nervous system diseases were independent risk factors for mortality. Survival rates with 30 hospitalization days after
positive blood culture were lower in patients with polymicrobial CR bloodstream infections than in those with

polymicrobial non-CR bloodstream infections (P = 0.029).
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The incidence of polymicrobial bloodstream infections in our hospital was similar to that reported in the literature
(average level, 10.9% to 15.5%).* It has been noted in the literature that the 1-year mortality rate of patients with
bloodstream infections ranges from 8% to 48%.' In the present study, the mortality rate of 141 patients with poly-
microbial bloodstream infections was 49% (69/141). It is thus inferred that the mortality rate for polymicrobial blood-
stream infections in our hospital was higher than the average mortality rate for bloodstream infections in other hospitals.
This may be because our hospital is one of the large tertiary hospitals in Henan Province, and thus is the referral hospital
for more critically ill patients from various cities. In addition, these data are also a reminder that patients with
polymicrobial bloodstream infections may have more complex clinical manifestations and treatment processes due to
the diversity of infection strains; this may be the reason for the high mortality rate. However, additional data is needed to
confirm this.

Patients were mainly distributed in the ICU, Department of Hepatobiliary Surgery, and Department of Hematology.
This may be because ICU patients are critically ill, with systemic involvement and have mostly experienced traumas and
major surgeries that typically involve invasive procedures.’” The Department of Hepatobiliary Surgery is the main ward
for patients with digestive diseases, who are mostly at the postoperative stage, have mucosal damage caused by serious
primary diseases and surgeries, and have translocation of normal flora, which causes endogenous infections. The
digestive system contains the largest number of species and the largest quantity of flora in the human body, which is
the main factor leading to polymicrobial infections. Patients in the Department of Hematology are also at high risk for
infections due to their extremely low immunity and placement of a peripherally inserted central catheter.

The research results show that the main pathogens isolated from patients with polymicrobial blood infection include
E. coli, K. pneumoniae and S. aureus and that these were associated with a high incidence rate and mortality.® It has been
reported that Bacteroides is the most isolated anaerobe in bloodstream infection, while Clostridium has the highest
mortality rate (36.5%).”'® The anaerobes we detected were mainly these two kinds of bacteria; Clostridium was more
frequently detected than bacillus. There were two patients with mixed anaerobe blood infection, respectively from
hepatobiliary surgery and gastrointestinal surgery. In addition, we also detected relatively rare strains of bloodstream

=13 and we also detected a strain of

infection, such as Aggregatibacter, Haemophilus, Eiken, and Actinomycetes,
Neisseria meningitidis"*'° from a 7-year-old patient with hematological disease, which was also complicated by
Candida tropicalis infection. Moreover, four pathogens were detected among six patients with bloodstream infection,
which suggests the severity of infection among these patients and emphasizes the need for physicians to prioritize blood
culture and rapidly implement antibiotic treatment. For these patients with polymicrobial bloodstream infection, we
speculate that the source of bacteria was mostly from damaged organs such as the digestive or respiratory tract.'’2°

According to the Blood Bacterial Resistant Investigation Collaborative System report of 2014-2019, gram-negative
bacteria were found to be significantly more common than gram-positive bacteria among the pathogens involved in
bloodstream infections.”’ However, gram-negative bacteria were only slightly more common than gram-positive bacteria
among the 312 strains detected in this study, which thus differs from the literature. The isolation rate of coagulase-negative
staphylococci was the highest among that of gram-positive bacteria, which was also inconsistent with the literature
regarding most isolation rates of pathogens. This may be because most patients with polymicrobial bloodstream infections
were from the ICU and had low immunity and because invasive operations had led to the invasion by environmental
bacteria as well as normal flora from the human body.**** For example, the coagulase-negative staphylococci and
enterococci, which demonstrated higher isolation rates, were mostly isolated from the ICU patient population.

Among the 99 Enterobacteriaceae in this study, K. pneumoniae was detected most frequently. Forty-five strains were
detected, including 20 strains of CRKPN, with an isolation rate of 44.4%, which was higher than the national level of
16.1%. Eighteen of the CRKPN strains were obtained from ICU patients. In recent years, the detection rate of CRKPN
has been increasing annually. It causes severe infections that are difficult to treat and poses a challenge to healthcare
workers.?* Carbapenem antibiotics are the first-line drugs for clinical treatment of patients with severe infections. The CR
mechanism mainly involves the production of different types of carbapenem enzymes, combined with mutation of porins,
leading to the emergence of K. pneumoniae that are highly resistant to carbapenem. This study included the minimum

inhibitory concentration (MIC) of imipenem and meropenem. Their MIC values were > 8 ug/mL or > 32 ug/mL,
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respectively, indicating highly resistant strains.”® The resistance mechanism should be further investigated. The most
commonly isolated non-fermenters were P. aeruginosa and A. baumannii, with severe drug resistance.

Among the gram-positive bacteria, 54 strains of staphylococci were isolated, including 44 strains of coagulase-
negative staphylococci. The incidence rate of MRSCN was 75%, which was higher than that of MRSA (40%), which was
consistent with the drug resistance rates reported in the literature. Coagulase-negative staphylococci are known to be
normal flora of human skin, mucous membranes, and environment. These strains that were previously used for
calculating the rate of blood culture contamination have evolved into one of the pathogens of bloodstream infections
in recent years.”?° The high isolation rate in this data analysis may be because most patients with polymicrobial
bloodstream infections are critically ill and immunocompromised, and coagulase-negative staphylococci then become
pathogens by invading the bloodstream or these patients become infected by other pathogens that invade the bloodstream.
Another reason is that the blood cultures of patients with polymicrobial infections had elevated inflammatory indexes and
corresponding clinical signs, and thus it is not possible to determine whether coagulase-negative staphylococci were
contaminants or pathogens in the cases selected for this trial.

With advances in medical technology and the diversity of medical treatment, although critically ill patients are saved, the
number of patients with polymicrobial bloodstream infections is increasing, when compared with those with bloodstream
infections caused by a single strain that were commonly seen in the past, leading to clinical treatment complexity.

In this study, patients with polymicrobial bloodstream infections were divided into surviving and deceased groups for
analysis of indicators of prognosis. Univariate analysis showed that deceased patients had significant (P < 0.05) increases in
WBC and CRP and decreases in TP and ALB. A significant increase in WBCs, which are important components of the
immune system, suggests that a patient has a severe infection. CRP, which is a sensitive inflammatory indicator, tends to
remain at high levels in the early and progressive stages of a disease and is an important laboratory reference indicator. The
decrease in TP in patients with polymicrobial bloodstream infections is mostly associated with more excessive protein
catabolism and less protein synthesis. Albumin maintains the normal oncotic pressure, serves as a carrier for transporting
different substances to detoxification organs, and is an important component of the immunological barrier. A decrease in
ALB causes an increase in the permeability of the vascular wall, which makes it easy for exogenous substances, such as
bacteria, to invade the bloodstream, leading to infections. A decrease in ALB also causes a decrease in transport capacity,
leading to accumulation of toxins in the blood and causing a further decrease in immunity and damage to organ functions. It
has been demonstrated that increasing the serum ALB is an effective means of reducing the mortality rate of patients.’*~'

The results of the univariate analysis also showed that admission to the ICU and central venous catheter placement
were the risk factors for the prognosis of patients and that multiple organ failure, sepsis, shock, respiratory failure,
hypoproteinemia, electrolyte disturbances, detection of CR strains, pulmonary diseases, central nervous system diseases,
and cardiovascular diseases that present during the course of disease, were risk factors of mortality. These results were
similar to those of previous studies of risk factors for bloodstream infections.*> These patients tend to have a rapid
disease progression and are prone to complications that prolong the disease course and further reduce the immunity of
patients, allowing multiple bacteria to invade into the bloodstream and causing polymicrobial bloodstream infections.
The results of the multivariable analysis showed that a history of underlying central nervous system diseases, admission
to ICU, shock, and electrolyte disturbances were the main mortality risk factors in these patients.***** Consistent with the
literature, a history of central nervous system disease is a risk factor for patients with polymicrobial blood flow
infections, and we also confirmed that it is a risk factor for mortality, thus this should garner clinical attention.'® It
serve as a risk indicator to help clinical doctors identify patients with polymicrobial bloodstream infections. Our data
analysis also showed that risk factors associated with electrolyte disorders in 56 patients with polymicrobial bloodstream
infections included shock (30/39, 76.9%), respiratory failure (19/27, 70.4%), sepsis (23/36, 63.9%), and kidney disease
(21/35, 60.0%), which may suggest the effect of disease progression of patients in clinical practice. The results of the
survival curve analyses also showed that patients infected with CR strains had significantly lower survival rates than did
those with non-CR infections, which was similar to the results of previous studies.>”

This study also had some limitations. Firstly, due to it was a retrospective observatory study, information bias would
occur. Secondly, the sample size was not sufficiently large. In the future, we will collect more samples of inpatients with
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polymicrobial bloodstream infection to further analyze mortality risk factors, with a final aim of decreasing mortality in
these patients.

Conclusion

In conclusion, the results of this study showed that polymicrobial bloodstream infections in our hospital occurred mostly
in critically ill patients and that coagulase-negative staphylococci were significantly predominant among the isolated
pathogens, unlike the overall reports in the literature. In the future, the number of observed patients can be increased to
observe any changes in pathogen trends. Analysis of mortality risk factors showed that admission to the ICU, central
nervous system diseases, shock, and electrolyte disturbances were the main risk factors for mortality in these patients.
This suggests that clinicians should pay marked attention to patients with such factors and that symptomatic treatment
and improvement of these factors have the potential to reduce the mortality rate of critically ill patients.

Abbreviations

ALB, albumin; CR, carbapenem-resistant; CRP, C-reactive protein; ESBLs, extended spectrum beta-lactamases; ICU,
intensive care unit; MRCNS, methicillin-resistant coagulase-negative staphylococci; MRSA, methicillin-resistant
Staphylococcus aureus; TP, total protein; WBC, white blood cell count.
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