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Abstract
Background Recent epidemiological studies on bloodstream infections (BSIs) that include the incidence
rate, species distribution and dynamic changes are scarce in China. This study was performed to
understand these epidemiological data of BSIs over the past 10 years in China. Method Using real-time
nosocomial infection surveillance system, this study was retrospectively performed on BSIs in one of the
largest hospitals in China, from January 2010 to December 2019. Results From 2010 to 2019, there were
totally 9381 episodes of BSIs out of 1,437,927 adult hospitalized patients in the hospital, the total
incidence rate of BSIs was 6.50‰ (6.50 episodes per 1000 adult-hospitalized patients per year) and the
incidence rates had signi�cantly decreased (8.24‰ to 6.00‰, time trend P <0.05). Among the 9381
episodes of BSIs, 93.1% were bacteremia and others (6.9%) were fungemia. As the most common
species, the composition ratios of coagulase-negative staphylococcus (25.6% to 32.5%), Escherichia coli
(9.8% to 13.6%) and Klebsiella pneumonia (5.3% to 10.4%) had been dynamic increased (time trends P
<0.05) and the proportion of Pseudomonas aeruginosa had dynamic decreased (4.0% to 2.4%, time trend
P =0.007). However, Staphylococcus aureus (3.3% to 3.1%) and Acinetobacter baumannii (4.4% to 4.2%)
had not changed signi�cantly (time trend P >0.05). These common species were consistent with China
Antimicrobial Surveillance Network reported in 2018 (2018 CHINET report), but their composition ratios
were different. Additionally, among bacteremia, the proportion of the multidrug-resistant bacteria
gradually increased from 52.9% to 68.4% (time trend P <0.001). Conclusion The incidence rate and the
species distribution had been dynamic changing and this study could be supplements to the 2018
CHINET report.

Introduction
Bloodstream infections (BSIs) refer to various pathogenic microorganisms that have invaded the blood,
primarily bacteria and fungi[1]. With the increasing number of invasive procedures and the unreasonable
use of broad-spectrum antibacterial drugs and corticosteroids, the incidence and mortality of BSIs
increase annually, as has been reported in many studies[2, 3]. For example, the incidence of BSIs increased
by 64% from 945 to 1,546 per 100,000 hospitalized patients per year from 2000 to 2013 in a Swedish
county, and the 30-day mortality of BSIs was up to 12.8%[4].

The administration of early empirical antimicrobial therapy based on the epidemiology of the species
distribution and its antimicrobial susceptibility is crucial. A previous study revealed that gram-positive
bacteria were more prevalent than gram-negative bacteria in BSIs in the United States and Europe[5], and
the gram-negative bacilli accounted for the majority of BSIs (54%) in Colombia[6]. However, the clinical
microbiological data of BSIs has constantly changed in recent years[6, 7]. For example, the proportion of
gram-negative bacteria increased from 44–53% over 9 years and that of gram-positive bacteria
decreased from 49–45% in an Australian tertiary hospital[8].

There were many studies on bloodstream infections in China, but most of these studies were separate
cases studies involving the clinical characteristics, the risk factors of these BSI cases and (or) the species
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distributions and drug resistance of BSIs. For example, Liu J et al. found that the 30-day mortality of
carbapenem-resistant Klebsiella pneumonia bacteremia was 24.7% and that the only risk factor was
carbapenem exposure within 30 days before the onset of bacteremia in 89 oncohematological patients
(HR 25.122)[9]. Bai Y et al. collected 174 patients with BSIs after interventional therapy from 2013 to 2018
and found that gram-positive bacteria accounted for 56.05% of BSIs in these patients and that
coagulase-negative Staphylococcus was the main infectious bacteria. They also found that days of
prophylactic antibiotic use (OR = 1.586, P < 0.05) and replacement of antibiotics (OR = 13.349, P < 0.05)
were the main risk factors associated with the development of BSIs using multivariate analysis[10].

Nonetheless, due to the complexity and huge �nancial expense of bloodstream infection surveillance,
recent epidemiological studies on bloodstream infections in China that include the incidence rate, species
distribution and dynamic changes are scarce. To understand the changing trends in the epidemiology of
BSIs, the present study retrospectively analyzed the incidence rate, species distribution and drug
resistance of BSIs and their dynamic changes over 10 years in one of the largest tertiary hospitals in
China.

Methods

Hospital setting
This retrospective study was performed at a 3500-bed tertiary medical center with more than 140,000
hospitalized patients per year, Chinese People's Liberation Army General Hospital (CPLAGH). This
hospital is one of the largest general hospitals and integrates medical treatment, teaching and scienti�c
research. CPLAGH primarily provides medical services for patients in northern China. Therefore, the
dynamic trends of the microbiology and incidence rate of BSIs in this hospital basically re�ect the
prevalence of BSIs in northern China.

All data were collected by reviewing the real-time nosocomial infection surveillance system (RT-NISS)
medical electronic database in the hospital. The system is capable of daily, automatic, and real-time
screening of all suspicious infections of hospitalized patients, such as BSIs, respiratory tract infection,
urinary tract infection, surgical site infection, gastrointestinal tract infection, skin and soft tissue infection
and other infections. Simultaneously, the system also can eliminate contamination and colonization
infections. A previous study showed that the sensitivity and speci�city of the RT-NISS system were 98.8%
and 93.0%, respectively, for nosocomial infections[11].

Case de�nition

Positive-blood culture and the de�nition of BSIs
All suspicious BSIs were screened and under surveillance by the RT-NISS system. The following screening
strategies for BSIs were used. (1) At least one positive blood culture: Each set of blood cultures in our
hospital included an aerobic blood culture bottle and an anaerobic blood culture bottle. A positive blood
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culture was de�ned as at least one isolation of microorganisms for a set of blood cultures, including
bacterial, fungal and other rare pathogens. (2) At least one BSI-related clinical symptom, such as chills,
fever (> 37.3℃), and hypotension (systolic pressure < 100 mmHg). (3) Elevated levels of at least one BSI-
related molecular marker, such as procalcitonin (PCT), C-reactive protein (CRP), and white blood cell
count (WBC).

All hospitalized patients with positive blood cultures were considered as being suspicious for BSI, but
only patients who had at least one BSI-related clinical symptom and (or) elevated levels of at least one
BSI-related molecular marker were diagnosed with BSI by the RT-NISS system. Otherwise, the positive
blood culture was considered a contaminant or colonization.

Inclusion and exclusion of BSIs
The RT-NISS system identi�ed repeated and identical BSIs in the same patient. If the patient who was
diagnosed with BSI had two or more positive blood cultures caused by an identical specie within 14
consecutive days, only the �rst blood culture was used to diagnose an episode of BSI, and the other
cultures were excluded. However, if the identical BSI recurred after 14 days, the recurrent BSI was
considered a new episode of BSI by the RT-NISS system. Additionally, if the patient had one or more
positive blood cultures caused by two or more different species and each of the species in the blood
culture could be diagnosed as BSI, then each species that caused the BSI was considered as a separate
episode of BSI.

Community-acquired BSI and hospital-acquired BSI
BSIs were divided into community-acquired BSIs (CA-BSIs) and hospital-acquired BSIs (HA-BSIs) based
on the onset date and the date when the positive blood culture was drawn. The BSI was de�ned as a CA-
BSI when its onset was within 48 hours after admission, and HA-BSI was de�ned when BSI onset
occurred longer than 48 hours after admission.

Study variables
From January 1, 2010, to December 31, 2019, the total number of adult hospitalized patients diagnosed
with BSIs each year and the total number of adult hospitalized patients were collected for each year. The
incidence rate in each year and the dynamic trend were calculated.

The following microbiological data were collected: the species of the microorganism isolated in the blood
culture; the gram stain type of the species that led to bacteremia (de�ned as gram-positive cocci, gram-
negative bacilli and others); the species that led to fungemia (de�ned as Candida or non-Candida); the
antibiotic resistance of bacteria (de�ned as multidrug resistance or sensitive according to the Clinical and
Laboratory Standards Institute (CLSI) standards); and the corresponding numbers. The composition
ratios were separately calculated annually; then, their dynamic time trend could be evaluated from 2010
to 2019. Multidrug resistance was de�ned as a species of bacteria that was resistant to three or more
types of antibiotics (such as aminoglycosides, erythromycins, penicillins, cephalosporins, β-lactams,
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carbapenem, tetracyclines, glycopeptides, linezolid, sulfa antibiotics), but not three of the same type of
antibiotics.

The dynamic time trends of the incidence rates and species distribution in these 10 years were the focus
of the present study. To reduce the coe�cient of variation of all the variables in one year, the average
value of each variable over two consecutive years was used to assess dynamic changes. Therefore, the
10-year data were divided into �ve groups: 2010–2011, 2012–2013, 2014–2015, 2016–2017 and 2018–
2019.

Statistical analysis
All statistical analyses were performed using SPSS version 22.0 software (SPSS, Inc., Chicago, IL, USA).
The number of adult hospitalized patients and the episodes of BSIs were described as N, and the
incidence rates of BSIs in all adult hospitalized patients were described as N ‰ (N episodes per 1000
adult-hospitalized patients per year). The number of species and the composition ratios were described
as N and a percentage (%), respectively. The dynamic time trends of the incidence rate and the
composition ratios of the various species were statistically analyzed using the Mantel-Haenszel chi-
square test, which is equivalent to the Cochran-Armitage trend test, and the p-value of linear-by-linear
association and Pearson correlation coe�cient (R) were exhibited to evaluate the dynamic time trends
and the directions of these trends (increase or decrease), respectively. All results with a 2-tailed p-value < 
0.05 were signi�cant. R > 0 represented that the dynamic time trend increased, and R < O represented that
the dynamic time trend decreased.

Results

Incidence rate of BSIs and dynamic time trend
From January 1, 2010, to December 31, 2019, there were 1,437,927 adult hospitalized patients in the
hospital and 9381 episodes of BSIs. The total average incidence rate of BSIs over these 10 years was
6.50‰ (6.50 episodes per 1000 adult hospitalized patients per year). As shown in Table 1 and Fig. 1a,
although the number of adult hospitalized patients and the number of BSIs over the two consecutive
years increased from 2010 to 2019, the time trend of the average incidence rates of BSIs decreased
gradually from 8.24‰ to 6.00‰. The linear-by-linear association was statistically signi�cant (P < 0.05).
The incidence rates of community-acquired BSIs (CA-BSIs) and hospital-acquired BSIs (HA-BSIs) showed
similar trends. The CA-BSIs decreased from 2.10‰ to 1.43‰, and the HA-BSIs decreased from 6.05‰
to 4.57‰. However, as showed in Fig. 1b, among the 9381 episodes of BSIs, the composition ratio of the
HA-BSIs increased signi�cantly from 73.4% (1279/1743) to 76.2% (1664/2184). In contrast, the
composition ratio of the CA-BSIs decreased signi�cantly from 26.6% (464/1743) to 23.8% (520/2184).
These time trends were statistically signi�cantly (time trend P = 0.003).

Species distribution and dynamic trends
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The species distribution and dynamic trends are presented in Table 2 and Fig. 2. Among the 9381
episodes of BSIs, 93.1% (8737/9381) were bacteremia and 6.9% (644/9381) were fungemia. As shown in
Fig. 2a, the proportion of fungemia decreased signi�cantly from 10.8–5.0% for all species over the
10 years of the study (time trend P < 0.001, R=-0.070). All species in fungemia decreased, regardless of
whether they were Candida (6.1%, 573/9381) or non-Candida (0.8%, 71/9381). Both time trends were
statistically signi�cantly (P < 0.001).

Among the species in the BSIs, 45.9% (4310/9381) were gram-positive cocci (GPC), and 42.8%
(4015/9381) were gram-negative bacilli (GNB). coagulase-negative staphylococcus (CoNS) accounted for
the majority of GPC (26.2%, 2459/9381), and the four most common species were Staphylococcus
hominis (8.8%), Staphylococcus epidermidis (7.2%), Enterococcus faecium (5.6%) and Staphylococcus
aureus (3.5%). The four most common species of GNB were Escherichia coli (14.3%), Klebsiella
pneumonia (8.9%), Acinetobacter baumannii (4.9%) and Pseudomonas aeruginosa (3.4%).

From 2010 to 2019, the composition ratios of these species in BSIs exhibited some dynamic changes
over time. As shown in Table 2 and Fig. 2, the proportion of GNB increased from 35.8–40.2% (time trend
P < 0.001). Although GPC exhibited no signi�cant change (time trend P = 0.615), as the most common
species group in GPC, the proportion of CoNS had increased from 25.6–32.5% (time trend P < 0.001, R = 
0.037). The proportions of Escherichia coli (9.8–13.6%) and Klebsiella pneumonia (5.3–10.4%) in the
GNB group increased signi�cantly over the 10 years of the study. However, the proportion of
Pseudomonas aeruginosa decreased signi�cantly from 4.0–2.4% (time trend P = 0.007, R=-0.028). Some
species did not signi�cantly change, such as Staphylococcus aureus (3.3–3.1%, time trend P = 0.754) and
Acinetobacter baumannii (4.4–4.2%, time trend P = 0.879), which are two important pathogenic bacteria
in the clinic.

Antimicrobial susceptibility of bacteria and dynamic trends
Although the RT-NISS system screened the antimicrobial susceptibility of 8737 species in bacteremia,
only 6224 species (71.2%, 6224/8737) had complete data related to antimicrobial susceptibility to
evaluate multidrug resistance, and 2513 species (28.8%, 2513/8737) lacked all or part of the data related
to antimicrobial susceptibility. As shown in Table 2, 68.4% (4257/6224) of the 6224 species were
resistant to at least three types of antibiotics and were considered multidrug resistant and 31.6%
(1967/6224) were still sensitive to common antibiotics. However, as showed in Fig. 3, the proportion of
drug-sensitive bacteria gradually decreased from 47.1–31.6% from 2010 to 2019, and the proportion of
multidrug-resistant bacteria gradually increased from 52.9–68.4%. Both of these time trends were
statistically signi�cantly (time trend P < 0.001).

Discussion
Bloodstream infections (BSIs) are characterized by high mortality and multidrug resistance worldwide[12,

13]. The dynamic changes in species distribution and antimicrobial susceptibility are important clinical
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evidence for early empirical antimicrobial therapy of BSIs, and these factors were the emphasis of the
present study.

With the assistance of the highly sensitive and speci�c real-time nosocomial infection surveillance
system (RT-NISS) in our hospital, we identi�ed 9381 episodes of BSI out of 1,437,927 adult hospitalized
patients over 10 years in CPLAGH, and we found that the total number of adult hospitalized patients over
two consecutive years increased from 2010–2011 to 2018–2019 (211,546 to 359,547 patients every two
years) and that the corresponding number of the episodes of BSI increased from 1743 to 2184 episodes
every two years. However, it was encouraging that the corresponding average incidence rates of BSI
decreased signi�cantly from 8.24 to 6.00 episodes per 1000 adult hospitalized patients per year. The
incidence rate was less than that in a Swedish county, which was from 9.45 to 15.46 per 1000
hospitalized patients per year from 2000 to 2013[4]. This result might be due to the increased awareness
of nosocomial infections and national action on infection control in China[14]. This decrease might be
similar to that in the United States, in which the central line-associated BSI rate decreased by 46%
between 2008 and 2013 as a result of national medical control[15].

However, we also found that the composition ratio of hospital acquired BSIs increased signi�cantly
annually (from 73.4–76.2%). This result was consistent with the increase in various hospital-acquired
infections in recent years[16, 17], and the risk factors may be related to the risk factors for BSIs and (or)
hospital-acquired infections reported in many previous studies, such as ICU admission, the older age of
hospitalized patients (aging population), prolonged hospital stay, leukocytopenia, acute myeloid leukemia
and (or) increased use of invasive procedures including central venous catheters (CVCs)[18–20]. However,
more details of the risk factors require further statistical analysis of the decrease in hospital-acquired
BSIs in our hospital.

We found that the majority species in the 9381 episodes of BSIs were bacteremia (93.1%) and that the
average composition ratio over the two consecutive years gradually increased from 89.2% (2010–2011)
to 95.0% (2018–2019) (time trend P < 0.001). Conversely, fungemia accounted for the minority of BSIs
(6.9%), and the average composition ratio decreased signi�cantly from 10.8–5.0%. This result may be
partially related to the increasing proportion of multidrug-resistant bacteria. Our data showed that the
proportion of multidrug resistance of 6,224 bacteria increased signi�cantly from 52.9–68.4% during the
10-year study period (time trend P < 0.001). This increase may have made bacteria more di�cult to
control and may have led to a relative increase in the proportion of bacterial BSIs (bacteremia).

Although the composition ratio of bacteremia in the 9381 BSIs increased over the 10-years study period, it
did not mean that the composition ratio of all the species in bacteremia did not increase. Our data
revealed that gram-positive cocci (45.9%) and gram-negative bacilli (42.8%) had a similar prevalence, and
this result was different from the species distribution reported by the China Antimicrobial Surveillance
Network (CHINET) in 2018 for all bacterial infections, including BSIs and other bacterial infections (2018
CHINET report)[21]. The results of the CHINET report suggested that more gram-negative bacilli (70%)
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were isolated than gram-positive cocci (30%) and that the composition did not change obviously from
2005 to 2017 in China.

Notably, although the composition ratios of the gram-positive cocci and gram-negative bacilli were
similar in BSIs in our study, the most common species of bacteria was consistent with the 2018 CHINET
report. The top four most common gram-negative species were Escherichia coli (14.3%), Klebsiella
pneumonia (8.9%), Acinetobacter baumannii (4.9%) and Pseudomonas aeruginosa (3.4%), which are
identical to the CHINET report. Coincidentally, our data also revealed that the proportions of Escherichia
coli (9.8–13.6%, time trend P = 0.004) and Klebsiella pneumonia (5.3–10.4%, time trend P < 0.001)
increased signi�cantly and the proportions of Acinetobacter baumannii (4.4–4.2%, time trend P = 0.879)
and Pseudomonas aeruginosa (4.1–2.4%, time trend P = 0.007) both had decreased, similar to the
CHINET report. In addition, because the composition ratio of gram-negative bacteria (42.8%) in our study
was lower than that in the CHINET report (70%) and fungi were not included in the CHINET report, the
composition ratios of various species of gram-negative bacteria were also different. However, the most
common species were similar.

However, among gram-positive cocci, the most common species were coagulase-negative staphylococci
(26.2%), and their proportion increased (25.6–32.5%, time trend P < 0.001) over the 10-year study period.
Staphylococcus aureus accounted for only 3.5% in our study, but were the most common gram-positive
cocci in the CHINET report (9.0%). However, our result is not in con�ict with the CHINET report because
the CHINET report included various infections, not only bloodstream infections. Conversely, CoNS
accounted for the minority of bacteria in the CHINET report (4.4%) because CoNS only originated from
bloodstream infections. Therefore, the proportion of CoNS might be much higher only among BSIs in
CHINET report, and it was up to 26.2% in the present study.

In conclusion, we performed statistical analyses of the incidence rate, species distribution, and drug
resistance of BSIs as well as their dynamic changes over the past 10 years in one of the largest hospitals
in China. We found that the incidence rate of BSIs decreased dynamically over time and that the species
distribution in BSIs changed. The proportion of bacteria and multidrug resistance increased, and some
species, such as Klebsiella pneumonia, were obviously increased in bloodstream infections. Many of the
increasing data presented above exhibited signi�cant time trends and deserve clinical attention regarding
infection control. We compared the species distribution of bacteria-causing BSIs with those reported in
CHINET for all infections (2018 CHINET report above) and found that the species distributions of BSIs
were partially consistent with the 2018 CHINET report, but there were also many differences. Therefore,
our study on BSIs could be supplements to the 2018 CHINET report on BSIs.

Limitations
This study also had several limitations. First, the incidence of BSIs might be underestimated in this study.
A few pathogens, such as mycoplasma and chlamydia, are di�cult to detect in conventional blood
cultures, and some BSIs were missed in false-negative blood cultures. In addition, some BSIs were
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mistakenly excluded by the RT-NISS system used in our study because of the lack of typical clinical
symptoms related to BSIs (such as fever and increased in�ammation makers). However, a previous study
used the RT-NISS system to screen BSIs and showed high sensitivity and speci�city[11], and missing data
might have had little effect on the results of this study. Second, the CSLS standards and the detection
technology for blood cultures had been continuously updated and improved each year, which increased
the positive detection rate of blood cultures and might have increased the incidence rate of BSIs in recent
years. Thus, this improvement in technology might have led to bias in the statistics of the dynamic time
trend of the incidence rate over the 10 years. However, our data showed that the dynamic time trend of
the incidence rate of BSIs in adult hospitalized patients decreased signi�cantly. Therefore, the results of
the statistical analysis of the time trend of the incidence rate could not be affected in this study.
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BSI: bloodstream infection; RT-NISS: real-time nosocomial infection surveillance system; PCT:
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Antimicrobial Surveillance Network; CLSI: Clinical and Laboratory Standards Institute; PLAGH: Chinese
People's Liberation Army General Hospital.

Declarations
Acknowledgements

We thank all of our colleagues working on the real-time nosocomial infection surveillance system (RT-
NISS) medical electronic database in the PLAGH hospital. Without their prior efforts, this study could not
be possible.

Ethics

This study had approved by Clinical Trial Ethics Review Committee of the PLAGH Hospital, but the formal
consent was waived in our hospital since this study was a retrospective study and private information
was not involved in the study, such as patient name and address.

Authors’ contributions

JC and ML collected the clinical data and wrote the manuscript. XQ collected and analysed the results.
JW and QZ participated in data collection and the critical revision of the manuscript. ZL designed this
study and was responsible for the manuscript.

Funding

This study was supported by the Chinese Military Medical Innovation Project (Grant number 16CXZ041).



Page 10/15

Availability of data and materials

In order to avoid violating the privacy rules of the medical database in our hospital, all data involved in
this study were not publicly available, but all data are available from the corresponding author for any
reader if necessary.

Con�ict of interest

All authors declared that they had no con�ict of interest.

Author details

1Department of Respiratory Medicine, the First Medical Centre of Chinese PLA General Hospital, Fuxing
Road No. 28, Beijing 100853, China.

2Department of Hematology, the First Medical Centre of Chinese PLA General Hospital, Fuxing Road No.
28, Beijing 100853, China.

3Medical team of Helicopter unit, the Second CAPF General Mobile Force, Deyang 618100, China.

†Jiewei Cui and Meng Li contributed equally to this work.

References
1. Florio W, Morici P, Ghelardi E, Barnini S, Lupetti A. Recent advances in the microbiological diagnosis

of bloodstream infections. Crit Rev Microbiol. 2018;44(3):351–70.

2. Li L, Huang H. Risk factors of mortality in bloodstream infections caused by Klebsiella pneumonia: A
single-center retrospective study in China. Med (Baltim). 2017;96(35):e7924.

3. Tsertsvadze A, Royle P, Seedat F, Cooper J, Crosby R, McCarthy N. Community-onset sepsis and its
public health burden: a systematic review. Syst Rev. 2016;5:81.

4. Holmbom M, Giske CG, Fredrikson M, Östholm Balkhed Å, Claesson C, Nilsson LE, et al. 14-Year
Survey in a Swedish County Reveals a Pronounced Increase in Bloodstream Infections (BSI).
Comorbidity - An Independent Risk Factor for Both BSI and Mortality. PLoS One.
2016;11(11):e0166527.

5. Alqasim E, Aljohani S, Alshamrani M, Daneman N, Fowler R, Arabi Y. Duration of antibiotic therapy for
critically ill patients with bloodstream infections: A retrospective observational in Saudi Arabia. Ann
Thorac Med. 2018;13(1):63–5.

�. De La Rosa G, León AL, Jaimes F. Epidemiology and prognosis of patients with bloodstream
infection in 10 hospitals in Colombia. Rev Chilena Infectol. 2016;33(2):141–9.

7. Yang ZT, Wu L, Liu XY, Zhou M, Li J, Wu JY, et al. Epidemiology, species distribution and outcome of
nosocomial Candida spp. bloodstream infection in Shanghai. BMC Infect Dis. 2014;14:241.



Page 11/15

�. Aung AK, Skinner MJ, Lee FJ, Cheng AC. Changing epidemiology of bloodstream infection pathogens
over time in adult non-specialty patients at an Australian tertiary hospital. Commun Dis Intell Q Rep.
2012;36(4):E333-41.

9. Liu J, Wang H, Huang Z, Tao X, Li J, Hu Y, et al. Risk factors and outcomes for carbapenem-resistant
Klebsiella pneumoniae bacteremia in onco-hematological patients. J Infect Dev Ctries.
2019;13(5):357–64.

10. Bai Y, Zheng Z, Du M, Yao H, Liu Y, Suo J. Bloodstream Infection and Its Clinical Characteristics and
Relevant Factors Associated with Interventional Therapy in a Large Tertiary Hospital: A Six Years
Surveillance Study. Biomed Res Int. 2019. 2019: 8190475.

11. Du M, Xing Y, Suo J, Liu B, Jia N, Huo R, et al. Real-time automatic hospital-wide surveillance of
nosocomial infections and outbreaks in a large Chinese tertiary hospital. BMC Med Inform Decis
Mak. 2014;14:9.

12. Paulsen J, Askim Å, Mohus RM, Mehl A, Dewan A, Solligård E, et al. Associations of obesity and
lifestyle with the risk and mortality of bloodstream infection in a general population: a 15-year
follow-up of 64 027 individuals in the HUNT Study. Int J Epidemiol. 2017;46(5):1573–81.

13. Laupland KB, Church DL. Population-based epidemiology and microbiology of community-onset
bloodstream infections. Clin Microbiol Rev. 2014;27(4):647–64.

14. Health and Family Plan Commission. National action plan to combat antimicrobial resistance
(2016–2020). (accessed August 25, 2016) http://www.gov.cn/xinwen/2016-
08/25/content_5102348.htm.

15. Calderwood MS, Kawai AT, Jin R, Lee GM. Centers for medicare and medicaid services hospital-
acquired conditions policy for central line-associated bloodstream infection (CLABSI) and catheter-
associated urinary tract infection (CAUTI) shows minimal impact on hospital reimbursement. Infect
Control Hosp Epidemiol. 2018;39(8):897–901.

1�. Boev C, Kiss E. Hospital-Acquired Infections: Current Trends and Prevention. Crit Care Nurs Clin North
Am. 2017;29(1):51–65.

17. Xie J, Wang H, Kang Y, Zhou L, Liu Z, Qin B, et al. The Epidemiology of Sepsis in Chinese ICUs: A
National Cross-Sectional Survey. Crit Care Med. 2020;48(3):e209–18.

1�. Wang J, Ji Y, Jiang L, Zhao X, Guan S, Yang P, et al. Analysis of factors in�uencing hospital-acquired
infection in postoperative patients with intracranial aneurysm. BMC Neurol. 2019;19(1):332.

19. Franza L, Costantini B, Corrado G, Spanu T, Covino M, Ojetti V, et al. Risk factors for bloodstream
infections in gynecological cancer. Int J Gynecol Cancer. 2020;30(2):245–51.

20. Baier C, Linke L, Eder M, Schwab F, Chaberny IF, Vonberg RP, et al. Incidence, risk factors and
healthcare costs of central line-associated nosocomial bloodstream infections in hematologic and
oncologic patients. PLoS One. 2020;15(1):e0227772.

21. Hu F, Zhu D, Wang F, Wang M. Current Status and Trends of Antibacterial Resistance in China. Clin
Infect Dis. 2018;67(suppl_2):128–34.



Page 12/15

Tables



Page 13/15

Figures

Figure 1



Page 14/15

Figure 2



Page 15/15

Figure 3


