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Objective: The aim of this study was to analyze the epidemiological of gram-negative bloodstream infection (GNBSI) and establish
a risk prediction model for mortality and acquiring multidrug resistant (MDR), the extended spectrum beta-lactamases (ESBLs)
producing and carbapenem-resistant (CR) GNBSI.
Methods: This retrospective study covered five years from January 2015 to December 2019. Data were obtained from Hospital
Information System (HIS) and microbiology department records. The risk factors for mortality and acquiring MDR, ESBLs-producing
and CR GNBSI were analyzed by univariable and multivariable analysis.
Results: A total of 1018 GNBSI cases were collected. A majority of GNBSI patients were in hematology ward (23.77%). There were
38.61% patients who were assigned in the 41–60 age group. Escherichia coli was the most common gram-negative organism
(49.90%). Among isolates of GNBSI, 40.47% were found to be MDR strains, 34.09% were found to be ESBLs-producing strains
and 7.06% were found to be CR strains. Escherichia coli was the most common MDR (71.36%) and ESBLs-producing strain
(77.81%). Acinetobacter baumannii was the most common CR isolate (46.15%). Multivariate analysis indicated that diabetes mellitus,
solid organ tumor, non-fermentative bacteria, MDR strain, central venous cannula, urinary catheter, therapy with carbapenems or
tigecycline prior 30 days of infection were independent mortality risk factors for GNBSIs. Over all, therapy with tigecycline prior 30
days of infection was the mutual predictor for mortality of GNBSI, acquiring MDR, ESBLs-producing and CR GNBSI (OR, 8.221,
OR, 3.963, OR, 3.588, OR, 9.222, respectively, all p < 0.001).
Conclusion: Collectively, our study implies that patients who were diagnosed as GNBSI had a younger age. Therapy with tigecycline
was the mutual and paramount predictor for mortality of GNBSI, acquiring MDR, ESBLs-producing and CR GNBSI. Our investiga-
tion had provided a theoretical basis for the use of antibiotics and prevention and control of hospital infection in our region.
Keywords: gram-negative bloodstream infection, epidemiology, risk prediction model, MDR, ESBL, carbapenem resistance

Introduction
Bloodstream infection (BSI) is defined as laboratory-confirmed isolation of at least one gram-negative or gram-positive
bacteria or other pathogens from blood samples1. At present, gram-negative bacteria had become the most common
pathogen of BSI in the clinic, namely gram-negative bloodstream infection (GNBSI).2,3 GNBSI accounts for 279,000
cases and 33,500–41,900 deaths annually in the USA based on the current population.4 Although the mortality rate did
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not rise, increasing antimicrobial resistance rates of GNBSI isolates, especially the emerging of multidrug resistant
(MDR, non-susceptible to at least one agent in ≥3 classes of antibiotics) isolates, the extended spectrum beta-lactamases
(ESBLs) producing isolates and carbapenem-resistant (CR) isolates have become one of the greatest threats to global
health and a common drug-resistant pattern with a quite high epidemic trend around the world.5–8

Therefore, fully understanding the epidemiological of GNBSI and drug resistance data was essential for
selecting empirical antibacterial agents as well as optimizing antibiotic therapy regimen.9,10 The Ministry of
Health in China indicated: (1) when the antibiotic resistance rate of target bacteria is over 40%, this antibiotic
should be used with caution in empirical therapy, (2) when the antibiotic resistance rate of target bacteria is over
50%, the use of this antibiotic should be based on drug sensitivity results, (3) when the antibiotic resistance rate
of target bacteria is over 75%, the clinical use of this antibiotic should be suspended. Therefore, it is crucial for
health workers to summarize the bacterial distribution of GNBSI and analyze the drug resistance pattern of main
isolates for early initiation of appropriate empirical antimicrobial therapy.11–13 The other important modifiable
variable is to surveil the patients who are at high risk of death or infection with antibiotic resistant bacteria and
conducting advance intervention and management afterwards.14,15 However, excessive prevention and control
measure might lead to the waste of medical resources and take a lot of effort for little return.16 Conducting risk
factor analysis by using large amounts of previous data can identify populations who need routine assessment and
intervention. Therefore, these data are essential for health workers to perform precise intervention and manage-
ment of patients. However, the bacterial distribution and the drug-resistant spectrum of GNBSI vary from place to
place.17 The mortality risk factors of patients with GNBSI are dynamic as well.18 The experience of other
countries or regions may be of little guide to this region. Therefore, the significance of contemporary local data
should be highlighted.

However, there are rare reports on the epidemiological analysis of GNBSI, the mortality risk factors and the
predictors of intractable antibiotic resistant GNBSI in Shanxi, China. Therefore, in this retrospective study, we
attempted to analyze the epidemiological of GNBSI, drug resistance of main strains isolated from patients with
GNBSI and establish a risk prediction model for mortality and acquiring MDR, ESBLs-producing or carbapenem-
resistant GNBSI in a large cohort of patients in Shanxi. Furthermore, our results could provide a theoretical basis for
appropriate empirical antimicrobial therapy in clinic, provide predictors for mortality in patients, improve the
prognostic for patients and strengthen the control and management of the spread of MDR, ESBLs-producing and
carbapenem-resistant GNBSI.

Method
Setting and Study Design
This study was performed at the second hospital of Shanxi Medical University, an educational 2700-bed inpatient center.
This was a retrospective study covered five years from January 2015 to December 2019. In this study, we included the
patients with positive blood culture of gram-negative bacteria and diagnosed as BSI. Also, only patients who had all
clinical and laboratory data available were included. The exclusion criteria were as follows: The hospitalization was <24
hours. Blood culture samples with contamination or subjects who had insufficient data.

Data Collection
Data were obtained from Hospital Information System (HIS) and microbiology department records. This study
collected general data of patients with positive blood culture and the information on the strains isolated from the
blood culture including the following variables: ID number, age, gender, admitting department, smoking and
drinking history, hospitalization history 90 days prior to this BSI, history of antibiotic use 30 days prior to this
BSI, past medical history, name of microorganism, antimicrobial drug susceptibility results and outcome.
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Microbiological Methods
All the microbiological related experimental operations were conducted in the standardized microbiology laboratory.
First, blood culture bottles were incubated in the automated blood culture monitoring BACTEC (Becton Dickinson
Diagnostic Instrument Systems) system. The samples were commonly incubated for 5 days, however the incubation
time was increased for slow-growing microorganism. When a positive alarm occurred in the blood culture instrument,
the microscopic smear was examined under microscope for an initial observation to identify whether it is gram-positive
cocci or gram-negative rods. Moreover, 1 drop from each bottle was plated on standard bacteriology media for
overnight incubation. And then microorganism identification and antimicrobial susceptibility test were performed via
technology Vitek 2 (bioMe’rieux, Marcy l’Etoile, France). The results of antimicrobial susceptibility were interpreted
as “susceptible”, “resistant”, or “intermediate” according to the Clinical and Laboratory Standards Institute (CLSI)
guidelines.

Definitions
Each patient with positive blood culture and identified from one or more blood specimens obtained by culture and at least
one sign or symptom which included fever (>38°C), chills, or hypotension and not be related to an infection at another
site were considered as true BSI.28 This was estimated by professional physicians. Multidrug-resistant (MDR) bacteria
were defined according to the European Centre for Disease Prevention and Control (ECDC) criteria (https://www.ecdc.
europa.eu/en). Enterobacteriales bacteria and non-fermenting bacteria isolates resistant to ceftazidime or cefotaxime
were considered extended-spectrum beta-lactamase (ESBLs) producers. Carbapenem-resistant strains were defined as
isolates intermediate or resistant to one or more carbapenems using the CLSI current breakpoints. However, not all
isolates tested against all carbapenems.19

Statistical Analysis
In this study, we used the chi-squared test for a row-by-column contingency table with appropriate degrees of
freedom to examine the critical factors that may influence the outcome of patients and the drug-resistant
phenotype of strains. We used the survival status to represent the outcome of patient. Moreover, the drug-
resistant phenotype of strains was divided into MDR strains, ESBLs-producing strains or carbapenem-resistant
strains. All variables in the chi-squared test (p ≤ 0.1) and variables with clinical significance entered into
a multivariable logistic regression model. We reported odds ratio values and also the confidence interval of the
odds ratio for each variable. p < 0.05 was considered statistically. All the analysis was done by SPSS version 25
(IBM Corp., Armonk, NY, USA).

Result
Demographics and Epidemiology
From 2015 to 2019, a total of 1640 positive blood cultures (cases of BSIs) were isolated in the hospital. The number
of gram-negative (1018, 62.07%), gram-positive (583, 35.55%) and fungus (39, 2.38%) pathogens isolated from
blood culture is shown in Figure 1. The isolation rate of negative bacteria increased year by year, but the change of
isolation rate of positive bacteria was not obvious. The isolation rate of negative bacteria was higher than positive
bacteria each year. In this study, we include 1018 GNBSIs in the follow-up study.

A vast majority of patients who were diagnosed as GNBSIs were in hematology ward (n = 242, 23.77%), followed
by the intensive care unit (n = 89, 8.74%), oncology department (n = 75, 7.37%), respiratory and critical department (n
= 74, 7.27%), emergency department (n = 71, 6.97%), gynaecology and obstetrics department (n = 69, 6.78%) and
rheumatology department (n = 59, 5.80%). The department distribution of GNBSI cases is specifically shown in
Table 1.

The incidence of GNBSIs was quite similar in male and female. In particular, five hundred and nineteen
patients were male (50.98%) while four hundred and ninety-nine were female (49.02%). The mean age was 54.32
± 17.07 years old. The age distributions of the patients with BSIs are reported in Figure 2. Most of the positive
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patients were assigned in the 41–60 and 61–80 age group. Hematologic malignancies (251, 24.66%), diabetes
mellitus (216, 21.22%) and solid tumors (119, 11.69%) were the most common underlying diseases, respectively.
The mortality of GNBSIs of each year is shown in Figure 3. The average mortality rates were firstly decreased

Figure 1 The distribution of BSI pathogens by year.

Table 1 The Department Distribution of GNBSI Cases

Department GNBSI

n Percentage (%)

Hematology 242 23.77%

Intensive care unit 89 8.74%
Oncology 75 7.37%

Respiratory and Critical

Care

74 7.27%

Emergency 71 6.97%

Gynaecology and obstetrics 69 6.78%

Rheumatology 59 5.80%
Gastroenterology 48 4.72%

Orthopedics 47 4.62%
General surgery 31 3.05%

Nephrology 30 2.95%

Urinary surgery 30 2.95%
Cardiology 25 2.46%

Endocrinology 24 2.36%

Neurology 16 1.57%
Comprehensive 13 1.28%

Infectious Disease 12 1.18%

Vascular surgery 11 1.08%
Interventional therapy 11 1.08%

Geriatric 8 0.79%

Other 24 2.36%

Notes: Other department included ophthalmology department, stomatology
department, otolaryngology department, neurosurgery department, cardiothor-
acic surgery department, breast surgery department, traditionalChinesemedicine
department and mental health unit.
Abbreviation: GNBSI, gram-negative bacterial blood stream infection.
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and then increased, and the variation trend of mortality rates were statistically significant (p = 0.003). The lowest
death rate was in 2018 (6.37%). However, the overall average mortality was 10.61% (108/1018).

Microbiology
As shown in Figure 4, Escherichia coli was the most common gram-negative organism (508/1018, 49.90%), followed by
Klebsiella pneumoniae (160/1018, 15.72%), Brucella melitensis (89/1018, 8.74%), Pseudomonas aeruginosa (64/1018,
6.29%), Acinetobacter baumannii (38/1018, 3.73%) and Enterobacter cloacae (34/1018, 3.34%).

Overall, in GNBSI cases, 412 cases (40.47%) were found to be MDR GNBSI (ranged from 62 to 123, 31.63% to 48.18%,
Figure 5). The MDRGNBSI cases decreased firstly and then increased from 2015 to 2019, the variation trend was statistically
significant (p < 0.001, Figure 5). In 2019, the cases of MDRGNBSI reached its highest level. Moreover, Escherichia coliwas
the most common MDR strains (71.36%), followed by Klebsiella pneumoniae, Acinetobacter baumannii, and Enterobacter
cloacae (11.17%, 7.77% and 4.37%, respectively). Most of them were Enterobacteriales strains (86.89%).

Overall, in GNBSI cases, 34.09% were found to be ESBLs-producing strains and 7.06% were found to be
carbapenem-resistant strains. As shown in Figure 5, although the ESBLs-producing GNBSI cases decreased firstly and
then increased from 2015 to 2019 (ranged from 29.08% to 38.93%), the change trend was not statistically significant (p =

Figure 2 The age distribution of GNBSI cases. Sum means the total number of patients of each age group over five years.

Figure 3 The mortality of GNBSI cases by year.
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Figure 5 The variation trend of MDR, ESBLs-producing and carbapenem-resistant strains. (A) The quantity variation trend of MDR, ESBLs-producing and carbapenem-
resistant strains. (B) The variation trend of isolation rate of MDR, ESBLs-producing and carbapenem-resistant strains. *p < 0.05.

Figure 4 The number and isolation rate of the top six GNBSI strains.
Abbreviations: EC, Escherichia coli; KP, Klebsiella pneumoniae; BM, Brucella melitensis; PA, Pseudomonas aeruginosa; AB, Acinetobacter baumannii; ECL, Enterobacter cloacae.
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0.216). The ESBLs-producing BSI cases got to the maximum in 2019. Similarly, the carbapenem-resistant BSIs were
relatively stable during the study years (p = 0.289). Escherichia coli was the most common ESBLs producers followed
by Klebsiella pneumoniae (77.81% and 13.26%, respectively). Acinetobacter baumannii was the most common carba-
penem-resistant isolates (46.15%), followed by Klebsiella pneumoniae, Burkholderia cepacian, Escherichia coli and
Pseudomonas aeruginosa (12.31%, 12.31%, 7.69%, 7.69%, respectively).

Antibiotic susceptibility results for the most common isolated bacteria are shown in Table 2. The change of drug
resistance rate was not significant over the years (not shown in the Table). There were no polymyxin-resistant or
tigecycline-resistant strains emerged except Acinetobacter baumannii. Escherichia coli showed higher drug resistance
rates to cephalosporins of the first and second generations (82.28%), quinolones (56.30%) and cephalosporins of the third
and fourth generations (55.91%). More than 99% of Escherichia coli were sensitive to carbapenems. In addition,
Escherichia coli showed high sensitivity to the other drugs. Klebsiella pneumoniae had higher resistance rates to
cephalosporins, especially to cephalosporins of the first and second generations (73.75%). The resistance rate of
Pseudomonas aeruginosa to β-Lactam/β-lactamase inhibitor was higher as well, which reached 31.25%. The resistance
rates of Acinetobacter baumannii to many drugs were over 70% which included cephalosporins of the third and fourth
generations (81.58%), β-Lactam/β-lactamase inhibitor (73.68%), carbapenems (76.32%), aminoglycosides (71.05%) and
quinolones (81.58%). Enterobacter cloacae was highly sensitive to aminoglycosides. However, the resistance rate of
Enterobacter cloacae to cephalosporins was over 60%.

Predictors of Mortality with GNBSIs
Univariate analyses and multivariate logistic regression comparing the clinical characteristics of patients who survived or
died are shown in Table 3. Compared with patients in survivor group, there were more patients who were older than 60-
year-old in non-survivor group (p = 0.088). The following factors were most frequently detected in dead patients:
hypoproteinemia (p = 0.026), diabetes mellitus (p = 0.078), history of hospitalization for 90 days prior to BSI (p = 0.031),
solid organ tumor (p = 0.003) and the isolated strains were Enterobacteriales (p < 0.001), non-fermentative bacteria (p <
0.001), MDR strains (p < 0.001) and carbapenem-resistant strains (p < 0.001). Moreover, the patients in the death group
were more likely to have invasive procedures, such as drainage tube (p = 0.015), central venous cannula, trachea cannula,
tracheotomy, urinary catheter and nasogastric tube (all p < 0.001). Compared to the survivor group, the proportion of
therapy with carbapenems and tigecycline prior 30 days of GNBSIs was higher in the non-survivor group (p < 0.001).
And beyond that, compared with patients in the survivor group, death group patients are more likely to have a higher
proportion of agranulocytosis (29.63% versus 25.27%) and hematologic malignancy (26.85% versus 24.40%). However,
there were no statistically significant difference (p = 0.328 and p = 0.576, respectively).

In this study, the variables with p < 0.1 in the univariate logistic regression models and factors which were considered
clinically relevant were selected into the multivariate logistic regression model. Multivariate analysis indicated that

Table 2 Antibiotic Resistance Results for the Most Common Isolated Bacteria

Escherichia
coli

Klebsiella
pneumoniae

Pseudomonas
aeruginosa

Acinetobacter
baumannii

Enterobacter
cloacae

n % n % n % n % n %

1st or 2nd generation cephalosporins 418 82.28% 118 73.75% – – – – 26 76.47%
3rd or 4th generation cephalosporins 284 55.91% 51 31.88% 1 1.56% 31 81.58% 22 64.71%

Cephamycin 23 4.53% 10 6.25% – – – – 24 70.59%

β-Lactam/β-lactamase inhibitor combinations 62 12.20% 15 9.38% 20 31.25% 28 73.68% 15 44.12%
Carbapenems 5 0.98% 8 5.00% 4 6.25% 29 76.32% 7 20.59%

Aztreonam 277 54.53% 46 38.33% 6 9.38% 6 15.79% 15 44.12%

Aminoglycosides 67 13.19% 11 6.88% 2 3.13% 27 71.05% 1 2.94%
Quinolones 286 56.30% 25 15.63% 3 4.69% 31 81.58% 6 17.65%

Tigecycline 0 0.00% 0 0.00% – – 3 7.89% 0 0.00%

Polymyxin 0 0.00% 0 0.00% 0 0.00% 3 7.89% 0 0.00%
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diabetes mellitus (OR, 1.852; 95% Cl, 1.109–3.093; p = 0.019), solid organ tumor (OR, 3.229; 95% Cl, 1.840–5.667; p <
0.001), non-fermentative bacteria (OR, 2.867; 95% Cl, 1.665–4.936; p < 0.001), MDR strain (OR, 1.675; 95% Cl, 1.047–
2.679; p = 0.031), central venous cannula (OR, 1.809; 95% Cl, 1.127–2.905; p = 0.014), urinary catheter (OR, 2.259; 95%
Cl, 1.420–3.596; p = 0.001), receipt of carbapenems prior 30 days of infection (OR, 1.716; 95% Cl, 1.062–2.773; p = 0.027)
and therapy with tigecycline prior 30 days of infection (OR, 8.221; 95% Cl, 4.164–16.233; p < 0.001) were independent
mortality risk factors for GNBSIs when compared with the survivor group. Although the carbapenem-resistant strains were
not independent mortality risk factor, compared with patients in the survivor group, the mortality rate was much higher in
the non-survivor group (29.85% versus 3.96%).

Table 3 Predictors of Mortality with GNBSIs

Univariable Analysis Multivariate Analysis

Non-Survivor
(n=108)

Survivor
(n=910)

p-value OR 95% CI p-value

Male 60 (55.56%) 459 (50.44%) 0.315
Age > 60 54 (50.00%) 377 (41.43%) 0.088
History of smoking 9 (8.33%) 83 (9.12%) 0.787

History of drinking 7 (6.48%) 42 (4.62%) 0.392
Hypoproteinemia 99 (91.67%) 759 (83.41) 0.026
Agranulocytosis 32 (29.63%) 230 (25.27%) 0.328

Diabetes 30 (27.78%) 186 (20.44%) 0.078 1.852 1.109–3.093 0.019
History of hospitalization for 90 days prior to

BSI

65 (60.19%) 448 (49.23%) 0.031

Hematologic malignancy 29 (26.85%) 222 (24.40%) 0.576
Solid organ tumor 22 (20.37%) 97 (10.66%) 0.003 3.229 1.840–5.667 <0.001

Enterobacteriales 60 (55.56%) 669 (73.52%) <0.001
Non-fermentative bacteria 42 (38.89%) 101 (11.10%) <0.001 2.867 1.665–4.936 <0.001
MDR strain 56 (51.85%) 356 (39.12%) 0.011 1.675 1.047–2.679 0.031

ESBLs-producing strain 33 (30.56%) 314 (34.51%) 0.413

Carbapenem-resistant strain 29 (26.85%) 36 (3.96%) <0.001
Intubation

Thoracentesis 1 (0.93%) 4 (0.44%) 0.43

Drainage tube 21 (19.44%) 103 (11.32%) 0.015
Lumbar puncture 28 (25.93%) 242 (26.59%) 0.882

Arterial cannula 17 (15.74%) 114 (12.53%) 0.346

Central venous cannula 62 (57.41%) 260 (28.57%) <0.001 1.878 1.175–3.002 0.008
Trachea cannula 34 (31.48%) 63 (6.92%) <0.001
Tracheotomy 11 (10.19%) 20 (2.20%) <0.001
Urinary catheter 53 (49.07%) 207 (22.75%) <0.001 1.717 1.011–2.917 0.046

Nasogastric tube 41 (37.96%) 86 (9.45%) <0.001
Therapy with antibiotics prior 30 days of
infection

1st or 2nd generation cephalosporins 11 (10.19%) 145 (15.93%) 0.117

3rd or 4th generation cephalosporins 16 (14.81%) 152 (16.70%) 0.617
Cephamycin 8 (7.41%) 53 (5.82%) 0.512

β-Lactam/β-lactamase inhibitor combinations 44 (40.74%) 366 (40.22%) 0.438

Carbapenems 69 (63.89%) 366 (40.22%) <0.001
Aztreonam 1 (0.93%) 5 (0.55%) 0.629

Quinolones 21 (19.44%) 203 (22.31%) 0.497

Aminoglycosides 8 (7.41%) 100 (10.99%) 0.267
Tigecycline 27 (25.00%) 22 (2.42%) <0.001 7.254 3.588–14.669 <0.001

Polymyxin 0 0 NA

Note: Bold front: variable included in multivariate analysis.
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Risk Factors for acquiring MDR, ESBLs-Producing, and Carbapenem-Resistant in
GNBSIs Patients
Univariate analyses and multivariate logistic regression comparing the clinical characteristics of patients with or without
infections caused by MDR strains are shown in Table 4. Compared with patients in non-MDR group, there were more male
patients in MDR group (p = 0.005). The following factors were most frequently detected in patients with MDR GNBSI:
diabetes mellitus (p = 0.023), history of hospitalization for 90 days prior to BSI (p = 0.002), solid organ tumor (p = 0.079) and
the isolated strains were Enterobacteriales (p < 0.001) and non-fermentative bacteria (p = 0.006). Moreover, the patients in the
MDR group were more likely to have invasive procedures, such as central venous cannula (p = 0.001), urinary catheter (p <
0.001) and nasogastric tube (p = 0.025). Compared to the non-MDR group, the proportion of therapy with 1st or 2nd
generation cephalosporins (p = 0.002), 3rd or 4th generation cephalosporins (p = 0.058), β-Lactam/β-lactamase inhibitor
combinations (p = 0.001), carbapenems (p = 0.095), aminoglycosides (p = 0.019) and tigecycline (p < 0.001) prior 30 days of
GNBSIs were higher in theMDR group. And beyond that, compared with patients in the non-MDR group, patients withMDR

Table 4 Risk Factors for MDR in GNBSIs Patients

Univariable Analysis Multivariate Analysis

MDR (n=267) Non-MDR (n=751) p-value OR 95% CI p-value

Male 188 (495.63%) 331 (54.62%) 0.005
Age > 60 184 (44.66%) 247 (40.76%) 0.216

History of smoking 38 (9.22%) 54 (8.91%) 0.865
History of drinking 21 (5.10%) 28 (4.62%) 0.727

Hypoproteinemia 356 (86.41%) 502 (82.84%) 0.125

Agranulocytosis 106 (25.73%) 156 (25.74%) 0.996
Diabetes 102 (24.76%) 114 (18.81%) 0.023
History of hospitalization for 90 days prior to BSI 232 (56.31%) 281 (46.37%) 0.002
Hematologic malignancy 105 (25.49%) 146 (24.09%) 0.613

Solid organ tumor 57 (13.83%) 62 (10.23%) 0.079
Enterobacteriales 363 (88.11%) 366 (60.40%) <0.001 20.491 8.906–47.143 <0.001
Non-fermentative bacteria 43 (10.44%) 100 (16.50%) 0.006 6.364 2.540–15.948 <0.001

Intubation

Thoracentesis 3 (0.73%) 2 (0.33%) 0.372
Drainage tube 58 (14.08%) 66 (10.89%) 0.127

Lumbar puncture 104 (25.24%) 166 (27.39%) 0.446

Arterial cannula 57 (13.83%) 74 (12.21%) 0.448
Central venous cannula 154 (37.38%) 168 (27.72%) 0.001 1.401 1.043–1.882 0.025

Trachea cannula 45 (10.92%) 52 (8.58%) 0.212

Tracheotomy 14 (3.40%) 17 (2.81%) 0.589
Urinary catheter 130 (31.55%) 130 (21.45%) <0.001
Nasogastric tube 63 (15.29%) 64 (10.56%) 0.025
Therapy with antibiotics prior 30 days of infection
1st or 2nd generation cephalosporins 81 (19.66%) 75 (12.38%) 0.002 1.936 1.333–2.812 0.001

3rd or 4th generation cephalosporins 89 (21.60%) 79 (13.04%) 0.058
Cephamycin 30 (7.28%) 31 (5.12%) 0.153
β-Lactam/β-lactamase inhibitor combinations 180 (43.69%) 200 (33.00%) 0.001
Carbapenems 189 (45.87%) 246 (40.59%) 0.095
Aztreonam 2 (0.48%) 4 (0.66%) 0.721
Quinolones 100 (24.27%) 124 (20.46%) 0.15

Aminoglycosides 55 (13.35%) 53 (8.75%) 0.019
Tigecycline 33 (8.01%) 16 (2.64%) <0.001 3.963 2.025–7.757 <0.001
Polymyxin 0 0 NA

Note: Bold front: variable included in multivariate analysis.
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were older and more likely to have a higher proportion of hypoproteinemia (44.66% versus 40.76%, 86.41% versus 82.84%,
respectively). However, there were no statistically significant difference (p = 0.216 and p = 0.125, respectively).

Multivariate analysis indicated that Enterobacteriales (OR, 20.491; 95% Cl, 8.906–47.143; p < 0.001), non-
fermentative bacteria (OR, 6.364; 95% Cl, 2.540–15.948; p < 0.001), central venous cannula (OR, 1.401; 95% Cl,
1.043–1.882; p = 0.025), therapy with 1st or 2nd generation cephalosporins prior 30 days of infection (OR, 1.936;
95% Cl, 1.333–2.812; p = 0.001) and therapy with tigecycline prior 30 days of infection (OR, 3.963; 95% Cl, 2.025–
7.757; p < 0.001) were independent risk factors for MDR infection in GNBSIs patients when compared with the non-
MDR group.

Univariate analyses and multivariate logistic regression comparing the clinical characteristics of patients with or
without infections caused by ESBLs-producing strains are shown in Table 5. Compared with patients in non-ESBLs-
producing group, there were less male patients (p = 0.004) and lower isolation rate of non-fermentative bacteria (p <

Table 5 Risk Factors for ESBLs-Producing in GNBSIs Patients

Univariable Analysis Multivariate Analysis

ESBLs-
Producing
(n=347)

Non-ESBLs-
Producing
(n=671)

p-value OR 95% CI p-value

Male 155 (44.67%) 364 (54.25%) 0.004
Age > 60 149 (42.94%) 282 (42.03%) 0.78

History of smoking 33 (9.51%) 59 (8.79%) 0.705
History of drinking 16 (4.61%) 33 (4.92%) 0.828

Hypoproteinemia 292 (84.15%) 566 (84.35%) 0.933

Agranulocytosis 87 (25.07%) 175 (26.08%) 0.727
Diabetes 82 (23.63%) 134 (19.97%) 0.176

History of hospitalization for 90 days prior to BSI 198 (57.06%) 315 (46.94%) 0.002 1.461 1.086–1.963 0.012

Hematologic malignancy 89 (25.65%) 162 (24.14%) 0.597
Solid organ tumor 52 (14.99%) 67 (9.99%) 0.019
Enterobacteriales 336 (96.83%) 393 (58.57%) <0.001 24.748 12.944–47.315 <0.001
Non-fermentative bacteria 7 (2.02%) 136 (20.27%) <0.001
Intubation

Thoracentesis 2 (0.58%) 3 (0.45%) 0.782
Drainage tube 40 (11.53%) 84 (12.52%) 0.647

Lumbar puncture 87 (25.07%) 183 (27.27%) 0.451

Arterial cannula 45 (12.97%) 86 (12.82%) 0.945
Central venous cannula 118 (34.01%) 204 (30.40%) 0.241

Trachea cannula 22 (6.34%) 75 (11.18%) 0.013
Tracheotomy 7 (2.02%) 24 (3.58%) 0.17
Urinary catheter 101 (29.11%) 159 (23.70%) 0.061
Nasogastric tube 39 (11.24%) 88 (13.11%) 0.391

Therapy with antibiotics prior 30 days of infection
1st or 2nd generation cephalosporins 70 (20.17%) 86 (12.82%) 0.002 1.964 1.315–2.934 0.001

3rd or 4th generation cephalosporins 69 (19.88%) 99 (14.75%) 0.037 1.548 1.057–2.267 0.025

Cephamycin 25 (7.20%) 36 (5.37%) 0.241
β-Lactam/β-lactamase inhibitor combinations 152 (43.80%) 228 (33.98%) 0.002 1.424 1.055–1.923 0.021

Carbapenems 146 (42.07%) 289 (43.07%) 0.761

Aztreonam 2 (0.58%) 4 (0.60%) 0.969
Quinolones 85 (24.50%) 139 (20.72%) 0.168

Aminoglycosides 46 (13.26%) 62 (9.24%) 0.049
Tigecycline 21 (6.05%) 28 (4.17%) 0.184 3.588 1.664–7.734 0.001
Polymyxin 0 0 NA

Note: Bold front: variable included in multivariate analysis.
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0.001). The following factors were most frequently detected in patients with ESBLs-producing GNBSI: history of
hospitalization for 90 days prior to BSI (p = 0.002), solid organ tumor (p = 0.019) and the isolated strains were
Enterobacteriales (p < 0.001). Moreover, the patients in the ESBLs-producing group were more likely to have invasive
procedures, such as trachea cannula (p = 0.013) and urinary catheter (p = 0.061). Compared to the non-ESBLs-producing
group, the proportion of therapy with 1st or 2nd generation cephalosporins (p = 0.002), 3rd or 4th generation
cephalosporins (p = 0.037), β-Lactam/β-lactamase inhibitor combinations (p = 0.002) and aminoglycosides (p = 0.049)
prior 30 days of GNBSIs were higher in the ESBLs-producing group. And beyond that, compared with patients in the
non-ESBLs-producing group, patients with ESBLs-producing strains were more likely to have a higher proportion of
diabetes mellitus (23.63% versus 19.97%) and central venous cannula (34.01% versus 30.40%). However, there were no
statistically significant difference (p = 0.176 and p = 0.241, respectively).

Multivariate analysis indicated that history of hospitalization for 90 days prior to BSI (OR, 1.461; 95% Cl, 1.086–
1.963; p = 0.012), Enterobacteriales (OR, 24.748; 95% Cl, 12.944–47.315; p < 0.001), therapy with 1st or 2nd generation
cephalosporins prior 30 days of infection (OR, 1.964; 95% Cl, 1.315–2.934; p = 0.001), therapy with 3rd or 4th

Table 6 Risk Factors for Carbapenem-Resistant in GNBSIs Patients

Univariable Analysis Multivariate Analysis

Carbapenem-
Resistant (n=65)

Non-Carbapenem-
Resistant (n=953)

p-value OR 95% CI p-value

Male 47 (72.31%) 472 (49.53%) <0.001
Age > 60 31 (47.69%) 400 (41.97%) 0.367

History of smoking 11 (16.92%) 81 (8.50%) 0.022
History of drinking 8 (12.31%) 41 (4.30%) 0.004 5.043 1.797–14.154 0.002
Hypoproteinemia 64 (98.46%) 794 (83.32%) 0.001
Agranulocytosis 12 (18.46%) 250 (26.23%) 0.166

Diabetes 13 (20.00%) 203 (21.30%) 0.804
History of hospitalization for 90

days prior to BSI

32 (49.23%) 481 (50.47%) 0.846

Hematologic malignancy 11 (16.92%) 240 (25.18%) 0.135
Solid organ tumor 2 (3.08%) 117 (12.28%) 0.026 0.12 0.018–0.787 0.027

Enterobacteriales 17 (26.15%) 712 (74.71%) <0.001
Non-fermentative bacteria 47 (72.31%) 96 (10.07%) <0.001 10.176 5.149–20.111 <0.001

Intubation

Thoracentesis 1 (1.54%) 4 (0.42%) 0.281
Drainage tube 29 (44.62%) 95 (9.97%) <0.001 3.023 1.339–6.823 0.008

Lumbar puncture 9 (13.85%) 261 (27.39%) 0.017
Arterial cannula 16 (24.62%) 115 (12.07%) 0.003
Central venous cannula 45 (69.23%) 277 (29.07%) <0.001
Trachea cannula 39 (60.00%) 58 (6.09%) <0.001 5.68 2.633–12.256 <0.001

Tracheotomy 13 (20.00%) 18 (1.89%) <0.001
Urinary catheter 44 (67.69%) 216 (22.67%) <0.001
Nasogastric tube 40 (61.54%) 87 (9.13%) <0.001
Therapy with antibiotics prior 30
days of infection

1st or 2nd generation

cephalosporins

13 (20.00%) 143 (15.01%) 0.279

3rd or 4th generation

cephalosporins

13 (20.00%) 155 (16.26%) 0.432

Cephamycin 9 (13.85%) 52 (5.46%) 0.006
β-Lactam/β-lactamase inhibitor
combinations

35 (53.85%) 345 (36.20%) 0.004

(Continued)
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generation cephalosporins prior 30 days of infection (OR, 1.057; 95% Cl, 1.057–2.267; p = 0.025), therapy with β-
Lactam/β-lactamase inhibitor combinations prior 30 days of infection (OR, 1.424; 95% Cl, 1.055–1.923; p = 0.021) and
therapy with tigecycline prior 30 days of infection (OR, 3.588; 95% Cl, 1.644–7.734; p < 0.001) were independent risk
factors for ESBLs-producing infection in GNBSIs patients when compared with the non-ESBLs-producing group.

Univariate analyses and multivariate logistic regression comparing the clinical characteristics of patients with or
without infections caused by carbapenem-resistant strains are shown in Table 6. Compared with patients in non-
carbapenem-resistant group, there were more male patients and lower isolation rate of Enterobacteriales in carbapenem-
resistant group (p < 0.001). The following factors were most frequently detected in patients with carbapenem-resistant
GNBSI: history of smoking (p < 0.022) and drinking (p = 0.004), hypoproteinemia (p = 0.001), solid organ tumor (p =
0.026) and the isolated strains were non-fermentative bacteria (p < 0.001). Moreover, the patients in the carbapenem-
resistant group were more likely to have invasive procedures, such as drainage tube (p < 0.001), lumbar puncture (p =
0.017), arterial cannula (p = 0.003), central venous cannula (p < 0.001), trachea cannula (p < 0.001), tracheotomy (p <
0.001), urinary catheter (p < 0.001) and nasogastric tube (p < 0.001). Compared to the non-carbapenem-resistant group,
the proportion of therapy with cephamycin (p = 0.006), β-Lactam/β-lactamase inhibitor combinations (p = 0.004),
carbapenems (p < 0.001), aztreonam (p = 0.007) and tigecycline (p < 0.001) prior 30 days of GNBSIs were higher in the
carbapenem-resistant group. And beyond that, compared with patients in the non-carbapenem-resistant group, patients
with carbapenem-resistant were more likely to be over 60 years old (47.69% versus 141.97%). However, there was no
statistically significant difference (p = 0.367).

Multivariate analysis indicated that history of drinking (OR, 5.043; 95% Cl, 1.797–14.154; p = 0.002), non-
fermentative bacteria (OR, 10.176; 95% Cl, 5.149–20.111; p < 0.001), drainage tube (OR, 3.023; 95% Cl, 1.339–
6.823; p = 0.008), trachea cannula (OR, 5.680; 95% Cl, 2.633–12.256; p < 0.001), therapy with aztreonam prior 30 days
of infection (OR, 22.434; 95% Cl, 2.385–211.034; p = 0.007) and therapy with tigecycline prior 30 days of infection
(OR, 9.222; 95% Cl, 3.873–21.956; p < 0.001) were independent risk factors for carbapenem-resistant infection in
GNBSIs patients when compared with the non-carbapenem-resistant group.

Over all, therapy with tigecycline prior 30 days of infection was the mutual and paramount predictor for mortality of
GNBSI, MDR, ESBLs-producing and carbapenem-resistant GNBSI.

Discussion
GNBSI represent a global problem that needs prompt action. Timely identification of causative pathogens, reasonable
empirical treatment and hospital surveillance are needed to improve GNBSI management. The pathogens involved in
GNBSI may vary geographically and temporally,20 which highlighted the importance of timely local data. However, the
data from Shanxi in patients infected with gram-negative strains or even with intractable antibiotic resistant strains are
scarce. Here, we reported the epidemiological characteristics of GNBSI, evaluated the sensitivity profile to the main
antibiotics used in the treatment, the mortality predictors and the risk factors of intractable antibiotic resistant strains in
the period between January 2015 and December 2019.

Table 6 (Continued).

Univariable Analysis Multivariate Analysis

Carbapenem-
Resistant (n=65)

Non-Carbapenem-
Resistant (n=953)

p-value OR 95% CI p-value

Carbapenems 48 (73.85%) 387 (40.61%) <0.001
Aztreonam 2 (3.08%) 4 (0.42%) 0.007 22.434 2.385–211.034 0.007

Quinolones 14 (21.54%) 210 (22.04%) 0.925
Aminoglycosides 9 (13.85%) 99 (10.39%) 0.381

Tigecycline 22 (33.85%) 27 (2.83%) <0.001 9.222 3.873–21.956 <0.001

Polymyxin 0 0 NA

Note: Bold front: variable included in multivariate analysis.
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In this study, gram-negative bacteria were the most causative pathogens in BSI. This was similar to previous
research.21 The isolation rate of negative bacteria increased year by year; however, the isolation rate of positive bacteria
did not change much from year to year. This may be related to prolonged hospitalization, low overall immunity, and the
use of broad-spectrum antibiotics in hospital which resulting in the increased likelihood of nosocomial bacterial
infection. This result indicated that clinicians should attach great importance to BSI by gram-negative bacteria. The
gender makes no difference in prevalence of GNBSI, which coincided with previous studies.22 In addition, some studies
showed that male had a higher infection rate without supporting explanations.23 To our knowledge, there is no credible
evidence that BSI was associated with gender.

A vast majority of patients who were diagnosis as GNBSIs were in hematology ward (n = 242, 23.77%), followed by
the intensive care unit (n = 89, 8.74%). The patients in hematology ward usually undergo multiple chemotherapies,
resulting in agranulocytosis and poor immunity. Therefore, these patients always have multiple site infections. Once the
infection gets out of control, it can easily become a bloodstream infection. The patients in intensive care unit were
usually in bad conditions with serious disease, hypoproteinemia, electrolyte disturbance and even septic shock. So they
were also more likely to get bloodstream infections.

In our study, the age of GNBSI patients had a younger trend, specifically, most of the positive patients were assigned
in the 41–60 age group followed by 61–80 age group. This went against our conventional wisdom and research results
which highlighted the increased incidence with age.24 This may be related to the composition of GNBSI patients in the
study hospital. In this study, a vast majority of GNBSI patients were in hematology ward (23.77%), which the majority of
patients were diagnosed as hematologic malignancies (73.82%). The average age of the patients in hematology ward was
53.86-year-old. They were admitted to hospital with their underlying medical conditions usually accompanied by
immune deficiency. This kind of patients were predisposed to developing BSI probably because of bone marrow
suppression, neutropenia and mucosal injury induced by chemotherapy.21 Therefore, this result confirmed the substantial
burden of these pathogens in younger patient in our region, justifying the implementation of programs to prevent GNBSI
in this age group.25–27 On the other hand, the orthopedics in our hospital is a national key discipline. There were more
patients who were suffering serious injuries. The orthopedic trauma patients (car accidents, falls, etc.) tend to be younger,
which may account for our overall lower age.

The mortality rate of this study was 10.86% which was lower than that in the USA (vs 12–15%).4 However, this was
only a result from one hospital and data were not available at the country level in China. However, the mortality rate of
BSI was higher than that of other kind of infections, so preemptive treatment and optimization of treatment plan for BSI
were very important to save patients’ lives. Previous study of the USA also indicated that the mortality rate would be
higher than 12–15% unless clinical and antimicrobial management.6,7 In other words, this result underlined the vital
importance of proper clinical and antimicrobial management.

In our current study, Escherichia coli was the most common gram-negative organism (508/1018, 49.90%), followed
by Klebsiella pneumoniae (160/1018, 15.72%). This result was consistent with previous studies performed in China, Iran,
Sweden and Rwanda.28–32 While an Italian study showed that the most frequently isolated pathogens were
K. pneumoniae (45.3%), followed by E. coli (15.4%).33 This difference in primary bacteria might be associated with
geographic area. As a study reported that K. pneumoniae was endemic in European countries bordering the
Mediterranean Sea.27 Furthermore, the differences in strain prevalence between geographic area may be caused by
differences in disease prevalence and different medication habits. These results indicated that these two bacteria had
a worldwide popularity, thereby, fully understand the characteristics of strain and its drug resistance mechanism would
play a decisive role in the control of GNBSI.

Over the past decade, lots of researches have shown an increase in the prevalence of multidrug-resistant organisms
(MDROs) in the general population and in the incidence of these bacteria in hospitals.34 One report showed that the most
frequent MDR bacterial isolated from gram-negative were Escherichia coli, whose frequency ranged from 10.1 to 53.6%,
and Klebsiella pneumoniae (frequency ranging from 4.1% to 44.6%).35,36 In our study, the MDR GNBSI cases
significantly increased over the years and the number of MDR GNBSI cases reached its highest level in 2019. In
MDR GNBSI, the frequency of Escherichia coli in our study was 66.67%, which showed a little bit higher incidence than
the report mentioned above and the frequency of Klebsiella pneumoniae was coincident (9.74%). The ESBLs-producing
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GNBSI cases increased but there was no statistical significance. The carbapenem-resistant GNBSI cases remained
a steady trend. These results were consistent with previous study.3 MDR strains are more difficult to treat and some
study reported crude mortality rates to reach as high as 34% to 50%, especially in MDR GNBSI.37,38 Moreover, the
plasmids harbouring blaESBL gene contain resistance gene for non-beta-lactam antibiotics such as aminoglycosides,
fluoroquinolones, tetracyclines, sulphonamides, etc. Therefore, ESBLs-producing isolates were always MDR isolates. In
this study, we found a high proportion of the Enterobacteriales family in ESBL producers (91.07%). The resistance
mechanism of Enterobacteriales isolates was relatively simple. Therefore, carbapenem antibiotics and β-Lactam/β-
lactamase inhibitor combinations were effective choices. However, for severe patients with ESBL infection, carbapenem
antibiotics were regarded as the most effective treatment. However, there were 17 cases of carbapenem-resistant
Enterobacteriales (CRE) (2.33%). The emergence of CRE can lead to widespread drug resistance. In our antimicrobial
susceptibility test in vitro, the resistant rates of Enterobacter cloacae, Klebsiella pneumoniae and Escherichia coli to
carbapenem reached 20.59%, 5.00% and 0.98%, respectively. For CRE, tigecycline and polymyxin were the last resort
treatment. However, for CRE BSI, tigecycline was not admitted to use for the lower serum concentration. Therefore, only
polymyxin can be used in the CRE BSI. Although cefoperazone/avibatam was an available choice for serinase-producing
CRE and sometimes the aminoglycosides were sensitive, the overall difficulty in treatment increased and the failure rate
raised.

We also found a high proportion of non-fermenters in carbapenem-resistant isolates (53.84%). The resistant rates of
Acinetobacter baumannii and Pseudomonas aeruginosa to carbapenem reached 76.32% and 6.25%, respectively. The
resistance mechanisms in non-fermentative bacteria (Pseudomonas and Acinetobacter) were complex, including enzyme
production, loss of pore proteins, changes in membrane permeability, high expression of efflux pump, biofilm formation,
etc. For the treatment of carbapenem resistant Pseudomonas aeruginosa, aminoglycosides, quinolones, β-Lactam/β-
lactamase inhibitor combinations and ceftazidime might be better choices as well. For the treatment of patients infected
with carbapenem-resistant Acinetobacter baumannii, there were few antibiotics that can be used because of the higher
resistance rate to many antibiotics.

Knowledge of potential mortality risk factors of GNBSI might help to better understand GNBSI and improve the
control precautions. In the present study, we used the retrospective method to investigate the mortality factors. These
results indicated that there were several characteristics of patients with a GNBSI that increase the risk of mortality,
highlighting a subgroup of patients who may benefit from more frequent monitoring to earlier identify deterioration. The
main finding of this cohort study that GNBSI caused by MDR gram-negative bacteria was a strong predictor of death.
This was in accordance with some studies which have reported that mortality related to MDR organisms is higher than
that related to nonresistant organisms.39 Conversely, other studies suggest that antibiotic resistance in BSI does not
adversely affect the outcome for patients, representing only a small fraction of deaths.40,41 However, in this study,
although the carbapenem-resistant strains were not independent mortality risk factor, the mortality rate was much higher
in the non-survivor group (29.85% versus 3.96%). Patients who therapy with carbapenems prior 30 days of infection had
a higher mortality rate than those who did not (63.89% versus 40.22%). Carbapenem antibiotics are very important in the
treatment of negative bacteria. In our country, carbapenem antibiotics are of special use grade, with strict consultation
system and use process. It is generally applied when a variety of other antibacterial drugs are ineffective and the patient
has a very severe infection. Therefore, this might be the reason of higher mortality rate for those who received
carbapenems prior 30 days of infection. This factor was not included in the multivariate analysis, probably because
the small number of cases, especially CRE cases. This may affect the statistical results. This non-significant result may be
related to the small sample size of carbapenem-resistant infections. Moreover, GNBSIs caused by ESBL bacteria did not
significantly increase mortality. In addition, we found that patients with diabetes mellitus, solid organ tumor, non-
fermentative bacteria, central venous cannula, urinary catheter, therapy with carbapenems or tigecycline prior 30 days of
infection were more likely to die. This was consistent with previous study.32

Although ESBLs-producing and carbapenem-resistant strains were not included in the multivariate mortality risk
factor model, for their further perniciousness, we analyzed the risk factors of MDR, ESBLs-producing or carbapenem-
resistant GNBSI.
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Numerous researches have demonstrated antibiotic exposure as a strong risk factor for infection with MDR
organisms.42,43 The same results were found in our study. In the recent risk factor studies, therapy with aminoglycosides
and tigecycline prior 30 days of infection were investigated as independent risk factors in MDR GNBSI. Multivariate
analysis also implicated age over 60-year-old, history of hospitalization for 90 days prior to BSI, Enterobacteriales,
central venous cannula, trachea cannula. These were similar to previous studies.44–46

In this study, central venous catheter was the corporate risk factors of mortality and MDR GNBSI. This has been
confirmed in several studies, attributed to by the repeated need for vascular access addition to patients more likely to
have a poorer baseline health status, lending to a greater risk of deterioration.47 Aminzadeh et al reported that central
venous catheter related BSIs constituted as a large proportion of high-risk patients in non-ICU settings, with the first two
weeks after central venous catheter insertion having the highest risk of developing a BSI and 69.2% of central venous
catheter related BSIs occurred within <4 weeks of line insertion.48

In this study, therapy with cephalosporins (all generation), β-Lactam/β-lactamase inhibitor combinations and tigecy-
cline prior 30 days of infection could induce the production of ESBLs. Our findings are consistent with previous studies
concerning the global emergence of ESBLs-producing pathogens could be attributed to the overuse of antibiotics and
necessitates the development of new antibiotics.49,50 Besides, this is even more emphatic that early reasonable use of
antibiotics, including dosing interval and dosage, is really vital in management of resistant bacteria. As we all know, β-
Lactam/β-lactamase inhibitor combinations can inhibit ESBLs. However, in this study, therapy with β-Lactam/β-
lactamase inhibitor combinations prior 30 days of infection was a risk factor of ESBLs GNBSI. The specific mechanism
needs to be further studied. Multivariate analysis also indicated that history of hospitalization for 90 days prior to GNBSI
and Enterobacteriales infection were independent risk factors for ESBLs-producing infection in GNBSI patients when
compared with the non-ESBLs-producing group. These were similar to previous studies.3

Carbapenems remain the treatment of choice for severe ESBL and MDR infections.51 Prevention of carbapenem
resistance is very important. In this study, history of drinking, non-fermentative bacteria, drainage tube, trachea cannula,
receipt of aztreonam prior 30 days of infection and receipt of tigecycline prior 30 days of infection were independent risk
factors for carbapenem-resistant infection in GNBSI patients. These were similar to previous studies.52 Although
a history of drinking is an independent risk factor of carbapenem-resistant GNBSI, our research was a retrospective
study in which there were no strict and uniform standards for the drinking history of patients. The units of alcohol
consumption and drinking frequency were not uniform. Therefore, this result was of little reference value and needed to
be confirmed by more prospective studies. Aztreonam is a kind of antibiotic which need special class antibiotic
management. Aztreonam is mainly used in combination with other drugs to treat infection due to Pseudomonas
aeruginosa and metallo β-lactamases-producing CRE. Therefore, Carbapenems resistance rate was higher in patients
treated with aztreonam. In this study, solid organ tumor is a protective factor for carbapenem-resistant infection in
GNBSIs patients. This may be due to the low isolation rate of carbapenem-resistant strains from solid organ tumor
patients in this study. We found two carbapenem-resistant strains (1.68%), similar to what has been reported at other
hospitals (0.8–3.3%).53 However, the exact mechanism is unclear.

Intriguingly, therapy with tigecycline prior 30 days of infection was the mutual and paramount predictor for mortality
of GNBSI, MDR, ESBLs-producing and carbapenem-resistant GNBSI (OR = 7.254, 3.701, 3.588, 9.222, respectively).
This means patients whose therapy with tigecycline prior 30 days of infection were 7.254 times more likely to die, 3.701
times more likely to have MDR GNBSI, 3.588 times more likely to have ESBLs-producing GNBSI and 9.222 times more
likely to have carbapenem-resistant GNBSI than those who did not. Although there were few studies on this mechanism,
one study reported that tigecycline exposure increased the risk of carbapenem resistance Enterobacteriales BSI might be
due to intestinal flora disorder.54 The specific mechanisms need more research. To our knowledge, tigecycline has a large
volume of distribution and high concentration in gallbladder, colon and pulmonary tissue. In contrast, the serum
concentrations of tigecycline are relatively low which are generally deemed not adequate. Therefore, although tigecycline
has a wide antibacterial spectrum, which is active against a wide range of gram-positive and gram-negative bacteria,
tigecycline is not approved for the treatment of BSI. It suggested us that more attention should be paid to avoid
tigecycline exposure in the treatment of BSI. For the treatment of CRE, polymyxin or ceftazidime/avibactam should be
started early according to the enzyme production, so as to better optimize the treatment plan and grasp the treatment
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opportunity. Overall, the risk factors for MDR, ESBLs-producing and carbapenem-resistant GNBSI in this study provide
possibilities to prevent such kind of GNBSI.55

Our study has some limitations. Firstly, this research was conducted in a single center, and we used the retrospective
observational study. Thus, there might be some bias and these results could not represent the condition of Shanxi, China
but only the survey unit. A larger sample is necessary for further study. Secondly, we did not explore the molecular
characteristics. This needs further study.

Conclusion
Collectively, our study implies that patients who were diagnosed as GNBSI had a younger age. The incidence rate of
MDR GNBSI remarkably increased over the years. Therapy with tigecycline was the mutual and paramount predictor for
mortality of GNBSI, acquiring MDR, ESBLs-producing and CR GNBSI. This investigation had provided a theoretical
basis for the use of antibiotics and prevention and control of hospital infection in our region. The effectiveness of these
investigation-guided interventions requires further research.
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