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Background: The data from the China Network Antibacterial Surveillance Center (http://www.chinets.com) showed that the
prevalence of Escherichia coli (E. coli), Klebsiella pneumoniae (KP), and Enterobacter cloacae (ecl), was 18.96%, 14.12%, and
2.74% in 2022, respectively. The resistance rates of E. coli and KP to 3rd or 4th generation cephalosporins were 51.7% and 22.1%, to
carbapenems was 1.7% and 3.9%, to quinolones was 55.9% in Shanxi. The generation of extended-spectrum beta-lactamases (ESBLs)
is a major mechanism resulting in drug resistance in Enterobacterales. To determine the mortality risk factors of multi-drug resistant
Enterobacterales (MDRE) and multi-drug resistant Klebsiella pneumoniae (MDR-KP) infection.
Methods: 91 MDR strains from 91 patients were collected from 2015 to 2019 in the second hospital of Shanxi Medical University. The
mortality risk factors for the MDRE infections and clinical outcomes were analyzed by univariable and multivariable analysis. The
independent predictors of 30-day mortality were analyzed through the Cox regression analysis including the variables with a value <0.2.
Results: The majority of patients were admitted to ICUs. Pulmonary infection was a major infection (43.96%, 40/91). Thirty-three
(36.26%, 33/91) strains of MDR-KP were only detected in 2018. The proportion of multi-drug resistant Escherichia coli (MDR E. coli) and
multi-drug resistant Enterobacter cloacae (MDR ecl) were 16.48% (15/91) and 17.58% (16/91), respectively. The presence of cerebrovas-
cular diseases (OR, 4.046; 95%Cl, 1.434–11.418; P=0.008) and central venous catheterization (OR, 4.543; 95%Cl, 1.338–15.425; P=0.015)
were associated withmortality in patients withMDRE infections. Endotracheal intubation (OR, 4.654; 95%Cl, 1.5–14.438; P=0.008) was an
independent mortality risk factor for patients infected with MDR-KP strains. Patients who received aminoglycoside antibiotics (P=0.057)
had a higher 30-day survival rate. The β-lactam antibiotics were the major agent in the clinic.
Conclusion: This study implies that patients with cerebrovascular diseases, central venous catheterization, and endotracheal
intubation are at risk of carrying MDR isolates.
Keywords: multi-drug resistance, Enterobacterales, carbapenem-resistant, risk factors

Introduction
Enterobacterales bacteria, which belong to Gram-negative bacilli, are common causes of serious infections (eg:
bacteremia, community-acquired pneumoniae, complicated intra-abdominal infection).1–4 The most notorious bacteria
is Klebsiella pneumoniae (KP), which is gradually evolving into strains resistant to common antibiotics in clinical
practice and causing a severe or fatal infection.5,6 At the same time, Enterobacterales could carry different antimicrobial
resistance (AMR) patterns, making them become multi-drug resistant strains.4 Thus, the emergence of multi-drug
resistant Enterobacterales (MDRE) represents a significant global public health issue. It contains multi-drug resistant
Escherichia coli (MDR E. coli), multi-drug resistant Klebsiella pneumoniae (MDR-KP), and multi-drug resistant
Enterobacter cloacae (MDR ecl).7
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Over the past decade, lots of research have shown an increase in the prevalence of multidrug-resistant organisms
(MDROs) in the general population and the incidence of these bacteria in hospitals.8 One report showed that the
prevalence of E. coli ranged from 10.1 to 53.6% (mean 32.1%); the prevalence of KP ranged from 0 to 33.9% (mean
8.2%).9 ESBL-producing Enterobacterales are more prevalent in the United States and Brazil, with isolation rates of
approximately 12.05% and 11%, respectively.10,11 In Europe, studies conducted from 2011 to 2013 showed that the
rate of ESBL-producing strains was 45.6% in KP. In Asian countries, a study conducted between 2008 and 2014 found
that 94.3% of Enterobacterales strains were ESBL producers. On the African continent, between 2009 and 2014, the
rate of ESBL-producing strains was 16.4% and 99% of the isolates identified by clinicians.12,13 The data from the
China Network Antibacterial Surveillance Center (http://www.chinets.com) showed that the prevalence of E. coli, KP,
and ecl was 18.96%, 14.12%, and 2.74% in 2022, respectively. Besides, rates of Enterobacterales strains’ resistance to
imipenem and meropenem antibiotics were 9.4% and 9.6%. The China Antimicrobial Resistance Surveillance Report
(http://www.carss.cn/), the largest survey of antimicrobial resistance in China, reported that the rate of carbapenem
resistance in KP increased from 6.4% in 2014 to 10.9% in 2020, whereas in E. coli, the rate remained stable at under
2% over this period. In addition to, the mean rates of E. coli and KP resistance to 3rd or 4th generation cephalosporins
were 51.6% and 22.1%, carbapenems were 1.6% and 10.9%, quinolones was 50.7% (only E. coli strains). Whereas the
resistance rates of E. coli and KP to 3rd or 4th generation cephalosporins were 51.7% and 22.1%, to carbapenems was
1.7% and 3.9%, to quinolones was 55.9% in Shanxi. That being so, MDRE strains represent a significant threat to
public health, which comes to our urgent attention.

The generation of extended-spectrum beta-lactamases (ESBLs) is a major mechanism resulting in drug resistance in
Enterobacterales,4,11 which can hydrolyze different generations of cephalosporins and carbapenems.14 blaCTX-M can
hydrolyze several cephalosporins. Another important mechanism is the production of carbapenemases. It has a broad
hydrolytic activity and degrades all β-lactams, including carbapenems and β-lactam inhibitors. The genes encoding ESBL
and carbapenemases are found on mobile genetic elements and are important in the propagation of drug resistance.15

blaKPCs, blaNDM, blaVIM, and blaOXA can specifically hydrolyze carbapenems. They are associated with nosocomial
infections and may complicate infection control in hospitals.16–19 The most encountered ESBL genes among E. coli and
KP are blaTEM, blaSHV, and blaCTXM.20 One study from the Netherlands showed that from 1990 to 2015, fecal
colonization rates of ESBL-producing Enterobacterales were estimated to be 14% in healthy populations, increasing by
about 5% per year.21 Moreover, MDRE strains could carry three or more resistance genes and have a broader spectrum of
drug resistance than CRE. Therefore, MDRE should be paid more attention to.

MDRE infections are associated with higher morbidity and mortality.22 People with cardiovascular disease, a history
of travel to high-prevalence countries, mechanical ventilation, a history of stay in ICU, and a history of usage of
antibiotics could be more vulnerable to MDRE infection.23–25 Owing to the complicated and diverse resistance patterns,
the therapeutic options for infections are extremely limited, which lead to the revival of colistin, as a last resort antibiotic
to treat gram-negative bacterial infections.26 Thus, treatment of MDRE infection is increasingly more difficult and poses
a serious challenge to clinical treatment.

Here, in this retrospective study, we attempted to analyze the clinical characteristics, and mortality risk factors for
MDRE and MDR-KP infection to provide a theoretical basis for the clinical diagnosis and predictors for mortality in
patients. Furthermore, our results could improve the prognostic for patients and strengthen the control of the spread of
MDR-E infection.

Patients and Methods
Study Design and Setting
This retrospective study was performed from January 2015 to June 2019 in the second hospital of Shanxi Medical
University. Patients with MDRE infections were resistant to at least three or more classes of antimicrobials in this study.
To evaluate the risk factors for MDRE and MDR-KP infection, a retrospective study was performed. The inclusion
criteria were as follows: The age of the patient was ≥18 years old. The hospitalized patient had complete clinical data.
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The exclusion criteria were as follows: The hospitalization was < 24 hours. This study was approved by the Ethics
Committee of the second hospital of Shanxi medical university (Code 2019 YX-181).

Clinical Data Collection
Electronic medical records of patients who underwent MDRE infection were reviewed, including age, sex, length of
hospitalization, hospital transfer, the length of ICU admission, underlying disease, complication, invasive procedure, and
antibiotics usage within the 30 days. Bacterial cultures were processed in the clinical microbiology laboratory.
Furthermore, dates of microorganism sampling and infection diagnosis were recorded. Blood, urine, sputum, cerebrosp-
inal fluid, secretion and drainage fluid culture results, the causative agent for Enterobacterales, and site of infection of
each patient were also recorded.

Definitions
The definitions of the infections included in this study followed by the Centers for Disease Control and Prevention
Prevention (CDC) guidelines (https://www.cdc.gov/nhsn/PDFs/pscManual/4PSC_CLABScurrent.pdf), including pneu-
moniae, bloodstream infection, and infections from other sites.

Statistical Analysis
Categorical variables were using a χ2 test or Fisher’s exact test. Then, variables (p value < 0.1) were analyzed in the Logistic
model analysis, to identify the independent risk factors of MDRE infection and MDR-KP infection. To determine the
independent predictors of 30-day mortality, we analyzed the variables with a value < 0.2 in the Cox regression analysis.27–29

Aiming to analyze the effect of usage of aminoglycosides on the 30-day survival, patients were divided into two groups
according to with or without the usage of aminoglycosides. P < 0.05 was considered statistically significant.

Clinical Treatment Analysis
The information on treatments was collected from the electronic medical system. We contained the common antibiotics
in clinical practices. We divided the patients into three groups, according to the specific bacteria and the usage days.

Antibiotic Sensitive Testing
Antibiotic sensitive testing was performed using the Vitek 2 automated system (Biomerieux, France) and interpreted
according to the latest standards of Clinical and Laboratory Standards Institute (CLSI) Guidelines.30

Results
Clinical Characteristic of Participants
A total of 91 patients were enrolled in this studied period. The majority of patients were admitted to intensive care units
(n =26, 28.6%), followed by the neurosurgical wards (n = 18, 19.8%), hematological wards (n = 12, 13.2%), respiratory
and critical wards (n = 9, 9.9%), respiratory wards (n = 7, 7.7%), general surgery wards (n = 6, 6.6%), neurology wards
(n = 4, 4.4%), nephrology wards (n = 3, 3.3%), rheumatology wards (n = 2, 2.2%), and others (n = 1, 1.1%, each).

The major infection was pulmonary infection (44.0%, 40/91), followed by other infections (24.2%, 22/91), urinary
tract infection (6.6%, 6/91), bloodstream infection (4.4%, 4/91), abdominal infection (2.2%, 2/91), and intracranial
infection (1.1%, 1/91). The overall mortality was 33.0% (30/91).

The Distribution of Multi-Drug Resistant Enterobacterales
Three MDRE strains were identified in 2015, one strain was isolated in 2016, twenty-four strains were identified in 2017,
forty-nine strains were isolated in 2018, and in 2019, fourteen strains were identified. Thirty-three strains of MDR-KP
were only detected in 2018. CRKP accounted for 98.3% of the MDR-KP strains. The strains originated from different
sites: sputum (n = 59, 64.8%), blood (n = 12, 13.2%), secretions (n = 10, 10.1%), urine (n = 8, 8.8%), cerebrospinal fluid
(CSF) (n = 1, 1.1%), and drainage liquid (n = 1, 1.1%). Figure 1
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Mortality Risk Factors of Multi-Drug Resistant Enterobacterales
Univariate analyses comparing the baseline characteristics of patients who survived or died are shown in Table 1. There was
no significant difference in the demographic measures between the two groups. The median age of the dead patients was 62.5
years (range, 46.91–78.09), these patients were older than the survivors (55.2 vs 17.74, range, 37.46–72.94) (P=0.058). The
following factors were most frequently detected in dead patients: MDRE strains were isolated in ICU (P = 0.017),
cardiovascular disease (P = 0.039), cerebrovascular disease (P = 0.039), mechanical ventilation (P = 0.006), central venous
cannula (P = 0.029), endotracheal intubation (P = 0.009), tracheotomy (P = 0.005), and urinary catheter (P = 0.005).
Compared with patients in the survivor group, non-survivor group patients were more likely to have a higher proportion of
factors in transfer (60.0% versus 47.5%), hospitalization history of ICU prior to isolation (40.0% versus 34.4%), lung
diseases (66.7% versus 52.5%), renal disease (16.7% versus 9.8%), disease of digestive tract (20.0% versus 8.2%), arterial
cannula (73.3% versus 57.4%), nasogastric tube (66.7% versus 52.5%), usage of parenteral nutrition (46.7% versus 29.5%),
or usage of immunosuppressant (63.3% versus 42.6%). Furthermore, the majority of the patients in the non-survivor group
had invasive procedures. Usage of antimicrobial in 30 days before bacteria isolation revealed no difference between the
survivor and non-survivor groups. Compared to the survivor group, the proportion of utilization of carbapenems and
tigecycline was higher in the non-survivor group but there was no statistically significant difference (P = 0.266, 0.075).

Variables with P < 0.1 were included into Logistic regression analysis. Multivariate analysis indicated that cerebro-
vascular diseases (OR, 4.046; 95% Cl, 1.434–11.418; P = 0.008) and central venous catheterization (OR, 4.543; 95% Cl,
1.338–15.425; P = 0.015) were independent mortality risk factors for infection with MDRE when compared with the
survivor group. Table 2

Risk Factors for 30-Day Mortality and Prognostic Analysis of Multi-Drug Resistant
Enterobacterales
Our study highlights the high mortality associated with MDRE infection (33.0%, 30/91), at the same time, the mortality
in 30-day was 23.1% (21/91). The mean 30-day survival time of patients with MDRE infection was 24.6 days (7–30).
Multivariate Cox survival regression analysis showed that the predictor independently associated with 30-day mortality
was the usage of aminoglycoside (HR, 0.351; 95% CI, 0.118–1.044; P = 0.06). Patients were divided into two groups
according to whether they received aminoglycoside antibiotics or not. The survival time of the group that did not receive
aminoglycoside antibiotics was significantly lower than that of the group that received aminoglycoside antibiotics, but
there was no statistical significance.

Mortality Risk Factors of Multi-Drug Resistant Klebsiella pneumoniae
Due to the isolation rate of MDR-KP being high (66.0%, 60/91), we do a further mortality risk factors analysis of MDR-
KP strains. The mean duration of hospitalization of non-survivor group patients was 24 days (range 16–37.75), which had
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Figure 1 The distribution of multi-drug resistant Enterobacterales bacterial specimen types from 2015–2019. (A) Multi-drug resistant E. coli. (B) Multi-drug resistant KP. (C)
Multi-drug resistant ecl.
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Table 1 Univariable Analysis of Predictors Associated with Non-Survivors with MDRE Infection

Variable Total Survivor
(n = 61)

Non-Survivor
(n = 30)

P

Demographic
Age, years, mean ± SD 57.6±17.32 55.2±17.74 62.5±15.59 0.058

Length of stay 27 (17–43) 28 (17–44.5) 24 (12.75–37.75) 0.26
Male 68 47 (77%) 21 (70%) 0.467

Transfer from other department 47 29 (47.5%) 18 (60.0%) 0.264

Transfer from other hospitals 12 8 (13.1%) 4 (13.3%) 0.977
History of hospitalization for 90 days
prior to infection

26 17 (27.9%) 9 (30.0%) 0.832

ICU stay 33 21 (34.4%) 12 (40.0%) 0.603

Stay in the ward with MDRE isolation 25 12 (19.7%) 13 (43.3%) 0.017

Underlying diseases
Diabetes 18 11 (18.0%) 7 (23.3%) 0.551

Pulmonary disease 52 32 (52.5%) 20 (66.7%) 0.198

Tumour 21 13 (21.3%) 8 (26.7%) 0.569
Liver disease 9 5 (8.2%) 4 (13.3%) 0.691

Renal disease 11 6 (9.8%) 5 (16.7%) 0.550

Nervous system disease 34 22 (36.1%) 12 (40.0%) 0.715
Cardiovascular disease 24 12 (19.7%) 12 (40.0%) 0.039

Disease of digestive tract 11 5 (8.2%) 6 (20.0%) 0.200

Smoking history 34 24 (39.3%) 10 (33.3%) 0.577
Alcohol abuse 16 12 (19.7%) 4 (13.3%) 0.455

Complications
Peripheral Vascular Diseases 10 6 (9.8%) 4 (13.3%) 0.885
Cerebrovascular disease 24 12 (19.7%) 12 (40.0%) 0.039

COPD 5 4 (6.6%) 1 (3.3%) 0.465

Invasive procedure
Mechanical ventilation 48 26 (42.6%) 22 (73.3%) 0.006

Thoracentesis 12 9 (14.8%) 3 (10.0%) 0.764

Drainage tube 41 29 (47.5%) 12 (40.0%) 0.497
Arterial cannula 57 35 (57.4%) 22 (73.3%) 0.139

Central venous catheterization 62 37 (60.7%) 25 (83.3%) 0.029

Endotracheal intubation 29 14 (23.0%) 15 (50.0%) 0.009
Tracheotomy 28 13 (21.3%) 15 (50.0%) 0.005

Urinary catheter 61 35 (57.4%) 26 (86.7%) 0.005

Nasogastric tube 52 32 (52.5%) 20 (66.7%) 0.198
Usage of parenteral nutrition 32 18 (29.5%) 14 (46.7%) 0.107

History of immunosuppressant 45 26 (42.6%) 19 (63.3%) 0.063

Receipt of antibiotics prior 30 days 72 45 (73.8%) 27 (90.0%) 0.073
Penicillin 5 4 (6.6%) 1 (3.3%) 0.465

1st or 2nd generation cephalosporins 13 10 (16.4%) 3 (10.0%) 0.617

3rd or 4th generation cephalosporins 30 22 (36.1%) 8 (26.7%) 0.37
β-Lactam/β-lactamase inhibitor
combinations

71 48 (78.7%) 23 (76.7%) 0.827

Carbapenems 41 25 (41.0%) 16 (53.3%) 0.266
Aztreonam 3 3 (4.9%) 0 (0%) 0.548

Quinolones 35 27 (44.3%) 8 (26.7%) 0.105

Aminoglycosides 36 28 (45.9%) 8 (26.7%) 0.078
Tigecycline 14 6 (9.8%) 8 (26.7%) 0.075

Oxazolidinone 17 13 (21.3%) 4 (13.3%) 0.359

Abbreviation: COPD, chronic obstructive pulmonary disease.
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statistical significance, compared to the survivor group. The following factors were statistically different between the two
groups: invasive procedures (P = 0.009), endotracheal intubation (P = 0.006), tracheotomy (P = 0.012), and urinary
catheter (P = 0.03). Furthermore, we found that the history of immunosuppressant use was borderline statistical
significance (P = 0.056). However, the usage of antibiotics was not statistically significantly different between the two
groups. Table 3

Also, the variables with P < 0.1 were performed Logistic regression analysis. Multivariate analysis indicated that
endotracheal intubation (OR, 4.654; 95% Cl, 1.5–14.438; P = 0.008) was an independent mortality risk factor for
infection with MDR-KP strains. Table 4

In the Cox analyses, aminoglycoside antibiotics therapy was associated with a 30-day survival benefit with borderline
statistical significance (P = 0.057). Thus, patients were divided into two groups, according to the usage of aminoglyco-
side. Overall, 22 patients receive aminoglycoside therapy, and 2 of them were dead (9.09%). But, it was not associated
with 30-day survival between the two groups.

Clinical Treatments Characteristics
We collected the treatment of patients infected with MDRE during the hospitalization (Table 5). The patients were divided into
three groups, according to the bacteria species. In MDR E. coli, the most frequent antibiotic was β-lactam inhibitors, which
account for 66.7%. The second most frequently used were quinolones (46.7%). Carbapenems were not commonly used in MDR
E. coli infections. In MDR-KP group, β-lactam inhibitors were the major agents. Carbapenems were the second most frequently
treatment in the clinic. While the proportion of aztreonamwas 1.7%. DuringMDR ecl bacteria, β-lactam inhibitors were also the
main treatment. Carbapenems (62.5%) and quinolone (56.3%) also had a higher proportion. Usage of cefoperazone/sulbactam
and piperacillin/tazobactam≧7 days accounted for 20.0% and 13.3%, 18.3% and 8.3%, and 31.3% and 25.0% in MDR E. coli,
MDR-KP, and MDR ecl, respectively. Tigecycline had a lower usage frequency.

Investigation of Patients with Multiple Detections of Multi-Drug Resistant
Enterobacterales
In our study, 18 patients have been detected with different MDRE strains more than once. Among them, three patients dead
eventually, two of them diagnosed with a lung infection. Most patients (14/18, 77.8%) were isolated MDR-KP during the
hospitalization. The detailed information about these patients was shown in Figure 2. During the hospitalization, 12 patients
had received combination therapies. Here, we highlighted the description of the non-survivors’ information.

Patient 2 a 69-year-old man with no recent travel history, was admitted on 13 November 2015 for the neurosurgery with
hemorrhage from the right cerebellar hemisphere into the ventricle. He had a history of nervous system disease, smoking, and
cerebrovascular disease. Patient 2 received long-term rehabilitation persistently (80 days). During his hospitalization, he
received invasive procedures, drainage tube, central venous cannula, endotracheal intubation, tracheotomy, and urinary
catheter. On 11 November and 14 November, the MDR-KP strains were isolated from sputum specimens. He was treated
with CSL and CIP.Meanwhile, CSLwas administered for more than 7 days and the combined treatment of CSL and CIP lasted
from December 22 to January 1. Unfortunately, he was dead eventually due to the unrelieved condition.

Patient 12 was 76 years old and was admitted with pulmonary infection from 17 July 2018 to 1 September 2018. He
was transferred from another hospital. He had underlying diseases such as lung diseases and neurological diseases.
During his 46-day hospitalization, he received mechanical ventilation, drainage tube, central venous cannula, tracheot-
omy, and urinary catheter. We had isolated MDR-KP strains seven times from sputum samples. The CSL, TGC, VA,
MEM, and LZD were used as effective therapeutic agents to confer the infections. Furthermore, he also used enteral

Table 2 Multivariate Logistic Analysis of Predictors of Non-Survivors with MDRE Infection

Variables OR (95%) CI (95%) P

Cerebrovascular disease 4.046 1.434–11.418 0.008
Central venous cannula 4.543 1.338–15.425 0.015
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Table 3 Univariable Analysis of Predictors Associated with Non-Survivors with MDR-KP Infection

Variable Total Survivor
(n = 38)

Non-Survivor
(n = 22)

P

Trachea cannula

Age, years, mean ± SD 57.20±17.03 54.76±16.66 61.41±17.22 0.147

Length of stay 25 (17–42.5) 25 (17.75–43.75) 24 (16–37.75) 0.007
Male 49 33 (86.8%) 16 (72.7%) 0.31

Transfer from other
department

31 20 (52.6%) 11 (50.0%) 0.844

ICU stay 22 14 (36.8%) 8 (36.4%) 0.97

Stay in the ward with MDRE
isolation

18 10 (26.3%) 8 (36.4%) 0.413

Underlying diseases
Diabetes 14 8 (21.1%) 6 (27.3%) 0.583
Pulmonary disease 34 20 (52.6%) 14 (63.6%) 0.407

Tumour 9 5 (13.2%) 4 (18.2%) 0.881

Liver disease 6 4 (10.5%) 2 (9.1%) 0.616
Renal disease 8 4 (10.5%) 4 (18.2%) 0.655

Nervous system disease 23 15 (39.5%) 8 (36.4%) 0.811

Cardiovascular disease 19 9 (23.7%) 10 (45.5%) 0.081
Disease of digestive tract 9 5 (13.2%) 4 (18.2%) 0.881

Smoking history 22 15 (39.5%) 7 (31.8%) 0.553

Alcohol abuse 11 8 (21.1%) 3 (13.6%) 0.712
Complications
Peripheral Vascular Diseases 9 6 (15.8%) 3 (13.6%) 0.569

Cerebrovascular disease 16 8 (21.1%) 8 (36.4%) 0.196
COPD 4 3 (7.9%) 1 (4.5%) 0.532

Invasive procedure
Mechanical ventilation 36 18 (47.4%) 18 (81.8%) 0.009
Drainage tube 29 19 (50.0%) 10 (45.5%) 0.734

Arterial cannula 39 23 (60.5%) 16 (72.7%) 0.34

Central venous catheterization 42 24 (63.2%) 18 (81.8%) 0.129
Endotracheal intubation 22 9 (23.7%) 13 (59.1%) 0.006

Tracheotomy 23 10 (26.3%) 13 (59.1%) 0.012

Urinary catheter 45 25 (65.8%) 20 (90.9%) 0.03
Nasogastric tube 41 25 (65.8%) 16 (72.7%) 0.578

Usage of parenteral nutrition 26 15 (39.5%) 11 (50.0%) 0.428

History of
immunosuppressant

34 18 (47.4%) 16 (72.7%) 0.056

Receipt of antibiotics prior 30
days

50 31 (81.6%) 19 (86.4%) 0.905

1st or 2nd generation

cephalosporins

9 7 (18.4%) 2 (9.1%) 0.548

3rd or 4th generation
cephalosporins

18 13 (34.2%) 5 (22.7%) 0.35

β-Lactam/β-lactamase inhibitor
combinations

49 30 (78.9%) 19 (86.4%) 0.712

Carbapenems 27 14 (36.8%) 13 (59.1%) 0.095

Quinolones 19 15 (39.5%) 4 (18.2%) 0.088

Aminoglycosides 22 17 (44.7%) 5 (22.7%) 0.088
Tigecycline 10 4 (10.5%) 6 (27.3%) 0.188

Oxazolidinone 9 7 (18.4%) 2 (9.1%) 0.548

Abbreviation: COPD, chronic obstructive pulmonary disease.
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nutrition preparations and immunosuppressants. On 1 September, he was dead of an intracranial infection and pulmonary
infection.

Patient 18 was a 76-year-old male and admitted on 2 June 2019 with pulmonary infection and cerebral hernia. He had
lung diseases and neurological diseases and received invasive procedures, drainage tube, and central venous cannula,
including endotracheal intubation, tracheotomy, and urinary catheter. During his hospitalization, MDR-KP strains were

Table 4 Multivariate Logistic Analysis of Predictors of Non-Survivors with MDR-KP
Infection

Variables OR (95%) CI (95%) P

Trachea cannula 4.654 1.5 −14.438 0.008

Table 5 Thetreatment of Patients with MDRE Infecton

Treatment N (%)

MDR E. coli 15 (100)

β-Lactam/β-lactamase inhibitor combinations 10 (66.67)

Quinolones 7 (46.67)
3,4-generation cephalosporin 4 (26.67)

Linezolid 4 (26.67)

Carbapenems 4 (26.67)
Aztreonam 1 (6.67)

Tigecycline 1 (6.67)

Penicillin 1 (6.67)
Usage days ≧ 7d

Cefoperazone/sulbactam 3 (20.00)

Piperacillin/tazobactam 2 (13.33)
MDR-KP 60 (100)

β-lactam inhibitors 49 (81.67)

Carbapenems 27 (45.00)
Quinolones 19 (31.67)

3,4-generation cephalosporin 18 (30.00)

Tigecycline 10 (16.67)
Linezolid 9 (15.00)

Penicillin 3 (5.00)

Aztreonam 1 (1.67)
Usage days ≧ 7d

Cefoperazone/sulbactam 11 (18.33)

Piperacillin/tazobactam 5 (8.33)
MDR ecl 16 (100)

β-lactam inhibitors 12 (75.00)

Carbapenems 10 (62.50)
Quinolones 9 (56.25)

3,4-generation cephalosporin 8 (50.00)

Linezolid 4 (25.00)
Tigecycline 3 (18.75)

Penicillin 1 (6.25)

Aztreonam 1 (6.25)
Usage days ≧ 7d

Cefoperazone/sulbactam 5 (31.25)

Piperacillin/tazobactam 4 (25.00)
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isolated twice from sputum samples. CSL antibiotic treatment was started and combined with TGC. Unfortunately, he
was dead within 18 days.

Antimicrobial Susceptibility Results
91 MDRE isolates were tested antimicrobial susceptibility testing. All isolates were resistant to cefazolin, cefuroxime,
and cefoxitin, followed by ceftriaxone, 98.9%. The antimicrobial resistance rates were as follows: imipenem, 97.8%;
meropenem, 96.7%; cefepime 96.7%; ceftazidime, 96.7%; cefoperazone/sulbactam 96.7%, piperacillin/tazobactam
96.7%; levofloxacin, 92.3%; aztreonam, 90.1%; ciprofloxacin, 89.0%; amikacin, 19.8%.

Discussion
Multi-drug resistant Enterobacterales strains are one of the greatest public health threats, often causing severe infections,
such as bloodstream infections, pneumoniae, and abdominal infections.14,20 However, data from Shanxi in patients
infected with MDR-E is scarce, and the available literature has revealed the risk factors of Gram-negative bacteria
infection. Therefore, we reported the mortality risk factors of the patients infected with MDRE pathogens isolated from
a tertiary hospital located in Shanxi, China. In our study, the presence of cerebrovascular diseases and central venous
catheterization was associated with the death of patients with MDRE infections. Endotracheal intubation was an
independent mortality risk factor for patients infected with MDR-KP strains.

Many studies revealed that the infections caused by MDRE commonly occurred in ICU.22,31 While our study showed
that MDR-KP strains were the main bacteria species and the same result in department distribution. Moreover,
pulmonary infection was the major infection in our study. In contrast, the report from Lebanon indicated that Gram-
negative organisms were responsible for 78.8% of bloodstream infections.1

Knowledge of potential clinical risk factors for infection with MDRE might help to better understand MDRE
infection, improve the control precautions, and optimize antibiotic therapy. In the present study, we found that MDRE
infection was more vulnerable to lead to unimaginable outcomes in patients with the elderly, transfer hospitals, bacteria
isolated from ICU, more underlying diseases, and invasive producers. These findings were similar to previous
studies.22,32 Unlike the previous study, our study failed to find a difference between the survival and non-survivor
groups for immune and diabetes.3,33 This might be due to the limited number of cases in our study.

Figure 2 Hospitalization of 18 patients with multiple isolates of multi-drug resistant Enterobacterales. Blue squares: MDR ecl strains; red squares: MDR-KP strains; green
people means the patient was discharged; black people means the patients was dead.
Abbreviations: MEM, meropenem; IPM, imipenem; CSL, cefoperazone/sulbactam; PSL, piperacillin-sulbactam; LEV, levofloxacin; CIP, ciprofloxacin; ETM, etimicin; TGC,
tigecycline; VA, vancomycin; MA, cefamandole; ATM, aztreonam; CEF, cephalothin; CXM, cefuroxime; CMZ, cefmetazole; CAZ, ceftazidime; CRO, ceftriaxone; LZD,
linezolid; MXF, moxifloxacin; FOX, fosfomycin.
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Furthermore, some studies had investigated the risk factors in patients infected with CRE and ICU, and the history of
antibiotics was regarded as independent risk factor.15,18,23 In our study, cerebrovascular diseases and central venous
catheterization were considered as independent predictors associated with MDRE infection. This finding was the same as
the previous study.2 Interestingly, we found patients, infected with MDRE strains, who had received the aminoglycoside
agents may have a lower risk of death. Though there was no statistical significance between the two groups. This result
was different from the previous study and the need for more in-depth research.34

Due to the high isolation rate of MDR-KP strains, we analyzed the mortality factors of MDR-KP. Mechanical
ventilation, endotracheal intubation, and urinary catheter had statistical significance between the two groups.
Surprisingly, the usage of immunosuppressors had borderline statistical significance. Previous research demonstrated
that patients with a history of ICU, invasive procedures, and prior to carbapenem exposure were risk factors in CRKP
infection.34–36 Unfortunately, the history of antimicrobial drug use was not a risk factor in this study. The endotracheal
intubation was an independent predictor of MDR-KP infection. In this study, the usage of aminoglycoside antibiotics was
a mortality risk factor with borderline statistical significance.

Clinical treatment of infection with MDRE in this study was also investigated. In our study, the β-lactam antibiotics were the
major agent in the clinic. The proportion of carbapenems was 45.05%. This might lead to ESBL-resistance, increasing the drug
resistance and difficulty in treatment.37 A study conducted on patients, who were infected with community-acquired pneumonia
caused by Enterobacterales, considered prior ESBL infection as the risk factor.2 However, we did not gain the same result. This
was likely to suffer from under-reporting due to the reliance on clinician documentation. Previous studies have shown that
appropriately targeted therapy based on drug sensitivity results can help reduce morbidity and mortality.38,39

Three patients were selected to do a further analysis of their entire hospitalization based on multiple isolations of MDRE
and poor prognosis. During the 3 non-survivors’ hospitalization, they all receivedmore than 3 species of antibiotics. One study
suggested that the risk of infection with MDR-resistant isolates may increase to 60% when antibiotic pretreatment is ≥7
days.31 In our study, three patients had received CSL or TGC for more than seven days. And they all had received combination
treatment. Others also suggested that combination therapies should be used to treat severe CRE infection.15 Although no
symptoms of fever were found, the information from 18 patients also suggested that clinicians be more vigilant against the
possibility of drug-resistant bacterial infections when confronted with clinical symptoms such as fever, calcitonin (PCT)
index, or even shock in patients. Due to the small size population, the funding was limited.

Carbapenem antibiotics were regarded as the last resort treatment, while in our antimicrobial susceptibility test in vitro, the
antimicrobial susceptibility rates of imipenem and meropenem were 2.2% and 3.3%, respectively. This result was in line with
the published report, which thought that 82 of CRE strains were resistant to both imipenem and meropenem.20 Carbapenem
resistance in Enterobacterales is a complicated issue. A study showed that the incidence of CRE infection was increasing to
16% in Enterobacterales.3 It can occur in various Enterobacterales and may be mediated by several mechanisms, including
the production of carbapenemases.15,40–42 In our published study, we found that blaNDM-5 carbapenemase was the main
resistance mechanism of CRKP strains. Furthermore, it also showed that the ST11 was the predominant sequence type.35

Another study suggested that the patients in the meropenem MIC ≥ 8 mg/L had a significantly higher 30-day mortality than
those in the meropenem MIC = 2 or 4 mg/L groups and ≤ 1 mg/L group.33 Furthermore, E. coli strains had a high resistance
rate of 3,4 generation cephalosporin. A study indicates that from 2001 to 2008, the 3rd generation cephalosporin-resistant
E. coli has a ten-fold increase, and the highly resistant E. coli have a 30% increase in infection rate and higher mortality
compared to susceptible isolates.43 Meanwhile, the frequency of antibiotic use and exposure to any antibiotics may be
responsible for the development of drug resistance.1 Multiple studies recommend avoiding single antibiotics for anti-infective
treatment in the case of drug-resistant bacterial infections.31 The combination treatment was most effective and can reduce the
resistance rate of carbapenem and colistin.

Our study has some limitations. Firstly, we used the retrospective observational study. Thus, there might be some bias, such
as the loss of some clinical and laboratory data. Secondly, our population was small. This might lead to limited results, and the
reference value for comparison is small. However, our study, which collected cases from 2015 to 2019, is also a long-term
study. So, our study has certain significance for the treatment of MDRE strains in the local region. While these results could
not represent the condition of China and a larger sample is necessary for further study.
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Conclusion
Collectively, cerebrovascular diseases and central venous catheterization factors were associated with the death of
patients with MDRE infections. Endotracheal intubation was an independent mortality risk factor for patients infected
with MDR-KP strains. The MDRE strains have a high resistance rate to common antibiotics. Keeping this in mind,
combined treatment of more than two antibiotics is recommended in MDRE patients. Our results imply that the more
tailored treatment plans still need to be further developed according to the local epidemiological characteristics. More
infection control measures should be performed and formulated to stem Enterobacterales infections.
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