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Abstract
Background: To investigate whether molecular rapid active screening and infection-prevention and control IPC interventions can reduce
the colonization and infection of carbapenem-resistant Enterobacteriaceae (CRE) in a general emergency intensive care unit (EICU).

Methods: The study was designed as a before-and-after quasi-experiment. It was conducted in 3 stages. During stage 1, April 2018, the
environment was prepared and the staff in EICU was trained. Stage 2 was the main experimental stage from May 2018 to January
2019. The active screening was tested by semi-nested real-time �uorescent PCR (polymerase chain reaction) detection with rectal swabs
from all the patients on admission to EICU and the results would be feedback in 1 hour and other IPC interventions were conducted in
strict supervision in this stage. In the last stage (stage 3), February 2019-April 2019, only active screening was strictly executed. Other
IPC interventions were carried out by health workers without supervision. In the meantime, the atient information and culture results
from clinical laboratory from January 2017-April 2019 were collected.

Results: In this 1-year study, a total of 217 patients were enrolled. There were 23.04% of the patients were initially colonized or infected
with CRE as tested by active molecular screening. The clinical culture detection rate of CRE colonization/infection was 3.37% during the
baseline stage (before this study was carried out), from January 2017-March 2018. The rate  decreased signi�cantly to 1.20% (p<0.05)
during the main experimental period in which active screening and IPC intervention were executed strictly. However, the rate increased
again to 6 .12% in stage 3 in which only active screening were carried out in supervision. Based on the clinical characteristics of the
EICU patients, we found there's a higher probability that the patients had invasive devices or skin-barrier damage on admission or had
antibiotic use before admission were colonized or infected with CRE (p<0.05).

Conclusions : Rapid active screening by molecular detection and other IPC interventions conducted in supervision showed a signi�cant
reduction of CRE in nosocomial infection. The key to reduce the spread of CRE in the EICU is that all medical staff and healthcare
workers execute IPC interventions strictly.

Introduction
Carbapenem-resistant Enterobacteriaceae (CRE) represent a serious therapeutic problem due to their pronounced multidrug resistance,
with main pathogens being Klebsiella pneumoniae, Escherichia coli, and other Enterobacteriaceae. The worldwide spread of CRE is a
global burden and has become one of the priorities of the Centers for Disease Control (CDC) [1]. In the last decades, along with the
advent of Extended Spectrum Beta-Lactamase (ESBL) -producing enterobacteria, carbapenems have been used more frequently due to
their broad antibacterial spectrum, thus contributed greatly to the drastic raise of the CRE problem. [2]. In Europe and South America, the
situation reached alarming levels, causing about 140,000 cases of healthcare-associated infections annually. [3] In some parts of Asia,
especially eastern China, CRE have become endemic and reached epidemic dimensions. [4].

Infections with carbapenem-resistant gram-negative bacilli (CR-GNB), such as CRE, carbapenem-resistant Acinetobacter baumannii
(CRAB), carbapenem-resistant Pseudomonas aeruginosa (CRPsA), are predominantly associated with high morbidity, mortality, and
heavy economic burden [5]. Despite a variety of preventive measures and implemented intervention programs to control nosocomial
infections, the culture detection rate of CRE has increased continuously, reaching a total incidence rate in ICU from 2% to 7% and a
mortality rate of 18% to 48%, reaching even 78% in the patients infected with carbapenem-resistant Klebsiella pneumoniae after
transplantation in Germany, 2013. [6] [7] [8] [9]. In 2017, a CRE clinical and economics outcomes model was developed in the United
States to evaluate the health and �nancial burden of CRE, reporting a doubling of costs and a 5.1 fold increase of incidence rates,
causing higher expenses than many chronic diseases. [10]

Recent studies showed that the majority of CRE infections in China are caused by carbapenem-resistant Klebsiella pneumoniae (CR-KP),
mostly leading to serious infection in the ICUs [11]. The major mechanisms of carbapenem-resistance in these strains include
production of carbapenemases, production of e�ux pumps and porin mutation or loss. [12] From 2010 to 2014, the database showed
that the average probability of CRE infection from 15 large teaching hospitals in 13 regions of China increased from 1.9% to 5%. [13]
The resistance rate of Klebsiella pneumoniae to carbapenems has increased by 10% from 2005 to 2014. [14]This is the highest numbert
among all Gram-negative bacteria [15]. In our institution, the Shanghai East Hospital, the detection rates of CR-KP recorded from 2015 to
2017, ranged between 41.3% to 45.5%. This value was much higher than the reportd average in Shanghai (27.3%, data collected by
CHINET, China Antimicrobial Surveillance Network) and attributed mainly to CR-KP infections in the ICU ward of our hospital, where the
antibiotic resistance rate reached 61.12% in 2017.
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The WHO published guidelines for the infection prevention and control (IPC) of CRE, CR-AB and CRPsA, including hand hygiene, patient
surveillance, contact precautions, patient isolation (single isolation or concentration), environmental disinfection, environment
surveillance, monitoring auditing and feedback [16]. However, the translations of the guidelines into the clinic was rather ineffective in
China. One of the reasons was that the available global literature mostly reported active screenings conducted by bacterial culture tests
(time factor: at least 24h to feedback the results) and the data were collected in settings that are unusual for China, e.g. ICUs with
advanced facilities such as 1 bed-room, isolation rooms etc. [17] In addition, in real-world, the IPC interventions implemented in China
mostly covered hand hygiene and contact precautions, while infected or colonized patients are under isolation according to local
conditions. [18] These are mostly forcing the hospitals to use curtains, one-time hygiene materials and daily utensils, and special signs
for isolation were used and contact precautions were strictly applied when private rooms for isolation was not enough. Household items
were also separately used and disposed when there were more than one positive patients in the ward.

We conducted a prospective, multi-stages long-term study in order to investigate whether a combination of measures can provide an
effective and e�cient, as well as persevering results. We aimed to establish whether infection-prevention and control IPC together with
detection and monitoring of CRE colonizations/infections (active screen at admission) of EICU patients by a rapid, semi-nested real-time
�uorescent PCR (polymerase chain reaction) are effective towards the reduction of infection number, mortality and morbidity. At the
same time, we provided effective clinical research data to develop China-speci�c multi-drug resistant prevention and control guidelines.

Material And Methods
Settings

The study was conducted at the University Hospital of Shanghai East Hospital, Tongji University School of Medicine, Shanghai. Patients
were prospectively recruited from May 2018 through April 2019 in the EICU department, which treats approximately 200–280 critically ill
patients annually. The ward consists of 8 beds, including 1 private room and 2 beds in a relatively isolated area.

Infection-control interventions and data collection

Initially, routine culture data were collected from January 2017 to March 2018. This time period was called the baseline period. In this
period, hardly any isolation measures or patient surveillance were done for the patients with CRE. Most of the nurses and doctors did
hand hygiene and contact precautions strictly. However, the interventions including hand hygiene, contact precautions and
environmental disinfection conducted by the health care workers didn’t meet the standard according to our investigation. Clinical
specimens were collected for culture only from the patients with infectious clinical symptoms. The data was used as baseline for
comparisons to those from stage 3. The study was performed in three stages. In stage 1 (April 2018-May 2018), practical and
theoretical EICU staff training on IPC model plan including: hand hygiene, patient surveillance, contact precautions, patient isolation
(single isolation or concentration), environmental disinfection, environment surveillance, monitoring auditing and feedback, as well as of
the goals, objectives, signi�cance and exact methodology of the project. The whole ward was emptied and the health care workers
disinfected the environment with sodium hypochlorite disinfectant, ultraviolet-light radiation and Clinell Universal Wipes which is a
combination of benzalkonium chloride, didecyl dimethyl ammonium chloride and polyhexamethylene biguanide (PHMB). Such process
of disinfection was also conducted in the area around the bed when a patient left the ward. Hygiene control group examined and
con�rmed that the ward has been contamination-free prior to the study onset. An additional hand hygiene inspection for all workers was
conducted, followed by an intensive training of the study guidelines for sampling and transportation [19]. There isolation guidelines
were constructed according to the spatial conditions of the ward in which there are 1 isolation room and 2 semi-isolated rooms(2 beds
in one room and 6 beds in another room with bedside screen and curtain respectively). In case of multiple patients with infectious
diseases, bedside screens, separations via curtains and a respective signalization for isolation, with instructions and precautions
(clothing, hand disinfection etc.) were placed. Therapeutic supplies and household items were used separately for each patient and
disposed after use. Daily operations of the health care workers were strictly directed and supervised, as were the measures of daily
disinfection and �nal disinfection after patients’ discharging from the ward [20].

Stage 2 was the main experimental stage, lasting from May 2018 to January 2019. Rrapid active screening by molecular detection and
IPC intervention were conducted. At admission to the EICU, rectal swab sampling was performed by a trained nurse and immediately
securely transported to the department of clinical laboratory. Each sample was labelled with a Case Report Form (CRF) containing
clinical characteristics of the patients, including name, sex, age, admission time, temperature, diagnosis, invasive devices and/or skin-
barrier damages, laboratory test results etc. (Table 1) The sample then underwent testing with Gene Xpert, a semi-nested real-time
�uorescent PCR method, by a trained lab technician. The Gene Xpert results were returned within one hour(the detection and results
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feedback were done by emergency lab technician during the nights and at weekends), while a culture sampling was set at the same
time. During the hospitalization, various type of specimen from the patients (the patients with CRE at admission or clinical symptoms of
infection) were sent to laboratory for culture like how was done in baseline period. In the 8 months period of Stage 2, environmental
checks and disinfection measures were performed at least twice a day and the environment surveillance twice a month. In addition, sink
monitoring and dust avoiding in the process of preparing beds were implemented [21]. The patients’ isolation was arranged as
described above, according to the results of Gene Xpert [22]

Table 1 CRE Clinical trial Case Report Form

     
Name   Sex male□  

female□

Age   Transferred from    

The reason transferred to
EICU

 

 

Invasive devices or skin-barrier damage on
admission

   

Diagnose   Complications  

 

 

Specimen type   Temperature   Admission time    
Imaging information Yes □  No□  

□Consolidation     □Diffuse in�ltration   □Others  
Medication  

Antibiotic use before admission  □Yes   □No Antifugal Drugs use before admission  □Yes   □No  
Antibiotic type▲ Antifugal Drugs type▲  
□Fluoroquinolones       □β-lactamides containing enzyme inhibitors

□Aminoglycosides       □Macrolides         □Penicillins

□Glycopeptides          □Oxazolidinone          □Tetracyclines

□Generation cephalosporin     □Second generation cephalosporin

□Third generation cephalosporin     □Fourth generation cephalosporin

□Others

Triazoles □Fluconazole □Voriconazole □Itraconazole □Others

Polyene □Amphotericin B □Amphotericin B liposomes □Others

Echinocandins □Caspofungin  □Micafungin  □Anidulafungin □5-�uorouracil  □Nicotinomycin □Others

 

Laboratory Testing  
Test items Unit Results Test items Unit Results  
WBC 109/L   HGB g/L    
GRA 109/L   ALT U/L    
RBC 1012/L   CR μmoI/L    
PLT 109/L   CRP g/L    
MON 109/L   PCT ug/L    
LYM 109/L   ESR mm/h    

 

Stage 3 was conducted from February 2019 to April 2019, and focused on the e�ciency and e�cacy of the IPC interventions regarding
prevention of nosocomial infections and whether the they could be carried out in clinical work without supervision [23]. Infection-control
interventions undertaken to reduce the epidemic spread of CRE in 3 stages are listed in Fig 1. The clinical characteristics of the EICU
patients were analysed once a month regarding their correlations with the Gene xpert results and mortality.

Fig 1 Infection-control interventions undertaken to reduce the epidemic spread of CRE in 3 stages. Other IPC interventions in stage 2
include multimodal strategy, hand hygiene, patient surveillance, contact precautions, patient isolation, environmental disinfection,
environment surveillance, staff and living quarters monitoring and monitoring auditing and feedback..

Active rapid molecular screening by GeneXpert Carba-R Assay

A rectal swab was obtained from the patient by a paired-swab at admission to the EICU. One swab would be placed into the sample
reagent vial and vortexed at high speed for 10 seconds. The prepared sample would be aspirated using the transfer pipette provided and
transferred into the Xpert Carba-R Assay cartridge and then it would be put into the GeneXpert instrument. The results are given in 45
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minutes. Rapid active screenings by molecular detection were carried out immediately after the sampling by GeneXpert Carba-R Assay,
simultaneously detecting �ve carbapenemase genes including blaKPC, blaIMP blaNDM blaVIM and blaOXA–48.

Bacterial isolation, antimicrobial susceptibility testing.

Surveillance cultures were sampled simultaneously with another unused rectal swab. Further routine surveillance cultures were
obtained, including sputum, endotracheal aspirate, urinary tract, blood, and infection sites (individually selected according to patient’s
symptoms/differential diagnosis). The culture sampling has been repeated weekly or more often, when apposite (e.g. in case of fever,
elevation of in�ammatory markers etc.) Thus, we were able to monitor the incidence of CRE colonization or infection once a week or
anytime if the patient got a fever or developed other symptoms of infections. All isolates were identi�ed by the MALDI-TOF MS(Autof
ms1000) and routine antibiotic susceptibility tests were performed by the VITEK2 compact system (bioMérieux, France) as to determine
carbapenem resistance. The control strain was Escherichia coli ATCC 25922. Susceptibility breakpoints were interpreted as per the
Clinical and Laboratory Standards Institute guidelines (CLSI M100-S28) [24].

Multiplex PCR detect Carbapenemase genes

Carbapenemase genes of the isolates collected from the rectal swabs culture of the patients on admission in EICU were veri�ed by
multiplex PCR with primers as shown below. (Table 2) [25]. In addition, a retrospective analysis of genetic correlations between the
isolates from both rectal swabs on admission and the clinical culture during the hospitalization was performed by pulsed-�eld gel
electrophoresis (PFGE). If the strains from different patients shared highly similar PFGE patterns, we suggested it might be a
nosocomial infection.

Table 2 Oligonucleotides used in this study

Primera Sequence (5′–3′) Gene Product size (bp)

IMP-F GGAATAGAGTGGCTTAAYTCTC blaIMP 232

IMP-R GGTTTAAYAAAACAACCACC    

OXA-F GCGTGGTTAAGGATGAACAC blaOXA-48 438

OXA-R CATCAAGTTCAACCCAACCG    

NDM-F GGTTTGGCGATCTGGTTTTC blaNDM 621

NDM-R CGGAATGGCTCATCACGATC    

KPC-Fm CGTCTAGTTCTGCTGTCTTG blaKPC 798

KPC-Rm CTTGTCATCCTTGTTAGGCG   232

VIM-F GATGGTGTTTGGTCGCATA blaVIM 390

VIM-R CGAATGCGCAGCACCAG    

a F, sense primer; R, antisense primer.

 

Statistical analysis

All discontinuous variables (i.e. sex, invasive devices or skin-barrier damage on admission, antibiotic use before admission, outcomes)
were compared between the xpert positive and negative groups using the χ2 test or Fisher’s test. The mean of all continuous variables
(i.e. age, WBC, CRP, PCT, days in hospital, and ICU days) was compared between the xpert positive and negative groups using Mann-
Whitney U-test. The association between the xpert tests and the outcomes (alive or dead at discharge) active rapid molecular screening
and IPC interventions were modeled by binary logistic regression. Two models were used: a crude model without any adjustment and a
sex and age adjusted-model (continuous). All statistical analyses were performed using SPSS software, version 20.0. All tests were 2-
tailed, with P values < 0.05 or a 95% CI excluding 1 were considered statistically signi�cant.

Results
CRE nosocomial transmission present high prevalence in EICU. From the results from Gene Xpert detection, whether a patient carried
carbapenemase genes on admission could be acquired in 1 hour. Isolation was conducted according to the result of molecular
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detection, even though culture results did not match exactly with it. (The phenotype and genotype of CRE did not match exactly.) A total
of 217 patients were enrolled in the study. According to the results of Gene Xpert detection on admission, 23.0% 50/217 patients carried
the carbapenemase genes, 8.29% blaKPC 12/217 , 9.68% blaIMP 16/217  and 9.68% 15/217  blaNDM. 1.84% 4/217  patients carried
a combination of 2 different carbapenemase genes and 1.38% 3/217  individuals carried a combination of 2 different carbapenemase
genes 3 genes.( Fig 2) However, we did not get CRE isolation strains from all of the 50 positive sample although all GeneXpert �ndings
were con�rmed by culture, 18 isolates of CRE (16 isolates of CR-PK and 2 isolates of carbapenem-resistant Escherichia coli) from 16
patients were isolated by culture on MacConkey agar from the positive rectal swabs directly on admission. When the isolation strains
were used to be veri�ed by multiplex PCR, only one gene (blaKPC or blaNDM) could be detected, even although Gene Xpert suggested
presence of 3 different genes in one sample using the swab. The pulsed-�eld gel electrophoresis (PFGE) patterns were various among
the isolates collected from 16 patients on admission. (Fig 3) The drug susceptibility information of 16 CRE strains isolated from rectal
swab on admission and 14 CRE strains isolated from clinical culture from various specimens were showed in table 3.

Table 3 Antibiotic resistance characteristics of CRE strains

 
Patient
ID

Gen
Imipenem meropenem Cefepime Ceftriaxone Cefazolin Aztreonam Amikacin Cipro�oxacin Gentamicin Tobramycin Tigecycline Piperacillin

plus

tazobactam

2018049c* 364827 KPC >=16 6 16 >=64 >=64 >=64 <=2 >=4 >=16 >=16 20 >=128
2018083c 404003 NDM >=16 12 >=64 >=64 >=64 8 <=2 >=4 >=16 8 10 >=128
2018101c 318849 KPC >=16 6 >=64 >=64 >=64 >=64 <=2 >=4 <=1 <=1 20 >=128
2018131c 353890 KPC >=16 6 16 >=64 >=64 >=64 4 >=4 >=16 >=16 19 >=128
2018144c 387313 KPC >=16 6 >=64 >=64 >=64 >=64 <=2 >=4 <=1 <=1 18 >=128
2018153c 420063 KPC >=16 6 >=64 >=64 >=64 >=64 <=2 >=4 <=1 <=1 19 >=128
2018160c 423231 KPC >=16 6 >=64 >=64 >=64 >=64 <=2 >=4 <=1 <=1 19 >=128
2018181c 427824 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 18 >=128
2018186c 429027 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 18 >=128
2018194c 430837 KPC >=16 6 >=64 >=64 >=64 >=64 <=2 >=4 <=1 <=1 18 >=128
2018199c 322466 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 18 >=128
2018201c 427939 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 22 >=128
2018208c 424374 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 21 >=128
2018211c 392880 KPC >=16 8 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 19 >=128
2018002 361673 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 17 >=128
2018013 380030 IPM KPC >=16 6 >=64 >=64 >=64 >=16 >=64 >=4 >=16 >=16 18 >=128
2018036 394953 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 12 >=128
2018049 364827 Kpc IPM NDM >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 19 >=128
2018101 318849 KPC >=16 6 >=64 >=64 >=64 >=64 <=2 >=4 <=1 <=1 21 >=128
2018109 405140 IPM NDM >=16 12 >=64 >=64 >=64 >=64 4 >=4 8 >=16 12 >=128
2018131 353890 KPC 8 6 32 >=64 >=64 >=64 8 >=4 >=16 >=16 19 >=128
2018141 352267 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 17 >=128
2018147 416772 Kpc IPM NDM >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 17 >=128
2018148 250464 Kpc NDM >=16 6 >=64 >=64 >=64 4 >=64 >=4 >=16 >=16 23 64
2018152 318849 KPC >=16 6 >=64 >=64 >=64 >=64 <=2 >=4 <=1 <=1 19 >=128
2018157 418786 KPC >=16 6 >=64 >=64 >=64 >=16 <=2 >=4 >=16 <=1 14 >=128
2018190 378142 Kpc IPM NDM >=16 6 >=64 >=64 >=64 >=64 <=2 >=4 <=1 <=1 18 >=128
2018201 427939 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 18 >=128
2018204 381155 NDM >=16 6 >=64 >=64 >=64 >=64 16 >=4 >=16 >=16 22 >=128
2018208 424374 KPC >=16 6 >=64 >=64 >=64 >=64 >=64 >=4 >=16 >=16 18 >=128

 

c. Stains collected from clinical culture during the hospitalization.

Fig 2 The distribution of 50 positive samples con�rmed by Gene Xpert detection. Most patients (43/50) carried individual
carbapenemase gene and blaKPC, blaIMP and blaNDM account for 24%, 32% and 30% respectively.

a.KPC represents blaKPC, IMP represents blaIMP and NDM represents blaNDM in Fig 2

Fig 3 The dendrogram of PFGE results of CRE strains. The PFGE patterns were various among the isolates collected from 16 patients.
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The clinicopathological characteristics of the included patients, laboratory and Gene Xpert test results, duration of the hospitalization
and outcomes were recorded in Table 4. The mean age of the patients suggests the elder patients were more likely to carry
Carbapenemase genes (p = 0.006). Patients with invasive devices or skin-barrier damage on admission (p = 0.017) and those who used
antibiotics before admission(p<0.001) were more likely to be colonized or infected by CRE, as shown in Fig 4. The latter observation
con�rms that an overuse of antibiotics increases the risk of CRE infections. There were no signi�cant association between the xpert test
and the outcome, in sex and gender-adjusted cohort (p = 0.114). The details of clinicopatholigical/laboratory characteristics are showed
in additional �le 1.

Table 4 Clinicopatholigical/laboratory characteristics and outcomes

Number(%) xpert+ xpert- P value
sex     0.889
  male 29 58 95 57  
  female 21 42 72 43  
age     0.006*
  mean±sd 78.8±9.5 72.3±15.5  
  median (interquartile ) 81.5 (70-86) 75 (65-84)  
Invasive devices or skin-barrier damage on admission     0.017*
  YES 5 (10) 3 (2)  
  NO 45 (90) 164 (98)  
antibiotic use before admission     <0.001*
  YES 15 (30) 33 (20)  
  NO 35 (70) 134 (80)  
WBC ()     0.485
  mean±sd 11.8±8.2 11.1±5.8  
CRP (number=216)     0.404
  mean±sd 43±55 110±563  
  median (interquartile ) 30 (2-50) 41 (10-100)  
PCT (number= 215 )     0.54
  mean±sd 6.93±14.83 5.4±15.44  
  median (interquartile ) 0.67 (0.21-5.63) 0.33 (0.11-2.28)  
Inhospital days     0.49
  median (interquartile range) 12.5 (9-17) 12 (8-18)  
EICU stay (days)     0.934
  median (interquartile range) 9.5 (6-15) 8 (4-14)  
outcome     0.114
  improvement 32(64) 106(64)  
  discharge on voluntary 1(2) 18(10)  
  death 17(34) 43(26)  

 

Clinicopatholigical/laboratory characteristics and outcomes of CRE colonized/infected and not colonized/infected EICU patients, as per
Gene Xpert result.

Fig 4 Association between antibiotics/skin damage and the result of Gene Xpert test. Antibiotic = the patient used antibiotics before
admission. Wound = the patient had invasive devices or skin-barrier damage on admission. Patients who used antibiotics prior to
admission, had invasive devices or skin damage tended to have Gene Xpert positive test result (infected or colonized with CRE).

IPC interventions effectively reduce the colonization and infection of CRE in EICU through active rapid molecular screening. The baseline
rate of CRE colonization or infection rate identi�ed by routine clinical culture detection decreased from 3.37% signi�cantly to 1.20% (p =
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0.0438) during the main experimental stage (stage 2), supporting the primary hypothesis that rapid active screening by molecular
detection in combination with other IPC intervention reduces nosocomial CRE infection. However, we observed a raise of the rate
increased to 6.12% in stage 3 (Table 5), suggesting that rapid active screening by molecular detection and supervised IPC interventions
lead to an effective decrease in CRE infection, while routine checks and unsupervised interventions fail to maintain this effect. In order
to exclude effect of any change in in-hospital patients in stage 2 and stage 3. The main diagnoses in both stages were listed in table 6
from most frequent to least frequent. There was no signi�cant difference in diseases between stage 2 and stage 3. We compared the
duration of total in-hospital and in-EICU stay in stage 2 and stage 3. (Fig 5) It showed no signi�cant difference both in total in-hospital
and in-EICU stay between stage 2 and stage 3 which meant the increase of detection rate might not be caused by a longer duration.

Table 5 Detection rates of CRE colonization/ infection in EICU

Intervention stage No. of patients No. of cases The detection rates of CRE Pa Pb

Baseline period 168 15 3.37%(15/445) / /
Stage 2 106 5 1.20%(5/418) 0.0438* /
Stage 3 46 9 6.12%(9/147) 0.0812 0.0010*

aCompared with baseline 

bCompared with stage 2

 

Table 6 Diagnoses Infectious Complications and comorbidities of the patients in EICU.

Diagnose Infectious Complication Comorbidity
Pulmonary infection Acute exacerbation of chronic bronchitis Hypertension
Sepsis Respiratory failure Diabetes
Gastrointestinal hemorrhage Bronchial asthma Anemia
Cerebral infarction Severe pneumonia Electrolyte disturbance
Acute heart failure Pleural effusion Hypoproteinemia
Uremia Aspiration pneumonia Coronary heart disease
Acute pancreatitis Interstitial pneumonia Hypohepatia
… Chronic obstructive pulmonary disease acute episode …

 

Fig 5 The duration of total inhospital and inEICU stay in stage 2 and stage 3. The duration showed no signi�cant difference both in total
inhospital and inEICU stay between stage 2 and stage 3.

Discussion
Carbapenem antibiotics are extensively used worldwide due to their strong antibacterial activity and broad spectrum [26]. CRE infections
are increasingly challenging due to a growing antimicrobial resistance and thus causative for a high mortality. [27] [28] In this study, we
conducted a series of planned and protocolized IPC interventions in order to establish if the combination of these interventions and
measures of detection and monitoring of CRE colonizations/infections (active screen at admission) by a rapid, semi-nested real-time
�uorescent PCR, is effective in reduction of infections, mortality and morbidity of EICU patients.

The PFGE result suggests that it was not a nosocomial infection outbreak since the patients were not infected with the same clone of
the pathogen. (Fig 3) The sample collected from the patients on admission and the clinical culture during their stay in EICU showed
similar PFGE patterns. We compared the PFGE to various patterns, such as bed in the ward, time of admission, the collection time of the
samples and where the patients were transferred from. Except for the strains collected form the same patient, almost no



Page 9/16

intercorrelations between the patients were found between for their PFGEs and clinical characteristics. Solely the common strains
2018208 and 2018211 were identi�ed in various cultures, both with a very similar PFGE pattern, which strongly suggests a nosocomial
infection.

Increased participation during the education phase of the intervention program was reported as an important factor to decrease the
incidence of carbapenem-resistant pathogen infections. [29]. Feedback from screening services, rapid turnaround time and e�cient
communication were all positively correlated to overall success in outbreak control[29]. Based on this study, we designed and
designated one entire month for educating and training of medical professionals and health care workers, familiarizing them with the
study-speci�c IPC intervention model, screening measures, general hygiene. These educational approaches resulted in higher
compliance and better adherence to study protocols, as well as in further reduction of the infection rates.

The existing evidence regarding the effectiveness of isolation and precautions in controlling spread of CRE is inconsistent. A 4-year
perspective study in Israel showed that isolation precautions alone are ineffective in IPC [30]. A similar 4-year quasi-experimental study
in China suggested that bundled IPC interventions, including isolation precaution, rapidly decrease the incidence of ICU-acquired CR-KP
colonisations/infections. [24] Due to limited space and large number of patients in the EICU ward, the number of isolation rooms is
often limited, just as in our institution. Not all CRE-positive patients at the time of admission can be placed in a separate isolation, so a
clinical isolation as allowed by factual conditions is offered. Our results con�rm the hypothesis that combined IPC and isolation
precautions are most effective, especially in the real-world conditions with kimited ressources.

Our �ndings suggest that environmental surveillance is of high importance in IPC interventions. The “environment” is de�ned as all
areas of the ward, involved hand colonization and hygiene, clothing of medical staff and medical staff themselves. [31] Environmental
monitoring was helpful in providing a clear feedback to health care providers about disinfection processes. In our study, environmental
monitoring was conducted twice a month. If case of unsatisfactory outcomes, the ward underwent a total disinfection process with an
additional surveillance thereafter. Such approach was e�cient and effective in CRE reduction and positive in terms of individual hygiene
awareness of the health care providers.

In the third phase of the study, the incidence of CRE increased to 6.12%, which was almost twice of the baseline value. We could exclude
patient-related factors as causative for such observation, since in the second stage, the positive rate of patient Xpert admission was
24.20% (38/157), while the positive rate of Xpert gene in the third stage was only 20% (12/60). Further investigation found that
employees were not strictly following IPC interventions when there was no supervision (stage 3). In addition, during the third phase,
there was a temporary absence of the head nurse, while the replacement was not trained accordingly in the pre-phase of our study
(educational month). This highlights the importance of continuous education and speci�c training for the intervention processes.

In addition to our main �ndings, our study allowed to investigate Gene Xpert as a molecular detection method, previously developed to
help antibiotic selection at diagnosis of CRE infection, allowing for a rapid assay and active screening that detects drug resistance
genes and facilitates the clinical selection of antibiotics at the time point of CRE infection diagnosis. [32] This molecular diagnostic
testing technology reports results within 1 hour, allowing clinicians to diagnose CRE infections in a timely manner and to undertake
appropriate treatment and management measures and isolate patients to avoid further spread of bacteria. [33]

There are some limitations to our study. Firstly, it was a single-center study, with a limited number of participating patients. Secondly,
due to large discrepancies in different health care systems, the clinical relevance of the result may be limited to hospitals in Asia/China.
Thirdly, the statistical signi�cance of the relation between the clinical characteristics and patients’ outcomes was not established, which
could be attributed to a small sample size rather than to an actual lack of correlations. The assessment of how strictly the IPC
interventions were conducted was mainly subjective.

Conclusions
We are the �rst to report objective data on how IPC interventions with active rapid molecular screening appropriately implemented in a
Chinese hospital can contribute to an actual reduction of CRE infection rate. Our protocols can be used as a base for practical real-world
recommendations, implementable in Chinese hospitals. Further prospective studies in a multicenter settings are warranted in order to
provide valid clinical research data for the development of multi-drug resistance prevention and control guidelines for China.
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Figures

Figure 1

Infection-control interventions undertaken to reduce the epidemic spread of CRE in 3 stages. Other IPC interventions in stage 2 include
multimodal strategy, hand hygiene, patient surveillance, contact precautions, patient isolation, environmental disinfection, environment
surveillance, staff and living quarters monitoring and monitoring auditing and feedback.
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Figure 2

The distribution of 50 positive samples con�rmed by Gene Xpert detection. Most patients (43/50) carried individual carbapenemase
gene and blaKPC, blaIMP and blaNDM account for 24%, 32% and 30% respectively. a.KPC represents blaKPC, IMP represents blaIMP
and NDM represents blaNDM in Fig 2
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Figure 3

The dendrogram of PFGE results of CRE strains. The PFGE patterns were various among the isolates collected from 16 patients.

Figure 4

Association between antibiotics/skin damage and the result of Gene Xpert test. Antibiotic = the patient used antibiotics before
admission. Wound = the patient had invasive devices or skin-barrier damage on admission. Patients who used antibiotics prior to
admission, had invasive devices or skin damage tended to have Gene Xpert positive test result (infected or colonized with CRE).
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Figure 5

The duration of total inhospital and inEICU stay in stage 2 and stage 3. The duration showed no signi�cant difference both in total
inhospital and inEICU stay between stage 2 and stage 3.
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