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Objectives: The aim of this research was to investigate the clinical and microbiological characteristics of a case of community-acquired carbapenem-resistant Escherichia coli isolated from a patient with a bloodstream infection in China.

Methods: Escherichia coli Huamei202001 was recovered from the first blood culture from a patient hospitalised in China. An antimicrobial susceptibility test was performed, and the genome was sequenced on an Illumina HiSeq X 10 platform with a 150-bp paired-end approach. The generated sequence reads were assembled using Unicycler, and the whole genome sequence data were analysed using bioinformatics tools. Moreover, the patient and her main family members obtained a faecal sample screening test for CRE, the positive strain was further isolated and the identification and antimicrobial susceptibility testing was performed.

Results: Escherichia coli Huamei202001 belonged to sequence type 410. In addition, a blaNDM-5-encoding IncX3-type plasmid was responsible for the spreading of carbapenem resistance. Only the patient was detected as having a positive faecal sample screening test for CRE. Strain Fec01 was identified as E. coli, and the antibiotic susceptibility profile was the same as that of E. coli Huamei202001.

Conclusions: Escherichia coli Huamei202001 is defined as community-acquired carbapenem-resistant Enterobacteriaceae. The clone ST410 that harbours the blaNDM-5-encoding IncX3-type plasmid is causing new high-risk clones globally. Thus, infection control measures should be strengthened to curb the dissemination of IncX3.
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INTRODUCTION

The emergence and spread of carbapenem-resistant Enterobacteriaceae (CRE) has created an escalating global threat with the dissemination of carbapenemase genes. The most common carbapenemase genes include blaKPC, blaNDM, blaVIM, blaIMP, and blaOXA-48-like (1). A nationwide survey conducted in China showed that acquisition of two carbapenemase genes, blaKPC-2 and blaNDM, was responsible for phenotypic resistance in 90% of the CRE strains tested (58 and 32%, respectively) (2). The incidence of CRE occurring in either community-associated or community-onset patients ranges from 0.04 to 29.5% worldwide; therefore, the presence of CRE in the community poses an urgent public health threat (3). NDM-5-producing ST167 (4), ST290 (5), ST361 (6), and ST410 (7, 8) Escherichia coli have been reported. The blaNDM-5-encoding IncX3-type plasmid is responsible for disseminating carbapenem-resistant E. coli ST410, which has developed into a new high-risk clone globally.

According to the Chinese XDR Consensus, the possible therapeutic options for treating CRE infection are narrow, and the most frequently used antimicrobials used for combination therapies include aminoglycosides, carbapenems, colistin, fosfomycin, and tigecycline (9). The mortality rate of bloodstream CRE infections is close to 70% (10), but the clinical and microbiological characteristics of E. coli ST410 have not been thoroughly elucidated. This research describes the successful cure of a case of community-acquired bloodstream CRE infection, aiming to investigate the clinical and microbiological characteristics to provide evidence for the clinical control of CRE.



MATERIALS AND METHODS


Isolation and Identification

Escherichia coli Huamei202001 was recovered from the first blood culture collected on January 7, 2020, from a 59-year-old female patient hospitalised at Hwa Mei Hospital, University of Chinese Academy of Sciences, Zhejiang Province, China. The study was reviewed and approved by the Ethics Committee of Hwa Mei Hospital, University of Chinese Academy of Sciences (Approval no. PJ-NBEY-KY-2021-015-01). On January 3, 2020, this patient suffered from fever, and the highest temperature was 39.7°C, with chills, nausea and vomiting once. Two days later, she visited Hwa Mei Hospital and was administered levofloxacin (0.5 g ivgtt, qd) for 2 days with a white blood cell count of 6.0 × 109/L, neutrophil% of 90.0%, haemoglobin 128 g/L, platelets 116 × 109/L and C-reactive protein (CRP) 73.0 mg/L. On January 7, the symptoms continued, and the patient was hospitalised (day 0) in the infectious disease ward and was diagnosed with sepsis, hypertension and hepatic cysts, with a white blood cell count of 11.3 × 109/L, neutrophil% of 90.3%, haemoglobin 127 g/L, platelets 60 × 109/L, CRP 250.0 mg/L and procalcitonin 40.37 ng/ml (Supplementary Table 1). Blood culture was collected, and chest CT and abdominal CT showed some chronic inflammation in both lungs and multiple low-density masses in the liver; thus, one liver cyst with infection was considered. Empiric therapy was administered with imipenem (1.0 g q8 h). On day 2, ultrasound-guided percutaneous puncture of the infected liver cyst was performed. A total of 45 ml yellow liquid was extracted. The puncture fluid showed a white blood cell count of 1.879 × 109/L and neutrophil% of 85.0%. However, the puncture fluid culture was negative. Because of the blood culture indicating carbapenem-resistant E. coli, tigecycline (100 mg q12 h) and polymyxin B (750,000 U q12 h, 1,000,000 U first dose) were administered. On day 9, the patient complained of numbness of the extremities, polymyxin neurotoxicity was considered and the dose of polymyxin B was reduced to 500,000 U q12 h, with the white blood cell count being 12 × 109/L, CRP 49.47 mg/L and procalcitonin 0.28 ng/ml. On day 13, the patient's creatinine increased progressively, and polymyxin nephrotoxicity was considered, so polymyxin was discontinued, with a white blood cell count of 6.4 × 109/L and a CRP level of 16.14 mg/L. On day 18, as a result of the antimicrobial susceptibility testing showing that the strain was susceptible to fosfomycin, administration was changed to tigecycline (50 mg q12 h) and fosfomycin (12 g q12 h) with a white blood cell count of 5.1 × 109/L, a CRP level of 7.45 mg/L and a procalcitonin level of 0.95 ng/ml. On day 24, all antibiotics were discontinued because of the normal laboratory findings, and the patient's condition was closely observed. On day 29, the patient was discharged. Escherichia coli Huamei202001 was identified with a VITEK 2 compact automated microbiology system (bioMerieux, Marcy-l'Etoile, France).



Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing of MICs was performed by a VITEK 2 compact automated microbiology system, and testing of fosfomycin was performed by the K-B method (Oxoid, Basingstoke, UK), with susceptibility defined according to the Clinical and Laboratory Standards Institute (CLSI) (M100-S30). Testing of tigecycline was performed by the broth microdilution MIC determination method, and the broth was prepared fresh on the day of use (Oxoid), with susceptibility defined according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) (version 11.0, for tigecycline) guidelines.



Genome Sequencing and Bioinformatics Analysis

The strain was sent to Zhejiang Tianke Hi-Tech Development Co., Ltd. (Tianke, Hangzhou, China) for genome sequencing. Genomic DNA was extracted using a plant Genomic DNA kit (DP305, Tiangen, Beijing, China). The library was sequenced on an Illumina HiSeq X Ten platform (Illumina Inc., San Diego, CA, USA), and 150 bp paired-end reads were generated at a depth of 250×. The raw reads of E. coli Huamei202001 were assembled into draught genomes using Unicycler. The contigs were annotated by Rapid Annotation using Subsystem Technology, and whole genome sequence data analyses were performed using these bioinformatics tools (i.e., ResFinder v.3.2, MLST v.2.0, ISfinder, Virulence Finder v.2.0, Plasmid Finder v.2.0, pMLST v.2.0 and FimTyper v.1.0) available from the Centre for Genomic Epidemiology (http://www.genomicepidemiology.org/).



Faecal Sample Screening Test for CRE

To trace whether the source of E. coli Huamei202001 originated from the intestine, a faecal sample screening test for CRE was performed. Faecal samples were collected from the patient and her main family members and then inoculated on CRE screening plates (11). Colonies on CRE screening plates were further isolated, and identification and antimicrobial susceptibility testing were performed as noted above.



Pulsed-Field Gel Electrophoresis

Genomic DNA was prepared as described previously (12). Isolated colonies were harvested from Mueller–Hinton agar plates after overnight incubation at 37°C, and the suspension was adjusted to a concentration of 109 CFU/ml in cell suspension buffer (100 mM Tris–HCl, 100 mM EDTA, pH = 8). After a short incubation of ~5–10 min at 37°C, the bacterial suspension was mixed with an equal volume of 1% Gold Agarose (Lonza, Rockland, MD, USA) and allowed to solidify in a 100-μl plug mould. The DNA block was incubated overnight at 54°C in 1 ml of cell lysis buffer (50 mM Tris–HCl, 50 mM EDTA, 1% sarcosyl, 100 μg/ml proteinase K, pH = 8). To eliminate the lysed bacterial material and inactivate proteinase K activity, the DNA blocks were washed four times at 50°C in 4 ml of Tris–EDTA buffer (100 mM Tris–HCl, 1 mM EDTA, pH = 8). A slice of each plug was cut and incubated with XbaI (Takara, Shiga, Japan). Restriction fragments of DNA were separated by pulsed-field gel electrophoresis (PFGE) with a CHEF Mapper apparatus (Bio-Rad, Hercules, CA, USA) through 1% Gold Agarose. Electrophoresis was performed at 6 V/cm and 14°C. The run time was 20 h, with the pulse time ramping from 5 to 35 s. XbaI-digested DNA of Salmonella enterica serotype Braenderup H9812 was electrophoresed as the size marker.




RESULTS

Antibiotic susceptibility profiles showed that E. coli Huamei202001 was resistant to most antimicrobial agents, including ampicillin, amoxicillin/clavulanic acid, cefazolin, cefoxitin, ceftriaxone, cefepime, aztreonam, piperacillin/tazobactam, imipenem, ertapenem, ciprofloxacin, levofloxacin and trimethoprim-sulfamethoxazole, but remained susceptible to gentamicin, amikacin, nitrofurantoin and tigecycline.

Acquired resistance genes to aminoglycosides [aph(3′)-Ia, aadA1, aadA2,ant(3″)-IIa, aac(6′)-Ib10, and aac(6′)-Ib-cr], beta-lactams (blaCTX-M-14 and blaNDM-5), fluoroquinolones [aac(6′)-Ib-cr], trimethoprim (dfrA12), sulfonamides (sul2), tetracyclines (tetM), macrolides [mdf (A)], phenicol (cmlA1, floR) and disinfectants (qacH) were identified. In addition, analysis of quinolone resistance-determining regions of the gyrA and parC genes revealed the presence of multiple and diverse mutations in gyrA (S83 L and D87N) and parC (S80I). Mutations in the gyrA and parC genes have been reported as major mechanisms of fluoroquinolone/quinolone resistance involved in DNA gyrase and topoisomerase IV alterations and are often associated with high-level quinolone resistance in Enterobacteriaceae.

Analysis of the draught genome sequences demonstrated that carbapenem-resistant E. coli Huamei202001 belonged to ST410, whereas identification of plasmid replicons revealed that it carried a blaNDM-5-encoding IncX3-type plasmid and IncFIA, IncFIB and IncI1 plasmids.

The strain harboured virulence genes, including siderophore receptor (fyuA), ferric aerobactin receptor (iutA), iron transport protein (sitA), tellurium ion resistance protein (terC), aerobactin synthetase (iucC), afimbrial adhesion (afaABCDE) and long polar fimbriae (lpf A), suggesting that the strain may have significant pathogenic potential.

Only the patient was detected as having a positive faecal sample screening test for CRE. Isolation Fec01 was identified as E. coli, and the antibiotic susceptibility profile was the same as that of E. coli Huamei202001. Moreover, PFGE fingerprinting between strain Fec01 and strain Huamei202001 was highly similar (Figure 1). However, her main family members all showed negative results.


[image: Figure 1]
FIGURE 1. PFGE fingerprinting between strain E. coli Huamei202001 and strain E. coli Fec01, H9812: Salmonella H9812 molecular marker.




DISCUSSION

Patients who were hospitalised in the 2 weeks before admission or transferred from other hospitals are defined as having hospital-acquired infections (13). A positive culture taken ≤48 h after admission could be classified as healthcare-associated strain with additional criteria (14). A positive culture that did not meet the criteria above was considered to be a strictly community-acquired infection (14–16). Moreover, investigations on CRE have mainly focused on nosocomial infections, and only a few community-acquired CRE infections have been documented (3). Therefore, according to the definition, E. coli Huamei202001 is a community-acquired CRE that belongs to ST410 and carries a blaNDM-5-encoding IncX3-type plasmid, which is causing new international high-risk clones (17) not only in hospitals in eastern China (7, 8), Egypt (18) and Denmark (17) but also in domestic animals in China (19) and South Korea (20, 21); such risk is even found in the environment, such as in rivers in Switzerland (9) and sewage in northeast India (22). These investigations show that IncX3 is a key element in disseminating blaNDM-5 among E. coli, even among various species. Thus, infection control measures should be strengthened to curb the spread of highly transferable plasmid-borne carbapenemases.

We infer that bloodstream infection of Huamei202001 is most likely from intestinal colonisation of Fec01, which is due to highly similar PFGE fingerprinting between strain Fec01 and strain Huamei202001 (Figure 1). Another study also supported the strong association between intestinal colonisation and bloodstream infection (23). However, the origin of strain Fec01 is unclear because of the negative results of the faecal sample screening test for CRE among the patient's main family members.

In addition, from day 0 to day 2, imipenem was administered empirically without antibiotic susceptibility profiles, and it seemed effective because the levels of white blood cells, C-reactive protein, procalcitonin and creatinine all decreased (Supplementary Table 1). Antibiotic susceptibility profiles showed that the MIC of imipenem to E. coli Huamei202001 was ≥16 mg/L, so it is difficult to explain the mechanism by which imipenem was effective. After imipenem was discontinued, antibiotic administration was changed to a combination of tigecycline and polymyxin B according to the Chinese consensus statement (24). However, the possibility of polymyxin neurotoxicity was considered (25) for the numbness of the extremities, so polymyxin was discontinued. Because the strain was susceptible to fosfomycin, administration was changed to a combination of tigecycline and fosfomycin until day 24. All laboratory findings showed normal results (Supplementary Table 1), and antibiotic administration was discontinued. Finally, the patient recovered and was discharged, which was due to proper antibiotic administration.

This is a rare case report of the complete occurrence and development process of community-acquired CRE infection in China, including the diagnosis and antibiotic administration process, which was finally successfully cured. This outcome demonstrates the complexity and intelligence of antibiotic administration in the clinic. Furthermore, clone ST410 that harbours a blaNDM-5-encoding IncX3-type plasmid was analysed by whole genome sequencing and then was discussed to understand the spread of the clone worldwide.
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