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Outbreak of IncX8 Plasmid–Mediated KPC3–Producing Enterobacterales Infection,
China
Appendix 1
Materials and Methods
Antimicrobial Susceptibility Testing and Modified Carbapenem Inactivation Method (mCIM)

The MICs (MICs) of 18 antimicrobial agents were determined by broth-microdilution
assay (1). The results of antimicrobial susceptibility testing were interpreted under the Clinical
and Laboratory Standards Institute (CLSI) guideline (2). The results for tigecycline and colistin
were interpreted by European Committee on antimicrobial susceptibility testing (EUCAST)
breakpoints (3). The E. coli ATCC25922 was used as quality control. The modified carbapenem
inactivation method (mCIM) was performed to verify the carbapenemase production (4). The
meropenem disks (10μg, OXOID, UK) were used for this study and E. coli ATCC25922 was
acted as quality control bacteria for the mCIM assay.
WGS and Bioinformatics Analysis

Bacterial genomic DNA was isolated using the E.Z.N.A.® Bacteria DNA Kit (omega,
USA). The DNA library was sequenced on the Illumina HiSeq platform by 150 bp paired-end
reads. The raw data were filtered by Trimmomatic (5) v0.39, followed by assembly using Spades
v3.15.2 (6). The Antimicrobial resistance genes, plasmid incompatibility groups, and multilocus
sequence typing (MLST) were identified using the tools on Center for Genomic Epidemiology
(CGE) web server (https://cge.cbs.dtu.dk/services/), including ResFinder 3.2, PlasmidFinder2.1,
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and MLST 2.0, respectively. All the plasmids were extracted using the QIAGEN Plasmid Plus
Maxi Kit according to the manual instruction. For plasmid sequencing, the plasmid DNA from
the transconjugant or electro-transformant was subject to Illumina Hiseq sequencing, followed
by de novo assembly using Spades v3.15.2n (6) as described above. Additional plasmids
comparison was performed using Geneious prime 2020 software (https://www.geneious.com/).
To determine the global phylogeny of S. marcescens, 748 genome assemblies were downloaded
from the NCBI RefSeq database (dated as 10/01/2021), and these assemblies along with 18
genomes sequenced in this study were used to generate a core genome phylogenetic tree using
Parsnp from Harvest suit (7) 1.12, followed by visualization and annotation using iTOL (8) v6.
Core SNP distance was determined using the method described in our recent study (9). In brief,
trimmed, paired-end sequences from each genome were mapped to S. marcescens 1140 genome
(CP047688), using snippy (https://github.com/tseemann/snippy). Prophages were predicted using
PHASTER (10), and repeated regions were examined using MUMmer 4.0 (11) while regions of
recombination were detected using Gubbins v3.1.0 (12) Single nucleotide polymorphisms (SNP)
among prophages, repeated or recombination regions were filtered, and the core SNP differences
were determined using SNP-dists (https://github.com/tseemann/snp-dists). Bacterial species and
potential contamination were examined by Mash 2.2 using the NCBI RefSeq genome (13).
Enterobacter subspecies were determined using fast ANI v1.33 (14) against the type strain
genomes as described in a recent study of precise species identification for Enterobacter (15).
Conjugation and Electroporation Experiments

The conjugation experiments were performed using E. coli EC600 (rifampin-resistant) as
the recipient strain and 8 selected blaKPC-3-harboring clinical isolates as the donors, using the
method described previously (4,16). All transconjugants were subjected to PCR detection for the
presence of blaKPC-3 gene, followed by susceptibility testing to examine the resistant phenotypes.
The conjugation frequency was determined by dividing the numbers of transconjugants by the
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number of donors. If transconjugants weren’t obtained, electroporation was conducted to obtain
the electro-transformants, using the method described previously (17).
Pulsed-Field Gel Electrophoresis(PFGE) and S1-PFGE

The Pulsed-field gel electrophoresis (PFGE) was performed to explore the clonal
relationship among 8 selected CRE isolates, while S1-PFGE was used to determine the plasmid
profile of blaKPC-3 -harboring strains and their transconjugants, using the previously described
methods (18). The XbaI digested Salmonella Braenderup H9812 strain was used as the molecular
size marker.
String Test and Galleria Mellonella Infection Model

Hypermucoviscous phenotypes of K. pneumoniae strains were examined by string test
and a viscous string longer than 5 mm was defined as positive. The virulence potential of ST65
K2 K. pneumoniae strains was evaluated using a Galleria Mellonella larvae infection model. The
larvae were obtained from HuiYuDe Biotech Co, Tianjin, China, and larva weighing 250–350
mg were used. Two KPC-3-producing ST65 K2 K. pneumoniae isolates (FK3015 and FK3018)
were tested. An ST439 K2 hypervirulent reference strain ATCC 43816 was used as the positive
control (19). PBS injected and uninfected (injected an “empty syringe”) groups were used as
negative controls. In addition, one clinical multi-drug resistant K. pneumoniae strain isolated
from the same hospital was included for comparison. Ten larvae were randomly divided into
each group. The K. pneumoniae groups were injected with 10μl (~1.5×107 CFU) bacterial
suspension into the haemocoel of each larva via the last left proleg, while the negative control
groups were injected with PBS or empty syringe. Larvae were grown in petri dishes at 37°C, and
survival was observed and scored every hour. All experiments were performed in triplicates. The
result was analyzed and visualized using Prism 8.0.2 software (GraphPad, USA).
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Ceftazidime/avibactam in vitro Selection Assay

Previous studies showed KPC-3 had ~30 fold higher ceftazidime catalytic activity in
comparison to KPC-2, and KPC-3 was easily selected to be resistant to ceftazidime/avibactam
(17,20). In vitro selection assay was conducted in all KPC-3-producing strains (except the NDM1 and KPC-3 co-producing E. hormaechei strain CG2126) to examine the potential of inducted
ceftazidime/avibactam resistance. Single clone of the tested strain was added into 5ml Luria
Bertani (LB) medium containing 1/2 MIC concentration of ceftazidime/avibactam, and incubated
overnight at 37°C, 220rpm/min. Then bacteria were collected by centrifugation (12000-rpm, 1
min), followed by washing three times with phosphate buffered saline (PBS). The bacterial was
then diluted to 107 CFU and used to measure the MIC values using the broth micro dilution
method according to CLSI 2020 (2), and the experiment was repeated three times.
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