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Background: The emergence and spread of hypervirulent carbapenem-resistant Klebsiella pneumoniae (hv-CRKP) is a potential
epidemiological threat that needs to be monitored. However, the transmission and pathogenic characteristics of hv-CRKP in China remain
unclear. We investigated the epidemiological characteristics of gut colonized hv-CRKP in a hospital in Guangdong Province, China.
Methods: A total of 46 gut colonized hv-CRKP isolates were collected from Sun Yat-Sen Memorial Hospital (Guangzhou, China)
from August 31st to December 31st, 2021. Minimum inhibitory concentrations (MICs) were obtained for 15 antibiotics for 46 hv-
CRKP isolates. BALB/C mice infection model and mucoviscosity assay was used to evaluate the virulence of the isolates. The
characteristics of genome, phylogenetic relationship and the structure of the plasmid of 46 gut colonized hv-CRKP isolates were
compared with pathogenic isolates from GeneBank based on whole-genome data.

Results: The hv-CRKP isolation rate of all gut colonized carbapenem-resistant Klebsiella pneumoniae was 17% (46/270), and the
intestinal colonization rate of hv-CRKP was irrelevant to the sex, age, department of hospitalization, and history of antibiotic use of
the host. The gut colonized hv-CRKP showed pandrug resistance and hypervirulence. The gut colonized hv-CRKP and pathogenic
hv-CRKP prevalent in China were mainly ST11 hv-CRKP and had two major epidemic clades. The similarities in genomic
characteristics between gut colonized hv-CRKP and pathogenic hv-CRKP were consistent. The gut colonized hv-CRKP carried
an incomplete structure pK2044 virulence plasmid from hypervirulent K. preumoniae NTUH-K2044 by analyzing the virulence
plasmid structure.

Conclusion: Our results suggest that the gut colonized ST11 hv-CRKP may serve as a reservoir for the clinical pathogenic ST11 HV-
CRKP. It is necessary to further strengthen the monitoring of gut colonized hv-CRKP and research the potential mechanism of
infection caused by gut colonized hv-CRKP.
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Introduction

The worldwide spread of Klebsiella pneumoniae is a major global public health threat."? K. pneumoniae is an
opportunistic pathogen that colonizes the human gut and respiratory tract and possibly causes infection in immunocom-
promised hosts. Gut colonized K. pneumoniae is one of the important pathogens causing nosocomial infections, although
the mechanism by which gut colonized K. pneumoniae breaks through the intestinal barrier is currently unknown;’

however, some studies have shown that gut colonized K. pneumoniae is a risk factor for secondary infection of
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inpatients.*> Therefore, surveillance of intestinal colonization by K. pneumoniae contributes to preventing infections,
resulting in more serious clinical outcomes.

Hypervirulent carbapenem-resistant K. pneumoniae (hv-CRKP) is considered a superbug that exhibits hyperresistance
and hypervirulence, posing a grave threat to human health. In 2018, a study first reported a hospital outbreak of hv-CRKP
and the infection mortality rate was 100% in Zhejiang Province, China.® Colonization of the intestinal tract of
K. pneumoniae has become a critical population for the horizontal transmission of various genetic elements and
genes. Particularly, colonization of hv-CRKP may develop into invasive infections resulting in disease.” However,
there is limited research on human colonization of hv-CRKP.%’

In contrast to eukaryotes, the genome of prokaryotes is dynamically changing due to the mechanism of horizontal
gene transfer evolution.'® Monitoring and analysis of the prokaryotic genome contributes to understanding the colonial
structure and evolutionary characteristics.''*'?

Herein, we conducted integrated genomic analysis to elucidate the epidemiological characteristics of gut colonized
hv-CRKP. Further, we elucidated whether there is evolution at the genomic level between gut colonized hv-CRKP and
pathogenic populations and provides the basis for the prevention of the spread and outbreak of hv-CRKP.

Materials and Methods

Sample Collection

We undertook a prospective cross-sectional and molecular epidemiological study to assess the prevalence of the gut
colonized hv-CRKP in inpatients. The inpatient fecal samples were recovered from Sun Yat-sen Memorial Hospital in
Guangzhou, Guangdong province, China from August 31st to December 31st, 2021. The inpatient submitting fecal
samples during the study timeframe to the hospital microbiology laboratories for diagnostic purposes were randomly
selected to participate in the study. Ultimately, a total of 631 non-duplicate fecal samples from patients were collected.

Isolation and Identification

The fresh fecal samples were cultured on Columbia Blood Agar (Oxoid, Hampshire, United Kingdom) with imipenem (4 mg/L)
for 18-24 hours at 37°C. Subsequently, the imipenem-resistant colonies were selected, and species identification was conducted
by MALDI-TOF MS (Bruker Daltonik GmbH, Bremen, Germany) and 16S rRNA sequencing. A total of 270 isolates of
carbapenem-resistant K. pneumoniae (CRKP) were identified. The CRKP isolates were used to test for the presence of the
virulence genes iucA, rmpA, and rmpA2 using PCR with specific primers (rmpA: Forward: TACATATGAA
GGAGTAGTTAAT, Reverse: GAGCCATCTTTCATCAAC; rmpA2: Forward: TGTGCAATAAGGATGTTACATTAGT,
reverse: TTTGATGTGCACCATTTTTCA; iucA: Forward: CCTGCGTGAAAAAGCGTTGA, reverse: CACGGTAGA
TAAGCCCGACC).® Finally, 46 isolates of hv-CRKP were selected and subjected to whole-genome sequencing (WGS) as
described previously.'?

Antimicrobial Susceptibility Testing

Minimum inhibitory concentrations (MICs) were obtained for imipenem, meropenem, ertapenem, tigecycline, polymyxin,
ciprofloxacin, gentamicin, amikacin, ceftazidime, cefepime, cefotaxime, aztreonam, piperacillin/tazobactam, cotrimoxazole,
and fosfomycin for all hv-CRKP isolates using the methods in accordance with the Clinical and Laboratory Standards Institute
guidelines, and we interpreted the results in accordance with the CLSI breakpoints (CLSI, 2020) except of tigecycline, which
interpreted the results in accordance with the EUCAST breakpoints, version 9.0.

Mucoviscosity Assay

The mucovisosity of K. pneumoniae isolates was evaluated as described previously and with some modification.'®
Briefly, the isolates were overnight cultured and sub-cultured to reach an OD600 reading of approximately 1.0 at 37 °C.
After centrifuged for 5 min at 6000 rpm, the bacterial precipitation was resuspended with 1 mL of sterile PBS solution
and then centrifuged for 5 min at 1000 rpm. Finally, the OD600 value of supernatant was measured. The experiment was
conducted in triplicate.
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Mice Infection Model

In vivo virulence of seven hv-CRKP isolates (KP04, KP06, KP08, KP22, KP26, KP27, and KP41) and K. pneumoniae
ATCC700603 (as control group) were evaluated using mice intraperitoneal infection model. Female BALB/C mice weighing
16-18 g (6-8 weeks old) were used in this study. Fresh monoclonal strains grown on LB agar plates were picked and re-
cultured in LB broth medium for 37°C overnight, respectively. Subsequently, the isolates were sub-cultured with 1:100
dilutions for 2.5 hours at 37 °C. The bacterial samples were collected by centrifugation at 6000 rpm for 5 min. Then, the
bacterial pellets were resuspended with sterile saline to reach an OD600 reading of 1.0 and then diluted to an appropriate cell
density. Each mouse was injected intraperitoneally with 100 pL of diluted bacteria fluid, and the number of bacteria injected
was approximately 10" CFU. Followed by injection, the survival of mice was monitored for 72 hours. Eight mice were used
for each stain. The results were analysed by Kaplan—Meier survival curves (GraphPad Prism 8.0 statistics software).

Genome Sequencing and Analysis

Short-read sequencing raw data is used for quality control with fastq v0.20 and de novo assembled with SPAdes
v3.13.1.">1° Long reads sequencing was used to sequence 3 KP strains by Pacbio Sequel 1I/lie platform. De novo
hybrid assembly of both short Illumina reads and long PacBio reads was performed using SPAdes v3.13.1. After

assembly, contig-tools (https://gitlab.com/antunderwood/contig tools) was used to remove contigs with length less

than 500 bp. Kraken2 v2.1.2 was used to align the assembled contigs with a reference database with Kraken2.'’
ABRicate v0.8.7 (https://github.com/tseemann/abricate) was used to identify the antibiotic resistance genes and

virulence genes based on ResFinder database and VFDB (Virulence Factor Database).

For each de novo assembly, coding sequences were annotated using Prokka v1.12. The MLST were identified using
mlst v2.23.0 (https://github.com/tseemann/mlst). Plasmid sequence alignment using Blastn and visualization using
BLAST Ring Image Generator (BRIG) v0.95.'%

Phylogenetic Analysis
Pan-genome analysis was performed by Roary v3.12.0'° with the “- e — mafft” parameter to use MAFFT software for
alignment. SNP-sites v2.4.1 was used to extract the core-genome SNPs (cgSNPs).?’ VCFtools v0.1.16 was used to
filter cgSNPs.?! Hierarchical Bayesian Analysis of Population Structure (hierBAPS) is used to obtain the best
sequence clusters (SCs) based on the cgSNPs. The phylogenetic tree based on the Maximum Likelihood (ML) method
with GTR+G model and 1000 bootstrap was constructed by RAXML v8.2.10*? and was visualized by iTOL** and
ggtree.24

According to the pan-genome gene set constructed previously, those genes contained in 5-95% of the strains are
retained as accessory genes. Scoary v1.6.16 was used to perform pangenome-wide association analysis (PGWAS), with
the “— collapse” parameter to merge the same operon to avoid false positives. The accessory genes meeting the following
conditions are selected: (1) the Benjamini—-Hochberg (BH) P-value < 0.05; (2) Best-pairwise-compared P-value < 0.05;
Empirical P-value < 0.05. Furthermore, eggNOG v5.0 was used to annotate the cluster of homologous groups (COGs) of
these accessory genes with significant differences.*®

Heatmap was created by R package “ggplot2”, “pheatmap”.

Dataset

Sequence data of hv-CRKP isolates in this study have been deposited in the NCBI database under BioProject no.
PRINA921948. The genomic sequences of 587 ST11 hv-CRKP isolated from infection patients and 20 ST11 hv-CRKP
strains isolated from human intestinal tract between 2017 and 2022 in China were used for WGS analysis in this study
(Figure S1 and Table S1). The two reference plasmids pK2044 (accession number: AP006726) and pKP20194a-pl
(accession number: CP054781) downloaded from NCBI database were used for virulence plasmid analysis.
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Statistical Analysis

Data from the investigation were analyzed using SPSS version 23. Descriptive statistics and logistic regression were
calculated at 95% of confidence interval to the different variables. In all cases, P-value less than 0.05 was considered as
statistically significant.

Ethics Clearance

This study was conducted in accordance with the Declaration of Helsinki. Ethical approval for this study was sought and given by
Zhongshan School of Medicine of Sun Yat-sen University (Approval No 068). Inpatients were individually contacted, either
face-to-face or by phone and consent sought to use these samples/data for this study. The animal study was approved by the
Institutional Animal Care and Use Committee of School of Zhongshan School of Medicine, Sun Yat-sen University (Approval
No 2021044). The animal study was guided by the Russell-Burch tenet of Replacement, Reduction and Refinement (3Rs).

Result
Clinical Characteristics of Gut Colonized hv-CRKP

Among the 631 non-duplicate samples, 270 (42.8%) carbapenem-resistant K. pneumoniae (CRKP) were isolated. And
the inpatients who carrying CRKP were free of primary K. pneumoniae infection in this study. Further virulence gene
identification showed that 46 (17%) of the 270 CRKP isolates were hv-CRKP. Based on the clinical data, most patients
(69.6%, 32/46) colonized by hv-CRKP were male (Table S2). In addition, those patients were distributed across 19
medical departments, and no significant department sources were found. Additionally, 67% of patients had a history of
using antibiotics, but no significant differences were observed. The obtained results indicated that a high colonization rate
of both CRKP and hv-CRKP was found among inpatients in Sun Yat-sen Memorial Hospital.

Molecular Epidemiological Characteristics of hv-CRKP

Then, 46 hv-CRKP underwent whole-genome sequencing. Among these isolates, 45 strains were ST11, and only 1 strain was
ST23 (Figure 1). Of the ST11 strains, multiple antibiotic-resistance genes were detected, including carbapenem resistance
genes, quinolone resistance genes, and aminoglycoside resistance genes. All ST11 strains harbored blaxpc.», and one ST11
strain carried four carbapenem resistance genes (blaxpc.z, blanpm.s, blaoxa-1, blaoxa-10) at the same time (Figure 1). The
ST23 strain carried six drug resistance genes, including blanpwi.1, blasyv.187, f0sA6, mdf(A) and ogxAB (Figure 1). In addition,
we performed antimicrobial susceptibility testing to confirm the drug resistance phenotype (Table S3). Low resistance rates
were observed for colistin (4.3%, 2/46), tigecycline (23.9%, 11/46), and fosfomycin (2.2%, 1/46). In contrast, all strains were
resistant to other antibiotics used in the test. The obtained results indicated that all strains exhibited pandrug resistance.
Furthermore, we characterized the virulence level of 46 hv-CRKP. Most virulence factors, including iucABCD-iutA and rmpA,
were identified among the 46 strains. Only the ST23 strain harbored iroBCDN (Figure 1). This result suggests that the
virulence plasmid carried by the ST11 strain may be incomplete.

Based on the SNPs in the core genome, 45 ST11 hv-CRKP strains were divided into 6 clones.”” To predict the
toxicity of these strains, we used a mouse infection model and mucoviscosity assay. Six ST11 hv-CRKP strains, which
were randomly selected from each clone, and one ST23 hv-CRKP strain were tested for virulence to mice and strain
viscosity using ATCC700603 as the control strain with low virulence.”® The survival curve revealed that the ST23 hv-
CRKP strain and most of the ST11 hv-CRKP strains (83.3%, 5/6) were highly virulent to mice, while the ST11 strains
KP26 and ATCC700603 exhibited relatively low toxicity (Figure 2A). A semiquantitative viscosity test showed that all
strains with high virulence to mice had high viscosity, except KP26 and ATCC700603 (Figure 2B). Our results suggested
that gut colonized hv-CRKP could also exhibit a hypervirulent phenotype.

The Epidemiological Characteristics of ST| | hv-CRKP in China Were Analyzed by
Phylogenetic Tree

We performed ST-type analysis on the collected pathogenic bacteria data and found that the number of ST11 strains was
dominant (90%, 587/652, Figure S1), which was consistent with the colonized hv-CRKP strains. To further compare the
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Figure | Genomic characteristics of 46 gut colonized hv-CRKP strains. Characteristics of virulence genes and drug resistance genes in 46 gut colonized hv-CRKP strains.
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Figure 2 The virulence characteristics of 46 gut colonized hv-CRKP strains. (A) Virulence of 46 gut colonized hv-CRKP strains to BALB/C mice. (B) Viscosity
characteristics of 46 gut colonized hv-CRKP strains. *P<0.05; **P<0.01; ***P<0.001; ***P<0.0001.
Abbreviation: ns, No statistical significance.
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epidemiological characteristics of hv-CRKP between colonization and infection, we constructed pangenomic data of 652
strains ST11 hv-CRKP composed of 20,071 genes, in which the core genome was composed of 4376 genes.
A phylogenetic tree was constructed based on the cgSNPs, and 6 sequence clusters (SCs) were identified by hierBAP
analysis (Figure 3A). Six SCs allow further differentiation of the ST11 hv-CRKP strains into 2 different clades. Among
them, SC2 contained the largest number of strains. We found that the colonized ST11 hv-CRKP strains in this study were
mainly distributed in SC1, while the colonized strains collected from NCBI were scattered in other SCs, suggesting that
the colonized strains and pathogenic strains had a close evolutionary relationship (Figure 3B). Notably, most of the ST11
hv-CRKP strains were isolated from blood samples, suggesting that ST11 hv-CRKP may mainly cause bloodstream
infection (Figure 3B).

Comparison of Genomic Characteristics Between Colonized and Pathogenic
Populations of ST I-hv-CRKP

We characterized the resistance genes and virulence genes of 652 ST11 strains of K. pneumoniae (Figure S2) and
summarized the carrying rates of virulence genes and resistance genes of each SC (Figure 4A). All SCs possess the
important virulence genes iucA and rmpA, but the salmonella synthesis gene cluster iroBCDN has a certain degree of
diversity (Figure 4A). The diversity of virulence gene profiles of SC1 and SC3 contained in colonized bacteria has a high
degree of similarity. This result reflects that the virulence gene of ST11 hv-CRKP is not significantly different between
the colonized and infected population strains.

The difference in accessory genomes may be a critical basis for colonized bacteria to break through the intestinal barrier and
cause infection.”” We distinguished the differential genes between the pathogenic and colonized populations, of which 159
accessory genes were enriched in the pathogenic population and 64 genes were enriched in the colonized population (Table S4).
After all genes enriched in the two populations were annotated using eggNOG-Mapper, it was found that there was no significant
difference in specific functional types of genes between the two populations (Table S4, Figure 4B). The results of the comparison
of functional COGs revealed that the enriched genes associated with infection or colonization were mainly distributed in these
pathways (DNA replication, recombination and repair, transcription, defense mechanism, etc.) (Figure 4B). This result reflects
that the accessory genome of ST11 hv-CRKP is not significantly different between the colonized and infected population strains.
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Figure 3 Phylogenetic tree of gut colonized hv-CRKP and pathogenic hv-CRKP. (A and B) Phylogenetic analysis of gut colonized ST11 hv-CRKP and pathogenic ST11 hv-
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Analysis of Plasmids Harbored by Gut Colonized hv-CRKP

The acquisition of virulence plasmids is the evolutionary mechanism responsible for the hypervirulent phenotype of most
ST11 CRKP.>® Among the 652 strains ST11 hv-CRKP, we further compared the virulence plasmids of ST11 colonizers
and ST11 pathogens and found that both colonizers and pathogens carried the same types of virulence plasmid replicons
including IncFIl,un7as, IncFIBk, IncHIIB and IncR (Figure S3). In addition, the pathogen population also carries
a fraction of other virulence replicons including IncFIByar, IncFll g po1, IncFIA and IncQ (Figure S3 ).3%3! However, the
carrying rates of the abovementioned four virulence plasmid replicons in the pathogenic bacterial population were quite
low (<5%). This result indicated that ST11 gut colonizers and ST11 pathogens carry the similar virulence plasmid
replicon type.

ST11 hv-CRKP in our hospital had similar plasmid replicon types and virulence genes (Figure S4, Figure 1). We randomly
selected KPO1 as the representative ST11 hv-CRKP strain and the only colonized ST23-hv-CRKP strain KP41 for complete
genome construction by hybrid assembly, and we obtained two virulence plasmids, pKPO1_vir (193,050 bp) and pKP41 vir
(231,501 bp). Referring to previous studies on virulence plasmids, we used the KPVR online tool to analyze the virulence
plasmids pKPO1_vir and pKP41 vir and found that KPO1_vir and KP41 vir both contained two replicons, IncFIBk/IncHI1B, of
which the IncFIBg subtype belonged to IncFIBK37,3° which was consistent with the virulence plasmid pK2044 (224,152 bp,
AP006726) carried by hvkp NTUH-K2044. In addition, a BLASTn search in the NCBI database was performed, which revealed
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that the plasmid pKP20194a-p1 (195,031 bp, CP054781) from a sputum sample of a patient with pulmonary infection in China in
2020 was highly similar (99% identity, 98% coverage) to plasmid pKPO1_vir in this study (Figure 5A). We found that pKP41_vir
and pK2044 are almost identical, except for 1 kb of IS5 family transposase deletion (Figure SA), while the deletion fragment of
pKPO1 vir up to 100 kb mainly includes part of the putative protein coding genes, silver, chromium, iron and other metal
transporter-related genes (Figure SA). These metal transport-related genes are not involved in the horizontal transfer or virulence
level of virulence plasmids. These results further suggested that gut colonized hv-CRKP acted as a reservoir of pathogenic
bacteria, sharing the same key virulence genes and virulence plasmids as the pathogenic strains. In addition, we characterized the
structure of carbapenem-resistant plasmids isolating from the KP01 and KP41 strains (Figure S5). KP41 carries an IncX3-
blanpn.1-plasmid pNDM_KP41 of approximately 50 kb size, and the genetic structure of blanpy.1 is demonstrated as blanpr. -
IS5-1S3000-ATnpA_Tn2 (Figure 5B and Figure S5A). The carbapenem-resistant plasmid structure of KP01 is more complex
and carries three resistance genes, rmtB, blatgy. s and blagpc.,. Interestingly, the insertion sequence 1S26 was present around all
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resistance genes (Figure 5B and Figure S5B, C), suggesting that IS26 may play an indispensable role in the integration of
antibiotic resistance genes.

Discussion

Intestinal colonization by K. pneumoniae is one of the risk factors for secondary infections in hospitalized patients.***
hv-CRKP has spread widely around the world and causes serious public health events,*>** but there is a lack of
characterization of the gut colonized population. ST11 hv-CRKP has been reported to cause nosocomial infections and
fatal clinical outcomes in China. Experimental evidence from this study indicated a disturbing rate of carriage of ST11
hv-CRKP (17%) among hospitalized patients without primary K. pneumoniae infection. The colonization status of ST11
hv-CRKP in the intestinal tract of hospitalized patients is more critical than that in previous studies (8.6%).” The results
of this study did not investigate the directional colonization trend of ST11 hv-CRKP in different departments of hospitals,
indicating that ST11 hv-CRKP may possess universal colonization characteristics.

Phylogenetic analysis based on whole-genome sequencing is a significant means to investigate the epidemiological
characteristics of pathogens.’ Yang et al revealed that ST11 CRKP strains circulating in three hospitals in different areas
of China could be divided into four epidemiological clusters with distant evolutionary relationships and contained a portion of
ST11 hv-CRKP.?’ Data from this study identified two epidemiological clades of ST11 hv-CRKP, including colonizers and
pathogens. Further distinguishing the structure of each clade, we obtained 6 distinct ST11 hv-CRKP sequence clusters (SCs).
One clade contained 4 SCs and was the dominant epidemic population of ST11 hv-CRKP. To avoid further widespread clinical
dissemination of ST11 hv-CRKP, we suggest that close supervision of ST11 hv-CRKP in this clade is necessary. One
noteworthy observation is that gut colonized ST11 hv-CRKP does not exist as a separate population in the phylogenetic tree.
The gut colonized ST11 hv-CRKP in Sun Yat-sen Memorial Hospital was concentrated in SC1, and the strains that have been
published were scattered in other SCs. The phylogenetic similarity between colonizers and pathogenic bacteria indicated that
the colonizers have the potential to result in host infection. It may spread widely as a reservoir of the clinically infected
population. This speculation was further supported by the fact that the key virulence genes on the plasmid and the accessory
genome were not significantly different between colonizers and pathogens.

The widespread of two common virulence plasmids, pK2044 and pLVPK, led to the evolution of the hypervirulence
phenotype in ST11 K. pneumoniae.**>” We compared the characteristics of virulence plasmids of the colonized bacteria in our
hospital and pathogenic bacteria in China and found that the replicon types of virulence plasmids (IncFIBk/IncHI1B) and
virulence genes carried by the colonized bacteria in our hospital were highly similar to those of pathogenic bacteria. The
virulence plasmid of gut colonized ST11 hv-CRKP was highly homologous to the virulence plasmid pK2044 carried by ST23
K1 serotype hypervirulent K. pneumoniae. Previous research has revealed that pK2044 exists stably in ST23 K. pneumoniae
as a large nontransfer plasmid, but recently, the horizontal transfer mechanism of pK2044 was explored.”®*” Interestingly,
pK2044 transferred to the ST11 population basically no longer had a complete virulence plasmid structure with different
degrees of fragment deletion. These results suggest that pK2044 can lead to the evolution of a hypervirulent phenotype as long
as it has some key structures. The IncX3-type blanpn.; plasmid found in KP41 in this study has now been widely reported in
various clinical carbapenem-resistant pathogens. The insertion sequence I1S26 around the plasmid resistance gene of KPO1 is
an essential factor for mediating horizontal transfer and integration of drug resistance genes. Yang et al found that IS26
mediates the integration of virulence genes into K. pneumoniae chromosomes.** The presence of IS26 in gut colonized hv-
CRKP may complicate the evolution and transmission mechanism of hv-CRKP. We propose the need to take the necessary
measures to closely monitor the structural changes of plasmids to prevent wider horizontal transmission, which is more
important in colonized groups with a wider spread than nosocomial pathogens.

A limitation of this study was the small number of hospitals. Our research provided insights into the epidemiological
study of colonized hv-CRKP in inpatients. The study demonstrates the need for further studies on the relationship
between gut colonized hv-CRKP and pathogenic populations.

Conclusion
In conclusion, we described the distribution and molecular epidemiological characteristics of hv-CRKP colonized the
intestinal tract of inpatients. Our data indicated that the hv-CRKP population in China was dominated by ST11, which
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had two primary epidemic clades. It is worrisome that ST11 hv-CRKP has a high colonization rate in the intestine of
hospitalized patients and the gut colonized ST11 hv-CRKP may serve as a clinical pathogen reservoir. Therefore, it is
urgent to strengthen the prevention of secondary infection and horizontal transmission of gut colonized ST11 hv-CRKP.
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